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1.

SECTICN 1.0 - SUMMARY

PURPOSE OF STUDY

The purpose of this study is to evaluate alternative air quality control
systems for 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 particulate emissions which would ensure
acceptable air quality conditions if the Hat Creek Project were built.

There are no devices specifically designed to control trace elements, but
sulphur digxide and particulate control methods have varying effacts on
trace elements and consequently are discussed within relavant sections of
the report. Emission of NOy (Oxides of Nitrogen) will be controlled 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 centrol systems offering the greatest achievable environmental benefits
consistent with an efficient use of energy and capital. Specific criteria
used in the benefit-cost evaluation of the feasible alternative strategies
include engineering efficiencies, auxiliary power requirements, anvironmental
considerations and economics. ATso to be kept in mind are the constraints
imposed by the unique characteristics of the Hat Creek cnal deposit.

This study includes a review of the costs and benafits of poliution
control equipment designed to meet:

1) the levels assumed far the preliminary design of the
powerplant; and

b) the levels issued by the Pallution Control Board in its

Objectives for Mining, Smelting and Related I[ndustries of
British Columbia in 1979.
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1.2 SULPHUR DIOXIDE CONTROL

Coal beneficiation, meteorolcgical control (MCS), and flue gas
desulphurization (FGD) alternatives have been compared. Coal beneficiaticn
srovides benefits in the form of powerplant capital and operating cost
savings; FGD and MCS do not provide powerplant benefits. ATl three
SO2 control methods offar environmental benefits through reduced emissions
thereby lessening the potential for ground level concentrations to exceed
acceptable levels.

Table 1-1 summarizes the benefits and costs in quantitative and
gualitative terms for the various 502 control configurations. Meteorological
control with a 244m chimney would be the most cost affective method. Coal
washing is estimated to be over twice as expensive as metzorological
cantrol but still considerably cheaper than any flue gas desulphurization
systam. The FGD system is the most expensive 502 control option. The
net environmental benefits associatad with resource value savings are not
sufficiently large to support the installaticn of any control system ?or
SO2 on benefit-cost grounds. However, to avoid exceeding ground level
concentrations considered necessary to protect the environment some control
measure is necessary for the powerplant, Meteorological control is the
best method to control SD2 from an overall benefit-cost viewpoint.

For the "base scheme" powerplant, a single chimney with four senarate
flues has been proposad in order to enhance the thermal 1ift of the plume.
The comparative economics of the tall chimneys of 244m and 366m in height
are in favouref the 244m stack. The 366m/MCS alternative would cost an
additiconal $i10.5 millien. However, a 244m/MCS system would be associatad
with more predicted generation lasses than a J6om/MCS system, [Ff it is

assumed that all predicted generaticn losses would have o be replacad by
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CONTAMINANT

ALTERNATIVE

TABLE 1-1

COMPARATIVE BENEFITS AND COSTS
BASE SCHEME AOCS ALTERNATIVES

POWERPLANT
BENEFITS-COSTS {B-C)
(Mitlions of 1979 %)

ENVIRONMENTAL BENEFITS AND COSTS

Sulphur
Dioxide

Partial Coal
Washing

full Coal
Washing

-16

-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/meteorology, epidemiclogy,
wildlife, water resources, and beef industry

—

366m/MCS

-33

synergistic effect of SO0 and NO2 on -irrigated land for alfalfa
production - 16 ha for 244m/MCS and - 13 ha for 366m/MCS
predicted forestry damages of $12,557/a and $11,655/a for 244m/MCS
and 366m/MCS respectively with probable fluoride emissions level
measurable potential injury to certain natural vegetation species
predicted forestry damages of $2,800/a and $1,898/a due to S0,
for 244/wMCS and 366m/MCS respectively

366m/FGD

-300

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

predicted forestry damages of $99/a due to S0,

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

reduction of potentially harmful trace elements

Particu-
lates

Hot-side ESP

Cold-side ESP

-104

-92

satisfies assumed PCB objectives
insignificant or low environmental lmpact of 24 hy. and annual
ground level concentrations

expected to provide sufficient mitigation from the effects of trace
elements

cold-side ESP is preferable to hot-side ESP based on energy, techni-
cal, and performance factors for a Hat Creek application
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TAGLE 1-1
(continued)
POWERPLANT
BENEFITS-COSTS(B-C)
CONTAMINANT  ALTERNATEVE  {Millions of 1979 §) ENVIROMMENTAL BENFFITS AND COSTS
Fabric -93 & can achieve generally higher particulate collection efficiencies
Filter than ESP
e potential to collect more trace elements than ESP
¢ could achieve assumed PCB objectives
s insignificant or low environmental impact from 24 hr. and annual
concentrations would be expected
Source: Ebasco Services of Canada Ltd. Environmental Consultants, 1979.



alternative anergy sourcas such as hydro reserves, thermal plants, or impcrtad
power, the 244m/MCS alternative is still estimated to be at least 33.% million
cheaper than the 366m/MCS altermative. The cost differential in favour of the 244m
chimney should be further reduced by the value of additional snvircnmental resource
Tasses associated with the 244m chimney over the 366m chimney. However, forestry
Tosses are the only major envircnmental resources that could be measured in

doilar terms. The additional furestry damages of the 244m/MCS option over the
366m/MCS option are estimated to be slightly less than $1000/a in constant 1979
dollars over the 30-year operating life of the powerplant. [t is evident, there-
fore, that the 244m chimney is preferable to the 366m chimney in tarms of mini-
m%zing total capital, energy and environmental costs.

PARTICULATE COMNTROL

Electrostatic precipitators (ESP) and fabric filters (FF) or baghouses were
compared as alternative control systems. Table 1-1 summarizes the benefits and
costs for these alternatives. The net powerp1ant benefits and costs are negative
for ESPs and the FF‘with the co"d-side ESP having a slight advantage over the
FF. From an environmental perspective, all systems could achieve 0.1 grains/SCF.
The resultant TSP ground level concentrations were assessed by ERT to have low
or insignificant envircnmental impacts. Although ERT did net svaluate the
impact from TSP emissions from a fabric filter, it would be reasonable to con-
clude from the Titerature that a fabric filter in operation could achieve at
least the envirommental penefits obtained with an ESP. Fabric filters are not
proeposed for Hat Creek for technical reasons. The technolegy is still being
devalooed and nas not been demonstrated on many large generating statians using
coals with characteristi¢s similar to Hat Creek coal.

Traca elements are not expected fo cause adverse health risks or impacts

on the ioral or regional biolegical communities, and, therefcres the



SECTIOM 2.0 - INTRODUCTION

The terms of reference for this study require that altarnative Air Quality
Control Systems (AQCS) for the Hat Creek project‘be avaluated through a benefit-cost
analysis. This study evaluates various air quatity control devices for sulphur
dioxide and particulates. Trace element considerations are discussed as part of
the particulate control system evaluation section, The major sulphur dicxide
control alternatives include several combinations of chimney neight, flue gas de-
sulphurizaticn and meteorological control. Electrostatic precipitators and
fabric filters (baghouses) are the primary alternative systems evaluated to control
particulate emissions. Oxides of Nitrogen (NOX) control will be by appropriate
design and operation of the beilers and auxiliary equipment. Banefit/Cost Analysis

of M0y control alternatives is therefore not included.

The evaluations of the various AQCS systems took into consideration the 1975
"Poliution Control Objectives for Food-Processing, Agriculturally Criented,
and Other Miscellanecus Industries of Britisn Columbia"l, the 1973 "Pollution
Control Objectives for the Mining, Mine-Milling and Smelting Industries of
British Columbia“z, and the suggested guideiines for coal-fired powerplants
presented by B.C. Hydro and Power Authority in a 1978 brief submittad to the
Pcilution Controtl Branch3. The 1379 "Poliution Control Qbjectives for the

nd included, for the

Mining, Smelting and Related Industries of British Columbia
first time, objectives specifically for coal-fired powerplants. They were issued
aftar the "hase scheme" propased for the Hat Creek project had been finalized.
These pollution control objectives reflect two philosoochies or approaches to

protect the environment from airborne contaminants: (1) emission control of all
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contaminants at the source and (2) ambient air quality control. Because amissions
ars not the ognly detarmining variabie of ambient air quality, it could be argued
that emission levels should be set on a project or site specific basis. In rural
areas with unpopulated slevatad terrain, some variance from the ambient air guality
gquidelines would seem reasonable if impacts are judged to be consistent with

protection of public health and the environment.

In the 1973 briaf, B.C. Hydro ~ecommended an ambient air quality approach
as opposed to amissien control at the source for satisfactory orotection of
the environment. 8.C. Hydro alsc suggested that an one-hour averaging period
for ambient sylphur dioxide levels was not practicable for coal-fired powerplants
but a three-hour averaging period with a maximum average concentration of
655 ,ug/m3 (0.25ppm) was appropriate and practicable. A three-nour sulphur
dioxide guideline, like the existing one-hour guideline, is solely related to
aconomic protaction rather than health considerations for which the guidelines
aof 28 hours and greater have been daveloped. Also, B.C. Hydro considered that
the 1973 Pollution Control Objectivaes for gasecus and particulate emissions
(Appendix !, Table [I) are suitable for coal-fired powerpiants but that an
exclusion to the 30% sulphur removai criterion be given for coal-fired powerplants

provided the proposed ambient air quality levels are met,

Since the submission of B.{. Hydro's brief to the Pollution Control Branch,
new objectives for coal-fired powerplants in S8ritish Columbia were adopted by
the Pollution Contrcl Board. Ccmplianca with the 1979 "Poilution Control Objectives for
Mining, Smelting and Related Industries of British Columbia” is examined in
Appendix A, The introductory sectien of these recent Poliution Control Cbjectives

states that:

2
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The aim of these Cbjectives is to protect the
quality of British Columbia's environment for
the penefit of present and future citizens of
this Province and Canada. The Gbjectives pro-
vide, firstly, for use of the environment's
assimilative capacity within limits which do
not lead to unacceptable conditions, and,
secondly, for adopting realistic cost-benefit

pollution cantrol strateg‘ies.4

The aim of the 1979 Objectives appears to be consistent with the intent of
the ambient air quality approach to setting objectives presented 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 is an application of benefit-cost analysis to evaluate air quaiity
control systems as well as to measurs the net benefits or costs of achieving
stricter levels of air gquality control for the Hat Creek project. Engineering
judgement including constraints imposed by the unique propertises of Hat Creek

coal were aiso considerations in evaluating alternatives.
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TARLE 2 -1

COPARISON OF PROVINCTAL AMBEIENT AIR QUALIYY GUIDELINIES
POt SULYIIUR DTIOKIDE AND 10FAL SUSPERDED PARFICULATES

¥ood Processing, Mining, Mining, Smeltingy
Agricultrually Orientated Mine-Milling, and Nelated
Averaging & Misc. Industries of Quelting & Assoc. BCh Industriesd
Contaminant  Period British Colubia® Industriesb BriefC Range
i {)ry/md) (pg/m3) : { pg/md) r___( pri/ud)
Sulpiwr
Dioxide 1 hour 450 799 - 450-900
3 hours - - 655 375-665
24 hours 160 266 266 160-260
} year 25 53 53 25- 50
Tutal Sus-
pended Par-
ticulates 24 hours 150 150 156 150-200
I year® 60 60 60 60—~ 10

Sources:

a - Level A Guidelines Fram 1able 3 of “Pollution Control Objectives for Food Processing, Agriadturally

- Oriented, and Other Miscellaneous Industries of British Columbia*, 1975.

b - Level A Values Fram Appendix I of "Pollution Control Objectives for The Mining, Mine-Milling, and
Suelcing Industries of British Coluwbia®, 1973,

¢ - Wiet sulmitted by B.C. Hydro to the Pollution Control Branch Public Lo Review "Pollution Contiol
LVbjectives for the Mining, Mine-Milling, and Swelting Tndustries of British Colwbia", Jamiary, 1974.

d - "Pallution Control Objectives for the Mining, Smelting and Related Industries of britlsh Colwbia, 1979.

