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APPENDIX C
€1.0 INTRODUCTION

This report documents an investigation conducted by Environmental
Research § Technology, Inc. [ERT) to evaluate alternative emissicn
centrol strategies for the maintenance of ambient sulfur dioxide (SOZ)
ccncentration levels in the vicinity of British Columbia Hydro and Power
Authority's proposed Hat Creek Project. The study is &ntended to
fulfill the requirements specified in Appendix D5 of the Terms o
Reference for Detailed Environmental Studies for the proposed Hat Creek

Project.

Cl.1 OVERVIEW OF STUDY OBJECTIVES

While a number of detailed operational control programs have been

examined, a general distinction may be drawn between the two basic forms

of emission control considered. These are: (1) constant emissicn
ctrtailment - in particular, stack gas cleaning; and (2) interminttent
centrols, i.e., measures taken to reduce emissions in response tc weather
cenditions unfavorable for dispersion of airborne contaminants. Throughout
this report, systems of the first category are referenced as Flue Gas
Desulfurization (FGD) strategies; programs of the second type are termed

Meteorological Control Systems (MCS).

Each of several FGD and MCS options for the Hat Creek Project has been

aralyzed from the standpoint of feasibility in terms of:

0 reliability as an effective means for maintaining ambient SO2
concentrations at acceptable levels;

° operational aspects and constraints;
° economic implications;

e  energy consumption requirements; and
o environmental costs and benefits.

Cl-1
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Insofar as possible, the information developed in this study is presented
in a form to facilitate comparisons between alternative strategies in

the context of environmental cost/benefit analysis. It is to be emphasized
that the results reported here represent a feasibility study. Thus, no
attempt has been made to design the various components of an MCS
(aerometric monitoring network, data handling procedures, air quality
forecast model development, etc). Nor do the results associated with

the FGD system reflect detailed equipment specifications. Rather,
currently available data regarding probable operating characteristics of
the proposed project; historical meteorological data; and ERT's pre-
vious experience in the evaluation, design, and operation of emission
control programs have been employed to ascertain the relative merits and

costs associated with several potential control strategies.

Diffusion modeling was used to simulate the effects of three selected
control measures on ambient SO2 concentrations for a one-year period,
Detailed results of the model calculations are presented in the figures

of Addendum B.

Cl.2 SUMMARY OF EMISSION CONTROL PROGRAMS INVESTIGATED

The specific emission control programs considered in this program include
one FGD system involving partial stack gas scrubbing (54% reduction of
SO2 emissions) and an MCS, which operates with both fuel switching and
load reduction,

The MCS program envisioned as a control strategy for the proposed Hat
Creek Project involves fuel switching during the winter months (November
through February) and load reduction during the remainder of the year.
When fuel switching would be the primary control strategy, blended
(primary) fuel would be used when weather conditions favor atmospheric
dispersion. A lower-sulfur (secondary) fuel would be burnesd when

restricted dispersion conditions are expected.

Cl-2



'

ENVIFEJNMENTAL RESEARCH 8 TECHNOLOGY. ING

For this analysis, sulfur contents of 0.45% and 0.21% have been assumed
for the primary and secondary fuels, respectively. The sensitivity of
M(CS feasibility to the height of the .power plant stack has been addressed;
pirallel analyses were performed for assumed stack heights of bcth

244 m (800 ft) and 366 m (1200 ft). In evaluating MCS options, only
those systems requiring use of secondary fuel less than 5% of the time
annually are considered to be realistic for available fuel supplies and

prreferred operating procedures.

Evaluation of the effectiveness of programs designed to protect ambient
ailr quality requires that maximum allowable ground-level concentrations
over specified averaging times be established. 1In this analysis it has
been assumed that three hours is the shortest averaging time for which
anbient SO2 concentrations must be controlled. In accordance with
arguments presented by B.C. Hydro in a brief submitted for consideration
in the January 1978 Public Enquiry to Review Pollution Control Cbjectives
for the Mining, Mine-Milling and Smelting Industries of British Columbia,1
a 3-hour guideline of 655 ug/m3 has been assumed. Also proposed in that
document is a 24-hour ambient guideline of 260 ug/ms. These suggested
guidelines form the basis for evaluating alternate SO2 control measures
in this study.

For MCS operation with load curtailment to reduce emissions, a control
action can usually be accomplished within a few minutes. However, a
fuel-switching control program normally requires that adverse meteo-
rological conditions be forecast some hours in advance to ensure that
the secondary fuel will reach the boilers in time to reduce ambient
concentrations., The lead time necessary for operation in this mode
introduces uncertainty beyond that associated with atmospheric modeling
techniques., One available means to compensate for this uncertainty is
to set the effective or 'control guidelines' somewhat lower than actual
allowable concentrations. A fuel switching program designed to maintain
anbient levels imposed by these more stringent requirements is provided

with a margin of safety against excursions of the actual 3-hour and 24-hour

Cl-3
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design criteria. In the present study, the implications fin terms of
additional emission control requirements) associated with establishment
of control guidelines at 80% and 90% of the maximum allowable concen-
trations are examined for each MCS option during the winter months when

fuel switching is the preferred control action.

All resulits presented in this report reflect the assumption of con-
tinuous base-load operation for a2 nominal 2000 Mw generating plant
whenever ambient concentrations are below acceptable thresholds. It is
recognized that the operating schedule for the proposed Hat Creek Pro-
ject may include scheduled periods with one or more generating units
performing at reduced load or even shut down. Ambient concentrations
during such periods would generally be less {given equivalent meteoro-
logical conditions) than those expected for full load generation.

Thus, in this respect, the predicted number of contreol actions for each

MCS program is considered t¢ be conservative,

Cl.3 ANALYSIS METHODS

Mathematical simulation modeling results provide the basis for quanti-
tative evaluation of the various MCS an& FGD programs. The Hat Creek
Model (HCM), a point-source Gaussian diffusion model specifically adapted
for applications invelving air quélity estimates at the proposed project
site, was employed to estimate sequential hourly SO2 concentrations
attributable to the uncontrolled power plant over a one-year period for
full load and selected partial leoads. This procedure was repeated for
the FGD option using modified inputs to reflect appropriate stack
emission characteristics. Evaluation of MCS fuel switching was accomplished
by means of ERT's Dynamic Emission Contrel Analysis (DECA) computer
program. DECA processes the sequence of hourly concentrations computed
by HCM to estimate the frequency and total annual hours of secondary
{lower-sulfur) fuel use required to meet various sets of control guide-
lines. A technical description of the DECA program is included as
Addendum A to this Appendix. The HCM and the procedures implemented to
incorporate the results of field studies at the proposed site are
described in Appendix B (Modeling Method).

Ci-4
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C2.0 SUMMARY OF MAJOR CONCLUSIONS

The principai conclusions derived from diffusion model applications and
cost evaluations of the alternative 502 emission control strategies for
the Hat Creek Project are indicated below. The criteria by which the
effectiveness of the various control measures are evaluated and the
proposed guidelines for‘S—hour and 24-hour ambient 502 concentrations

are discussed in Section Cl.2.

1. Provision for some form of emission control is necessary to
ensure compliance with the 3-hour and 24-hour guidelines
assumed in this aralysis for either of the two stack heights
considered. Diffusion model calculations for uncontrolled
emissions from a 366 m (1200 ft) stack resulted in peak 3-hour
and Z4-hour concertration of 749 ug/m3 and 408 ug/ms, respectively.
However, excesses of each guideline are predicted only once

per year.

2. Uncortrolled emissions from a 244 m (800 ft) stack are pre-
dicted to cause 3-hour concentrations above 655 ug/m3 fourteen
times during a year, with a maximum ground-leve} value of
829 ug/mB. Daily average values greater than 260 ug/m3 are
expected eight times per year, the highest individual con-

centration being 515 ug/ms.

3. Modeling results for continuous operation with a flue gas
desulfurization unit designed for 54% sulfur removal indicate
that such a system, with 100% availability and a 366 m stack,
could. easily achieve full compliance with the assumed ambient
design criteria. Peak 3-hour and 24-hour concentrations of
366 and 208 ug/ms, respectively are predicted. On the basis
of this study, it appears likely that an FGD system could be

successfully operated with a somewhat shorter stack.

4., According to the model analysis, installation of a 366 m stack
would ensure that the power plant with uncontrolled emissions
could be operated virtually as a base-load facility within the

constraints of the assumed guidelines. MCS control action

C2-1
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requirements would be limited to a few fuel-switching pericds
during winter (primarily in November). Use of 0.21% sulfur
coal as secondary fuel will be adequate to prevent ambient air
quality violations, even with thresholds set at 80% of the
guideline values. Load reduction requirements during the
remainder of the year will be infrequent, if necessary at all,
and the generating capacity loss due to such curtailments will

be essentially zero.

With a 244 m stack, an MCS is capable of maintaining 802
concentration levels below assumed guideline values by

(1) switching to 0.21% sulfur for about 195 hours during the
months from November through February; and (2]} reducing plant
generating capacity to 80% load for approximately 80 hours and

to 60% load about 5 hours during the remainder of the year.

FGD will reduce the annual SO2 emissions from the project
substantially more than MCS. Both systems are considered
capable of meeting the ambient guidelines assumed in this
analysis. 'However, in terms of cost per incremental reduction

in peak concentrations, the MCS is far more cost-effective.

C2-2
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C3.0 BASIC CONSIDERATIONS FOR 802 CONTROL SYSTEM ANALYSIS

C3.1 DESCRIPTION OF PROJECT SITE AREA

The proposed project will be located in the Trachyte Hills of squth-
central British Columbia above Upper Hat Creek Valley near Harry Lake.
The project site is about 16 km (10 mi) southwest of Cache Creel and
approximately 80 km (48 mi) west of Kamloops. Plant grade elevation is
about 1420 m (4650 ft} above mean sea level (MSL) (see Figure Cj-1).

The Hat Creek area forms part of the larger Thompson Plateau region,
which separates the western Coast Range from the Monashee Range of the
Rocky Mountains. Despite its characterization as a plateau region, the
Thompson Platezu has significant topographic features as a result of
erosion by large rivers, such as the Fraser and Thompson, and smaller

oaes such as Hat Creek,

Tae floor of the Hat Creek Valley varies in elevation from 1070 m

(3500 ft) MSL at Upper Hat (Creek to about 490 m (1600 ft) near the towns
of Carquile and Cache Creek. Ridges tco the east of the project site
attain elevaticns up to 1555 m (5100 ft), while the Cornwall Hills to .
the south reach maximum heights of 2010 m (6600 ft). Peaks of the
Miarble Range to the north have elevations of about 2075 m (6800 ft), and
miximum elevations between 2195 m (7200 ft) and 2320 m {7600 ft) are
found in the Clear Range to the west. Figure C3-1 indicates the location

ol the proposed Hat Creek Project and the surrounding terrain features.

The rugged terrain characterizing the Hat Creek area has significant
eZfects upon the atmospheric transport and dispersion of contaminant
enissions. The presence of elevated regions within the proposed plant's
inmediate zone of air quality influence requires that such emissions be
d:.scharged from a tall stack., In order to ensure maintenance of air

quality in populated or recreational areas, any successful strategy

c3-1
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to contreol ambient 502 levels in the vicinity of Hat Creek must be
formulated with consideration for avoiding high ground-level concentra-

tions at elevated locations.

C3.2 DESCRIPTION OF THE PLANT

The proposed Hat Creek Project will consist of an open-pit ¢oal mine and
an electrical generating facility with nominal 2000 Mw capacity. In the
present analysis of control measures to regulate ambient SO2 levels,
only the stack emissions from the plant have been considered. Emissions
from four 500 Mw generating units will be exhausted through a single

common stack.

It has been assumed in this study that coal from the mine will be blended
routinely to achieve a mean sulfur content of 0.45% and an average
heating value of 3500 calories/gram (6300 Btu/l1b). Assumed stack dimen-
sions and flue gas characteristics for the uncontrolled plant operating
at full locad are presented in Table C3-1. As depicted in the table,
plume exit flow rate and temperature are considered to be identical for
both a 244 m (800 ft) and a 366 m (1200 ft) stack.

C3.3 DESCRIPTION QF METEOROLOGICAL CONTROL SYSTEMS

A Meteorclogical Contrel System (MCS) is a systematic plan of defined
procedures for reducing contaminant emissions to the atmosphere in
response to predicted or observed meteorological conditions that are
conducive to high ground-level ambient concentrations. Such control
strategies may assume many operational forms; both load reduction and
fuel switching programs have been evaluated quantitatively in the con-
text of the present study. For this analysis, it has been assumed that
lower-sulfur coal with average sulfur content of 0.21% and a mean
heating value of 4190 cal/gm (7,560 Btu/1b) will be stockpiled for use
during periods of adverse dispersion potential in the winter menths
(November through February). Duriné the remaining months of the year,

uniform load reduction of all generating units was assumed to be the

C3-2
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TABLE C3-1

ASSUMED STACK GAS PROPERTIES FGR ALTERNATIVE CONTROL CONFIGURATIONS*

Stack Gas Flue Gas S0, Emission
Control Strategy Exit Temperature (°C) Flow Rate ** Rafe (kgm/hr)
Uncontrolled Emissions
(0.45% Sulfur Coal) 148.9 248,813 13,532
Reduced Sulfur Emissions :
{0.21% Sulfur Coal) 148.9 238,384 5,262

k%
80% Load 139.0 212,090 10,953
70% Load 134.2 186,240 9,624
60% Load 129.3 163,570 8,293
50% Load*™™* 127.0 129,110 7,173
40% Load™™ " 120.7 108,480 5,720
* %k

FGD Emissions. 82.0 262,189 ‘ 6,259

* Analyses for uncontrolled emissions and MCS programs were performed for both 244m and 366m stack
heights; FGD study was performed only for 366m stack.

