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SECTION 1.0 - SUMMARY

PURPOSE COF STUDY

The purpose of this study is to evaluate alternative air quality control
systems Tor the Hat Creek powerplant on the basis of their comparative
benefits and costs. The air quality control systems evaluated are intended
to reduce sulphur dioxide and particulats emissions which would ensure
acceptable air quali®ty conditions if the 4at Creek Project were built.

There are no devices specifically designed to control tracs elements, but
sulphur dioxide and particulate contrgl methods have varying effects on
trace elements and consequently are discussed within relevant sections of
the report. Emission of NOy {Oxides of Nitrogen) will be controlied by
appropriate design and operation of the boilers and auxiliaries and, thus,
this contaminant is not discussed in the report.

The benefit-cost evaluation provides a mechanism for the selection of
those control systems offering the greatest achievable envirormental benefits
consistent with an efficient use of energy and capital. Specific criteria
used in the berefit-cost evaluation of the feasible altermative strategies
include engineering afficiencies, auxiliary power requirements, environmental
considerations and economics. Also to be kept in mind are the constraints
imposed by the unique characteristics of the Hat Craek coal dengsit.

This study includes a review of the costs and benefits of pollution
control equipment designed to meet:

a) the levels assumed for the preliminary design of the
powerpiant; and

b) the levels issued by the Pollution Control Board in its
Objectives Tor Mining, Smelting and Related Industries of
British Columbia in 1979,



1.2

SULPHUR DIOXIDE COMTROL

Coal beneficiation, meteorniogical control (MCS), and flue gas
desulphurization (FGD) alternatives have been compared. Coal benerficiation
orovides benefits in the form of powerplant capital and operating cost
savings; FGD and MCS do not provide powerplant benefits. All three
502 control methods offer enviruonmental benefits through reduced emissions
thereby lessening the potential for ground level concentrations to axcesd
accaptable levels.

Table 1-1 summarizes the benefits and costs in quantitative and
qualitative terms for the various 502 cantrol configurations. Meteorclogical
contral with a 244m chimney would be the most cost effective method. <{oal
washing s estimated to be over twice as expensive as metegralogical
cantrol but still considerably cheaper than any flue gas desulphurization
system. The FGD system is the rost expensive SO2 control gption. The
net envirormental benefits associated with resource value savings ars not
sufficiently large to support the instaliation of any control system ?or
802 on benafit-cost grounds. However, to avoid excesding ground lavel
concentrations considered necessary to protect the environment some control
measure is necessary ‘or the powerplant. Meteorological cantrol is the
best method to control SO2 from an overall benefit-ceost viewpoint.

Far the "base scheme" powerplant, a single chimney with four separata
flues has been proposed in order to enhance the thermal Tift of the piume.
The comparative economic¢s of the tall chimneys of 244m and 366m in height
are in favourof the 244m stack. The 366m/MCS alternative would cost an
additicnal 31Q0.3 million. However, a 244m/MCS sys*am wauld be assgciated
with more predicted generation losses than a 36em/MCS system, [f it is

assumed that 311 predicted gereration Tosses weculd have to be replaced by

1.2



TABLE 1-1

COMPARATIVE BENEFITS AND COSTS

BASE SCHEME AOCS ALTERNATIVES

RPLANT

FaX oYl of od

LoD
ions of 19

P
- E
v

CONTAMINANT  ALTERNATIVE

{8-C)
79 $}

ENVIRONMENTAL GENEFITS AND COSTS

Partial Coal
Washing -16
Sulphur
Dioxide Full Coal

Washing -191

unmeasured resource injury and damage reduction
reduction of potentially harmful trace elements
Btu losses

effect on ESP performance

environmental effects of tailings or effluents

244m/MCS -22

low or insignificant impact on air quality/meteorotogy, epidemiclogy,
wildlife, water resources, and beef industry

366m/MCS -33

T
.

E-

synergistic effect of 502 and NO2 on irrigated land for altalfa
production - 16 ha for 244m/MCS and - 13 ha for 366m/MCS
predicted forestry damages of $12,557/a and $11,655/a for 244u/MCS
and 366m/MCS respectively with probable fluoride emissions level
measurable potential injury to certain natural vegetation species
predicted forestry dawages of $2,800/a and $1,898/a due to S0p
for 244/mMCS and 366m/MCS respectively

366m/FGD -300

low or insignificant impact on air quality/meteorology, epidemiology,
wildlife, water resources, agriculture and natural vegetation

predicted forestry damages of $399/a due to SO, :

predicted forestry damages of $9,856/a with probable fluoride
emission level

reduction of potentially harmful trace elements

llot-side ESP -104

PParticu-
lates

Cold-side ESP -92

satisfies assumed PCB objectives _

insignificant or low environmental impact of 24 hr. and annual
ground level concentrations

expected to provide sufficient mitigation from the effects of trace
elements

cold-side ESP is preferable to hot-side £SP based on energy, techni-
cal, and performance factors for a Hat Creek application
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CONTAMINANT  ALTERNATIVE

POWERPLANT
BENEFITS-COSTS(B-C)
{Millions of 1979 §)

TABLE 1-1
{continued)

ENVIRONMENTAL BEMEFITS AND €OSTS

Fabric
Filter

-93

-8 can achieve generally higher particulate collection efficiencies

than LSP

s potential to collect more trace elements than ESP

s could achieve assumed PCB objectives

¢ insignificant or low environmental impact from 24 hr. and annual
concentrations would be expected

Source; Ebasco Services of Canada Ltd. Environmental Consultants, 1979,



alternative snergy sourcas such as hydro reserves, thermal plants, or importad
power, the 244m/MCS alternative is still estimated to be at least 33.% millicn
cheaper than the 366m/MCS alternative. The cast differential in favour of the 244m
chimney should be further reduced by the value of additional environmental resource
losses associatad with the 244m chimney over the 366m chimney. However, forestry
losses are the only major environmental rescurces that could be measured in

dollar terms. The additional forestry damages of the 244m/MCS opticn over the
366m/MCS option are estimated to be sTightly less than $1000/a in constant 1979
dollars over the 30-year gperating life of the powerplant. It is evident, there-
fore, that the 244m chimney is preferable to the 366m chimney in tarms of mini-
mfzing total capital, energy and environmental costs.

PARTICULATE COMTROL

Elec*rostatic precipitators {ESP) and fabric filters (FF) or baghouses were
compared as alternative control systems. Table 1-1 summarizes the tenefits and
costs for these alternatives. The net powerplant benefits and costs are negative
for £SPs and the FF with the cold-side ESP having a slight advantage over the
FF. From an environmental perspective, all systems could achieve 0.1 grains/SCF.
The resuitant TSP ground level zoncentrations were assessed by ERT to have lTow
or insignificant environmental impacts. Although ERT did not evaluate the
impact from TSP emissions from 4 fabric fiiter, it would be reasonable to con-
clude from the iiteraturs thaf a fabric filter in cperation could achieve at
ieast the environmental benefits obtained with an ESP. Fabric filtars are not
aroposed for Hat Creek for technical reasons. The technology is still being
deveiaped and has not been demoastrated on many large generating stations using
coals with characteristics similar to Hat Creek coal.

Trace slements are not expectad %o causa adverse health risks or impacts

on the local or regional biological communities, and, therefore the



SECTION 2.0 - INTROCUCTICN

The terms of reference for this study require that aiternative Air Quality
Control Systems (AQCS) for the Hat Creek project be avaluated through a beneffit-cost
analysis. This study esvaluates various air quality control devices for sulohur
dioxide and particulates. Trace ulement cansiderations are discussed as part of
the particulate control system evaluation section. The major suiphur dioxide
control altermatives inglude several combinations of chimney height, flue gas de-
su1phqr1zat10n and metearoiogical control. E£lectrostatic precipitators and
fabric filters {baghouses) are the primary alternative systems evaluated¢ to control
particulate emissions. Oxides of ﬂitrogen {NO,) control will be by appropriate
design and operation of the boilers and auxiliary equipment. Benefit/Cost Analysis

of NOy control alternatives is therefore not included.

The evaiuations of the various AOCS systems toock into consideration the 1975
“Pollution Control Objectives for Food-Processing, Agriculturally Oriented,
and Other Miscellanecus Industries of British Columbia"!, the 1973 "Pollutian
Control Objectives for the Mining, Mine-Milling and Smelting Industries of
British Columbia“z, and the suggested guidelines for coal-fired powerplants
oresented by 8.C. Hydro and Power Authority in a 1978 brief submittad to the
Pollution Control Branchs. The 1979 "Pollution Control Objectives for the
Mining, Smelting and Relatad Industries of 8ritish Columbia"® included, for the
first time, objectives specifically for coal-fired powerplants. They were issued
after the "base scheme" proposed for the Hat Creek oroject had been finalized.
These pollution controil objectives reflect two philosophies or approaches to

protect the environment from airborne contaminants: (1) emission control of all



contaminants at the source and (2) embient air quality control. Because amissions
are not the only determining variable of ambient air quality, it could be argued
that emission Tevels should be set ¢n a oroject or site specifi¢ basis. In rural
areas with unpopulated 2levated terrain, some variance from the ambient air quality
guidelines would seem reasonable if impacts are judged to be censistent with

protection of public health and the environment.

In the 1973 brief, 8.{. Hydro recommended an ambient air gquality approach
as opposed to emission control at the source for satisfactory crotection of
the environment. B8.0. Hydro also suggested that an one-hour averaging period
for ambient sulphur dioxide levels was not practicable for coal-fired powerplants
but a three-hour averaging period with a maximum average concentration of
655‘pg/m3 (0.25ppm) was appropriate and practicable. A three-nour sulphur
dioxide guideline, like the existing one-hour quideline, is solely related to
economic protection rather than health considerations for which the guidelines
of 24 hours and greater have been developed. Also, B.C. Hydro considered that
the 1973 Pollution Control Objectives for gasaous and particulate emissions
(Appendix [, Table I1) are suitable for coal-fired powerplants but that an
exclusion to the 80% sulphur removal criterion be given for coal-fired powerplants

provided the proposed ambient air quality levels are met.

Since the submission of B.{. Hydro's brief %o the Pollution Control Branch,
new abjectives for coal-fired powerplants in British Columbia were adopted by
the Pollution Control 3oard. Compliznca with the 1379 "Pollution Control Objectives for
Mining, Smelting and Related Industries of British Columbia" is examined in
Appendix A. The introductory secticn of these recent Pollution Zontral Objectives

states that:



The aim of these Cbjectives is to protect the
quality of British Columbia's snviromment for
the benefit of present and future c¢itizens of
this Province‘and Canada. The QObjectives pro-
vide, firstly, for use of the environment's
assimilative capacity within Timits which do
not lead to unacceptable conditions, and,
secondly, for adapting realistic cost-benefit

poilution control strategies.4

The aim of the 1979 Objectives appears to be c<onsistent with the intent of
the ambient air quality approach to setting objectives prasented in 3.C. Hydro's
brief. Table 2-1 provides a comparison of the various ambient air quality

guidelines discussed in this section.

This study 1s an application of benefit-cost analysis to evaluate air quality
contral systems as well as to measure the net benefits or costs of achieving
stricter levels of air quality control for the Hat Creek project. Engineering
judgement including constraints imposed by the unique propertias of Hat Creek

coal were also considerations in ava'uating alternatives.

