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ABSTRACT

The economic impact of environmental legisiation on coal-fired electric
power generation in Alberta was {investigated by considering a generic
750 MW plant and coal mine model. nnly the impact of legislation passed
since 1971 was considered because this was the year in which a separate

Ministry of the Environment was created in Alberta.

Environmental costs were defined as electric utility private costs
fncurred primarily for environmental reasons. The types of costs which

were considered environmental in nature were specifically defined.

The envircnmental approval process and operations compliance monitoring
process put in place by government since 1971 was investigated in order
to establish the basis for the additional regulatory process costs. The
impact of the legislation on power plant and mine technology and
operations was researched by evaluating the histnrical experience of

existing coal-fired power projects in Alberta.

Generic environmental capital and operating costs were determined based
on actual project costs, published studies and the estimates of
experts. These costs were applied to a generic project schedule based
on the history of recent projects. A simplified generation planning
model was used to determine the incremental environmental revenue
requirements of the electric utility for a typical case and several
special cases, The major factors contributing to the 1increase 1in

revenue requirements were identified and discussed.

It was found that the increase in revenue requirements is substantial,
amounting to typically between $76 million and $94 million or about 4.2
to 5.2% of project revenue requirements on a total present worth
basis. This cost is very site-specific and was shown to be more than
twice as high in special circumstances. The largest environmental cost
is typically for coal mine land reclamatiom but this is highly dependent
on site soil conditions and soil handling technologies. The increased
stringency of smoke stack particulate emissfon standards has also

resulted in a major increase in environmental costs.
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1. INTRODUCTION

huring the 1970's, the federal and provincial governments of Canada
responded to growing public concern about ecological problems by
enacting comprehensive environmental protection legislation. This
{nitiative was consistent with government response elsewhere In the
vestern world to a new awareness of mankind's {ncreasing impact on our
fragile ecosystem. This was ar era of {ntense government growth as
large departments were created to administer a wide range of new social
legislation. Prominent amongst these were the Ministries of Environment

created by the Canadian federal government and most provinces.

A major feature of the new environmental legislation was the regulation
of industrial plant emissions, wastes, water resources and land reclama-
tion by mining companies. In Alberta, comprehensive new legislation
dealing with these issues was implemented just (n time for the energy
boom of the mid 1970s to early 1980s. It was a time of dramatic
economic growth which was accompanied by a strong demand for electric
power. In Alberta, this electric power demand is most economically
satisfied by coal-fired power plants located on dedicated coal strip
mines. Over 90% of Alberta‘'s electricity is currently supplied from
coal-fired power plants and this is expected to remain the case for many
years. The construction and operation of these plants are consequently

subject to the full force of Alberta environmental legislation.
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The most {mportant of the new legislation 1s The Clean Air Act, The
Clean Water Act, The Water Resources Act, and The Land Surface
Conservation and Reclamation Act. Other legislation may Also bhe
fmportant where special ciccumstances exist, such as The Historical
Resources Act, in an area with valuable archaeological resources. The
Energy Resources Conservation Board plays a major role in coordinating
an integrated project approval process under the authority of The Coal

Conservation Act and The Hydro and Electric Energy Act.

Seventeen years have passed since the creation of Alberta Eanvironment
and the beginning of the new comprehensive environmental regulatory
process in 1971. By the late 1970's the approval process which i{s used
today was virtually all in place. Such changes as have occurred since
are relatively minor. The Alberta regulatory process for energy
projects has become widely recognized across Canada as effective In
integrating economic, technical end environmental factors while

remaining comparatively streamlined.

This thesis is an examination of the impact of this new environmental
regulatory system on recent coal-fired electric power generation

projects. The objectives may be summarized as follows:

1) Examine how the eavironmental regulatory process has changed
since the creation of Alberta Environment in 1971.

2) Examine the impact on technology and operations.



3)

4)

5)

This

..3
Discuss the complexities of determining the resultant {increase
in environmental costs.
Estimate the 1increased environmental costs to electric
utilities and the impact on revenue requirements.
Discuss the major variables which {nfluence the environmental

costs.

thesis does not question the need for current environmental

atandards but rather focuses on the economic impact on electric power

consumers in Alberta.



2. AN OVERVIEVW OF ELECTRIC POVER GENERATION IN ALBERTA

2.1 The Outlook for Coal-fired Electricity Generation

Most of the electricity generated in Alberta |is based on coal
combustion in large plants located at dedicated strip mines. Since
1970, 90% of the power plant capacity approved for construction by
the Alberta Energy Resources Conservation Board was coal-fired.(so)
Canadian Electrical Assoclation statistics(as) indicate that (in
1986, 77.4% of all the power generating capacity in Alberta was
coal-fire.. The coal-fired plants were responsible for generating
nearly all of the base load, contributing 91.6% of the electricity
ifn 1986 while hydro and gas/oil-fired power contributed only 5.2 %
and 3.2% respectively. This is an increase from 61% in 1976 mainly

due to the displacement of gas-fired genetation.(so)

Although a
small transmission line connected the Alberta grid with British
Columbia through the Crowsnest Pass, electricity imports and exports

were negligible until 1986 when a new 500 kV tie line was

commissioned.

Forecasts by the Electric Utility Planning Council in 1985(‘6)
confirm that coal is expected to continue as the major source of
Alberta electric power in the forseeable future, even with possible
fncreased imports through the new 500 kV tie line with British

Columbia.
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end
Depending on the future scenarfios for peaking power gas turbines,
coal 1is expected to contribute between 87.8% and 94.0% of Alberta's
power in 2009. Even 1if the recently-shelved Slave River hydro
project were to become a reality, coal 1is still expected to

contribute 76.6% of Alberta's electrical power bv 2009.

The Alberta Electric Power Generating Utilities

Alberta has four electric power generating utilities. Thelir
relative size in terms of generating capacity in operation or under

construction is summarized in Table 2.1

Table 2.1
Generating Capacity Installed and Under Construction in 1986(‘8)
MegaWatts
TransAlta Utilities Corporation 4727
Alberta Power Limited 1478
Edmonton Power 1850
City of Medicine Hat 164

Note: All capacities specified in this section are Net Peak

Continuous Ratings.

Both TransAlta Utilities Corporation and Alberta Power Limited are
{nvestor owned while Edmonton Power and the City of Medicine Hat are
municipally owned. The Alberta electric power generating utility
composition 18 consequently different from most other Canadian

provinces which are dominated by single provincial goverament
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utilities. In fact the Alberta situation is more similar to the
U.S. utility scene where large Investor owned powver generating
utilities often coexist with substantial municipally owned power

utilities (e.g. City of Los Angeles and Southern California Edison).

Both Edmonton Power and the City of Medicine Hat currently operate
only gas-fired power plants. The large increase in the price of
natural gas in relation to coal during the energy boom of the 1970's
and early 1900's resulted in most gas-fired electricity generation
in Alberta being displaced by coal. Edmonton Power's two gas-fired
plants were relegated to standby and peaking status since the
Alberta Interconnected System agreement requires economic dispatch
of power units based on variable costs. Edmonton Power will
continue to purchase cheaper coal-fired power from the investor
owned utilities pending the commissioning of its coal-fired Genesee
plant. The City of Medicine Hat was not similarily affected because

it owns local gas wells which produce low cost tax-exempt gas,

All electric power generating utilities in Alberta except the City
of Medicine Hat are members of the Electric Energy Marketing Agency
of Alberta. The member utilities sell their generated power to the
Agency and then buy back the power needed to meet the demand of
their service areas, Essentially the Agency equalizes the
provincial power costs by gubsidizing the more remote northern areas
at the expense of the populous central and southern regions. The

“upstream” power rates at which power is sold to the Agency 1s



2.3

.l7
regulated by the Public Utilities Board who also regulate customer
rates in the TransAlta Utilities and Alberta Power service areas.

The municipality electricity rates are regirlated by city councils.
It should be noted that until the late 1970s, TransAlta Utilities
Corporation was called Calgary Power Limited. Both names will pe

used in this thesis.

Coal-fired Genetat(g;ﬁStations in Alberta

There are currently seven separate coal-ffred power stations
operating or under construction in Alberta. Twese are listed in

Table 2.2 below.

All but one of the plants listed in Table 2.2 are fueled by sub
bituminous plains coal from dedicated strip mines. The Milner
Generating Station uses a high ash low grade coal fraction from the
Smoky River Coal mine which exports primar’ly bitumincus coking

quality coal.

The newest plants are remarkably similar in overall technology and
operation. This 1is especially true of the three most recent, the
Keephills, Sheerness and Genesee plants. Only these plants wvere
subject to the full post 1971 environmental approval process and
they form the basis of the generic plant model described in greater
detail in Section 6.1. It should be noted that the Keephills power

plant was originally called the South Sundance power plant.
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3. METHODOLOGY

3.1 éggmlch

The current environmental regulatory system was examined and
compared with what existed before the creation of Alberta
Environment. In such a study it is {mportant that not only the
legislation, regulatlons, etc. be referenced but that the actual
mode of {mplementation be interpreted. This was achieved by
referring to government guidelines and by interviewing knowledgeable
experts on the subject hoth in government and in the utilities. The
author was in a particularly advantageous position to do this as a
former employee of Alberta Environment who curreantly coordinates
environmental affairs for an electric utility. The author drew on
an intimate knowledge of the workings of the environmental approval
process to aid in the interpretation of both current and historical

information.

The impact of the regulatory approval process was asgessed by
examining the {mportant changes to technology and operations
at coal-fired power plants since 1971 which could be due to
environmental legislation. All requirements in place before
this date are considered part of the baseline situation.
The reasons were critically assessed to establish whether

environmental legislation was the primary factor for the change.
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It should be emphasized that this study is of a regulatory system
which includes several Acts. Where possible, specific impacts will
be attributed to separate Acts but the distinction is not always
clearcut. The earlier stages of Lhe approval process fall under the
authority of the Energy Resources Conservation Board and issues are

assessed by government in an integrated manner.

The next phase of the research was to examine the environmental
costs. Even with the benefit of extensive experience in managing
environmental affairs, the author was surprised at the problems
fnvolved in establishing reasonable estimates, The reasons for this
and the nature of the complexities are discussed in Section 3.2.
The environmental costs include both the power plant and assocliated

coal mine. Only internalized private utility costs were included.

‘'he impact of the estimated costs on electricity rates wac implied
by the calculation of the percentage increase in revenue
requirements using a modified generation costing model of the type
used widely by the utilities for planning purposes. Given the
accuracy of the estimates used, such a model 13 adcquate for these

calculations.

This evaluation enabled the maia variables which {nfluence the
environmental costs to be i{dentified. The different circumstances
which influence these variables could consequently be discussed

based on history or possible future scenarios. It was recognized at
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an early stage that certain facilities at power plants are
environmentally mandated only under site-specific
ci{rcumstances. These situations were evaluated as special cases to
provide a range of possible environmental costs dependent on

these circumstances.

anlron-ental Costs

One of the main problems in the investigation of regulatory costs of
this nature was found to be the lack of definitive data. Firstly
.here are only three coal-fired power projects which trui, reflect
the full impact of the regulatory system on a new project. These

projects are as follows:

a) Keephills power plant - 798 MW (TransAlta Utilities Corp)
b) Sheerness power plant - 766 MW (TransAlta Utilities Corp and
Alberta Power Ltd. - joint venture)

c) Genesee power plant - ~12 MW (Edmonton .ower)

All three of these projects are at new sites and may be considered
"greenfields” projects. The Keephills plant is however not quite as
“greenfields” as the others because it 1s served by a major mine
extension rather than a new mine. The costs incurred when
retrofitting improved technology to older plants was unot examined.

These costs were probably substantial.
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It was not possible to ohiain complete data from all three projects.
This was largely due to the data not being readily accessible since
the environmental costs are not accounted for separately in these
projects. A great deal of effort is required to extract the costs,
often through {ndividual work orders and invoices based on an
{ntimate knowledge of the environmental program. In the case of the
m>st recent projects at Genesee and Sheerness. this diff{culty was
partly mitigated by the existence of pri::(+ records kept by
environmental personnel. As A result, {or ap- rcival process costs,
good data from only two plant proj~.rt: a.vi ons ‘in~ was avallable.

The daia tase is consequently limited.

Although complete data from one project was available, it was not
possible to use it in a specific manner for reasons of
confidentiality, except {n certain {nstances. To resolve this
problem it was decided to base the evaluation on a generic project

model typical of the recent projects.

The use of a generic project model is not an unusual approach in
electric utility planning when evaluating the costs of various

generation scenarios. The Electric Utility Planning Council often

uses generic plant costs based on a 1981 study for such evaluations

(40'47); This generic plant data forms the basis for the project

model used in this thesis. It should be noted that the use of a
generic model has the advantage of allowing informed judgement to be

used on whether data is likely to be typical. Each of the three
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projects previously mentioned {nclude certain characteristics which
are non-typical., These include the use of a mine extension rather
than a new mine at Keephills, the unit deferrals at © s and

the high archaeological costs and unit deferrals at Genesec.

Due to the paucity of specific data, it was sometimes necessary to
use informed estimating and costs from published studies in order to
obtain generic costs. Where possible specific project costs were
used as a basis. In some cases the best available expert opinion
from those who were intimately involved in the projects of interest
was used. Since the data is for a generic project model, it should
not matter that the costs are not precise, since precision has no
meaning when using such a model. What 1{s important is that the

costs represent credible estimates given the assumptions.

A further very real complication when dealing with environmental
costs .s that these costs may become embedded and cannot be
meaningfully separated. This occurs, for example, when the reasons
for the {improvement of a plant technology i{nclude not only
environmental constraints but other factors such as efficiency and
cost. The improved environmental performance may be simply a
necessary by-product of the innovation. An example of an embedded
cost is the development of boilers with lower nitrogen oxide

emissions. This situation will be discussed in Section 5.1.

All costs estimated in this thesis are incremental since they are
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due to the new regulatory process introduced after 1970. This (s a
logical base date because Alberta Environment was created {in 1971.
It is important to note that there was not total compliance with the

pre-1971 requirements (38).

In 1988, however, there {s essentially
total compliance with current requirements. For the purposes of this
thesis, the base 1970 costs will assume complete compliance because
undoubtedly compliance would have been achieved later if no further
regulatory changes had occurred. The incremental costs will, as a

result, understate the total investment in environmental protection

by the electric utility industry In the 1970's and 1980's.

It i{s {important that the term environmental cost as used in this
thesis be adequately defined. Firstly, the costs included are all
electric utility private costs or internalized costs. Externalities
are not included. A major external cost is the cost of the govern-

ment regulatory process which is paid for by provincial revenues.

Secondly, environmental costs will not Include occupational health
and safety costs. These are for the protection and welfare of the
electric utilities' own employees. Environmental programs are
{nstead for the protection of those outside the utilicties, and the

common ecological property on which we all rely.

Thirdly, public relations costs will not be included. It is often
difficult to completely separate out all these costs because the

regulatory approvals process requires a public participation program
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which {s different from the independent public relations initiatives
of the utility. It will be generally assumed that required public
participation costs are not true public relations costs but rather

environmental costs.

Fourthly, the taxes and settlements paid to ‘ocal authorities such
as counties or displaced individuals are not included. These
payments are intended to pay for the Infrastructure {mpacts
resulting from the project, the necessary local {mprovements and to

compensate the affected local community.

Finally, environmental r»>sts will fnclude all pollution control
costs, regulatory approval and operating compliance costs resulting
not only from the envirornental protection legislation administered
by Alberta Environment, but also by the Energy Resources
Conservation Board, and historical resources protection and
mitigation costs administered by Alberta Culture. Included in this
will be socio-economic impact study costs because these form part of
the environmental impact assessment document. ‘hey will not include
the costs of facilities which are designed to comply with
environmental requirements but are not installed primarily for
environmental reasons. Mine reclamation costs will be specifically
included. Costs of compliance with very recent environmental
requirements such as The Hazardous Waste Regulation AR 505/87 or

plant decommissioning guidelines are o, included because of

insufficient experience with these requirements.



4.1 The Regulatory Approval Process

4. THE ENVIRONMENTAL REGULATORY SYSTEM

(60)

a)

Preliminary Disclosure

In recognition of the long lead-time between the birth of a
plan to develop a major project and first commercisl operation,
largely due to the extensive regulatory process, the Alberta
government put {in place a prescreening procedure for all
projects involving coal mining in 1976. This allows the
government to indicate at the outset, {f {t has objections to
the plan, {it's timing, or any of it's essential features. The
procedure is shown on Figure 4.1. As shown, the review is co-

ordinated by Alberta Energy and Natural Resources (ENR).

The preliminary disclosure in no way supplants the need for the
disclosure to the public or the subsequent formal applications
under the controlling legislation. Tts purpose is to discover
whether, if all departmental and agency requirements were met,
the government would give consideration to the project in the

general form and at the time proposed.

The preliminary disclosure document is required to {include

{nformation in brief summary form covering features of the

- 16 -
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proposed project. This includes technical and economic
justification, as well as environmental {impact {information.
The environmentai Information covers both biophysical and
social aspects and consists basically of the following:

- a description of the physical environment in the vicinity
of the proposed project (fish and wildlife, soils,
vegetation, hydrolo;y and landscape characteristics).

- a general statement identifying all significant
envir mental impacts associated with the development and

operation of the proposed prc

- a summary of environmeata -{on and reclamation
plans.
- a statement of the significant impacts < the development

on the community structure of the rezion ( eg. creation of
demand for services and cultural impacts).
- an overview of the costs of the development to the

province, weighed against anticipated benefits.

Following government endorsement, the proponent 1is required to
convene a meeting of the general public and provide fairly
detailed information about the project. The public meeting must
be held at least 45 days before the formal Energy Resources
Conservation Board (ERCB) hearing which forms part of the
project approval stage and 1is usually supported by the
application documents filed for project approval. No

government decisions result from the public disclosure meeting
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and the main purpose of the meeting 1s to enable interested
parties to be in a position to submit their views to government

or intervene at the ERCB hearing.
It is normal practice for proponents to initiate their public
participation programs before the public disclosure meet ing so

that it merely becomes part of the ongoing program.

Project Approval Stage

This is the major overall approval stage which dictates whether
the project may go ahead, and if so, subject to what timing and
other general constraints. As stated, environmental consider-
ations submitted in the detailed eavironmental assessment
document form only a part, albeit usually a major part, of the

factors weighed in the decision.

The project approval process is outlined in Figure 4.2. The
Energy Resources Conservation Board (ERCB) controls the
decision-making in this stage and co-ordinates the overall
review. The whole process is conducted under the authority of
ERCB legislation, The Hydro and Electric Energy Act and The
Coal Conservation Act, which requires the ERCB to refer
applications to the Minister of Environment and to include any
conditions required by the Minister on the ERCB approval, if

{ssued. Alberta Envirooment is delegated the role of co-
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ordinating the environmental assessment review. The ERCB,

however, has final say on the completeness of the application.

The ERCB hearing 1is a formal event held before three sitting
Board members. Concerned public and industry are required to
gubm 't written interventions well before the hearing. These
are circulated to the applicant, concerned governmeat agencles
and other intervenors. (Some flexibility 1is usually accorded
the affected community). During the hearing itself,participants
are normally supported by lawyers who assist 1{in cross
examination and represent clients rights. The proceedings
normally follow a pattern of cross examination of the
applicant's representatives by the ERCB staff lawyer, Alberta

Environment's lawyer and those representing the intervenors.

All intervenors are then also subject tc rss examination by
the applicant's lawyer and other inte. \oCS. The hearing
concludes with closing arguments. It 1s normal for the

applicant to be represented by several panels, ome of which

will deal with environmental and social considerations.

The hearing is usually less than one week long, and environ-
mental and social 1issues may be major issues. At the Sheermess
and Genesee Power Project hearings, approximately 32% and 39%
of the time was spend on these 1ssues.(29'79) The goverument's
review of the application and Board decision making is time

consuming and usually takes about six months. An ERCB decision
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for project approval is essentially only a recommendation to

cabinet, but is normally endorsed with negligible modification,.

Detailed Approvals Stage

Following project approval, the applicant {s required to obtain
the different environmental approvals relevant to the various
phases of construction activity and operation. These are
numerous and a simplified representation by agency and activity

1s shown in Figure 4.3.