€ - Muual Geouetrie Mean.



SECTION 3.0 - BEMEFIT-COST METHQDCLOGY AND EYALUATION CRITERIA

Benefit-cost methodology reguires that all present and future social costs
and benefits associated with a preoposaed action or set of altarmative actions
be compared and appropriately discounted. The methodology is apolied in this
study to assess the most apcropriate ajr quality control technologies consistent
with protection of the environment. The benefit-cost svaluation has to be
combined with other considerations such as engineering, financial and pubiic

accentability before a3 final salection is made.

Any AQCS alternative must oe 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 environmental, erergy
and economic tradeoffs associated with the varigus pollution control systems. The
benefit-cost evaluation provides a mechanism for the assessment of those systems
offering the greatest achievable environmental benefits consisizant with an
efficient use of energy and capital. Specific criteria integrated into the
benefit-cost evaluation of the feasible alternative strategiss in¢lude sngineer-
ing efficiencies, auxiliary power requirements, envirommental! considerations and
rconomics. [n addition to looking at systems for achieving acceptabie ambient
air quality, the economic impacts of attaining the more stringent 1979 PCB

emission objectives are also evaluated.

The conceptual framework underlying this benefit-cost study is illustrated
in figure 3-1. The ambient air contaminant concentration is measured along the

horizontal axis and the associated cost (benefits) along the vertical axis,



FIGURE 3-1

AIR QUALITY CONTROL
AND COST-3ENEFIT
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Ambient Airborne Contaminant Concantration

Source: Ebhasco Services of Canada Ltd. Envirgrmental Consultants, 1979.



without the specific units of measurement being identified. In general, the
environmental resource values lost or damage costs would tend to be positively

related to the ambient pollutant ¢oncantration as denoted in figure 3-1.

On the other hand, the cost of remaving or reducing the airborne contaminant
in the ambient air would tand to be inversely related to the ambient pollutant
concentration. The air pollution probiem can be viewed as economic in rmature
because increased air quality control costs-must be weighed against the benefits
of increased resource values saved and vice versa. On the assumption that ail
social costs (benefits) have been appropriately accounted for, fhe total c¢ost to
society of maintaining a given level of ambient pollutant concentration would be
the sum of the control costs and damage costs at that level., The optimum lavel of
ambient contaminant concentration would be at "b" as dencted in figure 3-1 where
total costs are minimized. If_the ampient level of the ccntaminant was at "a", the
control costs would exceed the damage costs denoting an inefficient allocation of
society's‘scarce resources. As the ambient level increased from "a" to "b", 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
allocation ¢f resocurces with damage cocsts excs2eding control costs at that level.

In this case, reducing the ambient Jevel from "c* to "b" would denote at the
margin that the benefits of resource values saved would exczed 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 asxpendi-

ture be attained.

The potential effect of pollution control cbjectives on air quality control

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

[PY)
1
LN )



a rural development, the real contrecl and damage cost ralationships are accurately
renprasented by the curves in figure 3-1 the appropriate air quality caontrel
axpenditure would be measured by the line segment be. An assumed ambient air
quality objective for the provinca is shown on figure 3-1. [f the objective must
be achieved irrespective of the costs-benefits of this specific project, control
costs measured by the distance df might be required and an inefficiant allocation
of resources would result. In this simple example the effect of meeting the-
assumed ambient objective has resulted in control axpenditures greatsr than the

optimal amount.



SECTION 4.0 - SEMEFIT-COST EVALUATICN OF ALTERNATIVE AIR QUALITY CONTROL SYSTEMS

The benefit-cost evaluations for the sulphur dioxide and carticulate
control systams for the "base scheme" powerplant are oresented in sections 4.1
and 4.2, respectively. In each section, the systems to be avaluated ares descrioded
briefly and then the benefits and costs are oresentad for each system in relation
to the applicable air quality objectives. The comparison of the benefits and
costs of varigus technolcgies provides an econemic basis for the selection of
the preferred air quality control system as well as to measure the net hensfits

or costs of various air quality objectives.

There are two specific evaluations of importance that are made in
conjunction with the primary evaluations outiined above: (1) determination of the
appropriate stack height; and (2) the control of trace elements. The stack or
chimney height eva?uatfoﬁ is presented in sub-section 4.1 (b) (ii), and trace

element concerns are coverad in sub-section 4.2 (d).
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4.1 - SULPHUR DICXIDE CONTROL SYSTEMS

Sulnhur dioxide emissions can be controlled by removal of sulphur from the
coal prior to combustion {coal beneficiatien), conversicn of sulohur dioxide 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);
meteorptogical control, an intermittent_contro] measure, in 4.1 {b); and flue gas
desulphurization, a technology to remove SO, from the flue gases is assessed in
sub-section 4,1 {¢). Fluidized bed combustion and other coal conversion technclo-
gies not considered suitable for a H4at Creek application are presented in
Appendix 8. The financial criteria used for economic evé?uations are listed in

Appendix C.

(a} Coal Beneficiation

The fﬁndamental purpose of beneficiation would be to improve the

quality of coal. This can be achieved by means of a number of

alternative methods which would variously reduce the ash content,

minimize the moisture percantage, and dacrease the sulphur contant.

(i) Benefits of Coal Beneficiation
The benefits of coal beneficfation are the capitzl and operating
cost savings to the powerplant ind the reduction in emission of
some contaminants. The removal of some traces elements, e.q.
fluorine concentrated in clay mattsr mignt also result in
environmental benefits.> Beneficiation wauld reducs the total
capital and operating costs of the powerplant by increasing
powerplant efficiency; 'essening ash handling and disposal
problems; decreasing the size of required boilers and coal

handling facilities; :nd 2asing operation and maintznancs



oroblems. The estimated monetary values of these potentiai
powerplant savings are illustrated in figure &-1. Powerplant
costs would be reduced by $38.41 million if the coal was up-
graded from 17.03 MJ/kg to 18.03 MJ/kg and 3742.17 miilion if
the coal was upgraded to 21.02 MJ/kg. These values are bhased
on 1977 dollar estimates escalated by 9% and then 8% to arrive
at 1979 dotlar amounts. The caiculations assumed a 35 year
life for the 2000 MW powerplant. “Availability" differences
with varying ccal qualify have been allowed for in the evalu-
ation by approoriate values of capital and operating costs.
Also, because the Hat Creek project is a mine-mouth develop-
ment, "transport” henefits 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 iy
ash and sulphur dioxide emissiaons, It is denoted on figure 4-1
that washing would reduce the ash c¢ontent from 36.3 percent for
blended raw coal to 32.5 and 24.5 percent for partial and full
washing respectively. Therefore, 31 given level of particulate
emission can be attzined with washed coal and a Tower erficiency
electrostatic precivitator than with ~aw biended coal. Also,

beneficiation has the potential of reducing the sulphur content
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- Hat Cresk Coal
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o 24.1% Moisture
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CONRer - INTEG-FRASTO: CONTHCO-MOUFNCO JOTNT YUHTURE, MIMING FEASIBILITY REPORT, 1978



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

5 3ty and 1 16/706

fully washed coals would be about 1.2 1b /10
Bty respactively compared to the raw coal 502 emissian of about
1.3 1b/108 8tu (assuming all sulphur in the coal goes to $07).°

7 concluded, on the dasis of washing &

A recent Canmet study
bulk sample of about 82 tons, that Hat treek coal containing
6500-6600 Btu/1b and 41-42% ash, dry basis, couid be upgraded
to at Teast 8125 3tu/Tb 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 1.47

to 1.26 1b/10° 8tu.

Costs of Coal Beneficiation

The capital and operating costs of the beneficiation plant
for partial and ful! washing are denoted in figurs 4-1. The
total capitalized casts of upgrading the coal to 18.30 MJ/kg
would be about 3135 million and 3333 millicn to upgrade the

coal to 21.02 MJ/kg.

The beneficiation process would produce :tailings ar
effluents which might cause environmental damage if they are not
handled, treated or disposed of in an appropriata manner,

Secause coal washing would result in Btu losses as a consequence
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of reduced coal resgurce utilization, greater quantities
of coal would be required %o offset orocess losses. As
noted in figure 4-1, resource utilization decreases from
94.9% for the biended 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 potential environmental benefits associated with it,
some problems in operation , e.g.: a) the concentration of
sodium which can cause fouling is increased; and b) the per-
formance of the proposed electrostatic precipitateors could

be adversely affected by sulphur reduction in the coal.®

(iii) Conclusions

The benefit-cost elements that have been measured in
dollar amounts are illustrated in figure 3-%1., The benefit-

cost criteria are listed below:
Coal Beneficiation
Benefit-Cost Criterion Partial Total

Benefits/Costs (B/C) 0.43 0.43
Net Benefits (R-C) -576.39x106 -S]90.97x706

The environmental benefits of coal beneficiation have not heen
quantified. MNevertheless, the net benefits would have to be worth
at least 376.39 million on a capitalized basis to justify partial
washing and commensurately greatar in worth to justify total
washing. Thus, even i coal washing appeared technically feasible
to reduce 507 emissions, it would not be a cost-affective method
and therefore cannot be recommended for incorporation into the

"base scheme” for the Ha% Zreek aroject.
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Meteorclogical Control Systems

(i)

Introduction

IInder normal climatic conditions, the hase scheme proposad
is expected to provide acceptabie ambient S0 levels. A
meteorological control system (MCS) is a systamatic plan of
procedures for reducing contaminant emission to the atmosphere
in response to predicted or observed adverse metaorological
conditions that are conducive to high ground-level ambient
concantrations. MCS is not intended to provide protection
from long-range trarsport effects. Load reduction and fuel
switching during episodes of adverse meteorological conditions

have been seiected for evaluation.

Closely related to the assessment of an MCS system would
be the determination of stack or chimney height. In the "base
scheme” for the powerplant, a single chimney with four separats
flues is proposed in arder 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 operatiénal pessibilities for reacting to un-
favourable dispersiaon conditions: The first invoives fuel
switching from the primary <oal to a sacondary fuel with iower
sulphur contant which could be stockpiled for use during periods
of adverse dispersion opotential. Fuel switching would probably
be the preferred action, in the wintar months (Movember through
February). DOuring the other months of the year, load reduction

of generating units would probably he %the preferred contrsl



method.9 Table 4-1 provides the MCS parameters utilized by cnviron-
mental Research and Technology, Inc. {ERT) and “new-performancé“ cca110
characteristics detarmined in 1979. The heating value has

worsened to 5,955 8tu/1b and the mean 5% has fallen from

0.45% to 0.39%. It is estimatad that the daiiy emission,

assuming all S goes to SO, 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 B.C.

