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EXECUTIVE SUMMARY

Introduction

British Columbia is endowed with a vast coal resource. Much of this
resource is of "thermal" as opposed to "metallurgical" grade. Ready
availability of hydro-electric power has deferred development of the
thermal coal resource but as the economic hydro-electric resources are
harnessed to meet new load demands, the economics of using thermal coal

for electric power generation become increasingly attractive.

In anticipation of this development, B.C. Hydro welcomes the opportunity
to participate in an inquiry to be held by the Pollution Control Branch
which includes coal-fired power plants.

Currently, all proposed coal development in the Province follows a
procedure in accordance with "Guidelines for Coal Development" issued in
March 1976 by the Environment and Land Use Committee, pursuant to the
Environment and Land Use Act. 1In these guidelines, the Pollution Control
Act is cited as one of the statutory requirements applicable to coal

mine development and the Pollution Control Objectives for Mining, Mine-
milling and Smelting Industries of British Columbia are identified as
the pertinent objectives.

The extension of the inquiry to review Objectives for the Mining, Mine-
milling and Smelting Industries provides a suitable forum for B.C. Hydro
to present this brief which includes recommendations on appropriate
objectives for large-scale coal-fired power plants which are frequently
adjacent to the mine which supplies them.

B.C. Hydro considers that the approach to the administration of the

Pollution Control Act, (through the establishment of objectives and
guidelines followed by the assessment of each new or existing plant on
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a site-specific basis) is environmentally effective, cost effective, and
more flexible than the rigid "standards" philosophy of some other
jurisdictions.

General Comments

The economic viability of new developments may in some cases be dependent
upon the type and extent of ancillary equipment required for pollution
control. Certain socio-economic and environmental trade-offs may be
justified for large-scale coal-fired power plants operating in the

public interest and it is intended that these may be implied from the
technical material and recommendations presented in this brief.

In developing its recommendations for coal-fired power plants, B. C.
Hydro has examined the existing Pollution Control Objectives for the
Mining, Mine-milling and Smelting Industries and is satisfied that they
are generally suitable for coal-fired power plants.

Coal Resources

The potential coal resource in the Province is vast; it has been estimated
that if less than ten percent of this resource were to be economic as a
source of power plant fuel, it would be sufficient to provide in excess

of 200,000 million kwh per year over the next century. The current

annual energy demand on the B. L. Hydro system is approximately 30,000
million kwh per year.

Thermal coatls occur in five specific regions in the Province and these
are described in the brief.

In most cases, the economics of a coal-fired power plant would favour a

location close to the mine itself in order to minimize transportation
costs. However, other factors such as the characteristics of the air
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shed, the availability of cooling water and the location of the demand
for the power may require that the plant be sited eisewhere and that the
cost of coal transportation is justified. The brief includes a review
of the economics and environmental aspects of coal transportation.

Operation of Thermal Plants

Coal, as fuel for the thermal power plant, provides energy to raise
steam in the boiler and this steam is expanded through a turbine to
provide the motive power to drive an electric generator. The steam
leaving the turbine is condensed and recycled to the boiler. The
condenser absorbs residual heat that cannot be utilized by the turbine
and this waste heat is dissipated to an extensive gquantity of cooling
water.

In the combustion process, coal, as fuel, and the by-products of its
combustion are more difficult to handle than is the case for oil or
natural gas. The combustion process resuits not only in heat being
released from the coal but also wastes in the form of particulates,
gaseous emissions, and ash. The brief discusses practical methods of
managing and processing these wastes to maintain environmental impacts
within acceptable levels.

Environmental Impacts

It is recognized by B.C. Hydro that the nature of a large-scale coal-
fired power plant is such that it has the potential to alter or impair
the usefulness of the surrounding land, water or air resources.

Present concern appears to be directed to the air resource which is a

critical determinant in the siting and economic feasibility of such a
plant. For this reason B.C. Hydro has concentrated the thrust of its
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brief on air retated matters. Liquid and solid waste disposal from
thermal plants alsc require close attention.

As one of the outcomes of the current inquiry it should be recognized
that the objectives established for ambient air quality and emissions

may determine whether large-scale coal developments will become a reality
in the Province.

Pollution Control Technology

B.C. Hydro recognizes that two approaches can be adopted in Pollution
Control Objectives for air. In addition, a combination of the two is
also possible,

Essentially these approaches are:

(a) Controlling all contaminants at their source of emission.

(b) Maintaining acceptable ambient air quality within the air shed
surrounding the source of emission,

By recommending the ambient air quality approach as the critical consider-
ation, B.C. Hydro recognizes that air must be maintained at a

quality that is not injurious or damaging to health, safety or comfort

of a person, plant or other form of life, and that the quality may not
significantly interfere with property or the normal conduct of business,

B8.C. Hydro recognizes that source emission levels are more readily
regulated than ambient air quality objectives; however, B.C. Hydro
contends that the adoption of air quality as the critical parameter will
provide satisfactory environmental protection.
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Ambient air quality may be controlled by a Meteorological Control System
(MCS) by which measures are taken to reduce source emissions during
short-term adverse meteorological conditions. The critical contaminant
for large-scale power plants will Tikely be sulphur dioxide and a means
of ensuring control over this contaminant would be to stockpile Tow-
sulphur coal at the thermal plant for use during such adverse condi-
tions. The power output of a thermal plant could also be reduced to
control sulphur dioxide emissions. B.C. Hydro's power system, by

virtue of being predominantly hydroelectric, is more suited to this
approach than predominantly thermal systems.

An MCS is dependent upon reliable forecasting of adverse meteorological
conditions as well as a monitoring network of continuous ambient sensors.
For a large-scale thermal plant operating continuously in a typical
region of elevated terrain it is proposed that the shortest period over
which sulphur dioxide levels are averaged should be three hours.

A three-hour sulphur dioxide guideline, 1ike the existing one-hour
guideline, is solely related to economic protection rather than health
considerations, for which the guidelines for periods of 24 hours and
greater have been developed. B.C. Hydro examines this matter at some
length in the brief as it is an area where a modification to the existing

objectives is recommended for coal-fired power plants.

A discussion on technology available to achieve pollution control is
provided in the brief and includes the cost, effectiveness, problems and
reliability of equipment such as electrostatic precipitators and flue

gas scrubbers.

Future Coal Conversion Technology

Prospective developments in combustion technology such as fluicdized bed
combustion are described. This technology is currently not available on
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the scale necessary for coal-fired power plants but does have the poten-

tial for significant reduction in sulphur dioxide emissions at their

source.

A means of making a clean fuel from coal is to gasify it. This approach

would result in benefits with respect to air quality but would create

new problems in terms of the treatment of liquid effluents.

Recommendations

(1)

(2)

(3)

(4}

The Pollution Control Objectives for the Mining, Mine-milling and
Smelting Industries of British Columbia should be amended to include

coal-fired power plants.

Environmental monitoring programs should be initiated prior to the
commencement of operations in order to provide baseline data for
impact assessment. After plant start-up, the monitoring programs
should be reviewed, assessed, and modified where necessary, to
ensure that all significant contaminants are being adequately
monitored during plant operation.

The ambient air quality should be the overriding constraint in
establishing the acceptability of emission controls as applied to

coal-fired power plants.

In the area of trace element concentrations, B.C. Hydro is concerned
at the lack of available data on which to base province-wide recommen-
dations and has therefore recommended that baseline studies of the
major coal deposits in the Province be undertaken for presentation

and review at the next inquiry.

No recommendation with respect with trace elements levels is made
at this time.

26/9-2



(5) The one-hour averaging period for sulphur dioxide levels should be
waived for coal-fired thermal plants and a three-hour averaging

period established with a maximum average concentration of 0.25
ppm.

{(6) The objectives for gaseous and particulate emissions of the existing
Poltution Control Objectives appear reasonable and applicable to
coal-fired power plants provided that a further option be added
under sulphur dioxide emissions, which, for coal-fired power plants,
specifically excludes the 80% sulphur removal criterion as long as
the proposed ambient air quality levels are met.

(7) The existing Guidelines for Solid-waste Management practices appear
reasonable and applicabie to coal-fired power plants.

(8) The existing Objectives for Effluent Discharges, and Objectives for
Toxicity for Effluent Concentrations are generally acceptable for
thermal power plants, with the exception of discharges from recir-
cutating condenser cooling water systems. These should be evaluated
on a site-specific basis as recirculation of cooling water (the
major water use in a power plant) can concentrate, due to evapora-
tion losses, the chemicals naturally found in the water supply
source.

(9) A waste heat discharge limitation, such as a maximum allowable
temperature increase, should be established on a site-specific
basis, having regard for the relationship of the project to its
environment. "
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1. INTRODUCTION

In response to the letter from the Pollution Control Branch, dated

July 15, 1977, British Columbia Hydro and Power Authority, herein called
B.C. Hydro, welcomes the opportunity to participate in the inguiry to
review the Pollution Control Objectives, as issued December 1973, for
the Mining, Mine-milling and Smelting Industries, and to present this
brief on the Pollution Control Objectives for Coal-fired Power Plants.

In so doing, it must be emphasized that this brief is intended to comple-
ment the presentation related to the mining aspects of the inquiry. Our

representation on that aspect is in support of, and through, the submis-

sion presented by the British Columbia Mining Association.

B. C. Hydro supports and endorses the environmental management philosophy
expressed by the Pollution Control Branch in Section 1.11 of the Pollution
Control Objectives.

Currently considerable attention is being focussed on long-range air
contaminant transport. This concern may also extend to contaminant
transport in lakes, rivers and marine waters. It is believed fthat such
interprovincial and international matters may be beyond the scope of

this inquiry. Such long-range effects would originate from specific
projects and therefore should properly be dealt with during the application
and licensing process for the project in question. Accordingly, no

discussion is presented, or recommendations made, on this subject.

1.1 Purpose
It is the purpose of this brief to present technical information and

recommendations on pollution control objectives for coal-fired power
plants in the Province of British Columbia.

26/9-2



1.2 Report Organization

In developing B. C. Hydro's position the existing industrial pollution
control objectives and guidelines are cited and the Guidelines for Coal
Development are reviewed. The particular climate and topography that
are characteristic of British Columbia and the Province's power supply
alterpatives, are also described.

In respect of these power supply alternatives, consideration is given to
an overview of thermal coal resources of British Columbia, their regional
distribution and quality.

Factors related to site selection, design and operation of coal-fired
power plants are discussed, with particular emphasis on the impact of
fuel quality on design and operation of the large-scale moderr plant.

The potential impacts of thermal plant construction and operations on

the air, water and land components of the environment are reviewed
considering the nature of the emissions, protection of health, protection
of socio-economic interests, and the capacity of the environment to
assimilate the resultant burden without undue adverse effect.

A review is presented of the available technology to mitigate the potential
adverse effects on the environment that may result from emissions inherent
in coal-fired power plant operation.

Possible future technology for power production with cleaner emission

characteristics is discussed briefly.

Recommended additions and/or changes to specific objectives and guidelines
are proposed for contaminants in emissions from targe scale coal-fired
power plants. Some general recommendations are also presented. It is
believed that these recommendations are consistent with Pollution Control
Branch policies for the effective protection of the environment.
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2. GENERAL CONSIDERATIONS

0f special relevance to the study of pollution control cbjectives for
coal-fired thermal power plants are:

The current objectives and guidelines applicable to the

Mining, Mine-milling and Smelting industries of British Columbia.

The particular features of British Columbia's climate and
topography.

The power alternatives available to meet British Columbia's
requirements.

In 1975 a Federal Government Task Force was formed to establish National

Emission Guidelines for Thermal Plants in Canada. The Canadian Electrical

Association and representatives from Canadian Provincial Utilities as
well as Provincial Government representatives studied aspects of the
appropriate levels for emissions from thermal plants. It is expected
that National Emission Guidelines will be published in the Canada Gazette
by early 1978. Emission guidelines for coal-fired power plants have
been considered for sulphur-dioxide (502), nitrogen oxides (NOX) and
particulates. Trace elements were not considered in the Task Force
studies of emission guidelines.

2.1 Current Objectives

Currently, there are five Pollution Control Objectives published for the
guidance of industries in British Columbia. These Objectives are listed
helow in order of publication:
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Revised

Objectives Issued By Inguiry
The Forest Products Industry September 1971 1976
The Mining, Mine-milting, and Smelting December 1973 1978
Industries
The Chemical and Petroleum Industries March 1974
The Food~processing, Agriculturally January 1975
Oriented, and Other Miscellaneous
Industries
The Municipal Type Waste Discharges Sebtember 1975

These booklets contain the objectives for source emissions anc waste
management that should be used in the design of any project.

2.2 Guidelines for Coal Development

In March 1976 the Province of British Columbia issued "Guidelines for
Coal Development" under the authority of the Environment and Land Use
Committee pursuant to the Environment and Land Use Act.

These guidelines reflect the wide diversity of interest amongst various
Departments, Branches and Service sections of the Provincial Government,
and the concerns of the public, on matters related to coal development
and all interrelated activities. The guidelines are intended to provide
the necessary procedure for "the developer, Government, and the public
to assess and manage all major impacts”.
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Pursuant to the Pollution Control Act, the Director issues a permit or
approval for each discharge of effluent, or refuse, or emission of air
contaminants. Objectives have been formulated for various industries in
order that the technical considerations and measures of each application
will meet the reguirements of the Pollution Contrcl Act.

At the present time there are no objectives published that are applicable
specifically to large-scale coal-fired power plants. In most cases

power plants are located in close proximity or adjacent to the mine.
Therefore coal-fired plants are considered to be a ‘related development'
to the utilization of British Columbia's thermal coal resources.

The Guidelines for Coal Development cite the Pollution Control Act as an
applicable statute and state the pertinent objectives for coal-mining
and related developments are the Pollution Control Objectives for Mining,
Mine-milling, and Smelting Industries of British Columbia.

Accordingly, B. C. Hydro agrees that this inquiry to review the Pollution
Control Objectives for Mining, Mine-milling and Smelting Industries is
the appropriate forum at which objectives for coal-fired power plants
should be discussed.

It is proposed that, arising from these deliberations, objectives for
large-scale coal-fired power plants will be included in the Pollution
Control Objectives for Mining, Mine-milling, and Smelting Industries.

2.3 Climate and Terrain of British Columbia

In British Columbia, climate and terrain are significant factors to be

considered in power plant site selection and environmental protection.
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Generally, for economic reasons, it is preferable in mountainous terrain
to locate a coal-fired power plant near the mine rather than transport
the coal. As coal quality decreases (decreasing heat content and/or
increasing ash content) coal transport becomes less economic and more
energy-consumptive.

With respect to environmental protection, particularly ambient air
quality, the following constraints make British Columbia one c¢f the more
restrictive and costly regions in Capada for the development cf major
industrial facilities such as coal-fired power plants:

mountainous terrain,

deep valleys and coastal inlets,

large lakes in interior valleys, and

frequent meteorological conditions limiting the local assimila-
tive capacity of the atmosphere.

2.4 British Columbia Power Alternatives

Currently, the Province of British Columbia is fortunate in being able
to meet its future demand from several alternative energy sources.
Development of hydro-electric sites or conventional plants burning
fossil fuels are currently considered as viable alternatives.

01} and natural gas reserves in British Columbia appear to be limited
and their use for large-scale power generation projects is unlikely.
However, the province is endowed with large undeveloped reserves of
‘thermal' coals that are usually characterized by a high ash content,
high moisture content, sulphur content below one percent, and often by
Tow heating value.
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B.C. Hydro is continually evaluating the costs and problems associated

o with the development of these alternative power resources so that electri-
cal energy can be delivered in the future to its customers at the lowest
- possible cost consistent with safety to its employees and the public,

good quality of service to its customers, and subject to the social,
economic and environmental policies of the Government.

-
In 1975, the B. C. Hydro Task Force on Future Generation and Transmission
- Requirements (1) reported that:
- "Hydroelectric projects in undeveloped river basins could provide
125,000 mitlion kwh per year. If less than 10 percent of the
- potential coal resources of the Province were proven to be economic
as sources of thermal coal, they would be sufficient to provide in
. excess of 200,000 million kwh per year for a 100-year period."
.
"I
A--
’I
i.
"l
]
-
- 2-5
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3. THERMAL COAL RESOURCES

3.1 Resources of the Province of British Columbia

In this section the thermal coal resources of British Columbia are
examined by region. The Province has been subdivided into the following
five regions based on the spatial distribution of coal (Figure 3-1).

Coastal,

Southern Rocky Mountain,
Northern Rocky Mountain,
Southern Interior,

Northern Interior.

Figure 3-1 also illustrates the location of coalfields within each
district (2). The Coastal region contains two coalfields and several
deposits. Nanaimo and Cumberland coalfields are within the Nanaimo
group of Late Cretaceous age. Graham Island coal deposits on the Queen
Charlotte Islands are for the most part in the Queen Charlotte group of
Upper Cretaceous age, however there are some deposits of lignite of
Tertiary age in the Skokum Formation.

The Southern Rocky Mountain region contains the Elk, Crowsnest and
Ftathead coalfields. ATl of these fields lie in the Lower Cretaceous
Kootenay formation. They extend from the United States to the Alberta
border in the main ranges of the Rocky Mountains.

{he Northern Rocky Mountain region is comprised of the Saxon area,
Belcourt East area, Belcourt West area, Wapiti area, Quintette coalfield,
Sukunka coalfield, Pine River coalfield, Peace River coalfield, Carbon
Creek area, Butler Ridge coalfield, Halfway River area and extensions of
the coal bearing formation to the north. This region extends to the
northwest from the Alberta border and it is centered about 120 km (75
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miles) southwest of Fort 5t. John. The coal measures are in the Gates
member of the Commotion formation, and in the Gething formation; both
intervals are of Early Cretaceous age.

The Southern interior coalfields and deposits extend in a line from
Princeton to Quesnel. This region contains the Similkameen, Merritt and
Hat Creek coaifields in addition to the Cariboo deposits south of Quesnel
near the Fraser River. The Similkameen deposits near Princeten lie in
the Princeton group. The deposits at Merritt and Hat Creek are in the
Kamloops group. These coalfields, together with the Cariboo ceposits
are of Eocene age.

The Northern Interior Coalfields consist of the Bowron River coalfield,
the Telkwa coalfield, the Zymoetz River deposits, the Groundhog coalfield,
and the Sustut River deposits. The Bowron River coalfield, east of

Prince George, and the Sustut River occurrences are in rocks of Paleocene
age although part of the latter occurrences are of Mid to Late Cretaceous
age. The Sustut field Ties on the southeastern margin of the Groundhog
coalfield 200 km (125 miles) north of Hazelton. The Telkwa ccalfield

and Zymoetz River deposits, near Smithers, are in the Skeena ¢roup of
Mid-Cretaceous age. The Groundhog coalfield is in the Bowser Assemblage
and ranges from Mid-Jurassic to Early Cretaceous age.

3.2 Regional Reserves and Quality

3.2.1 Classification of Resources

In assessing the thermal coal rescurces of the province a number of
problems arise.

First, most of the work in the assessment of the Rocky Mountain coalfields

has defined coking coal resources. A general rule-of-thumb has been
applied, that 10 percent of the coal outlined in these fields is thermal
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coal resulting from oxidation downward from surface exposures, and from
deeper burial, which has increased the rank of the coal. It is believed
that this 10 percent figure is conservative.

Oxidized zones tend to penetrate significantly deeper along fracture
zones which accounts for some of the deposits of exclusively thermal
coal. Some of the oxidized coal can be blended with the higher-quality
coking coals to produce an acceptable coking product; therefore not atl
oxidized coal is available for thermai use.

The second problem arises from variations in the extent of expioration
among coalfields and individual deposits. As a result of these variations
in exploration five categories of reserves and resources have been
defined:

1. Proven reserves: The quantity of coal has been computed from

closely spaced data points (ie. drill holes, adits or exposures).

2. Probable reserves: The quantity of coal has been computed partly

from measurements and partly from projections.

3. Possible reserves: The quantity of coal has been computed from a

thorough knowledge of the deposits and a few measurements.

4. Indicated resource: The quantity of coal is based on a few widely

spaced data points and some knowledge of the geclogy of the deposit.

5. Inferred resource: The quantity of coal is based totally on geological

projections.
Because of the npature of the data base, guantities listed as indicated

and inferred resources are speculative. Although there may be appreciable
tonnages, the actual amounts of coal are probably somewhat less than the
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projections due to faults, washouts and irregularities on the ariginal

depositional surface.

A third problem in assessing the coal rescurces is the reliability of
the analytical data. Some of the analyses are from grab samples on
surface outcrops whereas others are from sampling associated with exten-
sive drilling programs. In addition some analyses are from washed coals

whereas others are from raw coals.

Trace element considerations are becoming important aspects of any
environmental study on the use of coals for power generation. Trace
element compositien is site-specific and indeed could be variable verti-
cally and latterally within the deposit.

As yet, trace element studies have only been undertaken for the Hat

Creek No. 1 deposit. Preliminary examinations have only been completed
for the Hat Creek No. 2 deposit and part of the Crowsnest coalfield.

The Geological Survey of Canada is beginning research into trace elements
in Western Canadian coals which will serve as a useful guide for other

trace element studies.

3.2.2 Reserves of Thermal Coal

Distribution of British Columbia's thermal coal reserves and resources
by region are shown in Table 3-1. The Southern Interior is the dominant
region containing about 2,000 miTlion metric tons (2,200 million tons)
or 50 percent of thermal coal reserves. It also contains the largest
indicated thermal coal resources.

A detailed description of these reserves by region is contained in
Appendix 1.
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TABLE 3-1

INSITU THERMAL COAL RESERVES AND RESOURCES OF BRITISH COLUMBIA
IN MILLIONS OF METRIC TONS (SHORT TONS)
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3.2.3 Quality of Thermal Coal

Quality of thermal coal reserves by region is shown in Table 3~Z. The
southern interior coals range in rank from lignite to subituminous B.

A heating valtue (dry basis) of 18,269 kd/kg (7875 Btu/1b), an ash

content of 33 percent, and 0.5 percent sulphur are typical of the largest
of these deposits.

3.2.4 Reserves of Refuse Coal

The existing mines of the southern Rocky Mountain region are producing
refuse coals that could be significant sources of fuel for powe: gener-
ation. Reserves, indicated production rates and qualities are presented

in Table 3-3.

3.3 (Coal Transportation

3.3.1 Site Location

Transportation of coal and transmission of power are important factors
in determining the location of a coal-fired power plant. Coal must be
moved from a mine site to the plant, and power must be transmitted from
the plant to the load centres.

Normally, the most efficient means of transporting electrical energy
over long distances is by high voltage transmission lines. Therefore,
from the point of view of reducing total energy transportation cost,
coal-fired power plants are usually located as close to the coal source
as possible, after taking into consideration non-transportation site-
related factors.
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TABLE 3-2 ,
COAL QUALITY ;
HEATING! FIXED
REGION VALUE ASH VOLATILES  CARBON  SULPHUR MOISTURE2 RANK
% % % % %
“ | Coastal 22,620 High Vol. B Bituminous
i (9,752) | 35.7 25.1 37.9 1.4 1.3 to anthracite
Southern 28,540 o
Rocky Mountain (12,300) | 15.8 19.6 63.7 0.4 1.0 Medium Vol. A Bituminous
Northern ‘ 30,620 Low to medium
Rocky Mountain (13,200)’“’ 8.0 22.0 67.0 0.7 1.0 Vol. A Bituminous
Southern 18,269 - Lignite to
Interior {7,875) {33.0 32.3 34.7 0.5 0.0 Subituminous 82
27,000 -
(11,640) ;15.0 33.3 47.5 0.5 A 5.9
Northern 30,800 High Vol. A Bituminous
"4 Interior (13,300) | 8.7 13.2 73.48 0.7 1.8 to semi-anthracite
Heating values are in kJ/kg with Btu/1b. listed in brackets.
Hat Creek values have been considered on a dry basis; the second analysis from the Southern
Interior is on an "as received" basis. The remaining analyses are on an air-dried basis.
3. A range of 1.0 to 5.0 percent moisture is quoted in the "Coal Resources of British Columbia".
4,

The range has been listed in the table because of the variable nature of the deposits.
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RESERVES AND ANNUAL PRODUCTION OF REFUSE COAL

07

2. The heating value is in kJ/kg with Btu/1b in brackets.
3. Proximate analyses are an a moisture-free basis,

(_ . Fixed
WEight¥ Heating Value2 Ash3 Volatile Carbon " Sulphur Moisture
% % % % %
Coarse Refuse:
reserve 5.7 19,490 48.7 17.0 34.3 5
(6.3) (8,400)
production 1.4 19,490 48.7 17.0 34.3 5
(1.5) (8,400)
Fine Refuse:
reserve 5.0 22,280 33.2 18.0 48.8 25
(5.5) (9,600)
production 1.3 22,280 33.2 18.0 48.8 25
(1.4) (9,600)
I. The weight is in mitlions of metric tons with short ton equivalents in brackets.
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3.3.2 Route and Transportation Options

Routes connecting a coal mine with a power plant are selected on the
basis of local topography and the compatibility of different modes of
transportation to this terrain. The basic objective is to minimize
distance, however, factors such as topography, geology, hydrology, and
availability of existing transport corridors, plus social and environ-
mental considerations may modify this objective.

Due to the relative abundance, limited marketability and resulftant low
price of thermal coal, only large-scale, efficient transportation alter-
natives are considered. OQver land the practicable alternatives for bulk
thermal coal transport are railways, trucks, conveyor belts, and slurry
pipelines. Over water conventional ships, special bulk carriers or tug-
barge systems are practicable alternatives. For the foreseeable future
there appears to be no major technical changes which will provide competi-
tive alternatives.

Each method of transportation is subject to a minimum throughput volume
helow which the required capital investment cannot be justified. These

are normally competitive only over a limited range of distances. Consequent-
ly, such factors as variations in annual tonnage and in source of supply,
over time, can have an important bearing on the selection of the optimum

coal transport mode.