The largest application by far 1is usually the Development and
Reclamation (D & R) Application. This {s essentially an
environmental impact assessment type document with a greater
level of detail which focuses on the coal mine and emphasizes
land use planaing and reclamation. The review of this
application is co-ordinated by the Chairman of the Development
and Reclamation Review Committee. Major applications which
{nclude power project mines, are referred to this Committee,
which is inter-agency and inter-disciplinary i{n composition and
appointed by cabinet. Since the review of the D & R
application 1is usually {nitiated before many of the other
detailed applications, it can ideally serve as a means of
disclosing more detailed features of the project before the
actual detailed design work 1s undertaken, thus ensuring

general acceptance by the concerned review agencies.
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ALBERTA ENVIRONMENT

F16,43 DETAILED APPROVALS STAGE
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CLEARANCES.

RECEIVES APPROVALS AFTER SATISFYING
DEFICIENCIES.
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Normally only coal mine D & R applications over a certain size,
or which are considered sensitive, are referred to the D & R
committee. These D & R approvals require the endorsement of

the Chairman of the Land Conservation and Reclamation Council.

Major approvals require the final approval of the Minister of
the Environment and these approvals are normally attached to
the ERCB mining 1license 1issued pursuant to The Coal
Conservation Act as the Ministerial Approval. The ERCB mining
license application review normally coincides with the D & R
review process. The D & R application consaquently must deal
with detailed short term plans, as well as a life~-of -mine
perspective. The D & R approval attached to the mine license
may be viewed as analogous to the Ministerial (Environmental)
Approval attached to the mine permit which was previously

i{ssued as a result of cabinet approval of the project.

All applications not related to the mine are submitted directly
to the approving agency concerned, while all those related to
the mine are co-ordinated by the Chairman of the D & R
Committee and forwarded to the concermed agency. The process
shown in Figure 4.3 is highly simplified and ce--afn of the

agencies shown require numerous approvals.

4.2 The Enviroumental Mouitoring Process

Environmental monitoring is a requirement of all major and
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licences issued by Alberta Environment to regulate the operation of
a coal-fired power plant. The form of the monitoring process 1is
dependent on the statute. The Clean Air Act and Clean Water Act
licences rely heavily on compliance monitoring provisions where
emission levels are routinely checked against {imposed numerical
standards.(ll'ls) The Water Resources Act similarly requires the
routine monitoring of water diversions and returns and may also
require the monitoring of the Integrity of major dyke works.(lz)
The Land Conservaticn and Reclamation Act requires an annual

(13)

reporting of land disturbance and reclamation activities.

Alberta Environment relies heavily on self monitoring and reporting
by industry supplemented by fleld checks using their own Inspectors.
Where there 1is non compliance with standards, Alberta Enviroanment
have historically relied on a variety of enforcement measures

(14) Up until now, most cases of non

provided in the legislation.
compliance have been dealt with by consultation with little recourse
to offical Control Orders or prosecution unless there was lack of
cooperation. Alberta Environment policy on enforcement now,
however, appears to be about to become much tougher following a

report by a Review Panel on this subject.(7‘)

The environmental compliance monitoring requirements of Clean Alr
Act licences are the most sophisticated and costly. Both the
emissfons from the main plant stacks and the ambient air must be

continuously monitored and reported monthly. This requires the
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{astallation and operation of sensitive automated analyzers and
meters which relay data to computers for evaluation and report
preparation. These systems are trouble-prone and require a major
maintenance commltment.(z) Routine calibration and quality
assurance programs are maintained supplemented by regular stack

sampling surveys. Reports tend to be voluminous.

Mouitoring requirements in Clean Water Act licences are much simpler
and usually require no on-line analysis. Monthly reports are
normally fairly brief. Likewise Water Resources Act reports are
fairly simple to generate and are brief, unless special consultant

studies are required to address certain problems.

Land Surface Conservation and Reclamation Reports are required
annually. These are usually fairly lengthy and descriptlve(l3).
The land disturbance and reclamation activities must be reported in
the context of the mine development and future plans discussed. It
i{s not uncommon for the results of ongoing reclamation research

programs also to be discussed.

A highly summarized 1list of the compliance monitoring and reporting
requirements for a typical 750 MW coal-fired power plant is given in

Table 4.4.

It should be noted that environmental monitoring does not end with

compliance monitoring. Alberta Environment may require special
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studies to be carried out to verify environmental assessment
predictions. Examples of this include the monitoring of leachates
from dry ash disposal sites or local waterwell surveys to assess the

impact of mining on drawdown levels and water quality.

A new form of monitoring is becoming widespread partly in response
to government pressure but also to demonstrate the environmental
integrity of the plant to either the public or an insurer. This ls
known as environmental auditing. It normally involves an in-depth
evaluation of the operation by expert consultants. This usually
focuses on only one aspect at a time, for example, waste management
or air quality. It differs from other forms of moanitoring in that
{t examines all aspects of the organization of the environmental
effort, including staffing, procedures, operator training, emergency
response, etc, It i{s expected that the audit will soon become a
normal part of environmental monitoring since it 1is increasingly

favoured by government.(ss)

Standards Setting

When examining how the present regulatory system evolved, it |is
important to understand what drives the numerical standards setting
process. It will be seen that while environmental needs are a

basis, the impetus is also political.
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i ypes of numerical polluttion control standards which
are used to regulate all {industry - amblent standards and source
emission standards. These standards are usually 1imposed by
government after consultation with industry. Government policy 1is
now moving towards greater public consultation when settin:

standards.(7‘)

Ambient standards reflect maximum levels of contaminants permigssible
{n efthar the ambient air or water. In Alberta, regulations have
been made for certain ambient alr standards only. The Clean Alr
(Maximum Levels) Regulation 218/75 specifies standards for ambient
levels of sulphur dioxide, nitrogen dioxide, ozone, carbon monoxide,
suspended particulates, total dustfall, and hydrogen sulphide.
Ambient water standards do not appear in Regulations but as
objectives., Most of these are to be found ir the Al .rta Surface
Water Quality Criteria (Jan.1977). These standards are, in effect,
general objectives for any surface water {n Alberta. Other more
specific objectives exist for specific end uses such as the Canadian

Drinking Water Quality Standards (1978).

All ambient standards or objectives are based on the results of
studies which {ndicate that deleterious health or environmental
{mpacts are possible above certain concentrations of the
contaminants. The standards or objectives do not always represent
these concentrations but often include a factor of safety. With the

recent concerns for toxic contaminants 1linked to chronic health
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{mpacts, the setting of ambient standards has become much more
difficule, It s usually {impossible to define thresholds below
which these contaminants will have zero impact. The probability of
{mpact instead reduces with concentration and it is not possible to
define a 100% safe level, The decision on a “safe” level |is
consequently based on risk assessment and political judgement. This
{s further complicated by the fact that the data on which the
decision 1is based 1s often tenuous and an extrapolation of
laboratory animal tests. Fortunately, toxic chemicals of this type

(36)

are not i significant {ssue at modern coal-fired power plants.

The problem with ambient standards {s thar they are almost
impossible to enforce. There are frequently several emission
sources in an area and despite the best continuous monitoring, it is
not normally possible to take legal action against a particular
source. This fact was recognized in a recent report to the Minister
of Environment on environmental law enforcement.(I‘) The review
panel's report recommends that the Clean Air (Maximum Levels)
Regulations be amended to repeal the ambient air standards, which

should become obiectives.

Ambient standards do, nowever, play an important role in determining
the acceptability of plant source emissions. The stack heights of
plants are determined by ensuring ground level concentrations of the
important flue gas contaminants do not exceed the ambient standards

under worst ~ase plant operating conditions and adverse
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meteorological conditions. Alberta Envi -onment specifies standard

(5)

plume dispersion models for this determination. In the case of
an urban industrial area, the ambient standards can become an
fmportant constraint on the amount of emissions permitted from a

proposed plant and could even prevent a new plant f-om being built

in the area.

Likewise, the existing water quality 1in a watershed could become a
constraint on the wastewater emissions or siting of a plant.
Normally these constraints will become apparent to the proponent of
a plant when conducting the necessary environmental assessment

studies required by government for all major projects.

It {s unusual, however, for ambient standards or objectives to be
the determining factor for setting plant source emission standards
in Alberta. Ambient ground level concentrations of air contaminants
will uormally determine minimum stack heights, but airshed or
watershed quality in Alberta is usually good and mnot a
restriction. Emission standards are {nstead set based on a plant
installing best practicable, available, or even achievable emission
control technology. The meaning of this i{s not precise but the U.S.
Eanvironmental Protection Agency comnsider best practicable technology
to be technology commercially proven on other plants in the same
industry sector. If the process is novel, the standards may be
based on a technology proven in another industry sector, possibly in

another country. This is considered best available technology.(sa)
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The use of the performance of a technology on which to base emission
standards (provided that ambient objectives are not exceeded), 18
widely practised elsewhere. Both Environment Canada and the U.S.
Environmeantal Protection Agency have long used this basis, as have
Ontario and other provinces. It appears that there are four major
notions behind the policy. Firstly, it eansures industries are not
permitted to use as much of an airshed or watershed as the amblent
objectives will allow to absorb their emissions. Thir {inimizes the
environmental degradation. Secondly, justifiable provision is made
for other industries which may wish to locate in the area. Thirdly,
ft provides a basis for the equitable treatment of different
{ndustries and for different regiouns. (Environment Canada use it as
a means of setting cross-Canada regulations or guidelines to ensure
that there are no “pollution havens”.) Fourthly, since the
technology performance is known and usually proven, industry are not
in a good position to oppose the standard unless the cost penalty is

prohibitive,.

1t is {important to note that the best practicable technol 'y
criterion does not address cost-benefit. It does 1include a
consideratic { cost in the sense that the regulator may show
moderation in the costs it expects fndustry to assume when the
requirement appears clearly in excess of the environmental need. It
is also usually extremely d!fficult {f not impossible, to measure
the 1incremental benefits to the environment accruing from the

investment in emissions reductions.
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Alberta Environment relies heavily on data from Environment Canada
and other jurisdictions such as the U.S. EPA on which to base its
{nterpretation of best practicable or available technology and for
the appropriate emission standards. Eanvironment Canada's standards
may be 1in response to {nternational agreements which are of
{ncreasing importance for the future of sulphur dioxide and nitrogen
oxide regulations. The development of a "best practicable or avail-
able technology” is often in response to a situation of perceived
need in another jurisdiction where ambient air or watershed
contaminant conceantrations are excessive. Once proven, this
technology may be economically applied elsewhere even when there 1is
not an immediate need. There appears to be a strong political
motivation to ensure that emission standards are as stringent as
those in other jurisdictions. This was confirmed in a "Role and
Mission" document published by Alberta Environment in 1977.(6) With
regard to Pollution Prevention and Control it stated, "We would not
under any circumstances, sanction standards in Alberta less
stringent than those set by EPA in the United States or those set

nationally in Canada”. This policy appears essentially unchanged.

In the case of coal-fired power plants, the tightening in standards,
parti~ularly wi‘h respect to stack emissions of particulates and
nitrogen oxides, has followed the {mprovements in the emission
control technologies developed but not always proven in other
jurisdictions, especially the U.S. It would be simplistic to assume

that all technologies are transportable without further development
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because of site specific differences. In the early 1970s, TransAlta
Utilities Corporation and Alberta Power Limited both found the
adoption of electrostatic precipitator technology for the removal of
particulates from stack gases, {nvolved serious complications. On

two plants the results were unsatisfactory and have required costly

modifications.(83)



5. IMPACT ON TECHNOLOGY AND OPERATIONS

5.1 The Clean Afir Act

(a)

Particulate Removal from Flue Gases(38’83)

Prior to the enactment of The Clean Air Act in 1971, power
plant air emissions were regulated by The Public Health Act.
In 1961 Public Health Act Regulation 252/61 was passed, and it
fncluded a limitation on particulates of 0.85 1b/1000 1lbs of
flue gas at 50% excess air, from combustion, processing or
manufacturing. Five years were given for compliance. In 1966
this regulation was amended by Regulation 276/66 whir: allow~d
another two years for compliance. (The standard was later

finalized 1n Regulation 375/70.)

At that time particulate removal technology at coal-fired power
plants 1{a Alberta was based on multiclone mechanical
collectors. These collectors were not capable of more than 85%

(56) In order to comply with the Public

removal efficiency.
Health Act Regulation Standard, an efficleacy of about 95% is
required based on recent plant data (Appendix I). The electric

utilities were consequently unable to comply with the

Regulation in 1968 for reasons of technology.

- 35 -
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Technology to meet the Regulation standard was available in
other parts of the world, namely electrostatic precipitators.
Th‘s technology was still fairly new and its performance {is
very dependent on the properties of the coal fly ash., Alberta
plains coals usually have high resistivities and low sulphur
contents, characteristics which were well known to be very
unfavourable to the operation of electrostatic precipitators.
This kncwledge greatly discouraged the electric utilit{es from
making the costly 1investment {n the technology in the 1960s
gsince the use of electrostatic precipitators to collect high

resistivity ash had not yet been proven in North America.

Several factors contributed to the comnissioning of the first
electrostatic precipitators at Calgary Power's new Sundance
power plant at Wabamun in 1973, Electrostatic precipitator
technology was developing quickly elsewhere with more efficient
and less trouble-prone units becoming available. In addition,
experience with the first Sundance Power Plant Unit near
Wwabamun showed that the fly ash properties were slightly more
favourable than those at the Wabamun Plant. Government
pressure also increased. Calgary Power Limited conducted
intensive studies during this period to successfully pioneer
the necessary technology for high resistivity fly ash
precipitation which has since been widely adopted in both

Alberta and other parts of North America.
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The Clean Alr Act was passed in 1971 and a new more stringent
particulate standard of 0.2 1b/1000 1bs of flue gas at 50%
excess air was {mmedifately {imposed. This standard was
confirmed in the Clean Air (Maximum Levels) Regulation 10/73
passed in 1973. (This subsequently became Regulation
218/75.) The situation that consequently evolved resulted in
plants moving from non compliance with the Public Health Act
Regulation directly to compliance with the more stringent Clean
Air (Maximum Levels) Regulations. New power plant units were
all designed to safely meet the 0.2 16/1000 1b standard and
during the 1970's old units were retrofitted with electrostatic
precipitators. This was successful in most cases as a result
of Calgary Power's development work in this area. (Special
problems were encountered at the Wabamun and Milner Generating

Stations which required further innovation.)

Although no technology was specifically designed to meet the
Public Health Act Regulation particulate standard, this will be
used as a base case since the purpose of this thesis is to
estimate the impact of the new legislation. Without the Clean
Air Act Regulation requirements, it can be assumed that
electrostatic precipitators would hLave been required to meet

only the 0.85 1b/1000 1b standard.

During the 1970's, electrostatic precipitator technology

continued to improve and successful experience was obtained at
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most Alberta plants, AS a result, Alberta Environment
continued to 1increase the stringency of the particulate
standards through the permitting process. The Xeephills and
Sheerness plants were both required to meet a standard of 0.15
1b/1000 1b of dry flue gas at 50X excess air.(ll'lq) In the
case of the most recent plant at Genesee, the permit required
compliance with a standard of 0.09 1b/1000 1b of dry flue gas
at 50% excess air.(g) It should be noted that these recent
standards are based on dry flue gas whereas the Public Health
Standard was based on wet flue gas, which is a slightly less

stringent basis.

The Genesee plant standard was based on the Draft Guidelines
published by Environment Canada 1in 1981 which 1included
particulate emission standards of 43 ng/J (or 0.1 1lb/million
Btu).(57) Compliance with this standard at the Genesee plant

requires a particulate removal efficlency of about 99.5%

(Appendix 1).

The Genesee standard of 0.09 1b/1000 lb at 50X excess air will
be used as the most recent Clean Air Act standard in this
thesis. This standard is unlikely to become more stringent {n
the i{mmediate future since Alberta Environment has now adopted
the Environment Canada guideline standards in their own
guidelines. (10)  Tre Alberta guidelines for all new plants

express the standard in terms of emissions per unit of energy
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input rather than as a welght fraction of flue gas dischar,e
mass. The intent of this is to provide a more consistent basis

across the industry.

It should be noted that despite the imposition of the more
stringent particulate standards, the Clean Air (Maximum Levels)
Regulation standard of 0.2 1b/1000 1b, has not been amended.
It is now only applicable to older plants. It should also be
noted that the differentfal costs estimated in this study for
particulate removal greatly understate the expenditure actually
made by utilities in the 1970's. The actual investment made was
for the conversion from relatively inexpensive mechanical
collectors to the large and very costly electrostatic precipit-
ators needed to collect high resistivity fly ash. The costs
also do not take into account the expensive retrofit of
existing plants and the development of the technology to

accommodate Alberta conditions.

Visible Emissions

In 1970 the visible emissions or “smoke” from power plant
stacks was subject to the standards listed in clause 14-4 of
Public Health Act Regulation 375/70. The Clean Air (Maximum
Levels) Regulation continues to limit visible emissions but

uses different test methods.
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It {s not possible to draw a meaningful comparison between the
standards because these tests are largely subjective. The
Public Health Act Regulation designates a measurement procedure
based on a Ringelman Chart for judging the density or degree of
blackness of the smoke. In 1977 new Visible Emissions
Guidelines were published for use in regard to the Clean Aflc:
(Maximum Levels) Regulation.(ls) In addi{tion, all new coal-
fired power plants are now required to be equipped with
continuous opacity monitors which infer a visible emission
level. Opacity standards are included 1in the Clean Alr

(Maximum Levels) Regulation.

There is no evidence that visible emission standards have ever
imposed costs on Alberta electric utilities, beyond the cost of
providing and opera.ing the opacity monitors and performing the
necessary tests. In Air Pollution Approvals issued to Calgary
Power Limited 1ian 1968 and 1969 for the Wabamun and Sundance
Power plants, there was no direct reference to visible

emissions controls.(69'7o'7l)

It has so far been safe to
assume that {f particulate standards are met, the opacity
standards from the Clean Air Act (Maximum Levels) Regulations,

now imposed in licences, will generally be met. Further tests

may, however, disprove this assumption.

No particulate control costs will consequently be allocated to
the control of visible emissions. Only monitoring costs are

applicable.
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Sulph'r Dioxide Emissions

Sulphur dioxide 1is formed during coal combustion from the
sulphur compounds normally present in the coal. All Alberta
prairie coals currently mined to fuel electric power generation
are low in sulphur coateat, containing between 0.2 and 0.7%.
This is expected to remain the case for decades to come.(73)
Sulphur dioxide emissions from coal-fired power plants Iin
Alberta are not consequently considered a significant

(1)

problemn.

In 1970, there were no standards controlling stack emissions of
sulphur dioxide from coal-fired power plants. Standards in
Board of Health Approvals rather specified a maximum concen-
tration of sulphur dioxide in the ambient air over averaging
periods varying from one moanth to one hour. These standards
were used as a basis for designing the heights of the power

plant stacks used to disperse the emissiouns.

Ambient air sulphur dioxide standards (when used as ground
level concentrations) are still used to determine the design
height of power plant stacks. The current ambient sulphur
dioxide standards specified in the Clean Air (Maximum Levels)
Regulations are unchanged from the standards included in the
1970 Board of Health Approvals (except for the inclusion of a

standard average over half an hour). The only difference
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between 1988 and 1970 {i{s that the {t{spersion models used to
determine stack heights are more sophisticated.(s) As in 1970,
sulphur dioxide rather than nitrogen oxides or particulates

remains the pollutant dictating stack helghts.(38)

All other things being equal, a power plant approved in 1970
would not have a higher stack height than a similar plant built
in 1988.(38) Obviously where coal quality and the surrounding
terrain are different, or where the plant design dictates
different stack diameters or flue gas exit temperatures, stack

heights will vary.

All Clean Air Act licences for coal-fired power plants include
limits on the maximum mass emission of sulphur dioxide from the
stacks (measured in tonnes/hour)., These standards are not set
based on any particular enviroumertal need but rather reflect
the highest emissions expected. This is considered to be when
the 99% highest sulphur content coal is burnt when operating at
maximum capacity. This {s based on a statistical analysis of
coalfield sampling results. The maximum ground level concen-
trations will not likely be exceeded under these conditions
because worst case factors were taken into accouat in the stack
design in addition to assuming adverse meteorological

conditions.

Existing mass emission standards are consequently not
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meaningful since they represent artificial maximums and the
plant operators have no way of controlling the er.issions with
existing technology. This situation will change in the future.
Any new power plant units seyond those previously approved in
the early 1980s will be required to meet the more stringent
sulphur dioxide emission standards in new Alberta
guldellnes.(lo) Because these standards are for future plants,

no costs will be allocated to sulphur dioxide emissions except

monitoring costs.

