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SUMMARY AND ACKNOWLEDGMENTS

Air quality impacts for a proposed 500-MWe powef plant in the Upper Cook
Inlet are analyzed using screening-level] models as a means to study coal devel-
opment in Alaska. Simulation cases were run that examined impacts of controls
on sulfur dioxide emissions. Results indicated that the highest concentrations
of sulfur dioxide occur for the uncontrolled case whereas lower plume rise A
causes maximum concentrations of nitrogen dioxide and total suspended particu-
lates when sulfur dioxide emissions controls reduce plume rise. Plume inter-
actions with terrain result in maximum plant impacts and indicate a sensitivity
of results to plant location.

Analysis of visibility degradation and sulfate formation indicated small
plant impacts on the Cook Inlet.

The generic plant simulated at Beluga would be in compliance with federal
and state standards when sulfur dioxide emissions are controlled but would
exceed prevention of significant deterioration (PSD) increments for sulfur
dioxide if emissions are not controlled, which would indicate, when model con-
servatism is considered, a need for further studies if sulfur dioxide emissions
were not controlled. Impacts for a plant significantly different from the
generic plant in design and location would require additional stgdy.

Research for this study was sponsored by the U.S. Department of Energy,
Office of Technology Impacts, Technology Assessments Division, under Contract
EY-76-C-06-1830. The author would like to thank Mr. Robert Kerns for
assistance in data processing and to acknowledge helpful conversations with
Mr. Robert Wilson, EPA Region X, and Mr. Douglas Pottratz, Washington Water
Power Company.
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1.0 INTRODUCTION

The Beluga area in the Upper Cook Inlet area of Alaska has been identified
as a candidate site for a coal-fired electrical generating facility (Burnham
1977). The Inlet region is abundant with low-sulfur coal and is located near
the Anchorage metropolitan area. This report presents results of an analysis
of the air quality impacts of siting a 500-MWe power plant at Beluga.

1.1 BACKGROUND

Proposed mining of the Beluga coal fields would provide an abundant supply
of low-sulfur coal that could be used in power generation for Anchorage, or
for both Anchorage and Fairbanks should an intertie be completed between these
load centers. One important constraint on construction of a coal-fired power
plant is the maintenance of air quality in the air shed of the plant, which is
gauged by emissions regulations and ambient air quality standards. New regula-
tions by the Environmental Protection Agency (EPA) require simulations of plant
jmpacts as a condition for permitting plant construction. The simulation pro-
cedure (EPA 1978) follows a decision-tree approach whereby the proposed plant
is first simulated with conservative air quality models and existing or assumed
data representing the-dispersion potential of an area. If this "screening"
procedure indicates minimal impacts, a permit is issued; if it does not, fur-
ther analysis requiring more sophisticated models and/or meteorological moni-
toring is required. This study represents a "screening" investigation of the
air quality impacts of a hypothetical 500-MWe power plant at Beluga. The lack
of good site-specific meteorolagical data Timits the analysis to this
"screening" level.

The following subsections describe the primary regulations of concern in
new emission-source construction and the cases selected for simulation. Sec-
tion 2.0 presents conclusions and recommendations. Section 3.0 describes model
inputs including the plant emissions and stack parameters, meteorological data,
and the terrain setting of the proposed plant. The study assumes plant siting
near an existing generating facility at Beluga in the flat basin north of the
~inlet (Figure 1). Location of a plant in the terrain farther west of Beluga
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FIGURE 1. Location of the Beluga Plant and Terrain
Heights Greater Than 1000 Ft

could potentially cause adverse air quality impacts as a result of plume inter-
~action with the terrain. Section 4.0 provides results of the local plant.
impacts (0 to 30 km) and regional impacts of the plant on the Upper Cook Inlet.

1.2 REGULATORY ISSUES

Construction of a new bower plant in the Upper Cook in]et would require
compliance with the EPA New Source Performance Standards (NSPS) for emissions,
the National and Alaska Ambient Air Quality Standards (NAAQS, AAAQS), and the
standards for the prevention of significant deterioration (PSD) of air quality.
Applicable emissions regulations under NSPS are as follows:

. SOg - 70% control of emissions with maximum emissions at 1.2 1b per
10 BTU heat input



e Particulates - 0.03 1b per 106 BTU heat input
e Nitrogen oxides {as N02) - 0.5 1b per 106 BTU heat input

Sulfur dioxide scrubbing, as required, is a highly controversial issue

because of expense and sludge disposal problems. This problem is particularly
true in the western United States where combustion of low-sulfur coals results
in uncontrolled emissions lower than the maximum allowable.