** Flue gas flow rates are in actual cubic meters per minute,

*** Use of 0.45% sulfur coal at 3500 cal/gm (6300 Btu/lb) is assumed.

O ADOTGHMOAL ¥ 1OEYIES I TYINNWNOIANG .
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preferred control measure for reducing ground-level concentrations.

Table C3-1 shows the S0, emission rate and flue gas characteristics

2
corresponding to the use of this secondary ceal.

In general, an MCS can be most effectively operated for a utility or
industrial installation that is the dominant source of emissions within
its zone of air quality influence, and that is located in a region
usually characterized by conditions favorable for the dispersion of
airborne contaminants to levels below ambient air quality guidelines,
The first criterion met in the case of the Hat Creek Project is impor-
tant 0 ensure that MCS control measures will produce the necessary air
quali:y improvement. The second condition is a result of the need to
minimize the frequency of required control actions and to allow for the
inherent uncertainty involved in the prediction of meteorclogical para-
meters governing the behavior of atmospheric contaminants. Because of
the complex terrain characterizing the Hat Creek area, control actions
for the proposed plant will be required more frequently than would be
necessary for a similar installa*ion in a region of relatively flat

terrain.

The fundamental requirements for successful implementation of an MCS
are: a source that can effect necessary emission curtailment procedures
as required; an ability to predict poor dispersion conditions in advance;
an operational air quality prediction model; and a monitoring network to
collect local ambient air concentration data. MCS operational require-
ments for the Hat Creek Project include the capability to predict thres-
hold level concentrations for fuel switching at least eight and one-half
hours in advance; moreover, it has been assumed in this analysis that a
fuel switch, once enacted, will ke maintained for at least three hours
(the minimum averaging time corresponding to control action require-
ments). Load reduction procedures to decrease emissions by a given
amount can normally be implemented much more rapidly than an equivalent
fuel switch, since the latter involves delays associated with physically
providing the secondary fuel to the boilers. Thus, for MUS applications

involving load reduction, forecast lead-time requirements are less critical.

C3-5
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The actual response time for load curtailment depends on boiler design;
according to the design engineers, a reduction of 20% generating capacity
(400 Mw) could be accomplished in 10 to 20 minutes at the Hat Creek

power plant. Since this interval is small in comparison with averaging
times corresponding to assumed SO, guidelines, no correction for fore-
cast lead time is made in estimating control action requirements for MCS

with load reduction in this analysis,

For either mode of MCS operation, a plume transport lag time is inevitable.
That is, a change in emission strength at the source will not begin to
affect ambient concentrations at a specific downwind point until a
certain time interval has elapsed. The duration of this interval

depends upon wind speed. For example, with a 2 m sec'l wind, the Hat
Creek plume will not reach the Cornwall Hills for approximately 1.5 hours.
This implies an additional forecast lead-time requirement for the
operational MCS. This factor does not, however, significantly change

the number of hours when fuel switching or load reduction will be
required, since at the end of a control action period, the resumption to
uncontrolled emissions will not be 'seen' at receptor locations for a

nearly equivalent lag time.

As stipulated by B.C. Hydre, the 3-hour and 24-hour ambient S0, con-
centration criteria considered in the evaluation of MCS strategies

include:
Averaging Time §Q2 Concentration Basis
3-hour 655 ug/m3 B.C. Hydro submission
, '3 to the Pollution
24-hour 260 ug/m Control Branch Public

Inquiry to Review
Pollution Control _Objec-
tives for the Mining,
Mine-Milling, and Smeliting
Industries of British
Columbia--January 1978
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In practice, because of uncertainty in meteorological forecasting and
imperfections in air quality model prediction techniques, fuel-switching
threshold concentration values somewhat lower than those corresponding
to maximum allowable levels should be chosen as the actual criteria for
initiation of emission controls during the winter months. Thus, in all
calculations related to MCS strategies, additional results have been
deve.oped on the basis of control guidelines set at 80% and 90% of the

actual design criteria tabulated above.

Experience with an operational MCS generally leads to improved forecast-
ing, modifications of the air quality prediction model to reflect local
effects, and greater skill in the interpretation of available onsite
data. Accordingly, increased documentation of system performance will
identify those ambient concentration levels and corresponding averaging
times which prove most reliable as indicators for potential control
action requirements to protect MCS program objectives for specific
weather conditions. The predicted and observed concentrations used as
MCS thresholds may thus be modified to reflect accumulated experience

throughout the lifetime of the program.

C3.4 FLUE GAS DESULFURIZATION

A flue gas desulfurization (FGD) system was examined for its abilitv to

control ambient SO, levels in the vicinity of the proposed Hat Creek

2
Project. Detailed emission properties associated with cperation of the

emission controls are presented in Table C3-1.

A system designed to achieve partial (54% overall) 502 Temoval would
consist of two absorbers (plus one back-up) for each gererating unit.
Approximately 60% of the flue gas will enter the wet scrubbers; the
remainder will by-pass the absorbers and be used to pfovide reheat for
the saturated gas from the scrubbers. The remixed effluent will be dis-
charged at a temperature of 82° (180°F) and will contain moisture
(69,091 kgm/hr) picked up in the scrubbers. The additicn of large
amour.ts of water t2 the stack effluent will produce extended visible
saturated plumes when ambient temperature is low and/or relative humidity

is high.

C3-7
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C4.0 CONCENTRATIONS OF SO2 WITHOUT EMISSICON CONTROLS

The Hat Creek Model (HCM) was emnployed to estimate ground-level 502
concentrations attributable to the uncontrolled plant for each hour of
an aniual period. Three-hour, 24-hour, and annual average concentra-
tions were calculated from the time sequence of hourly values computed
by HCA. Due to the remoteness of the project area, background 802
concentrations were considered negligible, Separate model calculations
were performed for assumed stack heights of 244 m (800 ft) and 366 m

(1200 ft).

C4,1 DIFFUSION MODEL INPUT DATA

Surface meteorological data used in the diffusion calculations were
derived from measurements taken at the B.C. Hydro Weather Station near
Harry Lake from 1 January through 31 December, 1975. For pericds when
data were missing from this station, values recorded at other stations
in the Hat Creek network were substituted to develop a nearly complete
annual set of sequential hourly wind speed and direction data. Con-
currert cloud ceiling and cloud cover cobservations made at the Atmos-
pheric Environment Service (AES} station in Kamloops were used with the
wind speed data to estimate atmospheric stability at the plant site
according to the scheme developed by Turner? The Turner stability
typing scheme was modified to incorporate the effects of the rural
nature of the area and the ruggedness of the terrain. Afternoon stabili-
ties on days with strong insolation and light to moderate wind speeds
were designated as unstable. Periods of overcast skies and/or strong
wind speeds were considered neutral. Finally, night and early mornirg
hours characterized by clear skies and low wind speeds were all classi-

fied as stable.
Mixing depths were calculated on the basis of rawinsonde data from

Vernon, B.C., in the manner recommended by Holzworth3 and applied to

Canadian weather stations by Portelli.4 Interpolation to determine

Ca-1
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hoﬁrly mixing depths was accomplished by a method described by Busse and
Zimmerman. Emission characteristics presented in Table C3-1 were
assumed. Terrain elevations within a 25-km radial area from the proposed
plant site were input directly into the medel. As explained in Appendix B
(Modeling Method), the assumptions of negligible chemical transformaticon

- and deposition incorporated by the HCM are not considered valid beyond a
travel distance of 25 km.

Diffusion modeling techniques, properly tailored for use in specific
applications, have become a recognized tool to estimate air quality

impacts of future sources, and to augment information derived from
measurement data in the viecinity of existing installations. The HCM

is described in Appendix B (Modeling Method). Certain meteorclogical
events capable of producing high concentrations due to tall-stack emissions
in the project arsa have been identified in the course of field studies.
Since the HCM cannet accurately simulate some of these conditions, their
implications with regard to maintenance of acceptable air quality by -
various control strategies are discussed separately in Section C4.3.

C4.2 RESULTS OF MODEL SIMULATIONS

For this study, estimates of 3-hour averaged ground-level SO, concen-

trations attributable to the Hat Creek Plant were calculatedzby averaging
successive l-hour centerline concentrations during periods of neutral
and/or unstable conditions. For hours during which stable, light-wind
conditions prevailed, the hourly concentrations were recalculated from
the centerline values by assuming that the plume mass contained within a
22.5° sector (the precision to which the wind direction is specified in
the model) is uniformly distributed across this sector at each downwind
distance. Simple arithmetic averaging was then applied to compute 3-hour
concentrations from the adjusted hourly values. Twenty-four-hour con-
centrations were calculated from sector averaged hourly values for all
weather conditions. Experimental justification for the assumption of
greater directional variability of a plume under light-wind, stable

conditions is given by Wilson gg_g;.é and Lague:

C4-2
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Table C4-1 summarizes the results of the diffusion model calculations
for the uncontrolled plant, Maximum 802 concentrations within 25 km
from the proposed generating facility for various averaging times, as
well as predicted frequencies of values above the assumed 3-hour and
24-hour ambient criteria are presented for stack heights of 244 m
(800 ft) and 366 m (1200 ft). C(ontinuous, baseload operation of the

plant is assumed.

Examination of the table reveals that for both stack heights, maximum
annual average concentrations.are well below the Provincial Level-A
ambient guideline cf 25 ug/m3 without 502 controls. It is apparent that
the design of emission control strategies for the protection of ambient
302 levels must emphasize regulation for shorter averaging periods.
Maximum predicted concentrations for each averaging time are only slightly
lower with a 366 m (1200 ft) stack than with a 244 m (800 ft) stack.
This result reflects the fact that, even under the most adverse weather
conditions, plume rise is sufficient in either case to place the plume
centerline well above local terrain features. It is alsg evident from
Table C4-1 that for both stack heights, a control strategy which focuses
on the protection of the 3-hour ambient guideline will not necessarily
be sufficient to achieve the 24-hour concentration threshold. There-
fore, any control strategy must be stringent enough to ensure that both

guideline concentrations will be met.

C4.3 SPECIAL METEOCROLOGICAL EVENTS

The diffusion calculations performed in the context of this analysis
used a mathematical model, the HCM. Insofar as possible, the param-
eterization of the HCM was modified by calibration procedures to
increase its applicability to the specific meteorology and terrain of
the proposed power plant site (see Appendix B, Modeling Method). It is
believed that the model, so calitrated, provides an accurate representa-
tion of stack plume behavior for most weather conditions likely to
occur. However, when on-site measurements are available, it is prudent
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TABLE C4-1

ESTIMATED EFFECTS OF THE UNCONTROLLED HAT CREEK
PLANT ON AMBIENT SO2 LEVELS

Maximum Concentrations (ug/ms)

Averaging Time Season 244 m stack 366 m stack
3-hour winter 780 749
spring 753 644
summer 829 645
autumn 829 648
24-hour winter 312 253
spring 116 108
summer 205 159
autumn - 513 408

annual 0.9 . 8

Percent Frequency

3-hour congentrations > 655 ug/m3 0.4 0.03
(14 3-hr (1 3-hr
periods) peried)
24-hour concentrations > 260 ug/m3 2.2 0.3
(8 24-hr (1 24-hr
periods) period)
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to use this information to identify situations which the modeling
techniques are incapable of treating to ensure a thorough analysis of
air quality effects. This subsection is devoted to an examination of
such conditions. In the course of field experiments designed to
characterize the dispersion meteorology in the vicinity of the Hat Creek
site, certain weather conditions have been observed which, by reason of
their association with potentially high ground-level concentrations,
merit special consideration, Since these conditions are transient and
occur primarily as a result of the particular topography of the projact
area, they cannot be accurately simulated by means of a steady-state
Gaussian model such as the HCM. The two such meteorological events
identified during the field studies are: fumigation due to breakup of
nocturnal inversion, and fumigation on the valley slopes induced by
formation of cross-valley circulation cells created by uneven solar
heating of the ground. In the context of control strategy analysis it
is important to evaluate the existing data to determine whether, and to
what extent, control requirements will be altered by the occurrence of

such meteorological events not treated in the model calculations.