Nitrogen Oxides

Nitrogen oxides are formed during coal combustion from two
sources. Both the nitrogen compounds in the coal and some air
nitrogen are partially converted to nitric oxide. The extent
éf the formation of nitric oxide 1is very dependent on the
combustion conditions. After leaving the plant stack, most of
the nitric oxide is usually presumed eventually converted to
nitrogen dioxide. Nitrogen oxides are of concern because of
their association with smog and ozone formation, vegetation

damage and acid deposition.(63)

In 1970 there were no standards for nitrogen oxide emissions
from Alberta Power plants. The Clean Air (Maximum Levels)
Regulations include ambient standards for nitrogen d. e but

these are not normally det wmining factors when designing plant
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stacks. Current standards are reflected in the Clean Alr Act
Permit to construct the Genesee Power plant, Alberta's
neuest.(9) This standard of 350 ppm at 50% excess air {s based
on the Emission Guidelines for Fossil Fuel Fired Thermal Power
Generating Plaats in A rta which will be {mposed on all

future plants.(lo)

The technology for reducing nitrogen oxide emissions to this
level is based on designing the boiler to minimize those
conditions favourable to 1{its formation. There has been a
worldwide demand for nitrogen oxide emission reductions in the
past fifteen years, especially in those areas with high

population densities where smog {s a serious problem. Boller

designers ‘e responded to this demand by supplying bollers
with incr- a¢ly reduced nitrogen oxide emissfions. This tech-
nology ha. Jrogressed to the point that the latest Alberta

Environment standards can be met with the current standard
boilers required to burn Alberta plains coals. In effect this
means that {rrespective of whether a nitcogen ox.de standard
was in effect in Alberta or not, the utilitles would now
purchase the same standard boiler. The old hirher emission
designs are no longer available as a standard order and would

thus now probably cost more than a standard botiler.

No cost can consequently be directly attributed to the current

Alberta nitrogen oxide standard as far as emission reduction
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technology is concerned. There is undoubtedly an embedded cost
representing the research, development and design costs which
went {nto the boiler modificatiouns over the years. The
Electric Power Research Institute estimates thet these costs

(17) These costs were,

are less then $5 U.S./kW in the U.S.
however, in response to a worldwide market demand of which
Alberta was only a small part. Alberta standards 41d not help
to force the technology but reallv just refl: ted ._he best
practicable technology already availabl- as result of the
demand of other jurisdictions. It coase- 'ently would not be

reasonable to allocate any of these costs to the Alberta

utilities even if the costs could be quantified.

Monitoring

In 1970, monitoring of stack emissions was l1imited to semi-
annual analysis using manual “"wet test” methods. Ambient air
testing in the area of the plants consisted of measuring
dustfall using a netwc - of cylinders.(7l) The capitael cost
commitment was negligible and only fairly small operating costs
were lncurred to hire specialists on contract to perform manual

stack tests.

Current monitoring requirements are considerably more detailed.
Sophisticated {nstruments :.. now required to continuously

monitor stack emissions of sulphur dioxide, opacity levels,



.. 46
oxygen, and flue gas flows. All plants are required to have at
least one continuous air monitoring and meteorological station
for measuring amrhient levels of sulphur dioxide, nitrogen
oxides, and suspended particulates, and for mon'toring wind
speed and direction, and ambient temperature. These continuous
monitors all interface with computer systems which not only
control thelr operation but generate the detailed reports
required by the regulatory authorities. The stack monitoring
systems in particular have a history of beilng notoriously
trouble-prone and, as discussed in Section 6, have a record of
high maintenance costs.(z) Alberta Environment are imposing
ever stricter quality assurance standards and efficlency

guidelines for these monitoring systems.(s'zo)

Alberta
Environment is also seriously considering proposals that
substandard monitoring performance will in future be considered
a prosecutable offense and that the data supplied by these

systems be legally valld for prosecutions.(7“)

In addition to these new monitoring systems, semi-annual manual
stack tests are still required. The dustfall measurement
networks are also required to be supplemented with a network of
sulphation stations for inferring sulphate deposition.
Additional suspended particulate sampling is also required.
The increase in capital and operating and maintenance costs as

a result of the new legislation 1is consequently significant.
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5.2 The Clean Water Act

a)

Ash Dieposal

In a modern pulverized coal-fired power plant, between 70 and
80% of the non combustible portion of the coal, or ash,1s in
the form of flyash while the remainder {is bottom ash. Nearly
all of the flyash 18 <collected In the electrostatic
precipitators while the bottom ash 1is discharged from the
boiler bottom where it 1is quenched in water and combined with

the coal pulverizer rejects.

It was common practice until the mid 1970's to dispose of these
ashes by slurrying with water and pumping to large ash
lagoons. There the ash would settle out and the water would
overflow to a river or lake. When the ash had filled the
lagoon, the slurry would be diverted to a new lagoon and the
original lagoon left as a permanent ash storage area. This was
the practice at all Alberta power plants in the early 1970's
except at Battle River where flyash and bottom ash disposal has

always been dry.(37)

During the 1970's, Alberta Enviroument imposed increasingly
stringent standards on the effluent quality from ash lagoous
and power plants generally. These varied according to the

plant location. For ianstance, at the Battle River and Milner



. 48
Generating Stations, the limits on suspended solids discharged
from holding ponds were reduced from 100 mg/l to 50 mg/l.(67)
At the Wabamun power plant, pressure from Alberta Environment

helped prompt a partial conversion to dry disposal of ash.

Dry ash disposal consists of the collection of flyash dry in
plent silos, and, after wetting to about 20-302 moisture
sty to suppress dusting, trucking the ash for disposal in
the nearby mine. The bottom ash is st1ll collected wet since
it must be quenched, but is subsequently dewatered to about 30%
moisture using settling tanks (hydrobins) or an incline
(dragbar) coanveyor. The bottom ash is then also trucked to the
mine for disposal. As an alternative, the ash is sold If a

viable market can be found.

As a conditicn of the approval to construct Unit 3 and 4 of the
Sundance Power plant i{n 1972, the Energy Resources Conservation
Board required that a cooling pond replace the once-through
cooling system which wused Lake Habamun.(‘g) The area
previously used for an ash lagoon was expanded and converted
into the cooling pond. In order to sever all connection with
the lake, the cooling pond makeup and blowdown pipelines were
constructed to the North Saskatchewan River. Due to terrain
limitations on the construction of a new ash lagoon, the higher
pumping cost for ash slurry water, and the government's

{ncreasing stringency on ash lagoon effluent quality, Calgary
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Power Limited converted to a dry haul system. As a result, the
conversion to dry ash disposal at the Sundance power plant was
primarily due to the environmental reasons which required the

construction of the cooling pond at the site.

During the mid 1970's the Milner Generating Station at Grande
Cache also converted to dry ash disposal. Ash disposal here
was the responsibility of the mining company, M~Intyre Mines.
Scaling problems were being experienced with the slurry lines
and lagoon capacity was becoming exhausted on the banks of the
Smoky River. The mining company was also under increasing
prassure to {improve the effluent quality from the lagoons.

Following negotiations with Mclntyre Mines, Alberta Power

converted the plant to dry flyash and bottom ash disposal.

(*7) The reason cannot be considered primarily envirormental.

At the Battle River ;ower plant, more stringent effluent
quality requirements on the water dischaijed from the bottom
ash slurry settling tanks (hydrobins) resulted in Alberta Power
replacing this system on Unit 4 with a dragbar system, which
has no effluent discharge. The new Unit 5 was also built with
the dragbar system, It i{s believed that the lower operating
and maintenance costs of the Unit 4 dragbar system have paid

for the cost of the rettofit.(37)

Uf the three most recent coal-fired power projects in Alberta,
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only the Keephills power plant uses ash lagoons. This ash
lagoon operation includes one {mportant difference compared
with previous operations. It has a zero effluent discharge.
All settled ash slurry water 1s recycled for reuse in ash
slurrying. This innovation effectively addresses any effluent

concerns.

The Keephills plant (previously known as the South Sundance
plant) was orginally approved by the Energy Resources
Conservation Board in 1977 with a dry haul ash system. Calgary
Power Limited later applied for an amendment to the approval
based on a study which indicated a recirculating ash lagoon
system would be significantly less costly while still being

environmentally acceptable.(3°)

The application was discussed
at an ERCB public hearing and subsequently granted.(SI) Since
the start-up of the Keephills power plant in 1982, TransAlta
Utilities Corp. have successfully operated the ash lagoons with

zero effluent discharge.

The two most recent coal-fired power plants at Sheerness and
Genesee are designed to use dry haul ash disposal. Despite the
favourable experience at Keephills, the author has been unable
to find any evidence that ash lagooning was seriously studied

as an option at either plant.

Government requirements regarding ash disposal are flexible at
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this time. There are no written regulations or guidelines.
Each project would be evaluated on a site specific basis with
both environmental and economic considerations taken into
account. Ash lagooning would be acceptable from the point of
view of Alberta Environment provided that there is zero
discharge of ash slurry water and there are no other eanviron-
mental factors which could cause a significant problem.(6“)
The Energy Resources Conservation Board would likewise evaluate
the proposed option on fits technical and economic merits while
beling guided by Alberta  Environment on environmental
matters.(62) The choice of the ash disposal option is normally

approved at the integrated ERCB hearing stage of the approval

pr- "ess.

There appears to be a number of reasons why utilities may

prefer dry haul ash disposal to lagooning.

a) Lagoons may be costly to build, particularly 1if the
terrain is unfavourable.

b) Lagoons require comsiderable space, increasing land costs.

c) Dry systems allow for the ready recovery of ash as a
saleable product, markets permitting.

d) Slurry pumping can cause costly scaling ar~d1 abrasion
problems in pipelines and associated equipment.

e) The slurry water chemistry may render total recycle
impract. and the proponent may be unsure of the
possible t of this problem at the design stage. This

could resu 1 an effluent problen.
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f) There may be uncertainty about the reclamation of the
lagoons as required by goverument,

g) The size of the lagoons may appreciably increase the
amount of land out of agricultural production at the
project site at any time, even when including the strip
mine.

h) There may be groundwater pollution concerns at the only

viable lagoon sites.

Only the last four factors are environmental and consequently
the primary reasons for the choice of a dry haul system may not
be environmental. Even if there was a major environmental
concern regarding lagooning, the dry haul option may
nevertheless be the least expensive options at the site. The
history of power plants in Alberta indicates that it was only
at the Sundance plant that the conversion to dry ash disposal
was i12flritely caused by mainly environmental factors. At the
other plants the reasons for using dry ash disposal are not
clear cut and probably represent a mix of reasons.
Consequently, for the purposes of the generic plant used In
this thesis, ash disposal costs will be included as a specilal

case only.

Recirculating Condenser Cooling

It is not immediately clear whether recirculating cooling
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systems can be considered a true environmental cost at a
typical Alberta coal-fired power plant. In at least one case
it definitely 1s, in others probably nunot. This {ssue 13
resolved by reviewing the history of each power plant before

drawing a final conclusion.

With one exception, all Alberta coal-fired utility power plants
use recirculating condenser cooling water systems. In
conventional once-through systems, water is drawn direccly from
a water body (e.g. a river or lake) pumped through the plant
condensers and discharged back to the water body. All the
reject heat from the power plaant, representing more than 50% of
the total heat {nput from coal combustion, 1is as a result,

transferred to the water body.

Once-th -ugh cooling can have a significant impact on aquatic
life. The thermal pollution may be sufficieantly serious that
the alteration of water temperatures either in the plume or
further downstream could kill fish or {inhibit spawning
activities. Thermal impacts have also been implicated in the
extensive growth of problem weeds in Lake Nabamun.(‘g) The
large flows of water diverted through power plar. condensers
may also kill significant number of organisms carried through

the system. For these reasons, Environment Canada Codes

recommend power plants use recirculating cooling systems.(s‘)
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Recirculating cooling operates by transferring the condenser
reject heat from the cooling water to the ailr, thus permitting
the water to be reused. Only comparatively minor flows of
water need to be discharged (blowndown) to a nearby waterbody
or river to prevent a buildup in dissolved mineral content from
evaporation, The quantity of water that needs to be diverted
or made up to a recirculating system is likewise small because

only evaporative losses and blowdown need replacement.

The most common form of recirculating cooling system at Alberta
power plants are cooling ponds. These are usually off-stream
artificial lakes which draw makeup water from the nearest river
(e.g. Keephills, Sundance, Sheerness and Genesee plants). The
Battle River power plant uses a dammed reach of the Battle
River as an “on-stream” cooling pond. The only coal-fired
plant not using a cooling pond as a recirculating cooling
system is the Milner plant at Grande Cache which uses cooling
towers. Cooling towers also supplement the cooling pond at
Sundance. The oldest coal-fired plant in Alberts, the Wabamun

plant, still uses once-through cooling.

Although recirculating cooling 1is commonly required for
environmental water quality reasons, this 1is not always the
prime reason. Only one cooling pond appears to have been built
fa Alberta with environmental concerns as the main reason - the

Sundance cooling pond beside Lake Wabamun. In 1972 the
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Sundance plant operated a once-through cooling water system
using Lake Wabamun. Public concern about the proliferation of
objectionable weeds (especially Elodea) on the lake, attributed
to thermal effects, culminated in the ERCB ordering Calgary
Power to install recirculating cooling.(‘g) A cooling pound was

commissioned there in 1975,

With the lower emphasis on environmental affairs in the late
1960's, it 1is hard to guess what might have been if that status
quo had persisted. There 1s consequently some doubt whether
the Keephills plant cooling pond is primarily requirel for
environmental reasons or would have been constructed anyway
because another lakeside site was not feasible. The excessive
coal haul costs may have discouraged a site on the bank of the
North Saskatchewan River. An additional complication of using
the river {s whether year round flows would have been
sufficient to support the ultimate size of the plant, projected
fn 1977 to be at least six 375 MW units. With winter flows
dipping to very 1low levels at times, despite the flow
augmentation of TransAlta tilities®' own dams, it appears
unlikely that once-through cooling would have been used. In
any event, the Keephills plant may not have been built at all,
but rather the proposed Camrose-Ryley plant which was rejected
by the Alberta Government in 1976, ostensibly for enviroumental
reasons. The Camrose-Ryley plant would have required a cooling

pond, not for enviroanmental reasons, but for off-stream storage
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due to the limited year round water rascurces in that nrea.(32)
It could be argued that the increase in power costs resulting
from this decisioan 1is, {in fact, an envirormental cost. This

type of cost will not be fucluded in this study.

The Battle River power plant definitely requires a tooling , »nd
for water storage purposes due to the low flow of the Battle
River. Environmental reasons have not been = fac* : sl
recently. Alberta government (Fish & Wildlife .:. iston)
concern about the effect of elevated water temperatures on
Northern Pike {in the ri‘ver since the startup of Unit 5 1is
ciusing Alberta Power to augment the cooling in the on-stream

cooling pond using cooling towers.(65)

The Sheerness power plant cool! ~»nd was built because of the
need for water storage. The .est reliable water source 1is
the Red Deer River, about 37 km away.(zs) A nat lake,
Coleman Lake, exists nearby, but 1is not suitable fo. -oolin;
purposes due to {its shallow depth and low average flushing

(65)

rate, The Sheerness cooling pond was consequently not

primarily required for environmental reasons.

The Genesee power plant cooling pond is only 6.2 km away from
the North Saskatchewan River. The dedicated strip mine 1is an
average of 9 km away from the existing river pumphouse and, if

a plant had been located for once-through cooling on the flood
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plain, coal haul distances would have been increased only about
6 or 7 km.(43) This may have been economically justifiable
against a cooling pond capital cost of over $20 million. The
key determinant however {s the yeat round adequacy of the river
flow. When construction ot the Geanesee plant started, a fairly
rapid expanston to a 4 x 400 MW siz. was envisaged. As in the
case of the Keephills plant it {s highly unlikely that a plant
of this size could be supported on the North Saskatchewan River
at this location using cace-through cooling. The Genesee
cooling pond is, consequently, probably required for other than

environmental reasomns.

The Milner Generating Station is located on the upper reaches
of the Smokey River. Even though this 1is a small plant (158
MW), the flow of condenser cooling water required 1is a
significant portion of the river’s flow, which cannot be relied
upon during the low flow winter months. The makeup water flow
to the cooling towers {is a small fraction of the condenser
cooling water flow and consequently, suppoL .able. Here again
environmental constraints were not the det:-mining reason N2l 4

{nstalling recirculating cooling.(37)

In summary there is one pla.ut in Alberta with a3 couling pond
installed primarily for environme:tal reasons (Sundance), two
where environmental constraints asre nlikely to have been the

main reason (Keephills and Genaes-. :, and three where the
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environment was definitely not the main reason (Sheerneas,
Battle River and Milner). Consequently the cooling pond cost
will not be considered as a typical environmental cost {n the
generic plant. However, since cooling ponds represent a major
cost and could be environmentally mandated in certain plants,

this cost will be included as a special case,

Power Plant Dtainage

Wastewater effluent standards are now more stringent than
before 1970. No regulations define effluent standards but the
experience of the utilities over the years with increasingly

stringeat effluent standards in licences and permits retflect

this, (67,17,18)

Power plants with off-stream cooling ponds, such as the generic
plant model, have the advantage of discharging thelr effluents
to the cooling pond rather than directly to a natural river or
lake. Although water i3 released from the cooling pond to the
river to ensure evaporation does not over-uconcentrate the
natural dissolved minerals, the cooling pond acts as a large
equilization basis and protects against the adverse impacts of
spills. Consequently, cooling ponds have actually reduced the
extra Investment utilities have had to make in eff luent
treatment capital. The acid and caustic boiler water

demineralizer effluents do not need to be co-neutralized before



.e59
Jdischarge. The large cooling poand volume easily absorbs and
co-neutralizes these effluents. Effluents with excessive {inert
suspended solids loads from the mine can be safely discharged
to cooling ponds without further treatment because the large
pond area will be more than adequate for the necessary final

sedimentation.

An off-stream cooling pond cannot, however, be treated as a
dumping point for all untreated water wastes. At Genesee, the
cooling pond has a recreational area for swimming and non-power
boating which is run by the County of Leduc as part of their
development Agreement with Edmonton Power. This is the first
time a utility has agreed to allow a cooling pond to have this
use but it is important to note that the Development Agreement
specifies that the primary use of the pond is for power plant
cooling. In addition the Genesee cooling pond is the source of
drinking water for both the plant and mine staff. Effluent
control measures include a special holding pond for the
treatment of boiler cleaning waste, 2a contaminated water
settling pond and a sewage lagoon. Contaminated plant drains
and ash plant and coal pile runoff are diverted to the settling
pond with provision for both oil and solids removal. Special
proviston {s made to contain switchyard and {in-plant oil
spills. Sewage is treated in facultative lagoons where there
{s also considerable evaporation. Basically similar wastewater

treatment facilities exist at the Sheermess plant.(zs)



d)

++ 60
Since there were no power plants with off-stream cooling ponds
before 1971, there is no true base case with which to compare
the generic mode . s Battle River power plant with its on-
stream cooling ir) ..dment was in existence then but cannot be
used for comparison. The authorities have always regulated
this impoundment as a part of the river. It is likely that the
only difference in costs between the base case and current

situation would be for the followling:

a) a settling pond for contaminated plant drainage and coal
pile runoff,

b) the collection piping and ditching for the above settling
pond and

c) plant and switchyard oil spill control measures.

Pre~1971 plants nearly all used once-through ash lagoons. The
requirement for a separate settling pond for contaminated
streams other than boiler cleaning wastes and sewage was
consequently unnecessary. There was also negligible regulatory
concern about coal pile runoff in those days and this would
have been especially true i{f the wastewaters were discharged to

a cooling pond.