3.3.3 Brief Description of Alternative Transport Options
Railways are one of the most efficient and versatile methods of bulk
commodity transportation. They may be singie-purpose private cystems,

large common carrier systems, or a combination of both.

Private single-purpose railways can be highly specialized with automated
operations and unique equipment specific to a project. Such features

3-10
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are more common on short distance hauling; longer railways are usually
conventional systems dedicated to a single commodity and operating

between fixed terminails.

Large common carrier railway systems, such as national and provincial
lines, are among the most effective means of transpoerting low-valued dry
bulk commodities such as thermal coal over long distances. These
systems can carry small volumes in conventional mixed trains or large
volumes in unit trains. Unit trains are complete train sets dedicated
to a particular service cycling regularly between a loading point, such
as a coal mine, and an unloading point, such as a power plant.

In general, unit trains operating on existing rail networks with reserve
capacity are the most likely means for the medium to Tong distance
haulage of thermal coal.

Truck systems are used to haul coal over reascnably level terrain for
short to medium distances. They have the advantage of being able to
adjust quickly to route and voiume changes but suffer the disadvantage
of poor utilization of energy and labour. Efficiency can be improved by
the use of large 100 to 200 tonne capacity off-highway vehicles.

Conveyaor belts have the advantage of not being labour intensive but
suffer the disadvantage of being capital intensive and infiexible in
operation. That is, they are designed for a particular commod:ty and
throughput votume to be moved from one origin to one destination.
Changes to any of these design parameters are not easily accommodated.

This alternative is attractive in the transportation of large volumes of
thermal coal over short distances of steep and irregular terrain.
Frequently a considerable saving in overall route length can be obtained,

Generalized coal transportation unit costs for 1977 are presented in
the following Table 3-4.

3-11
26/9-2



TABLE 3-4

GENERALIZED COAL TRANSPORTATION UNIT COSTS

Mode

Practicable
Minimum
Throughput Practicable
Volume Distance Unit Cost*
(Million (¢/Tonne
Tonnes/Yr) | (km**) {(mi) km)** (¢/Ton mile)

Modern Bulk

Marine Carriers 1 800 500 .07 to .7 .1 to 1
Tug~Barge

Combinations .9 ﬂ0-1600 25-1000 .3 to 4 .5 to 5
Unit Trains .5 80 50 .7 to 1.4 1 to 2
Conventional

Trains .01 40 25 1.4 to 4 2 tob
Heavy Trucks .01 160 100 4 to 10 5 to 15
Slurry Pipeline 3 40 25 3 to2 .5 to 2.5
Conveyor Belt .9 40 25 20 to 40 25 to 50
Ropeway . 40 25 30 to 60 40 to 80
* Based on 1977 costs in U.S. Dollars. Costs shown are approximate.

** Metric conversions are rounded off.
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At certain mines where stip-mining or open pit mining is used, and
depending on the distance involved, truck systems, conveyor belts or a
combination may be more appropriate. An industrial ropeway is a series
of buckets attached to a cable which is pulled along a system of support-
ing towers. Industrial ropeway systems are not considered to be economic

for the transportation of thermal coal.

A slurry pipeline system is used to pump finely ground coal suspended in
water through a pipeline from a plant which prepares the coal, to a
dewatering facility at the destipation. This system may be competitive
where large steady volumes of thermal coal require transportation over

medium to long distances.

Slurry pipelines have the advantage of being extremely reliable, and may
operate at very high utilization factors. Disadvantages are the large
water supplies necessary, and the prdb]em of removing coal fires and
dissolved chemicals from the water before recirculation or disposal.
Like conveyor belts, slurry pipelines are capital intensive ard are
inflexible to changes in operation.

There are only limited applications of this mode in North America. It
would seem to have good potential as a competitor to unit trains for the
supply of fuel to coal-fired power plants.

3.3.4 Bulk Commodity Transportation Economics

The economic comparison of alternative coal transportation systems
connecting a mine site with a power plant requires the evaluation of
all capital and operating costs likely to be incurred over the project
life. The present-worth of these alternative system costs are then
compared to select the most economic alternatives.

3 - 13
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3.3.5 Environmenial and Social Impact

The impact of coal transportation on the environment and society is
dependent on the many factors related to the specific aspects of a
project. However, the following gereral comments can be made on the
alternative options:

Waterborne transport of bulk coal has a minor impact except for the
possibility of dust emission at terminals.

Adding coal unit trains to existing rail lines increases the traffic
and therefore does not change conditions substantially other than
possibly introducing additional noise, dust, and vehicle emissions.
The construction of new lines requires the alienation of considerable
amounts of land for right-of-way purposes.

Trucks may add to road traffic, noise, dust and vehicle emissions.
The construction of new haul roads requires the use of acditional
lands, but such corridors may be put to multiple use.

Slurry pipelipes usually have little in the way of above ground
structures. Therefore they have minimal impact on physical con-
ditions and aesthetics of the surrounding area except during the
construction phase. However, water supply and removal of fines and
dissolved chemicals from this water do present special problems.

Conveyor belts are continuous structures and therefore require
passageways over or under them to reduce the bharrijer effect. Noise

and dust emissions can be reduced by covering this equipment.

3-14
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4. CONVENTIONAL COAL-FIRED POWER PLANTS

4.1 Introduction o

Canpada has some 19,000 MW of fossil fuel power plant now in service of
which two-thirds is cozl-fired. Most new fossil units will use coal and
the role of this abundant fuel, especially in the west, will be a signi-
ficant component of Canada's energy policy (15).

For the B.C. Hydro system, the smallest single unit size would probably
be 150 MW, while for larger plants, units could be in the 500 MW to 750
MW range. The largest single coal-fired units in the world are currently
1300 MW. A typical new coal-fired plant might contain up to four

single units.

4.2 Principal Components

4.2.1 Basic Coal-fired Power Plant Description

Figure 4-1 shows the basic cycles in a typical coal-fired power plant.

The coal is burned in pulverized form in large water-tube type boilers
to produce high pressure steam. Reference (2) page 45 summarizes
combustion basics in coal-fired power plants.

Boilers for low-rank coals have unusually large dimensions, particularly
due to the higher quantity of coal of Tow heating value which must be
burned for a given output and the need to use low gas velocities in the
convection surfaces to avoid erosion from fly ash.

An extensive system of sootblowers, including deslaggers or "wall blowers"
for the furnace walls, and "retractables" for the convection surfaces is
required.
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High pressure steam from the boiler is delivered to the turbine gen-
erator which converts the heat energy in the steam to mechanical energy

for rotation of the turbine.

The turbine drives an electrical generator that produces electricity;

voltage is stepped up for efficient transmission to the load certres.

After the steam has done its work in the turbine, and has been reduced
from its high inlet pressure to a very low pressure at the exhaust end,
the exhaust steam is condensed in a condenser below the turbine. The
condensate is then pumped back to the boiler to be "recharged" with heat
energy from coal combustion to make steam and perform the cycle again.

To condense the low pressure steam, a supply of cooling water is necessary
for the condensers. Where large volumes of water from the ocean, large
lakes or rivers are available, once-through cooling is possible. It is
drawn from the source, passed through the condenser, and discharged back
into the source at a higher temperature (8 to 14°¢C rise) (15 to 25°F).
Sometimes tempering of discharge water with cold water from the intake

is used.

Where power plants have to be located away from large sources of water,
cooling towers are often used. The towers effect cooling by evaporating
part of the cooling water flow. This cooled water can be returnad to
the condensers to condense steam. The evaporated portion is emitted by
the cooling towers to the atmosphere as water vapour and is a water loss
from the system. This loss has to be made up from a suitabie source,

usually an adjacent Take or river.

The quantity of water for tower make-up is only a fraction of that
required for once-through cooling. For instance, a 2000 MW plant would
require about 2300 m3/minute (500,000 Igpm) for once-through cooling but
only about 76 m3/minute (17,000 Igpm) for tower make-up and general
service. The tower makeup is a consumptive use, whereas the once-
through cooling is not. '
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In some locations iv is possible to effect cooling on a natural cr man-
made lake or "cooiing pond". Warm water from the condensers gives up
heat by evaporation at the pond surface after being discharged furthest
from the plant. Cold water is drawn from the near end and pumpec to
condensers. The area required for cooling ponds is typically a minimum
of 0.6 hectares (1-1/2 acres) per MW of plant capacity. The loss of
water by evaporation must be made up by precipitation or diversicn of

water from other streams or sources.

Sometimes the cooling pond performance can be augmented by passing the
warm water through a spray system en route to the pond.

The main advantages of cooling ponds are their simplicity, reasorable
construction cost, flexibility in operation (they can run for prclonged
periods without make-up), and benefits to the public for recreation.

. The main disadvantages are the inundation of large land area (if man-
made), need for suitable soil permeabiTity, and possible fogging.

T R
Copeed o

Cooling towers of various types are available ranging from those 1in
which fans are used to move air to those which use natural draft in a

tall hyperbolic concrete tower.

[ach project requires a complex evaluation of tower cost and performance
against turbine and condenser cost and performance under specific climate

conditions on a year-round production basis.

In some arid locations "dry" cooling towers, for which no significant
make-up water is required, have been used. Air is used indirectiy to
cool the condenser cooling water (or sometimes the condensate of the

main cycle)
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for recycling. Uir, towers have severe limitations in warm climate
conditions, need large iand areas, cannot achieve the same efficient
vacuum of conventional cooling systems, and so far have not been applied
to units in North America larger than 330 Mw.

Dry towers have the advantages of no make-up, no thermal impact on water

sources and no fogging. However, they are most costly.
Cooling tower types are described in Reference (31).
4.2.2 Coal Handling at Power Plants

Coals for power plants might be delivered by several different mathods
including railway, slurry pipeline, trucks, conveyors (from adjacent
mines), barges or ships as previously discussed.

On arrival at a power plant, the coal would be delivered direct Lo the
silos in the boiler house or to a storage area usually divided into
"live' and 'dead' storage areas. Facilities for unloading, storing,

conveying, crushing and reclaiming coal are known as the coal handling
plant.

Such a plant would typically include unloading hoppers, crushers to
break up frozen coal, stacker-reclaimers, bulldozers, carrier scrapers,

and numerous conveyor belts, transfer points and sampling points.

Where a varying coal has to be accepted or where coals from various
mines or sources are to be burned, provision must be made, either at the
plant or at the sources, for proper biending of coal types to ensure a
reasonably uniform fuel delivered to the botlers.
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Coal is finally discharged in as uniform a condition and quality as
possible to the silos above the pulverizers. The silos are kept full by

an automatic system. Power plant operation requires an assured reliability
and consistency of fuel supply.

Typically, coal for six to eight hours of operation would be stored in the

silos. -

The pulverizers are a vital feature of the plant, especially where coals
are of low quatity. Pulverized coai-firing system characteristics are
different from those for industrial scale coal-burning where traveliing
grate stokers, or spreader-type stokers, are often used. With pulverized
coal-firing, large water-tube boilers react immediately to changes in
incoming fuel quantity and quality. The coal feeding system from silo

to pulverizer is also critical to consistent and safe operation.

4.2.3 Bottom Ash System

Many coals are of high ash and/or moisture content resulting in & fairly
low heating value. When coal is pulverized and burned in the furnace of
large water-tube boilers, about 20% of the ash in the coal falls to the

bottom of the furnace into a water-containing hopper. This "bottom ash"
is sluiced from the hopper in a water/ash slurry pipeline.

The bottom ash can be delivered to dewatering bins that discharge the
dewatered ash inte trucks or on to conveyors for transport to disposal
areas. The water would be returned to the stuicing system for reuse.

Bottom ash is usually disposed of in ponds that are ultimately drained,
reclaimed and converted to their former land use, or an alternative use.
Bottom ash does not present problems in handiing. Potential uses of
bottom ash include road surfacing, earth dam drainage, filters and
general fill material.
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4.2.4 Fly Ash System

The other 80% or so of the ash produced is carried out of the furnace in
the flue gases. Almost all this fly ash is then captured in a ¢as-
cleaning device, often an electrostatic precipitator, and from the
bottom of that device it is transported dry by a pneumatic system.

Fly ash is often drawn first to a storage silo if there are customers

for its use requiring leading of trucks. The quantities produced at a
large coal-fired power plant are usually considerably more than actual
or potential markets can absorb and, therefore, fly ash disposal areas

are also necessary.

When transported to the disposal areas by trucks or conveyors, fly ash
is usually watered for dust control. If the distance is not toc far, it
can be carried pneumatically to the disposal areas in dry form.

Often the final disposal areas for fly ash are wet ponds that can be
ultimately drained and reclaimed for future use. Some plants now use
"dry ash disposal"” systems where bottom ash and/or fly ash is used in
"land-fi11" rows which are sequentially sealed, covered and landscaped.

Fly ash from coal-fired power plants is being sold for many purposes
including augmenting cement in major concrete dams, soil stabilizing,
asphalt paving fiiler, lightweight aggregate, concrete blocks, pozzolan
cement, oil-well cementing and structural land fill. Studies of potential
alumina extraction from fly ash are being made.

4.2.5 Stacks
Power plant stack design parameters are important for ensuring adequate
plume emission characteristics. Current practice is frequently %o

connect more than one large unit to a single stack shell in order to

emit the hot gases from one point and improve plume buoyancy. A concrete
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shell houses up to four individual steel flues, each serving one large
unit. Stack heights for large plants can exceed 500 ft. Each power

plant site has to be evaluated according to the fuel, operating character-
istics, adjacent terrain and the diffusion capability of the atmosphere.

4.2.6 0Other Features

New coal-fired power plants would be designed in accordance with well-
proven Canadian and North American practice. There are many plant
systems involved beyond the areas briefly described above.

The Nanticoke Generating Station of Ontario Hydro burns primarily United
States bituminous coals although recently low-rank coals from Western
Canada have also been used although they were not considered in the

design of the plant Reference (6).

The large Boundary Dam lignite-fired power plant of Saskatchewan Power,
the Wabamun and Sundance plants of Calgary Power, the Battle River plant
of Alberta Power and the Centralia plant of Pacific Power & Light (and
other sponsoring utilities) are typical existing plants burning low-
grade western coals with similarities to coals of this.Province.

4.2.7 Operation

Large thermal power plants for electrical power generation in this
Province would probably be operated under base-load conditions for a

major portion of their working lives. They would also be expected, at
certain times, to be two-shifted (i.e. shut down at night) and, in their
later working lives, to be operated to some degree as cycling or peaking
units. The plants would be supplying electricity to the integrated
provincial transmission grid and their output and load changes would be
closely related to the satisfactory operation of the electric system.
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Base-load operation would be continuous 24 hours/day, 365 days/year,

with one planned outage of each large coal-fired unit for about four

weeks each year. Normal operation would be automatic contro} of each
generating unit with extensive use of computers and data logging.

4.2.8 Construction/Scheduling

A coal-fired power plant of typical utility size requires 4-1/2 to 5-1/2
years for design and construction excluding pre-approval periods. The
latter periods vary considerably and inciude time for engineering,
environmental and economic feasibility studies, obtaining permits and
other related matters.

A construction work force peaking at around 2,000 men would be required
for a 2000 MW coal-fired plant (excluding mine and coal preparation
plant) and major field construction would tast upwards of three years
depending upon the number of units involved and their timing.

Extensive civil works including site ciearing, excavation, concrete
foundations, structural steel frames and building enclosures would be
followed by installation of heavy machinery, (boilers, turbines and

generators, etc.).

Inter-connecting piping, cabling, and control systems and numerous
auxiltary component systems would form the main work in the later stages

of construction.
4.2.9 Emission/Discharges

A coal-fired therﬁa] power plant includes a complex series of material
and energy cycies. The basic coal and ash systems have been briefly
described above. Table 4~1 shows some typical data for a 2000 MW coal-
fired power plant, using low-rank fuel and cooling towers,which relates
to its emissions and discharges, and power output.
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TABLE 4-1

TYPICAL COAL-FIRED PLANT DATA

Plant
Output

Station Heat Rate
No. of Units
Capacity each

2000 MW {net)

2240 MW (gross)(inc. mine power)
11,000 kJ/kW hr sent out (10,400 Btu)
4

560 MW {gross)

Coal

HHY as fired

Moisture

Ash

Cansumption/br (plant)
Consumption/hr {1 unit)
Consumption/day (plant}
Consumption/day (1 unit)
Consumption/yr {plant)

Consumption 35 yr lifetime (plant)

14,653 kJ/Cal. {6,300 Btu/1b)

20%

26%

1,513 tonnes (1,668 tons)(at full load)
378 tonnes (417 tons){at full Joad)
36,312 tonnes (40,000 tons){at full load)
9,078 tonnes (10,000 tons)(at full load)
9.3 x 105 tonnes (10.3 x 106 tons)

{at 70% cap. f.)

326 x 106 tonnes (361 x 106 tons)

(at 70% cap. f.)

ash
Produced/day (plant)
Produced/yr (plant)

9,441 tonnes (10,400 tons)(at fu 1 load)
2.4 x 106 tonnes (2.7 x ]06 tons)
(at 70% cap. f.)

Boilers
Capacity each
Steam Conditions
(at turbine)

No. of pulverizers

486 kg/sec (3,850,000 b/hr)
16.6 MPa/538°¢/538°C

2400 psig/1000°F/1000°F

8 per boiler

Eggl;ﬂﬁuTowerS
Number

Type

Total Plant Make-up

4 (1 per unit)
Rectangular mechanical draft
76 m>/minute (20,000 U.S. gpm) max.

Precipitators
Each Unit
Lfficiency

IGas temperature

68,000 a.m>/minute (2.4 x 10° acfm)
99.5% +
149 °¢ (300%F)

4 - 10
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4.3 Power Plant Project Study Considerations

Reference (1) reviews potential fossil fuel development for power 1in
British Columbia. Coal-fired plants often include one or two units as
the initial stage and then add units as load growth requires trem.
Often the Tater units are of larger size.

Potential combined power and steam production in association with adja-
cent industries, or with a district heating system, are always reviewed,
but in British Columbia, there are few possibilities for projects of
this nature. District Heating is discussed in Reference (14).

4.3.1 Site Selection

Selecting a site for a coal-fired thermal power plant is a complex
exercise involving many considerations, once the detailed coal and ash
characteristics are known.

These include: -

air dispersion of emissions;

water supply and waste disposal;
transportation of coal and materijals;
transmission of power to the grid;

location of population and industry.

A}l factors must be evaluated on the basis of engineering, econcmic and
environmental considerations and the best compromise determined.

In some cases for instance air dispersion considerations may limit the

size of the plant or even rule out valley sites with restricted dispersion

characteristics.

4 - 11
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The water supply is always a vital consideration. Availability of a
once-through supply altongside the plant would normally mean lowest
capital cost for cooling water. If cooling towers have to be used and
make-up water brought a considerable distance or pumped a considerable
height to the site, cost is high. Suitable waste disposal areas must be

available near the plant.

Coal transportation has been discussed previously. The consideration of
electrical transmission is primarilty one of economics, land use and
Tocation of major power consumption areas. Figure 4-2 shows the electric
transmission system of B. C. Hydro.

The population and industry considerations are numerous. They include
suitable 1iving locations for plant staff, area economic development,
technical training establishments, and ensuring that the proposed power
plant planning is in harmony with all other developments in tha area.

4.3.2 Fuel Requirements and Quality

Evaluation of coal deposits prior to use is most important and, in many
cases, most complex. Future power plants might use coal from several
sources in the Province, and, also, consideration may be given to augmenting
coal-burning with other fuels such as hog fuel or municipal refuse. 0il

and gas are considered to be premium fuels, and as such are unlikely to

be used as prime fuels for large thermal power plants.

Hog fuel on its own is unlikely to be a major fuel for power generation

in the B. C. Hydro system. This is because of the difficuity in developing
an assured and adequate supply at an economic price in a central location.
B.C. Hydro is presently participating in joint studies with the B.C.

Energy Commission and the Council of Forest Industries which will examine
the probiem of surplus wood fuel in the industry.

4 - 12
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In large metropolitan areas such as the St. Louis area in the U.5. or

the Toronto area in Canada, municipal refuse may be available in sufficient
quantities to justify its use in augmenting power plant coal fuel. Up

to 10% or so of the heat input to a large coal-fired utility boiler
(300-500 MW) could come from refuse. In most cases, and particularly in
British Columbia, it is unlikely that a coal-fired thermal power plant
would be located near enough to reasonably large sources of refuse to

make combined firing worthwhile. The potential of Vancouver would be
about 30 MW of refuse firing. The GVRD has reported that combustion of
refuse could not compete with relatively Tow cost landfill alternatives.

Some power ptants have "wet-bottom" furnaces on their coal-firad units.
In these most ash is made molten in the combustion zone and removed in
quenched form as bottom ash. Ash fusion characteristics must be correct
and consistent for this type of boiler. Recent problems with high NOx
emissions due to the high heat release rate in the furnace have resulted
in a decline in use of "wet-bottom" furnaces. For British Columbia
fuels conventional coal-firing would predominate.

Should a fuel be of high ash and/or high moisture content the resultant

Tow heating value means higher quantities of fuel are required to produce

a given output. The generally low sulphur content of western coals

means Jlower SO2 emission. The higher ash content means much larger gas
cteaning devices to remove particulate matter as well as additional
operating problems due to erosion of pulverizers, and boiler and economizer

surfaces.
4.3.3 Ash Production and Quality

With high ash in the coals, and large units envisaged, the quantity of
bottom ash and fly ash produced in thermal power plants would be large.
In a 2000 MW ptant burning low quality coal of heating value 14,000 kJ/kg
(6000 Btu/1b.) and ash content up to 30%, the quantity of ash produced

4 - 14
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per day at full load could be about 9100 tonnes (10,000 tons), of which
about 20 percent would be bottom ash and 8C percent fly ash. Carefu]
attention would be given to ash hopper capacities, ash moving system
design parameters, and ash disposal area capacity.

Should coal washing be used to reduce ash, the disposal problem is substi-
tuted in part by an effluent disposal problem from the preparation
plant.

4.3.4 O0ther Considerations
4.3.4.1 Operating Constraints

When reviewing possible thermal power plants in the Province, many
factors must be considered, especially relating to the expected operating
characteristics of the plant.

Coal-fired units of the size 1ikely to be considered would be major
additions to the generating capacity of the provincial electrical system,
and would be planned to ensure maximum availability and suitability for
the electrical system of which they are part, while converting coal
energy efficiently and cleanly.

Any constraints on operating practices must allow reasonable time for
change and must be attainable within safe and reasonable operating
adjustments of large coal-fired units.

Many constraints not directly related to emissions are already in effect
for the plant operators, for example, rates of loading and unloading
large turbine generators, and matching boiler and turbine temperatures.

4 - 15
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During periods when large units are being brought on line, operating
conditions and hence the emissions may be different from steady, steady-
state operation. For example, auxiliary fuel may augment coal for short

periods.
4.3.4.2 Costs/Economics

Typically a four-unit 2000 MW plant without scrubbers would cost (1977
dollars) about 1 to 1.25 billion dollars.

The operating costs of such a plant would be determined primarily by the
fixed charges on the investment and by the cost of the coal.

Studies of possible coal-fired plants in B. C. must stress accurate coal
cost assessment and plant cost estimates and include all other normal
evaluation factors such as number and size of units and cycle conditions.
Objectives for pollution control are a critical consideration in such

studies.

4 - 16
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5. ENVIRONMENTAL IMPACTS

Section 4 presented the basic design, construction and operation of
coal-fired power plants and some important considerations when evaluating
new projects of this type. This section discusses potential environmental
impacts arising from the construction and operation of such plants.

5.1 Air

5.1.1 Emissions and Ambient Air Quality

"Emissions" refer to the mass discharge rate of material from a source,
such as the flue gas from an industrial stack. "“Ambient air quality"
describes the concentrations of specific substances in the air we breathe
and thus relates to the composition of the air at ground level at some

distance from the source.
The Pollution Control Act defines an air “contaminant" as:
"...any substance, .

(a) that is foreign to or in excess of the natural constituents of

the air; or

(b) that affects the natural, physical, chemical, or biological
quality of the air;

and that is, or may be, injurious to health or safety or comfort of
a person or injurious or damaging to property or to plant and
animal life, or that may interfere with visibility or the normal
conduct of transport or business or is obnoxious to the public..."
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Air "pollution" is described in the Act as:

-
" ..discharging or emitting into the air such substances or contam-
- inants of such character as to substantially alter or impair the
- usefulness of the land, water, or air..."
- It is the responsibility of industries within the Province to cortrol
the discharge of contaminants to avoid pollution. An assessment of the
- air quality impact of any existing or proposed source must examine the
criteria for achieving this gbjective in terms of the many constraints
- imposed by socio-economic and design requirements in the site specific
L]
context. For a thermal generating station, the principal considerations
- to be addressed in the assessment include:
-y
plant location and physical layout (determined principally by the
- type and source of fuels) the water, and location of the load
centre;
-
topography and airshed meteorology (as related to the frequency of
- conditions producing high ambient air quality levels);
-
- . stack gas emission rates and the concentrations of contaminants;
]
stack dimensions and plume properties (that is stack gas temperature
- and flow rate and their impact on plume rise and its dispersion);
- . airshed air quatity (i.e., contributions attributable to other
nearby installations, existing and future); and
- proposed plant operating regime.
- [L cannot be overstressed that the constraints imposed by such consider-
dtions are unique for every installation and that determination of an
-
-
- 5-2
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acceptable program for air quality maintenance involves detailed examin-
ation on a case-by-case basis.

5.1.2 Protection of Public Health

The following section presents a basic discussion on the impact of
typical gaseous emissions from coal-fired power plants. This is a
condensation of a more extensive review of public health effects, which

is presented in Appendix II.

Establishment of ambient guideline levels has always had as its primary
objective the protection of human health. Historically most regulatory
bhodies, in attempting to set guidelines aimed at eliminating adverse
effects on human health, have postulated that for each contaminant there
is a threshold concentration, below which deletericus health impacts are
not observed. Such a threshold is desirable as a regulatory tool, as it
allows the establishment of a definitive value and consequent ease of
enforcement.