Table 1 presents a list of National and Alaska Ambient Air Quality Stan-
dards. Differences in state and national standards exist only in the more
stringent Alaska total suspended particulate (TSP) standard. The national TSP
standard may be changed in the near future as research defines a means of
separating the fugitive dust and large particles from the respirable particle
components of total suspended particles in both monitoring and in impact

analysis.

Regulations governing the PSD serve to prevent increases in pollutant
concentrations above an increment determined by existing pollutant loading of
an area. The Upper Cook Inlet has been classified as a Class II area and new
emission sources must comply with the increments(a) in Table 2. The nearest
Class I area where more stringent increments would be applied is located at
Tuxedni Bay over 100 km south-southwest of Beluga which is beyond the impact
area of the plant.

1.3 STUDY CASES

Simulations for the dispersion of sulfur dioxide (502), particulate,
and nitrogen oxide (as NOZ) emissions for the Beluga plant were carried out
for each of the time periods in Table 1. To account for uncertainties in the
application of the New Source Performance Standards and to provide an assess-
ment of the impact of those standards in Alaska, two simulations were run for
each pollutant and averaging time. The first case represents the impacts of
combustion of Beluga coal without 502 controls whereas the second case
represents controHedSO2 and the accompanying decrease in flue gas volume
and exit temperature.

(a) The Clean Air Act as amended August, 1977. Serial No. 95-11, U.S.
Government Printing Office, Washington, 1977..
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TABLE 1. National and Alaska Ambient Air Quality Standards (ug m'3)

Maximum Allowable
Increase (ug m'3)

: Averaging
Pollutant Period National(2) Alaska(b)

S02 . Annual 80 80
24-hr 365 365

3-hr 1300 1300

TSP(C)(Geometric Annual 75 60
Means) 24-hr 260 150

NO2 Annual 100 100

(a) Federal Register, 36 (84), 8186-8222, April 30, 1971
(b) Personal Communication, Alaska Department of Env1ronmenta1 Conservat1on
(c) Total suspended particulate

TABLE 2. Increments for the Prevention of Significant
Deterioration of Air Quality for Class II Areas

Averaging Maximum Allowable

Pollutant Period Increase (ug m-3)
SO2 Annual » 20
24-hr 91
J=hr 512
Partic1es Annual 19
24-hr : 37



2.0 CONCLUSIONS AND RECOMMENDATIONS

An analysis of the local and regional impacts of siting a 500-MWe coal
burning power plant at Beluga is presented. Data for analysis of air quality
and dispersion potential in the Upper Cook Inlet of Alaska are sparse, partic-
ularly in the coal-rich area northwest of the inlet. The analysis is of the
level of a "screening" study as defined by the Environmental Protection Agency
(EPA) for the first phase of a permitting procedure (EPA 1978) as a result of
limitations of sparse data and available plant siting and operating parameters.
The main conclusion of the study is that based on current National and Alaska
Ambient Air Quality Standards (AAQS), the New Source Performance Standards
(NSPS) and the Prevention of Significant Deterioration (PSD) increments, con-
struction of a plant of the design assumed at Beluga would be approved after
the first or "screening" level of analysis. Comparative studies of a plant
without NSPS sulfur dioxide controls indicated that such a p]aht would require
additional analysis by more sophisticated meteorological data collection and
modeling to predict plant compliance to standards.

Compliance with applicable air quality standards is demonstrated by the
fraction of the standard concentrations calculated for the incremental plant
impact as follows:

Pollutant Fraction of Standard (%)
Averaging S0» Controlled SO2 Uncontrolled
Period AAQS PSD AAQS PSD
SO2 3-hr 30 77 56 142
24-hr 18 73 50 200
Annual 6 - 24 17 67
TSP 24-hr 7(6)(®) 29 6(3) 24
Annual 17(14) 54 1(1) 5
NO2 Annual 16 : (a) 14 (a)

(a) No PSD increment
(b) National Ambient Air Quality Standard comparison given in parenthesis



The most sensitive conditions for compliance are the 3-hr and 24-hr average
impacts caused by the interaction of the plume and terrain north and west of
Beluga. If SO2 emissions were uncontrolled, the "screening" analysis does
not show compiiance with the PSD increments, although more sophisticated
studies might.

Current air quality in the Upper Cook Inlet is good except for problems
with fugitive dust, mainly of natural origin, which is particularly prevalent
in the summer months. The 24-hr average TSP concentration is currently
exceeded in the Inlet area, but particulate loading by the Beluga plant would
not appear to contribute significantly to this problem.