Coal Mine Drainage

Before 19/i there were no controls on the drainage of surface
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water and pit dewatering flows from prairie coal strip mines.
In 1978 Alberta Envircnment published Guidelines requiring the
control of this drainage and imposed water quality
standards.(l6) The main reason for these Guidelines was to
reduce the {mpict of mine drainage on mountain and foothills
streams and lav @ which are sensitive aquatic habitats.
Although Alberta coal mipe drainage 18 non acidic, other
concerns exist. Excessive loadings of suspended solids in the
mine drainage 1s known to degrade these streams and lakes by
siltation, resulting in the loss of the primary food chain
organisms, the killing of fish eggs and the disappearaance of
the fish. Although similar concerns are generally not relevant
to intermittent prairie creeks which are often subject to
natural high silt loads, Alberta Environment have recently been
requiring the control and treatment of drainage from prairie

mines serving power plants.(‘s)

The usual way of managing Alberta coal mine drainage 1s tc
collect the runoff from disturbed mining areas and the pit
dewatering pump flows in ditches which discharge to settling
ponds. The settleable suspended . olids are removed in these
ponds before the water 1s released. It {s still not clear
whether Alberta Environment will impose the same stringent
water quality standards in prairie situations where there are
not the same environmental concerns. It is however, clear that
collection d..ching and settling ponds will be required unless

the drainage can be released directly to the cooling pond.(‘s)
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For the purposes of this thesis, {t will be assumed that two
settling ponds will have to be constructed over the life of the
mine. This is a reasonable assumption based on the experiences
of TransAlta Utilities Corporation at their Highvale Mine,
Forestburg Collieries Limited in the Battle River area, and the

proposed plans at the Genesee Mine,

5.3 The Land Syrface Conservation and Reclamation Act

This legislation was enacted in 1973 to consolidate the
environmental regulation of industrial land surface disturbance
activities, It also greatly increased the regulation of these
activities yhich include mines, quarries, pipelines, etc. As 1s
evident from Section 4.1, it deals with much more than land
reclamation. It requires environmental impact assessments for major
surface d{sturbance developments guch as mines and authorizes the
creation or coantinuation of certain regulatory bodles. The most
important of these are the lLand Conservation and Reclamation Council
and the Development and Reclamation Review Committee whose roles

were described previously.

This Act and its assoclated regulations and guidelines {ntroduced
the comprehensive reguirements for coal mine reclamation which are
now standard practice Very basically this requires the replacement
of not only topsoil but usually also about 1 metre of suitable
subsoil {f available, the recontouring of spoil piles, and the

establishment of a viable permanent vegel? ‘an.(7) The final
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reclamation is required to meet the following objective 1in the

Alberta Coal Pollcy.

“ The primary objective in land reclamation 1is to ensure that the
mined or disturbed land will be returned to a state which will
support plant and animal 1life or be otherwise productive or useful

tc man at least to the degree it was before it vas disturbed.” (&)

In order to provide an added {ncentive, Alberta Environment requices
mine owners to post a security deposit against the successful
c mpletion of reclamation. This (s usually $25,000 plus 25 cents
per tonne of coal for prairie mines dedicated to power plants(7) -
the minimum authorized in .he Security Deposit Regulations.(ZI) To
help . .ure the suitability of reclamation plans, the D & R Approval
normally requires a reclamation research program to be undertaken.
This Involves the establis-uent and monitoring of test plots over a

period which usually lasts 10 years.(7)

Before the application of the provisions of The Land Surface Conser-
vation and Reclamation Act, there were no formal requirements for
coal mine reclamation. Such land reclamation concerns as existed 1n
the 1960s were aimed primarily at the oil and gas industry. This was
a time of low activity in the coal sector and the major govermment
regulatory concern was mine safety. The Surface Reclamation Act of
1963 and its Surface Reclamation Regulations (AR 457/63) are very
brief documents. They authorized the creation of the Surface Recla-

mation Jouncil in the Department of Energy and Natural Resources



5.4

.+ 64
which was the forerunner of t - Land Conservation and Reclamation
Council today in Alberta Eavironment. In 1969, the Public Lands
Surface Reclamation Regulations (AR 301/69) were enacted under The
Public Lands Act. Like the Surface Reclamation Regulations, these
brief regulations were primarily administrative i{n nature and had

negligible impact on plains coal reclamation, (82’39)

The impact of The Land Surface Conservation and Reclamation Act on
prairie power plant coal mines has consequently been to impose the
whole reclamation process in evidence today and the detalled
regulatory process described previously. These costs are covered in
the mine environmental costs, the regulatory approval costs and the

operations phase corporate overhead costs in Section 6.2.

The Water Resources Act (59)

The licensing of water diversions for consumptive purposes has been
required in Alberta since w¢ hefore 1971. In 1971 the Act was
amended and new regulations passed requiring the permitting of non
consumptive drainage works. This has resulted in the requirement
that all minor drainage works at power plants must be advertised and
approved. While this has increased the complexity of the regulatory
process for the power plant, it has had a greater {mpact on the

mine.

The plains strip mining process requires a coantinuing ditching

program to divert water away from the pits, for pit dewatering, and
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to handle the mine drainage requirements of The Clean Water Act.
All these drainage works require approval. A greater complication
for mining is the application of the requirements for the regulation
and permitting of groundwater diversions since 1980. This occurred
as a result of increasing complaints about wells near dewatering
operations going dry. Before dewatering is permitted, a groundwater
monitoring program 1s required over the permit area. This 1s
considered important because the coal seams to be mined are
frequently the favoured aquifer of surrounding farmers or other
users. In areas where there are neighbouring groundwater users,it
{s normal for an aquifer drawdown model to be used to predict the
impact of the mine on the surrounding groundwater wells. Alberta
Water Resources Administration have also recently been requiring
coal operators or utilities to conclude Water Policy Agreements with

any surrounding local community.(‘b)

Another measure introduced under The Water Resources act in 1978 is
the Dam Safety Regulation. This applies to all dykes or dams over

metres in elevation and has resulted in a closer scrutiny of major
power project dyke works such as those used on cooling ponds. During
dyke construction subject to these Regulations, the Interim Water
Diversion Licence authorizing the use of cooling water also imposes

(45)

a schedule of geotechnical monitoring and reporting. The cost

of compliance with this Regulation {s not included in this the is.

The cost -  most of the additional regulation under this Act since

1971 is {included in the regulatory approval process 7 “Lporate
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overhead discussed in Section 6.2. Nearly all of the remaining costs
are attributed the ongoing studies and monitoring of groundwater
which are covered in the mine monitoring costs. No actual capital
costs for drainage works are included because ft can be argued that
virtually all of this expenditure would have been necessary before
1971 to design and construct adequate drainage works. The maln

impact since 1971 {s consequently of a regulatory nature.

Other Leﬁlslatlon

The Historical Resources Act has recently become an important factor
in tne environmental approval process for a coal-fired power plant
and 1its mine. The Act and 1its associated regulations empower
Alterta Culture to ensure that before earth moving construction
activities or mining proceeds, an Iinventory of archaeological
resources has been conducted. In the event archaeological sites are
detected, Alberta Culture may require a detailed assessment nf the
value of the sites be performed. This {nformation must be submitted
fn a Heritage Resources Impact Assessment and it should {include
expert recommendations on the need for further studies from
archaeologists holding Alberta Culture permits. Following Alberta
Culture approval, studies consisting of additional excavation,
artifact cataloguing and evaluation may be required. This is known
as mitigation since it enables the knowledge and some artifacts to
be preserved before the onset of earth moving destroys the
resource. It is only afte - "he Heritage Resources Impact Assessment

fs approved by Alberta (uiture and fleld mitigation studies are
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complete, that ‘onstruction or mining in a particular area can

proceed.(26’23'3)

In an area «ith rich archaeological resources, the approval process
costs can be high. The Genesee project {s in an area with numerous
prehistoric Indian camp sites and it eventually ccst about one
million dollars to obtain all the necessary approvals from Alberta

(45) In c¢-ntrast, at the Shecrness plant site few

(66)

Culture.

archaeological resour -s were found and approval costs were low.

It i{s unlikely that the Genesee archaeological approval costs will
appear unduly exaggerated {n - .ture projects. This 1s because
Alberta Culture have been requiring more detailed inventory surveys
of historical resources than 1is the 1970's. The preliminary
archaeological studies required for the Slave River hydroelectric
project in 1984-85 {ndicated costs would be much higher than those

at Genesee.(65)

There were no archaeological approval costs at power plants before
1971. In fact, 1 was not until March 15, 1977 that the
Archaeological Survey ~f Alberta published its "Interir Guidelines,
Historical Resources Impact Assessments”. All archaeological
approval costs are consequently captured in the overall approval
process costs. Normally there are no other capital costs although a
project could be required to relocate aw historical building or
monument. There are also no operating ¢~ amaintenance costs unless

the archaeological approval of later min.ng areas is deferrred.
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ENVIRONMENTAL COSTS IN A TYPICAL COAL-FIRED GENERATING PROJECT

6.1 Project Description

6.1.1 Power Plant

a)

General Description

The generic power plant is based on the detailed description
of a typical 750 MW Alberta plant {fn an unpublished study
prepared for the Electric Utility Planning Council in
1982.(40) Some of the data {in this report was subsequently
revised by the EUPC (87) and these changes are assumed for the
thesis model. Unless otherwise stated, all the data in this

section is drawn from these references.

The EUPC have since used their generic plant data as the basis
for many economic evaluations. Although the EUPC generic
plant costs are only order of magnitude estimates, they are
considered adequate for utility plananing purposes and should
consequently be adequate as a basis for gauging the relative

magnitude of the environmental costs estimated in this thesis.

While the generic plant 1is basically similar to either the
Keephills, Sheerness and Genesee plants , each of these plants

does have features which are different. The generic model

- 68 -
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does, however, incorporate all the typical major :eatures.

The generic plant consists of two 375 MW nominal units at a
mine-mouth site which could accommodate two further units at a
later date. The cooling water for the condenser and other
plant auxiliaries 1is drawn from an off-stream cooling pond.

Make-up to the pond is from a nearby river or lake.

The plant utilizes pulverized coal-fired 2400 psig type
boilers and tandem compound 3600 rpm steam turbines. Flue
gases to a single stack are treated in high efficlency
electrostatic precipitators. Each unit has .(wo precipita-
tors, each of 50% capacity. Coal is supplied from the mine by
truck to “run of mine” hoppers. Ash is disposed of dry in the

mine using trucks.

The more detailed description of the generic plant included 1in
the report to the EUPC (40) is not of interest here. It is
important to note that the plant does include all the major
cost environmental features of a power plant design subject to
the current Alberta requirements. Such differeances as exist
are minor and will have 1little {impact on the total plant

costs.

For the purposes of this thesis, the first Unit is assumed to
start commercial operation on July 1, 1987 and the second on

July 1, 1988. This was a typical pattern before the current
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economic downturn, The Keephills plant was the last to follow

this pattern.

b) Performance Specifications

Nominal capacity (MW)

2 x 375

Net capacity, maximum continuous rating (MW) 2 x 349

Capacity Factor
Heat Rate (kJ/kWh)
Coal properties:

Ash (%)

Heatlng Value (kJ/kG)
Coal production (tonnes/MWh)
Unit life

Electricity Output:

80%

10, 500

19
17,500
0.60

35 yrs

% of annual output:
Unit 1 38.4 94.7 99.6
Unit 2 - 37.7 94,6
Electricity Output
(GWh) 939 3238 4750
Coal production
(000s tonnes) 563 1943 2850
Ash generated

(000s tomnnes) 107 369 542

[* This assumes a base loaded plant

99.9

99.5

4877

2926

556

4892

2935

558
(76)]

3669

2201

419

0.0

50.0

1223

734

140
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c) Capital Costs
The capital cost cash flows by year are as fcllows:

(mid-1982 $000s)

Year Unit 1 Unit 2
1982 10,000 4,000
1983 46,000 16,0090
1984 77,000 29,000
1985 122,000 47,000
1986 88,000 48,000
1987 36,000 57,000
1988 1,000 36,000
1989 - 3,000
Total 380,000 240,000

These cash flows do not 1include the cost of obtaining
regulatory approvals, coal mining costs, substation costs or
offsite waste disposal costs. The mining costs are included
elsewhere while the substation 1s not included in the model.

The other costs are small and can be neglected.

d) Operating and Maintenance Costs

(mid-1982 $000s)

Unit 1 Unit 2
Fixed (/year) 3,440 3,440
variable (/GWh) 0.45 0.45

Replacements, Insurance & Property Tax (/year)5,170 3,200



e)

Interest

eu12
Finincial Parameters
Real Rate of Return (X) - assumed allowed
by the Public Uttlities Board b
Deprec{ation - Straight line with zero

book value at the end of year 10.

Escalation:

Capital -before 1988 Statscan Composite for pcuer plants
-1988 and later Inflation (42)

Operating and Maintenance Inflation

Replacement, Insurance and Property Tax Inilation

during construction (2)3(26)

1979% 1980 1981 1982 1983 1984 1985 1986 1987 1988

10.9 10.01 12.48 12.88 12.92 12.72 12.75 12,07 12,00

(® Pre 1979 figures are assumed equal to 1979 figures)

6.1.2 Coal Mine

a)

General Description
The generic coal mine model used in this thesis 1s based on the
plan for an actual prairie mine supplying a power plant but
numerous modifications were made. These modifications were
{ntroduced to ensure the mine is fairly typical of recent

operations anu to preserve confidentiality. Mines developed in
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the 1970s will have lower costs. The mine model and associated
costs were prepared by a mining engineer with a high degrece of

(75)

expertise in the subject.

The mine {s a single pit operation which wuses a standard
dragline stripping technique to expose the coal seams.
Scrapers and dozers are used to prestrip and salvage topsoil
and subsoll ahead of the dragline consistent with environmental
requirements. Exposed coal is excavated using a mechanical
shovel and loaded into coal haul trucks for removal to the

power plant.

The dragline casts the overburden into the previous mine cut in
piles which are levelled and recontoured by dozers according to
the reclamation plan. There is approximately 25% rehandle of
the dragline spoil. Subsoil is then replaced to a depth of 1
metre and topsoil to a depth of 0.2 metre as specified in the
environmental approval. The reclaimed ground {is then

cultivated and revegetated.

The thickness of the coal seams allows an average coal yileld of
60,000 tonnes per hectare. A life of mine average strip ratio
of 5 cubic metres of overburden per tonne of coal is used. It
{s assumed that levelling occurs in the year of mining with
cultivation contracted one year later. (In fact, there 1is

often more delay.)
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It is assumed that the mining company operating the mine holds
ali the coal rights in the coalfield. Consequently royalties
are high. In addition, it is assumed that the mining company
receives a constant nominal return o~ {ts {nvestment averaged

over the life of the mine.

Total Mining Costs

The total mining costs for the 35 year life of the mine are
given in Table 6.1 below. The costs include the cost of dry
ash disposal. Although the ash disposal costs are based on
different assumptions from those given in Section 6.2.1 (¢),
the error introduced is small because ash disposal costs are
very small compared with the total coal mining costs. Because
the .13--1971 base case for ash disposal ’'s basel on ash lagoon-
it the total mining cost of dry ash disposal 1is approximately

the ,ame as the difference between dry and wet aisposal.

In Table 6.1, the total costs Include the return, taxes,
depreciation, depletion, indirect operating costs with
contingency, override royalties, crown and crown equivalent
royalties and direct operating costs. The last three of these

{tems are considered variable costs.



Year

1987

1988

1989

1990

1991

199/

1993

1994

1995

1996

1997

1998

1999

2000

2001

2002

2003

2004

2005

2004

2007

2008

2009

Table 6.1

Generic Total Mining Costs (1986$)

Total Costs

 § 000 s)

8,067
24,197
34,652
35,840
36,650
36,788
36,984
36,902
36,783
37,130
36,968
36,888
36,780
36,648
36,883
36,824
36,991
37,004
37,175
37,099
37,069
36,941

36,782

e 75

Unit Coal Cost

($ / tonne)
14,33
12.45
12.16
12.25
12.49
12.53
12.60
12.57
12.53
12,65
12.60
12.57
12.53
12.49
12.60
12.55
12.60
12,61
12.67
12.64
12.63
12.59

12.53



Year

2010
2011
2012
2013
2714
2015
2016
2017
2018
2019
2020
2121
2022

2023

Table 6.) (Continued)

Total Costs
C $ 000 s)

36,659
38,061
37,908
37,853
37,804
37,714
38,263
38,264
38,163
38,021
37,881
37,507
32,796

13,997

v 6

Unit Coal Cost

($ 7 tonne)
12.49
12.97
12.92
12.90
12.88
12.85
13.04
13.04
13.00
12.95
12.91
12.78
14.90

19.08
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6.2 Environmental Capital and Operating Costs

6.2.1 Power Plant

(a)

Electrostatic Precipitator Costs

({) General:

Only one power plant unit has so far been constructed with an
electrostatic prec:plitator designed to meet the new Alberta
guideline standard of 43 ng/J - the 2 x 400 MW Genesee power
plant. This was used to derive the Genesee Clean Air Act
pe mit standard of 0.09 g/kg of dry f. 2 gas at 50% excess
ait.(,l) In order .o meet this standard, the Genesee
electrostatic precipitators are required to remove 99.517% of
the flue gas particulates under > 7 worst coal conditions. The
precip.tators do, however have a design capability of over
99.67% efficiency to allow reasonable provision for
contingencies. It can be shown that {if the Genesee
electrostatic precipitator had been designed to comply insiead
with Public Health Act Regulation 375/70, a particulate removal
effictency of only 95.09% would have heen required (Appendix

1).

A 1977 study for the U.S. Environmental Protection Agency (81)

provided graphical estimates which related the capital aud
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operatin- and maintenance costs of electrostatic precipitators
to particulate removal eff{ciency for different unit sizes and
for different coal types. Filgures 6.1 and 6.2 fr'm this study
reflect most closely the typical Alberta power plant under
cons!deration - a pulverize! sub bituminous coal-fired plant
with cold-side electrostatic precipitators. The coal sulphur

content of 0.6% is on the high side of the typical Alberta

coals currently mined (0.2 - 0.6%) and the other properties
which affect precipitar cu. -« clally resistivity are
indeterminate, Howeve: J.5 iata should be adequate for
the purpnse it 1s used (: ©_ gtudy since only comparative
rat 1ot absolute values are derived.

By © 1g off the capital cost and operating end maintenance

cost values for 400 MW uanits with electrostatic precipitators
of efficlency 99.51% and 95.09%, capital and operating and
maintenance cost ratios were calculated. These ratios are used
to estimate the :ost impact of the Clean Alir Act requirements

over the Public Health Act Regulaticns 375/170.

It should, however, be noted that the efficlency of an
electrostatic precipitator is not a good predictor of i{ts mass
emission of particulates. These emissions vary with flue gas
flow, temperature, ash properties, dust loading, etc. It is
not possible to invest!.jate the sensitivity of the derived cost

ratios to all these factors, However another design case
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{nvolving much higher dust loadings and temperatures was
examined. When a plant urns cocal with a higher dust loading,
a highecr eft :lency Iis required to comply with the same
emission standard. Higher tempzratures imply a higher flue gas

volume which may alsc require a higher efficiency.

The desfign data for this seasirivity case was drawn from the
Nynawest Study for the EUPC.(QO) The results are tabulated
in Ta le 6.2, As can be sten, desplte the much higher
dust loaiing and temperature in the sensit! rity case, the
cost ratioe are only slightly altered. This {s not unexpected
since the 1impacts of the higher efficiency are mutually

offsetting.



Unit

1987

1987

1987

1970

1970

Flue

Dust

Flue

Coal

Table 6.2
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Impact of Different Dust Loadings on ESP Efficlency

and Derived Cost Factors

Size (MW)

Standard Basis (ng/J)

Licence Standard (g/kg *dry basis)
Efficiency (%)

Staudard (g/kg *wet basis)
Etticlency (%)

Gas Temperature (°c)

loading (g/m3) (at 121°C wet)*
Gas Flow (m3/s) (at 121°C wet)*

ash content - 90% worst (%)

Fly ash carryover (%)

Costs based on U.S. study(sl): -

1987

1970

Capital Cost - (mid 1975 $/kW)wn

Capital Cost - (mid 1975 $/kW)

Capital Cost increase factor

1987 0 & M cost - (mid 1975 MILL/kWh)**

1970

0 & M Cost - (mid 1975 MILL/kWh)

0 & M Cost increase factor

The cost factors consequently show a variation

capital ind 0 & M.

Thesis Case

EUPC Study Case

400

43

0.090

99.51

V.85

95.0¢

121

16.26

611

19.4

80

21.0

8.1

2.60

0.404

0.165

2.45

* At 50% excess alr

UsS $s

of only about 8X%

375

43

0.082

99,67

.85

163

21.17

619

25.1

85

0.205

2.20

.r
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It was -onsequently estimated thst the impact of the Clean Aflr
Act has resulted in a ?.p times {ncrease in capital costs and
2.45 times increase {u ,perating and maintenance costs in real
terms compared wit! the 1970 Public Health Act Standard. It is
{mportant to note, as stated previously, that this assumes
compliance with the standard. While this is true in 1988, {1t
certainly was not true in 1970 since the technology to meet
that standard, the precipitators, had not been introduced into

Alberte at that time.