Hydrop brief.

Cost of Meteorolagical Control

Taple 4-2 provides ccst data developed by Integ—EbascoH for
the various chimney, meteorological and flue gas desulphurization
systems. The amounts are stated in 1979 dollars and are based on
the finangial criteria found in Appendix €. Table 4-2 shows that
the 244m/MCS configuration would have a total capitalized cost of
almost 322 million, and the 386m/MCS configuration would have a
comparative cost of about 332.5 miliion. These figures would
suggest that the 244m/MCS configuration would be preferred, When
MCS operatian is included, the evaluaticn must include the costs
associated with reducad powerplant output operation due to MCS
constraints. The following analysis attempts to estimate the cost
of generation Tosses as & result of fuel switching and lgad shed-

ding for the two chimney heights.

Estimation of Annual Generation Lossas Due to MCS

The Hat Creek powerplant is proposed as a significant addition

to an axtensive hydrg-electric system. The powernlant would e



TABLE 4-1
METEQROLOGICAL CONTRCL SYSTEM PARAMETERS

Original Fuel New Performance
Primary fuel ("as received" basis; Characteristics (1) Fuel Characteristics (2}
Fuel type coal coal
Sulphur content - % Q.45 7.39
Heating Yalue - Mi/kg (Btu/l1b) 14,7 (5,300} 13.85 {5,955)
Ash - 7% 26 25.6
HZO - % 20 23.5
Secondary Fuel ("as received" basis)
Fuel type coal "0 coai
Sulphur content - 3% 0.21 (.23
Heating Value - MJ/kg [Btu/lb} 17.81 (7,560) 16.08 (6,315)
Ash - 7%
Ambient 502 Control Criteria
3 - hour averaging time -,pg/mg 665
24 - hour averaging time - ug/m 260

Source:
(1) Environmental Research and Technology, Inc., "Air Quality and
Climatic Effects of the Proposed Hat Creek Project, Santa
Bartara, Ca., April 1978, PS074F,

(2) Paul Weir Co., 1979, Report Forthcoming
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TABLE 4-2
CHIMNEYS AND EMISSION CONTROL SYSTEMS COST ESTIMATES
(1579 $)
’ (244w} {366m) FGD FGO
Chimney Chimney (100%) {53%) MCs!
Capital Cost® = A 12,117,098 20,927,552 § 292,098,800 | 203,623,340 | 4,329,838/
Operating and HainLenance
Annual Cost = B 363,513 627,802 | 21,641,130 10,839,109 474,106
:’3‘
8 | Fixed Charqf Rate ( 15.2%) _
— €= A x 0.152 1,341,800 3,180,988 | 44,399,020 30,950,748 658,135
é‘ T
2 Total Annual Owning and
Operating Cost D=8 + C 2,205,314 3,808,790 | 66,640,150 41,786,857 11,132,241
Capitatized Value of Total
Owning and Operating Cost
E=D+ 0,152 14,508,64Y 25,057,828 | 434,474,670 | 274,933,270 | 7,448,951
: : |

for makeup waler at a cost of $3.70 per 1000 USgal.

makeup waler at a cost of $3.70 per 1000 USgal.

2
engineering costs.
3
4
Source:

Integ-Ebasco, 1977; ©SCLic, 1979,

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

Capital costSpricessinclude escalation, direct and indirect construction, contingencies and
Operating and maintenance costs for 100% FGD include a consumption of 200 USgpa per unit

Operating and maintenance costs for 53% FGD include a consumption of 100 USgpm per unit for



assentially a base lcad plant. [n addition, the powerplant
would sometimes operate on 3 two-shift and, later, on a

cycling basis.

The MCS system may call for fuel switching from the primary
coai to low sulphur coal during the months of November through
February. ERTg-predictsAthat; if the four-unit plant is reguired
to operate at full load continuously, switching may be required
for about 195 hours from !lovember through February with a 244m
chimney., With a 366m chimney, switching may only be required
for a few periods in Movember. Quring the remaining eight months,
reducing plant generating capacity to 80 percent load 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 presentad in

Table 4-3.

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

15 mills/kMh.

If it is assumed that the system is capacity ¢ritical, the

hydro reserve system would normally be saelectad as an alternative

1.1
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AU 4-3

AT CRIEEK

MCS COSTS OF PURL SWETCHING AND FOAD SIRDDING

fuel Switching Ioad Shedding I
1 2 @ 80YQ 604 Generating] Generating Annual Energy Replacuanent Cosi
Coal Ioad {Joad| Capacity Capacity %) e
Consungy- foss @ 80Y] loss @ 601 liydro-electric ~Thermal LT INNEY]
Mtoermative| Bours tion {h) (n) {Mahy) (M) (oMitis/kwh) (YAMIITs/ki (20MT11s/kvh)] (25001150
244 mMS 195 308 &8s oo 5 1% 840 4580 0 606,]({0 nog, 4040 1,010, %00
366 w/MCS 75 1148 725 0 0 0 0 0 0 }] 0

I CGagaited at 803 of anbient control criteria and 506% safety factor for swiich hours,

2 Coal conswmption per 4 anits of 1503 1ph.

Sunires Ebasco Services of Canada Ltd., Environwental Consultant, 1979,



to offset a reduction in lcad by the proposed Hat Creek power-
plant. The incremental cost might be zerc if the reserve capacity
is drawn upon. The reason for this is that the Hat Creek power-
plant might, subsequent to the removal of meteorological con-
straints, operate at a higher load, or for a longer period, ver-
mitting hydro-electric ggigration to be reduced an'equiva1ent
amount untii water ”éﬁei; in the reservoirs are restored. Although
there may appear to be no additional cost in drawing upon reserve
capacfty, 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/kWh,

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 loss for the 244m/MCS configuration is 40,42C M4H and
0 for the 366m/MCS zlternative. The capitalized energy replacement
costs are about $4.0 million for the hydro-electric source at the
"opportunity cost" rate of 15 mills/kWh; $5.3 million for the
thermal generation aiternative and 36.6 million for the imported

energy altaernative.

Table 4-3 shows that fuel switching with 244m/MCS confiqura-
tion is estimated to occur for an additional 120 hours and to
consume an additional 190,000 fons for low sulphur coal than the
366m/MCS alternative. It is expected that the additional coal
consumotion associated with the 244m/MCS alternative should not
result i1 any additional cost penalty because the ¢ost per 3tu

wculd 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 METEDROLOGICAL
CONTROL SYSTEMS COSTS

ALTERMNATIVE MCS
COSTS (1979 3)

244m/MCS 366m/MCS

CAPITALIZED COST COMPOMENTS

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

MCS Owning & Operating Plus
Hydre Replacement of Enerqgy
(15 Mi11s/kih) 25,946,408 32,506,779

MCS Qwning & QOperating

Plus Thermal Replacement

of Energy

{20 Mi11s/kih) 27,276,013 32,506,779

MCS Qwning & Qperating Plus

Import Replacement of

Energy

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

Source: Ebasco Services of Canada, Ltd., Environmental Consultants,
1979.
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Basaed on the data contained in Table 4-4, the 244m
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 vaiue to the province
of any damage which might otherwise accrue to all environmental

resources, whether jublic ¢r private owned,

A, Air Quality e£ffects

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

The ERT report9 predicted 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 guidelines; e.g., meteorolagical control

or flue gas desulphurization. Table 4-6 contains the maxi-
mum ground levei concentrations, within 2%km of_the site,

of selected pollutants for various MCS and flue gas de-

sulphurization configurations.

Significance of Annual S0, Concentrations

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

resourcs as 1 result of sulphur dioxide emissions.



TABLE 4-5

ZSTIMATED 3ASE-LOAD ZMISSTON PARAMETERS 0R

THE PROPOSED HAT CREIX GENEIATING PLANT
Emission Rata (kg per cay) r
Contaainant Symbol
Particulata | Casaous Tetal |
| Sulonur dioxice 50, 326 768 | 328 763 |
| Nitrogen Oxica NO 82 189t 82 489}
| #1trogen Dfoxide N0, 126 753t | 124 7338
| Total ?articulatas TSP 40 000% 40 Qoo?
iCar‘:cm Monoxica co 13 0432 18 0433
?Total Hydrogarsens HC 5 4134 5 4134
i Arsanic As 7.134 1.9 13.0¢
Beryiliua e 0.554 0,114 0.564
Cadmiua cd 0. 1954 0.19584
Chromium Cr 2.294 2.29%
Copper Cu 0.094% 0.094*
Fluorina F 25.7% 2553 290.7%
Lead P 2.59% 4,958 7.348 !
Manganese Mn 4,48 4.48
Mercury . Hg 2.28% '3.57% 5.95%
Nickal Ni 1.14% 3.148
Selaniuz Se 0.0337% 0.132 0.1857 !
Uraniun u ao emissien
Vanadium v 0.12 0.12
Iine in .2 3.0
Sulphata SO,' no emission
Nitrace K0, no emission
Polycylic 2rganic Mattar POM no emission
Ntrosaaines HNA no amissian

t Eaission calculated on the basis af 500 ppm h‘O‘ in the stack with agual
parts af N0 and .'60:..

2 Emission calcylatsd on the basis of a maximum of 0.1 grains per standara
cumie 30T with he usa of alegtrosiatic percinitators.

3 Eaission calculatacd on the basis of 0.45 kg CJ zer ton of coai.

4 Emissisn calculatad on the dasis of 0.14 kg HC per tan of gaal.

$  Calculated 7rem test burn sample analysis and ceal consusotion of
42 530 t/d :

Source: Envirsnmental itessarch and Tecnnalogy, Inc. 1978,
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TABLE 4-8

MAXIMUM PREDICTED GROUND-LEVEL CONCENTRATIONS
OUE TO THE HAT CREEK GENERATING STATION

Maximum Concentration Assumed
3 PCB
Averaging Time (ug/m*) Srief
Contaminant (Arithmetic Means) 244m/MCS 366m/MCS 366m/FaD Guidetines
Sulphur Dioxide 3-hours 622 647 LGG 655
24-hours 260 260 208 260
1-year 9.3 8.3 | 4.5 53
Total Suspended 28-nours 3t 32! 2" 150
Particulates l-year 1.1 0.9] 1.2 &0
Carbon Monoxide 1-hour 96.1 91.3 88.2 40,000-60,000
R-hours 18.6 17.9 31.4 15,000-20,000
Fluoride (Gaseous) 24-hours 0.42 0.33 Q.4 -
1-year 0.0075 0.006 0.008 -
Lead (Particulate) 24-hours 0.0042 0.003 0.004 -
1-year 9.000089 0.00007 | 0.00008 -
Zinc (Particulate) 24-hour 0.00% 0.004 0.004 -
1-Year 0.00009 | 0.00007 | 0.00009 -
Cadmium (Particulate) 24-hours 0.00025 | 0.0002 0.0003 -
1-Year 0.00000% 0.000004{ 0.000008 -
Mercury 24-hours 0.01 0.4075 0.008 -
1-Year 0.00017 | 0.00015 | 0.0002 -
Arsenic 24-hours 0.03 0.024 0.03 -
1-Year 0.0005 0.0005 3.00086 -

IConcentrations above assumed background 1eve1$ of 10 to 20 ug/m3.