™~
]
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TABLE 2 -1

COAPARISON OF PROVINCIAL AMBIENE AIR QUALLITY GUIDLLINES
FOI SURIUR DTOXTDE AND TOPAL. SUSPENDED PARTICULATES

Food Processing, Miniiyg, Mining, Smelbim
Agricultrually Ocientated Mine-Milling, and Related
Averaging & Misc., Industries of Suclting & Assoc. PCB Industriesd
Contaminant  Period British Colubia® IndustriesP BriefC lange
) rg/mi} { pg/mdy ( pg/wd) ¢ pg/mld)
Sulpiwic
titox ik 1 hour 450 799 - 450-900
3 hours - - 655 375-665
24 hours 160 266 266 160-260
1 year 25 53 : 53 25- 50
i3 ——— —_ _—
i
Total Sus-
pended Par-
ticulates 24 hours 150 150 150 150200
1 year€ 60 60 60 60- 70
Sources:

a - Level A Guidelines Fram able 3 of “Pollution Control Objectives for Food Processing, Agriculturally
Oriented, and Other Miscellaneous Industries of British Colunbia", 1975.

b - Level A Values Fram Appendix I of "Pollution Control Obiectives for The Mining, Mlne—m]llng, and
Swelting Industries of Dritish Columbia", 1973,

¢ - Brief sulmitted by B.C. llydro to the PolluLlon Control Branch Public to Review “Pollution Control
Objectives for the Mining, Mine-Milling, and Swelting Tndustries of British Colunbia®, January, 1974.

- "Pollution Contral Objectives for the Mining, Smwelting and Related Industries of British Colubia, 1979,
= Aunwal Geonetric Mean,

T o



SECTION 3.0 - BEMEFIT-COST METHODOLOGY AND EYALUATION CRITERIA

Benefit-cost methodology requires that al' present and future social costis
and benmefits associated with a proposed action or set of alternative acticns
be compared and appropriately discounted. The methodology is apolied in this
study to assess the most aporopriate air quality control technologies consistant
with protection of the environment. The benefit-cost evaluation has to be
combined with other considerations such as engineering, financial and oubiic

acceptability before a final salection is made,

Any AQCS alternative must be capable of achieving acceptable ambient air
quality levels., The energy requirements and economic impacts of air quality
control systems are determined and compared to identify the envirommental, eneragy
and econamic tradeoffs associated with the various pollution control systems. The
benefit-cost avaiuation provides a mechanism for the assessment of those systems
offering the greatest achievable environmental benefiis consistent with an
afficient use of energy and capital. Specific criteria integrated into the
benefit-cost evaluation of the feasible alternative strategies include engineer-
ing afficiencies, auxiliary power requirements, environmanta! considerations and
economics. [n addition to looking at systems for achieving acceptable ambient
air gquaiity, the economic impacts of attaining the more stringent 1973 PCB

emission objectives are also evaluated.

The conceptual framework underlying this benefift-cost study is illustratad
in figure 3-1. The ambient air contaminant concentraticn is measured along the

horizontal axis and the associated cost (Cenefits) aiong the vertical axis,



FIGURE 3-1
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Source: FEhasco Services of Canada Ltd. Environmental Consultants, 1979.



without the specific units of measurement being identified. [n general, the
environmental rescurce values lost or damage costs would tand to be pesitively

related to the ambient poliutant concentration as denoted in figure 3-1,

On the other hand, the cost of removing or reducing the airborne contaminant
in the ambient air would tend to be inversely related to the ambient pollutant
concentration. The air pollution problem can be viewed as economic in nature
hecause increased air quality control costs-must be weighed against the benefits
of increased resource values saved and vice versa. On the assumption that all
social costs (benefits) have been aporooriately accounted for, %he total cost to
society of maintaining a given level of ambient pollutant cencentration would be
the sum of the control costs and damage costs at that level. The cptimum level of
ambient contaminant concentration would be at "b" as denoted in figure 3-1 where
total costs are minimized. Ifrthe ambient level of the contaminant was at "a", the
control cos:ts would exceed the damage casts denoting an inefficient allocation of
society’s|scarce resources. As the ambient level ing¢reased from "a" to "&", the
benefits of reduced control costs exceed the costs of increased environmental
damage. Analogously, if the ambient level was at "c", there would be an inefficient
ailocation of resourcas with damage costs excseding contral costs at that Jevel,

In this case, reducing the ambient level from “c" to "b" would denots at the
margin that the benefits of resource values saved would excsed the costs of
increased control. Therefore, only at "e" where control costs equal damage costs
would total social costs be minimized and the optimum pollution control expendi-

ture be attained.

The patential 2 fect of pollution control objectives on air quality contrsi

costs is also illustrated in figure 3-1. If for a given project, in particular

3-3



a rural development, the real control and damage cost relationships are accurataly
renrasented Dy the curves in figure 3-1 the appropriate air quaiity control
axpenditure would be measured by the line segment De. An assumed ambient air
quality objective for the province is shown on figure 3-1., If the objective must
be achieved irrespective of the costs-benefits of this specific project, cantrel
costs measured by the distance df might be required and an inefficient allocation
of resources would result. In this simple example the effact of meeting the-
assumed ambient objective has resulted in control expenditures greater than the

cptimal amount.
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SECTION 4.0 - BEMEFIT-COST EVALLATION OF AL?ERNATIVE AIR QUALITY CONTRCL SYSTEMS

The benefit-cost evaluations for the sulphur dioxide and carticulate
control systems for the "base scheme" powerplant are oresanted in sections 4.1
and 4.2, respectively. In each section, the systems to be evaluated are descrited
briefly and then the benefits and costs are presentad for each system in relation
to the applicable air quality objectives. The comparison of the benefits and
costs of various technoleogies provides an econcmic basis for the seiection of

the preferred air guality control system as well as to measure the net benefits

or costs of various air quality objectives,

There are two specific evaluations of importance that are made in
conjunction with the orimary evaluations outlined above: (1) determination of the
appropriate stack height; and (2) the control of trace elements. The stack or
chimney height evaluation is presentad in sub-section 4.1 {b) {ii), and trace

element concerns are covered in sub-section 4.2 (d).

L



4.1 - SULPHUR QIOXIDE CONTROL SYSTEMS

Sulphur dioxide emissions can be controlled by removal of sulphur from the
coal prior to combustion (coal beneficiation), conversicn of sulphur dicxide in
the boiler, meteorological control systems (MCS), or by removal of sulphur dioxide
from the flue gases (FGD). Coal beneficiation is evaluated in sub-section 4.1 {a);
meteorotegical control, an intermittent control measure, in 4.1 (b}; and flue gas
desulphurization, a tachnology to remove S0, from the flue gases is assessed in
sup-section 4.1 (¢}, Fluidized bed combustion and other coal conversion tachnclo-
gies not considered suitable for a Hat Creek application are presented in
Appendix 8. The financial c¢riteria used for economic evé?uatfons are listed in

Appendix C.

(a) Coal Beneficiation
The fundamental purpose of beneficiation would be to improve the
quality of coal. This ¢an be achieved by means of a number of
alternative methods which would variously reduce the ash content,
minimize the moisture percentage, and decrease the sulphur content.
(i) Benafits of Coal Bepeficiation
The benefits of coal beneficiation are the capital and operating

cost savings to the powerplant ind the reduction in emission of
some cantaminants. The removal of some trace slements, e.g3.
fluorine concentrated in clay matter might also result in
enviranmental benefits.> Beneficiation wauld reduce the total
capital and operating costs of the powerplant by increasing
powerplant efficiency; lessening ash nandling and disposal
problems; decreasing the size of required boilers and coal

handling facilities; and easing cperation and maintenance

4-2



oroblems., The estimated monetary values of these potentiai
powerplant savings are jllustrated in figure 4-1. Powernlant
costs would be reduced by $53.41 million if the coal was up-
graded from 17.03 Md/kg to 18,03 MJ/kg and §142.17 militon if
the coal was upgraded to 21.02 MJ/kg. These values are hased
an 1977 dollar estimates escalated by 9% and then 8% toc arrive
at 1979 dollar amounts. The calculations assumed a 35 year
Tife for the 2000 MW powerplant. “Availability" differences
with varying ccal qua11fy have been allowed for in the evalu-
ation by appropriate values of c¢apital and operating cosis.
Also, because the Hat Creek project is a2 mine-mouth develop-
ment, "transport" benefits are not relevant. The benefits to
be obtained from the effect of coal washing on particulate
control cost savings have been taken into account in the

computation of powerplant benefits.

The major environmental benefits that should be obtained
from beneficiation would be the savings in environmental
resource values that might result from the reduction of fly
ash and sulphur dioxide emissions. It is dencted on figure 4-1
that washing would reduce the ash contant frem 36.3 percent for
blended raw ccal to 32.5 and 24.5 percent for partial and “ull
washing respectively. Therefore, 1 given level of particulate
emission can be attained with washed ccal and a lower efficiancy
glactrastatic precipitator than with raw blended coai. Alsc,

beneficiation nas the potantial of reducing the sulohur contant

4-3
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by 8 to 20 percent 3s denotad in figure 4-1. The sulphur
dioxide emission rates corresponding to the partially and

fully washed coals would be about 1.2 1b /106 3tu and 1 1b/106
Btu respectively compared to the raw coal 502 amission of about
1.3 1b/108 Bty (assuming all sulphur in the coal goes o SOZ).6

A recent Canmet study7

concluded, on the basis of washing a
bulk sample of about 82 tons, that Hat treek ¢oal containing
6500-6600 Btu/1b and 41-42% ash, dry basis, could be upgraded

to at Teast 8125 8tu/1b with a Btu recovery of at least 90%.

The upgraded Btu content of the coal was associated with
improved coal quality and a significant reduction in variability
of all constituents. Also, an average reduction of 25% in

sulphur content with this test sample was achieved, from 1.67

to 1.26 1b/10% Bty.

Costs of Coal Beneficiation

The capital and operating costs of the beneficiation plant
for partial and full washing are denoted in figure 4-i. The
total capitaiized costs of upgrading the coal to 18.30 MJ/kg
would be about $135 million and 5333 million to upgrade the

coal to 21.02 MJ/kg. i

The beneficiation process would produca tailings or
effluents which might cause environmental damage if they are not
handled, treated or disposed of in an appropriate manner.

Because coal washing would result in 3tu Tosses as a consequence



of reduced coal resgurce utilization, greater gquantitias
of coal would be required %o offsat process losses. 4s
noted in figure 4-1, resource utilization decreases from
94.9% for the blended raw coal to 92.68% and 86.6% for the
partial and fully washed coal respectively.

Although beneficiation to reduce sulphur content in the
coal has notential environmental benefits associated with it,
some problems in gperation , e.g.: a) the concentration of
sodium which can cause fouling is increasad; and b) the per-
formance of the proposed electrostatic precipitators could

be adversely affected by sulphur reduction in the coal.8

(iii) Conclusions

The benefit-cost elements that have been measured in
dollar amounts are illustrated in figure 4-1. The benefit-

cost criteria are listed below:
Coal Benericiation
Benefit-Cost Criterian Partiatl Total

Benefits/Costs  (B/C) 0.43 0.43
Net Benefits (8.C) -576.39x106  -$190.97x108

The anvironmenta: benefits of coal beneficiation have not heen
quantified. Nevertheless, the net benefits would have to be worth
at least 576.39 million on a capitalized basis to justify partial
washing and commensyrately greatar in worth to justify total
washing. Thus, even if coal washing appeared technically feasible
to reduce 50, emissions, it would not be 2 cost-2ffactive method
and therefore cannot Le racommended for incarporazion into tne

"hase schema" for the Hat Creek argject.