The terrain influence of the mountains surrounding the inlet would require
that additional analyses be performed if another plant site were selected.
Maximum Beluga plant impacts as simulated are in mountains north and west of
the plant, and local-scale results are very sensitive to location.

Plant impact studies presented were made with a conservative screening
model, and therefore, plant siting at Beluga would appear feasible based on
predicted air quality. Plant configurations and locations other than those
studied may be equally favorable but more sophisticated studies may be required
as confirmation since results are sensitive to siting relative to the local
terrain.

Regional-scale impacts studied include formation of sulfate particles and
visibility impairment by these particles. Results indicate that at 100 km, a
characteristic half-width of the Cook Inlet, visual range could be decreased a
maximum of approximately 4% if SO2 emissions were controlled 70%, or approx-
imately 11% if SO2 emissions were uncontrolled. Predictions of sulfate con-
centration or any secondary pollutant would require more detailed data on air-
flow throughout the Cook Inlet air shed. Simplified estimates of annual and
24-hr average sulfate concentrations were made using an exponential decay/con-
version of SO2 to sulfate at a rate of 0.5% hr"l and no deposition of SO2
and sulfate from the plume. Results showed that concentrations would be unde-
tectable on an annual basis and approximately 0.1 ug m3 for a 24-hr concen-
tration out to distances of 100 km from the plant. These values are extremely
Tow when compared to concentrations contributing to acid rains in areas such
as the Northeast of the United States.



Results of the analysis suggest the need for the following:

A formal screening analysis as part of the permit application procedure
when a site and plant design are finalized.

A meteorological monitoring program and sophisticated modeling study if
expected plant size is significantly larger than 500 MWe or if the plant
site is moved closer to the mountains north or west of the plant.

An evaluation of data requirements should new standards for small parti-
cles or visibility be established

A determination of the attitudes of the local air quality agencies and
EPA on new emission source construction at locations with a history of
TSP standard excursions as a result of fugitive dust.
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3.0 DATA ANALYSIS

Impact assessment for power development requires an in-depth understanding
of the proposed power plant project and site-specific descriptions of plant
environment that consider terrain and dispersion potential. This section pro-
vides a description and analysis of a hypothetical power plant sited at Beluga,
the terrain setting of the plant, and the meteorological data available to
assess plant impacts. The selection of data for simulations is also described.

3.1 EMISSIONS AND STACK DATA

The impacts of coal-based electrical generation in the upper Cook Inlet
are simulated using a single 500-MWe power plant Tocated at Beluga. It was
assumed that the hypothetical plant would consist of 2 to 250 MWe units
breeched to a single stack. Prevention of Significant Deterioration requla-
tions and the New Source Performance Standards have a profound effect on the
selection of representative stack and emission parameters particularly in
regard to "good engineering practice" stack heights and flue gas scrubbing for
SO2 rgmova]. This subsection section describes data and assumptions leading
to development of a representative hypothetical plant data set for cases with
and without flue gas desulfurization.

3.1.1 Coal Firing and Stack Parameters

The typical or generic power plant is difficult to define since its design
is a function of fuel, regulation, required power output and other factors.
The generic 500-MWe plant used for Beluga studies has an assumed plant effi-
ciency of 40% with an additional 3% of power required for scrubber operation
and flue gas reheat (Rosenberg et al. 1975). The heating value of the coal
from the Beluga Coal Project seams was assumed to be 7500 BTU -1 (Pacer-

Amex 1977). Calculated values for the peak-load firing rate and flue gas rate
(assuming 15% excess air) are given in Table 3.
Stack height for the generic power plant (Table 3) was selected by

assuming a plant superstructure of 200 ft and calculating stack height based
on "good engineering practice" as defined in the Clean Air Act, which has been



- - TABLE 3. Power Plant Stack and Operating Parameters

Parameter Value
Capacity - 2 to 250 MWe units
Efficiency 40%
Scrubber Heat Requirement 3%
Scrubber Efficiency 70%

Excess Air 15%
Firing Rate (Peak 1dad) 203 t hr-l
Exit Temperature:
Scrubbed 355%
Unscrubbed 422%
Fuel Gas Rate:
Scrubbed 642 mds™1
Unscrubbed 741 m3s”!
Stack Height 150 m

Stack Diameter 6.7 m

interpreted as 2.5 times the building height. Stack diameter was calculated

from the flue gas rate assuming an exit velocity of 60 ft s'l.

3.1.2 Emissions

"Emissions for 502, NOX (as N02) and particles were calculated based
on permissible levels given in the New Source Performance Standards (Costle
1979). Values calculated are presented in Table 4, which gives both peak-load
emissions and annual average rates that were assumed to be 75% of full-load
rates.