Source: Environmental Resource and Technology, Inc., 1978.
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Table 4-7
[MPACT MATRIX FOR INCREMENTAL AMNUAL SULFIIUR BIOXTOE CONCENTRATIONS
OUE TO (AT CREEK POWERPLANT
366 w/fOb o6 w/HLS 244 w/HCS lagact Slyntlicance ]
Resource fxlsting ] Misolule Absalute Absolute i
Quatity GQuu/nd) 1X Hesourca (po/n?){ X Kesource {pu/w?)] X Resource | Extreme |Migh |Hoderate | Low flosignificant

Aniieal
LConcentration ,
06E A 174 0 1) [H] [+ a 0 X
o @

8-1 WE 4.5 8 1.6 6 4.9 8 X

B-2 i 4.0 7 5.1 9 6.8 11

6-3 (173] 2.1 4 8.3 M 9.3 16 X

B-4 w/ 2.9 5 1.0 12 1.7 B X
I00E C

£ 1/ 0.6 1 0.6° H 0.6 1 X

c-2 H/1 i.2 2 - 1.2 2 1.2 2 X

-3 /1 1.2 2 1.2 2 1.2 2 X

C-4 W/l 0.5 1 0.5 1 0.5 1 X
JONE D

b-k Wi 0.4 1 0.4 1 0.4 1 X

o-2 W/l 1. 2 1.3 2 1.3 2 X

0-3 i 1.3 2 1.3 2 1.3 2 ‘ 1

-4 7] &.3 3 0.3 1 0.3 1 X
Source: [RT 14978 - Appendix €.




The amount of the air resource "used" by the oroject 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 guality resource

that might be "used" by powerplant operation,

Impacts are assessed for four zones: -- Zone A includes the
site and immediate environs; Zone B is an ellipse centered at the
sita with a north/south axis of 30 km and an east/west axis of 20
km; Zone C is a concentric ellipse entered at the site with north/
south and east/west axes of 80 and 32 km respectively; and Zone D
is a circle centered at the site with 100 km radius. Tadie 4-7
shows that, for all configurations, the significance of impacts
would be identical. Insignificant impact is predicted for a1l con-

figurations in Zone A and only low significance in Zones 8, C and 0.

8. Forestry Oamages

The estimated potential physical loss of
timber growth with the Hat Creek project are presented
in the revisad Reid Collins & Associates, Ltd. Forestry
report.IZ The Tosses due to predicted $09 ground level

concentrations are as follows:
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Vo lume Economic Yalue {1979 $S/a)

Confiquration (m3/a) (85.5/m3 * m3/a)
244m/MCS 509 2800
366m/MCS 345 1898
366m/FGD 18 99

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

as shown below:

Annual
Predicted/Physical Losses of
Timber Growth and Economic VYalue

Worst Probable

502 Control Fluoride
Configuration Probable Fiuoride Emission Level Emission Level
m3/a $/a m3/a S/a
244m/MCS 2283 12 557 25135 1338 243
366m/MCS 2119 11 655 24971 137 i
366m/FGD 1792 9 856 24644 135 542

The value of timber growth losses hasrbeen estimated by taking
the appropriate annual loss amount (m3/a) and multiplying by a
constant real value of timber equal %o $5.5/m3. The SS.S/m3 figura
is assumed to be representative of the present and future average
value of standing timber authorized for cutting in the Hat (reek
region. On an annual basis, the forest resource lossas 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-
yration would be $138,243/a2 with a 244 m chimney under the worst

nrobable scenario and $11,655/a with a 366m chimney under the

4-20



probable scenario. Tne present value of these lg¢sses are

listed beiow: 3

Present Yalue of Losses at Indicated
Jiscount Rate

(%)
Forestry Damage 6% -8% 10% 12%
244m/MCS (maximum} 1525 1107 832 543
366m/MCS (minimum) 122 83 61 47

C. Summary of Environmental Effects

Table 4-8 provides an gnvironmental comparison
of the sulphur dioxide control alternatives. The
results of numerous envirommental studies, as indi-
cated in the references to the table, denote some
amounts of damage or injury but nevertheless, in
aimost all cases the gualitative and guantitative
avidence leads to a conclusion of insignificant

impact and protection of the environment.

(¢) Flue Gas Desulphurization
(i) Introduction
Flue gas desulphurization systems (F30) provide continuous
control over powerplant emissions at the source. There are several
FGD technologies in use outside Canada at various stages of develop-
ment.14 Although major engineering issues must be addressed in a
complete analysis of the possible use of FGD at Hat Creek, for the

purposas of this study nonregenerative-wet type of FGD system using
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TAGLE 4-8

ENVIRONMENTAL COMPARISON OF ALTERNATIVE
SULPHUR DIOXIDE CONTROL SYSTEMS

ENVIRORMENTAL IMPACT MEASURES & SIGNIFICANCE
RESOURCE AREA CONSIDERAT IONS 244m/MCS 366m/MCS 366m/FGD
Air {luality/Meteorology 9, 14, 15
*Local [ 25km) Airshed Conunitment L or 1 Lorl Lorl

(maximum annual average SO
conceatration as a percent
of the proposed ambient

(4.5ug/m3; 18%)

(8.3pg/m3; 334)

(9.3pg/m3; 372)

guideline)
» Regional Ground Lgvel Concentrations
( 25km;  100kn) (1. 7pg/w3 - maximum) i I 1

Cunulative Concentrations of
Air Contaminants {incremental
effect of Hat Creek plume)

e Climatic Acid Rain

Visibility Degradation
(6% reduction)

Global Atmospheric Processes
{temperature; energy balance)

Stratospheric Process
(chemical radiation)
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TABLE 4-8
{Continued)
ENV ERONMENTAL IMPACT MEASURES & SIGNIFI1CANCE
RESOURCE AREA CONSTOERATIONS 244m/MCS 366w/ MCS 366m/FGD
gﬂ_idemiology]6 Effect of Proposed Ambient
Guidelines for S0,, TSP, &
CO on Human Hea]tﬁ 1 I I
Ej}glj{g}7’ 1 Direct effect of S0, & trace
elements in terms og measurable
terrestrial wildiife injury
through habitat modification,
inhalation, ingestion, etc. 1 1 I
Indirect wildlife injury as a
result of vegetation stress ? ? ?
Hatler Re50urces]5’ 19, 20
(43 our of 205 water Acid precipitation of water
bodies potentially resources ’ | | 1
vulnerable to audi- Aquatic ecolegical impacts from
fication) acid precipitation | I I
ﬁgngg]turezl Effect of SO, and NO,, on irrigated
land~reductign of a]?alfa production -16 ha -13 ha 0 ha

Effect on Beef Industry
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TABLE 4-8
{Continued)

ENVIRONMENTAL IMPACT MEASURES & SIGNIFICANCE
RESOURCE AREA CONSIDERATJONS 244m/MCS J66m/MCS 366/ FGD
Natural Vegetation22 A 8
Species injured by 502/N02
s Potential Injury to < Alpine fir 7.8 1-9
vegetation within 25km « Engelnann spruce 3.2 1-4
of project + Lodgepole pine 43.6 1-4
« Ponderasa: pine 0.4 1-4
- Douglas-fir * 19.7 1-5
«Trembling aspen 0.1 9
< Sarvicabeyry i.8 1-56
<Fringig sagebush 0.2 1-5
*Hitlow x 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 might cause
die-back of willow and decreased
productivity in other cases.
Vegetation Association Areas : 2 2
Affected 324 .41 km? 238.47km 23. 38k

A --~ TOTAL VEGETATIVE COVER AFFECTED (km%)

B -- PREDICTED INJURY RANGE (%)

L -- LOW

I -- INSIGNIFTCANT




RESUURCE AREAS

s
forestry

Ge-y

[?.m:reaticmz3

] i i i i k ] ] i [ | ] | | B L
TABLE 4-8
{(Continued)
ENVIRONMENTAL IMPACT MEASURES & SIGNIFICANCE
CONSIDERATIONS 244m/MCS 366m/MCS 366m/FGD
, Econogic value last due
to S0° {annual) $ 2,800 $ 1,898 t 99
Economic value lost due to
fluoride in plume path (annual)
--probable case $ 12,557 $ 11,655 $ 9,856
--worst probable case $ 138,243 $137,31 § 135,542
(ranks determined by Relative impact on recreation
resource consultant ex- activities 3 1
tended to a preference --preference order in terms of least

ordering by preparer of
this report)

overall impact




1ime/1imestone as a reagent is used for comparative amaiysis. The
parwial FGD scheme would wash about ane half of the flue gases, and

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

{i1} Costs of Flue Gas Desulphurizaticn

The costs of the partial and Fuli scrubbing schemes are {tem-
ized in Table 4-2, The annual total! owning and operating costs for
the partial and full scrubbing schemes with a 166m chimney are about
$46 million and $7Q millien doliars. On a statfon total kilowatt
basis, the total capitalized costs of the partial and full FGO

systems ars approximately $112/KW and $757/KW respect'ively.H

(i) Benefits of Fiue Gas Desulphurization

A flue gas desulphurization system does not have any issociatad
pawerplant benefits but rather complicates the operation of the
powerplant, rasults in increased costs and consumes considerabie
quantities of water, Time/limestone, and energy. An FGD system
may actually increase particuiate emissions and aggravate the solids

disposal probiems.

The envirommental benefits of flue gas desulphurization would
be the resource savings identified and measured in sub-sactian (b)
abgve. Table 4-8 suggests that flue gas desulphurization would have
lass of an impact than would meteorological cantrol but most impacts
are insignificant, undetermined, and cannot be =xpressad in money

terms.



Summary Analysis of Sulphur Dioxide Control Systams

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

costs of the alternatives are listed belaow:

CAPITALIZED COST

ALTERNATTVE (3108)
244m/MCS 22
366m/MCS 33
366m/FGD  (53%) 300
Coal Washing (full)} 333
Coal Washing (partial) 138
Coal Washing {partial &

244m/MCS) 157

The MCS alternatives have obvious financial advantage over the coal
washing and FGD alternatives. The partfa] FGD system is the most
expensive contral system and relative to a MCS system it would not
be cost effective in terms of incremental reduction of suiphur dioxide
per doilar of expenditure for abatement. The summary table shown
above in conjunction with the detailed evaluation in sub-section (b}
teads ta 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

sulphur dioxide systems have different snvironmental effects at the



proposed ambient 5O, guidelines, the potential impacts are all con-
sidered low or insignificant with few exceptions. The potential
forest damage due to sulphur dicxide and fluorides are contrasted

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

Forestry
509 Control Contral Cost Damages (SOZ) Probable ‘Yorst Probable
Confiquration $/a S/a 5/a $/3
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 ¢f 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 ¢oal
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 degrae

to which baghouses are proven as reliable on large-scale apolications.
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2
{a) Costs of Electrostatic Precipitators and Fabric Fiiterszs’ 28

The comparative capitalized present worth of capital and annual
operating charges for hot and cold side pre¢ipitators and a baghouse
are listed in Table 4-9 below. The costs in Table 4-9 are the average
costs based on alternative manufacturer's systems. Figure 4-2 dis-
aggregates costs into capital, power, and other relevant components
for comparative purposes. The cost estimates suggest that Cold side
ESP and baghouses would he about equal in cost but less expensive

than a hot side ESP installation at Hat Creek,

TABLE 4-9
COMPARATIVE PARTICULATE COMTROL COSTS

Capitalized Costs
Particulate Control System (106 of 1979 3)

Elactrostatic Precipitation

Hot - side 104
Cold - side 92
Fabric Filter 93

Source: [nteg-Ebasco, 1977,

The baghouse cost of S93 million assumes a two-year bagiife. It
is estimated that a three-year baglife would reduce the averaqge
capitalized present worth of the baghouse to about S86 million. A

discount rate of 10 percent has been used in the calculations. 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 (Creek station
is reduced. Also, the cost calculations are based on efficiencies of
99.52% for colid-side precipitators and at Teast 99.92% for baghouses.