In practice, this threshold concept has suffered from several major
drawbacks. As clinical diagnostic methods have improved, it has been
possible to detect more subtle changes in healtth indicators. However,
Lhe significance of such changes in terms of actual health status has
often remained unclear or unknown.

The refinement of measurement techniques makes it poésib]e to evaluate
low exposure levels more accurately. The increased sensitivity of
detecting changes in health indicators, and in monitoring contaminants,
necessitates re-evaluation of no-effects thresholds. In general, this
has lead to revision of ambient guideline levels.

the assumption of a unique relationship between a single contaminant and
a specific health effect is usually not demonstrable. Limitations of
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existing statistical techniques make it difficult to isolate such relation-
ships. Thus there is often a 1ikelihood that observed heaith effects
are influenced by contaminants other than the one of immediate concern.

Often contaminants are present in compltex mixtures for which quartitative
analyses are not available. At low levels, apparent health effects are
similar for many contaminants. In most situations, variations in the

concentrations of contaminants occur simultaneously.

In general, attempts to identify the threshold for various contaminants
as a basis for defensible ambient guidelines have met with consicerable
difficulty. This does not mean that clearly defined effects are not
visible and attributable to specific substances at high concentrations,
but rather, as one moves toward lower concentrations, the ability to
isolate clear cause-effect relationships becomes extremely tenuous.

For these reasons it is sometimes useful to examine a range of contaminant
concentrations that may lead to adverse human health effects. Figure 5-

| presents sulphur dioxide concentration ranges for a specific averaging
time (24 hours) which has been identified in recent studies in association
with adverse health effects. Known effects associated with annual

average concentrations are indicated in Figure 5-2. The current understand-
ing regarding nitrogen dioxide effects is illustrated in Appendix II,

Figure II-1.

fvaluation of health aspects of air quality levels must réf]ect consider-
ation of sensitive members of the community (i.e., the chronically ilt,
the young, the elderly) as well as the general public as a whole. To be
meaningful, health criteria for all contaminants should be related to
ambient air quality values, and not source emission levels.

26/9-2



Figure 5~
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For sulphur dioxide and particuiates, it is also noteworthy that the
shortest meaningful averaging time associated with documented health
impacts is 24 hours. No important reactions to exposures fer one or
three hour periods have been reported for coal-fired power plant gaseous
contaminants, such as sulphur dioxide, at moderate to low concenirations.

5.1.2.1 Sulphur Dioxide Guidelines

Health quidelines for sulphur dioxide should be based on the examination
of the available technical data with primary emphasis on human exposure
information relative to both mortality and morbidity. A 24 hour and an
annual average guideline can be justified by existing health data.

These data are shown in Figure 5-1 and Figure 5-2 taken from Table II-1
in Appendix II.

Morbidity Data - 24 Hour

Review of the available epidemiological data relative to the adverse
health effects of sulphur dioxide for 24 hour exposures indicates a
range of response between 120 and 500 ug/m3 with the strongest evidence
suggesting a range approaching 300-400 ug/m3. Some more recent results
indicate that deleterious health effects occurred from sulphur dioxide
at concentrations below 300 ug/ms, but it was the best judgement of the
researchers conducting the studies that this effect was due to sulphates,
alleged to arise from the interaction of sulphur dioxide and particulate
matter in the atmosphere, and not sulphur dioxide alone (43). Reanalysis
of the data show that the effects were not confirmed for asthma and
particulates of sulphates (44).
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Mortality Data - 24 Hour

There exist epidemiological data that are alleged to relate excess
mortality to increases in ambient sulphur dioxide concentrations.
However, examination of these data reveals a consistent simultaneous
presence of high smoke or particulate concentrations of 500 ug/m3 or
higher, during mortality episodes. This is compared to lower particulate
concentrations, e.g. 300 ug/m3 smoke, when describing morbidity. The
observance of such differences has led researchers to ascribe these
effects to the joint interaction of particulates and sulphur dioxide.
This has led to the speculation that sulphates are the causative

agent behind some adverse human health effects (43).

It has been concluded that mortality is an insensitive indicator of
pollution health effects for all but the most extreme deviations in
poilutant levels (45). Also, mortality data deriving from epidemiological
studies can neither support nor precliude a 24-hour sulphur dioxide
guideline in the range of 300 to 400 ug/m3, or below, because these
findings are compounded by the contribution of factors other than
sulphur-dioxide.

The existing 24-hour guideline of 266 ug/m3 (0.1 ppm) appears to provide
adequate protection for human health and is reasonable until further
studies can provide more adequate data.

Morbidity Data - Apnual

ilealth information gathered thus far indicates that no significant
increase in morbidity results from long-term exposures to sulphur dioxide
at concentrations below an annual average of 90 ug/m3. In fact, with
respect to several key parameters such as increased prevalence of chronic
bronchitis in adults and increased acute lower respiratory disease in
children, adverse effects are first observed at concentrations in the
annual average range of 90 to 200 ug/m3.
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Mortality Data - Annual

Attempts to link excess mortality data with increased sulphur dioxide
levels as stated previously, are equivocal. Most studies have focused
on increased mortality during episodic conditions of severe inversion
that are not consistent with long-term exposures. Further, all study
results have been obscured by other subtle effects that are not contamin-
ant-specific enough to factor out sulphur dioxide, or natural phenomena.

The existing annual average guideline of 53 mg/m3 (0.02 ppm) appears
to provide adequate protection for human health and is reasonable
until further studies can provide more adeguate data.

5.1.2.2 Sulphur Oxides and Total Suspended Particulates

As mentioned earlier and in Appendix II, it has been alleged that low
concentrations of suspended particulates, especially sulphates, exacerbate
asthma and other conditions (43). A recent report clarifies this issue
(44).

A careful statistical re-evaluation of these data collected originally
in New York in 1970-71 does not support the hypothesis of the Community
Health Environment Surveillance Studies (CHESS) (42) that a positive
association exists between the incidence of asthma attacks and ievels of
suspended particulate or suspended ambient sulphate levels (43, 44).
Also, serious questions have been raised about the validity of the data
(44). When adjustment is made for the statistical design factors sign-
ificantly associated with the asthma attack rate, there is no evidence
of a positive association between sulphur oxides and asthma attack.
turther, there is no conclusive evidence about any association between
total suspended particulate levels and incidence of asthma attacks. (44)
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5.1.2.3 OQOther Contaminants

The basis for review of ambient air guidelines for suspended particulate,
oxides of nitrogen as nitrogen dioxide, fluoride, and mercury is presented
in Appendix 11. Dustfall has been excluded from Appendix Il because it

is considered to be a nuisance rather than a health hazard.

5.1.3 Protection of Economic Interests

In addition to human health considerations, ambient air guidelines must

be set in accordance with available information regarding potential
aesthetic and economic effects related to air quality. Examples of so-
called nuisance impacts include visibility reduction, objectionable

odour and dustfall. Such effects cannot, however, be considered entirely
independent. from economic impacts. Conditions generally considered
aesthetically undesirable might also be expected to reduce property

values, contribute to corrosion of paint and structures, damage agricultural
crops, or cause harm to wildlife and recreational facilities.

lo avoid problems of this type, modern coal-fired power plants are
routinely equipped with control equipment capable of removing nearly all
flyash, effectively eliminating concerns regarding visibility and dust
taltout. As well, odour thresholds for stack gas contaminants are wel)
above ground-level concentrations expected to resuit from tall-stack

power plant emissions.

In a series of studies commissioned by Ontario Hydro (50) the incremental
socidal costs of coal-fired electric power generation for export were
examined in detail for both urban and rural settings. A total cost of
"hetween O and 0.77 mills per kwh and probably well into the lower
portion of this range'" was estimated for a power plant located near
loronto. No adverse impacts on plants or animals in Ontario due to

power generation were jdentified.

5-10
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Costs associated with deterioration of building materials (zinc, paint,
copper, nickel, concrete, aluminum, brick, tin, stone and glass) in¢luding
repair and additional cleaning costs were estimated at 0.03 to 0.17

mills per kwh in an urban area and 0.002 to 0.008 mills per kwh near a
rural piant. These values represent potential costs for remedial action

rather than actual expenditures.

Bamage to clothing and incremental cleaning costs attributable to power
plant emissions were found to be extremely small in comparision with
other soiling factors in Toronto and virtually zero for the rural area
investigated. No relationship between property values and air quality

levels was found.

Studies have attempted to identify specific effects of air contaminants
upon individual species of plants and animals. In all literature currently
available, few impacts identifiable with a particular point source have
been found. Severe damage to vegetation and aquatic ecosystems have

been related to the smelter in Sudbury, Ontario. However, this is the
largest slack source in the world, responsible for about 3% of the

world's anthropogenic S0, emissions (37)(38). Effects of gaseous emis-

sions on vegetation in tie vicinity of the smelter at Trail have been
obuerved.  There 1s now strong evidence of vegetation recovery following
Lhe introduction of abatement procedures in the early 1940's. A meteoro-
logical control system was introduced in 1941 to reduce plant emissions
during adverse meteorological conditions and extended periods of air
sLagnation. No similar impacts associated with thermal generating

plants have been thus far identified.

5~11
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%. 1.4 Acid Rain

Recent investigations in Scandinavia and eastern North America have
focused attention on long-range transport of emissions from tall stacks.
Most notewarthy among impacts associated with long range transport is

the observed acidification of precipitation in regions generally downwind

from major industrial centres.

While much controversy exists regarding the nature of mechanisms affecting
the pH in precipitation, it is generally believed that suphuric acid and
nitric acid (formed in the atmosphere over large travel distances) are

Lhe chemical constituents chiefly responsible for increasing acidity.
“inee these acids result from atmospheric conversion of sulphur diaxide
and oxides of nitrogen produced by combustion processes, concern has

heen voiced regarding the effects of increased coal use to meet future

onerqy demands.

While Beawish (48) stated that no published studies exist for long-range
Lransporl of acid precipitation in Canada, a survey of acid precipitation
i+ being conducted by Environment Canada (49). The pH values of rain
wore found to be generally lowest in Ontario especiaily in the vicinity
of sudbury. The least acid rain was found in west central Canada in the
reqion of eastern British Columbia, Atberta, Saskatchewan and Manitoba.

Currently a literature survey of acid precipitation is being undertaken
by an inter-agency Federal-Provincial committee. This survey should be
available in early 1978. B. C. Hydro has conducted snow sampling experi-
ments in the Cornwall Hills near Cache Creek and in the mountains of
Wells Gray Park. Sampling to date indicates snow pH in the range from
5.0 to 6.0; this is near the '‘natural' pH (value expected for precipitation
achieving equilibrium with atmospheric carbon dioxide). Analysis of
water samples taken from mountain streams carrying the spring runoff
trom these snow packs reflects substantial buffering of the melted snow,

5-12
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apparently accomplished by interaction with alkaline matertals in the
soil. pH values near 8.0 were found in the streams. Estimates of
oxpected changes of pH due to incremental increases in atmospheric
contaminants indicate that small pH reductions in the precipitation

ttself may occur.

5.1.9% Climate

As noted in section 2.3 the elevated terrain of British Columbia and its
effects upon climate (in particular wind patterns) may impose constraints
regarding the selection of acceptable sites for future coal-fired power
plants, For this reason, a thorough and site-specific assessment of
locai climatology (with specific regard for the dispersive capability of
the atmosphere) is essential to determine potential impacts arising from
this type of development. Measurements of on-site windspeed, wind
direction, temperature, vertical temperature gradient and relative
humidity, for a period of at least one year are some of the parameters
used as input to evaluate the atmospheric dispersion air quality arising
from a proposed project.

For certain locations within British Columbia, once-through cooling for
Lthermal plants may be considered unacceptable, Where cooling systems
such as holding ponds, spray canals and cooling towers are considered
for a coal-fired power plant, the selection of the system should be made
with the goal of minimizing potential environmental impacts, such as
icing and fogging at the ground, chemical drift deposition, obscured

visibility, incremental clouding, and precipitation effects.
5.1.6 Three-Hour Ambient Air-Quality Guideline for Sulphur Dioxide
Protection of health has always been the primary basis for the establish-

ment of acceptable ambient air quality levels. As discussed in Section

h.1.2 no healith data exist to support ambient sulphur dioxide guidelines

5- 13
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for averaging times of less than 24 hours. Guidelines for shorter
exposure periods have not been recommended on the basis of correlations
between sulphur dioxide concentrations and specific human health effects.
{his is due to both the lack of evidence of such effects for fractions
of a day, and the difficulties in extrapolating data for longer exposure

conditions.

In the past, one-hour and three-hour sulphur dioxide guidelines have

been enacted by regulatory agencies in Canada and the U.S.A. On the
basis of available evidence related to corrosion of materials, camage to
vegetation, and effects on animals, it appears that both the ambient air
yuidelines and the averaging periods themselves have been chosen somewhat
arbitrarily, although certainly the intent has been to provide a margin
of safety against adverse health effects and other impacts.

Discernible damage to vegetation over short exposure periods has been
reported, but only when the sulphur dioxide concentrations involved were
much higher than those expected to occur as a result of emissions from
modern power plants (47). In short, there appears to be Tittle scientific
Justification for choosing a period as short as one hour rather than

three hours as a minimum averaging time for ambient sulphur dioxide
quidelines. -

The climate and terrain of British Columbia place much greater constraints
upon the abiliity of major emitting sources to operate within shert-term
uidelines than would be the case in regions characterized by relatively
flat topography. Practical site selection criteria of:

water supply

coal transport

space (land) requirements, and
personnel access

5 - 14
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would often dictate that coal-fired power plants be located in regions
of the Province where the effective plume release height is insufficient
to preclude occasional impingement of stack emissions on elevatec
terrain surrounding the plant.

The likelihood of plume interacticn with terrain may also be increased
as a consequence of local air circulation patterns directly associated
with rugged topographic features. When the synoptic (large-scale) wind
flow is light, transport of airborne contaminants can be dominated for
short periods by such circulations especially in mountain valleys or
coastal inlets. Such effects can result in localized high grounc-level
concentrations for short time periods. When the wind speed at plume
height is strong, the contribution of such flows is secondary, and
atmospheric dispersion conditions are improved.

Obviously, variability in wind direction (and consequently plume trajectory)

over a three hour period is normally much greater than that expected
during a single hour. A three-hour sulphur dioxide guideline of 0.25
ppm should therefore be more reasonable for large coal-fired power
ptants than a 0.30 ppm value for one hour. As noted above, no quantita-
Live evidence exists that would justify the considerable incremertal
expenditures that may be required to maintain the one-hour rather than
the proposed three-hour guideline.

5.1.7 Air Quality Impact Assessment for Major Facilities

In order to estimate the air quality effects of proposed coal-fired
power plants, a comprehensive impact assessment study would be performed
and submitted in support of the Air Pollution Permit Application. Such
a study could include the following components:

5-15
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An accurate assessment of the fuel characteristics, the design of
the plant, and the proposed operating regime.

Background air quality data.

Baseline surface and upper air meteorological measurements to
provide input for air quality modeling studies and to identify
site-specific wind circulation patterns of potential importance
with regard to maintaining acceptable ambient air quality levels.

Additional field studies such as constant-level balloon trajectory
experiments and gas tracer releases to simulate the behaviour of
stack gases. Vertical profiles of wind speed and temperature

should be measured to provide information on the dispersive character-
istics of the atmosphere. Such studies can provide important
information to assist in development and validation of diffusion
modeling techniques for site-specific applications.

Diffusion modeling studies to determine expected maximum ambient
contaminant concentrations from the proposed project and the frequency
of occurrence of values above specific guideline thresholds for
various averaging times. Modeling can also be used to determine
acceptable stack heights and compliance limitations for the thermal
plant.

In some instances physical modeling (i.e wind tunnel experiments)

can be used to study airflow in regions of unusual terrain or sharp
structures and to investigate the effects of such flows on contaminant
dispersion. It should be recognized that such techniques are

useful for evaluating mechanical turbulence behaviour but generally
can provide little information regarding complex flows due to
differential heating of mountain slopes or other thermally-induced
phenomena.

5-16
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- Mathematical modeling to assess impacts due to cooling towers or
other closed-cycle cooling systems. Such studies should include
evaluation of seasonal and annual cooling tower drift deposition
patterns, frequencies of incremental fogging and icing and visible
plume lengths as a function of distance and direction from cooling
towers.

- Trace element studies to assess the kind and amount of trace sub-
stances present in the coal, to determine their fate in the various
phases of the combustion process, and to evaluate the potential
impacts upon land, air, water and biological species when they re-
enter the environment.

5.1.8 Airshed Ambient Air Quality

The existence of a number of large coal deposits within the Province

must be considered in formulating energy policy and possible industrial
use in the future. As there are no specific ambient guidelines nor
emission objectives for the control of air pollytion due to thermal
plants, problems could arise if the use of coal for electrical generation
in the Province is to be developed. The following comments reflect
particular concerns of B. €. Hydro regarding the establishment of air
quality control criteria for such developments.

- When granting air pollution permits consideration be given to
individual plants on the basis of site-specific information, local
dispersive capability, background air quality and adjacent land use
activities.

- Procedures for amending Permits to allow plant expansion, to
reflect operating experience, or to incorporate new information
regarding specific impacts associated with air contaminants, are
important elements in effective pollution control.

5~ 17
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- Ambient air quality guidelines are a basis for the establishment of
entire airshed regions such that public health and economic interests
are considered in assessing cumulative effects due to local expansion
of industrial and non-industrial developments.

5.2 Water

Water resources may be affected both during construction and operation
of a coal-fired power plant. Figure 5-3 illustrates the water balance
in a modern coal-fired thermal plant.

5.2.1 Construction
Construction of coal-fired power plants is briefly described in Section 4.

Both land and water impacts may occur. A major concern is erosion
resulting in the silting of water courses and lakes. Runoff volume and
thereby suspended solid concentrations may be controlled by suitably
located embankments and settling ponds. Dredging operations may affect
biological communities both by direct disruptions and indirectly via
downstream siltation.

5.2.2 Operation
The operation of a coal-fired power plant involves the withdrawal of

water for plant use and the potential contamination of water through the
disposal of plant wastes.
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5.2.2.1 Water Withdrawal

Water is used primarily for condenser cocoling and to a considerably
lesser extent to make up process losses such as boiler blow-down and
plant service requirements. The quantity of water required may vary
significantly depending on the type of condenser cooling system (once
through or recirculating) adopted and, therefore the system selected is
greatly influenced by site-dependent factors such as the availability
and the quality of the water source.

Water Intakes may cause the entrapment, entrainment and/or impingement
of aquatic organisms. Impingement of large aquatic organisms is a
function of the hydraulic forces in the region of the screens. Careful
intake design and flow patterns are employed to minimize this effect.
Smaller organisms, e.g. plankton and larvae which pass through the
screens, may be subject to physical impact, thermal shock or biocide
antifouling agents in the plant water system.

The effect of water withdrawal on the water body is a function of the
quantity of water withdrawn and any attendant reduction in the quantity
of water in the waterbody. Flow reductions in streams may affect down-
stream ecology and/or the quantity of water available for downstream
users,

5.2.2.2. Effluent Discharges
The disposal of solid and liquid power plant wastes may potentially

affect the water quality of surface sources, streams and groundwater
aquifers.

5-20
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Groundwater Resources

Effects of power plant liquid and/or solid waste disposal (eg. coal pile
runoff, flue gas desulphurization waste water etc.) upon groundwater
quality is a function of the climate, geologic and hydrogeologic character-
istics and morphology of the disposal site. In particular the perme-
ability of the soil/rock, the location of aquifers, surface water drainage
patterns and the ratio of precipitation to evaporation all affect the
potential for leachate material to enter and contaminate groundwater
systems. Other factors which influence the concentration of dissolved
materials are natural purification mechanisms via dispersion, filtration,
retention and ion exchange. These latter factors may have either a
positive or a negative effect on groundwater quality.

Surface waters may be affected indirectly via contaminated groundwater
or directly by the discharge of plant liquid wastes in the form of added
dissolved and/or suspended solid loadings, or, in the case of once -
through cooling, by thermal loadings. In any case the ability of the
receiving waterbody to successfully assimiiate the discharges without
adverse effects may be expected to be site-specific.

Chemistry, in addition to the concentration, is of significance when
assessing dissolved and suspended solid discharges. Effects on aquatic
organisms may result from changes in water quality and thereby in aquatic
habitat, though the impact may be expected to vary between species.

The potential for adverse environmental impact due to the discharge of
waste heat is in general proportional to the degree of temperature rise
and the volume of water discharged. The extent of any impact thus
induced can be enhanced or ameliorated depending on the mixing character-
istics of the receiving water body and the response of the aquatic
community. Discharge plumes can create a partial or total "thermal

blockage" which can slow or bar passage to migrating organisms. Increased
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water temperatures can locally change the character of resident aquatic
communities by favouring the increase of certain species over others, or

lengthening productive growing seasons.

5.3 lLand

Coal-fired power plants, like all major projects, have construction and
operation impacts on the terrestrial environment. The impacts can be
reduced by compromising siting and design options with environmental
constraints such as land use priorities, wildlife considerations etc.
The major potential impact arising from the disposal of solid waste
would be via the contamination of ground and/or surface water (see
5.2.2.2.). Ultimately, solid waste disposal sites could be returned to
effective use by suitable reclamation.
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6. CURRENT TECHNOLOGY FOR POLLUTION CONTROL
6.1 Air
6.1.1 Pollution Control at Source

Coal-fired boilers have been used in industry and in the production of
electricity for over a century. This extensive operational experience
has led to the development of many proven types of equipment and
technology to control the emissions of contamipants at the source,

The following sections are brief discussions on the applicable tech-
nology for controlling the emission of the major contaminants in
boiler flue gas particulates, sulphur oxides, and oxides of nitrogen.

6.1.1.1 Particulate Control Technology

Particulate emissions from coal-fired boilers are primarily a function
of the amount of ash in the coal, the firing rate, and the firing
method used, boiler type, type and efficiency of particulate controi
equipment boiler control and operation, burner design and chemical
conditioning of fuels or flue gases.

Particulates are most commonly removed from power plant flue gas by
electrostatic precipitation and cyclones, a form of mechanical dust
collector. Fabric filtration and wet scrubbers have been used to a
lesser extent. High efficiency electrostatic precipitators appear to
the most economical and practical devices for particulate removal at a
new plant. Their use on bituminous fuel has been proven by reliable
performance when conservatively designed and well maintained. Success-
ful application of electrostatic precipitation on coals having high
ash and Tow sulphur content is more difficult and is dependent on a
thorough design and field testing program to evaluate ash resistivity
and precipitator power input levels.
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Although fabric filtration baghouses and flue gas scrubbers have not

as yet been used in Canada on power plants, with their successful
application in the United States they are an alternative to tha high

afficiency electrostatic precipitor.
the three types of particulate control equipment is given in Table 6-1

(32).

Precipitators have the most substantial data base.

A capital cost comparison for

They were

expected to fall into the cost range of $10.00-$20.00/kw in the mid
Costs for other systems are less reliable because of the
limited number of installations.

1970's.

Table .6-1

Capital Cost Comparison for New Units (500-1000 Mw)*

Particulate Control Method

Precipitators

Venturi Scrubbers

Bag Filters

support steel and erection.
costs and holding ponds.

*Capital costs for precipitators and fabric filters include the
precipitator or filter connected flange to flange, insulation,
Venturi scrubbers include vessel

Fan and motor costs are not included.

6.1.1.2 Oxides of Nitrogen
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Oxides of nitrogen (NOX) are formed by oxidation of atmespheric nitrogen

at high temperatures in power plant furnaces and by partial combustion
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of the nitrogenous compounds contained in the fuel. In ceal combustion
approximately 95% of the NOx formed is NO and the remainder is in the
form of NO2 as it leaves the stack. In general the formation of NOx
increases with increased excess air, higher flame temperature and
longer residence time, regardless of fuel type.

NO emissions can be reduced by several technigues related to boiler
design and operation. The design of the furnace, combustion air
system and burner design are especially important. Today, any new
coal-fired boiler may be specified such that the emissions would meet
the proposed objectives.

6.1.1.3 Sulphur Oxides

Sulphur oxides in stack emissions from coal-fired power plants are
directly proportional to the suiphur content of the fuel. Typically
coals can have sulphur contents ranging from .25% to more than 5%,
however British Columbia coals are lower in sulphur and typically
contatn sulphur in the range of .25% to 2% by weight. Sulphur oxides
produced from combustion of coal are typically 90-95% $0,, 1-3% 503,
with the remainder of the oxides being absorbed by the fly ash.

The formation of 503 is normally minimal in a coal-fired power plant.

Sulphur dioxide is formed when sulphur in the coal combines with
oxygen in the furnace. Combustion of a typical Hat Creek coal would
produce a flue gas with about 600 parts per million by volume of
sutphur dioxide.

Control of sulphur dioxide at the source can be achieved by flua gas
desulphurization (FGD). Numerous processes are availabie including
lime or limestone scrubbing, both non-regenerative processes. Magnesia
and sodium scrubbing and catalytic oxidation are regenerative processes
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where the sulphur is recovered in the form of elemental sulphur or
sulphuric acid. These processes are discussed further in a later
section on flue gas desuiphurization.

6.1.1.4 Trace Elements

Trace quantities of elements contained in the fuel may be transmitted
to the atmosphere by the combustion process. Trace elements become
significant if their presence in receptors is greater than normal
concentrations, and if they are identified as being potentially toxic
to humans or other forms of Tife.

The potential impact that may arise from the use of new coal reserves
can be assessed by trace element emission evaluation carried out
during a test burn program. Trace elements associated with fly ash
emissions can be controlled using particulate control devices; however,
elements that exist in the gaseous form after combustion are emitted
toe the atmosphere.