Regulations for NOx and particles are based on plant heat input whereas
the SO2 regulation is based on heat input to obtain the absolute limit but
requires an additional factor representing emissions reduction by scrubbing.
Two cases presented examine emissions from a plant burning Beluga coal: 1)
uncontrolled SO, emissions and 2) SO, emissions controlled 70%.

10



TABLE 4. Power Plant Emissions (g 54)

Emissions Peak lLoad Annual Load
Sulfur Dioxide:

« Uncontrolled 266(2) 199

® Controlled 80 60
Particulate 17 13
Nitrogen Dioxide 277 208

(a) Sulfur content of coal 0.18% S (Pacer-Amex 1977)

3.2 TERRAIN SETTING

Impacts of an emission source are strongly influenced by terrain both 1)
in its modification of stability and wind regimes (e.g., drainage wind and
channeling), and 2) as a possible impact area at or above source plume height.
The terrain setting of the Beluga area is presented in Figure 1. The northern
part of the Cook Inlet is surrounded by the Chugach Mountains on the east,
Talkeetna Mountains on the north and the Alaska Range on the West. The loca-
‘tion of Beluga on the Cook Inlet results in near sea-level elevations in
directions north-northeast clockwise through south of Beluga to at least 30 km
from the town. The most significant terrain features are the shoreline, which
causes a transition zone in the boundary layer, and higher terrain north and
west of the town. Twenty-five to 30 km west and northwest of Beluga the ter-
rain rises to 1500 and 2000 ft. Elevations of greater than 500 ft do not occur
within 12 km of Beluga.

Terrain heights used in simulations are given in Figure 2. Since the
exact plant location is not known; the terrain profiles were selected by
choosing the highest elevation in 5-km sections along each downwind radial for
which receptors were selected.

3.3 METEOROLOGICAL DATA

The largely undeveloped state of the western shore of the Cook Inlet has
resulted in a lack of meteorological data sufficient for fine-scale dispersion
studies. This section provides a brief description of climate of the Upper

11
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FIGURE 2. Terrain Profiles Used in Beluga Simulations (ft)

Cook Inlet and a discussion of data used for impact analysis of the Beluga
power plant. These discussions are based on the sketchy data available and
expected dispersion potential based on the influence of airflows in terrain
and the land/sea interface shown by studies in other regions.

3.3.1 Climate of the Upper Cook Inlet

The Upper Cook Inlet is in a transition region of coastal maritime influ-
ences and more variable interior or continental influences (Evans 1972). Cloud
cover in the region is generally uniform throughout the year with a slight
increase in cloud cover occurring in the summer months. Fog, which is indica-
tive of the influence of the Cook Inlet as a moisture source in the cold stable
air layer, forms in periods of clear winter weather. Winds in the region are
generally from the north during winter with occasional strong gusty winds in
response to storm formation (cyclogenesis) in the Gulf of Alaska. Winds in
the summer are generally from the south (Swift et al. 1974).

Because of terrain influences, local climate can be highly variable, but
many characteristics of the Inlet climate can be determined by an examination

12



of Anchorage data. Table 5 presents a joint frequency distribution for wind
speed and atmospheric stability classes for Anchorage. The table indicates a
high frequency of stable conditions (30%) with low wind speeds that may be
typical of drainage winds during periods of stagnation or light, synoptically
driven winds. Forty-three percent of winds occur under neutral conditions
where wind speeds are in the range of 4 to 16 Kts. These winds are primarily
oriented in the north and south directions reflecting large-scale flows chan-
nelled by the Chugach Mountains. Unstable conditions occur approximately 17%
of the time predominantly as light winds from the west through northeast. The
long-term frequency distribution of wind speeds for Anchorage is given in
Figure 3.

Rawinsonde data for Anchorage have been analyzed to show the frequency of
occurrence of inversions with bases within given height intervals (Table 6).
The table indicates that low-level inversions occur most nights so that a plume
emitted from an elevated source would normally be separated from the surface '
by a stable layer. During the day, the frequency of low-level stable layers
is- reduced with solar heating and subsequent convection from the ground. No
preferred inversion base height above the surface is indicated in the data.