The term 'fumigation' is used to describe rapid downward mixing of
contaminants from an elevated source. The most familiar process by
which fumigation may occur is the early morning breakup of a nighttime
surface inversion by golar heating. As the ground warms, the stable
layer is eroded from below, such that the lowest levels are charac-
terized by instability, i.e., vigorous vertical eddy motions, As this
unstable layer grows, it can reach the height of stack effluents and
cause them to be mixed to the ground in relatively high concentration.
This phenomenon is transient in time and location, generally persisting
for only a few minutes at a given receptor. Whether and how frequently
inversion breakup fumigation will produce elevated ground-level concen-
trations in the vicinity of a particular source depends upon the charac-
teristic depth of the morning inversion versus the effective height of

plume release.
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"Table L4-2 indicates composite morning inversion depth statistics developed
from two meteorological measurement programs conducted in the Hat Creek
Valley-s’g’lo’ll Tabulated inversion depths are measured from the

valley floor. For reference, a depth of about 680 m is required to

reach the top of a 244 m (800 ft) stack located at the Harry Lake site;

about 800 m corresponds to the top of a 366 m (1208 ft) stack,

Inversion depths as high as the 244 m stack were observed six times
during the 26 days of field measurements (see Table C4-2). An indica-
tion of whether stack plumes could have experienced fumigation is afforded
by a comparison of calculated plume heights with concurrent inversion
depths. Table C4-3 indicates that on two occasions (the experiments of
11 March and 6 November), computed plume heights for a 244 m stack are
nearly at the inversion top elevation, so that downward mixing of some
portion of these plumes might have occurred. The expected duration of
this fumigation condition is only a few minutes. Furthermore, downward
mixing would have to take place through a layer at least 1000 m deep to
have an appreciable effect on ground-level concentrations. Finally,
plume transport toward Hat Creek Valley would be necessary for this type
of fumiga&ion to ogcur at all,

The observed inversion depths reached the leQel of the 366 m stack top
four times, However, as demonstrated in Table C4-3, plume rise would
place the plume from such a stack well above any inversions. Thus, it
appears unlikely that fuﬁigation conditions for the 366 m stack would

ever exist,

Based on the available evidence, then, there is no indication that an
emission control strategy designed to protect 3-hour and 24-hour ambient
levels would entail special control actions for inversion breakup fumi-
gation. For a 366 m stack, it appears unlikely that this condition
would even occur. The data from the field studies includes two cases
with marginal fumigation potential for plumes from a 244 m stack, but
for the reasons stated above, it is doubtful that fumigation due to
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Inversion Depth*

{m)

TABLE C4-2

February and
March Occurrences

NOCTURNAL INVERSION STATISTICS DEVELQPED
FROM MEP AND NAWC TEMPERATURE SOUNDINGS

0 to 100

100 to 200

200
300
400
500
600
700
800

90¢

to

to .

to .

to

to

to

to

to

> 1000

TOTAL

300

*Inversion depths derived from references 5, 6, 7, and 8.

2

2

11
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August and
September Occurrences

3

1

15
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TABLE C4-3

COMPARISON OF CALCULATED FINAL PLUME HEIGHT TO HEIGHT QF INVERSION TOP
(METERS ABOVE VALLEY FLOOR)*

Plume Height Plume Height Inversion
for 366 m stack for 244 m stack Height
Day {m) _(m) _ (my
March 11, 1975 1110 950 970
September 4, 1975 1270 1150 800
September 5, 1975 1210 1090 900
September 6, 1975 1230 1110 1100

*Inversion heights derived from references 9, 9, 10, and 11.
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inversion breakup would produce ground-level concentrations in excess of

the 3-hour and 24-hour criteria assumed in this study.

Another type of fumigation was observed during the gas tracer study
conducted by North American Weather Consultants (NAWC).S’g 0il fog and
sulfur hexafluoride (SFG) releases were made from an aircraft at the
calculated effective stack height for alternate power plant sites. On
one cccasion, with a simulated 183 m stack located near the Harry Lake
site, fumigation of the tracer plume was noted to occur on the western
slopes of Hat Creek Valley as it drifted slowly southward. Concurrent
metecrological data indicate that this phenomenon is apparently caused
by the formation of vigorous cruss-valley circulation cells created by
uneven heating of the ground at different elevations. While this
condition occurs as a direct result of morning insolation, it is not
properly classified as a case of inversion breakup fumigation of the

type discussed above.

Durirg this experiment the maxinum 3-hour equivalent 502 concentration
at thle ground that would have resulted from a continuous source, was
estinated at 435 ug/ms. This value is well below the assumed guideline
of 655 ug/ms. Subsequent discussions with NAWC personnel indicated
that, in performing the field tests, the height of tracer releases above
the zssumed physical stack height was conservatively calculated by means
of tte formulae recommended by Briggs,lz but limited to 400 m so that
the plume would remain within the influence of the valley circulaticn
and within initial plume rise guidelines. The actual plume rise calcu-
lated on the basis of expected Flue gas properties and meteorological
conditions during the field test is four times the limit imposed by NAWC
for this case, Since the maximum ground-level concentration may not
have been measured, it is of interest that a concentration 50% higher
than that observed would be required to reach the assumed 3-hour guide-
line, Since this experiment was performed for a simulated 183 m stack
relezse with an extremely conservative assumed plume rise estimate, it
is considered extremely improbable that this type of fumigation would

occur for a plume released from a 244 m or 366 m stack. Therefore, no
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control action requirements in response to such conditions are antici-
pated for an emission control program designed to protect the assumed

3-hour and 24-hour ambient guidelines.
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C5.0 CONCENTRATIONS OF 802 WITH METEOROLOGICAL CONTROLS

For this analysis it has been assumed that MCS programs with either a
244 m (800 ft) or 366 m (1200 ft) stack would be operated according to

the following three criteria.

® Whenever predicted ambient concentrations are below the 2-hour
and 24-hour guidelines, the power plant will operate at full
load (2,000 Mw) with 0.45% sulfur coal.

° Whenever a control action is required to avert an excess of
the guidelines during the months from November through February,
the preferred action is fuel switching to 0.2.% sulfur coal
with no ioad reduction.

] Whenever a control action is required during the remainder of
the year, the preferred action is uniform load reduction of
the four generating units as required to avert an excess of
the guidelines.

Resu..ts of the dispersion model (HCM) calculations described in the
previous section provide the basic input to the MCS analysis., Evaluation
of fuel switching during the winter months was accomplished using ERT's
computer program DECA (Dynamic Emission Control Analysis), Load cur-
tailment requirements were identified by additional applications of the
HCM using input parameters corresponding to various discrete load

levels.

C5.1 THE DECA PROGRAM

The DECA program is an analysis tool designed specifically to extend the
applicability of conventional diffusion model calculations to permit
detailed evaluation of selected two-fuel MCS switching strategies. A
detailed description of this program is included as Addendum A to this
Apperdix. The basic input data requirement is a time series of hourly

grourd-level concentrations in the vicinity of the MCS source.
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Additional input information used in DECA program is presented in
Table C5-1. For each set of postulated 3-hour and 24-hour control
guidelines (switching thresholds), the DECA model was used to provide

the following output information:

° total hours during each month (November through February) when
use of the secondary fuel (0.21% sulfur coal) is required.
This total reflects the frequency of atmospheric conditions
that would produce concentrations in excess of applicable
thresholds with the Hat Creek Plant burning the primary fuel,
as well as the specified minimum switch length and interval
criteria. The duration of the longest single switch peried
required during each month is also provided to facilitate an
estimate of the size of the secondary (lower-sulfur) coal pile
required to support MCS operation.

° a frequency distribution indicating the number of times per
month when required switch lengths correspond to various
prespecified time intervals.

® the number of 3-hour and 24-hour perieds, if any, when opera-
tion of the Hat Creek Plant according to the MCS procedures
would produce concentrations above threshold values.

) the 'complying fuel' sulfur contents, i.e., the maximum per-
cent sulfur fuel that could be used continuously by the Hat
Creek Plant each month with no resultant excess of any SO2
threshold value in the vicinity of the site.

C5.2 LOAD REDUCTION ANALYSIS METHODS

For the nonwinter months (March through October) MCS operation was
assumed to entail uniform load reduction of all four generating units in
response to anticipated violations of the 3-hour and 24-hour ambient
guidelines with full load. Emission rates and stack gas properties
corresponding to a range of reduced loads were used as input to the HCM
to calculate 3-hour and 2Z4-hour concentrations for each configuratioen
shown in Table C3-1. For periods when full-load operation was predicted
to cause an excess of the guidelines, the concentrations corresponding
to 80% load during these periods were tested for compliance. If

reduction to 80% load was sufficient to aveld an excess, this fact was
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(b)
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(d)

TABLE C5-1

MCS PARAMETERS ASSUMED IN THE DECA STUDY

Primary Fuel

Fuel Type
Sul fur Content (%)
Heating Value (Btu/1b)

Secondary Fuel

Fuel Type
Sul fur Content (%)
Heating Value {Btu/1b)

Ambient Control Criteria*

3-hour averaging time
24-hour averaging time

Operational Constraints**

Minimum switch length
Minimum uncontrolled

interval between switches

coal
0.45
6,300

coal
0.21
7,560

655 ng/m>
260 pg/m

ENVIRONMENTAL AESEARCH & TECHNOLOGY 1NC

*Calculations also performed for control criteria set at 80 and 90% of
tabulated values.

**Deermined by the fuel types involved and the expected facilities for
their storage and handling.
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noted; otherwise the 70% load case was examined, etc. Finally, the
frequency distribution of required curtailment to each reduced load was

developed.

Unlike fuel-switching, the response time to accomplish load reductions
is quite rapid. In practice, this form of MCS can be operated in
response to measured as well as predicted ambient concentrations. The
lag time associated with plume transport to distant receptors (see
Section C3.3) does require that some form of meteorclogical/air quality
forecasting be included in the design of a load reduction MC5. However,
the lag-time effect is a relatively minor one, and does not require that

ambient control criteria be set below the assumed quidelines.

C5.3 RESULTS OF MCS ANALYSIS FOR A 366 m STACK HEIGHT

Tables C5-2(a) through C5-2(d) present the results calculated by the
DECA program for fuel-switch MCS operation with an assumed stack height
of 366 m (1200 ft)}. Each table represents output for one of the four
months (November through February) when fuel switching was assumed as
the preferred controcl action. The information provided includes total
hours when use of the secondary fuel (0.21% sulfur) would be required to
maintain 502 concentrations below control guidelines set at 80%, 90%,
and 100% of the 3-hour and 24-hour ambient design criteria. In addition,
the distribution of required switch durations and the maximum single
switch length are indicated for each set of fuel-switching thresholds.

The complying fuel values listed in each table for the various control
guidelines represent maximum sulfur contents for hypothetical fuels

that could be used continuously without producing ambient 302 concen-
trations higher than the corresponding 3-hour and 24-hour thresholds.
Thus, for example, Table C5-2(a) shows that a coal sulfur content of
0.21% (the assumed secondary fuel) is adequate to prevent concentrations
greater than 80%, 90%, or 100% of the 655 ug/m3 or 260 ug/m3 levels with
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TABLE C5-2(a)

NOVEMBER RESULTS OF MCS ANALYSIS FOR
366 METER STACK
HAT CREEK PLANT
FREGUENCY D1SThIBUTIUM UF LENGTRS UF SWITCHING PERIUDS 48 A FUNCTTION OF PERCENT
UF STANDAWUS USEL AS SwITCHING THIGGEW AND SULFUR CONTENT OF HIGH SULFUR FUEL
MINIMUM S7lILSENG PERIDY 3 HGURS: MIwINUM INTERVAL BETWEEN SWITCHES 9 HHS
OFTIOR 18 0, 4S% CUAL SWIFCRING 10 0,20% COAL

SHEICH LENGTH CATELGORIES (HUUKS)

PERCENT OF Aampitni ToTAL
STANDARDS UbED A4S S#1TCH e & e 9 1Uel@ 13-15 1lb=18 19-21 @2¢2=-24 259%-3b 3T-48 49 HUURS SwlTCHED
CHITERLICHN
60 X & G i} "] 0 [ 1] 1 0 [ 34
90 3 1 7] )] [ 1 L) 1] 1] 0 0 29
jug % M [ v o i U 1] [ 0 L1} 17
Wh, UF FERIGUL UF wity, UF PERIUDD wlTh BKGL,
£ kCESY F S5V1ANDARDY I EXCESS OF STAWDARDS
LoHK S$enn  2d=nh |=HK 3=nk 24d~nK
u J u 1] "] 0

Cumbe ¥TLi Fuke Cal

LAl
Hecs% oLLFUK FUN X OF AmslbehT STANDAKDS ( 0,74 LES 202/MILLIUN nTU INPUT)
6.2h2 3ULFLK FuUn 90X JF AMoIbEGT oTAnNDARULS ( u,b4 LoS SO2/7MILLION nTu LINFuT)

0,.729% SULFUR Fur Juo% UF AMnIEnT StalbDARDS ( 0,93 LbS Sue/mILLIOW BTU LINPUT)

1
-

OMEEST SwiTCH

(HQUHS)

28
17
17

DN ADOIONHDIL § HOMYISIH IVLININNOGIANT
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TABLE C5-2(b)

DECEMBER RESULTS OF MCS ANALYSIS FOR
366 METER STACK
HAT CREEK PLANT

FREQUENCY UISTRIBUTION OF LENGTHS UF SWITCHING PERIODS AS A FUNCTION OF PERCENT
UF STANDARUS USEL AS SWITCHING TRIGLER AND SULFUR CONTENT UF HiGW SULFUR FUEL

minvioum SPLITUHENG PERLOUD 3 HUURS; MIALAUM INTERVAL BETHEEN SWITCMES 9 nRS
UPTIUN 13 0.95% CUAL SWITCHING TO 0,21% COML

SWITCH LENGTH CATEGUN]ES (HUURS)
PLHCENT UF AMBEENY

TOoTAL
STANDAROS USED A3 SwITCH 3= & T= 9 1U=12 13=15 je=i8 19=2} 22=24 29=3p 3T=ad 4o~ HUUHS SaITUHED
CRITERIUN
80 X 2 v 1] 0 0 '] [ [} 0 0 [}
0 X Pl v "] [ [] [ ] v ] [0 &
100 X 1 1 [ 0 ] 0 [} 9 L] G 5
NU, UF FERIOLS OF LU, UF PERIODS wiTn dKGD,
EXCESS UF 3VANDAHULS IN EXCESS OF STANODARDS
t=HR  Jerl  24=HH 1=n 3=Hk 2d=-nr
u [0 L] w L )