6.1.2 Meteorological Control

A meteorological control system (MCS) is a systematic plan of defined
procedures for the reduction of contaminant emissions to the atmosphere
in response to anticipated or observed meteorological conditions
associated with high ground-level ambient concentrations. Unlike
continuous control strategies, such as flue gas desulphurization, MCS
programs involve procedures for selective emission curtailment as
required to prevent the occurrence of concentrations above specified
Lhreshoid values.

bor a given thermal generating facility, the principal factors that
guvern the design of a meteorological control program are: (1) the
contaminant species to be controiled; (2) the type(s) and quality of
available fuel supplies; (3) the plant load demand schedule, and (4)
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operating flexibility, this being governed by the type, size and
number of units at the plant.

In general, an MCS is most effective when applied to a plant that is
the dominant source of emissions within its zone of air quality influ-
ence and is located in a region having predictable atmospheric disper-
sion characteristics. The first criterion is important to ensure that
control measures will produce the necessary air quality improvement,

while the second condition stems from the need to minimize the frequency

of required control actions and to reduce the inherent uncertainties
involved in the prediction of meteorological events occurring.

To be successful MCS control must have: a source that can effect
necessary load reduction as required; an ability to forecast poor

dispersion conditions well in advance; a verified air quality prediction

model; and a monitoring network to coliect and process ambient air
quality data. A schematic representation of an operational MCS is
presented in Figure 6-1.

Meteorological control has been used primarily to maintain desirable
sulphur dioxide levels; however, MCS procedures designed to control
other centaminants might be practical as well.

A fuel-switching MCS (designed for SO2 control) involves stockpiling
low-sulphur fuel for use during periods of poor air dispersion charac-
Lteristics when emissions from the source might otherwise produce
ambient concentrations above acceptable thresholds. Straightfcrward
load reduction procedures can be used to reduce emissioné in some
instances. The practicability of this type of MCS for an electric
ygrnerating plant depends on the role of the plant with respect to
other generating facilities. 1In general, load switching is feasibie
only for a capacity surplus energy deficient system such as exists in
British Columbia at the present time.
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SCHEMATIC REPRESENTATION OF METEQROLOGICAL
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The 80% sulphur removal criterion presently required under subsection
2.2 of the Objectives for Mining, Mine-milling and Smelting Industries
with the operation of an MCS or "sulphur dioxide control regime" would
not necessarily be required for a coal-fired power plant to meet the
proposed three-hour, twenty-four hour and annual ambient air levels.
Local topography and meteorology, background air quality and adjacent
land use activities should also be considered for each individual
case.

For a coal-fired thermal plant operating in mountainous terrain in the
Province, the time lag associated with the components of an M(S (e.g.
distance between plant and sensor, time to achieve load reduction or
fuel switching) is such that an MCS is not practical unless the shortest
averaging time for sulphur dioxide concentrations is at least three
hours.

As described in Section 5.1.6, the adoption of a three-hour averaging
period, at a slightly more stringent level than currently applicable
for the one-hour guideline, is reasonable for large coal-fired plants.

The use of MCS provides for environmental protection in an economic
manner, and, with current improvements in monitoring techniques and
data processing, faciiitates both compliance by an o¢perator and enforce-
ment by a regulatory agency.

6.1.3 Cooling Towers
tactors affecting the potential environmental impact of both natural

and mechanical draft towers include tower shape, plume release height
and multiple tower location retative to each other.
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Natural and mechanical draft towers differ substantially in their
environmental impacts. During periods of moderate to strong winds,
the potential for plume downwash and recirculation is greatest for
rectangular mechanical towers. The severity of downwash depends upon
the angle of the wind relative to the tower. Greatest potential for
ground-level impact is expected when the wind is perpendicular to the
line of cells; conversely, maximum plume rise and the least potential
ground-level impact should occur with winds parallel to the tower's
long dimension.

[n contrast, round mechanical draft or natural draft towers present

less of an obstacle to the local air flow and this reduces the frequency
of downwash occurrences. In addition, the pattern of the plume is
independent of wind direction. Due to the low release height of round
mechanical draft towers (approximately 65 feet), ground-level impact
potential under conditions of high wind speeds must still be considered.

Natural draft towers typically discharge their effluents from heights
of 300 to 500 feet above grade. In general, observations in the
vicinity of such towers indicate that visible plumes do not extend to
the ground, where icing and fogging impacts are of concern, especially
at the plant switchyard, transmission lines, access roads, etc.

It is also possible that even elevated plumes wiil impact upon high
terrain downwind of the cooling towers.

A1l the cooling tower designs will lead to extended visible plumes
during situations of light winds and cool temperatures.

Drift is a small carry over of water droplets entrained in the exhaust
air, and is independent of the water lost by evaporation.
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The amount of drift deposition from cooling towers is also a function

of the type of cooling towers and their relative placement. The low
release height and susceptibility to downwash which characterize the
mechanical draft towers, tend to produce patterns of drift deposition
that are chiefly concentrated in the area near the tower structure.

In contrast, drift from the hyperbolic (natural draft) design is
dispersed over a larger area resulting in less concentrated deposition
patterns. Deployment of multiple-tower cooling systems is important
because drift from individual towers can overlap, creating substantially
higher deposition rates near the towers.

6.1.4 Fugitive Emissions

Fugitive emissions from power plant operations cccur from wind-blown
particulate originating with coal and fly ash handiing operations.
Water spraying is an effective control method to reduce fugitive
emissions from coal conveying and coal stockpiting operations. Fly
ash storage in slurry form will prevent emissions of particulate from

this source.

6.2 Water

Primary water uses and wastewater flows in a typical coal-fired thermal
generating station are presented in Table 6-2.

In the following sections, the wastewater streams and pollution control
technologies are discussed in detail.

6.2.1 Construction Phase
The major material preparation system utilized during the construction

of a power plant is a concrete batch system. Wastes from these opera-
tions are produced by mixer, truck and other associated equipment
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IN A DQAL-FI32D

THERMAL GENERATIMNG STATION

PRCCESS PHENCMENON

IMPACT ON PLANT-CONTROL

IMPACT ON ENVIRONMENT-
USE INCREMENT

WASTEWATER STREAM

CURRENT TECHNOLOGY
FOR POLLUTION CONTROL

Constructiaon

1. Construction Activity Orainage System Suspended Solids (55} Construction Runoff Clarificaticn
2. Potable Water Supply Treatment for $5 Remo- Organics (BOD), Bac- Sanitary Wastes Biologica] Waste Treatment Processes,
val and Chlorination teria, 55, Nutrients Clarification, Chlorination

Operation

1. Condenser Cooling Treatment by Chemical Heat, Chlorine, Corro- Cooling System Blowdown Cooling Towers for Heat Dissipation,

Water System Addition & SS Removal sion Inhibitors, Sul- Dechlorination if required, Reuse.
fates
2. Plant Equipment Treatment by Chemical Heat, Chlorine, Cooling System Qil1/Water Separation, Dechlorination

Cooling Water

Addition and Suspended
Solids Removal

Corrosion, Inhibitors,
0i1/Grease

Blowdown

if required. Reuse.

Processes

Metals, TOS, §S, pH

Metal Cleaning
Wastewaters

T3 Boiter Makeup Treatment by Demineral-  Metals, Chemicals, Boiler Blowdown and Reuse, Equalization, Neutralization
ization and Chemical Total Dissolved Solids Demineralization
Addition (70S), Sulfates, Sodium Regeneration Wastes
4. Bottom Ash/Fly Ash --- Metals, 1DS, S5 Ash Sluicing Super- Clarification and if required Chemical
Transport natant Praecipitation of Metals and Filtration
for 55 Removal, Reuse,
5. Flue Gas Desulfur- Chemical Addition T0OS, Metals, 55, pH Scrubber Waste Super- Aeration, Neutralization, Metal
ization natant Precipitation, Clarification,
(if applicable) Filtration
6. Floor and Equipment Drainage System 0i1/Grease and S5 Drainage Wastes 071/Water Separation, Clarification,
Washdown Reuse.
7. Potable Water Supply Treatment Organics (BCD), Bac- Sanitary Wastes Biological Waste Ireatment Processes,
toria, $5, Nutrients Clarification, Chlorination, Reuse.
8. Runoff Coal File Drainage System SuTfates, Metals, TDS, Coal Pile Runoff Clarification and 1f necessary
S5, pH Aeration, Neutralization, Metal
Precipitation and Filtration, Reuse.
9. Metal Cleaning Chemical Addition Incineration or Neutralization, Metal

Precipitation and Clarification, Reuse.




washdown, floor washdown, aggregate washing, as well as rainfall
runoff from the materials storage area and entire batch plant area.

Operation-related waste water is usually diverted into retention ponds
where it is clarified for reuse. Discharge, if required, would be
appropriately treated before discharge.

6.2.2 Controlling Intake Effects

Once-through intakes (and outfalls) must remain in continuous service
while the power plant is running. That is, they cannot be shut down
temporariiy to accommodate fish runs, clean out silt, or lessen some
other seasonal environmental impact.

Recirculating cooling water systems with make-up requirements of much
lower capacity often include a storage reservoir near the cooling
towers and intake of water from the source can be interrupted without
affecting power plant operation. Design problems to protect the
source and the aquatic environment are accordingly less severe than
for once-through systems.

6.2.3 Potable Water

Waste streams are transported to the sewerage treatment facility, the
effluent from which, if discharged into a receiving water body would
comply with the Pollution Control Branch Objectives of Municipal type
waste discharges; where this is discharged onto land it should comply
with the appropriate regulations of the Department of Health.

6.2.4 Site Preparation

Current technology to prevent the silting of water courses during site
preparation and construction includes storm water control structures,

sedimentation ponds and soil stabilization (re-vegetation) practices.
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Dredging effects can be minimized by proper design, use of appropriate
equipment, the choice of season, and the use of coffer dams and sedi-

ment traps.
6.2.5 Cooling Tower B1owdown

Blowdown from recirculating cooling systems is essentially make-up
water concentrated a specific number of times. Slime and corrosion
control procedures may require the addition of very small quantities
of suitable inhibitors depending on site specific conditions. Where
chlorine is used for microbiological control in the cooling system,
the hlowdown may have to be treated to eliminate residual chlorine.

6.2.6 Boiler Blowdown and Demineralizer Regeneration Wastes

Boiler blowdown is characteristically alkaline in nature with the pH
ranging from 8.8 to 10.0. Total disolved solids concentrations are
generally iow, and are mainly phosphates which are used as a buffering
system (5-50 mg/L). Most commonly, the blowdown will be discharged to
other plant water users, e.g. ash sluicing, for reuse,

Demineralizer regeneration is usually accomplished by the application
of sulphuric acid and sodium hydroxide solutions to the demineralizer
heds which liberates the cations and anions originally removed from
the process water. Often the wastewater from regeneration exhibits a
non-neutral character, and is neutralized before discharge or reuse.
Subsequently, these wastes are usually equalized and neutralized
before discharge.

6.2.7 Ash 5luicing Wastewater

In both bottom ash and fly ash hydraulic disposal, on-site ponding and
sluicing system operation can occur in three general modes: a conce-
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through system, an open loop system and a closed loop system. These
techniques refer to various degrees of ash pond supernatant reuse. 1In
a once-through system, water is withdrawn from the makeup supply
source as needed for sluicing, discharged with the ash to a pond and
the subsequent supernatant is then allowed to overflow from the pond
to the receiving water body without any reuse,.

in an open-loop system, pond supernatant is reused for sluicing in
various degrees depending upon supernatant water quality. This type
of operation incorporates a makeup to offset system losses such as
pond evaporation, seepage and water lost to the solids, i.e. water
bound in the void volume of the ash and unable to be recycled. Blow-
down to maintain recirculating water quality is also used.

In a ciosed loop operation, where maximum recirculation of sluicing
waler is used substantial chemical treatment of sluicewater may be
employed as an alternative to intermittent blowdown. Makeup, however,
is still required to offset system losses.

6.2.8 Flue Gas Desulphurization Wastewater

Any liquor discharge to plant effluent from lime or Timestone flue gas
scrubbers requires aeration to oxidize the calcium sulphite. It also
requires soda ash addition for neutralization and precipitation of
metals leached from fly ash that are carried to the scrubber or from
the lime or limestone. After reaction, sedimentation and fittration,
the effluent may be reused.

6.2.9 Floor Drainage

Central vacuum-cleaning systems are used in coal-fired plants together
with a floor drainage system that receives plant washdown.
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The main contaminants that can be expected in floor drainage are
suspended solids, oil and grease. These waters are usually treated by
a gravity oil/water separation unit In some cases chemical treatment

of emulsified oil is required.
6.2.10 Coal Pile Runoff

Runoff from coal piles can be collected and diverted to storage basins,
where the coal fines settle out. The settled water is then withdrawn

at a steady rate to empty the basin and the coal fines are periodically
removed to the coal storage pile. Where the runoff is acid and dissolved
metals are present, the pond is aerated, neutralized (which also
precipitates dissolved metals), settled in a clarifier, filtered and

then discharged to the receiving waters. Alternatively, the coal pile
runoff may be added directly to the ash sTuice system.

6.2.11 Metal Cleaning Wastes

Metal cleaning wastes are generated at longer intervals. The nature
of the cleaning solvents used is important in the selection of the
methods of treatment. Some may be disposed of by incineration.

To discharge these wastes, the cleaning solutions are usually neutral-
ized and then precipitated metal oxides are removed by sedimentation.
Effluent produced in some types of clarifier requires additional
filtration before discharge to the outfall.

In some plants the boiler cleaning wastes may be discharged slowly to
the ash pond, particularly if an alkaline ash is produced and the
precipitated solids are allowed to settle out in the pond. The pond
effluent will usually require further clarification by filtration
before discharge.
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6.2.12 Total Dissolved Solids Removal

If a receiving water body cannot accommodate a discharge which is high
in dissolved solids within a mixing zone area, e.g. cooling tower
biowdown, ash pond supernatant or the combined plant wastewater dis-
charge, then more sophisticated and costly treatment methods must be
implemented. Chemical precipitation methods may be used to reduce the
concentration of dissolved solids, but other components of the waste-
water may require more specialized techniques for removal.

Processes for the removal of dissolved solids which are in current use
include membrane devices such as reverse osmosis and electrodialysis
units, evaporators including mechanical evaporators, flash evaporators
and vapor compression evaporators and ion exchange demineralizers.

A1l of these units are similar in that they produce high quality
reusable water and relatively low volume highly concentrated waste
solutions. The waste solutions are usually disposed of through solar
evaporation ponds or solidification techniques.

6.3 Land

The land requirement for a typical large coal-fired thermal station
might range from 150 to 600 acres depending on the site specific
fealures.

The most significant items would be the water reservoir and ash disposal
arca, Whether a reservoir is needed is governed by the type and
location of the water supply. The size of the ash storage area is
dependent on the properties of the fuel and the characteristics of the
mine. For example, in a strip mine it is possible to return the ash

Lo the mine.
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In previous sections the uses of ash and the discharges from ash
ponds have been discussed.

lhere are a number of alternatives which can minimize the size and
impact of an ash disposal area.

Ideally, an ash pond would be located in a natural depression or gully
that may not be usable for the present land activity (eg. agriculture).
lhe soil should be impervious, however, if it is not, an impervious
clay or plastic liner might be necessary.

Should a pond be unacceptable for some site specific reason, it is
possible to dump the ash dry (wetted for dust control). In such cases
it is necessary to cover the ash quickly to prevent fugitive emissions.

Once filled with ash, a disposal area would be covered with topsoil

and reclaimed.
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7.  ADVANCES IN EXISTING TECHNOLOGY

7.1 Fabric Filters (Bag Houses)

A few large power plant units in the United States have recently been
fitted with fabric filter baghouses for particulate removal.

These are assemblies of fabric filter bags or sleeves which catch the
fly ash and allow clean gases to proceed. The fly ash is dropped into
storage hoppers below the bag chamber. Bag cleaning can be effected by
shaking or reversing the gas flow.

Large assemblies of bags would be required for power plant units using

British Columbia coals with high ash. One serious operational problem

is the temperature limit of the fabric (about 550%F). If an air heater
rotor stops, gas temperature can exceed this temporarily.

The use of oil as ignition and warm-up fuel on large coal-fired boilers
can also lead to problems of fires in baghouses.

7.2 Sulphur Reduction by Coal Washing

Where coal washing is used to raise the heating value and remove ash
prior to use in power plants, some sulphur reduction takes place.

The three forms of sulphur that occur in coals are organic, sulphate and
pyritic. Organic sulphur predominates and, as it cannot be physically

removed, it is the major source of sulphur that combines with oxygen in
the furnace to form sulphur dioxide.

Sulphate sulphur is usually present in insignificant amounts.
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Pyritic sulphur is often present as about 25 percent or more of the
total sulphur. It can be removed by common coal preparation methods of
size reduction and gravimetric separation. Thus, where only & modest
reduction of sulphur content is required, removal of pyritic sulphur can
be an economical and successful method, especially where a coal prepara-
tion plant is already available.

Results of sulphur reduction wash tests on US coals are given in Reference
(4).

With bentonitic clay in coal, the subsequent disposal of wash plant
effluents can become a difficult disposal problem due to thixotropic

characteristics of the sludge.

7.3 Methods of Reducing 50, Emissions in Operations

If a coal-fired power plant without gas-cleaning equipment has to reduce
802 emissions during periods of adverse meteorological conditions that
can affect ptume dispersion, several methods are available to plant
operators.

These include:

Burning low sulphur coal from a ready pile.

Reducing plant output.

Using high heating value coal (reducing amount of sulphur per
unit of heat).

Using alternative fuels {(eg. low sulphur oil, natural gas).
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7.4 Electrostatic Precipitators

Almost all new boilers using pulverized coal firing would have electro-
static precipitators for removing particulate matter from the flue gas.
They are well-proven devices and are now in service on units up to 1300
MW capacity.

A few plants that require 502 scrubbing as well as particulate removal
are using combined fly ash/SO2 scrubbers. In some cases highly alkaline
fly ash can partly replace lime as the reagent for neutralizing 502 in

these combined scrubbers.

Fly-ash particles are electrically charged, and then are directed through
an electrical field to remove them from the gas stream on collecting
electrodes, The fly-ash is dislodged from the collecting electrodes,

and falls into storage hoppers. High voltages are required and the
power requirement is typically up to 0.3% of unit output.

7.5 Scrubbers and Flue Gas Desulphurization

Scrubbers are mechanical devices installed to remove contaminants from
boiler flue gas. In the simplest form liquid is sprayed into a large
vessel to 'wash' or 'scrub' the gas. In the more complex system, the
tlue gas flows through trayed or packed towers for intimate contact with
a liquid solution. Scrubbing devices of various types have been applied
to the flue gas effluent for many years, with or without the addition of
chemical compounds of some type into the boiler combustion space, or
into the ducting priar to the scrubbers.

in the original limestone process, lime was injected directly into the
combustion space where the residence time was long enough to calcine the
limestone to calcium oxide or to have reaction between the sulphur
dioxide and the limestone.
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These reaction products were collected in a wet scrubber where additional
sulphur dioxide was removed from the flue gas stream by conversion to
calcium sulphite and calcium sulphate. Operation problems of boiler
tube plugging and demister plugging led to major modifications; with
either abandonment of the process or conversion to a full limestone flue
gas desulphurization system without Timestone injection to the furnace.

Now, flue gas desulphurization is the term used to designate a carefully
designed gas process in which each component has a specific function
under process conditions that must be precisely controlled. Such systems
have high capital cost and require technology and operating skills that
historically are not well developed within the industry.

7.5.1 Flue Gas Desulphurization Today

There are no specific flue gas desulphurization (FGD) requiremants under
any jurisdiction in Canada and it is believed that there are no FGD
systems in operation or under construction at any operational site;
certainly not at any coal-fired power plant. Ontario Hydro has operated

a himestone slurry FGD system pilot plant and has participated financially
in other projects.

Development of specific processes to 1imit sulphur dioxide emissions

from coal-fired thermal power plants in the United States was spurred by
the Environment Protection Agency (EPA) "New Source Performance Standards"
1ssued on 23 December 1971. These standards required all new or modified
coal-fired boilers to Timit 502 emissons to 1.2 pounds per million Btu.
fhis standard could be met by installing flue gas desulphurization
scrubbers or by burning low sulphur coal.

Wherever possible most consumers of high sulphur coal switched to Tow
sulphur coal to meet the new standard. Meanwhile, costly full scale and
some pilot scale studies commenced on flue gas desulphurization (FGD)
systems; usually with extensive funding by EPA.
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The adverse economic impact of this standard was severe in states
having large reserves of high sulphur coal. For example, coal produced
and consumed in Iowa in recent years was only 600,000 tons annually as
compared to an annual consumption of seven million tons of imported Jow
sulphur coals from Wyoming and Montana by Jowa utilities. The adverse
impact was aggravated by high taxation on coal production imposed by
those producing states.(53)

7.5.2 Flue Gas Desuiphurization Systems

A detailed presentation on the state of the art of flue gas desulphuriz-
ation technology is presented in Appendix IV. A brief description of
the processes and comments on their applicability follows in this and
other sections. Systems for removal of sulphur oxides from flue gas are
classified as nonregenerative and regenerative processes.

In general, nonregenerative processes as applied to FGD systems produce
a calcium sulphite/sulphate sludge from the continuous contact of the
flue gas with limestone or lime slurries. Chemical scaling, corrosion
and sludge disposal are the major adverse factors related to nonregener-
ative systems with the latter being very important, environmentally and

economically.

The sludge of calcium sulphite/suiphate usualiy settles to a slurry
containing about 60 percent water by weight as a thixotropic mixture so
that disposal and containment require sound engineering involving soil
and geotechnical expertise. Also groundwater contamination is a potential
probiem, water makeup volumes to the system are high, water disposal and
treatment to control water purged from the system, in order to maintain
low total solids, present significant operating problems. Technology
for sludge fixation has been developed but this may not be effective and
applicable in some regions of British Columbia that experience severe
winter conditions. Finally, nonregenerative processes have a high
energy consumption.
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If a 2000 MW (2240 MW gross) coal-fired plant were fired with 6300
Btu/1b. coal, with 0.5 percent sulphur, 26 percent ash and 20 percent
moisture {as received), it would consume at full output, 40,000 tons of
coal per day and produce 10,400 tons of ash per day. At a 65 percent
capacity factor, the annual coal consumption would total 9.5 million
tons and produce 2.5 million tons of ash.

If a Time slurry FGD system was applied to remove 80 percent of the
sulphur, sludge would be produced at the rate of about 1500 tons per day
(40 percent solids by weight). Daily sludge disposal costs may approach
$20,000 and require a disposal volume of 40,000 cubic feet per day.

7.5.3 Applicability of FGD Technology

Generally, the sulphur content of British Columbia coal does not warrant
application of FGD processes. In some areas of the Province this techno-
'Togy could prove essential to meet ambient air quality criteria, given
the meteorological, topographic or limited air-shed capacity to absorb
the emission load from a proposed plant. Otherwise, the economics of

FGD systems are not attractive compared to alternative methods of emis-
sion control. Recent published data {51) to the end of 1976 indicate
that 24 instaliations totalling 6000 MW were operative with FGD processes.
Of the 8 new plants designed with an integral FGD system, 97 percent of
the MW capacity was of the nonregenerative type compared to 83 percent
of the capacity on retrofit installations.

For the 33 systems under construction, totalling nearly 14,000 MW with
28 new and 5 retrofit units, 92 percent of the new MW capacity was of
nonregenerative type as compared to 72 percent for the retrofit. Of the
18 systems of 9000 MW for which contracts have been granted 91 percent
of the MW capacity was nonregenerative types.
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These data reflect the fact that nonregenerative FGD system technology
which commended development in 1968 only became proven technology in
1975,

The reliability and availability of FGD systems have been a major
question as well. Mechanical problems have faced many of the units in
operation. These have included plugging of boiler tubes and demister
pads, corrosion of stack Tiners due to the cold, wet flue gas that
results, plugging of reheat systems, and operational problems at partiail
load. Several plants in the United States have been operating with
greater than 80% availability which is an improvement over performance
in previous periods.

Regenerative systems are still not classed as proven technology.

High costs, operating and maintenance problems, limited availability for
service, and waste disposal problems associated with FGD systems, have
precluded their installation on Canadian coal-fired power plants.
Instead, other methods of reducing or controlling 502 emissions have
been used.

7.5.4 FGD Systems Economics

Figures 7-1 and 7-2 show the effects of unit size and sulphur content of
coal on the investment for installations on new units (52). In comparing
these rankings it should be noted that the lime slurry process does not
provide facilities for calcining limestone and includes a minimum of
facilities for storage of the calcined material. These figures show
generalized costs only and the final costs could be affected significantly
by specific applications. Table 7-1 presents a summary of the total
capital investment requirements derived from U.S. experience for various
FGD systems, based on mid 1974 cost data.
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TABLE 7-1
SUMMARY OF TOTAL CAPITAL INVESTMENT REQUIREMENTS FOR F.G.D. SYSTEMS ON COAL-FIRED THERMAL PLANTS?
Nonregenerable Processes Regenerable Processes
: Years| Limestone Process Lime Process Magnesia Process Sodium Process | Cat-Ox Processb
Case Life (%) ($/kw) (3) ($/kW) (% ($/kW) ($) ($/uu) $ {$/kW)

Coa]-féred power unit

90% S0° removal; on-site solids disposatl
200 MW new, 3.5% sulphur 30 13,031,000 55.2 | 11,749,000 58.7 |14,135,000 70.7 | 15,198,000 B81.0 19,537,000 357.7
200 MW existing, 3.5% sulphur 20 11,344,000 56.7 | 13,036,000 65.2 |14,372,000 71.9 |17,149,000 85.7 } 17,735,000 88.7
500 MW existing, 3.5% sulphur 25 23,088,000 46.2 | 26,027,000 S2.1 26,026,000 52.1 | 31,208,000 62.4 ;37,907,000 75.8
500 MW new, 2.0% sulphur 30 22,600,000 45.2 | 20,232,000 40.5 22,958,000 45.9 | 26,706,000 53.4 142,520,000 85.0
500 MW new, 3.5% sulphur 30 25,163,000 50.3 | 22,422,000 44.8 |26,406,000 52.8 | 30,491,000 61.0]42,736,000 85.5
500 MW new, 5.0% sulphur 30 27,343,000 54.7 | 24,272,000 48.5 [29,355,000 58.7 | 33,709,000 67.4 |42,928,000 85.%
1000 MW existing, 3.5 sulphur 25 35,133,000 35.1 | 38,133,000 38.1 38,717,000 38.7 {47,721,000 47.7 |62,513,000 62.9
1000 MW new, 3.5% sulphur 30 37,725,000 37.7 | 32,765,000 32.8 38,865,000 38.9 45,932,000 45.8 |69,88%,000 65.9

80% SO2 removal; on-site solids disposal .
500 MW new, 3.5% sulphur 30 24,267,000 48.5 | 21,586,000 43.2 |25,58,000 51.1 | 29,127,000 58.3 - -

0% 502 removal; off-site solids disposal
500 MW new, 3.5% sulphur 10 20,532,000 41.} | 18,323,000 36.6 ~ - - - - -

90% 502 removal; on-site solids disposal

(existing unit without existing
particulate coliection facilities)

500 MW existing, 3.5% sulphur 23 29,996,000 60.0 | 26,090,000 52.2 (32,213,000 64.4 |37,957,000 75.9 {43,816,000 87.6

Midwest plant location represents project beginning mid-1972, ending mid-1975. Average cost basis for scaling, mid-19574. Minimum in process

storage; only pumps are spared.
overtime pay incentive not considered.