TABLE 5. Joint Frequency Distribution of Stability
and Wind Speed Frequency (%)

Windspeed (Kts)

Stability 1 to3 4 to6 7 tol0 11 to 16 17 to 21 21 Total
A 0.03 0.00 0.00 0.00 0.00 0.00 0.03
B 2.16 1.59 0.53 0.00 0.00 0.00 4.29
C 5.62 4.36  2.62 0.07 0.00 0.00 12.68
D 6.9 19.06 14.04 10.40 1.97 0.57 52.96
E 0.00 7.15 2.03 0.00 0.00 0.00 9.18
F 16.30 4,57 0.00 0.00 0.00 0.00 20.87
Total 31.01 36.73. 19.22 10.47 1.97 0.57 100.00

13



s

FIGURE 3. Anchorage Wind Rose (1965-1969) (Broad
Bars Indicate Winds >10 Kts)

TABLE 6. Frequency (%) of Inversion Conditions

Height of Inversion

Base (m) Morning Night
1-500 15.6 55.2
501-1000 19.7 13.3
1001-1500 8.1 4.6
1501-2000 3.9 2.0
2001-2500 4.7 1.7
2001-2500 4.1 2.3
2501-3000 3.3 1.3

3.3.2 Data for Impact Analysis .

Data requirements for dispersion models commonly include site-specific,
long-term records of wind speed, wind direction, and a measure of atmospheric
mixing potential that ideally would include turbulence statistics but more
routinely is represented by atmospheric stability classes. In addition, data

14



on mixing depth or inversion frequency aid in a determination of the impacts
from plumes that are trapped or capped by elevated stable layers in the atmos-
phere. However, because of the poor data base for the Beluga region, data for
long-term assessments were obtained by modification of Anchorage data. Data
for short-term impacts were selected from typical worst-case conditions for
elevated emission sources.

The nearest observing station to Beluga with historical wind data is
Tyonek, 10 to 15 km south-southwest. Data for Tyonek were collected in the
early 1940's for two time periods per day with no obvious consistency in
observation times for recording. The Tyonek data were qualitatively compared
to the Anchorage data available for the same years but from slightly different
time periods during the day. The data analysis showed no consistent or signi-
ficant relationships between wind speeds, wind direction, or wind components
as might be expected if the effects of synoptic-scale driving of the winds
dominated the impact of local terrain effects. However, data examined from
Tyonek suggested that more frequent westerly winds could be expected on the
west side of the inlet because ofvdrainage and channeling by the east-west
orientation of valleys in the Aleutian Range than would be expected at
Anchorage. The Anchorage wind rose is more influenced by the effects of the
Kenai and Chugach Mountains located on a 1ine slightly east of the city. In
addition, the location of Tyonek and Beluga would suggest a more broad distri-
bution of predominant southerly and northerly winds than at Anchorage because
of the increased distance between these sites and the mountains.

Increased cloud cover on the west side of the inlet (Evans 1972) would
tend to moderate Anchorage stability data, resulting in more frequent neutral
conditions and less frequent unstable and stable conditions. Wind speeds at
Tyonek and Beluga are stronger than Anchorage as a result of a more exposed
Tocation on the Inlet (Evans 1972). Increased average wind speed also tends
to increase the frequency of neutral stability conditions.

A stability wind rose for Beluga was constructed using the Anchorage wind
rose (Figure 3) as a base. The distribution of stability conditions at
Anchorage was maintained since the degree of increased neutral conditions was
not indicated. Likewise, expected increased wind speeds were not included in
this modified stability wind rose. Higher frequencies of stable and unstable

15



conditions are expected to result in a more conservative estimate of long-term
concentrations. The frequencies of wind directions in each stability and wind
speed class in the Anchorage wind rose were modifed by the following:

e Wind frequencies under neutral conditions were given a more westerly and
southwesterly orientation.

e Under stable conditions, easterly frequency peaks were smoothed out and
their frequency peaks shifted to represent broad westerly drainage winds.

e Under unstable conditions more frequent west winds were represented to
reflect airflow and surface heating over land.

The resultant wind rose is shown in Figure 4. It should be stated that this
wind rose was included for screening analysis only and that additional meteor-
ological measurements would be required for a more sophisticated analysis of
the Beluga area.

‘Worst-case meteorological cases examined for short-term concentration
estimates are: Tlow to moderate wind speed stable conditions near terrain,
high-wind speed neutral conditions and near-source unstable conditions with
low wind speeds, and inversion trapping.

15%

S

FIGURE 4. Beluga Wind Rose Constructed for Screening Simulations
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4.0 IMPACT ANALYSIS

The impacts of emission sources on air quality occur various time and
distance scales depending on the pollutant of interest. Assessments of coal-
fired power plant impacts must address dispersion of the primary pollutants
NOZ’ SO2 and total suspended particulates (TSP) on a local scale (0 to
50 km) for averaging periods determined by regulation (See Section 1.2). On a
larger regional scale (50 to 300 km), the analysis must consider the effects -
of secondary po]]utants.(a) Current interest in regional pg]]utant problems
is focused on sulfates, because of their contribution to acid rain, and to
visibility degradation by fine sulfate particles.