"COMPLYING FUEL CALCULATED
H,32X SULFUR Fuk 40X uF AMRIENT STANDARDS ( 1.02 LbS S02/MILLION dTUL INPUTY)
W.36% SULFUR FUH 90X OF AMbIENT STANDAKLSE ( 1.1% LuS SU2/mMILLIUN WTu EhPUT}

0 46X Sulkukw FUK 100X UF AMHIENT STANDARLS ( 1.28 LbS SuU2/MILLION oIy Inrul)

LONGEST SwlTCH
(LUNLEY)

S
3
3

DN ADOIONHDEL T HOBYISZE IANINNDHIAN;
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TABLE C5-2(c)

JANUARY RESULTS OF MCS ANALYSIS FOR
366 METER STACK
HAT CREEK PLANT
FREQUENCY GISTRIBUTION OF LENGTHS OF SwITCHING PERKGUS AS A FUNCTION UF PERCENT
OF STANDAKULS uSED A3 SAITCHING TRIGGER AND SULFUR COMTENT OF HIGH SULFUR FUEL
MINIMUM SnIICHING PERIUDD S HOURS; MINIMUM INTENVAL BETWEEN SWIYCHES 9 MRS
UPTION 13 0.45% COAL SWITCHING TO 0.21% COAL

SKITCH LENGTH CAVEGORIES (HUURS)

PERCENT UF AMBILENT TOTAL LONGEST SWITCH
STANDARDS USED ad awiich 5= & Te % 1lU=12 13=1% Jb=18 19-21 -e2~24 25~36 37-48 49= BUURS SWITCHED (HOURS)
CRITERION .
80 x 3 " [ v 1 0 v 1 [T} ] 9 3
90 X [ 0 v [} [} 0 0 1 7} [} 0 [
1ug X n v 4 0 ¢ G [} i] ] [} 0 0
wh. OF PERLUDS UF WU, OF PEWRIODS wITH BruD,
ENCESS OF STANDARDS Inv EXCESS UF STANDARDS
f=HH  F=nR  24=HK 1=hR 3aHR 24=Hk
0 1] 0 1 0 ]

LOMPLYING FUEL CALCULATED
0,42% SULFUR FUR 8uY OF AMOIEN] STANDARDS ( 1.34 LBS SO02/MILLION #Tu INPUT)
f.48% SuLFuR FUR 962 UF AMB[ENT STANDARDS ([ 1.5F LBS SO02/MILLION HTU INPUT)

0,535% SULFUR FUR 1i4% OF AMBIENT STANDARDS { 1.68 LbS SO2/7MILLION GTU INPUT)

D ADCIONHIRL § HOLVIEI HANIANOENG
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TABLE C5-2(d)

FEBRUARY RESULTS OF MCS ANALYSIS FOR
366 METER STACK
HAT CREEK PLANT i

FREWUENCY UGISTwIBUTION OF LENGTRS UF SalllhING PERIUDS A3 A FUNET]ON OF PEKRLCEN)
OF STANDANLYS uSED AS SalTCHING THIGGEN AND SULFUK CONTENT OF HIGH SULFUR FUEL

HINIMUM SrllCHIwl PENLOD 3 HOUNSy NINIMUM JNTERVAL OETWEEN SwITCHES 9 HwS
UPTIun )3 U.45% COAL SwITCHING §U  0,21% CUAL

SWITCH LENGTH CATEGOKIES (mOURS)

PERCENT OF AMBIENT TATAL LONGEST SwlTCh
STANDARDS USED AS SAITCH 3~ & 1a 9 jU=32 13=15 to=18 19-2)1 22-24 2%5=36 3S7-48 49- HUUKS 3nITCHED (HOURS)
CRITERION
-1 3 0 0 W u v " v 1} u d v 0
90 X 1] v v '] (1] [] 0 v 0 [] [H ]
1o % [ ] N [ ] u '] v ] "] ] )
NU, OF peRlUDS OF ay, UF PERIULS wlTh BKGD,
ExLESS OF STANDARDS IN EXCESS OF STANUANDS
LoHN  Femw  24-HR J=BM  3=hK  24-HH
] v u n v 0

CUMPLYING FUEL CALCULATED
6.%1% SULEUR FUKR  a0% GUF AmMBlENT STAMDARDS { 1.62 LBS SO2/mMILLIUN 8TU INFUT)
U.971 SULFYN FUR  wOX UF AMBLENT STANDARDS ( 1,82 LBS SO2/MILLION BTU LhPUY)

0,64% SOLHUW FUK [0uk GF AMBIENT STANDARUS | 2,02 Las SO2/MILLIUN ATV INPLT)
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a 366 m stack during the month of November. This result is true for

each of the four months.

Quite naturally, tae number of hours when fuel switching is required
increases as the control guidelines become more stringent. Total switch
hours during the 4-month period for 80%, 90%, and 100% of the assumed
air quality critieria are 51, 26, and 20, respectively. The corres-
ponding longest single switch periods are 34, 20, and 17 hours. Clearly,
adverse dispersion conditions occurred most frequently during the month

of November.

For tie months March through October load reduction was designated us
the preferred MCS control action. Analysis of HCM results during this
period indicates that for a 366 m stack height, no contraventions of
either the 3-hour or 24-hour air quality criteria were predicted. The
maximun calculated values for three hours and 24 hours, respectively, are
644 ug/m3 and 215 ug/ms. Both maxima are close to the assumed regu-
latory values, reflecting that MCS programs are designed only to protect
against peak concentrations in excess of the guidelines. These results
correspond to only one year of meteorological input data. However, they
do provide evidence that required load reductions during the nonwinter
months will be infrequent, and that the magnitude of any such reductions

will te small.

The combined results for the full year demonstrate that ianstallation of

a 366 m stack ensures, for practical purposes, that the Hat Creek

Plant could virtually be operatecd as a base-load facility. Meteorological
control of plant emissions would involve very few control actions, most

of then in the form of fuel switches during the winter months.

C5.4 RESULTS OF MCS ANALYSIS FOR A 244 m STACK HEIGHT

Results of the DECA calculations during the winter months of MCS operation
with a 244 m (800 ft) stack are presented in Tables C5-3(a) through C5-3(d).
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TABLE C5-3(a)

NOVEMBER RESULTS OF MCS ANALYSIS FOR
244 METER STACK
HAT CREEK PLANT

FREQUEMCY ULDTHIuWUYION UF LENGYHS OF SwITCHENG PEWIOUS &S A& FUNCTIONW OF PERCENY

UF STANDAKUDS USEL A% SwITCHING TRIGGEK AND SULFUR CONTENT UF HIGH SULFUR FUEL

MENTMGM SNITCHING PERIOD 5 hOUKS) MINIMUM TRIERVAL BETowbEN SWITCHES 9 HRS
TUPTION ) G, 45% COAL SwITCHING 10 0,24% CuaL

SHjICH LEWGTHh CATEGURIES (MOUKS)

PEMCENT UF AMB]ENY TOTAL LURGEST SWITCH
STANDARDS USED a5 SAITCH Se b 1= 9 X0=12 A3-15 1lb=1b 19=21 224-24 29~35v 37-44 d4- HUtKS SNITCHED (HOUKRS)
CHLIEHLON
80 % 1 ¢ 0 ¢ 1 0 0 0 1 o 4y
90 3 1 ¢ i u 4 o 0 7 [} 0 54 42
Jug X v 1 [ ] [] [ 0 v 1 v, S 4z
NU, UF PEHIUDS OF ] NO, OF PERIUDS WITH 8huD,
EXCESS NF STANDARDS IN EXCESS OF STANDARDS
1 =HH J=hit 2U4=HR 1-Hk 3=hH 2U=-HR
w 173 1] [} U [}

CUAPLYING FUEL CALCULATED
0.19% SULFUR FOR o0% UF AMBIENT STAKDARCGS ( OG.5% L8S SUS/MILLION HTH IAPUT)
0.,21% dS0LFUK Fuk 90X OF AMBLIENT STANDARDLS 1 v.bo LBS S02/MILLION @4TU INPUT)

0,230 SULFUR FUk 160X UF AMBIENT STANDARDS ¢ 0,74 LhS SL2/MILLIUN RTU [NPUT)
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TABLE C5-3(b)

DECEMBER RESULTS OF MCS ANALYSIS FOR
244 METER STACK
HAT CREEK PLANT

TV LIBTRIGMTION UF LEMBTRS OF SWIICHING PEXIONS AS A FUNCTION OF PERCENT
ANDARUS LSED AS SWITCHING TRIGGER AND SULFUR CONTENT OF HIGH SULFUR FUEL

MINTMUM SKWIICRING PERIOU 4 HOURS: MINIMUM [NTERvAL BeTWEEN SWITCHES 9 HRS
UPTILN §3% 0., 459% COAL SWLICHING 7D 0,21X COAL

SWITCH LENGTH CATEGORIES (HOURS)

PERCENT OF AMHIEMT TOTAL
STANDARDS USED A5 Se1ICH 3= & fe 4 1U=12 13=19 16=18 19=¢) 22-24 25«36 3IT7=-uh uo- HOURS SWITCHED
CRITERION

-1 3 1] v [} [} ¢ 1 L] Q 39
90 1 3 7] [ ) 1 [ 0 0 /] 0 2%
100 X 3 /] u 1 v u [} 0 ] [t} 22

WD, UF PERIUDS GF WU, OF PERICGDS WITH BKGD.

EXCESS UF STANDARDS IN EXCESS UF STANDARDS
1=HR 3S=Hk 24=hK 1=HR I=HR 24=~Hr
1} ¢ o 9 [} Y

COMPLYING FUEL CALCULATED
LW 80k OF ARpIENT STAMDARDS { 0.97 LbS SO2/MILLION BTU INPUT)
0.35% SULFUR FOK 90% OF AMBIENT STANDARDS { 1.10 LHS S02/MILLION BTU INPUT)

0.358% SULFYUR FOR 100X UF AMBIENT STANDARDS ( 1.22 L8S SQ2/MILLION ATU INPUT)

LONGEST SwWITCH

{HOURSS
21
16
13
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TABLE C5-3(c)

JANUARY RESULTS OF MCS ANALYSIS FOR

244 METER STACK
HAT CREEK PLANT

FREQUENCY UISTRIBUTIUN OF LENGTHS UF SwITCHING PERIOOS &S A FUNCTIUN OF PERCENT
OF STANDAKLYS USED AS SHIICHING THIGGEW ANU SULFUK CUNIENT OF HIGH SULFUR FUEL

MINTMUM SKRITCHING PERIUD 3 #UUKS: MInIMUM [NTERVAL BETWEEN SwWITCHES 9 HRS

o

PERCENT OF AMBIENT
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Except in November, the complying fuel sulfur content calculations again
indicate that 0.21% sulfur coal is adequate to achieve ambient thres-
holds set at 80%, 90%, and 100% of the assumed 3-hour and 24-hour
c¢riteria. During November this secondary fuel would not always ensure

compliance at the 80% level.

As expected, more frequent switching is required with the 244 m stack
height. However, MCS operation to maintain SO2 levels below 80% and

100% of the ambient criteria would entail switching for only 130 and

79 hours, respectively. These values correspond to about 3.2% and 2.7% of
the hours during the 4-month period. More than half of secondary fuel

use is required during November. The longest single switches for control
guidelines set at 80%, 90%, and 100% of the ambient criteria are 45, 42,
and 42 hours, re5pecfive1y. )

For the remainder of the year (March through October) the required

_ frequency and magnitude of load reductions necessary to maintain air
quality levels were calculated. The diffusion model results indicate
that emission reductions to levels below those for full-load operation
will be required eight times to avoid an excess of the 3-hour guideline
and three times to prevent violations of the 24-hour guideline. The
minimum number of hours when reduced load operation would be necessary
to achieve compliance for these periods was determined to be about 55
{in general, reduction for a full 24 hours is not necessary to meet the

daily guideline).

Concentrations were next calculated for these periods with emissions and
stack gas properties appropriate for 80% generating capacity. ‘It was
found that all 24-hour excesses and all but one 3-hour excess were
eliminated by curtailment to this load. The remaining 3-hour violation
was predicted to occur late in October at a receptor located in elevated
terrain (1889 m MSL) 10 km west of the power plant. For this per1od the
3-hour concentration actually increased from 690 ug/m to 760 ug/m for
a simulated load reduction from 100% to 80%. This result reflects

the decreased plume rise associated with partial load operation.
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Analysis of the model predictions shows that concentrations at high-
elevation receptors are particularly sensitive to plume height, such
that the effects of reduced emissions at partial load are sometimes
outweighed by the closer approacht of the plume to the underlying sur-,

face.

Additional model calculations were performed to determine the load
reduction necessary to decrease the maximum 3-hour concentration below
655 ug. Further reduction to 60% load resulted in a concentration of
626 ug/ms, below the assumed guiceline. Use of a secondary fuel {0.21%
sulfur) during this period would decrease the predicted concentration to
a value of 271 pg/m> at full load.

Although results based on model ¢alculations with one year of data are
not conclusive, MCS operation with a stack height of 244 m appears
viable as an effective air quality control strategy for the ambient SOZ
guidelines assumed in this study. In the event that B.C. Hydro selects

a 244 m stack, it is recommended that a modeling study based on a longer
data period (e.g. three years) be performed. As discussed in Section C5.5,
difficulty in forecasting the meteorological conditions associated with
high ambient concentrations will probably lead to enactment of contrcl
measures about 25% o 50% more firequently than is indicated by the model
calculations. Thus, assuming the higher (50%) value, about 195 hours of

fuel switching and 85 hours of load reduction may be expected for MCS
with a 244 m stack.