(b)

Metegrological Cantrol Systems

(i)

Introduction

Under normal climatic conditions, the base scheme proposed
is expected to provide accaptable ambient SC» levels. A
meteorological control system (MCS) is a systematic plan of
procedures for reducing contaminant emission to the atmosphere
in response to predicted or observed adverse meteorological
conditions that are conducive to high ground-level ambient
concentrations. MCS is not intended %o provide protection
from long-range transport effects. Load reduction and fuel
switching during episcdes of adverse meteorological conditions

have been selected for evaluation.

Closely related to the assessment of an MCS systam would
be the determination of stack or chimney height. In the "base
scheme" {or the powerplant, 2 single chimney with four separata
flues is proposed in order to enhance the thermal life of the
plume. The costs and benefits of a 244m (800 ft.} versus a

366m (1200 ft.) chimney is undertaken in sub-section 4-1 {b) (ii).

There are two operational possibilities for reacting to un-
favourable dispersion conditions: The first involves fuel
switching from the primary c¢oal to a sscondary fuel with lower
sulphur contant which could be stockpiled for use during periods
of adverse dispersion potential. Fuel switching would probably
be the yreferred action, in the winter months (Movember through
Fabruary). Ouring the other months of the year, load reduction

of generating units would probably be the preferred control
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method.9 Table 4-1 nrovides the MCS parameters utilizad oy cnviron-
mental Research and Technology, Inc. (ERT) and "new-performancé“ coa]10
characteristics determined in 1979. The heating value has

worsened to 5,955 8tu/lb and the mean S% has fallen from

0.45% to 0.39%. [t is estimated that the daily emission,

assuming all S goes to SO2, would be less than ERT's value

by about 9% under normal conditions., Also, ERT assumed the

ambient S0 guidelines proposed in the then current 1978 8.C.

Hydro brief.

Cost of Meteorological Control

Table 4-2 provides cost data developed by Integ-Ebasco!l for
the various chimney, metedrological and flue gas desulphurization
systems. The amounts are stated in 1979 dollars and are based on
the financial c¢riteria found in Appendix C. Table 4-2 shows that
the 244m/MCS configuration would have & total capitaifzed cost of
almost 522 million, and the 366m/MCS configuration would have a
comparative cost of about 332.5 millign. These figures would
suggest that the 244m/MCS configuration would be preferred. When
MCS operation is included, the evaluaticn must include the costs
associated with redused powerplant output operation due to MCS
constraints. The following analysis attempts to estimate the cost
of generation josses as a result of fuel switching and load shed-

ding for the two chimney heights.

Estimation of Annual fGeneration Lossas Due ta MCS

Tne Hat Creek oowerplant is proposed as a significant a2ddition

to an axtensive hydrc-electric system. The powerplant wouid be



TABLE 4-1

METEOROLOGICAL CONTROL SYSTEM PARAMETERS

Primary Fuel (“as received" basis)

Fuel type coal coal
Sulphur content - % 0.45 0.39
Heating Value - MJ/kg (Btu/1b) 14.7 (8,300) 13.85 (5,955}
Ash - % 26 25.6
H,0 - % 20 23.5
2
Secondary Fuel ("as received” hasis)
Fuel type coal "N" coal
Sulphur content - % 0.21 0.23

Heating Vaiue - MJ/kg (Btu/1b)

Qriginal Fuel

New Performance
Characteristics (1) Fuel Characteristics (2)

17.81 (7,560}

16.08 (6,315)

Agh - %
HZO - % 20 24.5

Ambient 502 Coantrol Criteria

3 - hour averaging time ~,Ng/mg 665

24 - hour averaging time - pa/m 260

Source:
(1) Environmental Research and Techrology, Inc., "Air Quality and
Climatic Effects of the Praposed Hat Creek Project, Santa
Barbara, Ca., April 1978, PSQ74F,.

(2)  Paul Weir Co., 1979, Report Forthcoming
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TABLE 4-2
CHIMNEYS AND EMISSION CONTROL SYSTEMS COST ESTIMATES
(1979 5)
(244m} Geem) | FGD FGl
Chimney Chimney (100%) (53%) HCS!
Capital Cost® = A 12,117,098 20,927,652 | 292,098,800 203,623,340 4,329,838]

gperating and Haintenance
Annual Cost = 1) 363,5]& 627,802 1 21,641,130 10,839,109 474,106

—— &

flxed Char% Ratg ¢ 15.2%)

=Ax 0 1,341,800 3,]80,986 44,399,020 30,950,748 658,135

Annual Cost

Total Annual Owning and
Operating Cost D =B + C 2,205,319 3,808,790 | 66,640,150 41,789,857 | 1,132,241

Capitalized Value of Tatal
Owning and Operating Cost '
£E=0+ 0,152 14,508,641 25,067,828 | 434,474,670 | 274,933,270 | 7,448,951

MCS costs exclude costs due to reduced Hat Creek output operation due ta MCS restraints.

Capital costfpricesrinclude escalation, direct and indirect construction, contingencies and
engineering costs.

Operating and maintenance costs for 100% FGD include a consumption of 200 USgpm per unit
for makeup water at a cost of $3.70 per 1000 USgal.

Operating and maintenance costs for 53% FGD include a consumption of 100 USgpm per unit for
makeup waler at a cost of $3.70 per 1000 USgal.

Source: Integ-Ebasco, 1977; ESCLEC, 1979,



assentialiy a base "oad plant. In addition, the pcwerplant
would sometimes operate on a two-shift and, later, on a

cycling basis.

The MCS system may call for fuel switching from the primary
coal to low sulphur coal during the months of November through
February. ERT? predicts that} if the four-unit plant is required
to operate at full Toad continuously, switching may be required
for about 195 hours from November through February with a 244m
chimney. With a 36ém chimney, switching may only oe required
for a few periads in Movember. OQOuring the remaining eight months,
reducing plant generating capacity to 30 percent ipad for about
80 hours and to 60 percent load for about 3 hours may be
required with a 244 m chimney. Load reduction with a 366m
chimney are expected to be nil. These figures are prasented in

Table 4-3,

In order to supply customer loads, alternative generating
sources would be required, e.g. thermal, hydro-elactric, or
imported electrical energy. [t is assumed that the appropriate
mill rates for thermal and imported electrical energy are 20 and
25 milis/kWh. For hydro-eiectric energy, a case can bde made faor
a zero mill rate and/or Tor analytical reasons, a mill rata of

15 mills/kh.

if it is assumed that the system is capacity critical, he

aydro resarve system would normally be selectad as an alterrative
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ALY 4-3

WAL CREEK
M2S COSTS OF FUEL SWIICIING ARD LOAD SHFEDDING

_____ el Swiltching Ioad Shedding L
1 2 @ aoie 6UJ Generalbingl Generating Annual Energy Replacanent dost
Coal Inad (foad] Capacity Capacity ) . o
Consaiyr 1oss @ 00%) foss @ 601 Nedro-glectric “Thernnl Tugon Lind
MLeynative| lours tion (h) ) (M) (+y) {OMills/kwhi‘ (M1 1s/kl)] (20M1L1s/kel)] {25101 5/ 10 )
244 /M5 195 308 ehs no 5 15 440 4500 0 606, 300 a0y, 400 I, 010,500
366 m/MCS 75 ] 1ip 725 [t 0 0 0 0 0 0 ]

I Coamlod at 808 of anbicnt conlrol criteria and 50% safety factor for switch hours,

2 Coal consunpbion per 4 wnits of 1503 1rph.

4

Source:  Fhasco sSevvices of Canada Ttd. Baviromwental Consultant, 1979,



to offset a reduction in lcad by the preposed Hat Creek power-
plant. The incremental cost might be zero if the reserve capacity
is drawn upon. The reason for this is that the Hat Creek power-
plant might, subsequent to the removai of meteorological con-
straints, operate at a higher load, or for a Tonger period, per-

mitting hydro-electric generation to be reduced an equivalent

e

amount until water 1é§eis in the reservoirs are restored. Although
there may appear to be no additional cost in drawing upon reserve
capacity, it is appropriate to attach an “"opportunity cost” to

such an operation. The hydro-reserves used might have been

sold for export energy at 15 mills/kih,

The estimatad costs of replacing the predicted annual load
shed at Hat Creek are shown in Table 4-3. The total annual gener-
ating capacity.1oss for the 244m/MCS configuration is 40,420 MiIH and
0 for the 366m/MCS aiternative. The capitalized energy repiacement
costs are about $4.0 million for the hydro-electric source at the
"opportunity cost” rate of 15 mills/kWh; S5.3 million for the
thermal generation aiternative and 56.6 miliion for the imported

energy alternative.

Table 4-3 shows that fuel switching with 244m/MCS configura-
tion is estimated %o occur for an additional 120 hours and to
consume an additional 190,000 tons for Tow 5u1phuf coal than the
J6em/MCS alternative. It is expected that the additional coal
consumption associatad with the 244m/MCS alternative should not
result in any additional cost oeralty because the cost per Btu

would remain constant (assuming a constant heat rate).
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The comparative costs of the MCS configurations are summarized

in Table 4-4,

TABLE 4-4

SUMMARY OF METEOROLOGICAL
CONTROL SYSTEMS COSTS

ALTERNATIVE MCS
COSTS 11979 3)

244m/MCS 366m/MCS

CAPITALIZED COST COMPQHENTS

MCS Owning & Operating Plus
Hydro Replacement of Energy
(0 Mi11s/kWh) 21,957,592 32,506,779

MCS Qwning & Operating Plus
Hydro Replacement of Energy
(15 Miils/kWh) 25,946,408 32,506,779

MCS Qwning & QOperating

Plus Thermal Replacement

of Energy

(20 Mills/kWh) 27,276,013 32,506,779

MCS Owning & Operating Plus

[mport Replacement of

Enerqy

(25 Mi11s/kWh) 28,605,618 32,506,779

Source: Ebasco Services of Canada, Ltd., Envirormental Consultants,
1979.
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Based on the data contained in Table 4-4, the Z244m
chimney would be preferred to the 366 chimney with MCS at the

Hat Creek powerplant.

(iii) Benefits of Meteorological Control
The benefits which might accrue from use of sulphur dioxide
abatement equipment would be the savings value to the province
of any damage which might aotherwise accrue to all environmental

resources, whether public or private owned.

A, Air Quality £ffects

The assumed {original ERT study) base load emission
rates for various contaminants with an uncontrolled Hat
Creek generating station are presented in Table 4-5.

The ERT reportg predictaed that some form of intermittent
control during brief adverse weather conditions may be
necessary to ensure full compliance with the 3-hour and
24-hour ambient guideiines; e.g., metegrological control

or flue gas desulphurization. Table 4-8§ contains the maxi-
mumground level concentrations, within 25km of.the site,

of selected pollutants for various MCS and flue gas de-

sulphurization configurations.

Significance of Annuai SO, Concentrations

Table 4-7 provides a summary impact assassment matrix indicat-
ing the predicted impact of the proposed powerplant on the air

resourc2 as 3 result of sulphur dioxide emissions.