4.1 LOCAL-SCALE IMPACTS

~ The following subsections address compliance of the Beluga Power Plant
with ambient air quality standards and significant deterioration increments
for N02, SO2 and TSP (Section 1.2). Results were calculated using the EPA
VALLEY model, a Gaussian point-source diffusion model, for annual 24-hr and
3-hr average concentrations.
4.1.1 Nitrogen Dijoxide

Annual avérage concentrations of nitrogen dioxide (NOZ) were calculated
using the EPA VALLEY model for the Beluga power plant. The cases studied
reflected emissions of total oxides of nitrogen expressed as NO2 for the
plant operating with sulfur oxides controlled and uncontrolled.

Figure 5 presents a plot of annual average concentrations for 30 km around
the plant. Concentrations are well below the 100 pg m‘3 standard and below
1 ug m'3 in all areas except in terrain west clockwise through north-
northeast of the plant where a concentration peak of 16.3 ug m-3 was
predicted{ The peak concentration is 1ocated.20 km north of Beluga near Mount
Susitna, which may be the most significant terrain feature for impacts in the
Beluga environs. Nitrogen dioxide impacts for uncontrolled burning are less

(a) pollutants formed from interactions involving combustion byproducts after
plume release
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FIGURE 5. Annual Average NO, Concentrations (ug m'3)
for the Contro11eg SO2 Emissions Simulations

than for the controlled cases as a result of the reduced plume rise associated
with scrubbing the flue gas for SO2 control. The peak concentration of NO2
for uncontrolled emissions is 14.0 ug m'3. Background NO, concentration
measurements are sparse, but a reported value of only 16 ﬁg m™3 for Anchorage
(DEC 1977) suggests that NO2 Tevels on an annual basis will not approach the
standard.

4.1.2 Sulfur Dioxide

Sulfur dioxide simulation results are presented for annual, 24-hr and 3-hr
averaging:

e Annual Average - Control of SO2 emissions by 70% as required by the

New Source Performance Standards results in a decrease in maximum ambient con-

centrations from 13.4 to 4.7 ug m3.

The decrease in concentration is

1imited to 65% because of reduced plume rise expected with flue gas scrubbing.
Figure 6 shows the concentration pattern expected for uncontrolled SO2 emis-
sions. Concentrations are greatest west and north of Beluga in the higher
terrain with the highest value 20 km north of Beluga. Concentrations for the
controlled case are similar in pattern.
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FIGURE 6. Annual Average SOg Concentrations (ug m ~)
m

Uncontrolled 502 issions Simulations

3 ambient

Concentrations at all locations are well below the 80 ug m”
air quality standard and below the 19 ug m'3 PSD increment for Class II
areas. Annual average background concentrations in the Upper Cook Inlet are
typically below the minimum detection 1imit of sensors (DEC 1977) and con-

traventions of the standards are not expected.

o Twenty-four-hour Average - Figure 7, showing predicted maximum 24-hr

average SO2 concentrations for the uncontrolled 502 emission case, indi-

cates difficulties in meeting the PSD increment of 91 ug m'3 as a result of
plume interaction with the terrain north of Beluga. The peak predicted con-
centration is 182 ug m'3 20 km north of the plant. Results from the con-
trolled emissions simulations are in compliance with the PSD increments with a
maximum value of 66 ug m3,
north, north-northwest and west-northwest of Beluga and, in the uncontrolled

casc, cxcursions of the PSD increment are indicated at 20 to 25 km in each of

Both cases show high concentrations in terrain

these directions.
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FIGURE 7. Maximum 24-hr Average SO2 Concentrations (ug m'3)
Background SO2 concentrations in the Cook Inlet are low. For example,

total SO2 emissions from the Beluga plant if uncontrolled would exceed those

of the Air Quality Control Region (EPA 1976). Because of the low background

and source contributions, compliance with ambient air quality standards could
be expected.