(11) Capital Costs

The capital cost czsh flows for the supply, frelight, erection

(including foun >ns) and commissioning of the generlc
electrostatic precipitator- ° the two generic 375 MW units
are based on actual origin costs for the Genesee power
project.(“s) These costs in nc way represent rthe actual

installed <capital costs of the Coanesee =lectrnstatic
precipitator because the project has been subject to two major
deferrals during construction, imposed by the Alberta Energy
Resources Conservation Board. This has resulted in different
escalation impacts from contract re-negotiations and some
design changes. The actual cash flows are confidenttial.
However, the cash flows provided (Table 6.3) are realistic,
being based on an actual bid, and are modified only to include
the foundation costs(‘s) and escalation factors appropriate to

the generic plant construction schedule.
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It should be noted that there 're differences between the
Genesee plant and the generic plant model. Firstly the Genesee
units are each nominally 400 MW capacity rather than the 375 MW
size. This 1s not considered a significant ! r {in the
capital coot cash flows provided below - the capacity
difference is only 6.6%. Of more importance is the higher ash
content of the generic plant coal. The Genesee preciy tator
assumes an average ash content cf 16.6% and a 90% worst case of
19.6% for design purp ses. With an average ash content of 19%
for the generic plant, the design ash loading would be much
h! her. Assuming the same level of flyash carryover, this
would tend to make the costs in Table 6.3 more congervative.
The error should not, however, be excessive {n the overall

accuracy of the estimates used in this study.

Table 6.3

Electrostatic Precipitator Capital Cost Cash Flows

for 2 x 375 MW Generic Plant

($000s as spent)

Year 1984 1985 1986 1987 1988 198
Unit 1 2367 5525 2829 1992 105 -
Unit 2 402 56136 3503 1814 105 109

In order to calculate the differentiai capital cost between
1970 and 1988 legislatiom, the derived cost ratio is applied.

In the absence of better data it {is assumed that tne factor can
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be applied evenly to each cash flow. This is obviously an
approximation since the cost ratf{o 1s based on thirteen year
old U.S. data but the error should be well within the
estimating range for this study. Since capital costs hive
{ncreagsed 2.6 times since 1971, 1y 1.6/2.6 or 61.%. of tne
total capital cost cash flows in Tlable 6.3 are ¢ - 4 due

to the new legislation.

The costs in Table 6.3 do not include the ele/rfr utility's
engineering, contract administratton and cort’ niag 1sts.
These were also not included in the enviroumental corporate
overhead discussed in Section 6.2.4 because it is assumed that
these costs would not be significantly different for an
electrostatic precipitator meeting the 1970 standars. This is
a reasonable assumption since these costs should not vary
stgnificantly with the efficiency of the precipitator. 1f
there is any error in this assumption {t should be in favour of
a higher cost for the more efficient unit due to its greater
complexity. (New electrostatic precipitator: contain more
fields and sophisticated energy conservation systems which may
not have been developed for lower efficiency units.) Neglecting
differential owner man-hour costs should consequently be an
acceptable conservative approach. The costs in Table 6.3 also
do not include ash handling and disposal costs. There is only
4.4% difference in the ash weight requiring handling now
compared with 1970. Ash disposal costs are assessed late:r In

this sectior.
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(111)Operating and Maintenance Costs

The largest component of this cost {s normally considered to be
for eneryy. The coats used in this study are based on the
energy coasumpti . quoted by the supplier of the CGenesee
electrostatic precipitator and a capacity cost. This enecgy
consumption 1s quoted to be 748 kilowatts per palr of 50%
capacity precipitators when the units are operating at maximum
capacity rating (MCR).(‘S) This is a total energy consumption
fncluding the supply to the transformer rectifier sers, tne
rappers, insulation heaters, ash hopper heaters and fluidizing
alr systems. The annual energy consumption costs are
calculated based on the annual net power production specified

for the generic plant,

Table 6.4

Electrostatic Precipitator Energy Costs for

2 x 375 MW Generic Plant

(1987 $000s)

1987 1988 1989 1996 1991

Net plant energy generated (GWh) 939 3,238 4,750 4,877 4,892
Equivalent hours at MCR 1,345 4,639 6,805 6,987 7,009
ESP energy consumption (Mwh) 2,281 7,868 11,541 11,850 11,887
Cost (Energy at $5.5/MWh)$ 266.9  552.1 572.3 574.0 574.2

(Capacity at $300/kW)
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The cost/MWh of $5.50 is based on an inspection of confidential
electric utility incremental power costs for coal fired plants
in the Alberta Interconnected System in 1987. For some plants,
the cost is much lower, for others, much higher. The capacity
coat of $300/kW 1is based on avoided gas turbine capacity

costs. (76)

Since operating and maintenance costs have increased 2,4 times
since 1971, the energy cost due to new legislation is
considered to be 1.4/2.,4 or 59.2% of the total energy costs

provided in Table 6.4

It should be noted that the costs in Table 6.3 may prove to be
slightly lower in the face of recent technical innovations now
being applied to new coal-fired power plants in Alberta.
Advances in micro-electronics have permitted the development of
pulse charging systems and en2rgy control systems., In Alberta
these systems have the potential of more than halving the
incremental energy consumption costs.(37'68) This 1s, however,
only a small component of the full cost of the energy which

includes the $300/kW capacity cost.

The residual operating and maintenance costs for electrostatic
precipitators consist of operating and maintenance labour and
materials for repairs, These costs are not accounted for
separately at Alberta power plants but are estimated to be very

much lower than the energy costs, based on discussions with
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utility petsonnel.(37’6l) An electrostatic precipitator |{s
unlikely to incur significantly different operating and
maintenance costs of this category {f designed to operate at
95.09% or 99.51% efficiency. These costs can consequently be
fgnored when comparing the effect of the Clean Air Act on the

Public Health Act Standard.
Stack Emissions and Ambient Air Mouitoring Costs

As described in Sectifon 5.1, all coal-fired power plants are
now required to install and operate continuous stack emission
monitors as well as a remote ambient air monitoring site,

including a met stationm.

The most up-to-date costs for these systems are available from
the Sheerness aund Genesee power projects.(66’45) The Sheerness
plant equipment has now been in operation for more than two
years while the Genesee equipment had just been purchased in
January 1988. The costs shown below are an average of the two

projects' costs except for the stack elevator which is a

Genesee cost. A1l costs are for supply, installation and
commissioning.

Stack monitoring equipment $260,000

Stack elevator 76,000

Air monitoring and met station 113,380
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Since the air monitoring and met station {s now required by
Alberta Environment to be 1in operation two years before
commercial operation to collect background data,(9) this cost
fs shown as being incurred in 1985 in the generic model
schedule. The stack monitoring equipment and elevator are
normally not required until the end of the construction pertiod

and the costs are consequently shown as being in 1986.

Discussions with instrument engineers indicate that it will be
necessary to replace the monitoring equipment several times
during the life of the power plant. An fastrument life of 12
years is considered optimistic but will be assumed to ensure
costs represent a lower bound estimate, Experience with stack
and air monitoring equipment at Edmonton Power's gas fired
plants support this assumption. After less than ten years of
operation, the entire computer system i{s now being replaced due
to obsolescence and lack of assured spare parts supply. The
stack elevator will be considered to last the life of the plant

with normal maintenance.

It will be assumed that the replacement cost of the systems
will be the same as the original cost expressed in real
dollars. The future cost of these ;ystems is unclear. Recently
costs of the data systems have declined markedly due to the
introduction of new microprocessors. Instrument costs have
continued to rise. Unless there are further technological

breakthroughs, the overall monitoring system costs can
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consequently be expected to at least keep pace with future

inflation.
Ash Disposal Costs

As established in Section 5.2, ash disposal costs since 1970
cannot typically be considered to be primarily enviroumental.
The government 1is flexible on whether a closed circuit lagoon
{s used or dry disposal in the mine, depending on site specific
circumstances. Although once-through lagoon disposal was
normal in 1970, no additional cost can be typically assoclated
with a closed circuit operation due to off-setting savings in
pumping and pipeline costs.(3°) Additional ash disposal costs

will consequently be considered as a special case only.

Only one published study is available for Alberta power plant
ash disposal costs. This is the study conducted by Montreal
Engineering Limited for Calgary Power Limited on the South
Sundance power plant (now known as the Keephills power
plant).(3°’3l) This study showed a significant saving in using
a closed circuit ash lagoon over a dry disposal system. The
study is, of course, highly site specific and completely
different conclusions could be reached at another site.
However, the costs are considered appropriate for use in
assessing a special situation where dry ash disposal s
considered environmentally mandated. These costs ianclude the

following features:
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(1) One of the key costs of dry ash disposasl {s the haul
distance from the plant to the mine or ash dump areas. This has
a major impact on the capital replacement cost for ash haul
tracks and the associated operating and maintenance costs. The
Keephills study 1is based on rchort haul distances, for the most

part only 4 to € km,

(11) The main site rnecific determinant of ash lagoon costs is
the nature of the terrain and the extent of the dyking fi1l1,
and excavation required. The sensitivity of the construction
cost to terrain considerations is shown in the site selection
study for the Keephills lagoon which showed a variation of from
$2,955,000 to $7,570,000 (1977%s). Even the most economical
oriion required major dyke works. No information {s available
as to what lagoons would have cost to build at other power
plants now using dry ash disposal. It should, however be noted
that at Keephills, the lagoon capital cost was estimated to
contribute less than 10% of the levelized cost per tonne of ash

disposal.(3°)

(111) A disadvantage of the Keephills study is the assumption
that the plant bottom ash system is based on hydrobins for
bottom ash slurry settling with a closed recycle water
system. This 1s the technology also assumed in the EUPC
generic plant used in this thesis. This 1is now however,
considered by some to be an older and less economical

technology compared with the dragbar systems installed at the
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Battle River, Sheerness and Genesee plants. Unfortunately no
data exists to allow comparison of these two bottom ash
systems, The more modern dragbar techrology will as a result
probably reduce the difference fn cost between the dry haul and

ash lagoon systems.

(iv) The ash lagoon cost assumes that the lagoons will be
reclaimed. This was not a requirement in 1970 and consequently

this cost is not included in this thesis.

(v) The Keenhills study assumed all ash disposal in either
final mine pit cuts or, if room was not avallable, 1in the
existing nearby 13sh relief dump. A comparative analysis(3l)
fndicated this to be the most economical and practical way to
dispose of the ash in this case. Other options such as ash
disposal between the spoil piles or at the pit bottom were
shown to be less economical and less workable. Other plants

do, in fact, use pit bottom or spoil pile disposal for ash

since mine configurations are different.

(vi) A study conducted for Saskatchewan Power's Poplar River
plant indicated 307% higher differential costs for dry haul ash
disposal over a closed circuit lagoon than the Keephills study
even though additional lagoon costs were {ncluded in Poplar
River study (i.e., compaction of till for lagoon bottom). The

Keephills study costs are consequently more conservative.(s‘)
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The net ash disposal costs are given in Table 6.5. These costs
are split on the basis of whether they are plaat or mine
costs., This distinction {s {important for {inclusion in th=
revenue requirements model used in Section 7. Plant capltal
costs are depreciated and form part of the net property in
service on which the utility calculates its return, The mine
costs are included in the coal costs which are added as part of

the power plant's revenue requirement.

It is of interest to note that on a levelized cost basis, the
difference between the dry haul arnd ash lagoon costs (Table
6.5) are almost all represented by additional mining costs
only, with plant capital being essentially similar and O & M

costs greater by only $0.18/tonne of ash.

The mid 1977 $ costs in Table 6.5 are escalated in the revenue

requirements model to as spent” or nominal dollars when

considering this special case.

It should be noted that at the Battle River and Wabamun power
plants, appreciable quantities of ash are sold for use In
construction materials. Markets permitting, the sale of ash is
currently only economic if collected dry as i{s the case with a
dry haul ash disposal system. Any savings from the sale of ash
are not included in this study because figures are not readily
available and only a small proportion of the total ash produced

by Alberta power plants is sold.
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Table 6.5

Net Ash Dispnsal Costs - Keephills Study Basis

(mid 1977 $000s)

Net Plant Net Mine Net Plant Net Mine Total Net
Year Capital Capital oO&M o& M Mining Cost

($/tonne coal)

1987 269 299 (96) 102 1.13
1988 1940 599 - 306 0.51
1989 - 598 111 . 0.39
1990 - - 111 510 0.18
1591 - - 110 510 0.18
199: (92) - 110 510 0.18
1993 - - 109 510 0.18
1994 - 247 109 593 0.29
1995 - 74 109 711 0.27
1996 (92) (44) 109 710 0.23
1997 (138) 254 109 711 0.33
1998 (70) 289 110 608 0.31
1999 - 800 109 609 0.49
2000 (1279) 18 86 608 0.22
2001 - (11) 86 609 0.21
2002 (92) (44) 86 608 0.19
2003 211 (45) 85 609 0.19
2004 (2898) 237 83 608 0.29
2005 - 17 80 609 0.22
2006 (92) (44) 82 608 0.19

2007 (138) 288 81 609 0.31
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Table 6.5
(Continued)

Net Plant Net Mine Net Plant Net Mine Total Net
Year Capital Capital 0O &M O &M Mining Cost

($/toune coal)

2008 (70) 255 82 608 0. 30
2609 - 800 80 609 0.49
2010 (68) 52 82 608 0.23
2011 - (45) 80 609 U, 14
2012 (92) (44) 81 608 0.19
2013 - (11) 80 609 0.21
2014 (46) 203 81 608 0.28
2015 - 17 80 609 0,22
2016 (92) (10) 81 608 0.21
2017 (138) (45) 80 609 0.19
2018-2023 -~ (44) 81 608 0.19
Note: In the first two years it was necessary to take into

account the difference in commissioniug dates between the
Keephills study (Oct.l) and the cost/tonne of coal. This
was done by dividing the capital by the generic model
coal tonnage and the O & M by the Keephills study coal
volume and adding. All other year costs were divided by
the Keephills coal volume., There is an error of only 7%

{n the ash volume which {s lower in the Keephills case.
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Table 6.6

Net Ash Disposal Costs

Levelized (1977 $s per tonne of ash)

Lanoon Dry Net
plant 2.81 2.81 nil
mine nil 0.39 0.39
plan: 2.05 2.23 0.18
mine nil 1.15 1.15

Cooling Poad

The cost of constructing and operating a cooling pond {is
fncluded as a special carse because {t {s not normally an

environmental cost.

Cooling pond costs vary according to the terrain which
determines the amount of excavation and dyking required and the
distance from a water source which determines pipeline and
pumping costs. An example of a new two-unit cooling pond
exists at the Keephills power plant. The following cost
estimates for this cooling pond were published by Calgary Power
Limited in 1977.(33) The capital costs include not only the
cooling pond but the pipelines and pumping equipment. Pipeline

and pumping costs should be less than that at the Sheerness
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plant but more than at the Genesee plant base! on tune distance
of the cooling pond from the river. 1977 dollars are assumed

consistent with the date of the study.

Capital Cost $22,500,000
Power cost present worth * 1, 368,000
O & M cost present worth * 3,000,000

Based on 6% real dfscount rate over 30 years. In Section 7
this will be used to generate a cash flow stream over the 35

year life of the generic plant,

Although these costs will vary Jor different sites, trey will
serve to show the magnitude of the {impact of iIncluding a

cooling pond in the environmental costs.

No cash flow data is available but it s known from the
proposed construction schedule in Calgary Power's application
to the ERCB that virtuaily all cooling pond construction is
completed early 1in the construction perlod.(3‘) Since {in the
generic plant case, construction 1{s considered to start in July
1, 1982 (Table 6.9), the following cash flows are agsumed,

expressed in 1977 dollars:

1982 $2, 500,900

1983 20,000,000
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It should be noted that the location of the cocling pond is,
along with location of the mine, a major determinant of the
siting of the plant. Tnis means that while a cooling pcrd may
be more costly than using once-through cooling on a nearby
waterbody, there may be some compensating savings due to
reductions in coal haul distances or due to other factors.
These savings are highly site specific and not taken into
account in the above costs., Such savings could be appreciable

and greatly reduce tne overall cooling pond cost.

Plant Drainage

As discussed in Section 5.2, the only extra costs since 1971
appear to be for plantsite settling ponds, the associated

drainage works, and plant/switchysrd spill control measures.

These costs are very difficult to isolate with any accuracy
because they normally form small parts of civil and mechanical
site contracts. The cost of the generic settling ponds was
roughly estimated based on the rates charged for excavation at
the plant sites in the early 1980's, and the average settling
pond sizes at the Sheerness and Genesee power plants.(‘5’17)
This yielded an average cost of $591,300 which should be

conservative because ditching and pump station costs were

fgnored. Excavation {s, however, the largest component by far.
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An examinatfon of the works {nvolved in the drainage and wpill
containment measures indicates that the extra piping and
enclosures are not substantial These additional costs are
consequently neglected 29 being small cor.pared with other

environmenta capital such as the electrostatic preclpltators.

The settling pond is normally constructed early in the project
during the site preparation stage. The $591, 300 cash flow will
consequently be scheduled in 1983 in the generic plant model

(Schedule in Table 6.9).

Compliance Monitoring

This work is confined to the operating phase and the majority
is required for compliance with Clean Air Act licence require-
ments as discussed in Section 5.1. The work also {ncludes
monitoring and reporting costs fcr the other applicable plant
approvals discussed in Section 4.2. It is assumed that the .« rk
{s nearly all done by utility staff and this labor cost i{s not
included since it becomes part of the corpnrate overhead esti-
mated in Section 6.2.4 (This is normal in the case of Edmoaton
Power and Alberta Power Limited. TransAlts Utilities Corpora-

tion uses consultants to conduct its air monitoring program.)

Inspection of the budget costs for this activity at the Genesee

(45)

power plant and actugl costs incurred at the Sheerness

power plant (80) indicate that on average, an annual cost of
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$44,000 is reasonable. This covers routine activities and
assumes no special investigations will be required. It is not
unusual for special studies to be required every few years to
satisfy government licence renewal requirements. Since no data
{s available for this, it will be ignored for the sake of

maintaining a lower bound estimate.

In 1970 it was necessary to retain consultants to conduct stack
surveys on a semi-annual basis. Dustfall monitoring and some
water sampling was also required. These activities currently
cost about $6,000 per year to perform(‘s) and should be
deducted from the $44,000 total cost to obtain the impact of
the post 1970 legislation. An annual cost of $38,000 will be

used based on 1987 $ and escalated annually for inflation.

6.2.2 Coal Mine

a)

Reclamation

As discussed in Section 5, environmental requirements at coal
mines since 1970 consist of spoil recontouring, subsoil salvage
and replacement to 1 metre depth, topsoil salvage and

replacement to 0.2 metre depth, and revegetation.

These costs were based on the generic mine model and calculated
by an expert mining engineer.(7s) This mine model and the

associated environmental costs weze in turn based on a modified
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version of an actual mine plan. The costs are summarized fin

Table 6.7.

The fixed costs include the return on the investment on capital
equipment used in the reclamation, depreciation of the capital,
taxes allocated and indirect operating costs. The equipment
consists of dozers, scrapers and graders which are used not
just for reclamation but for general mining. The reclamation

component was estimated on the basis ot machine hours.

The variablr costs {include the direct operating costs uand

allocated royalties.

The reclamation costs are probably high compared with most
prairie strip mines currently in operation. This i{s because
the reclamation plan used in this model assumes the salvage and
replacement of 1 metre of subsoil in addition to 0.2 metres of
topsoil over the entire mine. None of the currently
operational mines are able to salvage as much as 1 metre of
subsoil throughout the mine because suitable subsoil 1is not
everywhere available. As a result, Alberta Environment require
mine operators to salvage and replace variable amounts

depending on what is available. (72:75)

Occasionally,
recontoured spoil may be suitable for use as subsoil, without
special salvage. Since subsoil handling represents nearly 70%

of the reclamation costs quoted in Table 6.7, a reduction in

subsoil salvage has a major effect on costs.
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Since certain future mines do have sufficient subsoil over the
life of the mine to allow a uniform salvage of 1 metre, the
Table 6.7 costs are relevant.(75) The effect of lower subsoil
salvage requirements will be considered 1in Section 7 as a

sensitivity case.