TABLE 4-5

ESTIMATED 3ASE-LOAD ZMISSIOM PARAMETEAS SR
THE PROPOSED WAT CREZX GEHERATING PLANT

Epission Rate (kg Jer day) ;
Contaainant Symbol
Particulate | Gasaous Totai |
Sulonur Dioxice 50, 126 768 | 326 783 |
Nitrogen Oxida HO 82 489t 82 488t
Nitrogan Dioxide Nﬂz 124 733 124 75:5l
Total Particulatas TSP 40 Qo002 48 7002
Carbon Monoxide co 13 0433 18 0433
: Total Hydroczrsons HC 5 413 5 4134
|if\rsmn'c As 7.134 11,94 13,04 :
| Seryllita 8e 0.55¢ 0.11% 0.66% |
| Cadmium Cd 0. 1954 0. 135¢%
Chromium Cr 2.29% z.294 l.
Copper Cu 0.094* 2.034%
' Fluorine F 25.78 2658 290.7%
Ph 2.59% 4.953% 7.54%
Manganese Mn 4.43 4.4%
Mercury . Mg 2.28% 3,675 5.95%
Nickal Ni 1.144 1148
Selaniua Se 0.0337% 0.132 0.1857 |
Uranium u no emission
Vanadiuz v 0.12 9.12
In 3.3 L0
Sulphata 50,4 no emission
Nitraca Nay no swission
Polyeylic 2rganic Hattar 0M no emission
¥itrosaaines HNA no emission |
j

gmission calculatad on the Dasis of 500 pom -’1'0‘ in the stack with agual
parts of N0 ind NO:,.

E.ai;sian cajculated on the hasis of a maxioum of Q.1 grains par standard
cugic fact with the usa ST ejectrastatic persinitators.

Satssion caleulatad on the Sasfs of 0.35 kg €2 gar ton of caal.
Emissfcn caleulatad on tha basis of 0.14 «g HC per ton of c2al.

Caleulated *rem test Surn saxple analysis and ceal cansumotion of
42 530 </d

Source: Enviranmental ilesearch and Tacnnalegy, Inc. 1978,
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TABLE ¢-6

MAXIMUM PREDICTED GRCUND-LEVEL CONCENTRATIONS

Averaging Time
(Arithmetic Means)

Contaminant

DUE TO THE HAT CREEK GENERATING STATION

Maximum Concentration
(ug/m3)

244m/MCS  366m/MCS  366m/ FGD

Assumed
PCB
8rief
Guidelines

Sulphur Digxide

Total Suspended
Particulates

Carbon Monoxide
Fluoride {Gaseous)
Lead (Particulate)
Zing (Particulate)
Cadmium {Particulate)

Mercury

Arsenic

3«hours
24-hours
1-year

2&-hours
1-year

1=-hour
B8-hours

24-hours
1-year

24-hours
1-year

24-hour
i-Year

24-hours
1-Year

24-hours
1-Year

24-hours
l-Year

622
260
g.

321
1

96.
18.

[ N ] QOO

oo o0 oo o0

547
260
3 8.
: 32!
. 0.
1 91
5 17.
.42 0
0075 | 0.
0042 | o
.000085 0
005 | 0
.00009 | 0
.00025 | 0
.000005] 0
L 01 0
.0cQ17 0
.03 0
0005 | 0

3

gl

.3

9

.33

006

.003
.00007

004
.Q0007

.0002
.00c004

.0075
00015

.024
.0005

Lse

208
4.5

26

1.2]
88.2
3.4
.008

.004
.0Q008

.004
.0C009

0
¢
0
0
0
Q
0.6003
0.00000C6
.008
.0002

.03
.00086

[ N ] [ Nl

1Concentrat‘ions above assumed background Tevels of 10 w0 20 ug/m3.

Source: Envirommental Resource and Technology, [nc., 1978.

-~

655
260
53

150
€0

40,300-60,000
15,000-20,000
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Table 4-7
IRPACY MATRLX FOR SMCREMENTAL ANHUAL SULPHUR DIOXIDE COHCENTRATIONS
OUE TG HAY CREEX POMERPLANT
[ 166 n/fial 6 WIS 244 w/MCS Impact Sfgulfivance N
Resource Extstiog | Ausolure ) Absolute avsotute] )
Qqualtity Lpp/ed) 1X Resource (pglu‘) ‘x Resource ‘"gfff} X Resovurco | Extreme fNigh Hodernfs_4£f:L4123iuullicaul

fAnnual
Acancunlraliou .
T10NE A 174 ] 0 0 1t /] [ 0 ¥
PO

8- w3 4.5 8 1.6 6 4.9 .} X

B-2 H/ 1 4.0 7 5.1 H 6.8 11 X

e-3 Wwe .3 4 8.3 14 9.3 16 %

-4 w1 2.9 s 1.0 12 1.7 13 X
J0HE C

c-1 {74 0.5 1 ¢.6° 1 0.6 1 X

-2 11 1.2 2 - 1.2 2 1.2 2 X

c-3 1w/l 1.2 Fd iz 2 1.2 2 4

c-4 i 0.5 1 0.5 1 0.5 i X
JNE &

a-1 Wi 0.4 1 0.4 1 a.4 1 X

b-2 i 1.3 2 L3 2 1.1 r %

-3 H1 1.3 2 1.3 2 1.3 2 . X

-4 Wi 0.1 1 0.1 1 6.3 1 x

o 1

S0urCe:

CRT 398 - Appendix C.




The amount of the air resourcs "used" by the project is defined
by ERT in terms of the fraction of the appropriate ambient guideline
corresponding to the maximum opredicted concentration. The signifi-
cance of impacts corresponds positively with changes in the fraction,
ERT9 asserts that the annual average would probably be the most
appropriate value for judging the amount of the air quality resource

that might be "used" by powerplant operation.

Impacts are assassed for four zones: -- Zone A includes the
site and immediate environs; Zone 8 is an ellipse centered at the
site with a north/south axis of 30 km and an east/west axis of 20
km; Zone C is a concentric eilipse entered at the site with north/
south and east/west axes of 60 and 32 km respectively; and Zone O
is a circle centered at the site with 100 km radius. Table 4-7
shows that, for all configurations, the significance of impacts
would be identical. Insignificant impact is predicted for all con-

figurations in Zone A and only low significance in Zones B, C and 0.

8. Forestry Damages

The estimated potential physical loss of
timber growth with the Hat Cresek project are presented
in the revised Reid Collins & Associatas, Ltd. Forestry
report.!z The losses due to predicted SOz ground Tevel

concentrations are as follows:

4-19



VoTlume Economic Value (1979 S/a)

Configuration (m3/a) (35.5/m3 * m3/a)
244m/MCS 509 2800
366m/MCS 345 1898
366m/FGD 18 99

Analogousliy the losses due to flugride ground level concentra-
tions have been predicted by Reid Coilins & Associates, Ltd. accord-
ing to a "probable” and a "worst probable" fluoride emission Tevel

as shown below:

Annual
Predicted/Physical Laosses of
Timber Growth and Economic Value

Worst Probabte

507 Control Fluoride
Configuration Probable Fluoride Emission Level Emission Level
m3/a $/a m3/a 5/a
244m/MCS 2283 12 557 25135 138 243
366m/MCS 2119 11 655 24971 137 341
366m/FGD 1792 9 856 24644 135 542

The value of timber growth losses has'been estimated by taking
the appropriate annual loss amount (m3/a) and multiplying by a
constant real value of timber equal to $5.5/m3, The 55.5/m3 figure
is assumed to be representative of the present and future average
value of standing timber authorized for cutting in the Hat Creek
regign, On an annual basis, the forest resource losses would be
marginally greater with a 244m/MCS than with a 366m/MCS alterna-
tive. The maximum and minimum physical damage with a MCS config-
uration would he $138,243/2 with a 244 m chimney under the worst

orobable scenario and $11,655/a with a 366m chimney under the
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orobable scenaria. The present value of these losses are

listed be]ow:13
Present Yalue of Losses at [ndicated
Discount Rate
(%)
Forastry Damage 8% 8% 10% 12%
244m/MCS (maximum) 1525 1107 32 643
366m/MCS (minimum) 122 a3 a1 47

C. Summary of Environmental Effects

Tabie 4-8 provides an environmental comparison
of the sulphur dioxide contrgl alternatives. The
resylts of numerous envirornmental studies, as indi-
cated in the references to the table, denote some
amounts of damage or injury but nevertheless, in
almast all cases the qualitative and guantitative
evidence leads to a conclusion of insignificant

impact and protection of the environment.

{¢) Flue Gas Desulphurization
(i} Introduction
Flue gas desulphurization systems (FGD) provide continuous
control over powerpiant emissions at the source. There are several
FGD technologies in use outside Canada at various stages of develop-
ment. 14 Aithough major engineering issues must be addressed in a
compieta analysis of the possible use of FGD at Hat Creek, for the

purpcses of this study nonregenerative-wet type of FGD system using

.
"
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TABLE 4-8

ENVIRONMENTAL COMPARISON OF ALTERNATIVE
SULPHUR DIOXT0DE CONTROL SYSTEMS

ENV ERONMENTAL IMPACT MEASURES & SIGNIFICANCE
RESOURCE AREA CONSEDERAT [ONS 244m/MCS J6om/MCS 366m/FGD
Air Quality/Meteorology %, 14, 15
»Local { 25km) Airshed Conmitment Lorl Lorl L orl

» Regional
(" 25km;  100km)

e Climatic

(maximum annual average 502 '
concentration as a percent
of the proposed ambient
guideline)

(4.§pg/m3; 18%)

(8.3pg/m3; 334)

(9.3ug/w3; 37%)

Ground stel Concentrations
(1. Ipg/m? - max imum)

Cumulative Concentrations of
Air Contaminants (incremental
effect of Hat Creek plume)
Acid Rain

Visibility Degradation
(6% reduction)

Glabal Atmospheric Processes
{temperature; energy batance)

Stratospheric Process
{chemical radiation)
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TABLE 4-8
(Continued)

ENVIRONMENTAL iMPACT MEASURES & SIGNIFICANCE
RESUURCE AREA CONSIDERATIONS 244m/MCS J6tim/MCS 366w/ FiGD
ggjdauiologylﬁ Effect of Proposed Ambient
Guidelines for S0,, TSP, &
CO on Human Healtﬁ 1 I |
ﬂjjgljfg}7' 12 Direct effect of 50, & trace
elements in terms 0? measurable
terrestrial wildlife injury
through habitat modification,
inhalation, ingestion, etc. | i 1
Indirect wildlife injury as a
result of vegetation stress ? ? ?
Water Resourcesls‘ 19, 20
(43 our of 205 water Acid precipitation of water
bodies potentially resources ’ I I I
vulnerable to audi- Aquatic ecological impacts fromw
fication) acid precipitation 1 I [
Aﬂficulturezl Effect of 50, and NO, on irrigated
]and-reductign of al?alfa production -16 ha -13 ha 0 ha
tffect on Beef Industry I 1 |




vZ -t

TABLE 4-8
(Continued)