C5.5 METEOROLOGICAL AND AIR QUALITY FORECASTING REQUIREMENTS

The purpose of an MIS is to reduce the occurrence of ambient concentra-
tions above acceptable levels by reducing emissions during periods of
poor ztmospheric dispersion capability. Identification of such periods
must te accomplished with some advance notice since there are practical
limits to the speed with which emission reduction orders can result in
lower stack gas concentrations. Furthermore, there is a significant

'ventilation time' before the efffects of reduced emissions are detectable

C5-15-



ENVIRGNMENTAL AESEARCH & TECHNOLOGY NC

at ground-level locations away from the source. The requirement for
advance warning of impending poor dispersion conditions means that, in
practice, an MCS must include some form of meteorclogical forecasting.
Certain local weather events, e.g., wind shifts, particularly demand
prior recognition, since measured air quality levels alone would not
generally provide a warning of such changes. Without forecasting,
contaminant concentrations could rise rapidly in these situations,
leading to values in excess of the control guidelines before any cur-

tailment action could be effective.

The principal role of meteorological forecasting in the context of MCS
programs is in support of air quality predictions. Actual MCS operation
should include routine analysis of measured contaminant concentrations
and concurrent meteorological conditions. Such continuous review pro-

cedures will improve forecasting methods to reflect accumulated experience.

In general, the essential requirements of meteorological forecasting for
MCS are as follows.

° The forecast lead time and updating intervals must be
appropriate to the methods of emission reduction and their
associated practical time constraints.

® The relationship between synoptic-scale weather patterns and
critical meteorological parameters at the site must be under-
stood, as well as the consequences of forecast uncertainties
in the prediction of air quality levels.

. Forecast verification procedures must be included as part of
the MCS.

For the Hat Creek Plant, a lead time of approximately nine hours will be
required for lower-sulfur coal to reach the boilers. During the months
when load reduction is the preferred control action, a 20% curtailment
could be effected within minutes. It is assumed that the MCS must be
operated to protect ambient guidelines for 3- and 24-hours. Thus,
forecasts must be prepared for a period of at least 33 hours during the

winter. Based on this requirement continuous meteorological
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support would be advantageous. Periodic updating (e.g., every eight hours)
of the meteorcological and air quality forecasts would compensate for the
natural increase in uncertainty that accompanies extended predictions.

Such rzvisions can greatly improve control system reliability.

The weather variables that the MCS meteorologist must forecast are those
that influence or are closely re.ated to the dispersive capacity of the

lower atmosphere. These include wind speed, wind direction, stability,

mixing depth, and, to a lesser extent, cloudiness and precipitation. In

general, the most important parameters are those required as input to

the MCS air quality prediction model.

Predictability of wind direction is generally good, especially when
well-defined synoptic pressure systems are present in the vicinity cof

the MIS source. Accuracy of forecasts decreases with increased lead

time and is generally more difficult for regions of complex terrain.

Large high-pressure systems over the area of interest ars often associated
with light and variable winds; wind direction predictions are least
reliable under these conditions.

Wind speed is more difficult to forecast. It varies diurnally, with
generally higher values during daylight hours, Wind speeds also depend
on the strength of the synoptic pressure gradient, surface roughness,
and errain channeling effects. Forecast reliability for this parameter

also decreases with length of forecast time.

The stability in the lowest kilometers of the atmosphere is broadly
related to its turbulence characteristics. An unstable condition is
characterized by thermal convection, vertical eddy motions, and good
dispersion., A stable atmosphere is one with suppressed turbulence and
weak mixing capacity. Vertical profiles of wind speed and tempera:ure
are good indicators of atmospheric stability. These are most reliably
precdicted with assistance from monitoring instruments placed at different

levels (e.g., on a meteorologizal tower).
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The atmospheric mixing depth is defined as the height of the atmosphere
through which vertical mixing readily occurs. Its predictability depends
on the predictability of the maximum temperature, the vertical distri-
bution of temperature in the lowest few kilometers, and the presence or
absence of subsidence inversions associated with synoptic scale anti-
cyclones (high-pressure systems). The prediction of maximum temperature
is routine and generally quite reliable. The reliability of a tempera-
ture forecast decreases with increased lead time and is affected by
cloud cover, wind speed and direction, time of vear, and local effects,
Like atmospheric stability, the mixing depth depends on the vertical
temperature structure of the atmospheric boundary layer. Temperature
sounding data from Vernon presently provide the best means for estimating
the mixing height near the Hat Creek Project. The planned installation
of a 100 m meteorclogical tower at the plant site (see Appendix H,
Aerometric Monitoring) will provide additional information, The mixing
height is limited by the elevation of the base of a2 subsidence inversion;
the mixing height is intrinsically lower than or equal to the inversion
base height. Successful prediction of an inversion base height is thus
determined in part by the reliability of forecasting the movement and

locations of anticyclones.

The determination of model input parameters is strongly related to the
predictability of synoptic scale weather systems. The prediction of the
growth and movement of cyclones and anticyclones is routinely performed
by the forecasters from the Atmospheric Environment Service (AES).
Meteorological forecasts can often be improved by the use of relevant
real-time data gathered at the site. Pilot balloons, radiosondes, and
on-site wind and temperature sensors are important sources of forecast
inputs. It is obvious that the mix of AES guidance, on-site data
collection, and forecasting experience and skill are important for MCS
forecasting reliability. The reliability of these predictions varies
with experience, forecasting lead-time requirements, and the positions

of large-scale weather patterns.
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Meteorological forecasting in the context of an air quality prediction
program requires a basic understanding of the relationship between local
weather conditions and contaminant concentrations. This knowledge
should be gained by an extensive diffusion analysis and aerometric

monitoring programs,

An investigation of the synoptic weather conditions that are associated
with relatively high predicted contaminant concentrations (3-hour average
SO2 concentrations greater than 555 ug/ms) in the Hat Creek region was
performed in an attempt to identify the meteorological cocnditions

leading to these levels. From the cases examined for 1975, several

synoptic-scale patterns emerge:

© weak pressure gradient in the Hat Creek area, resulting from
the absence of strong pressure systems or from a high pressure
system ceatered over the area; or

© a large Pacific high pressure cell to the West and/or a well-
developed low over Alberta; or

L] a cyclonic storm systen approaching the area from the West;

] wind directions between northwest, clockwise through south-
southeast; and-

e  light surface wind speeds, less than 2 m sec'l.

In general, the problem situations are created by stable conditions with
persistent critical wind directions and light speeds. This condition is
relatively simple tou forecast, since stable conditions usually occur
during the evening or morning hours, and persistent wind conditions are
generally associated with the aprroach of cyclonic or anticyclonic
cells, This was the situation in 12 of the 15 cases examined. The
remaining days involved a more difficult forecasting situation, since
the corresponding winds were very light and variable. Wind direction
under such circumstances is difficult to predict, despite the tendency
for flow to be channeled along the orientation of the mountain-valley
system. In terms of an MCS, the greatest danger of exceeding criteria

will occur during these meteorological conditions. From <detailed
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examination of weather maps during 1975, it is estimated that forecast
uncertainties associated with such difficult-to-forecast cases will
require that MCS controls be enacted 25% to 50% more often then
indicated by modeling results to ensure protection of the assumed

ambient thresholds.

In the beginning stages of an MCS, forecasts of critical meteorological
conditions should be conservative in order to account for the inherent
inaccuracies in both air quality and meteorological prediction, since
even a very small number of underpredictions will limit the success of
the MCS. With a 244 m stack and control thresholds set at 80% of the
assumed 3- and 24-hour guidelines, fuel-switching to 0.21% sulfur coal
would be required about 195 hours during the 4-month winter period. The
use of this more restrictive set of control guidelines is recommended at
least during initial MCS operation as a measure to compensate for

forecast uncertainties,

An additional means for improving air quality and meteorological fore-
casts for -an MCS at the Hat Creek Plant would be provided by commencing
system operation at the same time as startup for the first 500 Mw generat-
ing unit., The construction schedule calls for staggered installation
with one new unit called into service each year. This provides an
important advantage in that the relationships between plant emissions,
meteorological conditions, and ambient air quality can be studied and
forecasting procedures refined for several years before emissions reach

the levels assumed in this analysis.

C5.6 MCS RELIABILITY

As noted in the previous section, incorporation of certain design

features in the MCS program for the Hat Creek Plant will substantially
improve the reliability of meteorological and air quality predictions,
thereby minimizing the number of system failures, i.e., excursions of

applicable ambient guidelines. These may‘be summarized as follows.
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For fuel-switch mode, the control guidelines should be set at
80% of the assumed 3-hour and 24-hour regulatory guidelines to
compensate for errors incurred due to forecast lead-time

requirements.

MCS operstion should commence concurrently with startup of the
first 500 Mw generating unit to develop of skill in recogniz-
ing adverse dispersion conditions, to tailor the air quality
forecast model, and to streamline system operations during the
period when total emissions are subétantially below those

assumed in this analysis.

Conservative forecasting methods should be used, especially
during the early phases of the MCS., It is estimated that
control actions will be necessary about 25% to 50% more fre-
quently than indicated by the modeling results to compensate
for the difficulty in predicting certain meteorological events

associated with relatively high ground-level concentrations,

Staffing for the MCS should include provision for continucus
forecasting service by professional meteorologists, This is
especially important during the months when fuel switching is
the preferred control action, due to the large forecast lead-
time requirement imposed by this emission reduction technigue.
Periodic updating and refinement of the meteorological fore-
casts is particularly helpful for improving 24-hour concentra-

tion estimates,

All aspects of the MCS program should be routinely evaluated

to identify problems and suggest methods to improve reliabil-
ity of site-specific meteorological forecasting and air quality
predictions, and to enhance understanding of the effects of

control actions on ambient concentration levels.

The facility design should include a stack withk a height of
244 m (800 ft) or greater to protect against plume impacts on
elevated terrain, and to avoid high ambient levels associated

with 'special' meteorological events {see Section C4.3).
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If these features are included in the design and operation of the MCS,
it is reascnable to expect excellent reliability, i.e., few if any 502
concentrations greater than the assumed guideline criteria.

An example of reliability for an operational MCS serves to illustrate
the improvement of air quality control with accumulated experience.
Since the summer of 1974, ERT has operated a system for a major chemical
manufacturer in the midwestern United States. The program is intended
to provide the chemical company with recommended plant operating con-

ditions (emissions) for maintenance of Federal 3-hour and 24-hour SO

13 2

standards on the basis of predicted dispersion conditions,

The manufacturing plant has two separate power houses approximately 2 km
apart. Each power house has five boilers. Emissions are exhausted
through a total of eight stacks. The MCS procedures are complicated in
that 10 boilers can operate at variable loads, and some are capable of
operation with different fuels. Control actions are required relatively
frequently, During the summer, emissicn curtailment orders are in
effect about 5% of the time, during the spring and fall 10% to 20%, and
from 25% to 45% of the time duriné winter. Table C5-4 documents the
performance of the MCS with regard to maintaining SO2 levels below the
365 ug/m3 (0.14 ppm) standard for 24 hours and the 1300 ug/m3 (0.5 ppm)
standard for three hours. During the 'shakedown' year, the number of
excesses dropped dramatically, and continual improvement is evidenced
during the ensuing operational years. A similar-reduction in measured
3-hour concentrations above the Federal secondary standard (1300,ug/m3.
or 0,50 ppm) has occurred since implementation of MCS. 1In 1972,
measured maxima above this threshold were recorded on 23 occasions; only
one such value occurred in each of the years 1975, 1976, and 1877.
Considerable effort has been expended to refine meteorological fore-
casting for the plant area by systematic verification procedures.
Experience with the MCS has identified the specific weather situations
that previously resulted in unexpectedly high ground-level concentra-
tions. Three model upgrade studies have been performed since system

startup to incorporate realistic methods for simulating these conditions.

Cs5-22



ENVIFONMENTAL AESEARCH § TECHNCLOGY. INC

In addition, results of physical modeling experiments conducted in a
wind tunnel have substantially improved air quality predictions for high
wind speed conditions that produce plume downwash from the relatively
low stacks. The statistics presented in Table C5-4 demonstrate the
effectiveness of such studies in improving system reliability and

reflect the accumuiation of site-specific operational experience.

Inte:estingly, forecast verification records have shown that accuracy in
forecasting weather parameters for this MCS has been consistently good
throughout the program. Thus, the dramatic reduction in air quality
vioclations with MC3 is primarily related to an improved ability to
simulate dispersion processes assoclated with particular meteorological

eventis.
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TABLE C5-4

PERFORMANCE STATISTICS FOR ERT MCS AT A MAJOR
MIDWESTERN CHEMICAL MANUFACTURING PLANT

Standard Before MCS. MCS 'Shakedown

1972 1973 1974

3-hour secondary
(1300 ug/m> or 0.5 ppm) 23 8

-t

24-hour primary
(365 ug/m3 or 0.14 ppm) ' 22 11 6

Operationl MCS

1975

1976

1977

Dt ADDNONHO S T HOEYES e TWINFANOWANS
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6. CONCENTRATIONS OF SO2 WITH FGD

The HCM was used with appropriate emission parameters to calculate
ground-level SO, concentrations corresponding to operation of the Hat
Creek Plant with the FGD system described in Section C3.4. This system
involves wet scrubbing with limestone reagent to clean part of the flue
gas stream, achieving a 54% overall sulfur removal efficiency. Reheat
is accomplished by remixing the scrubbed and unscrubbed gases to enhance
stack plume buoyancy. To achieve full availaﬁility, redundant absorber
units will be installed for backup use. For this analysis, continucus
full-load operation of the generating station and 100% scrubber availa-
bility were assumec.. Emission characteristics corresponding to this
system are presented in Table C3-1. A stack height of 366 m (1200 ft)

was assumed.