{b) Benefits of £lectrostatic Precipitators and Fabric Fi1ter527'32

High coilection efficiencies have been achieved with fabric fiitars
on an industrial scale and some utility appliications. The primary
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 been reiiably demonstrated on large coal-fired utility boilers.
With very high inlet grain loadings, about 18 gr/scf, as at Hat Creek,
the baghouse is an unproven technology, and actual operating costs can
only be estimated. Apgendix 0 contains a current list of actual and
proposed baghouse installations on utility boilers in the United

States.

The conventional method for fly ash removal in the electric utility
industry is by electrostatic precipitators. The selection of a2 hot-side
or cold-side precipitator depends on many site-specific pracipitator
variables, especially the electrical resistivity of the fly ash. Uith
other factors held constant, hot-side precipitators would allaviate
the rasistivity concarn better than cold-side precipitators. However,

Southern Research Instituted3 (SRI) has recommended against not-side
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precipitators basad on burn tests utilizing Hat Creek ceoal. SRI cited
the uncertainty in electrical conditons that would be axpected for

the high altitude (low atmospneric pressure, high temperature install-
ation) as the reason for their recommendation. Also, probiems have
heen 2ncquntared an hit-side precipitatars installed on powerplants
burning low-sulphur western coals. In addition, the operating power
consumpﬁion of hot-side precipitators tend to exceed that of cold-

side precinitators as dencted below for the Hat Creek powerplant:

Operating Power (KW}

Precipitator Average Minimum Maximum
Hot-side 3,812 2,046 4,528
Cold-side 2,945 1,379 4,099

As stated earlier, the electrostatic precipitator wouid be
designed to meet the assumed Provincial particulate emission objective
(0.1 grains/SCF). The proposed ambient 24-hours quideline is
TSO,ug/m3, and the annuai guideline is Gojug/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-nour TSP concentra-
tion is 32;ug/m3 for contralled emissions axcept for an ESP. ERT
considers that these ground level concentrations are insignificant
or low. The predicted particie or fly ash emission rate by ERT is

7.17 1b /108 Btu fuel.

{c) Selection of Praferred Particulate Control dlternative

At the present time, ESP's are, in general, <he best devics for

large-scale utility appiications. Recent anolizz<ion of 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 ba the preferred particulate control system for

the "base scheme" powerplant.
{d) Trace Element Considerations

Trace elemants in coal have been defined by ERT18 as any elements
in concentrations varving from the lowest level capabie of analytical
detection to 0.1 percent (1000 mg/kg or parts per million (opm)).

The release of trace elements from source material such as stack
emissions into the environment could be a potential hazard to environ-
mental resources. ERT studied nine elements (As, Cd, Cr, Cu, F,
Pb, Hs, V, and Zn) in detail based on assumed values (from 1imited
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 Epidemio]ogy16 and Trace Element
Reports18 for Hat Creek conclude that no adverse health risk is
foreseen; and barring extraordinary events, no significant impact
on lgcal or regional biclogical communities is expected from trace
elements. Therefore, the selection of E5Ps for particulate control
should also provide sufficient mitigation from the affacts of traces

elements.

Coal washing might help in removing some trace elements in

organic combinations with minerals.® A recent trace elemen®
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study34’ 35 performed by the U.S. Environmental Protection Agency,
concluded that a2 wet scrubber, instalied for particulate removal

is an efficient trace element collector and that the wet scrubber
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 collection effic¢i-
encies than E£5P and are not sensitive to particle size, they should
be more efficient than ESPs in trace element removal. In general,
greater concentrations of particulates are deposited closer as stack

height is reduced.
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SECTIOM 5.0 - ECONCMIC EFFECT OF 1979 PROVINCIAL POQLLUTION COMTROL OBJECTIVES

This seaction is concerned with the economic impact of the new Poiluticn
Control 8o0ard {PCB) objectives on the Hat Creek Project related to sulphur dioxide,
total particulate and opacity emission levels. The emission levels for 50, and
particulates are listed below and illustrated in Figure 5-1; the opacity emission

level has a range between 10 and 40%

tmission Parameter Units Range
Total Particulate mg/kJd fuel g.01 0.04
157108 Bty fuel 0.02 0.09
Suiphur Dioxide mg/kdsfueT 0.09 0.34
15/10° Bty fuel 0.2 0.8

The AQCS systems §elected by Integ-Ebasco to attain the extremes of the
emission ranges include electrostatic precipitators or fabric filters, dry spray
or wet fluye gas desulphurization devices. The systems evaluated would be instalied
with each powerplant unit development. The base scheme powerplant incorporated
cold-side electrostatic precipitators and space allowance for retrofitting a flue

gas desuichurization system.

The specific assumptions made by Integ-Ebasco in their 1979 AQCS study
are listed belogw:
1) Coal Quality: Worst Blended HHV (as received) 12.21 MJ/kg (5250BTU/1b)
Ash content 29% (as recesived)
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 S0, FGD loading: 0.6 mg/kJ (1.34 1b/106 Btu) based on 35% total
S in coal (i.e., 5% S assumed removed with mill rejects and hottom ash)

5) Base Scheme Precipitator Efficiency: 99.49%

§) Base Scheme Precipitator Zmission: 0.1 ma/kJ (0.225 15/10° 8ty fuel)

(§1]
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FIGURE 5-1
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Particulate Control
(i) Selected Air Quality Control System

A summary of the AQCS alternatives and the associated level
of emission control attained is presented in Table 5-1. In
cases 1 to 3, an electrostatic precipitator is intended for
particulate contral. <Lase 1 represents the "base scheme" cold-
side precipitatof'wh;;; 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 ffficiency (%) me/m3/s (ftZ71000 acfm)
1 99.49 91.9 (467)
4 99.8 126 (640)
3 99,95 _=198.8 (1010)

Source: Integ-Ebasco, 1979.

Integ-Ebasco expect that the range of particulate emissions
jdentified 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 collector. The mechanical dust collector has been added
on the presumption that due to the high inlet ash loading, they

would be needed to pre-clean the gas and reduce the inlet loading
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Source:

| ¢ ' ] ] ' # | t t ] t &
TABLE 5-1
HAT CREEK PROJECT
SUMMARY OF AQCS ALTERRATIVES
PLANT EMISSIONS
(Worst Quality Blended Coal)
507 CONTROL PARTICULATE CONIROL
mg/kJ (1b/MB) % mg/kJ {1b/Mil) %
PARTICULATE REGULATION
(S0; emission wicontiolied)
Case 1| - (Base Scheme) Blectrostatic Precipitor 0.58 (1.34) - 0.1 (0.225) 99.49
Case 2 - LClectrostatic Precipitor 0.58 (1.34) - 0.04 (0.09) 99.8
Case 3 - Electrostatic Precipitator 0.58 (1.34) - . 0.01 (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 (WET FGD)
Case 5 - Partial Gas Treatment 0.34 (0.8) 42 0.1 (0.225) 9949
Case 6 - Full Gas Treatment 0.09 (0.2) 85 0.1 (0.225) 49.49
PARTICULATE + S0, REGULATION {DRY FGD F/FILTER)
Case 7 - Partial Gas Treatment 0.34 (0.8) 42 0.015 (0.035) | 99.9(2)
Case 8 - Full Gas Treatment 0.09 {0.2) 85 0.02 (0.05) 49,850

Integ-Ebasco, 1979




to the fabric filter. This combination employing gas pra-¢leaning
is expected to achjeve the 93.95% efficiency needed to comply

with the lower PCS particulate objective of .01 mg/kJ (0.21 1b/MBtu).
(i) Costs of Selected Air uality Control Systems

Table 5-2 provides a comparative cost evaluation of the
selected AOCS systems discussed in sub-section (). 8ased on the
+ total annual owning and operating costs, the increased cost qver
the "base scheme" =0 achieve the .09 1b/MBtu emission level wouid
be about $2.4 million and either 35.3 million or $50.4 million to
achieve the .02 1b/MBtu level with the higher efficiency ESP or

FF respectively.

{b) Combined Sulphur Dioxide and Particulate Control
(i) Selectaed Air Quality Control Systems

Cases 5 and 6 represent 3 partial and full (wet) fiue gas
desulphurization system respectively. With the partial FGD
system, 50 percent of the flue gas is washed resulting in a 42
percent overall S0y removal efficiency; reheating of the flue gas
is not required to orevent water fallout within the plant area.
In case &, 100 percent of the flue gas is washed for an 85%
removal of S02; reheating is required., Cases 5 and & include the
"hase scheme" ESP for particulate control. The partial FGD
system (case 5) is expected to comply with the PCB objective of

0.34 mg/kJ and the full F&D system (case 6) with 0.09 mg/kJ.

i
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TABLE 5-2
COST EVALUATION ENR _ANCS CASES .
(per 4 units, $1000, 1978 price level, nol levelized,
capital costs exclusive of corporate overhead and 1DC)
PARTICULATE CONTROL COMBINED PART. § SO2 CONTROL
CASE NO. frithout provisien for Dry FGD retrofit) (integrated installation) o
1 2 3 | 4 S 6 7 LI
ESP (99.49%)| SR (99.49%) i i1
EQUIPMENT ESP ESp ESp FF + PARTIAL + FULL + PARTIAL |+ FULL
— £99.49%) | (99.8%) [ (99.95%) [(99.97%) |_ WET £Gn__ | wWev FGn | DRY KGR | pRY pen
‘l\ﬁt?cﬁi::::?lcgﬁ;ﬁi]iw Cost 203,23g 222'ﬂ22 242,000 185,000 382,000 467,000 | 323,000 | 393,000
2 ), 7,600 7,000 0,000 1 11 anp 164 000 | 25.000 12,0400 15,000
Total Capicul Cost 239,000 227,000 249,000 196, 000 398,000 492,000 335,000 408, 000G
($/kW) (104) (114) (125) (98) (199) (246} | (168) {2041)
Differential Capital Cost Base 18,000 40,000 {413,000) 189,000 283,000 126,000 199, 000
o {3/hK) (Base) (9) (20) -(6) (95) (142) (63) (100)
@ Annual tixed Charges (@ 12.33%) 25,800 28,000 30,700 24,200 49,100 60,700 41,300 54, 300
Anaal Operation § Maintenance
- Energy 800 920 1,030 1,300 1,990 3,060 1,530 1,800
- Steam - - - - - 664 - -
- Water - - - - 660 1,420 470 1,040
- Limustone - - - ~ 580 1,210 - -
- Lime - - - - 420 860 2,090 4,180
- Operating Labour 100 100 too 100 1,860 2,300 5490 734
- Bag Replacement
Material - - - 1,200 - - 1,140 1,680
Labour - - - 370 - - 350 330
- Waste Disposal - - - - &0 140 50 120
- Other 0 § M 1,010 1,100 1,200 930 3,700 4,980 2,140 2,810
Total O § M 1,910 2,120 2,330 3,900 9,270 14,630 8,360 12,120
Total Anmual Owning § Operating 27,710 30,120 33,030 28,100 58,370 75,330 - 49,0060 62,420
{Mi1t/kWh} {2.43) {2.86) (2.9) (2.5) {5.1) (6.6) (4.4) (5.5)
Ditfcvential Annual Owning
4 Operating Base 2,410 5,320 390 30,660 17,620 21,950 3,710
(Mi 1 1/kih) {Base) (0.2) {(0.5) (0.03) {2.7) {(4.2) (1.9) (3.0
Source: Integ-Ebasco, 1979




Bry s¢rubbing and fabric filters are combined in cases 7
{partial) and 8 {full) for sulphur dioxide and particulate control.
The dry scrubbing systems can achieve 85 to 90 percent SOy removal
efficiencies for the gortion of flue gas treated and is often
used with fabric filters. The size of this AQCS plant would
necessitﬁte the relocation of the chimney. The partial dry FGD
system would treat about 50 percent of the flue gas to satisfy
the PCB SO7 emission Timit 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 Tower limit of 0.09 mg/kJ (0.2 1b/MBtu).