ENVIRONMENTAL IMPACT MEASURES & SIGHIFICANCE
RESOURCE AREA CONS IDERATIONS 244in/MCS 366m/MCS __Jeem/FGD
Natural Vegetat10n22 A B
Species injured by 502/N02
¢ Potential Injury to < Alpine fir 7.8 1-9
vegetation within 25km « Engelmann spruce 53.2 1-4
of project s Lodgepole pine 43.6 1-4
r Ponderosa- pine 0.4 1-4
- Douglas-fir % 19.7 1-5
«Trembling aspen 0.1 9
< Serviceberry 1.8 1.5
«Fringig sagebush 0.2 1-5
#Willow * 26.9 12-65
« Kentucky Bluegrass 2.1 2-26
- Pleurozium schreberi 62.5 1-13
« Drepanocladus uncinatur 2.0 1
+Alectoria jubata 17.0 1-5
*
possible visible damage;
persistant injury wmight cause
die-back of willow and decreased
productivity in other cases.
Vegetation Association Areas ' 2 2
Affected 324 .41kmé 238.47kn 23.38km

A --- TOTAL VEGETATIVE COVER AFFECTED (k%)

B -- PREDICTED INJURY RANGE (%)

L -- LOW

I -~ INSIGNIFICANT




TABLE 4-8
(Continued)
ENVERONMENTAL IMPACT MEASURES & SIGNIFICANCE .
RESOURCE AREAS CONSIDERAT IONS 244m/MCS 366m/MCS 366m/FGD
fores;gx}z '
) Econogic value lost due
to S0° (annual) $ 2,800 $ 1,898 $ 9y
Economic value lost due to
fluoride in plume path (annual)
--probable case $ 12,557 $ 11,655 $ 9,856
- --worst probable case $ 138,243 $ 137,341 $ 135,542
i
o Recreation’
(ranks determined by Relative impact on recreation
resource consultant ex- activities 2 3 i

tended to a preference
ordering by preparer of
this report)

--preference order in terms of least
overall impact




lime/1imestone as a reagent is used for comoarative analysis. The
partial FGD scheme would wash about one half of the flue gasas, and

the flue FGD scheme would wash all of the flue gasas.

(i1} Losts of Flue (as Dasulphurization

The costs of the partial and ull scrubbing schemes are itam-
ized in Tabie 4-2. 7The annual total owning and cperating cosis for
the partial and full scrubbing schemes with a 366m chimney are about
$46 million and 570 million dollars. On a station tofal kilowatt
basis, the total capitalized costs of the partial and full FAD

systems ars approximataly $112/XW and $157/Ku respectively.l]

{ii1) Benefits of Flue Gas Cesulphurization

A flue gas desulphurization system does not have any associatad
powerplant benefits but rather comolicates the cperation of the
powerplant, rasults in increased costs and consumes considerabla
quantities of watar, lime/limestone, and energy. An FGD systam
may actually increase particulate emissicns and aggravats the solids

disposal problems.

The envirormen:al benefits of flue gas desulphurizaticon weuld
be the rasourca savings identifisd and measured in sub-saction (b)
above, Table 4-8 suggests that fTue gas desulphurization would have
iess of an impact than would meteorological control but most impacts
ara insignificant, undetermined, and canngot be axprassad in money

tarms.



Summary Analysis of Sulphur Dioxide Control Systams

Three major methods have heen evaluated in this sub-section
for control of sulphur dioxide: coal beneficiation, meteorological
control, and flue gas desulphurization. The approximate comparative

costs of the alternatives are listed below:

CAPITALIZED COST

ALTERNATIVE (5108)
244m/MCS 22
366m/MCS 33
366m/FGD  (53%) 360
Coal Washing (full) 333
Coal Washing (partial) 135
Coal Washing (partial &

244m/MCS) 187

The MCS alternatives have cbvious financial advantage over the coal
washing and FGD alternatives. The partial FGD system is the most
expensive control system and relative to a MCS system it would not
be cost effactive in terms of incremental reduction of sulphur dioxide
per dollar of expenditure for abatement. The summary table shown
above in conjunction with the detailed evaluation in sub-section (b}
leads to the conclusion that the 244m/MCS configuration would be the

least costly system for the "base scheme".

The environmental and powerplant benefits have been compared
with the costs of the sulphur dioxide systems and intagrated into the
benefit-cost calculus where expressed in money terms. Although the

suiphur dioxide systems have different environmental effects at the
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proposed ambient S0, guidelines, the potantial impacts are ail con-
sidered ltow or insignificant with few excentions. The potential
forest damage due to sulphur dioxide and fluorides are contrasted

with control costs on an annual basis below:
Forestry Damage (F)

Forestry
502 Control Control Cost Damages (SO;) Probable ‘orst Probable
Confiquration $/a §/a S/a $/a
244m/MCS 3,337,555 2,800 12,557 138,243
366m/MCS 4,941,031 1,898 11,655 137,341
366m/FGD 45,598,647 99 9,856 135,542

The estimated costs of sulphur dioxide removal at Hat Creek exceed the
forestry benefits for the worst probable case by a factor of 24, 36,

and 336 for the 244m/MCS, 366m/MCS and 366m/FGD configurations.

4.2 - PARTICULATE CONTROL SYSTEMS

Ash in the fuel is either removed from the bottom of the boiler as
bottom ash or carried with the flue gas as fly ash., The actual proportions of
the total ash generated as bottom ash varies with the ash properties of the coal
and the boiler design. Ash production rates at Hat Creek would be 29.3 kg/s per

unit, of which about 80% may be fly ash.

Electrostatic precipitators (ESP) and fabric filters (FF) (baghouses)
are compared on a cost/benefit basis as alternative control systems. The full
evaluation of alternatives has included engineering issues such as the degreae

to which baghouses are proven as reliable on large-scale apolicatiens.
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. . . 2
(a) Costs of Electrostatic Precipitators and Fabric F11ter525’ 28

The comparative capitalized present worth of capital and annual
operating charges for hot and cold side precipitators and a baghouse
are listed in Table 4-9 below. The costs in Table 4-9 are the average
costs based on altermative manufacturer's systems. Figure 4-2 dis-
aggregates costs into capital, power, and other relevant components
for comparative purposas. The cost estimates suaggest that cold side
Z5P and baghouses would be about equal in cost but less expensive

than a hot side ESP installation at Hat Creek.

TABLE 4-9
COMPARATIVE PARTICULATE CONTROL COSTS

Capitaiized Costs
Particulate Control System (106 of 1979 S)

Electrostatic Precipitation

Hot - side 104
Cold - side 92
Fabric Filter 93

Soeurce: Integ-Ebasco, 1977.

The baghouse cost of 593 million assumes a two-year baglife, [t
i3 estimated that a three-year baglife would reduce the average
capitalized present worth of the baghouse to about 386 million. A

discount rate of 10 percent has been used in the calculaticns. The
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baghouse would become relatively less costly than ESP's if the discount
rate is increased or the proposed load factor of the Hat Creesk station
is reduced. Also, the cost caiculations are based on efficiencies of
99.52% for cold-side precipitators and at least 99.92% for baghouses.

(b) Benefits of Electrostatic Precipitators and Fabric Fi1ter527'32

High collection efficiencies have been achieved with fabric fiiters
on an industrial scale and some utility applications. The orimary
advantage of a fabric filter {baghouse) is its insensitivity to fly
ash chemical properties and that electrical resistivity is not a
consideration in baghouse design. In addition, collection efficiency
is not affected by particle size. However, the porous fabrics have
not teen reliably demonstrated on large coal-fired utility boilers.
A4ith very high inlet grain loadings, about 18 gr/scf, as at Hat Creek,
the baghouse is an unproven technolegy, and actual operating costs can
only be estimated. Appendix 0 contains & current list of actual and
proposed baghouse instzllations on utility boilers in the United

States.

The cenventional method for fiy ash removal in the electric utility
industry is by electrostatic precipitators. The selection of a not-side
or ¢old-side nrecipitator depends on many site-specific precipitator
variables, especially the eiectrical resistivity of the fly ash., Yith
cthar factors held constant, hot-side precipitators would allaviate
the rasistivity concarn better than cold-side precipitators. However,

Southern Research Institute3? (SRI) has recommended against not-side
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precipitators basad on burn tests utiiizing Hat Creek coal. SRI cited
the uncertainty in electrical conditons that would be expected for

the high altitude (low atmospheric prassure, high temperature install-
ation) as the reason for their recommendation. Alsa, problems have
been encountered on hit-side precipitators installed on powerplants
burning lTow-sulphur western coals. [n addition, the cperating power
consumption of hot-side precipitators tend to exceed that of cold-

side precinitators as denotad below for the Hat Creek powerplant:

Operating Power {(Ki)

Precipitator Averaqge M3 ndmum Maximum
Hot-side 3,812 2,046 4,528
Cold-side 2,945 1,579 4,099

As stated earlier, the electrostatic pracipitator would be
designed %o meet the assumed Provincial particulate emission cbjective
(0.1 grains/SCF). The proposed ambient 24-hours quideline is
150,ug/m3, and the annual guideline is 60 ug/m3 for total suspended
particulates (TSP). The maximum annual TSP ground level concentration
predicted by ERT is 1.2 ug/m3, and the maximum 24-hour TSP concentra-
tion is 32 ug/m3 for controlled emissions except for an ESP. ERT
considers that these ground Tevel concentrations are insignificant
or low. The predicted particle or fly ash emission rate by ERT is

0.17 1b /105 Btu fuel.

{¢) Selection of Preferred Particulate Control Altzrnative

At the nresent time, ESP's are, in general, the best devica for

large-scale utilicy applications. Recent aoplication aof fabric filtars
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(baghouses) on large coal-fired generating stations will provide
economic and technical performance data based on experience. There-
fore, recognizing the overall costs and benefit consideration, the
cold-side ESP would be the preferred particulate control system for

the "base scheme" powerplant,
(d) Trace Element Considerations

Trace elements in coal have been defined by ERT18 as any alements
in concentrations varving from the lowest level capabie of analytical
detection to 0.7 percent (1000 mg/kg or parts per million (ppm}).

The release of trace elements from source material such as stack
emissions into the envircnment could be a potential hazard to environ-
mental resources. ERT studied nine elements (As, Cd, Cr, Cu, F,
Pb, Hs, ¥, and Zn) in detail based on assumed values (from limited
sampling) of concentrations in the Hat Creek coal deposit. Tables
4.5 and 4-6 contain predicted trace element emissions and maximum
ground level concentrations. The Epidemioiogy15 and Trace Element
Repor'ts]8 for Hat Creek conclude that no adverse health risk is
foreseen; and barring extraordinary events, no significant impact
on local or regional biological communities is expected from trace
eiements., Therefore, the selection of ESPs for particulate contreol
should also provide sufficient mitigation from the effects of trace

alements.

Coal washing might helo in removing some trace glements in

organic combinations with minerals.> A recent trace alement



study34' 35 performed by the U.S. EZnvironmental Protection Agency,
concluded that a wet scrubber, installed for particulate removal

is an efficient traca element collector and that the wet s¢rubber
has an advantage over dry collection methods in collecting more of
the fine-particle size trace element and vapour stage trace elements.
Because fabric filters can achieve greater mass coliection effici-
encies than ESP and are not sensitive to particle size, they should
be more efficient than ESPS in trace element removal. [n general,
greater concentrations of particulates are depositad closer as stack

height is reduced.
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SECTION 5.0 - ECCNQMIC EFFECT OF 1979 PRCVINCIAL POLLUTION CONTROL OBJECTIVES

This section is concarned with the economic impact of the new Poilution
Controi Soard (PC3) objectives on the Hat Creek Project related to sulphur dioxide,
total particuiate and opacity emission levels. The emission Tevels for 30, and
particulates are listed belaow and illustrated in Figure 5-1; the cpacity emission

level has a range between 10 and 40%

Emission Parameter Units Range
Total Particulate mg/kJ  fuel 0.0l 0.04
15/108 Btu fuel 0.02 0.09
Sulphur Dioxide mg/kdsfuel 0.09 (.34
1b/10% Btu fuel 0.2 0.8

The AQCS systems selected by Integ-Ebasce to attain the extreames of the
emission ranges include electrostatic precipitators or fabric filters, dry spray
or wet flye gas desulphurization devices. The systems evaluated would be installed
with each powerplant unit development. The base scheme powerplant incorgorated
cold-side electrostatic precipitators and space allawance for retrofitiing a flue

gas desulohurization system.