Although a reclamation cost of $1.20 per tonne of cral may
appear high, it is interesting to note that this s only 30%
higher than estimates provided =2t the Sheerness project ERCB

hearing in 1978, after allowing for 1nf1ation.(29)

Mine Drainage

It was assumed in Section 5.2 (d) that two settling ponds would
be required over the life of the mine to meet Clean Water Act
requirements. This will vary greatly from mine to mine, as
will the cost of the settling ponds and the water diversion
facilities. A cost of $100,000 is assumed based on the cost of
constructing a modest waste pond at a power plant.(‘s) The
cost 1includes capital only and does not include ditching
costs. Although ditching costs may approach or exceed the
settling pond cost, no data could be obtained to verify this

and the costs were neglected.

No operating or maintenance costs were included for the

settling pounds. These should be relatively small and consist
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of dredging every few years, minor structural maintenance as
necessary and water sampling activities. The labour component
is assumed captured in the estimates for corporate overhead

provided in Section 6.2.4.

The construction schedule for the settling ponds is assumed to
be at the start of mining and at yes: 15. This will vary from
mine to mine and this schedule is purely generic and not

necessarily typical.

Mine drainage 1is normally the responsibility of the mining
company. Although settling ponds represent a capite! cost to
the mining company, this cost {is passed on to the utiiity as
part of the cost of coal. For the sake of simplicity, in the
calculations performed in Section 7 it will be assumed that it

is part of the utility's capital cost.

Mine Studies and Moanitoring

The environmental costs fincluded here cover those ongoing
monitoring and study activities identified in Sectiom 5.3 which
are necessary to comply with the Development and Reclamation
Approval, the Groundwater Diversion Permit under the Water
Resources Act, and any special work in the mine related to the
Clean Water Act. All these costs are assumed ongoing for the

35 year life of the mine except the test plot research work.
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Test plot work typically lasts about ten years and may be
initiated shortly after the ERCB approval. In the case of some
projects, test plots may be initiated even before an ERCB
hearing to gather data on reclamation which could be used at
the hearings. For the purposes of this thesis, the test plot
work will be assumed started just after the ERCB approval as
was the case at Genesee.(‘s) In the generic plant schedulé,
this means a starting date of 1981. The first 6 1/2 years cost
of the test plot work to Unit 1 startup will consequently be

treated as capital and the last 3 1/2 years as operating costs.

It was not possible to obtain good data on which to base the
operational mine studies and monitoring costs. Budget
estimates for the Genesee project indicate about $20,000 per
year for reclamation quality assurance, soll testing and
groundwater work with approximately $25,000 per year to operate
test plots in 1987%°'s. It is acknowledged that these costs
could well be higher depending on government requirements since
they assume a routine program with no unforseen prot -ms. The
costs do not include in-house labour which 1is covered by the

corporate overhead estimated in Section 6.2.4.

6.2.3 Approval Process Costs

a)

Geuneral

Regulatory approval costs are very difficult to obtain because
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electric utility accounting systems are not organized to track
these costs separately. In addition costs from only the most
recent projects are applicable because only these projects were
subject to the full impact of the fully implemented regulatory
system under review. These projects at Keephills, Sheermness
and Geneéee were all planned in the early to mid 19708 and

their approval processes covered a period well into the 1980°'s.

It was possible to obtain costs from only the Sheerness and
Genesee projects. While the Genesee costs are comprehensive
and well documented from internal Edmonton Power records, the
Sheerness costs are more limited since they reflect only
Alberta Power's plant approval costs and not those applicable
to the mines. Obtaining Sheerness mine approval costs was not
possible because two separate mining companies are involved
which operate as separate entities to sell coal to Alberta
Power. In the case 'f Genesee, the joint venture agreement
between Edmonton Pouer and Fording Coal Limited as mine
operator considetrably simplifies the accounting of

environmental costs.

The costs used in this section consequently reflect average
Genesee and Sheerness plant environmental approval costs and
Genesee mine approval costs. The major componeat of the costs
are billings paid to the expert consultants required to

generate the diverse studies for environmental approvals.
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It is obvious that the data base used in this study Is very
small because of the few projects involved and the limited data
available. In addition, site specific circumstances can
significantly affect costs as is shown when comparing Sheerness
and Genesee archaeological approval costs. These costs should
consequently be seen as a sampling of recent experience but not

as good predictors of future costs.

The methodology followed in this section was to take the actual
annual cost information and place it on the schedule appropri-
ate to the generic plant model. Since there is not more than
two years of timing adjustment, no inflation or deflation was
applied to the "as spent” dollar amounts. Considering the other
estimating errors involved, this sort of minor adjustment Is

not meaningful.

Generic Approval Process Schedule

The time taken to obtain regulatory approvals is based on the
time taken in recent projects. These times and milestones are

given in Table 6.8.

Based on Table 6.8, the following generic approval process
times are appropriate:

ERCB submission to hearing 6 months

ERCB hearing to approval 6 months

Approval to start construction 1 1/2 years
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The time over which environm:ntal studies were conducted for
the Sheerness and Genesee piroie~t which culminated in the
application to the ERCB was about 3 yearv(‘5'66) This excluded
early feasibility studies conducted years previously. Such

exploratory studies are not included in this thesis.

The following plant unit commissioning dates were assumed for

the generic plant model in Section 6.1

Unit #1 July 1, 1%+

Unit #2 July 1, 1988

A five year construction period to startup of Unit #1 was used

consistent with the EUPC generic plant data.(k7)

The detailed approvals stage commences directly after the ERCB
approval 1is obtained. While many approvals must be obtained
before construction commences, others are dependent on certain

stages of the construction and commissioning process schedule.

Table 6.9 summarizes the resulting generic plant project

schedule.
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Table 6.9

Generic Plant Project Schedule (2 x 375 MW)

Hilestone Date

Start Environmental Studies Jan. 1, 1977
Submit ERCB Application Jan, 1, 1980
ERCB Hearing Jul. 1, 1980
ERCB Approval Jan. 1, 1981
Start Construction Jul. 1, 1982
Unit #1 Commercial Startup Jul. 1, 1987
Unit #2 Commercial Startup Jul. 1, 1988

Approval Costs

The costs presented in Table 6.10 below include mainly the
billing costs of consultants hired to conduct the required
environmental studies or to assist in the preparation of
applications. The costs represent the average Sheerness and
Genesee project approval costs and the Genesee mine approval
costs for reasons explained earlier. The costs have also been

rescheduled to conform to the generic plant schedule.

The costs do not include utility and mining company staff
labour and overhead, These costs are estimated separately in

Section 6.2.4.



Table 6.10

Generic Project Approval Costs

($000s as spent)

Year Major Activities Cost
1977 E 7Env1romental Impact Assessment 179
1978 ; studies and application 9%
1979 i preparation 218
1980 AERCB Hearing and Decision 75
1981 Detailed Approvals 1105
1982 Start Construction & Detailed * provals 637
1983 Detailed Approvals 177
1984 Detailed Approvals 81
1985 Detailed Approvals 66
1986 Detailed App. & Preoperational Monitoring 60
1987 Detailed App. & Preoperational Monitoring 34

Notes:

(1) The years 1977 - 1979 involve intensive field studies.

(11) Most costs in 1980 are for the attendance of consultants
at the hearing or at public meetings and for addressing
the application review deficiencies communicated by the

ERCB and government agency review.
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(111) Costs {n 1981 and 1982 are high for twn reasons:

- Archaeologic survey costs were very high at Genesee
compared with Sheerness since [t was found to be rich
in prehistoric resources.

- The major Development and Reclamation application {s
usually prepared at this time, requiring detailed

soil surveys and other studies,

(Lv) These costs are all assumed {incremental since 1971. As

discussed fn Section 4, there was virtually no

environmental approval process before that date.

6.2.4 Corporate Overhead

For the purposes of this study, environmental corporate
overhead 1s defined to mean the cost of all utility and mining
comnany staff labour for environmental work excluding the
actual mine reclamation labour. (This 1s included 1in the
reclamation costs.) The cost includes all benefits and the
office overhead allocated to cover such items as accommodation,
secretarial support, computing support, vehicle usage, travel

expenses, etc.

Since the implementation of the new environmenc:zl legislation
in the 1970's, electric utilities and coal aining companies

involved in major projects have had to commit staff on a full
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time basis to environmental matters. Either staff special.y
trained {n environmental disciplines were hired or exlisting
staf with previous experience were used. Before 1970,
environmental requirements were trivial in comparison and work
was usually allocated on a temporary basis to staff engineers

and plant techniclans

The three generating utilities in Alberta have organized thelir
staffing in different ways according to varying company
philosophies, the degree of coal mining {nvolvement and the

proximity of head office resources to plants.

TransAlta Utilities Corporation, which {is by far Alberta's
largest generating utility, operates three large coal-fired
plants in the Wabamun area as well as a number of hydro dams.
TransAlta is also responsible for the environmental affairs at
the two mines serving these plants. All enviroamental
applications are coordinated by staff at the Calgaiy head
office. Until a corporate re-organization late in 198,, the
environmental planning department consisting o’ five
professionals was responsible for applications and the
organization of any studies. A professional engineer 1in
another department was responsible for plant operations
environmental matters, and a reclamatfon specialist for mine
reclamation. Operations personnel at the plgnts were

responsible for compliance with environmental requirements and
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monitoring equipment maintenance. Ambient air monitoring was
done entirely by consultants. Two mine agronomy personnel
implemented various reclamation monitoring programs. TransAlta
also had an engineer with major {involvement in environmental

research programs.

Alberta Power Limited operates three coal-fired plants at
Battle River, Grande Cache and Sheerness as well as a number of
small diesel and gas turbine plants in remote areas. All mine
environmental matters are the respousibility of the coal
companies which supply the plants, and all mine approvals are
{n the name of the mining companies. At the Edmonton head
office a senior environmental engineer 1is responsible for
environmental planning and an engineer in another department
for licence renewals and operational reporting. Environmental
monitoring equipment design and acquisition has traditionally
been handled by the engineering services. The other
operational environmental matters are handled by staff at the
plants mostly under the supervision of the laboratory and
fnstrument maintenance sectione. Generally plant individuals

are not dedicated to environmental work and have other duties.

Edmonton Power operates two gas—firec plants in the City and
has the Genesee coal-fired plant under comstruction nearby.
The Genesee mine is a joint venture with Fording Coal Limited.

Although the mine environmenta) nrograms are mostly handled by
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Fording Coal, all mine approvals are in Edmonton Power's name.
Edmonton Power must counsequently have involvement in mine
environmental programs. Virtually all environmental work in
Edmonton Power is centralized in one section consisting of two
professionals and two technicians. This group is responsible
for all planning, approvals, plant and :ransmission system
environmental programs, and mcnitoring fnstrument
specifications, designs, and maintenance. When the mine

becomes operational, ~n agronomist will be used part time on

reclamation activities. Fording Coal hav: e full time
environmentalist with responsibilities for n 1e Genesee
Project.

All three of these utilities have been involved in a ma jor
project which saw fruition during the 1980s. In additionm, all
utilities have been involved in planning other projects which
have either been temporarily postponed or shelved. There is
also some environmental work not related to coal-fired
generation. It 1s consequently difficult to estimate the
utility or mine staff time commitment to environmental affairs
for a single typical 750 MW power plant and mine project. No
detatiled time sheets are available to support any assumptions.
The problem is further complicated by the fact that not only
staff whose main task is environmental work are involved. Many
{ndividuals in a utility or mining company spend small amounts

of time on environmental matters during the planning,
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engineering, counstruction, and operating phases. These small
time fragments should also be taken into account because

cumulatively, the time involved is likely significant.

The method used to estimate this internal staff time commitment
was to average the estimates of an expert from each of the
three major generating utilities.(65’72) This included the
author's own estimate. The estimates did not segregate the
utility and mine staff time because some utilities are more
directly involved than others in mine environmental work. The
estimates were, however, separated into the approvals phase and
the operations phase because the requirements for these two

phases are distinctly different.

The man-years of work were assumed spread evenly over the two
activity phases in order to simplify the estimates unless
stated otherwise. This may be approximately true in the case
of the operating phase but not in the case of the approvals
phase. The approvals process involves periods of high activity
when preparing major applications or attending hearings but
periods of 1low activity during some of the construction
phase. Consultants are generally used to not only provide
specific expertise but to assist during periods of high
activity and these costs are reflected in the approval costs 1in
Section 6,2.3. while there {is some variation between the

utilities on the extent to which consultants are used for this
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purpose, the variation does noL appear to be large and should
not invalidate the man-year estimates due to the averaging

process used.

e estimates were also categorized into professional and
technician manhours. Although this {s another simplification,

it is a convenlent way in which to view the labour involved.

The following estimates were obtained:
Approvals phase until

startup of Unit #

1.75 professional man-years/year
(Range of estimates: 1.25 - 2.5)
- 0.5 technician man-years/year
for last two years.
(Range of estimates: No variation)
Operations phase - 1.5 professional man-years/year
(Range of estimates: 1-2)
- 1.75 technician man-years/year

(Range of estimates: 1.5 - 2)

Professional and technician unit man-year costs are based on
salary surveys published by the Association of Professional
Engineers, Geologists and Geophysicists of Alberta (APEGGA) in
1987 S.(27) For the purpose of this thesis, an average
professional will be considered to be equivalent to an average

Level D engineer (about 9 years experience) and a technician,
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an average certified engineering techniclian as listed in these
surveys. This is a simplification considering that
environmental staff may include a range of scientific
disciplines, not just engineering. The figures are, however,

used more as an indication of responsibility and expertise.

Conversion of annual salary to total payroll costs assumes a
factor of 1.13, a figure considered reasonable for general
benefits in the APEGGA publication. In addition, amn overhead
factor on payroll cost of 1.5 was choosen based on assuming the
environmental staff can be roughly compared with engineers in a
large consulting company. An APEGGA Guideline(zs) estimates an
overhead factor of 2.0 for breakeven on billed manhour payroll
cost in such a company. This was adjusted downward by 25% to
allow for the unbillable time in a consulting com » which
does not apply to corporate staff on salary. This r .3 in a
total overhead factor on annual salary of 1.695 and the costs

shown in Table 6.11.

Table 6.11

Generic Environmental Staff Labour Costs

(1987 $/man-year)

Average Salary Total Cost
Professional 54,207 91,881

Technician 34,940 59,223
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Before 1971, the only environmental approvals required were
Board of Health Air and Water Approvals and a Water Diversion
Licence. Approvals consequently required few man-hours of work
compared with the {nvolved process currently In existence,
Similarly, operational man-hours were negligible compared to
today's situation which requires detailed monitoring and
reporting. Consequently, the pre 1971 environmental labour
costs were neglected as being small compared with the current

costs.



7. IMPACT ON REVENUE REQUIREMENTS

7.1 The Revenue Requirements Model

The utility revenue requlrements are defined as the sum of the
return on capital, the depreclation expense, and the plant operating
and maintenance expense (which 1includes the coal cost). The
datermination of utility revenue requirements was by a modified
generation planning model of the type used by the Electric Utility

Planning Council. This model has the following features:

a) Capital cost cash flows for each unit accumulate Iinterest
during coustruction until the units start commercial
operation. On that date it is assumed that the accumulated
capital enters the rate base and the utility receives a

constant real rate of return over the life of the plant.

b) The term "interest during construction” does not refer to
project debt interest but to the interest rate approved by the
Public Utilities Board based on the utility's corporate debt
structure. The correct utility terminology would be "allowance
for funds used during construction” (AFUDC). The convention of
calculating this based on half the cash flow incurred in any

year before commercial startup was followed.
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All costs are converted to nominal dollars. Cash flow data
expressed in constant dollars are escalated at appropriate

rates (Appendix II).

Once capital costs enter the rate base, they are subject to
depreciation. A straight 1line rate is used with the plant
property in service having a zero book value at the end of year
30 for each unit. For the last 5 years of operation, the
utility 1is assumed to obtain no return on capital. All
additional capital 1in years after the year of commercial
startup 1is assumed added in the mid year and depreciated for
only six months of the year. Similarily, ian the year of U.lt
startup (in the mid-year), only the remaining six months

depreciation are allowed.

When calculating the total plant revenue requirements,
virtially all capital enters the rate base with the commercial
startup of the two units. No replacement capital is 1included
during the life of the plant and virtually all depreciation of
capital 1s consequently spread over 30 years. Replacement

costs are included as an annual fixed operating expense.

When calculating the revenue requirements of enviroument -
components, some capital costs are shown as entering the ra'

base at different points during the life of the plant. 1T
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situation {is simplified by continuing to depreciate on a
straight line basis to zero book value at the end of year 30.
Later capital additions are consequently depreciated at a
higher rate. Since nearly all plant environmental capital
costs are Incurred during the construction phase, this
simplification 1introduces negligible distortion. The only
situation when major capital costs are shown entering the rate
base throughout the operating period 1is when considering the

special case of net ash disposal costs.

All plant environmental capital costs are assumed to be part of
the first unit capital except for the electrostatic
precipitator costs for the second unit. This is loglcal
because virtually all of these costs would have to be incurred
to bring the first unit into commercial operation and to

sustain the operation.

In the total plant revenue requirements calculation, all the

mine capital and operating costs are included in the coal cost.

In the environmental revenue requirements calculation, all the
mine reclamation costs are expressed as part of the coal cost.
Other mine environmental costs are, however, treated in the
same way as plant capital or operating and malntenance costs.

This simplification was necessary because in the case of the
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environmental corporate overhead cost, it was not possible to
separate the mine operator's component. The other items which
funclude settling pond capital and mine monitoring are
relatively small {items which are more conveniently handled as

plant capital with negligible overall error.

1) Federal and Provincial taxes are ignored in the environmental
revenue requirements calculations. These are minor since all
provincial and 95% of federal taxes are refunded to the
fnvestor owned utilities while the municipally owned utilities
are not taxed. Property taxes are included in the operating

and maintenance fixed costs.

7.2 Evaluation Procedure

The impact of environmental costs on power plant revenue require-
ments 1s assessed by comparing the total present worth of the
revenue requirements. The total present worth of the power plant
revenue requirements is used simply as a basis for measuring the
relative contribution of the environment component to power consumer

costs.

The evaluation includes the consideration of a typical case and
several special cases, The typical case includes all those

environmental costs usually incurred. Since there 1is some doubt
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about typical reclamation costs due to subsoifl handling, a second
version of the typical case {is also considered which halves the
salvage requirement for subsoil. Two other special cases are
considered - the inclusion of cooling pond costs and the inclusion
of net ash disposal costs. Neither of these cases 1s typical but

each could occur 2t a particular site,

lsing the typical case, the contribution of the major components of
the environmental costs are calculated. This enables the important
factors i{nfluencing the environmental costs to be identified. The
probable impacts of future char-es regulation can consequently be

discussed.

Detailed information on the costs used is provided in the spread-
sheets in Appendix II. Since the spreadsheets used to calculate the
environmental cost compora2ats are essentially similar for each case,

only the typical case is provided.

The costs included in the various cases are summarized in Table 7.1.



Table

7.1
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Environmental Costs Included in Evaluation Cases

Reduced Reclamation

Cooling Pond

Net Ash

Typical Case Half Subsoil Case Case Disposal Case
Capital
- re
Regu.a'ory Approvals Same as . Same as | Same as
| T
Electrostatic Precipitators| typical - typical typlical
i
Plant Drainage case l case case
Mine Drainage i
Stack & Alr Monitoring ! : '
|
Corporate Overhead L \ N
$22.5 million Net plant dry
cooling pond ash disposal
cost
Operating & Majintenance
ESP Energy % Same as Same as Same as
» :
Compliance Monitoring | typical typical typical
| i
Mine Monitoring . case case . case
Reclamation: B
- recontouring i |
- 1 metre subsoil 0.5 metre ‘
subsoil. :
- 0.2 metre topsoil " Same as l

cultivation

Corporate Overhead

L_typical

case

i

l

f

|
Cooling pond
0 & M cost

Net mine and
plant dry ash
disposal 0O &
M cost
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7.3 Results

Results are summarized in the tables below. Detailed costs are
given in the spreadsheets provided 1in Appendix II. All total
present worth of revenue requirement figures are calculated to the

end of 1987.