(ii) Costs of Selacted Air Quality Control System

Based on the total annual owning and operating costs contained
in Table 5-2, the increased cost over the "base séheme“ to achieve
the 0.34 mg/kJ emission Tevel for SO0p would be about $31 million
with an ESP and partial wet FGD and about $22 million with a FF
and a oartial dry FGD system. The increased cost over the "base
scheme" to comply with the 0.09 mg/kJ emission objective for SO2
would be approximarzeily $48 million and $35 million for the ESP and
full wet FGD combination, and FF and full dry FGD configuration

respectively.



SECTIIN 6.0 - COMCLUSIONS

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 nrefarred alternative for the control of sulphur dioxide; (2) an electro-
static precipitator would be the preferred option for the control of particulates.
Although there is some concern about fhe éﬁﬁironmental effects of some trace
alements, 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 slectro-

statis precipitators appears warranted.

The 1979 Polliution Control objectives would eliminate meteorological
contrel as a methed to control sulphur dioxide and would necessitate greater
investment and operating expenditures an high efficiency equipment in order to
satisfy the designated ambient and emission criteria for sulphur dioxide and
particulate control. Because these increased costs asscciated with complying
with the 1979 Pollution Control objectives are not offset by 2 greater or even
equal amount of environmental resources damage savings or powerplant berefits,
public investment of scarce capftal resources on the required abatement equipment

cannot be justified on the basis of benefit-cost analysis.
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]
e



10.
.
12.

13.

13,

REFERENCES

British Columbia. 1975. Pcllution Control Objectives for Food Processing,
Agriculturally Oriented and Other Miscallaneous [ndustries of British Columbia,
as a result of a public inquiry held by the Director of the Pollution Control
Branch.

8ritish Columbia. 1973, Pollution Control Objectives for the Mining, Mine-
milling and Smelting Industries of British Columbia, as a result of a public
inquiry held by the Director of the Poilution Control Branch.

B.C. Hydro and Power Authority. 1978. A Brief on Coal-Fired Powerpiants sub-
mitted to the Pollution Control Branch for presentation at the Public Inguiry
to Review Pollution Control Objectives for the Mining, Mine-milling and
Smelting Industries of British Columbia.

B8ritish Columbia. 1979. Pollution Control Objectives for the Mining, Smelting
and Related Industries of British Columbia, as a result of a public inguiry
neld by the Director of the Pollution Control Sranch.

Giuskoter, Harold J. 1974, Mineral Matter and Trace Elements in Coal. In:
Surest P. Babu (Ed.) Trace Elements in Fuel. American Chemical Seciety,
AHashington, D.C. p. 1-22.

R. R. Rush, W.G. Miller, R.A. Cahill, G.B. Dreher and J.K. Kuhn. 1977. Trace
Elements in Coal: Occurrence and Distribution, I1linois State Geolegical
Survey, Circular 499, 134 pp.

Cominco and !lonenco Joint Venture. 1578, HMining Feasibility Report.

Canmet.- 1978. Pilot-Scale Feasibility Study on Water-Only Washing of Hat
Creek Coal.

McGlammery, G.G., T.W. Tarkington and S.V. Tomiinson. 197%. Econcmics and
Enerqgy Requirements of Sulphur Oxides Control Processes. Prepared for Pre-
sentation at Flue Gas Cesulpaurization Symposium. Las Yegas, Mevada.

Environmental Research and Tachnology, Inc. 1978, Air Quality and Climatic
Effects of the Proposed Hat Treek Project, Appendix C. Alternative Methods
of Ambient Sulphur Jioxide Control, Santa Barbara, California.

Paul Weir Co. Report Forthcoming.

[nteg-£basco. 1977-1979.

The TERA Environmental Resources Analyst Ltd. 1979, Appendix A3 - Forestry.
Prepared by Reid, Collins and Associates Ltd. Vancouver, 3.C.

Strong Hall & Associates, Ltd. 1979. Hat Creek Project, Resqurce Evalua-
tion Report. VYancouver, 8.C.

Environmental Research and Technology, Inc. 1973. Air Quality and Climatic
Effects of the Proposad Hat Creek Project, Santaz Barbara, California. ERT
DOC P-3Q74-F.



15.

16.

17,

18.

19.

20.

21.
22,

23.

24.

25.

26.

27.

28.

Environmental Research and Technology, Inc. 1979. Air Quaiity and Climatic
Effects of the Proposed Hat Creek Project Appendix [, Long Range Transport
ang Implications of Acid Precipitation. Concord, Mass.

Environmental Research and Technology Inc. 1978. Air Quality and Climatic
Effects of the Proposed Hat Creek Project, Appendix G. Santa Barbara,
California.

The TERA Envirconmental Resource Analyst Ltd. 13979, Wildlife Assessment
Report. VYancouver, B.C.

Environmental Research and Technology, Inc. 1978. Air Quality and Climatic
Effects of the Propasad Hat Creek Project, Appendix F. The [nfluence of the
Project on Trace Elements in the Ecosystem, ERT Doc. No. P-5074-F-F. Santa
Barbara, California,

Beak Consultants Ltd. 1578. Hydrology, Drainage, Water Quality and Use.
Vancouver, B.C.

Beak Consultants Ltd., 1978. Hat Creek Fisheries and Benthos Study.
Vancouver, B.C.

Canadian Bio Resources Consultants Ltd. 1979. Agriculture. Surrey, B.C.

The TERA Environmental Resource Analyst Ltd. and Canadian 8i0 Resources Con-
sultants Ltd. 1979. Physical Habitat and Range Vegetation Report, Impact

-

Assessment Appendix F. Prepared by B.C. Runeckles. Vancouver, B8.C.

Ebasco Services of Canada Ltd. Envirommental Consultants and bhi. 1978.
Recreation Report. VYancouver, B.C.

U.S. Environmental Protection Agency. 1978. Flue Gas Desulphurization in
Powerplants, Status Report. Washington, D.C.

Faber, P.S. 1978, C(apital and Operating Costs of Particulate Control EZgquipment

for Coal-Fired Powerplants. In: D.G. Nichols, E.J. Rolinski, R.A. Servois,

L. Theodore and A.J. Buonicore (£ds.}. Energy and the Environment, Proceedings

of the Fifth Natiomal Conferenca. Amerdican Institute of Chemical Engineers,
Qayton, Qhig. p. 434-440.

Electric Power Research Institute. 1978, Economic Evaluation of Fabric Filtration
Versus Electrostatic Precipitation for Ultrahigh Particulate Colliection Efficiency,

preparasd by Stearns-Roger [ncorporated. Pale Alto, California.

Musgrove, John. 1978, A Survey of Particulate Collection Qevices for Coal-
Fired Boilers. In: Coal Technology 1978, Conference Papers Volume 2, Air
International Coal Utilizatign Convention, Houston, Texas.

Smith, James E. 1978. Filter Bags for Fly Ash Collection. In: C{oal Technoiogy
1¢78, Conference Papers, Yolume 1, Air Intarnational Coal Utilization Canvention.

Acuston, Texas.



30.

31,

32.

33.

34.

35.

Midkif<, L.G. T1979. Assessing the Clean Air Act's Impact on Emmissian-
Control Technology. In: Power. p. 74-76. 1975

Ondov, J.M., R.C. Ragaini, A.H, Biermann. 1978. Evaluation of Two Particulate
Collectian Alternatives for “race Element Removal at Coal-Fired Power Plants,
for Presantation at the 71st Annual Meeting of the Air Pollution Control
Assgciation, Houston, Texas.

U.S. EPA, 1978, Assessment of Manufacturers' Capability to Meet Requirements
for Particulate Controls on Utility and Industrial Soilers prepared by
Industrial Gas Cleaning Instftute, EPA - 45013-78-044.

Wagner, Noel H. 1979. Current Status of Bag Filters at Pennsylvania Power
and Light Company, presented at the Pennsyivania Electric Association Spring
Meeting, Pittsburgh, Pa.

Southern Research Institute, 1977. Recommendations for the Design of an
Electrostatic Precipitator, Birmingham, Alabama,

Radian Corporation. 1975. (opal-Fired Powerplant Trace Element Study.
Prepared for EPA Region VIII by Radian Corporation, Austin, Texas. Yolume 1.

Thoem, Tarry L. 1978. C(oal-Fired Powerplant Trace Element Study. In:

0.G. Michols, E.J. Rolenski, A. Servois, L. Theodore and A.J. Buonicore {Eds.).
Energy and the Environment, Proceedings of the Fifth Mational Conference.
American Institute of Chemical Engineers, Dayton, Chio. P. 223-229.



APPENDIX A

Compliance with 1979

Pollution Contral Qbjectives



[}

*

COMPUIrnCE MTTH 1378 PCE CBJECT

-
i
m
wy

(a) Ambient Concentraticns
(i} 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).
(i1) Asbestos

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

produce significant asbestos emission.
(ii11) 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 protlem.
(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 PCB objectives

{*) Personal communication 15 August 1979. Memorandum of K.E. Winges of ERT to
E.C. Lesnick of ESCLEC.



ars for l-nour concentraticns, 24-hour concentrations, or annual
average concentraticns. However, assuming the worst case (1-hour
concentrations) the project still complies with the upper level for

a1l elaments.