Investment requirements for disposal of fly ash excluded.

Construction labour shortages with accompanying

bAT1 Cat-Ox installations require particulate removal to 0.005 gr/scf prior to entering converter. Because existing units are assumed to

have already met EPA standards {0.1 1b particulate/mm Btu of heat input).

Only incremental additional precipitator is required.
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More recent data (53) on actual systems with all costs adjusted to
January 1975 show a range for all systems from $50/kw to $205/kw with
the mean value $91/kw. For the lime and limestone slurry systems the
range was from $50/kw to $88/kw with a mean value of $70/kw.

Operating cost data (53), show the maintenance costs including labour

and materials were estimated at 3 percent of the capital cost. Energy
requirements ranged from 1 to 9 percent of unit rating and, if applicabie,
another 1 to 2 percent for flue gas reheat.

The high cost and known difficulties of operation of scrubbers have
precluded any Canadian utility from embarking upon their instaliation so
far. OQOther methods of reducing, or controlling SO2 emissions have been
found satisfactory in ensuring that coal energy is converted to electricity
on a reliable continuous basis, with acceptable environmental impacts.

The state-of-the-art for FGD systems today can be summarized as follows:

FGD system energy consumption ranges from 2 to 3% of unit
output.

Capital cost and operating costs for FGD systems have a signifi-
cant impact on the direct cost of power to the consumer.

It is technically feasible to design systems to reduce sulphur
emissions to 1.2 1b. per miTlion Btu.

Only nonregenerative systems may be classed as proven technology;
and while SO2 emissions are reduced the pollution problem now
becomes one of major solids waste and waste water disposal.
Capital investment in new and retrofit systems in the United
States is esc@{at1ng at a high rate; "the cumulative MW-years

of experience w111 doub]e every 18 months from now through
1980" . * s
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*"Quoted in reference (53), referring to a paper by R. L. Andrews
presented at American Power Conference, April 1977, "Current Assessment
of Flue Gas Desulphurization Technology".
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8.  FUTURE TECHNOLOGY FOR POLLUTION CONTROL

8.1 Fluidized Bed Combustors

In fluidized bed combustion the coal is burnt in an inert bed, usually
coal ash, which is fluidized by blowing combustion air through it. For
this process the coal need only be crushed to a small size {less than

1/8"). The advantages of fluidized bed combustion are that the combustion

temperatures are low (800 - 900°C) hence reducing the NOx formed, and
that the high fuel residence time in the bed allows for the combustion
of Tow quality fuel and absorption of sulphur directly in the bed.

8.1.1 Atmospheric Fluidized Combustion

Fluidized bed combustion has been under development since the early
1960's. The targest atmospheric unit is a 40,000 lbs/hr. (equivalent to
4 MW) boiler at Renfrew, Scotland. No development of large thermal
station atmospheric fluidized bed boiiers has taken piace principally
because there is no economic advantage to force a change from the
established pulverized fuel combustion system. The capital costs are
about the same and the efficiency of the fluidized bed is siightly lower
due to the lower combustion temperatures.

8.1.2 Limestone Addition

Current interest in fluidized bed combustion is related to its capa-
bility to reduce emissions. Since the coal is not pulverized there is
less particulate carryover in the gases from the furnace. The reduction
in NOx has already been menticned. The most significant factor however
is the possibility of injecting limestone or dolomite jnto the fluidized
bed for absorption of sulphur. The limestone on heating forms calcium
oxide which reacts with the sulphur in the coal to form calcium sulphite
or calcium sulphate. This regquires no special modifications to the
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to form calcium sulphite or calcium sulphate. This requires no special
modifications to the combustion, only a system to add the limestone to
the fuel is necessary. The amount of limestone required would vary
with the type of limestone and also the amount of calcium inherent in
the ash. Generally about twice the theoretical amount to convert the
suiphur would be required.

8.1.3 Pressurized Fluidized Bed Combustion

Most of the present fluidized bed development is directed to pressurized
fluidized bed combustion. This system provides the environmental
advantages of atmospheric fluidized bed combustion with the promise of
reduced capital costs and higher efficiency.

The reduced capital costs would be realized by the reduction in boiler/
combustor size to the point where shop assembly would be possible.

The increase in efficiency would be realized by using a combined gas
turbine and steam cycle system.

Pressurized fluidized bed combustors are at the pilot plant development
stage and they have not been operated with gas turbines. One of the
critical features is the quaiity of gas stream produced and its effect
on the gas turbine.

Pressurized fluidized bed combustion could be demonstrated by the mid
1980"'s in which case commercial units could be in service by the end

of the 1980's or early 1990's. B.C. Hydro is currently engaged in a
joint study program with the Federal Department of Energy, Mines and
Resources which includes the feasibiiity of constructing a demenstration
pressurized fluidized bed plant in British Columbia.
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8.2 Gasification for Power Generation

Coal gasification by various processes has been commercial since the
late 1880's. Some of the earlier processes simply heated the coal to
drive off the volatile matter leaving a coke or char residue. The
gasification processes considered for development today convert all
the hydrocarbon matter to gas. Generally two products are considered,
either a pipeline quality gas (substitute natural gas) or a Tower Btu
fuel gas.

The pipeline quality gas is expensive but is a product virtually
indistinguishable from natural gas and can be transported and used in
the same manner. The technology is commercially proven but no jarge
scale plant is in operation although a number are close to construction
commitment.

As a pollution control measure it is not necessary to produce a high

Btu gas and so the gasification process can be simpier and less costly.
The low Btu gas produced by air blown gasification consisting mainly

of hydrogen and carbon monoxide can be cleaned using established gas
cleaning methods (the suiphur is as hydrogen sulphide). The gas can

be utilized in a conventional beiler or a combined cycle system. A

170 MW coal gasification combined cycle demonstration unit is currently
operational in Germany. Development work is continuing and a commitment
to a larger unit has been delayed. The earliest inp service date for

the first commercial unit is the late 1980°'s,

3.3 Flue Gas Desulphurization

Several advanced FGD process systems are under test at the pilot plant
stage or are under demonstration at small thermal plants, All are of

the regenerative type, tending to show some promise for reduced operating
and capital cost. None may be classed as proven technology.
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The advanced processes currentiy at a pilot or demonstration stage
are: the molten carbonate process that has been piloted on 10 MW
scale; a 20 MW pilot scale of the Foster-Wheeler/Bergbau-Forschung
absorption process; the "Consol" FGD 10 MW pilot of the modified
format process; the Shell copper oxide process, a pilot plant of 37
MW, and the U.S. Bureau of Mines citrate process, a pilot plant at a
lead smelter, and more recently on a small coal-fired boiler of about
1 MW.

Shou-
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9.

9.1

RECOMMENDAT IONS

General

It is recommended that:

The Pollution Control Objectives for the Mining, Mine-milling and
Smelting Industries of British Columbia be amended to include coal-
fired power plants.

Objectives and Guidelines be considered as a realistic basis for
initial project evaluation and design, not a standard, so that each
permit application for a proposed project would be evaluated on a
site-specific basis.

Environmental monitoring programs be initiated prior to the commence-
ment of operations in order to provide baseline data for impact
assessment. After plant start-up, the monitoring programs should

be reviewed, assessed, and modified where necessary, to ensure that
all significant contaminants are being adequately monitored during
plant operation.

A baseline trace element study of major coal deposit regions be
conducted by an appropriate British Columbia Government Agency, and
that a brief be submitted to the next inquiry stating the results
and recommended trace element ambient guidelines and emission
objectives. B.C. Hydro has extensively evaluated, and is continuing
to evatuate, the baseline levels of trace elements in the Tand,
air, water, fiora, and fauna with respect to one particular coa)
deposit. The studies to date do not indicate a variance with
respect to trace element criteria in the existing Mining, Mine-
miiling, and Smelting Objectives. Trace element guidelines and
objectives should be established on a province-wide basis consi-
dering all coal deposits, the baseline trace element levels in the
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coal, air, land, water, flora and fauna in the area of each coal
deposit and their significance. No recommendation with respect to
trace element levels is made at this time.

9.2 Air
The ambient air quaility should be the overriding constraint in estab)ish-

ing the acceptability of gaseous emission controls as applied to coal-
fired power plants. Since ambient air quality guidelines are designed

to protect both public healith and the environment, it would seem reasonable

that some variance should be permitted from ambient air guidelines in
unpopulated elevated terrain.

Where it is necessary to implement control measures in order to meet the
ambient air quality guidelines with respect to sulphur dioxide, meteoro-
logical control should be accepted as one practical and satisfactory
control measure. The details of any meteorological control system,
which would generally be along the lines indicated in this brief,

should be evaluated as part of the permit approval process on a site
specific basis.

The levels of ambient air quality listed in Appendix I, Table I, of the
Poliution Control Objectives appear satisfactory for coal-fired thermal
power plants except for sulphur dioxide levels, and the qualification
with respect to trace elements in 9.1 above.

It is recommended that the l-hour averaging period for sulphur dioxide
levels be waived for coal-fired thermal plants and a 3-hour averaging
period established with a maximum average concentration of 0.25 ppm.

Since emissions are only one of a series of factors considered in the
protection of ambient air quality, emission levels should be established
on a site-specific basis.
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The objectives for gaseous and particulate emissions listed in Appendix I,

Table IT of the Pollution Control Objectives appear reasonable and
applicable to coal-fired power plants provided that an Option III be

added under sulphur dioxide emissions similar to Option II, but which for

coal-fired power plants specifically excludes the 80% sulphur removal
criterion and which additionally makes applicable the proposed ambient
air quality levels for coal-fired power plants recommended above.

The previous qualification with respect to trace elements in 9.1

abave would also apply.

Table 1II in Appendix I of the Pollution Control QObjectives which
tabulates the control objectives for gaseous and particulate emissions
for specific processes should be amended to include the criteria for
coal-fired power plants listed in Table 9-1. These additions to Table
{11 are intended to ensure that the ambient air quality objectives for
sulphur dioxide proposed ‘or addition as Option III in Table II, are
met.

9.3 Land

The Guidelines for Solid-waste Management practices which are presented
in Section 3 appear reasinable and acceptable for coal~fired power
plants.
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TABLE 9-1

PROPOSED ADDITIONS TO TABLE III APPENDIX 1

OF POLLUTION CONTROL OBJECTIVES

Contaminant Objective Levels Monitoring
A
A. Emission Control Objectives
6. Coal-fired thermal power
plants
(a) Sulphur dioxide..... ppm 800 Continuous
(b) Oxides of Nitrogen as
NO2 ................ ppm 600 Continuous
(c) Particulate......... gr/SCF 0.10 PCB Criteria
B. Ambient Air Control Objectives
3. Coal-fired power plants
(a) Sulphur dioxide 3 hr. _
CONC.ovvvin i ppm 0.25 Continuous
9 -4
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9.4 Water

With respect to liquid effluents it is recommended that the Objectives

in Tables IV, V and VI in the Mining, Mine-milling and Smelting Industries
be accepted with the following two exceptions and with the qualifications
that information resulting from studies of baseline environmental data

in the vicinity of power plant sites may require that the applicability
of the Objectives be re-evaluated.

It is recommended that discharges from recirculating condenser cooling
water should be evaluated on a site-specific basis. This recommendation
is made since the environmental effects of such systems are affected by
such site-specific factors as the quality and availability of cooling
water, the extent of re-use of the water, intake and discharge effects
on aquatic biota and make-up water requirements.

It is further recommended that a waste heat discharge 1imitation such as

a maximum allowable temperature increase be evaluated on a site-specific
basis having regard for the relationship of the project to its environment.
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10, SUMMARY STATEMENT

The vast thermal coal reserves of British Columbia are an important
potential future energy source for the Province. Fifty percent of these
reserves are found in the Southern Interior Region.

Coal-fired power plants to generate electricity may generally be operated
within the Pollution Contro) Objectives established for the Mining,
Mine-milling, and Smelting Industries. While other environmental factors
related to water and land are important, it is believed that air emissions
and air quality are the most important.

The cTimate and terrain of much of the Province are of such a nature
that an amendment must be made to the existing air quality guidelines,
for coal-fired power plants. An operating framework must be provided
within a three-hour sulphur dioxide guideline, while at the same time
maintaining air quality at levels that are not injurious or damaging to
human health, plant or other life forms, nor interfere or detract from
the social and economic interests of the people, having regard to the
overall benefit-cost relationship that may exist.

With the advances that have taken place in air quality analytical tech-
niques for meteorological parameter monitoring, rapid data processing

and computer modelling, meteorological control systems offer an effective
means to reduce source emissions during short-term adverse meteorological

conditions.

It has therefore been proposed that a three-hour time averaging guideline
be established for sulphur dioxide concentrations in ambient air quality.

lechnology does exist for the control of particulate emission from stack
effluent of coal-fired power plants. However, the same cannot be said
for the removal of low concentration sulphur dioxide (less than 1000 ppm)

10 -1
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from the stack effluent, Only the non-regenerative flue-gas desulphur-
ization (FGD) processes using lime or ifmestone slurries may be classed
as proven technology. And here a trade-off must be made from an air
emission problem to two water pollution control probiems: solid waste
disposal of a thixotropic sludge that may containﬁEO to 60 percent
water; and a water treatment and disposal problem arising from water
used in the FGD system, and that drained from the sludge. The capital
and operating costs for FGD systems can add as much as 30 percent to the
unit energy cost of coal-fired power. plants.

Future technology holds promise to obviate these problems through the
development of regenerative processes for flue-gas desulphurization, and
improvements in combustion technology using fluidized beds. Coal gasifi-
cation also holds considerable promise for the future. But again it
must be emphasized that none of these developments is proven technology.

it is recommended that in adopting the existing objectives for gaseous

and particulate emissions for the Mining, Mine-milling and Smelting
Industries that:

(1) a three-hour time averaging period be adopted at the 0.25 ppm
tevel for sulphur dioxide,

(2) meteorological control systems be recegnized as an effective
means of reducing sulphur dioxide emissions during short-term
periods of unfavourable meteorological conditions, while at
the same time maintaining acceptable ambient air quality, and

{3) that an exclusion be provided to the 80 percent sulphur removal
criterion presently applicable to the smeiting industry.

10 - 2
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11.2 Glossary of Terms

Application Efficiency - The ratio of the desired water application
to the amount of water delivered by sprinklers to account for the desired
application, deep percolation (due to distribution pattern monuniformity)
and spray losses. (Application efficiencies are available from the
Engineering Branch - B. C. Department of Agriculture).

Approved - Approval - Approved (or approval given) under the Pollution
Control Act, 1967.

Average (avg.) Ory-Weather Flow (DWF) - A flow derived from averaging
the total flow over a significant dry weather period, including all
sanitary waste, industrial waste and infiltration.

Biological Resource_Inventory - An annotated Tist of binlogical
stocks, having actual or potential recreational, ecological or commercial
value, sufficient to document whether their present or future use is
liable to be impaired by a discharge.

Blowdown - Waste liquid discharge from process vessels,
BOD, - Five day biochemical oxygen demand at 20°C.

Cell - Compacted solid wastes that are complietely enciosed by
natural soil or cover material in a landfil}l.

Characteristics, contaminants, parameters - Those characteristics,
contaminants, or parameters which are listed and defined in the most
recent edition(s) of A Laboratory Manual for Chemical Analysis of Emissions,
Ambient Air and Plant Tissues, A Laboratory Manual for the Chemical
Analysis of Waters, Wastewaters and Biological Tissues, issued by the
Environmental Laboratory, Water Resources Service, or of an alternate
manual approved by the Director.

Coliforms - A1l of the aerobic and faculative anaerobic, gram-
negative, non-spore-forming, rod shapedobacteria which ferment lactose
with gas formation within 48 hrs. at 35°C.

Confinement - The pushing of loosely dumped refuse into the working
face of the landfill.

Controlled Air Incinerator - An incinerator having a primary burning
chamber in which combustion temperatures are maintained at a low level
through fuel and air control and in which turbulence is minimized.
Complete combustion and odour control are achieved in an afterburner.

Cubic metre - Volume of dry gas occupying 1 cubic metre at a temper-
ature of 20°C and a pressure of 760 mm mercury.

Dechlorination - Means the reduction of chlorine residuals.
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Digested Sludge - Solids arising from sewage treatment which have
been held in a properly designed and operated biological sewage treatment
system for a period of time sufficient to achieve at least 45 per cent
reduction in total volatile residue.

Disinfection - Microorganism kill achieved by a dosage of chlorine
to a specified 1imit followed by adequate mixing with not Tess than one
hour contact at average flow rates. Alternatives to chlorination are
encompassed where shown to be equally effective.

Dustfall - The deposition of solid particies, usually greater than
one micron in diameter which have been rejeased to the atmosphere by
mechanical processes such as crushing, grinding and drilling.

DWF - Dry-weather flow (see Average Dry-Weather Flow).

Embayed - In general, the end of an outfall shall be considered
embayed if located on the shore side of a line up to four miles long
drawn between any two points on a continuous coastline, or located so
that the maximum width of sea access by any route is under one mile
wide, but may be taken to include other waters if flushing action is
considered to be inadequate. Exceptions may be made where adegjuate
flushing of an "embayed" area is documented. "Coastline" and "sea
access" refer to the mean low tide alignment.

Estuary - That portion of a receiving water lying below the farthest
upstream point of detectable changes in water movement or chemistry due
to tidal action. The lower limit cannot satisfactorily be defined to
meet all conditions.

Excess Moisture - Average annual difference between precipitation
and evapotranspiration. (ie. a theorectical figure deduced from tables
indicating on average what proportion of the rain and snow fall in an
area seeps through to ground water or runs off as opposed to evaporation
and plant take-up).

Excess Solids - Solids arising from wastage of those held in suspension
in the aeration tank of activated-sludge type treatment plants.

Extraordinary Measures - The ripping, burning or biasting of soil
which because it is frozen cannot be excavated with conventional mechanical
devices such as a bull-dozer, front end loader or backhoe.

Fecal Cotiforms - Those co]&forms which ferment EC medium with gas
formation within 24 hrs. at 44.5°C.

Fill Area - That portion of a landfill site which has been or will
be filled with refuse,

Flood Plain - Any land liable to be inundated by a flood having the
probability of being equalled or exceeded once in a defined period; for
the purpose of these objectives this defined period is 20 years.
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Flooding - The situation where ground or surface waters temporarily
rise to the point where such waters may enter a landfill.

Free Water - Includes any standing or moving surface water but does
not include short-term puddles or ponds formed due to precipitation.

Fresh Water - Includes lakes, rivers, or streams.
Gallon - Imperial galion.

Growing Season - That portion of the year when the predicted daily
minimum temperature (in an average year) falls above freezing or as
otherwise agreed by the Department of Agriculture.

(1) gpd ~ Imperial gallons per day.

Hazardous Waste - Refuse which because of its inherent nature and
guantity requires special disposal techniques to avoid creating health
hazards, nuisances or environmental poliution. Hazardous wastes are
toxins or poisons, corrosives, irritants, strong sensitizers, flammables,
explosives, infectious wastes, condemned foods, etc. Flammable wastes
exclude plastics, paper, paper products and the like.

Hybrid System -~ A two-sewer system in which surface water runnoff
is collected in an upper pipe with limited capacity connections to a
lower pipe carrying sanitary and/or industrial wastes.

Incinerator = A combustion device specifically designed for volume
reduction by controlled high temperature burning of solid, semi-solid,
liquid or gaseous combustible wastes and from which the solid residues
contain littie or no combustiblie material.

Industrial Refuse - The discarded solids arising from an industrial
process excluding liquid-carried solids in sewage or process liquors and
air-borne contaminants in gaseous emissions.

Inert Refuse - Refuse containing no putrescible wastes and which
will not leach tao any significant extent. It excludes inert waste
materials such as overburden from mining operations.

Initial Dilution Zone - That zone around a waste discharge in a
receiving water that is not subject to receiving water objectives. It
is physically defined as follows:

a) For point discharges in lakes, estuaries, and marine waters, the
zone may extend up to 300 feet horizontally in all directions, but
shall not exceed 25% of the width of the water body.

b)  For point discharges in rivers and streams the zone may extend up
to 300 feet downstream of the discharge point, but shall not exceed
25% of the width of the river or stream.
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¢) For multiple point discharges, such as multiport outfalls, the zone
may extend up to 300 feet horizontally from all points of discharge
but shall not exceed 25% of the width of the water hody.

The initial Ditution Zone extends from the bed of the receiving water to
the surface., The zone may not intrude on shellfish beds, restricted
routes known to be followed by migrating salmon and trout or other
significant biological resource or recreational areas.

Intermediate and Final Cover Materials - Earth exhibiting good work-
ability and compaction characteristics and having a low organic content
which is used to cover a compacted refuse. Its purposes are o reduce
odours and blowing debris, to control fires, to eliminate animal nuisances,
to improve aesthetic conditions and to control infiltration of surface
waters into the refuse.

Laboratory Manual of the Water Resources Service - “A Laboratory
Manual for the Chemical Analysis of Waters, Wastewaters and Biological
lissues" current Editionm, published by the Environmental Laboratory of
the Water Resources Service.

Lake - A standing body of fresh water with an average retention
time of at least one year,

Leachate - Liquid flowing from a landfill which has extracted
dissolved or suspended material from the landfili.

Lift - The depth of landfill between soil covers.

Marine Water - Includes estuarine and coastal water, where estuarine
means a semienclosed coastal body of water having free connection to the
sea and having a measurable quantity of sea-salt (for example, in excess
of 1,000 mg./1. chlorine ion).

Mgd. - Million gallons per day.

MPN - Most Probable Number of coliform group organisms as determined

by the Most Probable Number multiple tube fermentation method in "Standard
Methods" .

Municipal Refuse - Includes, but is not necessarily limited to food
wastes, market wastes, combustibles such as paper, cardboard, plastics,
leather, yard trimmings; noncombustibies such as metal cans, glass
containers, crockery, dirt, ashes from fireplaces and on-site incinerators,
street sweepings; bulky wastes such as pipe, concrete, tumber, plastic
and wire; all arising from domestic, commercial, institutional or municipal
activities. Refuse resulting from industrial operations is not included.

New Operations - Are those operations for which detailed construction
plans of the operation have not been prepared prior to the implementation
ot these objectives.
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Opacity - The degree to which an emission.obscures the view of an
observer expressed numerically from 0% (transparent) to 100% (opaque).

Open Burning - Uncontrolled combustion of refuse where gaseous
combustion products and other contaminants are discharged directly to
the open air.

Particulate Matter - Any material, cother than uncombined water,
which exists in a finely divided form as a liquid or solid measured
according to the latest edition of the Pollution Control Branch's "Source
Testing Manual for the Determination of Discharges to the Atmosphere'.

Point of Impingement - Point of maximum concentration at ground-
level.

Potential Evapotranspiration - The maximum quantity of water capable
of being Tost as water vapour, in a given climate, by a continuous
stretch of vegetation, covering the whole ground and well supplied with
water,

Processed Refuse - Refuse which has undergone a physical volume
reduction process such as pulverizing or high pressure baling but does
not include refuse compacted by a packer truck or by landfill equipment.

Receiving Water - Any body of surface water into which a discharge
of leachate or effluent may flow. Receiving waters wholly contained
within a permittee's property are not included in this definition,
provided that pollutants in such waters cannot be transported outside
the property.

Required - Required under the Pollution Control Act, 1967.

Ringelmann Number - The opacity of grey or black smoke expressed on
a 0 (transparent) to 5 (opague) scale.

Salvaging - The controlled separation and recovery of resources
from refuse by authorized persons.

Scavenging - Retrieval of material other than by salvaging as
above.

Screening - Provision of screens which are self-cleaning or mechan-
jcally raked. Alternative means of preventing aesthetic nuisance are
encompassed where shown to be equally effective.

Semi-solid Wastes - Sludges, slurries and septic tank pumpings.
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Shellfish Waters - Waters which are inhabitied by edible species of'
shellfish (bivalve molluscs) and from which shellfish for human consumption
are taken either commercially or privately.

Sludge - Material which has settled from liquid wastes carrying
solids in suspension.

Solid Waste - Is interchangeable with "Refuse".

Special Wastes - Special wastes include, but are not necessarily
limited to over-sized wastes; industrial wastes which are corrosive,
volatile, toxic or explosive; wastes such as food processing, synthetic
textile, leather or plastic wastes; commercial wastes such as waste oils
and cleaning fluids; dead animals and hospital wastes (excluding normal
cafeteria and food preparation wastes).