Maximum predicted ground-level concentrations for averaging times of
3 hours, 24 hours, and 1 year are 366, 208, and 4 ug/ms, respectively.
Background 802 concentrations in the vicinity of the proposed Hat Creek

Projei:t were considered to be near zero for all averaging periods. -

The maximum annual average concentration for the partial scrubbing
configuration is 4 ug/ms. This value is negligible in comparison with
any applicable Provincial Guideline. The peak 24-hour concentration
prediction is 208 ug/ms, 52 ug/m3 below the assumed criterion. The
highest expected 3-hour concentration during the year is 366 ug/ms.

Constant emission control devices such as scrubbers reduce emissions and,
consequently, ambient concentrations during all weather conditions,
whereias MCS procedures are formulated to require emissions reductions
only when the potential exists for poor atmospheric dispersion con-
ditioris. In view of the results presented for uncontrolled emissions in
Secticn C4.0, it is apparent that with the 366 m stack height, scrubber
outages would only infrequently result in ambient levels above the

assumed guidelines. However, if FGD malfunctions occur randomly with
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respect to the weather, it must be assumed that some occasional vio-
lations are to be expected, The provision for back-up absorbers on each
generating unit will reduce the frequency of such events, but probably
will not eliminate them completely. On the other hand, normal FGD
operation will improve air quality substantially over that associated

with uncontrolled emissions.

For the ambient guidelines assumed in this analysis, the role of Fhe FGD
with a 366 m (1200 ft) stack is limited to the prevention of a small
number of potential violations during the year. The results presented
here strongly suggest that if an FGD system is chosen, a shorter stack
might be acceptable, It is probable that ambient air quality could be
maintained with a 244 m (800 ft) stack if: (1) the scrubber design is
modified to provide cleaning of a larger part of the flue gas; or (2) the
scrubber system described here is used in conjunction with back-up MCS

procedures,
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C7.0 COMPARISONS OF MCS AND FGD

The preceding sections have discussed the capabilities of selected air
quality contrel methods for calculated ground-level concentrations.
While the effectiveness of a given system is properly evaluated for
such criteria, other important factors must be considered in the com-
parison of those programs able to meet a given set of control objec-

tives. For each such strategy these factors include:

1) technical feasibility and reliability
2} capital and operating costs

3) energy axpenditures

4) availébility of required raw materials

5) envirommental degradation potential

The following sections provide comparative information for the two basic

types of SO, control systems considered in this analysis -~ MCS and FGD.

2

C7.1. OPERATION CONSTRAINTS

It is important that the Hat Creek Plant be capable of providing
uninterrupted service as required by future load demands. While elec-
trical generation requirements may change from those presently antici;
pated, B,C. Hydro will benefit from the selection of an air quality
control program that allows operational flexibility, with minimum
rel.iiance on variable external factors such as atmospheric dispersion
conditions. A successful SO2 control system will incorporate features
to compensate for meteorological variability. To accomplish the parallel
gbals of acceptable air quality and operational freedom, it is essential
tha: the strategy selected be highly reliable and of a proven, commer-
cially available type.

MCS reliability was discussed in Section C5.6, By its nature, an MCS is

an active as well as reactive control system and, properly managed, can

operate continously except for failure of aerometric monitoring and/or
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communications equipment. Due to the remoteness of the project area,
the design of an MCS for the proposed facility must make special pro-

visions for system maintenance and backup instrumentation.

Otherwise the reliability of an MCS depends mainly on the degree of
conservatism in its use and the skill of its operators. Operational
history at other facilities indicates that air quality prediction
accuracy improves. with time after program initiation. Thus, the fre-
quencies of unnecessary control actions and of unanticipated air quality
excursions are both diminished by accumulated experience with the pro-
gram. The construction and startup schedule for the project includes a
planned increase of generating capacity from 500 to 2000 Mw over a
3-year period. The plan for a gradual increase to the emission levels
assumed in this study affers an excellent opportunity to gain experience
during the interval when the air quality consequences of operational
mistakes will be less serious., It is highly recommended that any MCS
program be operated from the onset of electric power generation. Such a
system, conscientiously operated with routine évaluation and improve-
ment, should be capable of extremely high reliability for the 2000 Mw
plant,

Flue gas desulfurization is as yet a developing technology. Scrubbers
of the type’described in this report have been operated effectively at
other coal-fired generating plants. Technical problems are common
during the initial operating phase, but can be overcome with intense

manpower and economic commitments.l4

The opportunity to gain opera-
tional experience while individual 500 Mw units at the Hat Creek Project
are gradually brought inte service is again an important assurance for
successful air quality control with the completed facility. Reliability
will also be achieved by means of equipment redundancy, since any
individual scrubber unit will have an availability considerably below
100% during the lifetime of the plant. FGD downtime is independent of
meteorological conditions; thus, failures occurring in all or part of
the sc¢rubber system could eventually lead to high ambient SO2 concen-

trations. In addition, load variations and associated scrubber
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inefficiencies add to the potential for ambient air quality violations
during startup and shutdown periods. However, as noted in Section Cé6.0,
modeling results :ndicate that an FGD system used with 2 366 m stack

will limit the frequency of such events to a very small number per year.

The reliability of an FGD system or MCS also depends on the technical

and commercial feasibility of the program. An MCS must be tailored to
account for site-specific terrain, meteorclogy, and plant load scheduling,
Operation of this type of emission control program requires more effort
in certain locations, e.g., areas with complex topography or where
weather systems associated with high ambient concentrations are diffi-
cult to forecast. Similarly, technical problems are to be expected with
installation of scrubbers at a given facility. FGD operation for the
proposed project will necessarily involve special 'custom-fitting'

to accomodate the particular qualities (high ash and moisture, low

sulfur, and heating value) of the Hat Creek coal.

C7.2 ECONOMICS

An MCS can be designed to prevent 3-hour and 24-hour SO2 concentrations
from exceeding the respective zir quality criteria. On the other hand,
an FGD system with full flue gas scrubbing is expected to maintain S0,
concentrations at levels well telow the air quality criteria continuously.

A consideration of the costs of MCS versus FGD is useful to assess the
overall differences between the two control strategies,

Table C7-1 lists estimated total MCS capitalized owning and operating
costs. They include the necessary lower-sulfur coal storage and equip-
ment costs and annual charges for operation, maintenance, and electric
power based on the firing of lcwer-sulfur coal for approximately 195 hours
per year {366 m stack, 80% control guidelines). The expected costs also
include those for the MCS itself, including the necessary air quality

and meteorvlogical instrumentation, as well as the meteorological/air

quality forecasting and analysis services.
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The MCS cost figures in Table C7-1 for the generating station have been

supplied by Ebasco.14

MCS implementation would require a stockpile of
lower-sulfur coal that would have to be separately mined and segregated
from the normal blended coal feed. Otherwise, the MCS needs no raw

materials and has no significant energy consumption.

Table C7-2 summarizes the economics and energy consumption of FGD for
the Hat Creek Projéct. All the costs were obtained from Ebasco.14

The values listed in the tables show that capitalized costs for FGD
systems are about 37 times higher than for an MCS. Obviously from

an economic point of view, installation and operation of an FGD system
is a major undertaking. A significant part of the cost is the energy
needed to operate the system. Approximately 2% of the energy produced
by the plant would be consumed to support partial scrubbing. This does
not include the energy costs of reagent procurement and transport or of
sludge disposal.

Cost effectiveness of MCS and FGD may be examined from the standpoint of
dollars per incremental reduction in maximum SO2 concentrations for
various averaging times. Table C7-3 lists the highest predicted annual,
24-hour, and 3-hour SO2 concentrations for uncentrolled (coal blending)
emissions with both a2 244 m and a 366 m stack, for an MCS with a 244 m
stack, and for FGD with a 366 m stack.

An MCS will reduce the maximum annual average 50, concentration by 2 'ug/m3

for about $9 million, while FGD will provide a 42ug/m3 reduction for
approximately $341 million. Similarly, the MCS is predicted to lower

the highest 24-hour level by 255 ng/m>, the FGD by 200 ug/m>. Corres-
ponding reductions of maximum predicted 3-hour concentrations are 174 ug/m3
and 3383 ug/ms, respectively., Thus, in terms of expenditures per incre-
mental air quality improvement, the FGD system is about 19 times more
expensive than MCS for reducing the maximum annual average, 48 times
costlier for reducing the peak 24-hour average, and 17 times higher in

cost per unit reduction of the 3-hour average concentration.
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ECONOMICS FOR [MPLEMENTATION OF AN MCS

1977 Capital Cost of Coal Handling Equipment
Inflated to 1984 dollars @ 1.46 factor

1984 Capital Cost of Monitoring Equipment
Total Capitalized Cost

Annual Capitalized Cost @ 3% of Capital Cost
Operating Cost of Monitoring Equipment

Total Capitalized and Operating Cost Per Year

Total Capitalized Owning and Operating Cost

C7-5

$ 2,000,000
2,920,000

2,450,000
$5,370,000
$ 88,000

500,000
$71,404,000

$ 9,236,000
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- For the overall emissions burden of SOz, FGD systems would result in the
lowest annual emissions. There is considerable uncertainty in quantifying
costs associated with the effects of SO2 emissions on the environment,
especially if the ambient concentrations are below reported thresholds
of significance. The long-range transport of sulfur oxides and the
subsequent potential for subtle effects on the environment are poten-
tially important considerations, but very difficult to evaluate in the
context of econemic anmalysis, Thus, the benefits (if any)} resulting
from continuously reduced emissions cannot be readily calculated in the

Hat Creek Project case,

On the other hand, the long-term envirommental effects of sludge dis-
posal are potentially adverse. In particular, an FGD system would
result in a heavier particulate burden to the atmosphere, since fugitive
emissions from the spent slurry and from storage and transfer of lime-
stone may adversely affect local air quality. Since the 502 levels that
would result from the Hat Creek Project with the operation of an MCS are
below those levels that are considered necessary for the protection of
human health and welfare (see Appendix G, Epidemiology) it appears that
an MCS is_an acceptable, cost effective, and preferable way to maintain

air quality below ambient guidelines assumed in this study.

c7-6



ENVIRONMEN T/ AESEARCH & TECHNOLOGY INC

TABLE C7-2

ECONOMICS FOR IMPLEMENTATION OF A PARTIAL FGD*

Total Investment Costs $252,540,000
Annual Owning and Operating Costs

Fixed Charge on Investment

at 0.152 Fixed Charge Rate 38,386,000
Capacity and Replacement

Energy Charge 4,056,497
Water Consumption 506,000
Reagent Consumption 1,172,000
Operating Lator Costs 2,236,000
Maintenance Material and Labor 5,523,000
Total Owning and Operating Costs ¥ 51,829,497
Total Capitalized Owning and

Operating Costs : $340,983,533

*Des:.gned for 54% sulfur removal.
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TABLE C7-3

PREDICTED MAXIMUM SO, CONCENTRATIONS (ug/m”) FOR
SELECTED EMISSION CONFIGURATIONS

Annual 24 -Hour 3-Hour
Uncontrolled base plant
With 244m Stack 9.1 515 829
Uncontrolled Base Plant
With 366m Stack 8 408 749
MCS with 244m Stack 7.1 260 655
Partial FGD with 366m Stack 4.1 208 366

Cc7-8
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A[JDENDUM A

{A) 1.0 DESCRIPTION OF ERT DYNAMIC EMISSION
CONTROL ANALYSIS (DECA)} PROGRAM

This addendum describes the ERT computer program DECA (Dynamic Emission
Control Analysis), which was used to assess the feasibility of a meteo-
rological control system (MCS) in the Hat Creek area., Each DECA appli-
cation simulates a series of alternative two-fuel MCS strategies
corresponding to the various combinations of candidate source primary
fuel and control threshold specified by the user. For simplicity, the
mode.. description presented here demonstrates the analysis procedures
for a single such MCS. It is assumed for purposes of this discussion
that ambient standards for 1-, 3-, and 24-hour pefiods are in effect,
although only the 3-hour and 24-hour switching thresholds were con-
siderred in this study.

Sequential hourly centerline concentrations attributable to switching
units of the candidate source and concurrent backgroun& values are read
for z2ach 24-hour period of the data record. For each hour of the day,
the program scans downwind receptors to determine the minimum value of
P* (j), that is, the fuel sulfur content of the switching source that
just results in a total concentration (switching source plus background
contributions) equal to the one hour threshold at the jth receptor.