The specific assumptions made by Integ-Ebasco in their 1979 AQCS study
are listed below:
1) Coal Quality: Worst Blended HHV (as received) 12.21 MJ/kg (5250BTU/1b)
Ash content 29% (as received)
Moisture content  25%
2) Flue Gas Flow corresponding to 105% Load (Turbine Valves Wide Open)
3) Inlet particulate loading: 80% total ash as fly ash

4) Inlet SO» FGD loading: 0.6 mg/kJ (1.34 1b/105 Btu) based on 35% total
S in coal (i.e., 5% S assumed removed with mill rejects and bottom ash)

5) Base Scheme Precipitator Efficiency; 99.49%

6) Basa Scheme Precipitator Emission: 0.1 ma/kJ (3.225 16/10% 3tu fuel)
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FIGURE 5-1
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(a;

Particulate Control
(i) Selected Air Quality Control System

A summary of the AQCS alternatives and the associated level
of emission controi attained is presented in Table 5-1. In
cases 1 to 3, an electrostatic precipitator is intended for
particulate control. Case 1 represents the "base scheme" cold-
side precipitatofrwﬁgz; has an expected collection efficiency
of 99.49%; cases 2 and 3 correspond with ESPs designed to achieve
the higher collection efficiencies dictated by the 1979 PCB
objectives by means of increased surface collection areas (SCA).
The list presented below provides a comparison of SCA and effi-

ciencies for precipitators when firing worst quality blended coal.

Southern Research Institute

SCA Data

Case Efficiency (%) m2/m3/s (ftZ71000 acfm)
] 99.49 91.9 (467)
2 99.8 126 (640}
3 99,95 _-198.8 (1010)

Source: Integ-Ebasco, 1979.

Integ-Ebasco expect that the range of particulate emissions
identified in the 1979 PCB objectives can be attained with ESPs
providing design and operational considerations are taken into

account.

Case 4 consists of a fabric filter, instead of an ESP, plus a
mechanical colle¢tor. The mechanical dust collector has been added
on the presumption that due to the high inlet ash loading, they

wouid be needed to pre-clean the gas and reduce the inlet loading



-5

Source:

TABLE 5-1
HAT CREEK PROJECY
SUMMARY OF AQCS ALTERHATIVES
PLANT EMISSIONS
(Worst Quality Blended Coal)

S02 CONTROL PARTICULATE CONTROL
 mg/kJ (1b/MB) % mg/kJ (1b/MB) k)

PARTICULATE REGULATION
(80, emission uncentrolled)
Case 1 - (Base Scheme) Blectrostatic Precipitor 0.58 (1.34) - 0.1 (0.225) 99.49
Case 2 - [Llectrostatic Precipitor 0.58 (1.34) - 0,04 (0.09) 99.8
Case 3 - Electrostatic Precipitator 0.58 (1.34) - - 8.0 (0.02) 99.95
Case 4 - Fabric Filter + Mechanical Collector 0.58 (1.34) - < 0,01 {0.02) 99.97
PARTICULATE (BASE ESP) + SO, REGULATION (NWET FGD)
Case 5 - Partial Gas Treatment 0.34 (0.8) 42 0.1 (0.225) 99 449
Case 6 -~ Full Gas Treatment 0.09 (0.2) 85 0.1 (06.225) 99.49
PARTICULATE + S0, REGULATION (DRY FGD F/FILTER)
Case 7 - Partial Gas Trestment 0.34 (0.8) 42 0.015 (0.035) | 99.9(D
Case 8 - Full Gas Treatment 0.09 (0.2) 85 0.02 {0.05) 99, 856}

Integ-Ebasco, 1979




to the fabric filter. This combination employing gas pre-cieaning
is axpected to achjeve the $9.95% efficiency needed to comply

with the lower PC3 particulate objective of .01 mg/kJ (0.21 1b/MBtu).
{ii) Costs of Selected Air Nuality Control Systams

Table 5-~2 provides a comparative cost evaluation of the
selected AQCS systems discussed in sub-section {i). Based an the
+ total annual owning and operating costs, the increased cost over
the "base scheme" =0 achieve the .09 Tb/MBtu emission level would
be about $2.4 million and either 55.3 mitlion or 30.4 million to
achieve the .02 1b/MBtu level with the higher efficiency ESP or

FF respectively.

(b) Combined Sulphur Dioxide and Particulate Control
(i) Selected Air (uality Control Systems

Cases 5 and 6 represent a partial and full (wet) flue gas
desuiphurization system respectively. YWith the partial FGD
system, 50 percent of the flue gas is washed resulting in a 42
percent overall S0 removal efficiency; reheating of the flue gas
is not required to orevent water fallout within the plant area.
In case 6, 100 percant of the flue gas is washed for an 85%
removal of SOp; reheating is required. <Casas 5 and 6 include the
"base scheme" ESP for particulate control. The partial F3D

systam (case 5) is expected to comply with the PCB objective of

0.34 mg/kJ and the full FGD system (case 6) with 0.09 mg/%dJ.
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TABLE 5-2
COST _EVALUATION FNR ADCS .CASES .
(per 4 units, $1000, 1978 price level, not levelized,
capital costs exclusive of corporate overhead and 1DC)
PARTICULATE CONTROL COMBINEGD PART. & SO CONTROL
CASE NO. @ithout provision for bry FGD retrofit) {integrated installation) .
o i 2 3 4 5 6 1__vﬁ_.“ﬁ,ﬁm__
_ ESP (99.49%)} ESP {99.49%) FE EE:
LQUIPMENT £SP ESP ESP F¥ + PARTIAL + FULL + PARTIAL § ¢ LULL
S 99,490 | (99.8%) | (99.95%) ((99.974) § WET FGD_ [ WET FGM | DRY PGB} DRY #D
(s Capital Cost 202,000 | 220,000 | 240,000 [185,000 382,000 467,000 (323,008 { 393,000
sncromental Copability Cost 7.8508 2,000 | 9,000 21,000 14,000 ) 25.000 12,000 15,000
Total Capital Cost 209,000 §227,000 | 249,000 {196,000 398,000 492,000 335, 000 408,000
($/kW) (104) {114) (125) (98) (169} (246) {168) (204}
viffercatial Capital Cost Base 18,000 | 40,000 J-{13,000) 189,000 283,000 126,000 199, 000
o ($/Kkiv) (Base) (9) (20) - (6) (95) (142) (63) | (1on)
“ Annual Fixed Charges (8 12.33%) 25, 800 28,000 30,700 24,200 49,100 60,700 41, 300 50, 300
Amnual Operation § Maintenance
- Energy 800 920 1,030 1,300 1,990 3,060 1,530 1,800
- Steam - - - - - 660 - -
- Water - - - - 660 1,420 470 1,040
- lLimestone - - - - 580 1,210 - -
- fime - - - - 420 B6O 2,000 4,180
- Operating Labour 100 100 100 100 1,860 2,300 5490 730
- Bupg Replacement
Material - - - 1,200 - - 1,140 1,080
Labour - - - 370 - - 350 330
- Waste Disposal - - - - 60 140 50 120
- Other 0 § M 1,010 1,100 1,200 930 3,700 4,980 2,140 2,840
Total O § M 1,910 2,120 2,330 3,900 9,270 14,630 8,360 _§ 12,124
Total Apnual Owning § Operating 27,710 30,120 33,030 28,100 58,370 75,330 49, 660 62,424
(i L1 /hiih) (2.43) (2.6) (2.9) (2.5) {(s.1) (6.68) (14.4) (5.5)
Diffeeential Annual Owning
& fiperatiog Dase 2,410 5,320 390 310,660 47,620 21,950 34,710
(Miil/kWh) (Base) (0.2} (0.5) (0.03) (2.7) {(4.2) (1.9) (3.0}
Source: Integ-Ebasco, 1979



Ory scrubbing and fabri¢c filters are combined in cases 7
(partial) and 8 (full) for sulphur dioxide and particulate control.
The dry scrubbing systems c¢an achieve 85 to 90 percent 307 removal
efficiencies for the sortion of flue gas treated and is aften
used with fabric filters. The size of this AQCS plant would
necessitate the relocation of the chimney. The partial dry FGD
system would treat about 50 percent of the flue gas to satisfy
the PCB SQO» emission 1imit of 0.34 mg/kJ (0.8 1b/MBtu); and in the
full dry FGD system, all the flue gas would be washed to comply
with the lower 1imit of 0.09 mg/kJ (0.2 Tb/MBtu).

(i) Costs of Selected Air Quality Control System

Based on the total annual gwning and operating costs containedr
in Table 5-2, the increased cost over the "base séheme" to achieve
the 0.34 mg/kJ emission level for SO» would be about $31 million .
with an £SP and partial wet FGD and about $22 million with a FF
and a partial dry FGD system. The increased cost over the "base
scheme" to comply with the 0.09 mg/kJ emission objective for 802
would be approximataly 548 million and 3535 miilion for the ESP and
full wet FGD combination, and FF and full dry FGD configuration

respectively.



SECTION 6.0 - CONCLUSICNS

For the base scheme evaluations, the conclusions arrived at in the
benefit-cost study are: (1) metaorological control with a 244m chimney would
be the preferred alternative for the control of sulphur dioxide; (2) an electroc-
static precipitator would be the preferred option for the control of particulates.
Although there is some concern about the éﬁvironmenta1 effects of some trace
elements, fluorine for example, the Detailed Environmental Studies concluded
that no significant impact to the terrestrial or aguatic environment would occur.
Therefore, no additional removal of trace elements over that provided by elec¢tro-

statis precipitators appears warranted.

The 1979 Pallution Control objectives would eliminate meteorological
contrel as a method to control sulphur dioxide and would necessitate greater
investment and operating expenditures on high efficiency equipment in order to
satisfy the designated ambient and smission criteria for sulphur dioxide and
particulate control, Because these increased costs associated with comnlying
with the 1979 Pollution Control objectives are not offset by a greater Or even
equal amount of environmental resources damage savings or powerplant benefits,
public investment of scarce capital resources on the required abatement equipment

cannot be justified on the basis of benefit-cost analysis.
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APPENDIX A

Compliance with 1979

Pollution Controil Qbjectives



CoMrLiinCh WI7s 137% PCE QBJECTIVES *
(a) Ambient Concentrations
(1) Sulphur Dioxide

The 244m stack with the MCS would be able to comply with the
annual, 24-hour, and 3-hour upper ranges. The ERT prediction for
1-hour concentrations was considerably in excess (170ng/m3) of the

upper range (90ng/m3).
(i) Asbestos

ERT did not anaiyse for this; the project is not expected to

produce significant asbestos emission,
(ii1) Dustfall

Although ERT did not analyse directly for dustfall, dust from the
powerplant stack would probably not exceed one ton per square mile in
an entire year for less than the 15 tons in a month. Dustfall is not

expected to be a problem.
(iv} Trace Elements

ERT analysed for all but two of the trace elements in the PCB table

(antimony and molybdenum). It is not clear whether the PC8 abjectives

(*) Personal communication 15 August 1979. Memorandum of K.E. Winges of ERT to
E.C. Lesnick of ESCLEC.
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ara for i-nour concentrations, 24-hour concentraticns, or annual
average concentrations. However, assuming the worst case {1-hour
concentrations) the project still complies with the upper level for

all elements.