55 (Suspended Solids) - Suspended Soilids (identical to non-
filterable residue as referred to in "Standard Methods").

-._____:

B

SCF {Standard Cubic Foot) - That volume gf dryogas corrected to 12%
by volume CO,, occupying one cubic foot at 68 F (20°C) and-a-pressure-of _ . __
14.7 pounds 6er square inch absolute.

Standard Methods - "Standard Methods for the Examination of Water
nad Wastewater" current Edition, published by the American Pubiic Health
Association.

TL - Median tolerance timit. That dilution of an effluent by .
volume Tn which 50% of the test fish survive for a specified time (usually
96 hrs. ).

Vector - Any living organism or animal which may carry a disease-
causing organism or which may transmit disease to humans or other animals.

Working Face - That area of landfill operation at which placing,
confining or compacting of refuse is actively taking place.

11 - 13
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APPENDIX 1

THERMAL COAL RESERVES AND RESOURCES OF BRITISH COLUMBIA

Thermal coal reserves and resources are described herein for the regions
of British Columbia.

Y. COASTAL COALFIELDS

The coastal coal resources consist of deposits at Wilson Creek, Falls
Creek, Slatechuck Creek and Skokum Point on the Qﬁeen Charlotte Islands

and Quinsam, Anderson Lake, Cumberland, T'Sable River and Nanaimo districts
on Vancouver Island (Figure 3-1, main text).

The distribution of coal among the various categories is listed in Table
3-1 of the main text. Exploration in the Cumberland coalfield, which
contains most of the Vancouver Island coal districts, is in progress in
an effort to confirm sufficient proven reserves to provide a viable coal
mine or mines for Vancouver Istand. The reserves of coal in the Cumberland
coalfield are estimated as 900 million metric tons (990 million short
tons). It is estimated that less than 10% of the coal reserves are
mineable by openpit methods. The indicated and inferred resources are
424 million metric tons (465 million short tons) to a depth of 610
meters (2,000 feet). Although the possible reserves and resources are
large the field is divided into many faulted blocks making it necessary

to develop several mines to provide a secure supply of coal for a thermal
plant.

The number and quality of coal seams from the coastal districts are
variable. The Tertiary deposits at Skokum Point on Graham Island are
composed of 9 to 13 lignite seams with an aggregate thickness of 6.1
meters (20 feet) in 67.8 meters (230 feet) of a shaly sequence; these
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deposits may not be significant. The deposits at Wilson Creek, Falls
Creek and Slatechuck Creek range from 27% ash, 26% volatiles, 45% fixed
carbon and 0.7% sulphur at 1.1% moisture to 16% ash, 5.3% volatiles,
73.6% fixed carbon and 0.6¥ sulphur at 5.1% moisture. The rank varies
from high volatile B bituminous to anthracite. These deposits are
restricted to a single seam in each location. Seam thicknesses range
from 0.9 meters (3.0 feet) to 5.2 meters (17.0 feet) and are probably
discontinuous over the area. Because most of the reserves from the
coastal deposits lie in the Cumberland coalfield the proximate analysis
listed for Coastal desposits in Table 3-2 is for run-of-mine coal from
this coalfield without appreciable selective mining. There are from one
to four significant seams in the district. Seam thicknesses range from
0.8 meters (2.5 feet) to 4.6 meters (15 feet) with coal zones ranging to
7.6 meters (25 feet) thick. The coal rank is high volatile A to B
bituminous.

Although some of the coal in the Vancouver Island fields is of coking
guality, the amount is small and widely dispersed.

2. SOUTHERN ROCKY MOUNTAIN COALFIELDS

The Southern Rocky Mountain coal resources consist of deposits at Tobermory
Ridge, Weary Ridge, Greenhills, Burnt Ridge, Burnt Ridge Extension,

Natal Ridge, Sparwood Ridge, Michel South, Sparwood Ridge South, Hosmer
Wheeler, Hosmer Ridge West, Fernie Ridge, Morrissey Ridge, Blairmore

North, Blairmore South, Leach Creek South, Leach Creek, East, McGiilivray,
lent Mountain, Marten Ridge, Marten Creek, Taylor East, Taylor South,
Flathead MclLatchie, Flathead North, flathead West, Fording River, Line
Creek - Horseshoe Ridge - Ewin Pass, Sage Creek, Corbin, Northern Dominion
Coal Block and Southern Dominion Coal Block.

Between 10 and 22 mineable seams are present at any single locality

within the district. These seams range in thickness from 1.5 meters (&
feet) to 15.2 meters (50 feet),; they are Tocally thickened by folding or
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overthrusting. The thickness of coal in the coal member varies from
30.3 meters (100 feet) to 115.3 meters (380 feet) in 455 meters (1,500
feet) to 667 meters (2,200 feet) of section.

It is estimated that 710 million metric tons (780 mitlion short tons) of
thermal coal have been at least partly explored in the Southern Rocky
Mountain region (Table 3-1). Of these reserves an estimated 180 million
metric tons (200 mitlion short tons) are mineable by surface methods.
Inferred resources of thermal coal in this region, within 914 meters
(3,000 feet) of surface total 5,720 million metric tons (6,300 million
short tons). Subsequent exploration and geological mapping could increase
this figure.

The Southern Rocky Mountain coalfield contains high quality, oxidized,
thermal coal in addition to coking coal (Table 3-2). The mean heating
value is 28,540 kJ/kg (12,300 Btu/1b.) with 0.4% sulphur. The rank is
medium volatile A bituminous.

The producing mines in the Southern Rocky Mountains are Kaiser's Natal
Ridge and Sparwood Ridge operations, Fording's Fording River mines,
Coleman Collieries mine at Tent Mountain and Byron Creek Collieries at
Corbin. These mines are producing coarse and fine refuse in addition to
thermal and coking coal. This refuse could provide additional feed to
an East Kootenay thermal plant (Table 3-3). Reserves of coarse refuse
are approximately 5.7 million metric tons (6.3 million short tons) at
19,490 kJ/kg (8,400 Btu/ib.). Production is currently 1.4 million
metric tons (1.5 million short tons) per year with increases expected
from new mines coming on line that are in advanced stages of evaluation.
Reserves of fine rejects are about 5.0 million metric tons (5.5 million
short tons) with production of mixed fine and coarse refuse of 1.3
million metric tons (1.4 million short tons) per year. The heating
value is approximately 22,280 kJ/kg (9,600 Btu/ib.). Deposits in advanced
stages of development are Kaiser's Hosmer Wheeler, Fording's Hydraulic
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Mine, Crows Nest Industries' Line Creek, Elco's Weary Ridge, and Rio
Algom's Sage Creek. A number of these well explored deposits could
provide additional thermal coal and refuse when production begins. In
addition substantial exploration has been compieted on a number of other
coal properties in the Southern Rocky Mountain district.

3.  NORTHERN ROCKY MOUNTAIN COALFIELDS

The Northern Rocky Mountain coal resources consist of deposits at Babcock
Mountain, Wolverine, Roman Mountain, Sukunka, Carbon Creek, Cinnabar
Peak, Hasler Creek, Willow Creek, Noman Creek, Bullmoose Mountain, Pine
Pass, Master Creek, Peace River Canyon, Mount Spieker, Belcourt Creek,
Wapiti River, Saxon and Butler Ridge. The coal measures continue north
of Butler Ridge providing potential for additional deposits.

The Northern Rocky Mountain coalfields contain approximately 46.0 million
metric tons (51 million short tons) of reserves and resources of 3,640
million metric tons (4,000 million short tons) of thermal coal within
914 meters (3,000 feet) of surface (Table 3~1). Reserves and resources
of thermal coal have been estimated by assuming that 10 percent of the
coking coal reserves are oxidized and have inferior coking qualities.
Based on the high free swelling indices reported for Northern Rocky
Mountain coking coals it is believed a high percentage of this inferior
quality coal would be used for blending. As a result the estimate
represents potential thermal coal, much of which may not be available to
a thermal plant.

The number of seams in any locality ranges from 2 to 12 with an aggregate
thickness at a single site of as much as 12.1 meters (40 feet) to 15.2
meters (50 feet).

The coal quality is excellent with the coking coal having heating values
of 30,620 kJ/kg (13,200 Btu/1b.) and 0.7% sulphur (Table 3-2). The rank
of the coal is Tow to medium volatile A bituminous.
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There is no current production from these deposits however several
deposits are in advanced stages of development.

4.  SOUTHERN INTERIOR COALFIELDS

The Southern Interior region consists of three principal coalfields, Hat
Creek, Merritt and Similkameen and several small showings in the Cariboo
coalfield near Quesnel. The coalfields are of Eocene age and, unlike
the previous coalfields described, they are of continental origin.

The distribution of coal among the various categories is listed in Table
3-1. Most of the reserves of 2,020 million metric tons (2,222 million
short tons) and indicated resources of 13,700 million metric tons (15,070
million short tons) are from the Hat Creek coalfield. Potentially
mineable thermal coal is present in the other coalfields. The Hat Creek
reserves are based on significant drilling in the No. 1 and No. 2 deposits.
The indicated resource figures are based on five thick coal intersections
outside of these deposits and a gravity survey over the Upper Hat Creek
Valley.

The seam thicknesses and continuities are variable among the deposits.

The Hat Creek coalfield is much larger than the two other coalfields and
is unigue in that it cannot be subdivided readily into discrete seams,

but it contains a coal measure, which is principally coal, and is in
excess of 455 meters (1,500 feet) thick. The Merritt coalfield contains
between 2 and 6 seams in excess of 1.5 meters (5 feet) thick; the thickest
coal interval is 22 meters (73 feet) in 234 meters (770 feet) of stratigraphic
section. The Similkameen coalfield is divided into the Princeton and
Tulameen basins. The Tulameen basin contains a coal zone 21.2 meters

(70 feet) thick. At Princeton the basin consists of 4 seams between 1.5
meters (5 feet) and 9.1 meters (30 feet) thick; the total coal thickness
is 17.1 meters (56 feet) over an interval of 523 meters (1714 feet).
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The coal quality covers a significant range from 18,269 kJ/kg (7,875
Btu/1b.) at Hat Creek to 27,000 kJ/kg (11,640 Btu/ib.) at Merritt. The
sulphur contents range from 0.3% at Tulameen to 0.75% at Princeton. The
rank of coal varies from lignite to high volatile C bituminous.

5.  NORTHERN INTERIOR COALFIELDS

The Northern Interior coalfields consist of the Bowron River ccoalfield,
Telkwa coalfield, Zymoetz River deposits, Sustut River deposits and the
Groundhog Coalfield (Figure 3-1).

Reserves of 127 million metric tons (140 million short tons) of thermal
coal have been outlined in the Groundhog and Bowron River coalfields
(Table 3-1). There are additional indicated resources of 332 miliion
metric tons (365 million short tons) and inferred resources of 3,640
million metric tons (4,000 million short tons) of thermal coal. Some of
these coal reserves in the Groundhog and Telkwa deposits may be mined by
openpit methods; the remainder is accessible by underground methods. Of
these resources the Groundhog coalfield contains the Targest potential
coal resources, but the geology is complex and considerable exploration
is needed to outline a substantial reserve.

The number and quaiity of seams among coalfields in the Northern Interior
is variable. The Groundhog coalfield contains an undetermined number of
seams greater than 1.2 meters (4 feet) thick; there appears to be between
5 and 10 such seams in 455.0 (1,500) to 758.3 meters (2,500 feet) of

coal measures. In the Sustut field there are at least 2 seams 0.9

meters (3 feet) thick; additional work is needed to define the stratigraphic
section. The Telkwa and Zymoetz River areas contain 3 seams more than
1.5 meters (5 feét) thick with one seam being 4.3 to 4.9 meters (14 to

16 feet) thick. The Bowron River deposits contain lenticular seams 1.5
to 3.0 meters (5 to 10 feet) thick with a total thickness of 4.6 to 12.1
meters ( 15 to 40 feet). '
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The coal quality averages about 30,800 kJ/kg (13,300 Btu/1b.) although
some of the coal must be washed to attain this heating value (Table 3-
2). The sulphur content averages 0.7%. The coal rank ranges between
high volatile A bituminous and semi-anthracite. The coal is principally
of thermal quality.
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APPENDIX 11

PUBLIC HEALTH

Sulphur Dioxide

A discussion and graph supporting proposed guidelines for sulphur dioxide
is provided in the text of this brief. Table II-1 is included here, with
appropriate references, which are the basis for the text.

Suspended Particulate Matter Guidelines

The aim of this sectionm is to examine the technical basis of health
yuidelines for suspended particulate with primary emphasis on human
exposure information relative to mortality and morbidity. The data are
summarized in Table II-2.

Morbidity Data - 24 Hour

Review of the available epidemiclogical data relative to the adverse
health effects of suspended particulate matter indicates a range of
response between 75 and 375 ug/m3 with the strongest evidence suggesting

a range of 150-300 ug/ma. While more recent results from studies indicate
that deteterious health effects occurred at particulate matter concen-
trations below this range, in the best judgement of the researchers
conducting the studies these adverse health effects were due to sulphates
rather than particulate matter per se (1).

A recent report of statistical reanalysis of CHESS data from New York
1470-71 (1) found no conclusive evidence about any association between
tutal suspended particulates and incidence of asthma attacks. (2)
further, there was no evidence of a positive association between sulphur
oxides and asthma when appropriate data adjustments were made. (2)

IT -1
26/9-2



1.

[0

TABLE TI-1

RECENT SCIENTIFIC EVIDENCE RELATING TO THE ADVERSE

HEALTH EFFECTS OF SULFUR DICXIDE

Adverse 3 Averaging
Health Effect Concentration ug/m Time References

increased 300-500 24-hour 3, 4, 14, 17, 20, 22
mortal ity

- Agyravation of 365 24-hour 1, 7, 14
symptoms in elderly

. Acute irritation 340 24-hour 1, 7, 11, 12
symptoms

. Aggravation of 180-250 24-hour 1, 3, 4, 5, 6, 14
asthma
Intreased hospital 300-500 24~hour 3, 14
admissions with
respivatory i11-
ness
Increased frequency 130 annual mean 1, 9, 14, 16, 18, 19, 21
and severity of
respiratory illness
Increased specific 180 annual mean 14
mortality

. Decreased fung 200 annual mean 1, 3, 13, 14
function in
children
L enased acutbe 50-100 annual mean 1, 3, 14
fowes recpiratory
divease 1 families
Increased preva- g5 annual mean 1, 3, 8, 10, 14, 19, 20,
Tence of chronic 26

hronchitis

2h/Y
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TABLE II-2

RECENT SCIENTIFIC EVIDENCE RELATING TO THE ADVERSE HEALTH EFFECTS

OF TTAL SUSPENDED PARTICULATE MATTER

Adverse

Heal

th Effect Concentration gg/m3

Averaging
Time

References

1
2.

9.

26/4

Increased mortality 750 or a rise of 200

Increased infant 200
mortality and
cancer deaths

Increased upper 375
respiratory

infection and

cardiac morbidity

. [xcess bronchitis 200

mortal ity

. Acute worsening of 300

symptoms in
bronchitis patients

Increased cough, 100-269
chest discomfort

and restricted

activity

. Aggravation of 80-100

cardiorespiratory
Symptoms in heglthy
persons, and in
elderty patients
with heart and lung
Jisease; increased
asthma altacks in
people with asthma

), Aygravation of 76-260

cardiorespiratory
disease symptoms

in elderly patients
with heart or chronic
lung disease

[ncreased mortality 100
from chronic respir-
atory disease and all
causesn

11

24-48 hours

3 days

24 hours

24 hours

daily

24 hours

24 hours

24 hours

2 years

15, 25, 26
14, 24

15, 22, 23

15, 20

15, 26

1, 3,7, 2

15, 17



TABLE I1~2 continued

RECENT SCIENTIFIC EVIDENCE RELATING TO THE ADVERSE HEALTH EFFECTS
OF TOTAL SUSPENDED PARTICULATE MATTER

Adverse 3 Averaging
Health Effect : Concentration _ug/m Time References
10, Increased chronic 100-200 annual 15, 18, 19

respiratory disease
prevalence in adults;
increased upper and
tower respiratory
tract disease and
diminished pulmonary
function in children

1. Decreased pulmonary 110 annual 1, 3, 13
function in school-
children

17. Increased frequency 100 annual 1, 3, 11

and severity of acute
lower respiratory
disease in school-
children

13. Increased chronic 100 annual 1, 10
respiratory disease
symptom prevalence
11 adults
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Mortality Data - 24 Hour

o«
There exist epidemiological data which have attempted to relate increases
in mortality to increases in ambient particulate concentration. These
-,
data suggest an adverse effect range between 200 and 750 ug/m3 and as
with sulphur oxides the mortality range overlaps the morbidity threshold.
-,
Excess mortality is not a very sensitive parameter. These data are of
-, little help in establishing a 24 hour suspended particulate matter
guideline.
. 3
The range of 150-300 ug/m” is supportable on the basis of available
data. However, the question of whether specific particulate-borne a@bﬁji‘
- contaminants are producing adverse health responses below these concen- -r"E; _fD
trations is an issue yet to be resolved. Thus it is concluded that the
-, proposed guideline of 150 ug/m3 (24 hours) is reasonable.
-, Morbidity Data - Annual
- Information relative to adverse health effects of long-term exposures to
particulate indicates that increases in morbidity result from long-term
‘ exposure to particulate matter in the concentration range of 60-220
- ug/m3 annual average.
. Morta]ity Data‘- Annua)
- As with the 24 hour suspended particulate matter guideline, the mortality
data allow no defensible guideline range to be established.
. . . 3 . )
The proposed guideline of 60 ug/m~ annual average is supportable on the
basis of available dataj however it must be stated once again that a
- possibility exists that specific particulate-borne contaminants may be
producing effects below this range.
.
.
- II - 5

26/9-2



Nitrogen Oxides Guidelines

The aim of this section is to examine the technical basis of health
guidelines for nitrogen oxides (as N02) with primary emphasis on human
exposure information relative to mortality and morbidity. The data are
shown in Figure I1I-1, and in Table II-3.

Morbidity Data Short-Term Averages (1-2 hours)

e o e e I L et b

There exists only very limited data on response of humans to short-term
nitrogen oxide exposure and these data suggest an adverse response range
of 2000-3000 ug/m’.

Mortality Data Short-Term Averages (1-2 Hours)

e e e e

There exist no short-term studies of human mortality in response to
nitrogen oxide.

Therefore, based on the limited morbidity data a concentration range of
2000~ 3000 ug/m3 would be a reasonable short-term guideline. However,
because these data are so scanty it would be better to postpone establish-
ment of a short-term nitrogen oxide guideline until more data are available.
The same would be true of attempts to establish 24-hour guidelines as

well.

Morbidity Data - Annual
There exists only limited data relative to the response of humans to

long-term nitrogen oxide exposures and these data suggest that effects
are adverse in the range of 100-600 ug/m3 annual average.

II - 6
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NOZ CONCENTRATION (P.PM.)

Figure II-1|
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Adverse

Heal

TABLE II-3

RECENT SCIENTIFIC EVIDENCE RELATING TO THE ADVERSE
REALTH EFFECTS OF NITROGEN OXIDES (as NOZ)

th Effect

Concentration ug[m3

Averaging
Time

References

i

8.

26/9

. Structural changes

. Association of

Susceptibility to 2800
acute respiratory
infaction

Diminished lung 3800
function

564-940
in lungs of experi- 940
mental animals. 750
Changes include

changes in lung

chemistries, damage

to cilia.

Diminished lung 3000
function of humans
experimentally exposed

to N02

Increased prevalence 100-540
of chronic respiratory
disease in humans pos-

sibly attributable to

N02

unknown
hypertensive heart
disease mortality
with N02 exposure
[ncreased suscept-  150-560
ibility to acute

respiratory infectio

in families :

Increased frequency 150-450
of lower respiratory
disease in children

Increased mortality 940
of animals exposed

to NO, and challenged
with ?nfectious aeroesols

2 hours

1 hour

6 months
1 month
7 days

10-15 min.

1 + year

unknown

1 year

1 year

5 hrs/day x

3 months

IT -8
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4, 34, 1

4, 30, 35, 36

39, 41

4, 29, 31, 32

24

39, 40

37
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TABLE 11-3 continued

RECENT SCIENTIFIC EVIDENCE RELATING TO THE ADVERSE
HEALTH EFFECTS OF NITROGEN OXIDES (as NOZ)

Adverse 3 Averaging
Health Effect Concentration_ug/m Time References
10. Structural and bio- 940 4 hrs/day x 4, 42, 43, 44

2679

chemical changes in

fungs of experi- 940
mental animals.
Changes include 1900- 3800

alteration in structure

of lung collagen, rupture
of mast cells, peroxidation
of lung lipids, decreased
cilia on bronchiolar
epithelium

5 days

6 hrs/day x 45, 46, 47, 48
3 months

1 year
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Mortality Data - Annual

Only animal exposure data are available on excess in mortality attributed
to nitrogen oxide exposures. However, it is considered that these data
have direct input into human health guidelines.

An ambient air guideline of 400 ug/m3 (1 hour) would be supported by the
data. However, NOx ambient levels are not specifically tied to power
plants, and B. C. Hydro has not included this contamingnt in its recommen-

. . ) f f B
dations for ambient control objectives. a ,};l“}( o

..
T"l ‘_\_h“ 3t i v
prr T

Dustfall

Dustfall is considered a nuisance rather than a health hazard and is
therefore not discussed.

Fluorine (F)

Acute exposure to hydrogen fluoride gas causes burns on the skin and
intense irritation, in a few cases fatal, in the lungs {(49). Chronic
exposure to extremely high concentrations of atmospheric fluoride is

known from occupational medicine to cause crippling fluorosis (debilitating
bone disease). Osteosclerosis (absolute reduction in bone mass) is a
much more common adverse health effect caused by occupational fluoride
exposure, Accumulation of approximately 6000 ppm fluoride in bone is
associated with osteosclerosis. It is generally thought that concentra-
tions of 2.5 ug/m3 fluoride in occupational exposures will not cause
osteosclerosis in workers (50). Under normal conditions, inhaled fluoride
constitutes a very small portion of the body's total fluoride intake.
However, in a few instances, community health effects have been cited in
peopie living near fluoride-emitting industry. Symptoms of hematological
changes and general health effects were described. These symptois are

not unique to fluoride exposure, nor are they common in occupational
fluoride exposure (51).

IT - 10
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As with some other elements, atmospheric standards for fluorides are
difficult to set. The amounts taken into the body by ingestion and
inhalation are variable and difficult to estimate. The Government of
Ontario regulates atmospheric fluorides, allowing up to 1.72 ug/3 per

24 hours and 0.69 ug/m3 per 30 days of both gaseous and particulate
flouride between April 15 and October 15. Between October 16 and April
14, 3.44 ug/m3 is allowed over 24 hours and 1.38 ug/m3 over 30 days
(52). These regulations are promulgated to reduce ambient fluoride
during the growing season since fluoride can demonstirate acute damage to
vegetation.

Mercury

Mercury vapor is efficiently absorbed by man, 75-85% being absorbed from

50 to 350 ug/m3 and more at lower concentrations (53). The effects of
inhalation of acute doses of elemental mercury are most commonly manifested
in the respiratory tract by pneumonitis, bronchitis, chest pains, dyspnea
(shortness of breath), and coughing. Acute poisoning is cited as being
caused by Hg levels of 1.2 to 8.5 ug/m3 (54). Chronic exposure to lower
doses, characteristically named "mercurialism", produces the insidious
onset of long-term symptoms caused by the accumulation and retention of

Hg in the brain, testes and thyroid. These long-term symptoms have been
shown to be only partially reversible. C(lassic symptoms of "mercurialism"
include gingivitis (gum inflammation), stomatitis (inflamation of the

oral mucosae), erethism (abnormal physiological and psychologic distrubances)
and tremor. General disturbance of the gastrointestinal system is
frequently seen. Renal toxicity is also a classical finding in mercury
Ltoxicity (55, 56). Humans are exposed to mercury in food, water and

atr. Thus, with multiple exposure routes and the easy accumulation of
mercury in the body it is difficult to cite the actual amounts of mercury
which cause chronic toxicity.

IT1 - 11
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Both inorganic mercury and the organic mercury secondarily formed in the
environment demonstrate teratogenic properties in experimental animals.
Organic mercury crosses the placenta more easily, making it more dangerous
to the fetus (55). Animal experiments also suggest that mercury causes
decreased reproductive performance. Cell culture experiments have shown
that inorganic mercury causes chromosomal mutation (53).

The United States Environmental Protection Agency has promulgated a
National Emission Standard for Hazardous Air Pollutants for mercury at
1.0 ug/m3 for 24 hours (57). The Government of Ontario maintains a 24-
hour standard of 2.0 ug/m3 (52). A panel of six public health experts
has derived a safe ambient standard for mercury of 0.8 ug/m3 for a 24-
hour period (58).

IT - 12
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APPENDIX 111

WATER QUALITY REGULATIONS

1. Federal Legislation

1.1 Canadian Drinking Water Standards

In 1968, Health and Welfare Canada published Canadian Drinking Water

Standards and Objectives, 1968. These standards and objectives were

prepared by the Joint Committee on Drinking Water Standards of The
Advisory Committee on Public Health Engineering and The Canadian Public
Health Association. The Joint Committee recommended three types of
limits, namely Objective, Acceptable and Maximum Permissible. These are
defined as folliows:

Objective: These limits should be interpreted as the long-term quality

goai to be reached. It is implied that water supplies, which meet these
requirements, are of very good and safe quality from health, aesthetic,

and other viewpoints.

Acceptable Limits: These 1imits should not be exceeded whenever more
suitable supplies are, or can be made, available within the techno-
logical and economic resources of the community. Substances in this
category, when present in concentrations above the indicated limits, are
eilher objectionable to a significant number of people or capable of
producing deleteriocus health or other effects. When periodic evaluations
of the quality confirm that the water as supplied falls between the

objective and acceptable limits, a more frequent and comprehensive

surveillance programm should be instituted. Any water supply, when
exceeding the acceptable 1imits in one or more of the guality character-
istics, should be assessed on its individual merits as to its suitability
and safety from health, aesthetic, and other viewpoints.