Predicted SO2 concentrations for this screening level analysis indicate
that controls under New Source Performance Standards would be sufficient to
allow plant compliance to PSD increments. The uncontrolled case, presented
for comparison, may or may not be indicated in compliance if more sophisticated
path and analysis models are used to remove some of the conservatism of the
screening Lechnique.

e Three-Hour Average - Sulfur dioxide concentration maxima for the 3-hr

averaging period were calculated for comparison to the air quality standard
(1300 ug m"3) and PSD increments (512 ug m'3) using the VALLEY Model. Peak
concentrations for neutral stable and unstable atmospheric conditions are given
in Table 7, which indicates compliance to the 1300 um'3 ambient standard for



. TABLE 7. Sulfur Dioxide 3-hr Average Maximum Concentrations

Controlled Uncontrolled
Wind %peed Conc._ Distance Conc. _ Distance
Stability _(ms=l)  (ugm=3) _ (km) (ug m=3) _ (km)

Neutral(0)'®) 6.9 120 25 179 30
Unstable (B) 0.7 396 10 131 10
Stable (E) 0.7 265 20 729 20

(a) Pasquill-Gifford classes

both controlled and uncontrolled SO2 cases. Uncontrolled SO2 emission
simulations indicated that the PSD increment may be exceeded 20 km north of

the plant with a maximum value of 729 ug m'3 and at locations northnorthwest
and west of the plant in terrain under stable conditions. The highest pre-
dicted concentrations in the controlled case occurred under unstable conditioﬁs
10 km from the plant. Peak impacts in the controlled case are different from
the uncontrolled case as a result of the lower plume height expected when
scrubbers are utilized.

Background concentrations in the vicinity are expected to be negligible
relative to the 3-hr standard indicating probable compliance with the ambient
concentration standards. '

4.1.3 Total Suspended Particulates

Total suspended particulate (TSP) concentrations are presented for annual
and 24-hr averaging periods:

e Annual Average - A new source in a Class II PSD area must comply with an
ambient air quality standard for TSP of 260 ug m'3 and a PSD increment
of 19 ug m'3. The simulated Beluga plant would have no difficulty
meeting these standards with a peak concentration of 1.0 ug m'3 in the
case of the plant under SO2 controls (Figure 8) and 0.9 ug m'3 with-
out 502 controls. The highest impact area is located in the northwest
quadrant from Beluga (Figure 8), but concentrations were typically below

0.5 ug m’3. Relatively high background TSP concentrations can be
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FIGURE 8. Annual Average TSP Concentrations (ug m'3) for the
Controlled SO2 Emissions Simulations

expected in the area, but their source is primarily fugitive dust with
particle sizes much greater than those experienced after controlied coal
combustion.

Twenty-Four-Hour Average - Maximum 24-hr average TSP concentrations were

predicted under low wind speed stable atmospheric conditions using the
VALLEY model. In general, the case representing controlled 502 emis-
sions resulted in lower plume rise and higher concentrations. ~Peak con-
centrations of 10.8 ug m'3 for the uncontrolled case and 8.9 ug m"3

for the controlled case are typical of the difference. Figure 9 presents
contours of TSP concentrations for the controlled 502 case. Peak con-
centrations, as in the annual results, were found west and northwest of
the plant site in high terrain. The peak 24-hr concentration was found

20 km north of the plant.

Air quality data for the Beluga area show excursions from the 24-hr TSP

standards as a result of the fugitive dust problem, particularly during the
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FIGURE 9. Maximum 24-hr TSP Concentrations (iug m'3)

dry summer months (DEC 1977). Predictions of TSP concentrations described
above indicate that the plant contribution would be at most 7% of the 24-hr
standard and 24% of the allowable PSD increments. Concentrations at this level
would not be expected to add significaﬁt]y to the number of standards excur-
sions currently caused by natural fugitive dust.

4.2 REGIONAL-SCALE IMPACTS

Regional air quality impacts associated with power plant siting at Beluga
are not currently reqgulated but are of interest. The two potentially important
effects are visibility impairment and the acid rain accentuated by the forma-
tion of sulfate compounds.

4.2.1 Visibility

Sulfur dioxide emissions from the proposed power plant, either controlled
or uncontrolled, are relatively low, as are resultant airborne concentrations. .
Visibility degradation from 502 emissions results from light scattering by
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sulfate particles formed from SO2 at an average daily rate of approximately
0.5% hr'l. Simulations are included that provide an estimate of the frac-
tional change in a visual range (visibility) caused by the sulfates formed in
the plume.

Latimer et al. (1978) present an approximation for the formation change
in visibility dispersed in the mixed layer. At large distances from the plant
where sulfate concentrations become significant this formation change may show
the most important case for visibility impairment. The fractional visibility
reduction, F, is calculated as:

1.5 Qsoz(l -e M.,

F = 3917 UF (1)

where the numerator consists of'the formation rate of SO4 from SO2 emis-

sions (QSO ) expressed as an exponential decay at a rate (1) over travel

time (t), and where (a) is a ratio of the scattering coefficient to the sulfate
mass. The denominator includes a constant from the Koschmi&der visual range
expression, wind speed (u) and mixed layer depth (H).