ERT Predictions

Element - Rance(ya/m3) For Hat Creek (1-hour)
Antimeny 0.1 0.5 Not analysed
Arsenic 0.1 1.0 0.1
Ber11ium 0.0005 4.1 ¢.003
Cadmium n.05 0.03 0.001
Chromium 0.05 0.1 0.012
Copper 0.25 2.5 0.000
Fluorine 0.1 2.0 1.822
Lead 1.0 2.5 0.039
Mercury 8.1 1.0 0.031%
Mo1ybdenum 0.1 2.5 Not analysed
Nickel 0.01 0.1 0.018
Selenfum 3.1 0.5 0.0
Uranium 7.01 6.0 0
Vanadium 2.0 1.0 0.001
Zine 1.0 2.5 0.015

(v) Total Suspended Particulates

If the mine s taken into consideration, the Project does not
comply with the PCB objectives for either annual or 24-hour concentra-
tions. However, recent re-sxamination of the mining impacts has led
to the conclusion that particulate concentrations were undoubtadly |
unduly conservative in ERT's original analysis. The powerpiant emmissions
certainly comply with ambient TSP aobjectives and the conclusion was that

mining should comply as well if all factors are taken into consideration.

(vi) Radon Daughter Concentration

This was not 2nalysed by ERT.
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(%) Emission Jbjsctives

Table [T of the 1979 PCB cbjectives presents control objectives not
specific to coa-fired generating stations. The following 1ist compares

rredicted levels with these objectives:

Pallutant Range(mg/mo1) Projected Hat Creek Lavel (ma/mol}
Particulates , 1 ... 8 4.9
Antimony Q.16 0.27 Not Analysed
Arsenic 0.16 0.27 0.002
Asbestos - - Not Analysed
Cadmium 0.16 0.27 0.000
Copper 0.16 0.27 0.000
Fluoride as HF 0.02 0.20 0.037
Lead 0.16 0.27 0.001
Mercury 0.03 0.27 0.001
NDx as NO2 14 48 30.8
Opacity - - Not Analysed
502 16 64 39.8

Zinc 0.16 0.27 0.000

In addition Table III of the 1979 PCB objectives places further

restrictions on coal-fired boilers.

Pollutant Units Range | ERT Predicted Hat Creek Levels

TSP 1b/1ogBtu fuel 0.02 - 0.09 0.17

NOX as N02 15/107 8ty fuel 0.35 - 0.70 1.07

S0, 16/10%8tu fuel 0.2 - 0.8 1.39
Opacity percent 10 - 40 Not Anaiysed
Trace elements - - - - -

(c) Conclusions
The data presented just above denote that Hat Creek does not comply with

TSP and SO2 levels, The boiler would be designed to achieve the NOx emission
level of .71b/T068tu. The ambient objective for 502, particulates, and trace

elements levels can be achieved with exceptions as denoted in sub-section (a).
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APPENDIX B

COMMERCIAL AVAILABILITY OF AIR QUALITY CONTROL
AND QTHER TECHNOLOGIES FOR
THE ELECTRIC UTILITY INDUSTRY



This appendix contains information about the psrogress of developing air
quality control as well as other technolegies in the electric utility industry.
The timetable and data were cbtained from EPRI Special Report P$-830-SR,

July 1, 1978 entitled Research and Development Program Plan for 1979-1983.

A number of important air quality controi systems such as‘advanced FGD and
£SP, atmospheric fluidized bed combustiop, and low NOX coal burner and their
anticipated dates of commercial availability are presented in figure B-1. Xey
avents resylting in commercial availability are listed. EPRI mentions that
caution must be exercised in interpreting the term "commercial availability".
On page V-2 of their report, EPRI states that "commercial availability" is
the time when utilities could start placing orders for the first commeréiai
units with reasonable confidence of acceptable economic and technical performance."

The triangies in figure B-1 indicatz the range of uncertainty in the astimate.
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TIMETABLE FOR NEW ELECTRIC UTILITY TECHNOLOGY OPTIONS

FIGURE B-1
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NEW ELECTRIC UTILITY TECHNOLOGY OPTIONS
KEY EVENT DESCRIPTIONS

Event
Number

1. Comeclate state-of-the-art design guidelines for aikaii scrubbing system.
These are being prepared with the cooperation of the Prime Mover Committee. The guigelines wiil pro-
vide utilities with materiai to prepare site specific scrubber system dasign and ogerating specifica-
tions together with the costs, reliability, and maintanance requirements which can be expecred.

2. Compiete utility cosponsared prototype develooment of advanced regenerable scrubber croces-
sas. ;
Pilot scale developoment of steam stnipping and RESOX regeneration subsystem currently underway.

3 Compiete prototype development of High Intensity lomzer.
Guidalines tor use by utilities and EPRI-licensed vendors ars being deveioped. Two utilities are having
unils designed for retrofit into commaercial plants.

4. Compiete prototype demonsiration of fine particulate agglomerator for electrostatic precipitator.

Successful pilot scale development is being completad at Stanford University. Prototype tasts began
in 1978 at EPRI's Advancad Particulata Control Deveicpment and Test Facility (Arapahoe).

3. Evalyate the Colorado-Ute Nucla Coal-fired Plant,
Superior particulate cantrol of bag filters effected.

8. Complete fabric filter optimization for utility use.
Fapric tilter module developmant underway at EPRI’s advancsed Particuiate Control Development and
Test Facility (Arapahoe).

7. GComplete EPRI-sponsored prototype demonstration of low NQy ¢oal combustion technology.
Cosponsored laboratory developmaent work has successlully shown combustion can achieve NOy
levels of 150~ 185 pprn.

8. Complete field demonstrations of communication equipment for automated distribution system. (a)

Four manufacturar-utility teams performing fieid tasts of four alternative communication systems,
each suitable for metering up to 750 cusiomers.

9. Complete Project UMV research on corona phenaomena, insulation requirements, and electnic fields
and gublish the second edition of the EPRI Transmission Line Reference Bock ~ 345 kY and Above,
Three-phase tasting of transrission lines in the voitage range up to 1500 kV is procgeding on
scheguie at the EPRI Transmission Research Facility in Pittsfieid, Mass. .

10. Cptimize design, construction and maintenance criteria available for three phase transmission
circuits rated to 1500 kV. (a)

Tasting is in progress of circuits up through 1200 kV. Tests of diffterent conductor bundle configurations
inciude corona measuraments, radic/TV intarfarancse, audible naise, and elactric lieid intensity,

11. Design initial field test of a prototype fault current limiter ior transmission systam apptication.
Prototype, switched rasistor, fault currant limiter under construction. Also, a tuned circuit fauit current
limiter has been modeled in the iaboratory and prafiminary design cata is avaiiable.

12. Compiete initial test plan for :he OC Prototype Link. (a)

- All main circuit equipment in place at Astoria Station, Queens, N.Y., at end of 1977, Partial
commissioning planned for June, 1978.

13 Pragram jointly funded with COE and/or other carties.
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Byant
Number

- 13. Cemcnstrate prototype, isolated phase, flexibie gas cable,
100 meter langth of the flexibie gas cabfe (300 mm outside diarneter} manufactured in Germany and
stroped on a reei to the U.S. for installation at Wallz Mill in (ate 1977. Evaluation initiated in 1378,

Demansirate preferred solar heating and cooling systems for residential application.
Ten demansiration homes incorparating marg than 100 expsriments under cansiruction in New
Mexice and New York.

Compiete demonstration testing of preferred commercial and light industry solar heating and
¢oaling.
Project procesding to procure commercial buildings, sofar systemns and test equipmaent.

1B. Field test hot-spot detectors.
Two diffarent hot-spot detectors are now undergoing laboratory tests. it is anticipated that fieid tests
of detectors installed in utility transiormers will commenca in early 1979,

17. Estabiish advancad solid insulation for power transformers,
Aesearch activites pertaining (o this technofogical milestone wilf commence in iate 1979,

18. Cemonstrate 1MVA and SMVA vapor-cacied transformers.
Fabrication and lab tests are now it prograss.

19. Complets laboratory studies on feasibility of vapor-cooled transformers of up to 100 MVA size.
Resaarch activities pertaining to this technological milestone will commencs in late 1979,

20. Evaluate tank designs of transformers fittad with external noise sheils.
The first engineering profotype has been syccassiuilly tested. The next unil, a commercially
acceptable unit, is in fabrication and scheduled for instailation in a utility system curing the third
quarter of 1978.

21. Field test prototype static VAR generator. ‘
installation of the generatar on a utifity systern is complate. Field tests are scheduled to begin by mid-
1978,

2Z. Complets two and one-naif years ¢f testing of dry cooling with ammaonia, phase change intermediate
lscp and conventional, low back pressure turtine at utility site.
- Compornent tasts now underway. Demonsiration site selection and pianning proceeding under
EPRI/DCE dirsction,

23. Oemanstrate operation of slagging bomtom Lurgi gasifier. (a)

) Two successful §-day runs of the §-logr diameter 8GC siagging gasifier were compisted in tha first
- hait of '976. Further ceveiopment 18 seing funced oy DOE and 2 consortium of coal and gas

compantes.

24 Perform a three year tast of the Gasificaton Comtined Cycle Teast Faciity (Powerton). (a)
- Qetailed design underway.

28, Test the 120 T/2 Combustcen Enginearing gasiiier for one year. (a}
- 28, Compiete SRC combustion tests, {a)
27. Operata the SRC cemonstraticn plant. (D)

28, Compieta 250 ton/day H-Ccal piiot piant tasts. {(a)

N
Pilot plant at Catlerntsburg, Ky. urnder construction.
]
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31

32.

16.

initiate test program at the Exxon Donor Scivent, 250 ton/day pilet plant. (a)
instial test program completa. Design and construction of pilot plant underway.

Qgerata DOE's Riveswviiie, 30-MW fluidized bed pifot olant. {b)
Riveswille tluidized bed boiler pifot plant preparing for 100 hr. test run.

Qperate 200 MWe atmosgheric fluidized bed combustion (AFBC) plant. (a}
EPRI 6" x §° Fluidized Sed Development Facility operational.

Initiate design of geathermai demanstration plant.
Heber, California site selected for the low-salinity hydrothermal plant.

Operata a geothermal demonstration. (b)
Design underway.

Complete FCG-1 tuel cell {4.8-MWae) tests. ()
1 MWe “breadboard” operational; Consolidated Edison selected as host utility for 4.8 MWe demo.
Demao plart under construction.

Fabncate second generation fuel cell demaonstration maodule (1-3 MW,
19-ceil molten carbonate stack operated successtully in 1978,

Qperate the Battary Energy Storage Test (BEST) Facility. (b}
Design campleted and construction of the SEST Facility initiated with Public Service Electric and Gas
Company of New Jersey. Joint DOE/EPR! project.