ERT Predictions

Element Ranae{ua/m”} For Hat Creek (1-hour}
Antimony 0.4 3.5 Not analysed
Arsenic 0.1 1.0 Q.1
Ber11ium 3.0005 0.1 0.003
Cadmium 0.05 0.03 0.001
Chromium 0.0 0.1 0.012
Copper 0.25 2.5 0.000
Fiuorine 0.1 2.0 1.522
Lead 1.0 2.5 0.039
Mercury 0.1 1.0 0.031

Mo ybdenum 0.1 2.5 Not analysed
Nickel .01 0.1 0.016
Selenium 0.1 0.5 7.0
Uranium 2,01 6.0 0
Vanadium Q.05 1.0 Q.001
Zine 1.0 2.5 3.016

{v) Total Suspended Particulates

If the mine is taken into consideration, the_Project does not
comply with the PC3 atjectives for either annual or 24-hour concentra-
tions. However, recent re-examination of the mining impacts has led
to the conclusion that particulate concentrations were undoubtedly |
unduly conservative in ERT's origirnal analysis. The powerplant emmissions
cartainly comply with ambient TSP objectives and the conclusion was that

mining should comply as welil if all factors are taksn into consideration.

(vi) Radon Daughter Concentration

This was not analysad by ERT.



{m) Emission Jbjectives

Table IL of the 197% PCB cbjectives presents control objectives not
specific to coa-fired generating stations. The following Tist compares

predicted levels with these objectives:

Pollutant Range{mg/mo1) Projected Hat Creek Level {mg/mol)
Particulates , 1 .. 8 4.9
Antimony 0.16 0.27 Not Analysed
Arsenic 0.16 0.27 0.002
Asbestos - - Not Analysed
Cadmium 0.16 Q.27 0.¢qo
Copper 0.16 0.27 0.000
Fiuoride as HF 0.02 0.20 0.037
Lead 0.16 0.27 0.001
Mercury 0.03 0.27 0.001
NG, as NO2 14 46 30.8
Opacity - - Not Analysed
50, 16 64 39.8

Zing 0.16 0.27 0.000

In addition Table II] of the 1979 PCB objectives places further

restrictions on coal-fired boilers.

Pollutant Units Range -- ERT Predicted Hat Creek Levels

TSP 1b/mgatu fuel  0.02 - 0.09 0.17
NO, as NO, 1b/10%tu fuel 0.35 - 0.70 1.07
50, 16/10%8ty fuel 0.2 - 0.8 1.39
Opacity percent 10 - 40 Not Analysed
Trace elements - - - - -

(¢} Conclusions
The data presented just above denote that Hat Creek does not comply with

TSP and SO2 Tevels., The boiler would be designed to achieve the NOx emission
level of .?1b/1058tu. 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 progress of developing air
quality control as well as other technologies in the efectric utility industry.
The timetable and data were obtained {rom EPRI Special Report PS-330-SR,

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

A number of important air quality contral systems such as.advanced FGD and
ESP, atmospheric fluidized bed combgstiop, and low NO, coal burner and their
anticipated dates of commercial availability are presanted in figure 8-1. Key
avents rasylting in commercial availability are listed, E£PRI mentions that
caution must be exercised in interpreting the term "commercial availability".
On page [V-2 of their report, LPRI states that “commercial availability" is
the time when utilities could start placing orders for the first commeréiai

units wizh reasonable confidence of acceptable economic and technical performance.”

The triangles in figqure B-1 indicate the range of uncertainty in the estimate.
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FIGURE B-1
TIMETABLE FOR NEW ELECTRIC UTILITY TECHNOLOGY OPTIONS

Tachnologyy 1975 1980 1985 1990 1995 2000 2005
1 2
Advanced Flue Gas Desullurizalion 3 8 g ) -
Advanced Electrostalic Precipitator 3 y-—- —
Fabiic Filler by
Low NO, Coal Burner ) »
Automaled Dislribution System a2
Uttrahigh Vallage Transmission ———— 9 y—%10—p—
Faull Cusrenl Limitler 11
Compacl DC Terninal 12
Flexibia Gas Cable 3 131%—
Preferred Solar Heating and Cooling . 718 15
Transformer Improvements 16y v—y—ap
Siaiic VAR Generalor ¥ 5 20 23
Dry Cooling 21 ¥
Gasilication Combined Cycle (Texaco) [—23 24y
Gasifier Fired Boller (CE) - 25y
) 26 27
Solvenl Refinad Coal . y
28 29
tiquefaclion 2 2 8z
Atmospheric Fluidized Bed Combustion 30 RIE ¢ d
Geothermal {hydro-thermai) —32%—33 34 a5
Fuel Celis y .
£neigy Slorage {elecirochemicat) 36— 37 ¥ 39
Envigy Slorage (thermal-mechanical) KI:E s o B 405
High Haoliabitily Combustion Turbine 41w
45
LMiBR —a2y——7 43 L e
Solar Thennal 46947 ¥ v
M) 49 S50-¢ S51%
Superconducting Cable 52 53 549
Superconducting Generalor 55
P e 56 57 58
Fusion gy 59 60 61

Avaitabla tor Commercial Order flength of triangle indicales uncertainty}
¥ Represents key events. Numerals reler to evenl descriptions beginning on next page




NEW ELECTRIC UTILITY TECHNOLOGY OPTIONS
KEY EVENT DESCRIPTIONS

Event
Number

1. Complete state-of-the-art design guideiines for alkali scrubbing system.
These are being prepared with the cooperation of the Prime Mover Committee. The guidelines will pro-
vide utilities with material o prepare sile specific scrubber system cesign and gperating specifica-
tions together with the costs. reliability. and maintanance requirements which can be expecred.

2. Complete utility cosponsorec prototype devalopment of advanced regenerable scrubber proces-
ses. :
Pilot scale developament of steam stripping and RESOX rageneration subsystem currantly underway.

3 Complate prototyne development of Mign Intensity lonizer,
Guidehines lor use by utilities and EPRI-icensed vendors are being deveioped. Two utiiities are having
units designed for retrofit into commaercial piants.

El Campiete prototype demonstration of fine particulate agglomerator for efectrostatc precipitator.

Successiul pilot scala deveiopment is being completed at Stanford University. Prototype tests began
in 1978 at EPRI's Advanced Farticulate Control Deveiopment and Test Facility (Arapahoe).

5. Evaluate the Colorado-Ute Nucla Coal-fired Plant,
Superior particulate control ol bag filters effected.

8. Complete fabric filter aptimization for utility use.
Fabric filter moduie develcpment underway at EPRI's advancead Particuiate Control Development and
Tast Facility (Arapahace}.

7. Complete EPRI-sponsored prototype demonstration of low NCy coal combustion technoiogy.
Cosponsorad laboratory deveiopment work has successfully shown combustion can achieve NQy
laveis of 150~ 185 ppom.

8. Compieta field demanstrations of communication equipment for automated distribution system. (a)

Four meanufacturer-utility teams performing lield tasts of four alternative cemmunicztion systems,
edach suitabla for metering up to 750 customers.

9. Complete Project UHV research on corona phenomena, insulation requirements, and electric fieids
and publish the second edition of the &PRI Transmission Line Reference Bogk ~ 345 kV and Above.
Three-phase testing of transrission lines in the voltage range up to 1500 kV is proceeding on
schedule at the EPRI Transmission Research Facility in Pittsfield, Mass. .

10. Optimize design, construction and maintenance criteria available for three phase transmission
circuits rated to 1500 kV. (a)
Tasting is in prograss of circuits up through 1200 kY. Tests of different conductor bunale configurations
include corona measuraments, radic/TV interfarenca, audible noise, and electric fieid intensity.

11. Design initial fieid test of a prototype fault current limiter icr transmission system apglication.

Prototype, switched rasistor, fault current limiter under construction. Afso, a tuned circuit fauit current
limiter has teen modeied in the laboratory and preliminary design data is avaifabie.

12, Compiete initial tast pian for the OC Prototype Link. (a)
-All main circuit aquipment in place at Astoria Station, Quesns, N.Y., at end of 1977. Partiaf
commussioning planned lor June, 1978.

‘8 Program ;omtty funded with OOE and/or other parties.
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Event
Number

13

18,

16.

17

18.

19.

20.

21

22,

23,

Demonstrate prototype, isolaled phase, flexible gas cabie.
100 meter length of the flexible gas cavtie (300 mm autside diameter) manutactured in Germany and
shipped on a reel (0 the U.S. for instalfation at Wailz Mill in (ate 1977, Evaluation initiated frm 1378,

Demonstrate preferred soiar heating and cooling systems far residential apptication.
Ten demonstration homes incorporating more than 100 expsriments under construction in New
Mexico and New York.

Complete demonsiration testing of preferred commercial and light industry solar heating and

cooling.
Project proceeding to procure commercial buildings, solar systems and test equipment.

Field test hot-spot detectors.
Two differant hot-spot datectors are now undergoing laboratory tasts. it is anticipated that fisld tests
of detgctors installed in utility translormers will cornmence in early 1879,

Estabilish advancad solid insulation for Jower transformers.
Aesearch activites pertaining (o this techinoiogical mifestone will commence in (ate 1979,

Cemonstrate TMVA and SMVA vapor-cooied transformers,
Fabnication and lab tests are now in progress.

Comgleta laboratory studies on feasibiiity of vapor-coocied transfarmers of up to 100 MVA size.
Research activitigs pertaming ta this technoiogical milestone will commence in late 1979.

Evaluate tank designs of transformers fitted with external noise shells.
The lirst engineering prototype has heen successiully tested. The next umit, a commerciaily
acceptabie unit, is in fabrication and scheduled lor installation in a utility system during the third

quarter af 1978.

Fleld test prototype static VAR generator. _

Instaifation of the generator on a utifity system (s compiete. Figid tests are scheduled to begin by mid-
1878.

Complete two and one-haif years ¢f testing of dry cooling with ammonia, phase changa intermediate
‘oop and conventional, low back prassure turoine at utility sife.

Component tests now underway. Demanstration site selection and planning aroceeging under
EPRI/DOE direction.

Demonstrate aoperation of siagging bottom Lurgi gasifier. (a)

Two succassful 8-day runs of the §-foqt ciameter BGC slagging gasitier were compieted 1 the first
Rait ot 1978. Further Cevelopment is teing funded oy OOE and a consartium of coal and gas

companies.

Farform 3 thrae year test of the Gasidication Combined Cycle Test Faciity (Powerion). {a)
Detailed design ungerway.

Test the 120 T/0 Combusuon Enginearing gasifier ior ane year. (&)
Complate SAC comBusicn tests. la;
Qperate the SRC demonstration giant. (b}

Comaptete 250 ton/day H-Ceal piiat plant tests, (g}
Pifot plant at Catientsburg, Ky. under construction.
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29.

3t

32.

37

_Ei;

5,
46,

Initiate test program at the Exxon Jonor Solvent, 250 ton/day pilot olant. {a)
imitial test program compiete. Dasign and censtruction of pliot plant underway.

Qcerate DOE's Riveswile, 30-MW fluidized bed pilot plant, (b)
Rivesville Huidized bed boder pifot plant preparing for 100 hr, test run.

Operate 200 MWe atmospheric fuidized bed combustion (AFBC) plant. (a)
EPRI 6" x 6" Fluidized Bed Development Facility cperational.

Imtiate design af geothermal demonstration plant.
Meber, Calilornia site seiected lor the low-salinity hydrothermal plant.

Cperate a geothermat demenstration. (b)
Oesign underway.

Complete FCG-1 fuel ceil (4. 8-MWe) tests. (b)

1 MWe “breadboard” operational; Consoligated Edison selected as host utility for 4.8 MWe demo.
Demo piant under construction.