Tadle 7.2

Environmental Cost Coantribution to Revenue Requirements

Case Total Present Contribution
Worth of to Total
Revenue Requirements
($000) %)
Total Plant 1,817,940 Reference cost
Typical 93,719 5.2
Half Subsoil 75,672 4,2
Cooling Pond 168,781 9.3
Ash Disposal 120,659 6.6
Cooling Pond & Ash Disposal 195,721 10.8
Table 7.3

Contribution of Capital and Operating and Maintenance Costs

to Total Present Worth of Revenue Requirements

Case Capital Operating & Maintanance
(%) (%)
Total Plant 50.5 49.5

Typical 31.0 69.0



Table 7.4

Contributioan of Environmental Components to Total Present

Worth of Revenue Requirements Based on Typical Case

Component TPW Revenue Requirement Contribution

($000s) (%)
Eleccrostatic Precipitators 24,105 25.7
Regulatory Approvals 5,720 6.1
Regulatory Approvals &

Overhead Capital 8,159 8.7
Plant & Mine Monitoring &

Overhead Expense 4,955 5.3
Total Overhead 6,196 6.6
Reclamation
- 1 m subsoll salvage 54,722 58.4
- 0.5 m subsoll salvage 36,659 48.4
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(* Based on half subsoil case)

7.4 Discussion

As can be seen from Table 7.2, the increased environmental costs
since 1971 are substantial, being between 4.2 and 5.2% of the total
present worth of revenue reqfrements for a typical project. In
certain circumstances this cost increase could be as much as 10.8%
of revenue requirements, b.t history so far indicates that such
situations are uncommon. This spread of costs emphasises that these

environmental costs are high!': site specific. Similar plants may
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use similar cooling and ash disposal optiouns but the environmental
costs could be totally different. One site may have allowed the
choice of less expensive technologies but the utility may have been

unable to adopt these options for environmental reasons.

Table 7.4 indicates that the greatest increase in envirounmental
costs has been due to reclamation. These costs are much lar;er than
for any other environmental component even i{f lower subsoll salvage
requirements are assumed. Reclamation costs are very site specific
because they are dependent on the original soil quality and land
capability. As the legislation now stands, a poor quality soil with
low original capability is generally less costly to reclaim than a
good soil of high capability. This {is due to the fact that subsoil
and topsoil salvage requirements must be lower if this material
exists in only limited amounts. This is the case at maay existing
mtnes.(72)
While the electrostatic precipitator costs are much lower than the
reclamation costs, it must be realized that virtually all the
reclamation costs are as a result of regulatory measures since
1971. Only about 60% of the electrostatic precipitator costs were
estimated to be as a result of legislation since that date. As a
total cost, particulate removal is by far the largest plant environ-
mental cost, excluding reclamation. This cost f{llustrates a trend
commonly exhibited in "add-on” environmental protection techmology.

The cost of removing an additional 4 1/2 % of the particulates is
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about 2 1/2 times greater than removing the first 95%.

The total additional cost of obtaining environmental regulatory
approvals and the associated monitoring costs, including approval
renewal costs and the corporate overhead, are approximately 14% of
the total environmental costs or 0.7% of the total present worth of
the revenue requirements. The bulk of these costs are for efither
corporate or consultant labour. The data does not permit a precise
estimate of the labour component, but an examination of the work
{nvolved in the approvals and monitoring process indicates this

should be more than 80% of the coet.(66"5)

The additional utility and mining company overhead is estimated to
be only about 6.6% of the total environmental cost. This 1is not
unexpected because the additional environmental costs are dominated
by reclamation operating and maintenance costs and plant capital.
It is also 1indicative of the fact that environmental labour
requirements are very variable with peak requirements commonly
satisfied by counsultants. Corporate environmental staffs are

normally small.

About 69% of the additional environmental costs are due to operating
and maintenance costs. This compares with S50% of the total plant
costs. The main reason for this is the reclamation costs. From
Table 7.4 it can be seen that without the reclamation costs, the

additional environmental costs are mostly from capital.
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The generic model assumed for this thesis is for a new plant at a
new or "greenfields"” site. The doubling of the plant capacity at
the site will obviously not double the environmental costs.
Environmental costs will not, however, be substantially lower than
for the original plant. This can be seen from Tables 7.1 and 7.4.
The regulatory approvals and overhead capital can be expected to be
substantially lower. Being an expansion at an established site, the
regulatory approval process {s less detailed because many of the
studies will have been completed and the {issues resolved when
dealing with the first two units. The mine monitoring and plant
monitoring 1ictivities will also be lower for the same reasons.
However, the large cost items, mine reclamation and the electro-

static precipitators, will be essentially duplicated.

In the future, reclamation costs are likely to be increasingly
absort 1 due to the use of more efficient overburden and subsoils
handling technologies. These technologies may not be adopted out of
a desire to reduce the reclamation costs but rather the total coal
costs by more efficient mining techniques. In effect 1t may be
possible at some mine sites to ensure that at least 1 metre of
suitable subsoil 1is replaced without selectively handling the
subsoil. An example of -~uch a technology Iis the cross-pit

conveyor.(75)

The conventional dragline mining technique normally results in the

soll profile being inverted with the least suitable materials placed
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at the surface. Usually this material is not suitable for use as a
subsoil. A cross pit conveyor in tandem operation with a dragline
normally results in the original more suitable surficial materials
being replaced back on the surface. Assuming the typical case
generic mine, such an fnnovation could reduce the environmental
costs by as much as 38%. Not all of these savings would necessarily
accrue to the cost of coal because of partially offsetting non

environmental costs.

The absorption of environmental costs in new technologies i3 not an
uncommon phenomenon with the passage of time. As noted in a recent
Electric Power Research Institute publication(77), the first
technological response to a new environmental standard is usually
some added-on system. This "band aid"” approach tends to be
expensive because the original plant or mining technology was not
developed to Include consideration of the en nmental constralnt.
(Consequently the cost of retrofitting an existing plant is
virtually always much more expensive than including the technology
in a new plant design.) As time passes, new technology 1s developed
which may totally 1integrate the environmental constraint in the
process. The environmental cost may then become embedded and no
longer separable as a distinct cost. The new technological design
simply integrates the environmental constraint along with many other

factors.

Utility boiler design is a good example of this phenomenon. The
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strict nitrogen oxide standards imposed in some overseas countries
(e.g. West Germany and Japan) is resulting in the adoption of a new
“adi-on” type of technology called selective catalytic reduction.
Already new integrated boller technologies are the subject of
intensive research and may achieve comparable results. Where
environmental standards for coal combustion are extremely strict,
such as California, technology has been developed at a demonstration
plant 1level which radically alters the whole concept of power
generation from coal (Cool Water Plant). This technology, known as
“i{ntegrated gasification combined cycle” is not only very clean but

{s of interest to many utilities for mainly economic reasons.

Within this context the future of environmental costs in coal-fired
power generation will depend mainly om future standards, the cost of
the technology and the degree to which these costs can be mitigated
by new technologies. Some of these technologies may totally absorb

certain costs.



8. CONCLUSIONS

a) Based on total prese . worth, the environmental regulatory system in
Alberta has added approximately 4.2 to 5.2% to the revenue requirements

of a typilcal new 2 x 375 MW coal-fired power plant since 1971.

b) The environmental costs are very site specific. In most cases
recirculating cooling water costs and net dry ash disposal costs cannot
be considered to be environmental costs. At a site where these
facilities and operations are required primarily for environmental
reasons, the increase in total present worth of revenue requirements

could be as high as 10.8%.

c) At a typical site, reclamation requirements have added the most to
environmental costs since 1971. The major component {is subsoil handling
which is very dependent on soil conditions and this cost is consequently

highly variable from site to site.

d) The second largest environmental cost component 1is particulate
removal by electrostatic precipitators. Whereas pre-1971 standards
required the removal of about 95% of the smokestack fly ash, the current
standards require about 99.5% removal. This additional 4 1/2% removal

costs approximately 2 1/2 times more than the first 95%.
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e) The environmental costs for a second plant at an existing plant site
will not be substantially less than the costs for the original plant,
other things being equal. This s because only regulatory approval,
corporate overhead, and monitoring costs will be lower and these are

only a small part of the environmental costs.

f) New technologies 1in mining and plants have the potential of
significantly reducing the environmental costs of new coal-fired
projects by integrating the environmental constraints in the design.

Any such savings would be offset by more stringent standards.
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Calculation of Generic Electrostatic Precipitator Efficiencles for

Current Particulate Standards and Pre-1971 Standards

Current particulate standard = 0.09 gm/kg dry flue gas at 50% aexcess
alr.

Dry flue gas rate based on 90% worst ash level 1in coal (45) = B8424.8

gn/kg coal at 50% excess air.

Maximum allowable emission = 0.09 x 8424.8 x 10 ™’
= 00,7582 gm/kg coal

Design worst case flyash loading based on 90% worst ash coal and 807% of
ash reporting to ESP = 0.8 x 19.4 x 10

= 155.2 gm/kg coal

ESP effictency = (155.2 - 0.7582)100
155.2

= 99,51%

Pre-1971 Public Health Regulation Standard = 0.85 1b/1000 1b wet flue
gas at 507 excess air.

Wet flue gas rate based on 90%Z worst ash level in coal (45) = 8973.0
gm/kg coal at 50% excess alr.

Maximum allowable emisstn~ = 3973 x 0.85 x 10 =3 a2 7.6271 gm/kg coal

ESP efficiency = (155.2 = 7.6271)100
155.2

= 95.09%
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GENERIC CONL-FIRED PONER PUANT REVENUE REQUIRDENTS

Assumpt ions :

Mant Capacity 2 x 375 M thits
Comissioning Dotes Unit 1 Jl. 1, 1997
nit 2 Nl 1, 1988
Unit Life 35 years
Depreciation Rate (%) Strafght Line lero Book Value end year 30
Taws Nil
fas) Rate of Retumn (X) 6.0
Escalation:
Capital (1906-) Satscan Construction Poer Plarts
(1987+) Inflation Statscan CPI
oam Inflation
Replacessnts Inflation
Insurance Inflation
Coa} Inflation

Real Discont Rats (8) 6.0
Operating and Meintanance Costs: (000 wid 1982 §) Unit 1
Fixed A0

Variable (/@) 0.45
Replacements, Ineurance, froperty Tax 5170



Inflation Rates: (%)

fscalators. year ad 976
Capital

0 § M FixadNar.
Repacemants,

Ins., Tams

Coal

10C Rates. (%)

Capital Cast Cash Flow:
($0008) mid 1982

Unit !
Unit 2

($000s) as spnt

Unit 1
Uit 2

Interest Ouring
Canstruction: ($000s) nom.

Unit !
Unit 2

Property in Service:
($0008) nominal

Unit !
Unit 2
Total

m

9.46

10719
1098
1.095

1.095

10.60

1977

m

19T

1978

8.36

11
1.186
1.188

1.186

10.60

1978

1978

1978

1979

9.80

1.302
1.302
1.302

1.302

10.60

1979

1979

1979

11.19

1.483
1.8
1.48

1.448

10.90

1980

1981

1.628
1.623
1.623

1.623

1.0

1981

1981

1981

1982

9.26

1.73%
1.
1IN

1.1

12.48

10000
4000

10000

4000

1982

54

1982

1983
4.5
1.800
1.884

1.884

1.084

46000
16000

483%
16833

uss
1631

1983

.76

1.687
1.924
1.924

1.924

83781
31554

1984

13617
49m

1985

4.3

1.927
2.008
2.008

2.008

122000
47000

13134
52915

10901

1988

0

1988 1987
(U)W
.00 2.109
2,001 2.1
.08t 2.8
2,091 2.1
12,15 1.0
1986 1987
88000 36000
48000 57000
103343 44225
$6369 70023
1986 1987
4839 30251
19283 28210
198§ 1987
553617

0 S5%17

1000

1282
46193

19202

1988

554900
362338
917238



Galaulation of Retun :
($000s) nominal

1919

Incrementa) Depreciation !
Incrementa) Depreciation 2
Depreciat ion Unit
Depreciation Unit 2
Acomulated Depreciation !
Acoumlated Depreciation 2
Net Property in Service
Mid Yesr Rate Base

fetum

Ganeraticn: (@Hrs)

M 1978 1979

Coal Production: (Ktownes)

Coal Cost: mid 1986 $/tae

$/tanne nawinal

Opsrating and Maintenance
Costs:  ($000s) as spant
9 1978 199
Fixad Plant
variable Plant
Repl., Ins., Tax
Coa)
Total 0 0 0

1980

1980

198:

1981

198!

1982 1983 1984 1988 1986 1987

R’

pred)

(RS
e

S44390
M
X

1982 1963 1984 1988 1906 1987

939

14.33

1982 1983 1984 1908 1906
2168

5

3183

8

363

1
(X}

6039
10476

70
6039
384%

113943
T4

NN

1943

1245

1908

6783
1918

230
4348



fevenue Requirements.
($000s) nominal

Return

Depreciat ion
oLm
Teal

Present Value in 1987.
($000s) nawinal

Total Present Worth:

{40008, ‘wminal
1317940

m

o o O O

1918

[ = 2= I = I -]

(= — = I )

1980

o o O o

1981

[~ — N — I~

1982

Q@ o o o

1983 1984
M 0

0 ]

0

0 0

[— 2~ = K — ]

L1954

1987

208

2
14363
51898

51998

4964
usYS
4348
14427



Inflation Awtes: (%)

Escalators: year end - 1976
Capital

0 & M FixadNar
faplacemants,

Ins., Toms

Conl

10C Rates: (%)

Capital Cost Cash Flow:
($000s) wid 1982

Unit 1
Unit 2

($000s) a5 spant

Unit 1
Unit 2

Interest During
Construction: ($000s) nom.

Unit !
Unit 2

Proparty in Service:
($000s) nominal

Unit 1
Unit 2
Total

1998

5.00

ML}
2.39%

Ly
6.

2
<.

1989

o

401

1989

1982

554900
3%83M0
RN

4.00

240
2.4%
2.4%

1990

1990

§54900 554900 554900 554900 554900 554900 554900 554900 554900 554900
W30 W60 MEIM  JWEIN  MEI!MC  WEIT 663N 26630 XA 263N

m

1991

(I

2.510
2.59
.59

2.59

1991

191

UM

1932

4.9

2.623
2.1
.18

2

i

1992

12N

1993

4.5

2
2.8
R < ]

2.0%

1993

1993

1m

%0

2.8m
2.9
2.9

2.9

1994

199

1M

5.00

3.0
3Im
3

kAP

1995

199

M

kR

xR
1.
1m

19%

1996

M

1991

.50

. ¥
im
im

3.1

1997

1997

nm

50

3.409
1.5%
1.5%

3.530

19%

1998

1M

450

3 582
3.008
.60

3.688

19%

1999

RIM

4.50

M
1884
38

3.04

2000

554900

m



Caloulation of Retun :

($0008) nawinal

1909
Incresanta) Depreciation 1 2
Incrementa) Depreciation 2 10
Depreciation Unit 1 18458
Depreciation Unit 2 12147

Acomu)ated Dspreciation | 46201
Acomwlated Depreciation 2 18186

Net Property in Service 956883
#id Year Rate Base 870190
Retumn ®1N
Gereration: (GH-vs)
1989
47150

Coal Production. (Ktonnes)

2850
Coal Cost: wid 1986 $/tae
12.16
$/tone naminal
13.%8
Operating and Meintenance
Costs: ($000s) as spamt
1989
fiad Mant UM
Varisble Plam 2043
Rep)., Ins., Tax 11526
Coal 39546

Total 63488

19%

18498
1z
64699
30403
826168
841526
84153

2926

1.3

14.61

19%0

318
12043
42136
67836

199

0

0
18498
1221
39
1262
195453
810810
83513

1991

12.49

15.51

1991
10310
12543

45523
11675

18498
12n
1016%
54837
164738
180095
81910

12.83

6.4

1992
10764
13095

47679
74982

1993

0

0
18498
12
120194
67054
734023
749380
18685

1993

8%

17.07

139

11248

39
13684
50103
18635

1994

0

0
18498
121
138692
M
703307
118665
77616

8%

12.51

11.82

1994

1m

67
31
52309
52169

19%

18498
122
157190
91488
672592
687950
15674

199

4892

12.83

18.64

1995

12349
3%1
15023

199%

18498
12211
175688
103708
641877
657235
52437

2939

12.65

19.61

128N

an

15659
57560

1997

0

Y
18498
2
194186
115922
611162
626520
5788

1997

12.60

€.

13387

4284
16287
59631

1998

]

0
18498
z2n
212684
128139
580447
595304
62§59

1998

12.87

.18

13990

“um
17019
62166
97651

0

0
18498
12217
pLiki <)
140356
549732
565089
593U

1999

12.53

22.06

14619
4678
17785
84788
101839

18498
1221
249681
152873
519017
S343
56109

g

&

152m
4888
18586
oS4
106206



Reverwe Requiremants:
($000s) naminal

Retumn
Depreciation
oO&NM

Total

Present Vaius in 1987:
($0008) nominal

Total Present Worth:
$0008) nominal
1817940

1989

81N
20046
53488
189855

154788

1990 199 1992 1993 Tood 1995 1996 1997 1998

84153 83513 81910 70585  TIEIE  TS6T4 62431 65788 62559
075 WMS  3I0NS 115 WMS NS ANS NS
6783  TI67 4982 70635 82169 86072 90209 93588 97651
182703 195903 187607 188035 190500 192412 183361 190068 190926

136476 10920 114086 103481 4619  B50% 74929 70297 63898

593U
s
101839
191888

58147

56109
Ms
106206
193030

52908



Inflation Ratss: (%)

2001
4.50
Escalators. year end - 1976
Capital 2,890
0 & M Fixad/Nar. 4.028
faplacammnts, 4.028
Ire., Tams
Coal .08
I0C Rates: (%)
Capital Cost Cash Flaw:
($0008) wid 1982
2001
Unit 1
unit 2
($000s) a8 spant
Unit ¢
Unit 2
Intorest (tring
Cawtruction: ($000s) nom.
Unit !
tnit 2
Property in Service:
($0008) nomina)
2001
Unit 1t 554900
thit 2 366370
Tota) M

002 003 2004 005 2008
450 4S50 450 450 N
4065 4.8 4439 4639 4.8
0209 4399 4596 4803 5.019
0209 4299 456 4803 5.019
€209 4399 4596 4803 5.019

002 2003 2000 2005

2002 2003 2004 2005 2008

SS4900 554900 554900 54900 SS4900 SS900 SSA900 554900 554900
36370 66370 MWE3IN0 66370 366370

366310 63N X663 WEIN

Q1M 1 M s I

a0
4.50
S.066
5.8

5.5

5.248

2008
4.50
5.294
5.481
5.481

5.481

4.5

5.5
5.128
5.128

5.128

006 2007 2008 2009

000 22008 2009

Q12N

m

mm

2010

4.5

5.718
5.986
5.966

5.986

2010

2010

21m

6.041
5.265
6.25%

6.285

201

o

524900
366370
1M

PS
=
=]

-
8

6.313
6.537
6.537

6.537

2012



Galaulation of Retumn .
($000s) nminal

Incremgnta) Ospreciation !
Incressnta) Depreciation ?
Depreciation Unit !
Depreciation Unit 2
Acomylated Ospreciation |
Acomulated Decreciation ?
Net Proparty in Service
Md Yesr Rate Base

Retumn

Yrargtion: {O-rs)

Coal Production:  (Ktannes)

Coa! Cost: mid 1986 $/tane

$/tone nominal

Operating and Ma ~enance
Costs: ($000s) as spmnt

Fixed Plant

Variable Plant
1., Ins., Yax

~-al

Tral

2001

18498
e
%8179
164790

03659
52884

12.60

0.3

2001

15965
5108
U422
nm
111606

2000 2003 004 2005 2006

0

0
18498
e
206677
177000
457506
7294
49659

12.58

%.2

2002
16683
A%

74016
116333

0

0
18498
2n
W517S
189224
42681
w9
64

892

12.60

26.46

17434
5578
21209

121816

0

0
15498
m
323%73
201441
396156
41154
ko

g

&

1.6

a.8

18218

2164
s12u4
12028

0

0
18498
2n
u1N
12658
%5441

1.8

3
&®

19038

23161

133563

0

0
19498
mm
360670
25878
INTAH
350083
6799

g

&

12.64

2.9

19895
§366
A3

139362

12.63

N6

%3

145560

n

gHiEs

g

2

12.99

nE

2008

U™
6982
6431
96695
151003

e

2935

12.93

uU.%

2009

0
64
27620
100565
150153

18498
122
434662
MmN
211088
2120
23858

2010

12.49

35.69

o

18498
221
45160
286960
181150
198508
20633

o

%M

N
w19
30i62

113678
176583

18498
m2n
AT1859
99N
150435
165193
17408

2012

0 xR

012

8290
31519
118333
184050
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Reverws Requiremants.