Tast ane candidate advanced battery system at 10 MWh scale in BEST Facility.
Research on four different advancad baftary concepis proceeding on schedule.

Comolete prefimmary designs for an underground pumped siorage and compressed air siorage
demonstratiort glant {250-500 MW). (o)

ERRI and DOE are sponsaring utility-led teams in the preliminary, site-soecific designs of compressed
awr and uncerground hydro storage plants.

Cperate compressed air storage demonsiration clants.
Qperationa!

Operate first underground scumped hydra storage commercial plant.

Complete full-scaie tests of high reliability, fuel flexible comoustion turpine t2st angine,
Contract negotiations are in progress with three firms who wilf comuolete cifferent concgptuar cesigns
ot the enging,

Compiete the design for the Sxpenmental Large 3reeger Reacior (EL3RA).
Design stugies for the ELIR are continuity uncer EPRI sponsarship.

Complete the sgecificatons, engineenng, licensing and safety requiraments for the SLAR,
Cperate the Experimental Large Breedar Reactor plant,

Beqin operation of first commercial scale liguid metal fast breeder reactor plant,

Comoteta 10 MWae, central racever Rankine {steam) cycle pifot ptant and initrate the piant test

pragram. (Bl
DOE has ssecied Jarstow, CA as plant sita.



47

49.

5C.

a1

g2.

55.

L
o

Construct 10 MWe scale, Brayton (gas turbing) cycle ¢entrai receiver piiot plant and complete
checkoul.

Two caontractars are buriding 1 MW bench-scale recalver. Receiver tests will begin in 1978 at OOE's
Albuquerque Solar Thermal Test Facilily.

QOperate commerciai-scaie, sglar thermal, central receiver power plant,

DOE's MHD Component Development and Integration Fagility (CDIF) available for tests of MHD
components, b}

Complete DOE's piot-scale MHD Engineering Test Facility and initiate test program. (b)

EPRI 18 momtorng the federal MHD research program, conducting analyses of MHO operations in
electnc yulity systems to help set design requirements and deveioping power conditioning and
control equipmaernt for the COIF.

Complete prototype, commercial-scale (300 MW) MHD plant and initiate test program. {b)

Make available prototype of an advancead, efficient helium refrigerator and install in 2 superconduct-
loop lor testing.

Ability to accomplish key event is dependent upon mafor funding in pericd beyond 1383.

Initiate performance 'ests on a short length of superconcucting ¢able sized for transmission
application {§9-kVY ~ 138-kV).

Abudity to accomplish key event is dependent upan major funding in period bayond 1983.

Instail first long length of a superconducting cable in a utility system for field evaluation.
Ability to accomplish key avent is dependent upon major funding in period beyond 1983.

Comeplete initial tes:s on a prototype, 300 MVA superconducting generator.
Two competitive design stucies have teen completed for a 300-MVA sucerconducting machine.,

Complete initial evatuaticn of alternative confinement configurations for fugion systems to meet
utility needs.
Eight afternaiives are now being evalvaied.

Complete Phase | evaiuation of operational and envircnmental issues related to fusion,
Achieve reactor grade plasma. (b}

QOperate the Pilot Scale Power Reactor or Ignition Test Reactor. (b)

Qperate the Enginaering Power Reactor (EFQ) plant. (b}

Operate a fusion demonstration plant, 19)

i Program jintly funded mith COE and/or otner parues.

B Praogram currently funded or planned by the Jovernment, or other parties, not EPRI,

Timetabie for New Electric
Utility Technology Options
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ECONOMIC FACTORS

Updatad [nitial
Factor Values (1978) Yalues (1977)
- MNet Unit Rating 4 x 500 MW & x 500 MW
- Capacity Factor (1ifetime Average) 65% 65%
- Annual Net Generation 11,388 sih 11,388 GWh
- Base Date for Costs QOctober 1978 Sept. 1977
- Indirect Construction Cost (Indirect + Contingency
+ Engineering as % of Oirect Cost) 28% MA
- Lavelizing Factor {5.75% inflation rata, 10% interest
rate, 38 year lTife) 1.98 1.78
- Fixed Charge Rate (Not including 0AM Costs) 12.33% 12.33%
- Levelized Fixed Charge Rate (llot includino C&" Costs) 14.25% 13.85%
- Coal Cost (1978 Doilars) $0.679/4J 50.5/Gd
$0.717/MB $0.53/MB
- Limestone Cost (1978 Oollars) $10.08/tonne NA
- Lime Cost (1978 Dollars) $52.30/ tanne NA
- F.F. Bag Cost {1978 Dollars) $60.00/ea NA
- Labour Cost (1978 Dollars} $18.3/hour MA
- Incremental Energy Cost (1978 Dcllars) 9.55 Mills/kih NA
- Water Cost (1978 Dotiars) 30.56/m" HA
- Levelized Water Cost (1978 Dollars) $0.71/m° 50.96/m°
- Cost of Steam {1978 Dollars) $0.36/MB NA
- Incremental Capacity Cost (1978 S450/ kW NA
- Plant in-Service Date 1986 1284
- Inflation Rate: (Yearly Parcent)
1977 - 78 - 3ase
1978 - 79 Base 9%
1979 - 80 7.5% %
1980 - 81 7.28% 7%
1981 - 82 5.25% P
1982 - 83 5.75% 5%
Thereaftar 5.75% 5%

Source: Integ — Ebasco
MA = Mot Applicable
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APPENDIX O

BAGHOUSE INSTALLATICNS
ON U.S. UTILITY BOILERS



- - Ly
BAGHOUSE INSTALLATIONS CM UTTILITY BOILERS u.s.
- Boiler

. Many~- Cleaning , Sizm L] + $tarcup

Yooe/ locacion facturer cschanise {izing () Alc agts date

wethod .
foacd of Public villicles T bd PC 44 Thd 100,000 1979
iansas Clcy. Kans.
central Telephune and Ucilicies Coro. Thd Thd H 20 Tod Tod 1979
raehla, Cole.
cley af Colerada Speinga wr ) £C 200 1.9/1 1.0 = 0% 1980
Colorado Springs, Colo.
cley of Colorvdo prings Ted Thd PC 85 Tod Thd 1973
Coiaorade 3pringa, Colae.
Clew »f Calumdia CAR A {2)=PC  (2)=40 21.73/1 194,900 1979
Columbla, Mo.
iy of Fremont CAR A {11-2C {2)-78.5% 1.3/} re,000 1978
freamonc, Nebr. .. )
ity of Rechwszer CAR I8} (2)=% (2)-1té 2.43/1 150,000 1378
dochenter, Minn. . ) . B
folorado=ifte Slactric Assoc. P The Thd 14 400 Thd Tod 1981
craig o, ]
nalorado=Ee Eiecivlie Awsoc, WF HA, 4 (3=-3 (-39 2.871 253,000 1971
wucla, Coloa.
foloradn-ite ZleciTic ASSO%. 1CA A PC 12 i1 44,000 1977 -~
Montrose, Caia.
cetgp County Power Co. hti) (¥ rc 10 3.1 60,000 1973 -
cordwie, Ga,
calden Jallev Electric Assoc. Thd Tod PC 20 Thd Thd 1980
deabey Ne, |
Taltuatiee, madk.
vareneffv S0drs 0 Lugnt andt Pawer Thd Thd rC 9 hd Thd L1982
Jiptas Mo, D
vardquette, Yich,
Minnssaca Pouar & Light Thd Tbd 149 75 bd 343,000 1973
Lond«sec, Mian.
wonzanu-Sakota Stillgads «F aA, sa < 440 2.69/1 1.9 = 108 (98t
Cuvota Seasion,
Austtuh, . Jas,
Sabraswa Public 2oeer 1CA RA (4)=PC  (4)=it3 1,70 558,000 1978
rramee Seatian
fcllevue, lNebr.
anto Idison Juepasv AAF Ra - (4)-183 /1 - 600,000 1981
J. H. Ssmmis jcation sach each
TEeattan, SRla
{continued)
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ccontinued).

Soiler
Manu- Cleaning Stze . t Scartup
Hame/locacion firing AfC (1343
facturer 2echanism sachod (HH)¢ data

|8, Pennayivaala Powver & Lizhe CaR RA PC 350 2,011 1.z o« LD% 1980
Srunnar’s (sland
Allentrwn, Ps.

9. Pennayivenis Powst & Lighe 2F A, % C " IS TA 104,000 197§ =~
ilattweod, Fa.

I10. Zenneyivanla Power § Lighe we RA {a)=#C  (4)=i73 1.3/1 883,200 1973 ~
Sunbury Statiom
Shasokin Jam, Ps, B .o

Il, Public Seevice of Colorado CAR RA ?C 22 2.85/1% 170,200 1378
Cazwo T, 1
7al londe, Colo.

2. Starrs ?acific Power Co. Cal LY e 250 T.TU/T 1246« 10% 0 1330
March Valley Yo. |
Aeng, Mav,

2}, South “altfornia Edisen M= 2a OF & GF 129 5.1 320,300 1963

. Alamttos Stacion .-

Lang dwach, Callf,

4.  Soughwesceen Public Servica “F A, 2a (2)-rg t1-350 1.Qrt 1.85 « laf® 1978~
Harringeon Sceclon 1979
Amarilia, Tax.

15. Tunrassee Yalley Authacity 2.} A (LQY~2C  L7% each L340 4.8 = 1Q° Lea1
Shawvnaw Stesm Plant . sach

6. Taxes Uzilizias ur A, 28 (2)-PC  (2)-575 .1/ 1.58 » i0% 317 —
“omticabla, Tax,

17, Taxas jullizien Thd Thd (1] 1320 Tad 5,11 « \03 1380
Quoerzsun Zley, Tex.

13, nited ?over Assoclacion F A, sa {2)-5 {2)-2b6 .94/ 17%,000 1977
Coal Crenk Statiom
Underwag?, ¥. lak.

.«UC - kiven n fermdn. To convert to s/min, nwleiply by 0.3048

.?o convars aciT [0 #c3faim, =wliiply by 2.83L0 = 10=2

Hanufartirers Symbals

AF - American alr Tilzar alc = aif-clach racls

CAR -~ Carzacundun Co. [ ~ syslone=fired

£ - Eavizstach-luell Jtv. c? - gan=tired

[CA ~ Iaduscrial Clean AlT, Inc. oF - oil-fired

NI - Mgracdl Soushern 4 = pulvarized czal

WF  « UNewlaogdvar-Frye, Ime. R - ravarse air

P - luy Y. la,-Sescern Pracis. v, Rs, sa ~ teversa air, shake ssstac

20 -« IZurn laduscerias . H - 1cakar

The - %o ba decermined

Source: U.S. EPA, 1979, Research Triangle Park, N.C.



	Comparison of ?rovincial Ambient Air Quality Guidelines for
	Metecrological Control !;ystem Parameters
	Chimneys and Emission Control Systems Cost Estimates
	MCS Costs of Fuel Switching and Load Shedding
	Summary of ?leteorological Control System Costs
	Estimated Base-Load Emission Parameters for the Proposed
	Maximum Predicted Ground Level Concentrations Due to the
	Impact Matrix for Incremental Annual Sulphur Dioxide
	3- 1 Air Quality Control and Cost-Benefit Relationships
	4- 1 Benefit-Costs of Coal ileneficiation
	Objectives Emission Ranges


	A Compliance with 1979 Pollution Control Objectives