This quantity may be computed on the premise that concentrations due to
the switching source vary in direct proportion to its emissions. F* (j)

is thus defined by the relationship
. .
ci) x —H) ¢ () = xC (A-1)
P B s
Nom
where:
C({j} 4is the SO2 concentriation due to switching units at jth receptor;

PNom is the fuel sulfur content for switching units assumed in the

HCM calculations;

Cb(j) is the background 802 concentrations at jth receptor;

(A)-1
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r 1is the fraction of hourly standard specified as the threshold

concentration for initiation of a switch

C; is the applicable hourly ambient S0, standard

The primary (high sulfur) fuel content P . is compared with the minimum

H
P* (j) for each hour. If P* (j]min 3_PH, ne switch is necessary, and
in - . rs

the value of C (j) is multiplied by PH/PNom' If P (JJmin > PH, a
switch to the secondary fuel PL is required to avoid an excess of the
threshold concentration at one or more receptors. The values of C(j)

are then scaled by PL/PNom. If p* (j)min < P,, the switch to the secondary

L!
fuel will not prevent the excess{es) for this hour. For such cases, the

values of C(j) are scaled to simulate a switch to P , but the resulting

L)
violations are recorded. '

Centerline (peak) concentrations due to source emissions are considered
appropriate for evaluation of compliance with l-hour average objectives.
However, since wind direction inputs for each hour are specified according
to 22.5° sectors only, the use of hourly plume centerline peaks to

calculate long term averages at specific receptors may introduce unrealistic
conservatism in the 3-hour and 24-hour anaiyses. A more appropriate

hourly value for use in determining mean values for these time periods

in some suitable average value expected to occur at the receptor over an
hour, If a uniform distribution of pellutant mass contained in the

portion of a Gaussian profile confined to a 22.5° sector is assumed, the

expression for this hourly average concentration C(j) is given by:

Zr o mx/16
TW =B Tgs A (-2
Y

o

where C(j) is the centerline {peak) concentration at downwind distance

X, and ¢ depends upon atmospheric stability. The DECA model incorporates these
averaged hourly source contributions for purposes of computing 24-hour
concentrations., In addition, since natural wind variability is great for

(A)-2
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certzin weather conditions, namely light wind/stable situations, the
user may specify that this sector averaging be employed selectively in

forming 3-hour average concentrationms.

For each 3-hour period, averages of the C(j) and corresponding average
background concentrations (considered to be 0 in this study) are cal-
culated. Values of P* (j) for each 3-hour period are then determined by
an expression analogous to Equation A-1., For multiple-hour averaging

periods, however, the term corresponding to P in Equation 1 must be

Nom
adjusted to reflect scaling of the hourly concentrations as discussead

below,

Assume that the 3-hour average contribution of the switching source may

be expressed as follows:
T, G) = M, () . Py () (A-3)

wher: P.i is either PH or PL as determined in the hourly analysis.

ﬁg, the 3-hour equivalent fuel sulfur content, may thus be written

3
r ¢ )
5 s i=1
P3 (J) = 3 C. (J) (;"4)
I =5
i=1 i

This quality corresponds to P in Equation 1.

Nom

Three-hour values of P* (j)min are compared with PH and PL to determine
whether fuel-switching is required to maintain total concentrations
below the corresponding threshold value. If a switch to PL is neces-
sary, it is assumed to take effect for the full three hours. If use of
the secondary fuel during this period does not prevent an excess of the

applicable 3-hour threshold, this fact is noted and recorded.

(A)-3
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Daily average concentrations due to the switching source Eé4 (i) are
calculated from the 3-hour averages. Twenty-four hour average back-
ground values (considered to be 0 in this study) are computed for each
receptor. The 24-hour P* (j) are computed similarly to the 3-hour

values, using

24
z ¢, )
= . i=1
Pag ) 33 )
5 Ci (i)
i=1 P,
1

It is obviously desirable to minimize the number of physical switches
required during the analysis period, Thus, if further switching is
necessary to achieve the daily threshold, the program checks to see
whether the previous daily period ended with use of the secondary fuel.
If so, additional hour-by-hour switches proceeding from the beginning of
the day under investigation are required. If the previous day did not
end in switch mode, any hourly adjustments to achieve the daily thres-
hold are assumed to proceed in backward steps from the 24th hour of the

present day,

After a daily record of input data has been analyzed in terms of compliance
with the 1., 3-, and 24-hour thresholds, the constraints of minimum

switch length and interval are imposed before each completed switch is
categorized by length and added to the total number of hours of secondary
fuel use. Tables summarizing the required SCS operational procedures

are generated for each year of the analysis period. Total annual

average concentrations as well as the contribution of the switching

source to the average values are calculated to document the performance

of the SCS in terms of the annual SO2 standard.

(A)-4
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ADDENDUM B

(B)1.0 DETAILED RESULTS OF AIR QUALITY MODELING STUDIES
FOR ALTERNATE SO2 CONTROL STRATEGIES

(B)1.1 INTRODUCTION

This Addendum consists of pictorial'representations of the results of

air quality meodeling studies performed to estimate air quality effects

of the proposed Hat Creek Project. This form of presentation is designed
primarily to provide information for use in evaluating potential

impacts of plant emissions on vegetation, wildlife, recreational
facilities, and population centers in the project area. Results for

both the local (within 25 km) and regional (between 25 and 100 km)

are presented.

Two types of figures are provided: ({1} isopleths of annual and seasconal
average contaminant concentrations; and (2) isopleths representing
percent frequencies of predicted short-term concentrations above pre-
specified thresholds. Figures of the latter type were prepared for

averaging times of 1-, 3-, 8-, and 24-hour averaging periods.

Local modeling results are presented separately for the three air
quality control systems considered in the simulations: FGD (366 m
stack); MCS with a 366 m stack; and MCS with a 244 m stack.

With the exception of the annual average concentration isopleths, all
results are presented for 802. Seasonal average concentration estimates
for other contamirants may be estimated by scaling the plotted 302 values
by emission factors provided in Table (B)-1. Similarly, the frequencies
corresponding to predicted short-term excesses of various SO2 thresholds
may be interpreted to represent the frequencies of exceeding thresholds
for other contaminants, as calculated by multiplying the 802 values by

the emission ratios.
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TABLE (B)-1

DESCRIPTION OF AIR QUALITY MODEL RESULTS

Emissicn
Figure Study Figure Control Stack Averaging Threshold Factor
No. Area Type- Strategy‘ Height (m) Time Contaminant {rg/miyd Type”

{B)-1 Local Cone. FGD 366 Annual sC. A
(B)-2 Local Conc. FGD 366 Winter 50; A
(B)-3 Local Conc. FGD 366 Spring SOz A
(B)-4 Local Cone. FGD 366 Summer sa, A
(B)-5 Local Conc. FGD 366 Fall 50; A
(8)-6 Local Freq. FGD 366 i-hr s0., 100 A
(8)-7  Local Freg. FGO 366 L-hr 50, 223 A
(8)-8  Local Frea. FGD 366 l-hr S0, 150 A
(B)-9 Local Freq. FGD 366 3-hr SO: 130 A
{B)-10 Local Freq. FGD 66 - 3-hr 50; 300 A
{8)-11 Local Freq. FGD 366 §-hr 502‘ 150 A
(8)-12 Local Freg. FGD 366 §-hr 50, 300 A
{8)-13 Local Freq. FGD 366 24-hr SO: 160 A
{B)-14 Local Conc. FGD 366 Annual NO..

{B}-15% Local Cone. FGD 366 Annual NG,

{8)-16 Local Cone. FGD 366 Annual ?Si;

(B)~i7 Local Cone. MCS 356 Annual SO: B
(B)-18 Local Conc. MCS 366 Winter 5Q, B
(8)-1¢ Local Conc. MCS 366 Spring SO.-, B
(B)-20 Local Conc. MCS 366 Summer SO: B
(8)-21  Loeal Cone. S 366 Fall 50, . 8
(8)-22 Local Freq. MCcs 366 1-hr SD.-, 100 8
(B)-23 Local Freq. MCS 366 1-hre SO.-. 225 B
(8)-24  Local Freq. S 366 - 1-hr s0. 150 B
(B})-25  Local Freq. aS 366 1-hr " so. 900 B
(B)-26 Local Freq. MCS 366 1-hr SO: 1300 B
(B)-27  Local Freq. S 366 3-he 50, 150 8
(B)-28  Local Freq. MCS 366 3-hr s0,, 300 B
(B)-2¢9 Local Freq. MCS 366 8-hr 50: 150 B
(B)~30 Local Freq. Cs 366 8-hr SO: 300 B
(8)-31  Local Freq. \CS 366 24hr s0. 160 8
(B)-32  Local Cone. o 244 Annual 50, B
(B)-33 Local Cone. MCS 244 Winter 50: 8
(8)-34 Local Cone. MCS 244 Spring 50: B
(B}-35 Local Cong. MCS 244 Summer SD: ]
(B)-36 Local Conc. MCS 244 Fall 50; B
(B)-37 Local Freq. MCS 244 l-hr s0, 100 B
(8)-38  Local Freg. ¥CS 242 1-hr 50, 228 3
(8)-39 Lacal Fregq. MS 244 1-hr Sc}l2 450 B
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TABLE (B)-1 (continued}

Emission

Figure Study Figure Control 3tack Averaging Threshold FactoTr
No. Area Typel Strategy Height {m) Time Contaminant {ng/m3)3 Type®
(B)-40 Local Freq. MCS 244 1-kr 502 300 B
(B)-41 Local Freq. MCS 244 1-hr 502 1300 B
(B)-42 Local Freq- MCS 244 3-hr sa, 150 B
(B)-43 Local Freq. MCS 244 3-hr 50, 300 B
(B)-44 Local Freq. MCS 244 8-hr SO2 150 B
(B)-45 Local Freq. MCS 244 B-hr SO2 300 B
(B)-46 Local Freq. MCS 244 24-hr 502 160 B
(B)-47 Regional Conc. UNC 366 Annual SO2 B
{(B)-48 Regional Dep. UNC 366 -Annual SO2

{B)-49 Regional Conc. UNC 366 Winter 502 B
(B)-50 Regional Dep. UNC 366 Winter SO2

{B}-51 Regional Conc. UNC 366 Spring so, B
(B)-52 Regional Dep. UNC 366 Spring 502

{B}-53 Regional Conc. UNC 366 Summer SO2 B
(B)-54 Regional Dep. UNC 366 Summer 502

(B)-5% legional Conc. UNC 366 Fall 302 B
(B)-56 legional Dep. UNC 366 Fall SO2

(B)~-57 Regional Cong. UNC 366 Annual SOZ

(B}-58 egional Dep. UNC 366 Annual SO;

(B)-59 Regional Conc. UNC 366 Annual NO2

(B)-60 legional Dep. UNC 366 Annual N02

(B)-61 llegional Cone. UNC 366 Annual NO

{B)-62 Regional Dep. UNC 366 Annual NO

(B)-63 hegional Cone. UNC 366 Annual TSP

{B)-64 Fegional Dep. CUNC 366 Annual TSP

lFigure Tyye:
Comc. - Average Ambient Concemtration for Correspending Averaging Time
Dep. - Average Depositicn Rate
Freq. - Frequency of Predicted Concentrations Greater than Thresheld Value
2Control Strategy:
FGD - Flue Gas Desulfurization
MCS - Meteorclogical Control System
UNC - Uncontrolled Emissioms
3Threshold:

Concentration (ug/ms) corresponding to frequency of excesses.

4Emission Factor Type:
Factors used to estimate concentrations of other contaminants from plotted 502 values
in the figures.
A - Factors for NO, Noz, (X, HC, TSP are 0.55, 0.84, 0.12, 0.04, 0,27,

Fautors for Fluoride, Lead, Zine, Cadmium, Mercury, and Arsenic are 0.0017, 0.000017,
0.40002, 0,000001, 0.00004, 0.00013, ressectively.

B - Factors for NO, NOZ' 3, HC, TSP are 0.121, 0.61, @.06, 0.02, 0.12.

Factors for Fluoride, lead, Zinc, Cadmium, Mercury, and Arsenic are 0.0008, 0.000008,
0.00001, 0.0000005, 0.00002, 0.00007, respectively.
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3
Concentrations (ug/m ): 366 m Stack with

Uncontrolled Emissions (Regional Scale)
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Figure {B})-52

Predicted Seasonal Averaged SO2 Deposition
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Figure (B)-54
Predicted Seasonal (Summer) Averaged SO
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Figure (B)-55
Predicted Seasonal (Fall) 802 Concentrations
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Figure (B)-56
Predicted Seasonal (Fall) Averaged 502
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Figure (B)-57

Predicted Annual Averaged 504= Concentrations|

-2 3
(10 "ug/m"): 366 m Stack with Uncontrolled

Emissions (Regional Scale)
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Figure (B)-58
Predicted Annual Averaged SO4= Deposition
-3 2
Rates (10 "ug/m /sec}: 366 m Stachk with

Uncontrolled Emissions (Local Scale

(B)1—1194

et

e

N




ENVIROMMENTAL AESEARCH & "EN0LOGY INC

!

’

Andarson - ¢

luien‘\

&

100Mita House

SCALE ~ 1: 750,000
O Kllometrem 0 20 30 40 80

CONTOUR INTERMBL - 500 METRES

. e

BRITISH COLUMBIA
HYDRO AND POWER AUTHORITY
HAT CREEK PROJECT

DETAILED ENVIRONMENTAL STUDIES

Figure (B)-59
Predicted Annual Averaged NO, Concentrations
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Figure (B}-63
Predicted Annual Averaged TSP Concentrations
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ADDENDUM C

(C}1.0 IMPACT ASSESSMENT MATRICES

{C)1.1 EXPLANATION OF IMPACT MATRICES

This Addendum consists of matrices indicating the predicted impact of
the Hat Creek Project on the air resource in its vicinity. The purpose
of these matrices is to iden:ify for each type of impact: (1) the cause
of the impact; (2) the affected resources; and (3) the area over which
the impact will occur. Quantitative definitions of the 'air rescurce’
and 'impacts' on this resource are difficult; for purposes of this
discussion, the amount of the resource 'used' by the project is stated
in terms of a fraction of the applicable ambient guideline. For this
reason, only contaminants for which such guidelines exist are considered
in the analysis. After examining predicted effects for all these con-
taninants, it was decided to prepare matrices only for sulfur dioxide
(502] and total suspended particulates (TSP} frdm the power plant and
TSP from the coal mine. Air quality effects due to other contaminants

are considered negligible.