Table 8 provides results of simulations using Equation (1) to estimate
typical visibility impairment for controlled or uncontrolled peak-load emis-
sions as a function of wind speed and distance. The plume was assumed to be
trapped below 1000 m, and a scattering coefficient to sulfate ratio of . 0.04 or
X 1074 m'1 (vg m'?’)'1 was used. Calculations were carried out to a
distance.of 100 km, which is the typical half-width of the air shed. Results
indicate that even in the uncontrolled case, visibility degradation greater
than 10% as a result of sulfates is unlikely. This result is probably conser-
vative since SO2 and SO4 removal by dry deposition were not included. -

4,2.2 Sulfates

Secondary formation of sulfates from 502 emissions was calculated using
a simple model that depleted SO2 from the dispersing plume with an exponen-
tial decay/conversion expression for 502 to sulfate:
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TABLE 8. Fractional Decrease in Visual Range
Resulting from Beluga Emissions (%)

Distance (km) Wind Speed (ms-1)

Controlled 0.67 2.45 4.47 6.93
25 0.9 0.1 -0.0 0.0
50 1.8 - 0.1 0.0 0.0
100 - 3.4 0.3 0.1 0.0

Uncontrolled

25 3.1 0.2 0.1 0.0
50 6.0 - 0.5 0.1 0.0
100 11.3 0.9 0.3 0.1

At
= Xgp 1.5(1 - e t

X
sulfate 2

where 1.5 = ratio of SO4 to SO2 molecular weights
A = conversion rate (0.5% hr'l)
t = travel time (hr)
X = concentration.

The model contains no plume depletion by deposition. Simulations were made
for distances out to the characteristic inlet half-width (~100 km) and for
travel over flat terrain since detailed airflows in the Cook Inlet cannot be
determined by available data. Concentrations were calculated for the annual
and 24-hr averaging periods.

Annual average sulfate concentrations resulting from plant SO2 emis-
sions were predicted to be undetectable for both the controlled and uncon-
trolled cases at 100 km from the plant. Peak 24-hr average concentrations at
105 km from the plant were predicted to be approximately 0.1 ug m'3 for the
uncontroiled case. The controlled SO2 emission case gave negligible sulfate
values. The results predicted show the typical case of sulfate concentrations
in the Cook Inlet. Concentration predictions for greater distances and for
complex flows, such as recirculations and terrain flows, would require more
meteorological data than are currently available in concert with a more
sophisiticated predictive model.
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APPENDIX -

EPA VALLEY MODEL

The VALLEY Model is a steady-state, univariate Gaussian plume dis-
persion model designed for multiple-point and area-source applications.
It calculates pollutant concentrations for each frequency designated in
an array defined by 6 stabilities, 16 wind directions and 6 wind speeds
for 112 program-designated receptor sites on a radial grid of variable
scale. The output concentrations are appropriate for either a 24-hr or
an annual period as designated by the user. The model contains the con-
centration equations, the Pasquill-Gifford vertical dispersion coeffi-
cients and the Pasquill stability classes, as given by Turner. Plume
rise is calculated according to Briggs. Plume h i?ht is adjusted
~according to terrain-elevation for stable cases. a

Terrain impacts are simulated in the model during stable conditions by
decreasing the effective plume height by the difference between stack base
elevation and receptor elevation as the plume approaches the terrain. If this
difference is less than 10 m, the plume centerline is maintained at 10 m above
the ground. Under neutral and unstable conditions, concentrations are calcu-
lated with the plume centerline at the effective plume height above the ter-

rain.
This standardized model also incorporates the following:

e Plume trapping in a mixed layer. Trapping is simulated by multiple plume

reflections on the surface and inversion 1id. For long-term simulations,
plume decreases above the mixed layer are ignored whereas in the short-
term model, all plumes above the mixing lTayer are assumed to disperse
uniformly in the mixed Tlayer.

e Maximum mixed-layer depth for trapping calculations. This depth is

assumed for 60% of the neutral and unstable events in the year to repre-
sent the daytime mixed Tayer. A value of half of the mixing depth is
assigned to the remaining unstable and neutral frequencies to represent
nighttime conditions.

(a) U.S. EPA 1977 (Authors' Abstract).



Sector averaging of concentrations. Concentrations are calculated over a

22.5° horizontal sector, and an interpolation is performed to decrease
concentrations between the plume centerline of interest and adjacent

sector centerlines.
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