Fabrncate second generation fuel call demonstration maedule (1-3 MW).
1 9-cell moiten carbonate stack operated successfully in 1976.

Cperate tha Battery Energy Storage Test (BEST) Facility. (b)
Deasign cornpieted and construction of the BEST Faciity initiated with Public Servica Electric and Gas
Campany of New Jersay. Joint DOE/EPRI project.

Test one candidate advanced battery system at 10 MWHh scale in BEST Facility.
Research on four different advanced battery concepts proceeding on scnedule.

Complete crelimminary designs for an uncerground pumped storage and comgressed air storage
demonstration olant {250-500 MW). (b}

EPRI and DOE are sponsoring utility-ied teams in the prefiminary, site-soecific designs of compressed
air and underground hydro storage plants.

Qperate compressed air storage demanstration plants.
Cperational

Oonerate first underground pumped hydrao $torage commerc:ai plant.

Caompiete full-scaie tests of high relfiability. fuel flexible combustion turbine test angmne.
Contract negotiations are in progress with ihree lirms who will comolete cifferent conceptual cesigns
ot the engmne.

Complete the design for he Experimentzl Large Sreeger Reacior (ELIA).
Design studigs for the EL3A are continung uncer E581 sponsorship.

Comptate the scecifications, engineering, iicensing and safety requirements for the ELSR.
Cperate the Excerimental Large Breeder Reactor plant.

Begin aperation of first commerc:al scale liquid metal fast treeder reacior plant.

Complete 10 MWa, central raceiver Rankine {steam) cyc'e pilot plant and imitiate the piant test

program. (b)
DOE has seiactad Barstow, CA as plant site,



47

<49.

8Q.

58.
59.

#0.

=1

Construct 10 MWe scale, Brayton {gas turbine} ¢ycle ¢entral recewer pilot plant and complete
checkout.

Two cantractors are building 1 MW bench-scaie receiver. Recaiver tests will beginin 1978 at DOE’s
Albuquergue Solar Thermal Test Facility.

Qperate commercial-scale, solar thermal, central receiver power plant.

DOE's MHD Component Development and Integration Facility (CDIF) available for tests of MHD
components. (b)

Comptete DOE's pilot-scale MHD Engineering Test Fagility and initiate test program. (b}

EPRI 15 manntorning the federal MHD research program, cenducting analyses of MHO operations in
slectric utlity systems !0 help set design requirements and daveioping power conditioning and
control equipment for the COIF.

Complete prototype, commercial-scaie (5C0 MW) MHD plant and initiate test program. (b)

Make available prototype of an advanced, efficiant helium refrigerator andinstall in a superconduct-
logp tor testing.

Ability to accomplish key avent is dependant upon major funding in period beyondg 1983.

Imtiate performance 'ests on a short length of superconducting cable sized for transmission
application (83-kV - 138-kV).

Ability to accomplish key avent is dependent upon major funding in period beyond 1383.

install first long 'ength of a superconducting cable in a utility system for fieid evaluation.
Ability to accomplish kay event (s dependent upon major funding in period beyond 1983,

Complete initial tests on a prototype, 300 MVA supercanducting generator.
Two competitive design studies have teen completed for a 300-MVA superconducting machine,

Compiate intiai evaluation of alternative confinement configurations for fusion systems to meet
utility needs.
Eignt aiternatives are now being evaluated.

Complate Phase | evaluation of operational and envircnmental issues related to fusion.
Actiave reactor grade plasma. (b)

Qperate the Pilot Scale Power Reactor or Ignitton Test Reactar. (b}

Operate the Enqineering Power Reactor (EPR) plant. (D)

QOgerate a fusion demenstration plant. (&)

“H Program jointly funded with DQE and/or other parties,

ot Pragram currently funded or planned by the government, or other parties, not EPRL

Timetable for New Electric
Utitity Techncilogy Qptions
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APPENDIX C

FIMANCIAL CRITERIA



ECONOMIC FACTORS

Updated Initial
Factor Yalues (1978) Yalues (1977)
- Net Unit Rating 4 x 500 MW 4 x 500 MW
- Capacity Factor (lifatime Average) 65% 63%
- Annual Net Generation 11,388 SWh 11,388 Guh
- Base Date for Costs October 1978 Sept. 1977
- Indirect Construction Cost (Indirect + Contingency
+ Engineering as % of Direct Cost) 28% NA
- Levelizing Factor (5.75% inflation rate, 10% interest
rate, 38 year life) 1.98 1.78
- Fixed Charge Rate (Not including 0AM Costs) 12.33% 12.33%
- Levelized Fixed Charge Rate (Mot including Q& Costs) 14.25% 13.85%
- Coal Cost {1978 Dollars) $0.679/GJ 30.5/Gd
$0.717/M8 S0.53/MB

- Limestone Cost (1978 Dollars) $10.08/tonne NA
- Lime Cost (1978 Doliars) $52.30/tonne NA
- F.F. Bag Cost (1978 Dollars) $60.00/ea NA
- Labour Cost (1978 Dollars) $18.3/hour NA
- Incremental Energy Cost (1978 Dollars) 9.55 Mills/kih  NA
- Water Cost (1978 Dollars) $0.56/m° NA
- Levelized Water Cost (1978 Dollars) $0.71/m> $0.96/m>
- Cost of Steam (1978 Jollars) 50.36/MB MA
- Incremental Capacity Cost (1978 $450/ kW NA
- Plant in-Service Date 1986 1984
- Inflation Rate: (Yearly Percent)

1977 - 78 - Base

1973 - 79 Base pA

1979 - 80 7.5% %

1980 - 81 7.258% 7%

1981 - 82 §.25% 33

1982 - 83 5.75% 5%

Thereaftar 5.75% 3%

Source: Intag — Ebasco
HA = Mot Applicable
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APPENDIX 0

8AGHOUSE INSTALLATICNS
ON U.S. UTILITY BOILERS



BACHOUSE INSTALLATIONS oM UTILITY BOILERS - u.3,
Soiler
Manu- Cleaaing S$iza L * Startup
Naee /i 1ocacion firing MC acls
facturer auechanise sechod n-m. date
. Joard 2f Mublic Utilicles Thd Thd PC (%) od 100,000 1979
Ransas Clty. Kans.
Cyneral Talephune and Utiiities Coro. Thd Tod H 0 Thd Thd 1979
taebia, Cole.
b, ity of Colacado ipcings we A e 00 1.9/% 1.0 < 0% 1980
Colarade Spcings, Cole.
«. Clty of Coleoevdo jprings Tod Tod P 33 Tod Thd 1378
Caioradd Springs, Cale.
y. Clev of Columbla CAR A (2)=PC  {2)-4] 2.75/1 164,900 1979
Columbla, Mo.
2. flcy of Fremont CAR A (2)-pC (2)-38.% L.3/1 70,000 1972
Fremont, Hebs. .
7. Cley of Rocheszar CAR EX3 (2)=5 (1)-16 .53/ 154,000 1978
#ochencer, Minn. .. ) )
3. folorado-lte Slectric Assoc. F Thd Thd PC 400 " Thd Thd 1961
Ceailg Yo, 3
7 colerade=~Ute Zlestric Assoc. WF RA, sa (3)=-5 (3)=-19 2.871 253,000 1973
Yucla, Cole.
M. Coloradn-te Ilecitic Assea. ICA A 4 12 M1 44,000 1977 -~
Montrose, Coia.
1 fetyp County Power (3. pii RA | 4~ 10 3./t 50,000 1975 -
acdeLe, Ca.
I tolden Vallav Elecrric Assoc. Thd Tbd ?C 20 ™ Thd 1980
“ealew bl |
Va4lluifiae, aidb.
“arcuette doarz -0 Ligae and Pawer Ted Thd PC «0 Thd Tod 1982
drpras Moo 3
Marquetge, Mlzh,
¢« Mnncgata Power b Light Thd Thd C 75 Thd 143,000 1978
Lanasset, “ian,
' “pmz.ina-Zakota Yiilicies uF A, #a e 440 .41 L3 < 108 1981
Tuvotr Scazien,
duelah, %, Tax.
17, tabraska fubl.u Pover, ica FA (&)-PC  (4)=113 L[.7/1 458,000 t978 -
Yramer Jcation
Bellevue, Nebr.
1Y Uhio idisom Cumpany AAF [F3 - (4)-183  2/1 - 600,000 1982
4. H. Saemmis 3cation sach each
Wrrageaa, Ghis
(coneinued)
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.continued}.

foiler
Hanu- Cleaaning Slze ’ + Startug
Sema/locaction - firing AlC actm
facturear sechanism aechod (HH% Jaca

18, Punnuylvenia Pover & Lighe CAR RA PC 350 2.3/1 1.2 x 108 1980
rynnar’s (siand
Allentown, Pa.

19. Pennsylvania Pover & Light WF RA, ea PC % . 290,000 197% =~
Holtwood, Ya.

10. Pennavivanls Fouver & Lignt we RA {a)=pPC {3)=173 1.8/1 388,000 197} ~
Sunbury Scacton
Shazoklin Jem, Pa. -

IV, Sublic Service 2f Colorade CAR RA ™ 12 8541 179,000 1373
Camrg Yo, |
Pallande, Colo.

2. Stecre Zacific Powac Ca. can A 2c 50 LIUL .86 108 9%
North Yalley Mo, |
feng, Nav.

1) Goush Zalifornta Zdison b3 A of 4 OF 120 5.1 330,000 1943
Alamitos Scaciom .

Long 3each, Callf,

3. Soughwestern Punlic Service wr RA, sa (B)=PC  {D)~350 32741 .85 « lO¥ (978~
Marringion Jeacicn 1979
Amaciila, Tex.

2%, Tennamser valley Autherity £3 A (10)=-2C !5 each |.34,1 4.3 » 10° 1981
Shavtias Scesa Plant - each

. Taxss Yttiitias wr RA, 12 (=26 (D373 . 3,63 « 16 977 ~
H“ongicella, Tex.

1. Tamam jeilitims Thd Thd c 1500 Thd §.71 = |08 1980
#ooeftaun Tlry, Tex,

13, tnited Pover Associetisn WF A, sa (2)-5 (2)-i6 .9401 (74,000 1977

Coal Crewic Stacion
Undereaed, Y. Jik.

»
AIC - tivew la ftsmin.

T3 zcnvars 29 a/min, nulziply

“ro convars aciz fo seasmin, =yitialy by 2.8317 = lo=t

Hyoul

VY
CAR =
n -
A -
b
ur
-
m

Source:

arturers
r——

Anerizar alr Fllzer
Carzerundun Ca.
Eaviracech=3uall Siv.
[aduserial Clean AlT, Ing,
Marmacdl Southern
Jhaeianeetor=-Fryn, lne,

duy 43, Ja.-Wescare Presiz, dlv,

Iurn Ixfuseriet

Symbols
e -
e -
[+ 3 -
oF -
44 -

1 X3 -
L, 1A -
s -

Thd -

by 2.3048

atr-claoch racie
cyelona=fired
gus=ticed
otl-fired
sulvarized esal
Teveras air

TRVETIS aiY, shaka ssaiar
1coker
o ba detasrmined

U.S. EPA, 1979, Research Triangie Park, N.C.
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