In the matrices, impacts are presented separately for each of four

zones: Zone A includes the site and immediate environs; Zone B is an
ellipse centered at the site with a north-south semi-major axis of 30 km
anc. an east-west semi-minor axis of 20 km; Zone C is a concentric ellipse
with semi-major and semi-minor axes of 60 and 32 km respectively;

Zore D is a circle centered at the site with 100 km radius. A fifth
zone, Zone E, includes the remainder of the Province of British Columbia,

but no significant impacts on this scale have been predicted.

The percent commitment of the air resource associated with Project
operation is determined from the fraction of the appropriate guideline
corresponding to the maximum predicted concentration. Averaging times

of 3 hours, 24 hours, and 1 year are considered for SO.; 24-hour and
4
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annual average TSP concentrations were examined. The assumed guidelines
for 3-hour, 24-hour, and annual SO, concentrations are 655, 260, and

25 ug/ms, respectively. The values for 24-hour and annual TSP concen-
trations are 150 and 60 ug/ms. Separate matrices were prepared for
effects due to the power plant and coal mine.

Existing air quality over most of the study region is classified as
indeterminate (I), but, in view of the lack of major nearby sources,
presumed high (H). Measurement data are available only for TSP levels
in the Hat Creek Valley (Zone A). For this area, present air quality is
designated as high (H) in the matrices.

Significance of impacts is determined by the fraction of the appropriate
guideline represented by the maximum predicted cancentration for the
averaging time in question. This is somewhat unsatisfying in terms of
contaminants for which more than one guideline exists, since the impact
is generally different for each averaging time. The annual average is
probably the most appropriate value for judging the amount of the air
quality resource that will be 'used' by operation of the Hat Creek
Project, because 3-hour and 24-hour peaks generally occur only once and
at only one locaticn. The Impact Assessment Matrices for SO2 and TSP
follow in Tables (C)}-1 through (C)-12.

(Cy1-2
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TABLE (C)-1

IMPACT MATRIX FOR INCREMENTAL 3-HR SULFUR DIOXIDE CONCENTRATIONS DUE TO HAT
CREEK POWER PLANT: FLUE GAS DESULFURIZATION WITH 366 m STACK

Amount ‘ Impact Significance
Absolute Existing
Resource (ug/m3) % Resource Quality Low Insignificant
3-hr SO
Concentration
ZONE A 0 0 H/1
ZONE B
R-1 267 41 H/1
B-2 102 16 H/X X
B-3 227 35 H/I
B-4 366 56 H/T
ZONE C
Cc-1 84 13 H/I X
Cc-2 94 14 H/T X
c-3 51 8 H/I X
C-4 127 19 H/I X
ZONE D H/1 X
Concentration
Estimates not
Available

Dhit ADOTONMDZEL Y HOMYIE3 TWININDEIANT
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Resocurce

3-hr SO
Concent%ation

ZONE A

ZONE B
B-1
B-2
B-3
B-4

Z0ONE C

Cc-1

c-2

c-3

C-4
ZONE D
Concentration

Estimates not
Available

TABLE (C)-2

IMPACT MATRIX FOR INCREMENTAL 3-HR SULFUR DIOXIDE CONCENTRATIONS DUE TO HAT
CREEK POWER PLANT: METEOROLOGICAL CONTROL SYSTEM WITH 366 m STACK

Amount Impact Significance
Absolute Existing
gug/mag % Resource Quality Extreme High Moderate lLow Insignificant
0 0 H/1 X
498 76 H/1
187 29 H/T
645 98 H/1
647 99 H/1
356 54 17; X
185 28 H/1
97 15 H/1

193 29 H/1

H/ X

N ADOMOEL T HOMNBEEY WANBNNOUANS
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TABLE ({C)-3

IMPACT MATRIX FOR INCREMENTAL 3-HR SULFUR DIOXIDE CONCENTRATIONS DUE TO HAT
CREEK POWER PLANT: METECROLOGICAL CONTROL SYSTEM WITH 244 wm STACK

Amount Impact Significance
Absolute Existing

Resource gug/m3) % Resource Quality Extreme High Moderate  Low Insignificant
3-hr SO
Concentration
ZONE A 0 n H/T X
ZONE B

B-1 568 87 H/T

B-2 276 42 H/T

B-3 648 99 H/1

B-4 647 99 H/I
ZONE C

C-1 269 41 H/1

c-2 232 35 H/1

C-3 132 20 H/I X

Cc-4 197 30 H/I
ZONE D H/T X
Concentration
Estimates not
Available

DN ADCOONHORL B HOWYES St WANSIWNOEIANS
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Resource’

24-hr SO
Concentration

ZONE A

ZONE B
B-1
B-2
B-3
B-4

ZONE C
C-1
c-2
c-3
C-4

ZONE D

Concentration
Estimates not
Available

TABLE (C)-4

IMPACT MATRIX FOR INCREMENTAL 24-HR SULFUR DIOXIDE CONCENTRATIONS DUE TO HAT
CREEK POWER PLANT: FLUE GAS DESULFURIZATION WITH 366 m STACK

0 ASCNDNEDRL S HOWYEERY T LNEPOWANG

Amount Impact Significance
Absolute Existing
(uglm3) % Resource Quality Extreme High Moderate Low Insignificant

0 0 H/1 X
138 53 H/I
102 39 H/1

76 29 H/ 1 X
200 77 H/1 X

47 18 H/ 1

67 25 H/1

11 4 H/ 1T

63 24 H/X

H/1 X
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THAMAMT MATNDTV
ALTAL MV [y ' W LY W, N

CREEK POWER PLANT:
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TABLE (C)-5

CoATT TR
N Junru

METEOROLOGICAL CONTRO

AT 8% ol IR ATIATIAT A T T Ma v EaTy ML )
ALLL GOUNUENLIREALLUND UUL 11U TIAL

G
L SYSTEM WITH 366 m STACK

Amount Impact Significance
Absolute Existing

Resource !ug/m3) % Resource Quality Extreme High Moderate  Low Insignificant
24-hr SO
Concentration
ZONE A 0 0 X
ZONE B

B-1 252 97 H/I X

B-2 183 70 H/I X

B-3 158 61 H/1 X

B-4 140 100 H/1 X
ZONE C

Cc-1 99 38 H/T X

c-2 134 52 H/1 X

Cc-3 45 17 H/I X

C-4 79 30 H/T X
ZONE D H/T X
Concentration
Estimates not
Available

DN ADOTIONHOTEL ¥ HOBYISTH TWLNSIWNOBIANT
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Resource

24-hr SO
Concentration

ZONE A

ZONE B
B-1
B-2
B-3
B-4

ZONE C

c-1

c-2

c-3

C-4
ZONE D
Concentration

Estimates not
Available

IMPACT MATRIX FOR INCREMENTAL 24-HR SULFUR DIOXIDE CONCENTRATIONS DUE TO HAT

CREEK POWER PLANT: METEOROLOGICAL CONTROL SYSTEM WITH 244 m STACK

TABLE (C)-6

Amount
Absolyte Existing
(ug/m¥) % Resource  Quality Extreme
0 ]

260 100 H/1
250 926 H/I
159 61 H/1
237 91 H/T
84 32 H/I
149 57 H/I
21 8 H/T
66 25 H/1

H/1

High

Impact Significance

Moderate Low Insignificant
X
X
X
X

ONI ADDIONHORL T HOWYEER TYLNDINNOMANT
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TABLE (C)-7

IMPACT MATRIX FOR INCREMENTAL ANNUAL SULFUR DIOXIDE CONCENTRATIONS DUE TO HAT
CREEK POWER PLANT: FLUE GAS DESULFURIZATION WITH 366 m STACK™

Amount Impact Significance
Absolute ' Existing
Resaurce { ug/m3 ) % Resource Quality Extreme High Moderate  Low Insignificant
Annual
Concentration
ZONE A 0 0 H/I . X
ZONE B
B-1 4,5 8 H/I X
B-2 4.0 7 H/1 X
B-3 2.1 4 H/IT X
B-4 2.9 5 H/T X
ZONE C
c-1 0.6 1 H/1 X
c-2 1.2 2 H/1 X
c-3 1.2 2 H/ I X
C-4 0.5 1 H/I X
ZONE D 2
D-1 6.4 1 H/I 4 %
D-2 1.3 2 H/T X %
D-3 : 1.3 2 H/1 X %
D-4 0.3 1 K/ 1 X 2
4
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TABLE (C)-8

IMPACT MATRIX FOR INCREMENTAL ANNUAL SULFUR DIOXIDE CONCENTRATIONS DUE TO HAT
CREEK POWER PLANT: METEOROLOGICAL CONTROL SYSTEM WITH 366 m STACK

SN ADC IONHORL B SOWY BRI WANRIHOWANT

Amount Impact Significance
Absolute Existing
Resource !ug/ma) % Resource Quality Extreme High Moderate Low Insignificant
Annual S0
Concentra%ion
ZONE A 0 0 H/X X
ZONE B
B-1 3.6 6 _ H/I X
B-2 5.1 _ 9 H/1 X
B-3 ' 8.3 14 ) H/I X
B-4 7.0 12 H/1 X
ZONE C
C-1 0.6 1 H/I X
C-2 1.2 2 H/I X
c-3 1.2 2 H/T X
C-4 0.5 1 H/1 X
ZONE D
D-1 0.4 1 H/I X
n-2 1.3 2 H/1 X
B-3 1.3 2 /1 X
D-4 0.3 1 H/1 X
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TABLE {C)-9

IMPACT MATRIX FOR INCREMENTAL ANNUAL SULFUR DIOXIDE CONCENTRATIONS DUE TO HAT

CREFK POWER PILANT: METHECORCLOGICAL CONWTROL SYSTEM Witn Z44 m STAUK

Amount Impact Significance
Absolute Existing .
Resource (ug/m3) % Resource  Quality Extreme  High  Moderate Low Insignificant
Annual SO,
Concentragion
ZONE A 0 g 1] . H/T X
ZONE B
B-1 : " 4.9 8 H/I X
B-2 6.8 i1 H/1 X
B-3 9.3 16 H/1 X
B-4 7.7 13 H/I X
ZONE C
C-1 0.6 1 H/I X
c-2 1.2 2 H/1 X
C-3 1.2 2 H/I X
C-4 0.5 1 H/1 X
ZONE D
D-1 G.4 1 H/I X
D-2 1.3 2 H/I X
D-3 1.3 2 H/1 X
D-4 0.3 1 H/I X

"ONEADO TONHOEL ¥ HOMYISTH TYINSINNONANT



Z1-1(2)

TABLE (C)-10

IMPACT MATRIX FOR 24-HR TOTAL SUSPENDED PARTICULATE CONCENTRATIONS DUE TO
HAT CREEK POWER PLANT: UNCONTROLLED EMISSIONS

ON ADODNTRL T SEOMVEEIY TYANDINOWANS

Amount Impact Significance
Absolute Existing

Resource gug/m3) % Resource Quality Extreme High Moderate  Low Insignificant
24-hr S0
Concentrgtion
Z0NE A 0 0 H/1 X
ZONE B

B-1 31 21 H/I X

B-2 23 15 H/1 X

B-3 19 13 H/1 X

B-4 32 21 H/T X
ZONE C

C-1 12 8 H/1 X

Cc-2 17 11 H/T X

c-3 6 4 H/1 X

C-4 10 7 H/I X
ZONE D . W/ X
Concentration

Estimates not
Available
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Resource

Annual TSP
Concentration

ZONE A

ZONE B
B-1
B-2
B-3
B-4

ZONE C
c-1
C-2
C-3
c-4

ZONE D
D-1
u-2

D-4

TABLE (C)-11

IMPACT MATRIX FOR ANNUAL TOTAL SUSPENDED PARTICULATE CONCENTRATIONS DUE TO

AT Ooprm

v "
LT3 % S WTLA ) S L

POWER FLANT:  UNCONTRULLED EMISSIONS

Amount Impact Significance
Absolute Existing
!ug/m3) % Resource Quality Extreme High Moderate  Low Insignificant
0 0 H X
0.6 1 H/I X
0.8 1 H/IT X
1.2 2 H/T X )
1.0 2 H/I X
.07 <1 H/I X
.15 <1 H/T X
15 <1 H/I X
. 06 <1 H/1 X
.05 <1 H/T X
.16 <1 H/I X
.16 <1 H/I X
.04 <1 H/I X

DN ADOIONHDEL 1 HOUYIS Y TYLNIMNOMIANS
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TABLE (C)-12

IMPACT MATRIX OF 24-HR AND ANNUAL TOTAL SUSPENDED PARTICULATE
CONCENTRATIONS DUE TO HAT CREEK MINE

DN ADOIOMHORL ¥ bOMVEEDY WINRNNOMANT

Amount Impact Significance
Absolute Existing
Resource guglm3) " % Resource Quality Extreme High Moderate Low Insignificant
24-Hr TSP
Concentration
ZONE A 400 >100 H X
ZONES B, C, D H
No Concentration
Estimates Available
Annual TSP
Concentration
ZONE A 260 >100 H X
ZONES B, C, D . H
Concentration

Estimates not
Available
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