I -1

26/9-2



Maximum Permissible Limits: These limits are standards. The term
standard is used for limits on certain substances that are known or
suspected to be linked with human health (e.g. toxic chemicals, radio-
active substances, pathogenic organisms). The Timits, in each case, if
exceeded, shall be sufficient grounds for the rejection of the water
supply unless effective remedial treatment is applied to either totally
remove the particular substance or to bring it to a concentration below
the tabulated 1imit. Substances in this category, when present in con-
centrations above the indicated values, have been associated with adverse
effects on human health, Lesser concentrations, therefore, are desirable
and no water supply should be permitted to carry these chemicals at the
indicated levels continuously. When the quality falls between the
acceptable and maximum permissible limits, careful surveillance must be

maintained with active considerations of what steps would be taken when
the maximum permissible 1imits are exceeded.

These limits have been generated for various physical, microbiological,
chemical and radiological water quality characteristics. Table III-)
presents these recommended Timits.

i.2 Fisheries Act

The Fisherjes Act (R.S.C. 1970, c. F-14) as amended by R.S.(. 1970, c.
17 {1st Supp.); Statutes of Canada 1974-1975 c. 48, presents general
poliution oriented guidelines for the protection of "Canadian Fisheries
watevs'. This latter term encompasses all waters in the fishing zones
of Canada, all waters in the territorial sea of Canada and all internal
waters of Canada. Regarding pellution of waters, the Act states:

"31.(2) . . . no person shall deposit or permit the deposit of a
deleterious substance of any type in water frequenied by fish or in
any place under any conditions where such deleterious substance or
any other deleterious substance that results from the deposit of
such deieterious substance may enter any such water."
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This regulation is amended by permitting waste deposition "under con-
ditiens authorized by regulations made by the Governor in Council under
any other Act in any waters with respect to which these regulations are

h

applicable .

2.0 Provincial Regulations

The Pollution Control Act (c. 34, s. 1) specifies that "no person

shall, directly or indirectly, discharge or cause or permit the discharge
of sewage or other waste material on, in or under any land or into any
water" without an authorized permit or approval. A permit for or an
approval of a waste discharge must be obtained from the Director of
Pollution Control serving the Provincial Pollution Controi Board.

2.1 Industrial Regulations

Since 1973 and pursuant to the Pollution Control Act, the Pollution
Control Board of British Columbia has promulgated recommended guidelines
and objectives for waste discharges to land and water for various specific
industries operating in the Province of British Columbia. During the

same period the Pollution Control Board also issued receiving water
quality guidelines in order to preserve and enhance the quality of
provincial water consistent with their intended use. The effluent
guidelines and objectives set forth three levels of compliance which are
indicative of the attainment of high, intermediate and Tow order discharge
quality and are termed Level A, Level B and Level C, respectively. The
guidelines recommend that generally all new or proposed discharges meet
Level A objectives,
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TABLE ITI-1

CANADIAN DRINKING WATER STANDARDS AND OBJECTIVES*

PARAME TLR OBJECTIVE ACCEPTABLE MAXIMUM PERMISSIBLE
Phyrical
Cotour - 1CY <5 15
Odow = T 0.N. 0 4
faste Inoffensive Inoffensive
Turb rdity = JT <] 5
Tempryratuve - “( <10 15
pH - Units - 6.5 - 8.3
Microbiological
ifntal Coliform {MPN Method) (a) No coliforms At least 95% of the samples | At least 90% of the samples
in any consecutive 30-day in any consecutive 30-day
period should be "negative" |period should be “negative”
! for total coliform organ- for total coliform organ-
| isms. isms.
! (b} No coliforms None of the samples "posi- None of the samples "posi-
: tive" for tota) coliform tive" for total coliform
Z organisms should have an organisms should have an
' MPN index greater than 4 MPN index greataer than 10
1 per 100 ml. per 100 ml.
}lutal Cetitorm (MM Method) (a) No coliforms At teast 95% of the samples | At least 90% of the samples
: in any consecutive 30-day in any consecutive 30-day
i period should be "negative" | period should be "negative"
} for total coliform organ- for total coliform organ-
‘ isms. jsms.
i (b) No coliforms None of the samples "posi- None of the samples “posi-
! tive" for total coliform tive" for total coliform
' organisms should have an MF | organisms should have an MF
! Count greater than 4 per Count greater than 6 per
| 200 m) or 10 per 500 ml 200 mY or 19 per 500 ml
: portions, partions.
Efdvrdl Culi?urm(j) (a) At least 95X of the samples]| At least 90% of the samples : At least 90% of the samples
: in any consecutive 30-day in any consecutive 30-day in any consecutive 30-day
period should have a faecal| period should have a faecal | period should have a faecal
coliform density of less coliform density of less celiform density of less
than 10 per 100 m?, than 100 per 100 ml. than 1,000 per 100 ml.
{(b) Treatment by chlorination Complete or partial treat- Complete water treatment is
is required. ment fncluding chtorination | reguired.
may be required.
: 3
(otal feldform {(a) At least 95% of the samples| At least 90% of the samples | At least 90% of the samples
in any consecutive 30-day in any consecutive 30-day in any consecutive 30-day
period should have a total period should have a total period should have a total
g cotiform density of less coliform density of Jess coliform density of less
than 100 per 100 ml. than 1,000 per 100 mi. than 5,000 per 100 mi.
(b) Ireatment by chlorination Complete or partial treat- Complete water treatment is
l is required. ment including chlorination | required.
! ‘ is required.
(hilurine, Froe Redidual : 0.5 - -
Virisuy j No specific timit No specific limit No specific limit
1
—mn i e o
* Bracketed Noalars refer Lo Appendi te Table 1 which follows.
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PARAMETER OBJECTIVE ACCEPTABLE MAXIMUM PERMISSIBLE ::

Toxic Chemicals
Arsenic as As Mot Detectable 4.01 0.0%
Barium as Ba Not Detectable <1.0 1.0
floran as B - <5.0 5.0
Cadmium as Cd Not Detectable <0.01 0.01
Chromium as Cr Not Detectable <0.05 0.05
Cyanide as CN Not Detectable 0.01 0.20
Lead as Pb Not Detectabie <0.05 0.05
Nitrate + Nitrate as N <10.0 <10.0 10.0
Selenium as Se Not Detectable <.01 0.01
Silver as Ag - - 0.05
Biveides )
Aldrin Not Detectable Not Detectable 0.017
Chlordane Not Detectable Not Detectable 0.063
Doy Not Detectable Not Detectable 0,042
Nietdrin Not Detectable Not Detectable 0.017
Endrin Not Detectable Not Detectable 0.001
Heptachlor Not Detectable Not Detectable 0.018
Heptachlor Epoxide Not Detectable Not Detectable 0.018
Lindane Not Detectable Not Detectable 0. 056
Methoxychlar Not Detectable Not Detectable 0.035
Organic Phosphates + Carbamates Not Detectabie Not Detectable 0. 100
Toxaphene Not Detectable Not Detectable 0.005
Herbicides {e.g. 2,4-D, 2,4-T,

2,457, 2,45-TP) Not Detectable Kot Detectable 0.100

TABLE [1]1-1 (Cont'd)

{5)

Alkalinity - 30 - 500
Ammonia as N 0.01 0.05
Calcium as Ca <75 200
Chigride as CI <250 250
Copper as Cu (6) <0,01 1.0
Corrosion and Incrustation - -
Iron (dissolved) as Fe <0.05 0.3
. Magnesium as Mg <50 150
Manganese as Mn <0.01 .05
Methylene Blue Active Substances <0.2 0.5
Phenalic Substances as Phencl Not Detectable 0.002
Phosphates as PO, (inorganic} <0.2 0.2
Intal Dissolved golids <500 1000
Total Hardpness as CaCO3 (N <120
{Organic- as CCE + CAE <0.05 0.2
Sulphate as S0 <250 500
Sulphide as }12 Not Detectable 0.3 ;
Uranyl lon as 110? <1,0 5.0 \
Hnc as £o F1.0 5.0

(4) ®) (%) '
Radfological 1/10 of the ICRP (MPC)w 1/3 of the ICRP (MCP)w The ICRP (MCP)w for

for 168-hour week. for 168-hour week. 168-hour week.
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EXPLANATORY NOTES TO TABLE III-1

A1l standards and objectives specified in mg/1 unless otherwise
noted.

To be examined according to the latest edition of Standard Methods
for the examination of Water and Wastewater (American Public Health
Association, American Water Works Association, and Water Pollution
Control Federation), or other acceptable methods as approved by the
control agency.

Raw Water Standards.

Raw and Drinking Water Standards.

Alkalinity in the range of 30-500 mg/1 as CaC0. is generally acceptable,
but does not guarantee that problems due to th?s characteristic, in
this range, will not occur. It is necessary that each water be
evaluated on its own merit.

It is recommended by the A.W.W.A. Task Force on Water Quality Goals
{1968) that the 90-day incrustation rate on stainless steel, using
""'coupon insertions”, should not exceed 0.05 mg/sq cm, and the 90-
day loss by corrosion on galvanized iron should not exceed 5.00
mg/sq cm.

Total of Carbon Chloroform and Carbon Alcohol Extractibles.

ICRP - International Commission on Radiological Protection.

(MPC)w - Maximum Permissible Concentration in Water.

IIT - 6
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APPENDIX IV

A STUDY ON THE STATE Of
THE ART QF FLUE GAS DESULPHURIZATION
TO JUNE, 1977

1. INTRODUCTION

Flue gas desuiphurization (FGD) processes are designed to remove sulphur
dioxide from the flue gases produced by coal-fired power plants. Such
systems are usually applied to flue gases containing from 500 to 5000
ppm of sulphur dioxide with removal efficiencies of up to 95 percent.
They may also be designhed to remove considerable quantities of flyash to
produce a final effluent that meets both sulphur dioxide and particulate
emission standards. This dual! function for flue gas scrubbers has been
a major cause of excessive operational problems and expense associated
with FGD systems. ,
Three general classifications are used to define FGD technology. These
are the nonregenerative, regenerative and advanced processes. Those
that remove sulphur dioxide from the flue gas and convert it to a non-
marketable product that must be disposed of as landfill material are
classed as nonregenerative processes. Regenerative processes are those
that remove the sulphur dioxide and produce marketable forms of sulphur
such as elemental sulphur, pure sulphur dioxide or sulphuric acid.
Advanced processes are those in the preliminary or conceptual design
stage, or that may be undergoing detailed bench or pilot testing.
Advanced processes are of the regenerative type.

While the application of FGD technology in the United States has been
restricted to coal-fired utility power plants, in Japan most of the FGD
systems have been applied to low ash, high sulphur, oil~fired industrial
and commercial boilers, or to industrial emission sources such as Claus
plants, sintering plants, and sulphuric acid plants.

Iv - 1
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The size and cast of FGD systems are usually expressed in terms of
megawatts (MW) of installed boiler capacity and dollars per kiiowatt
(kw) of capacity. To convert other emission sources to a MW equivalent,
or vice versa, a general rute is to use the emission volume to MW ratio
of 1900 standard cubic feet per minute (SCFM) flue gas per MW. For
example, a 1000 LTD Claus plant with &5 percent hydrogen sulphide in the
feed gas emits about 100,000 SCFM, the equivalent of 50 Mw.

2. HISTORICAL DEVELOPMENT

Flue gas streams with sulphur dioxide concentrations in excess of 5000
ppm and normally around 10,000 ppm have been successfully desulphurized
for several years. These concentrations are typical of copper smelter
operations and by the use of precipitators, followed by sulphuric acid
plants or lime sTurry scrubber systems, emissions from these scurces
have been effectively controlled. However, these same processes have
not been successfully applied for desulpburization of high volume gas
streams containing low sulphur dioxide concentrations and residual

- flyash.

Nearly all of the major full scale demonstration efforts of FGD technology
have taken place in the last nine years on installations in the U.S.A.

and Japan (1, 2, 3, 4, 5, 6, 7, 8, 9). Others have generally limited
their effort to pilot plant projects and are still developing the basic
technology for their process. (ne of the major developers of FGD techno-
iogy in Canada is Ontario Hydro, having piloted a limestone slurry FGD

system and participated financially in a second effort (10).

The major air pollution control equipment suppliiers have been, and still
are, the principal developers of the nonregenerative and regenerative
processes. In many cases they are also suppliers of combustion boilers

or other equipment associated with larger utility boilers. Major incentives
for such development have been government regulations requiring emission
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controls, significant federal cost sharing in the form of demonstration
grants, and a commitment by the equipment suppliers to continue and
expand their business in the electrical utility and retated fields.

2.1 Early Developmenti

Water scrubbing of flue gases was experimented with as early as 1900 (8)
although the most significant work was conducted around 1930 by London
Power Co. in England (8, 11). This led to a large gas-washing instal-
lation at the Battersea Power Station and later at Bankside. Both used

a chalk siurry as a scrubbing fluid and, after pH adjustment, the effluent
was discharged into the River Thames. These plants were shut down

during Worid War Two and have not been restarted.

The next installation was at Swansea, Wales, where the ICI-Howden system
again used a chalk slurry, but the effluent was filtered to remove
solids, and then reused. Major operating problems arising from high ash
concentrations resulted in the scrubber being abandoned.

the next significant effort was the full scale installation by Combustion
Engineering in 1968 (1) of two limestone injection, followed by lime-
scrubbing, FGD systems. One was applied to a 140 MW boiler for Union

f Jectric Co. in St. Louis, Mo. and the other on a 125 MW boiler unit for
Kansas Power & Light Co. in Lawrence, Kansas. After several years of
operation or partial operation, and many modifications, the Union Electric
Co. system was shut down and abandoned (12). The other unit at Lawrence,
Kansas underwent many similar changes and in addition was converted to a
tail-end limestone scrubbing system (1). It is still operating today,
nine years later.
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2.2 Current Status

Since these instaliations in 1968, the development and implementation of
FGD systems have progressed steadily and to date approximately 24 systems
totalling 6000 MW have been installed and are operating in the United
States (1, 7, 9). As of early 1977 construction was proceeding on five
retrofit jobs and 28 new systems (9). Sixteen of these have been retrofit.
Approximately five systems have been shut down.

ihe actual implementation schedule for these systems, including both
nonregenerative and regenerative units is depicted in Figure IV-1. The
total scrubbing capacity (MW) is plotted against calendar year since
1968. A 1974 summary of operational and planned installations by Ponder
(1) of the United States Environmental Protection Agency (EPA) is also
plotted. It appears that implementation is 1-1/2 years behind the 1974

projections,

In Japan, more than 50 FGD systems were in operation as of January 1975,
and more than 80 were projected to be installed by the end of 1976 (1).
Ihe systems include a mix of both nonregenerative and regenerative
prucesses and have been applied not only to oil and coal-fired utility
hoilers but also to flue gases from smelters, sintering plants, industrial
boilers, Claus plants and sulphuric acid plants. Few are operating on
coal-fired boiler exhausts. Figure IV-2 shows the installed and operating
capacity of FGD systems in Japan. It is apparent from Figures V-1 and
1v-2 Lhat parallel development of FGD systems took place in the United
Slates and in .Japan.

Rapid development of FGD technology in the United States was in part the
direct result of EPA participation in the technology development program.
Cunviderable information has been generated and made available to the

geneval public through totally funded research programs and demonstration
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grants for first-of-a-kind full scale installations. While up to now,
EPA assistance has been primarily directed towards the nonregenerative
processes, it is now being redirected towards the regenerative and
advanced processes.

2.3 Proven or Practicable Technology

FGD technology has still not been officiai]y judged to be a proven or
practicable technology by the National Academy of Engineering in the
United States. It has set the following (paraphrased) criteria for
proven technology with respect to FGD.

A FGD process must operate satisfactorily on a 100 MW or larger commercial
electricity generating station for more than one year. Sufficient
operating and economic data must be generated so as to fairly judge the
performance and economics of the system.

In early 1975, Research Cottrell Inc. (12) claimed to be the first to

meet the criteria with their system on the Cholla No. 1 boiler of Arizona
Public Service (14). This boiler generates 115 MW and burns coal containing
0.5 percent sulphur. The flue gases contain 250 to 650 ppm of sulphur
dioxide. This low level of sulphur dioxide results in a less severe

test of a system when compared with a scrubbing process designed to

handle 3000 to 5000 ppm of sulphur dioxide. Therefore, Research Cottrell
limited the application of their process to flue gases containing less

than 2000 ppm sulphur dioxide until more operating experience was gained.

No other claims have been made with respect to proven technology but a
fair assessment of many lime and limestone systems would classify them
as proven technology as of January 1976. It would also appear that many
of the systems operating in Japan on particulate-free flue gas have
demonstrated proven technology as of January 1976.
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A United States Commerce Technical Advisory Board Panel on Sulphur Oxide
Emission Control Technology in its final report submitted on September 10,
1975, concluded that continuous S0x emissions control technology was
commercially available (15). Lime and limestone FGD processes were
judged to be proven technologically capable of removing as much as 90
percent of the SOx in the flue gases.

3.  PARTICULATE REMOVAL

The attitude towards particuiate removal has varied considerably during
the development of FGD technology. In the late 1960's, almost no consider-
ation was given to ash removal before the FGD system, and as a result

some very serious problems developed in the start up and early operation
stages of the FGD systems. Even the more recent systems have had to

solve substantial problems associated with flyash in their start up and
early operational phases.

3.1 Desulphurization without Flyash Removai

If FGD is to be accomplished without removing the flyash first, then the
choice of systems is essentially limited to one of the nonregenerative
processes. The prime reason is that flyash will reach the desulphuri-
zation system and contaminate the scrubber and/or scrubbing fluid. None
of the regenerative processes can deal with significant quantities of

ash.

Several Chemico systems such as the two Duquesne Light (16) systems and
the Pepnsylvania Power, Bruce Mansfield system were designed to remove
flyash and sulphur dioxide independently. Each consisted of two venturi
scrubbers in series so that the flyash could be removed first and then
the sulphur dioxide could be removed from particulate-free gas. However,
when the Duquesne Light system started up, substantial sulphur dioxide
was removed in the first stage and it experienced severe acid attack.
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This system now operates with a lime slurry recirculated through both
scrubbers and simultaneous flyash and sulphur dioxide removal is accom-
plished.

This experience pointed out the difficulties encountered in attempting
wet methods of flyash removal prior to FGD but suggests that properly
designed FGD systems using lime or limestone can be successful. This

position is held by many systems suppliers.

3.2 Desulphurization after Flyash Removal

Flyash removal with an electrostatic precipitator prior to the FGD
systems, has two significant points in its favor. Firstly, even without
the fiue gas scrubber in operation, the utility can meet the particulate
emission standard. Secondly, the choice of applicable flue gas systems
is increased. This decreases the chance of having operational problems
associated with flyash, A flue gas bypass option around the flue gas
scrubber is normally included in this design. By adopting this design
philosophy, the electrical utility ensures that its prime responsibility
of producing electricity can be met, while serjously attempting to meet
the sulphur dioxide emission standard. Some regulatory agencies do not
approve of the bypass option.

In the United States there is no clear preference for either philosophy.
However, several retrofit installations at sites where flyash removal
does not meet the codes, have chosen combined flyash and sulphur dioxide
removal systems. This is also the choice for many new plants in the
west that burn Yow suiphur coal. In the east, new plants burning higher
sulphur coal tend to favor high efficiency electrostatic precipitators
followed by a FGD system.
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4.  NONREGENERATIVE PROCESSES

Nonregenerative processes remove the sulphur dioxide from the flue gases
and in most cases produce a calcium sulphite/sulphate sludge. The
sludge has 1ittle or no commercial value in the United States and must
be disposed of in a landfill operation. In Japan, some processes have
been designed so that all the sulphite is oxidized to sulphate and
commercial quality gypsum is produced.

4.1 Flue Gas Desulphurization using Limestone

| imestone processes were originally designed to allow limestone injection
directly into the boilers. This provided sufficient time for it to
either react with the sulphur dioxide or to be calcined to calcium
oxide. The reacted limestone and the calcium oxide produced were subse-
quently collected in a wet scrubber where additional sulphur dioxide was
removed from the flue gas stream and converted to calcium sulphite and
calcium sulphate. This configuration resulted in significant buildups
in some of the boilers (Meremac No. 2 and Hawthorne No. 4) (1, 17) and
major modifications were required. In fact, the Meremac scrubber system
was later abandoned and Hawthorne No. 4 was converted to limestone
scrubbing without furnace injection. The limestone injection type of
system is no longer offered (18).

The most common configuration for limestone scrubbing now includes a
gquench chamber for flue gas conditioning, a gas-liquid contact tower and

a demister section. A flue gas reheat section may also be included.

The l1imestone slurry contains 10 to 15 percent solids by weight and is
recyclied through the quencher and the scrubber at rates of 40 to 80
gallons per minute per 1000 cubic feet per minute of flue gas. Pulverized
limestone is added according to slurry pH, and a slurry bleed stream is
taken from the recycle tank in order to maintain tank level and the

solids content of the slurry. The bleed stream passes to a thickener or
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to a settling pond and after sufficient time the solids settle to a
concentration of 40 to 60 percent by weight solids.

Many limestone processes are designed to remove both flyash and sulphur
dioxide, so the sludge is a mix of flyash, calcium sulphite, calcium
sulphate, and calcium carbonate. The percentage of each is dependent on
the ash and sulphur content of the coal and on the degree of sulphur
dioxide removal. Little can be done with this sludge and it must be
disposed of in a landfill.

In the Japanese processes that produce gypsum, the boilers usually burn
low ash oil, or precoilectors are used to remove the ash. The product
of the scrubber must be oxidized and the calcium carbonate concentration
controlled by effectively maintaining the proper ratio between the
limestone added and the sulphur dioxide removed.

The combined history of the United States and Japanese limestone slurry
scrubbing processes is shown in Figure IV-3. New construction and
retrofit will increase the indicated 1imestone slurry capacity in the
United States by a factor of three by 1979 (9). United States installa-
tions are all on coal-fired boilers while the majority of the .Japanese
installations are on oil-fired industrial or utility boilers. It can be
seen that 1972 and 1974 were the first years of steady growth in lime-
stone processes in the United States and Japan respectively.

In the limestone process, the limestone is pulverized and fed on demand
to the scrubber recycle tank. The limestone is carried in the scrubbing
liquid as a solid and requires time and slightly acidic conditions (pH
5.5 te 6.5} in order to dissolve, The dissolved limestone is then able
to react with the sulphur dioxide that has been removed from the flue
gas. The normally slow dissolution rate of 1imestone is the rate-
controlling step and this can lead to operational problems, such as
scaling and/or to limited sulphur dioxide removal efficiencies.
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4,2 Flue Gas Desulphurization with Lime Slurry

Flue gas desulphurization using a lime slurry is very similar to limestone
scrubbing in both equipment configuration and design. However, there

are several major differences in operation and these are related to the
reagent.

In the lime slurry process, lime is slaked outside the scrubber slurry
system and is fed to the scrubber as a saturated calcium hydroxide

slurry. In this way the rate-controlling step associated with dissolution
is avoided and the ability to remove and neutralize the sulphur dioxide

is controlled only by mass transfer and liquid phase chemistry. Lime
scrubbers usually operate at pH 6 to 7.5.

The resultant sludge is again composed of flyash, calcium sulphite,
calcium sulphate, lime, and calcium carbonate. However, the amount of
carbonate is related to the amount of carbon dioxide scrubbed out of the
flue gas and not to the amount of unreacted reagent. With good gquality

lime the free lime concentrations in the sludge should be less than one
percent of the solids.

Developments by Dravo Lime Corp. (18) in 1973 and 1974 resulted in
production of a Thiosorbic (R) lime for the FGD industry. This lime
includes a small percentage of magnesium oxide that enhances the alkalinity
of the scrubbing liquor by the build-up of magnesium sulphite and magnesium
bisulphite. In this way, the possibility of rate-limiting liquid phase
reactions was eliminated and the scrubber became a gas/liquid mass

transfer limited operation.

FGD using the lime slurry reagent has grown steadily since 1972 in both
Japan and the United States. The installed capacity for lime scrubbers

is shown in Figure 4. Installed capacity in the United States by 1979
should doubTe the indicated 1977 value. (9)
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4.3 flue Gas Desulphurization using Double Alkaji

Double alkali FGD technology is being developed by several companies and
was reviewed by Kaplan (20) in 1974. This system uses a highly soluble
alkaline solution, usually sodium hydroxide, to scrub the sulphur dioxide
from the flue gas and thus the process is only limited by gas/1iquid

mass transfer. The spent scrubbing fiuid is then transferred to a
regeneration section where the pH is raised by the addition of either
lime, calcium hydroxide, or Timestone. This causes calcium sulphate and
calcium sulphite to form and precipitate. The solids are physicailly
removed and the clear sodium hydroxide solution is returned to the
scrubber recycle tank.

Several variations of the basic process have been developed by the
various vendors but essentialiy all use a sodium-based alkali in the
scrubber and a calcium-based alkali in the regeneration stage. The
product is a calcium sulphite/sulphate sludge, containing flyash and 2
to 5 percent sodium hydroxide. The inability to completely wash the
sodium hydroxide out of the sludge is a significant probiem in the
double alkali process.

A few processes use an ammonium-based alkali instead of a sodium-based
one, but this may result in a visible ammonium salt plume. Another
version is the Monsanto 'Calsox' process that uses an aqueous organic
hbase instead of sodium hydroxide. Both are in the development stage.