($0008) nominal

2001 002 2003 2004 2005 2006 2007 2008 2000 200 M 2012
faturn 2084 49659  AGAM 43200 39984 6TSS 33U 0309 208 2 0633 1408
Depreciation XS WM WMS WNS NNS HNS NS MS  WNMS  WTS WNS AMS
O&N 111606 116333 121876 127425 133563 139362 145560 151003 158153 164934 176563 184050
Toxa! 195205 196707 199025 20149 204262 06836 20909 12877 215981 219508 227911 2314

Present Value in 1987:
(30008} nominal 48420 4456 40431 27017 33084 1M 28588 2204 24090 22168 20829 19203

Total Presant Worth:
($000s) naminal
1817940



Inflation Rates: (%)
2013 20 2018 2016 2017

€50 450 4.5 450 450

Escalators: year end - 1976

Capital 5597 6.804 1.205 1529 1.088
0 & W Fiad/Var. 6.831 7.138 7459 1.7195 8.6
Replacemants, 6.831 7.138 1.45% 1.79% 8.u6
Ins., Toms

Coal 6.831 1138 7459 1.195  8.148
I0C Rates: (%)

Capital Cost Cash Flow:
($000s) mid 1982

2013 2014 2018 2016 a

Unit 1
nit 2

($000s) as spent

Unit 1
Unit 2

Intarest During
Construction: ($000s) nom.

Unit 1
Unit 2
Property ie Service:
($000s) nawinal

2013 01 018 2016 017
Unit 1 54900 554900 554900 554900 554900
thit 2 6370 5370  MEIT0 66310 366370

Total 1M M Im M

3.
8.512
8.512

g.512

2018

2018

554900
%6370
1M

2019
.9
8.5
8.8%
8.8%

2019

2019

554900
%6310
M

e.97
9.296
9.29%

9.29%

2020

020

554900 554900

366310
M

2021

4.5

9. 3%
9.7
9.4

9.7

a2

2021

366370
m

5

9.804
16.189
10.159

10151

P17

am

L.l

Poi?8

4.50

10.246
10.608
10.608

10.608

2

13

§54900 554900

%6370
am

%6370
9120



faloulation of Retumn .

($000s) nawinal

2013
Incremsnta) Depreciation ! 0
Incremsntal Depreciatir . i}
Dspreciation Unit ! 18498
Depreciation Unit 2 e

Aoawlated Deprectation 1 490157
Ao - lated Dspreciation 2 311304
Ner ~aperty in Service 119720

wic ear Rate Bme 135078
Retum 14183
Ganerat ion: {On-trs)
2013
489

Coal Production: (Xtannes)

235
Coa) Cost: mid 1986 $/tame
12.90
$/tane nawinal
Q.0
Operating and Maintanance
Costs: ($000s) as spant
201
Fixad Plant 20N
Yariable Plant 8663
Repi., Ins., Tax 329%
Con . 123467

Tota) 19214

ou

18498
e

2%

104362
10958

o

293¢

12.88

3.89

201

M
128823
200588

08

0

0
18498
1
521153
335828
58290
13647
LLES)

2015

12.85

4578

2015

9460
35969
134306

2016

18498
m
545651
348045
0515
429%2
4508

016

13.04

48.53

2018

e
4225
2207

13.04

201

10331

14984

2018

554900

13.00

52.83

2018

33719
107%
41046
155085

238

54.99

2019

35257
1.8
42893
161408
%0881

Ve

© O o

554900

2.9

5.9

2020

11789
U8
168151
261608

201

goooo

36631

o oo o0 9O

12.18

59.21

a2

38502
12320
46840
17349
men

554900

8

g

30176

k& )
158930

.o 1o2

on
b Y .

13

134

19.08

9%.63

1051

me
70923
UMW



faverue Requiremants:

($000s) naminal

Return
Depreciation
oM

Tota)

Present Valus in 1987:

($0008) nominal

Total Presant Worth
($000s) naminal

1817940

2013

"e
s
192141
371939

11742

10958
ams

026"

16410

2018

m
ms
209300
A48

(d

2016

4508
NS
201N
236017

14203

M

1768
21488
2%071%
25394

12150

2018

Erql
65108
240636
247065

12

201

250841
250841

10314

020 X

0 0

0 0
261508 2711611
261608 211611
U 9146



GENERIC OOALF IRED POMER PLANT
NET ENVIRONENTAL REVBNUE REQUIRBENTS

TYPICAL CASE
Assumpt ons .
Mant Capacity 2 x 315 W Units
Comissianing Oates Undt 1 Wt 1, 1987
it 2 Wl 1, 1988

Unit Life 35 years
Depreciation Rate Straight Line lero Book Valus end year 0
Taxes Nil
Rea) Rats of Retumn (%) 6.0
Escalation:

Capital (1986-) Statscan Construction Poer P

(1987¢) Inflation Statscan CPl

oim Inflation

Studies Inflation

Corporate Overhead Inflation

faclamation Inflation

feal Discant Rate (%) 6.0

164



Inflation Rates: (%)

19M

9.46
Eacalators: year end - 1976
Capital 1.0719
R Y] 1.00%
Sudies 1.095
Corporate Overhead 1.095
faclamat ion 1.095
10C Rates: (%)

10.60
Capital Cost Cash Flow:
($0003) as spant

m
Unit {:
Ragulatary Approvals 119
flectrostatic Precipitators
Plart Drainage
Mine Drainage
Stack & Air Monitoring
Dry Ash Disposal
Cooling Pord
Corporate Overhead 7
Total 658
Unit 2:
Electrostatic Prec oitators
Tota) 0
Interest Quring
Canstruction: ($000s) nam.

1m
Unit 1 11
Unit 2 9

1978

8.3

1.1m
1.186
1.186
1.186
1.1

10.60

1978

1978

1979

9.%0

2

1979

(=]

1980

119

1.483
1.48
1.448
1.8
1.448

10.90

105
0

1981
12.10
1.628
1.623
1.623

1.623
1.623

11.01

1981

1108

116

el

1981

1%
0

9.6

1.
1.1
1.TH
1.7
(]

12.48

637

765

1989
4.5
1.800
1.854
1.884

1.4
1.054

383

591

1983

538

76

1.887
1.9
1.924
1.9
1.9

L)
3]

W

1619

0

W

1984

m
16

3%

1N

%

m

i)

s

3468

3466

1204
;)

o

£y
[

2.09!
.09
2m
2.081

1780

3%

an

AL |

0%

1986

1748
649

Loleh

1S4

1116

116

1987

1047

1908

65

6%

65

65

528



Property in Service:
($0008) nomina)

Unit !
unit 2
Total

Calaylation of Retum :
($000s) nowinal

Incremantal Oepreciation !
Incremanta)l Dspreciation 2
Oepraciation thit 1
Ospreciation Unit 2
Acosulated Depreciation !
Acomulated Depreciation 2
Net Proparty in Service
mid Year Rats Duse

Return

Ganeration. (G-hrs)

Coa! Production: (Ktonnes)

Reclametion Cost:
(wid 1986 $/torne cosl)

$/tane nominal

un

m

1978

1978

1979

1979

1979

1980

1980

1980

1981

1981

1982 1983 1984 1985 1986 1987
19114

0 0 0 0 0 1M

1982 1983 1984 1988 1986 1987
n

319

n

18796

9398
m

1982 1963 1984 198% 1986 1987

0.%

0.9

1988

1979
9378

156
638
156
97
156
by )
319
uUs

1988

38

1943

1.02

1R ]



Lo

Operating and Maintenance
Costs: ($000s) - spant

mn 1970 1979 1980 1981 1982 1983 1904 1985 1906 1987 1908

ESP Energy 158 "
Compliance Monitoring 19 40
Mine Monitoring : )
Rec lamat ion 505 A58
Net Ory Ash Disposal
o porate Overhesd e %2
Total 0 0 0 0 0 0 0 0 0 0 25 839
Reverus Raquiremsnts:
($000s) nawinal

197 1978 1979 1980 1981 1982 190 1904 1985 1906 1987 1908
Return 0 0 0 0 0 0 0 0 0 0 M un
Depreciation 0 0 0 0 0 0 0 0 0 0 n9 19
O&M 0 0 0 0 0 0 0 0 0 ] 825 Iy &)
Total 0 0 0 0 0 0 0 0 0 0 an 6061
Present Value in 1987:
($000s) nomine! an 5408

Tota! Presant Worth:
{$000s) nominal
93119



Intlation Rates: (¥)

Escalators. year ed 1976
Capital

oM

Studies

Corporate Overheid

Rac 1amat fon

10C Rates. (%)

Capital Cost Cash Flow:
($000s) as spant

unit !

Regulatory Approwals
Electrastatic Precipitatars
Plant Dratnage

Mine Orainage

Stack & Afr Monitoring

Ory Ash Disposal

Cooling Pond

Corporate Ovarhesd

Total

Unit 2:
Electrostatic Precipitators

Tota)

Interest During
Construction. ($000s) nom.

Unit
thit 2

5.00

2.3
2.3%
2.3%
2.3%
2.3%

51

67

4.00

R 1)
249
2.492
2.492
2.4

1991

%

2.510
2.599
.59
2.599
2.59

1991

4.9

2.623
2.ne
2ns
2.6
218

1992

4.5

2.
2.838

o]
6.

2.8%8
2,838

1993

4.80

2.8m3
2.9
29N
2.9
2.9

5.0

2.016
3.13
3.1
3.0
3.8

199%

1.5

LR P4
3.
.o
i
.

%1

4.50

1w
3.378
3.318
.
.38

1997

4.50

3.408
3.5%0
3.5
3.530
3.5%

1998

AT, ]
1999
450
3.562
3.688
3.608

3.688
3.6

657

3
1.554
304
3954
1.084



Property in Service:
($000s) nowinal

Unit 1
Unit ?
Total

Calaulation of Retumn :
($000s) naminal

Incremsntal Ospreciation |
Incremantal Depreciation 2
Ompreciation Unit §
Oepreciation Unit 2
Acamulated Depreciation 1
Acosulated Depreciation 2
Nt Property in Service
d Year Rate Bose

Retum

Ganeration: (G-hrs)

Coa! Proaction: (Ktanes)

Reclametiar. Cost:
(wid 1986 §/carve coel)

$/torne nomina)

1909

9
s

1989

— —

K}l
1596
mn
26558
am
2970

1989

4750

.18

1.

AN
MUS

48n

1.18

1.4

1991

19178
s

2 _ .
22328
3 - o o

&

R
g5

1991

1.9

1.48

19179
s

9%

639
s
Bu
1015
2369
M
%538

1.20

1.56

1943

19119
s
0624

1993

63
s
0%
1710
210
218
3N

.83

19179
s
2852

ns
(3} ¢

21708
22263

1994

1.3

v

199§

9N
48
26U

315
R

109

234

19%

1.3

19179
S
20624

3
6072
r
19878

1934

4892

1.3

1.9

1997
19179

u4s
20824

1997

639
k) }H
LA
18123

19400
an

1"

8%

1.9

1.9

19179
1
20624

199

639
kit
1358

17969
18446
1937

1.3

LM

1999
19838

1]
bo 7 )

199

658
ns

%19
17654

11812
1870

199

AL

19826
9443
928

18

816
s

16663
msg
1802

1.8

2.8



Operating ard Maintenance
Costs.  ($000s) as spant

ESP Energy
Compltance Monitoring
Mne Monitaring

Rec lamat ion

Net Ory Ash Disposal
Corporats Overtead

Total

Revenue Requiremsnts:
($000s) nominal

Retum
Depreciation
O&N

Tal

Presunt Value in 1987.
($000s) nominal

Tota) Pressnt Worth:
($000s) nominal
REIAL ]

m
¥
1]

m

b

use

k]
51
an
1]

4376

2608

4876
8438

1991
405
$
A
a3n

88

1991

54

3641

s}
4
%

4566

5361

1992
2638
531
8853

5384

1993

¥
49

b
s

4891

k]!

§122

P X:]

5122
9t

5016

462
Y]
a

5119

5968

199

404

5969
9

4642

R ]

5310

6281

g8gg

o

Buwss

2

6547

199%

194

6547
B

1997
526
59
N
5821
mn

6810

1998

549
61

1937
%4
ms

3349

6357

108

%

1870
m
36
10279

3113

2000

61

6643

426

2000

1802
Mm
m
10563



Inflaticn Rates: (%)

2001

4.5
Escalators: year and - 976
Capital 3.890
O&m 4.028
Studies 4.028
Corporate Overhead 4.028
Rec lamat ion 4.028
IO Rates: (%)
Capital Cost Cash Flow:
($000s) as spant

2001
Unit 1:
Ragulatary Approals
Electrostatic Precipitators
Plant Drainage
Mine Qrainage
Stack & Afr Monitoring
Ory Ash Tisposal
tooling Pord
Corporate Overhead
Tota) 0
Unit 2:
£lectrostatic Precipitators
Tota) 0

Interest During
Canstruction: {$000s) nom.

Unit !
Unit 2

4.065
4.208
4.209
$.209
.29

193

2003

4.50

Lu8
4.39
4.39
4.39%
4.39

2004

4.5

4439
4.5%
4.5%
4.5%
4.5%

g

4.639
4.803
4.3
4.203
4.803

2006

450

4.u8
5.019
$.019
5.0
5.019

2007

%0

5.066
5.5
5.u5
5.245
5.5

g
g

5.204
§5.401
5.481
5.481
.48

2008

5.532
5.18
5.128
S.128
5128

5.781
5.%88
5.998
5.986
5.9%

210

0

o

4.50

6.041
6 285
6.295
6.298
6.28%

an

118

119

NN

4.5

6.313
6.57
6.5
§.50
6.53

*
S
s



Property in Service.
($000s) nominal

unit !
unit 2
Toeal

Caloulation of Retumn .
($000s) nawinal

Incrementa) Depreciation !
Incremantal Depreciation 2
Depreciation Unit !
Deprec fation Unit 2
scomulated Depreciation !
Acomulated Depreciation 2
Net Property in Servica
#id Year Rate Base

Return

Generation. (Ge-trs)

Coa) Productian. (Xtownes)

Raclamat ian Cost:
(wid 1986 $/tanne coal!

$/tane nominal

19836
wuds
298

<)

(=]

676
218
9360
249
15672
16168
1698

2001

4892

1.3

2002
20029

s
294

2002

™

s
10042
4564
14868
1521
1603

2002

489

MU

2003

318
10T
“®
13864
14366
1508

2.58

20029
s
29478

2

2008

20029
LS
2944

wg
-
o oo

12108

11887

1298

892

2935

2006

20029
45
24

2007

20029
45
QU

1.3

3.08

20029
9445
U

4892

w
>
~>

20029
L1
4T

o o

318
14863
£768
842
234
376

w
-

2010

20029
945
JU

2010

NS
15552
1083
6839
1340
m

e

2on

U
U5

M

93

)L~
35
16334
7388
6857
6848
ng

1.3

.67

a0n

MU
A4S

-
<3
~D

93

915
35
17208
m3
5668
5262
658

2012



Operating and Maintanance
Costs: {$000s) as spent

£SP tnerqy
Compliance Monitoring
Mine Monitoring
Reclamation

Nat Ory Ash Disposal
orporata Overhesd

Total

overus Requiresents:
($0008) naminal

Retumn
Depreciation
04N

Total

P asent Value in 1987:
($000s) naminal

Total Present Worth:
($000s) nowinal
93719

621
10
N

6942

“us

1

1698
9
812
10809

695

200

1603
W

1087

2489

768

486

1508
1004

11380

an

1ns

2
1922

9267

1403
1004
9267
1160

2U8

8218

bR

1298
1004
9684
1198

1994

2006

™
97
4
8651

558

10120

1192
1004
10120
12316

2007

816
9
48

9040

10578

1087
1004
10578
12666

1726

Eesd 8

&

11051

1004
1St

AN
Lo

1608

8
100
52
¥

633

11548

2009

876

1

11548
U8

98

93
104
5
10316

662

2010

m
1004
12068
13843

201t

m
109

107%

691

12611

n
1097
12611
14427

139

on
114

11265

14

NN

IS
S
.

656
188
1119
15026

1203



Imlation Retes: (%)
2013 0 2018 206

€50 4% 450 40

fscalators. year end 1976

Capital 6597 6804 1208 1.5
04N §.831 7.138 1459 1.1%
Studies 6.8t 7138 1459 119
Corporate Overhead 6.3t 7138 7459 1.7
Racamat ion §.831 7.1 1458 1.1%
10C Rates. (X)

Capital Cost Cash Flom:
($0008) as spent

03 0 2018 2016
te
fe y Aopronals
£le.Crstatic Precipitatss
Mant Orainage
Mine Orainage
Stack & Afr Mnitoring
Ory Ash Disposal
Cooling Pond
Carporate Overhead

Total 0 0 0 0

Unit 2:
Electrostatic Precipitators

Total 0 0 0 )

arest Quring
Construction. ($000s) nam.

Unit 1
Unit 2

21 2018
45 430
7.668 8.
8.6 8.512
8.6 8.512
8.6 8.512
g.146  8.512
a1 2018

0 0

0 0

2019

4.5

8.5%2
8.8%
8.8%6
9.8%
8.8%

b2y

.50

8.978
9.296
9.296
9.296
.29

a0

4.5

9.382
9.1
9.1
9.14
9.1

a1

222

4.5

9.804
10.181
10.151
10.15)
10.151

b v g

4.5

10.246
10.608
10.608
10.508
10.608



Property in Service:
($000s) nominal

Unit
Unit 2
Total

Caloulation of Retum .
($0008) nawinal

Incremantal Dep  ‘atian !
Incremantal Depreciation 2
Depreciation Unit 1
Depreciation Unit 2
Acoslated Oepreciation !
Acoxlated Depreciation ?
Net Property in Service
Mid Yeur Rate Base

Re ™

Generation: (GW-trs,

Co3) Productiar  (Ktonnes!

Reclametion Cost:
(aia 1996 $/i:.e coel)

$/tane noming|

2013

M
94

2013

4892

&N

MU
9
N

kil

81

£ H
189
8%3
3

408

2

4892

419

2015

M4
48
20589

2015

2015

(BN

438

016

21144
s

2016

215
"
G
8973
$10
1304
158

2018

8%

23

1.3

4.58

mMm

1
£ TH

NS
M
9288
157

2018

14
s

157
MU
s

2018

489

1.23

5.00

Ar

2
S
30589

2019

4892

0

L4

2020

mu
1)
30509

3

o o O O

Hu
948

4890

13

0

Mu
45

20

4892

0%

5.1

N
9443

1.2

003

N
WS
30589

D oo O o

14
9445

2003

Ped)

bl

0.38



Operating and Meintenance
Costs:  ($000s) as spet

S ergy

Compiance Monitor ing
Mine Monitoring

Rec lamat in

Net Ory Ash Oisposal
Coryorate Overhead

Total

reverue Requiresents:
($000s) nominal

Returmn
Ogpreciation
oO&N

=

Present Value in 1987
($000¢) nomina)

Tota! Present Worth:
{$000s) nominal
937119

213

1063
19
63
N

5%

131

53
1189
IMm
15494

1160

A

"
24
5%
12302

188

w3

01

49
1189
439
15989

1083

825

15039

2018

83
1189
15029
n

1012

13434

%

15716

218

158
1188
15116
17063

W7

201

1268
¥
i)
14039

16423

01

752
16423
Irxl

2018

1328
148

s

Mol

2018

157
1me2
17328

187

2019

‘384
195
81
15331

179U

2019

17934

179%

m

00

T
162

16021

1028

18

2020

697

200

1512
169
89
16742

10

02
1185
m
3
15893

na

18469
18469

563

1 /h

.

876l

2023

3750
8760



ITA

lame: Leslie M. Johnstor
Place of Birth: Durban, South Africa
ar of Birth: 1944
Posi -s=cuvadary Education: B.Sc. Chemical Engineeri1a (1960)

Accreditatiouns:
Professional Engineer (Alberta)

Chart~red 2ineer (United Kingdom)

Related Work Experience:
Environmental "anagement ctric Utility
Environmental Engineering Kegulatery - Government

Process Engineering - Industry
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