Virtually all the installed and operating double alkali processes are in
Japan. In fact only two small systems totalling 50 MW operate in the
United States. Construction is scheduled to be completed in July 1978
on a 575 MW unit, at the end of 1978 on a 277 MW retrofit, and April
1979 on another new 250 MW unit. Installed capacity of double alkali
processes in Japan is shown in Figure IV-5.
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4.4 Problem Areas for Nopnregenerative Processes

The application of FGD technology has presented the electrical utility
industry and FGD system vendors with compliex problems that were new not
only to them, the buyers and the suppliers of this technology, but to
all industries. Consequently, the problems had to be solved by inexper-
jenced people through crash research and development programs. These
programs were, in many cases, conducted on full scale installations and
the consequence was the expenditure of great sums of money and expensive
downtime for the utility boilers. Problems related to chemical scaling
and sludge disposal were perhaps the most significant trouble areas.

4.4.1 Chemical Scaling

The chemical scaling probiem occurred on the very first FGD installation
at Union Electric's Meremac station in 1968 and 1969. Limestone injected
into the boilers caused calcium suiphate to form and deposit on the

tubes in the boiler. Eventually the tube banks were completely plugged

“and hoiler shutdown was regquired.

Chemical scaling next occurred in the scrubber and to date this is still
a problem with some scrubber systems. In the lime and limestone slurry
systems, the slurry is a complex mixture of solids and ions in solution.
Sulphur dioxide that has collected in the slurry becomes a sulphite ion;

as the pH of the sturry changes the soiution becomes more or less saturated
with respect to the main reaction product, calcium sulphite, which

accordingly may precipitate out or go back into solution.

Uepending on the degree of oxidation, calcium sulphate may also be
formed and again the solution may be more or less saturated for this
product, depending on pH fluctuations.

Iv - 17
26/9-2



With at least these two chemical equilibria to satisfy, the slurry is
recirculated continuously through the scrubber and may be subject to

wide fluctuations in sulphur dioxide composition, depending on boiler

Joad and coal composition. A sudden low input of sulphur dioxide results
in a high pH and more product precipitation. If this happens in the
scrubber rather than the recycle tank, scaling will probably result.

Lower ph's due to increases in sulphur dioxide concentration can also
result in temporary increases in sulphate ion concentration and subsequent
calcium sulphate scaling.

The problem of scaling in the scrubber is now more fully understood and
operating conditions can be specified to minimize the problem. However,
this has taken many years of experimentation, including the development
of a computer model to study the chemistry of the lime and 1imestone
scrubber systems.

The double alkali system also suffers from chemical scaling. The problem
starts with the 1lime addition to the sodium bisulphite-rich slurry.
Calcium sulphite precipitates and sodium hydrexide and sodium sulphite
are recovered. However, oxidation causes sulphate to form and chemical
scaling due to gypsum formation can occur in the reaction tank, the
process 1ines, and the scrubber. Development work on this problem is

still in progress.

Chemical scaling due to gypsum formation also occured in the mist elimin-
ators and required ccnsiderable experimentation with equipment design

and with methods of washing or flushing the mist eliminator. The problem
develops as the fine mist from the scrubber is carried up and collected
by the eliminator. If a droplet becomes saturated with gypsum as a
result of evaporation, sulphite oxidation or additional sulphur dioxide
collection, precipitation occurs and scaling may result.
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Chemical scaling is the most serious cause of FGD system unreliability
and is reflected in high maintenance costs and low system availability.
One particular limestone scrubber system consists of seven scrubber
modules and handles the total gas volume from an 820 MW low sulphur
coat-fired boiler without bypass. The system costs $48.5 million and
requires a staff of 50 operators and maintenance men. One module was
shut down each night for cleaning to remove scale formations {3). This
effectively limited the plant capacity to 700 MW. The eighth module is
now being installed to give full load utilization at 820 MW. With the
compietion of a new settling pond this plant's cost will be about $58
miltion (9}.

4.4.2 Siudge Disposal

The disposal of sludge from the nonregenerative processes presents

problems with regard to material handling and confinement. This represenis
an expenditure to the electric utility of from $2 to $10 per wet ton of
sludge produced.

A typical 500 MW coal-fired boiler consumes about 440,000 1b/hv of coal

with a heat value of 11,000-13,000 Btu/Ib and results in a flue gas

volume of 1,300,000 ACFM at 270° F.  For 3.5 percent sulphur in the

coal, the concentration of sulphur dioxide in the flue gas is about 2800
ppm. If a FGD system is applied with 90 percent removal efficiency,

then sludge will be produced at a rate of 1 wet ton per minute (40

percent of solids by weight). This is greater than the normal flyash
production rate of about 0.4 ton per minute (10 percent ash, dry collection).
Daily sludge disposal costs will approach $15,000 and a disposal volume

of 35,000 cubic feet will be required.

The sludge produced is a mixture of calcium sulphite (CaSO3 . 12 H,0},
calcium sulphate (CaSO4 . 2H20), calcium carbonate (CaCOB) and flyash
that is usually a thixotropic fluid. It is extremely difficult to
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settle to concentrations above 40 percent or thicken above 55 percent by
weight solids. Water associated with the siudge is saturated with
calcium, sulphite, and sulphate ions and reported pH's range from 4 to
10. Aiso, the sludge may contain several thousand ppm of chloride ion
due to chloride in the coal. It may also contain leachable heavy metals
(22).

These problems required development of sludge fixation technology.
Several studies are currently under way in the United States to study
disposal methods and migration of soluble components from the confined
studge. Companies that have developed fixation technology include Dravo
Corp, IU Conversion Systems and Chemfix, Div. of Environmental Sciences
Inc. (22). Most of the fixation techniques produce a high pH (greater
than 10), load-bearing material with a permeability of 10_6 cm 5'1 or
Tess. IUCS has also manufactured synthetic aggregate from the studge
that has properties suitable for road-base material.

4.5 Application of Nonregenerative FGD Systems

Nonregenerative FGD technology now exists and can be applied to a wide
variety of plant emissions containing sulphur dioxide. However, before
their application, consideration must be given to the need, consequences,
and costs.

The need for desulphurization systems is directly related to plant
design and operating conditions, meteorological conditicns, and health
requirements of plants, animals, and humans.

The consequences of applying nonregenerative FGD systems include:

(a) Favorable reduction in the sulphur dioxide emissions;

(b) Unfavorable increase in disposal area requirements.
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(¢) Sludge produced would require the development of suitable sludge
fixation technology that is to date unavailable for areas which may
experience severe winter conditions, otherwise, the siudge would
remain a thixotropic mixture in the unfrozen state;

(d) Contamination of groundwater is a potential probiem due to the
soluble salts and/or leachable heavy metals contained in the sludge;

(e) Unfavorable plume buoyancy may require consideration of methods of
flue gas reheat;

(f) The water balance for the scrubber system wili require detailed
evaluation so that the overall water balance is not adversely
affected;

(g) Total energy consumption significantly reduces the available power
from the thermal plant.

5.  REGENERATIVE PROCESSES

Regenerative FGD processes are designhed to remove sulphur dioxide from
the flue gas and produce a saleable form of sulphur such as elemental
sulphur, sulphuric acid, or pure sulphur dioxide. Installed operating
capacity in the United States to the end of 1975 was less than 300 Mw
indicating that there had been substantially less development than for
the nonregenerative processes. Japan, on the other hand, had installed
a substantial number of regenerative processes and leads the way in
demonstrated technoiogy. In excess of 660 MW were in operation by the
end of 1976 (9). An additional 1500 MW may be in operation by the end
of 1979.
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5.1 Flue Gas Desulphurization Using Magnesia

The Mag-0Ox process (1, 23) utilizes a recirculating aqueous slurry

(pH 7.5 - 8.5) of magnesia and reacted magnesium-sulphur salts for the
removal of sulphur dioxide from flue gas. Makeup magnesia is slaked and
added to the process to compensate for the magnesia losses due to sulphate
formation. A bleed stream of the recircuiating slurry is dewatered and
the resuitant studge cake is dried and calcined to release sulphur

dioxide in a concentrated form. The sulphur dioxide is reduced to
elemental sulphur or converted to sulphuric acid. The magnesia produced
in the calcination stage is returned to the scrubber system.

A two-year demonstration of this process was completed at the Boston
Edison Mystic Station in 1974 and the unit was shutdown (7). In the
United States, a 95 MW capacity unit is currently in operation and a 120
MW unit is in the start up phase.

In Japan (1) three units are now in operation and serve the following
processes:

(a) Sulphuric acid plant, 48,000 SCFM (equivalent to 25 MW) installed
1971;

{b) Copper smeiter, 53,000 SCFM (equivalent to 28 MW) installed 1972;

(¢) Claus plant and boiler, 300,000 SCFM (equivalent to 160 MW) installed
1974,

Except for the copper smelter application, none of the Japanese install-
ations has to deal with particulate matter and large volumes of flue gas
simultaneously.
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5.2 Flue Gas Desulphurization Using Sodium

The regenerative FGD process using a sodium sulphite/bisulphite liquor
and producing either sulphuric acid or liquid sulphur dioxide, developed
by Wellman Lord, has been installed on several oil-fired boilers in
Japan. However, the first operating unit was installed on a sulphuric
acid plant tail gas stream in the United States (5, 8). Since that time
at least 14 installations have been made in Japan (1). The oldest unit
is the one instalied in 1971 on Japan Synthetic Rubber's 70 MW boiler.

The first major installation for this process on a coal-fired boiler

will be in the United States at Northern Indiana Public Service Co.'s
Mitchell Station on the 115 MW No. 11 boiler. Davy Powergas Inc. will
supply the Wellman tord sulphur dioxide recovery system and produce an
B5 percent sulphur dioxide gas stream that will go to an Allied Chemical
sulphur dioxide reduction unit (24, 25, 26). The project is 50 percent
funded by a United States EPA demonstration grant. It was scheduled for
start up in 1976 but latest data stiil indicate that currently no units
are operating; 375 MW of new construction and 455 MW of retrofit capacity
should be on 1ine by 1979 (9).

The Wellman Lord Process uses a sodium sulphite rich stream to contact
the flue gas in a scrubber and sodium bisulphite forms as sulphur dioxide
is collected. A bieed stream of the bisulphite-rich slurry is withdrawn
from the absorber system and processed in a steam-heated evaporator.

This regenerates the sulphite and produces a sulphur dioxide-rich stream.

At this point several options may be exercised with respect to final
product form. The sulphur digxide can be liguefied as final product or
used to make sulphuric acid. A third alternative is to reduce the

sulphur dioxide to elemental sulphur using a carbon-based fuel such as
coke or methane.
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The Wellman Lord process can be designed to treat flue gases that contain
sulphur dioxide in concentrations up to three percent or so, and yield a
final effluent containing .02 percent (200 ppm) or less. The major
changes required to handlie these high concentrations are associated with
the capacity of the regeneration system. In 1971, the Wellman Lord
process was installed at Toa Nenryo Ltd., Japan and handies the tail gas
from two 150 LTD Claus plants (25).

5.3 Flue Gas Desulphurization Using Dilute Sulphuric Acid

The dilute acid approach to scrubbing flue gas has been developed by
Chiyoda and referred to as the Chiyoda Thoroughbred 101 FGD process
(27). It is usually applied after a high efficiency electrostatic
precipitator and the process unit consists of a prescrubber and an
absorber. An integral part of the absorber is the oxidation saction
where air is used to oxidize the collected sulphur dioxide to sulphur
trioxide. Ferric sulphate is added to the absorber to catalyza the

oxidation reaction.

The Chiyoda process produces a dilute sulphuric acid product that could
by upgraded should market conditions warrant. However, essentially all
of the systems include gypsum production facilities and use lime or
limestone to produce good quality gypsum.

Since the first Chiyoda systems were installed in 1972 on oil-fired
boilers in Japan (1) over 1100 MW of capacity have been installed and

are operating. Its application in the United States at the Sholtz Power
Station of Gulf Power, marks both its first installation on the continent
and on a coal-fired boiler (28). This plant will handle 53,000 SCFM
(equivalent of about 23 MW), and produce about 32 tons per day of gypsum.
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Because dilute sulphuric acid has a limited capacity to absorb sulphur
dioxide, exceptionally high liquid flow rates are required. Typical
Time, Timestone or sodium-based systems use liguid to gas ratios of 50
to 100 gallon per 1000 cubic feet, while the Chiyoda process uses a

ratio in excess of 300. This results in high operating costs for absorbent

recirculation.

The Chiyoda process has also been successfully applied to Claus plant
tail gas (1,26); a final discharge containing less than 500 ppm can be
achieved for tail gases containing not more than 15,000 ppm sulphur
dioxide. As with the Wellman Lord process the major process changes
required to handle concentrations of sulphur dioxide greater than 5000
ppm are associated with the absorbent regeneration capacity.

A major drawback to the Chiyoda process is that only the gypsum product
route has been demonstrated and the market for additional gypsum in

North America does not exist.

One of the applicants for an Alberta oil sands permit had intended to
use the Chiyoda process to desulphurize the coke boiler flue gases.

5.4 Flue Gas Desulphurization Using Cat-0Ox

The Monsanto Cat-Ox system was first installed on the 110 MW coal-fired
Wood River No. 4 boiler of I11inois Power in 1972 (29). After operating
fur sometime it was shut down for modifications in 1974 and has only
operated intermittently since then. It is currentiy shutdown and may
not operate again (1,7).

In the Cat-0Ox process the sulphur dioxide is catalytically oxicdized to
sulphur trioxide at 850°F, after which the sulphur trioxide is condensed
by reducing the flue gas temperature. The acid mist is then filtered
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out using a Brink(R) mist eliminator. A high efficiency electrostatic
precipitor must be used because the process catalyst is very sensitive
to fly ash contamination.

Based on its poor Wood River performance the process has not attracted
any interest. Accordingly, it cannot be considered to be proven techno~

Togy.

5.5 Problem Areas for Regenerative Processes

Problems with regenerative processes are related to marketing of the
product and to regeneration of absorbent.

5.5.1 Marketing of Product

A major factor favoring regenerative processes is the potentially market-
able forms of the produced sulphur. Generally, however, in both Canada
and the United States, a significant market does not exist for gypsum,
sulphur, sulphur dioxide, or sulphuric acid over and above that currentiy
supplied by conventional suppliers. There is a market potential on a

local basis if the demand exists and the quality and price are competitive.

The early successful applications of regenerable processes in Japan was
attributable to the high quality gypsum product. In 1975 the total
aypsum production from FGD processes in Japan was less than 5000 tons
per day (1) and this preduction was absorbed by the market. It is
helieved that in the future, fewer gypsum-producing systems will be
installed due to market saturation.

[n the northeastern United States, 280 miilion tons of coal were consumed
in 1974 and the annual consumption is expected to increase by between

100 and 200 million tons by 1980 (15). By 1980 over 100,000 MW of
capacity will need continuous FGD control (15). If gypsum-producing
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processes were used, about 150,000 TPD of gypsum would be produced.
Current production of gypsum wallboard in the United States is about
100,000 TPD.

5.5.2 Absorbent Regeneration

In the magnesia and sodium scrubbing processes and the Cat-0x system,
sulphate formation is a major source of cperating problems. In the Mag-
Ox process this results in the formation of non-regenerable magnesium
suiphate and thus costly magnesia makeup is regquired. Major efforts
have been made to minimize oxidation of sulphur dioxide.

Similarly, oxidation of sulphur dioxide in the sodium sulphite/bisulphite
process results in sodium sulphate formation. The sodium sulphate must
be continuously purged from the system and again major efforts have been
made to minimize the need for this purge.

In the Cat-Ox process sulphate formation and particulate collection in
the catalyst bed cause blinding and reduced catalyst life. The catalyst
requires frequent catalyst regeneration if both of these effects are not
minimized.

5.6 Applicabilities of Regenerable Processes

The possible application of regenerable processes may be reviewed quickly
by consideration of the inherent advantages and disadvantages of the
system.

Advantages of regenerative FGD systems are:
a) favorable reductions in sulphur dioxide emissions;

b) favorable conversion of sulphur dioxide to a saleable sulphur form,
thus conserving a resource; and |
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¢) minimum storage problems with the sulphur product forms where
suitable markets exist.

The disadvantages are:

a) no proven technology for large scale plants;
b) the significant increase in energy consumption for the system; and
¢) uncertain economics.

6.  ADVANCED PROCESSES

Several advanced FGD processes have been proposed or developed through
pilot studies, but none has been demonstrated on full-scaie coal-fired
boilers. At least five years would be required to demonstrate that any
of these processes may be classed as proven technology. Few of these
processes are expected to contribute significantly to FGD capacity
before the mid 1980's (15).

The more prominent of these processes are described briefly in the
following sections.

£.1 Molten Carbonate Process

The molten carbonate process is being developed by Atomics Internationa}l
{(30Y and has been piloted on a 10 MW scale. It uses a eutectic mix of
sadium, 1ithium, and potassium carbonates as an absorbent for the sulphur
dioxide in the flue gas. Since the flue gas must be at 800%F hot precip-
itators are used to move the particulate matter. Spent molten carbonate
liquor is regenerated by reducing the sulphite and sulphate, using
hydrogen and carbon monoxide at ]IOOOF, to release hydrogen suiphide.
The carbonates are regenerated by the reaction of molten salt with
carbon dioxide at 800°F.
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6.2 FW-BF Process

The Foster Wheeler/Bergbau Forschung process (31) is a dry absorption
process that produces elemental sulphur. It is currently being piloted
at the Gulf Power Co., 20 MW Sholtz Station (32). The prototype absorber
section consists of vertical columns of parallel louver beds loaded with
char that absorbs sulphur dioxide in the flue gas. Oxidation to sulphur
trioxide and subsequent formation of sulphuric acid takes place in the
pores of the char.

Char continuously moves through the absorber and it is transferred to
the regeneration section. Hot sand at 1500%F is used to heat spent char
up to 1200%F in an inert atmosphere for regeneration. This dissociates
the sulphuric acid and leads to the reduction of the sulphur trioxide to
sulphur dioxide. The resultant release of oxygen consumes some of the
char to produce carbon dioxide.

The sulphur dioxide rich stream is then piped to the RESOX(R) section of
the system where coal is used to reduce the sulphur dioxide to elemental

sulphur. This operation is conducted at 1200 to 1500°F.

6.3 Formate Process

The "Consol" FGD process was developed by Conoto Coal Development Co.
(10} and is a modified form of the potassium formate process described
by Yavorsky et al. (33) in 1970. Pilot work on a 10 MW prototype has

resulted in significant improvements in the process chemistry,

A venturi scrubber is used as the first process step to quench the flue
gas for the removal of particulates and sulphur trioxide. The conditioned
flue gas then flows to a packed tower scrubber where it is contacted

with an aqueous solution of potassium hydrogen sulphide, potassium
sulphide (KZSx)‘ potassium bicarbonate, potassium carbonate and potassium
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formate. As sulphur dioxide is absorbed potassium bisulphite is produced
and this is ultimately converted to potassium thiosulphate.

In the spent slurry regeneration system, a carbon monoxide-rich gas is
introduced and hydrogen sulphide and carbon dioxide are formed. The
off-gas from the regenerator is scrubbed with a polar organic solvent to
selectively remove the hydrogen sulphide with the resultant hydrogen
sulphide rich stream being directed to a Claus plant where elemental

sulphur is produced.
(R) Registered trade name - Foster Wheeler.

The estimated cost for a plant on a 100 MW coal-fired power station
burning 3.5 percent sulphur coal for start up in 1977 is $70 per kilowatt
and the cost to operate is 4.7 mills per kilowatt hour (10). In 1570

the estimated capital cost based on bench scale studies was only $14 per
kilowatt (33).

6.4 Copper Oxide Process

Shell (34) developed a FGD process that consisted of two reactors in
swing operation for the removal of sulphur dioxide and regeneration of
the acceptor. Copper oxide, as the acceptor, forms sulphate at 400°¢C
with sulphur dioxide and oxygen in the flue gas. Sulphur dioxide is
released during the regeneration cycle by means of a reducing gas. The
}iberated sulphur dioxide is converted to elemental sulphur in a Claus

plant.

One Shell copper oxide system was installed in Japan in 1974 on a 37 MW
oil-fired industrial boiler (1).
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6.5 Citrate Process

The citrate process, developed by the US Bureau of Mines (35,36), was
piloted at a lead smelter at Kellogg, Idaho in a 1000 SCFM size plant
that yieltded 1/3 LTD of sulphur. A second, 2000 SCFM pilot plant is in
operation in Indiana and it handles flue gas from a coal-fired boiler
containing 0.1 to 0.2 percent sulphur dioxide.

This process requires that the flue gas be quenched to free it of sulphur
trioxide mist and particulates. Gas off the quencher is then contacted
with a sodium citrate, citric acid, and sodium thiosulphate slurry to
remove sulphur dioxide. The sulphur dioxide-rich slurry is regenerated
by the addition of hydrogen sulphide and carbon dioxide in a sulphur
precipitation reactor. Fine powderiike crystals of elemental sulphur

are formed and these are separated from the solution in an oil-flotation
cell. Once collected, the sulphur is melted and transferred to storage.
Hydrogen sulphide for regeneration is produced by burning some of the

~ collected sulphur with methane and steam.

The costs for a plant to treat flue gas from a 1000 MW coal-fired power
plant was estimated at $36 per kilowatt and the operating costs were set
at 1.98 mills per kilowatt hour (34) {no credit for sulphur product
taken).

6.6 Application of Advanced Processes

All of the advanced processes are being developed because they show
promise that the capital and operating costs are less than or equal to
those of other processes and, in addition, they conserve a natural
resource, sulphur, in a usable form.

However, all of the processes must go through additional development and
demonstration stages to substantiate the claim that they are viable FGD

processes.
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In summary, the advantages of advanced FGB processes are:

a) favorable reduction of sulphur dioxide emissions;

h) favorable conservation of a natural resource by conversion of
suiphur 1o « saleable form;

¢) potential for economic advantage over regenerative and nonregener-
ative precesses;

d) potential ror selected processes to produce a form of sulphur in
process un:ts remote from the absorber and regenerator components
of the process system; and

e} potentia! to avoid flue gas reheat with some processes.
The disadvantages are:

a) no proven technology exists on the scale required;
b) increase i1 energy consumption;
c) uncertainty of economics invoived; and

d) Tlack of Jjarge scale operating experience.
7. ECONOMICS OF FLUE GAS DESULPHURIZATION

The cost of FGD systems has continued to climb since they were first
int.roduced in 1968. This has, in part, been due to inflation, but it
also arises from the necessary improvements in equipment design. construc-
tion materials and operational factors. In short, the FGD system is
becoming a sooti<ticated chemical process that is subject to many condi-
tions that can upset routine operation. '

FGD systems were initially installed with projected cost of $8/kw of
installed capacity and an expected operating cost of 0.4 mills/kwh (8,
37). By 1974 this tad increased to the $50 - $70/kw range and the
operating costs were up to 3-3.5 milis/kwh (15, 38, 39). The capital
costs for 1875 designs for 1977 startup were estimated $60-$120/kw.
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Based on 43 FGD systems, capital cost including sludge disposal, ranged
from $50/kw to $205/kw, with a mean value of $91/kw, ali costs adjusted
to a January 1975 base. For lime/limestone systems the range was $50/kw
1o $88/kw with a mean value of $70/kw. Annual operating costs for
sludge disposal alone ranged from an estimated $5 to $15/ton, or about
0.4 to 1 mill/kwh (9). This capital cost history is shown in Figure IV-
h.

Availabte operating cost data is less precise because of the sensitivity
of operating costs to the amount of sulphur to be removed. Reported
values range from 1.0 mills/kwh to more than 3.81 mills/kwh for nonregen-

erative processes {9).

In other words, in 10 years or less both the capital and operating costs
have increased by an order of magnitude. In the same period the cost of
the basic power plant has only increased two to three-fold.

The cost of applying nonregenerative systems to emissions other than
those of electric utility boilers can be estimated by considering the
gas volume to be handled and the sulphur dioxide concentration. A 100
MW power plant discharges about 250,000 ACFM at 270°F and typically the
sulphur dioxide concentration will be 500 to 5000 ppm depending on the
sulphur content. High sulphur dioxide concentration emissions are more
difficult to deal with than the low to medium concentrations. Above
5000 ppm other methods of sulphur dioxide contro) would be preferred.

Capital costs for all FGD processes are still uncertain but some level-
fing out should be expected for the nonregenerative systems after 1977.
Stabilization of capital costs for nonregenerative systems should

result from the clearer definitions of the design requirements, improved
equipment specification and operating experience.
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8.  SUMMARY

Nonregenerative FGD processes are technically applicable to a wide range
of sulphur dioxide emissions. For certain flue gas conditions, in some
cases low sulphur dioxide concentrations and in others particulate free
gas, practicable technology has been available since 1975.

Several large scale nonregenerative systems are currently in operation
in USA and Japan and are comparable in scale to thermal power installations
that may be required in the future.

Capital and operating costs for nonregenerative systems are available
and these could be projected for a wide range of emission applications.

Nonregenerative processes will increase any existing solid waste disposal
problems.

A potential for groundwater contamination may exist.

Any adverse water supply problems will be seriocusly aggravated by their
application.

Nonregnerative processes may require reheat of exhaust gases to ensure
plume buoyancy and to minimize low level fog formation.

Significant increases in energy consumption are associated with their
application.

Regenerative FGD processes are technically applicable to a wide range of
sulphur dioxide emissions, but practicable technology was not available
as of early 1976,
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Application of regenerative processes will require the installation of
electrostatic precipitators or fabric filters to remove particulates;

A few regenerative processes comparable in size to those requirad on
thermal power plant emissions are in operation in USA or Japan but are
still not classed as proven technology.

Regenerative processes will require additional consumption of fuels to
produce elemental sulphur;

Regenerative process products will require storage areas and new market
development programs.

Capital and operating costs for regenerative processes cannot be defined
with the same degree of confidence as can those for nonregenerative
processes,

Regenerative processes may require reheat of exhaust gases to ensure
plume buoyancy and to minimize low level fog formation.

Advanced FGD processes are technically applicable to a wide range of
sulphur dioxide emissions but practicable technology has not been demon-
strated. Most processes are still in the design or development stages.

Although the economics are not established for advanced processes, they
do show promise for reduced capital cost.
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