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ABSTRACT

Oak Ridge Nationd Laboratory (ORNL) gaff performed ar disperson modding to evauate the
potentid environmental impacts associated with congtructing and operating a new circulating fluidized
bed (CFB) combustor at the Ste of a utility's existing power plant. The proposed project, which would
receive cost-shared funding under the U.S. Department of Energy’'s (DOE's) Clean Cod Technology
Program, would use cod and petroleum coke to generate nearly 300 MW of dectricity by repowering
an exiging steam turbine (Unit 2) that has been out of service. In addition, without cost-shared funding
from DOE, the utility plansto build an identica CFB combustor to repower a second, currently
operating steam turbine (Unit 1). A third unit (Unit 3) would continue to operate usng natura gas and
fud oil without equipment modification. The utility's management has established atarget of a 10%
reduction in annud stack emissons of each of 3 pollutants [sulfur dioxide (SO,), oxides of nitrogen
(NO,), and particulate matter (PM-10)] from the 3-unit station, as compared to emissons during a
recent 2-year operating period of the 2-unit station.

ORNL staff used the ISCST3 air dispersion mode* to estimate maximum increases in ground-level
concentrations of SO,, nitrogen dioxide (NO,), and PM-10 as aresult of the proposed project alone
(Unit 2) and for both repowered units. Predicted concentrations were compared with Prevention of
Significant Deterioration (PSD) increments. Cumulative air quaity impacts were evauated by modeing
regiona sources aong with both repowered units. Predicted concentrations were compared with
nationd and state ambient air quaity standards.

INTRODUCTION

New emissons of air pollutants would occur primarily from the 495-ft twin-flued CFB combustor
gack. Table 1 summarizes annud emissions and maximum potentid hourly emissons of SO,, NO,, and
PM-10 from the existing and proposed units at the power plant. Specificaly, Table 1 compares existing
ar emissons from Units 1 and 3 with emissons expected during the trangition period after the Unit 2
repowering and emissions expected after the Unit 1 repowering. Although the capacity factor for the
repowered Units 1 and 2 would be 90%, Table 1 uses a 100% capacity factor as an upper bound that
matches the PSD air permit application.
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The table shows that the repowering of Unit 2 and a corresponding redllocation of emissions among the
three units would meset the utility management’ starget of a 10% reduction in annua emissions of each
pollutant (SO,, NO,, and PM-10) from the three units collectively while at the same time increasing the
dation’stotal generating capacity. Repowering Unit 1 would dlow that unit to operate a greater
percentage of the time and consequently increase the tota annua energy output of the station while
maintaining the overal 10% reduction in annud SO,, NO,, and PM-10 emissons. Annud emissions
from Units 1 and 3 (during the trangtion period after the Unit 2 repowering) and from Unit 3 (after the
Unit 1 repowering) would be adjusted by using different blends of natural gas and fud oil to meet the
overal 10% reduction. Thus, the relationship between annua emissons and capacity factor is not
proportiona. For example, as indicated in the table, annua SO, emissions from Unit 3 would decrease
after the Unit 1 repowering from 9,929 to 8,618 tons per year because more naturd gas and less fuel
oil would be used, even though the capacity factor would increase from 34% to 42%.

Compared with existing emissions, the combination of repowering both units would aso reduce
maximum potentia hourly emissons from the three units collectively. Maximum hourly SO, emissons
would decrease by 30% after the Unit 2 repowering and would remain essentialy unchanged from that
lower leve after the Unit 1 repowering. This reduction results from a commitment by the utility to use a
blend of natural gas and fud oil with an SO, emisson rate averaging no more than 0.143 Ib/MBtu
(effectively, ablend with a sulfur content averaging no more than 0.13%) to decrease hourly

SO, emissions from Unit 1 by nearly 93% during the trangition period. Maximum hourly emissions of
NO, and PM-10 would increase somewhat after Unit 2 is repowered because emissons from Units 1
and 3 would remain the same while emissions from Unit 2 would be added. Emissions would then
decrease after the Unit 1 repowering; the net result compared to existing maximum hourly emissions at
the power plant would be a decrease of 27% in NO, emissions and 29% in PM-10 emissions.

In addition to the emissions summarized in Table 1, rdatively smal amounts of pollutants would be
emitted from the 75-ft stacks serving the proposed limestone dryers. Maximum potentia hourly
emissions of NO, from those stacks would be about 1% of NO, emissons from the repowered Unit 2;
hourly emissions of SO, and PM-10 would be even smaller percentages compared to Unit 2. Emissions
from the dryers were conservatively assumed to be a their maximum hourly rate during the trangtion
period after the Unit 2 repowering and to continue at that rate after the Unit 1 repowering.

Although emissons of SO,, NO,, and PM-10 from the power plant would decrease as aresult of the
repowering actions, the redistribution of pollutants in the atimaosphere is a complex process that could
result in increased ground-level concentrations a some locations and for some averaging periods. On
any particular day, concentrations could be increased a some locations and decreased at others; at any
particular location, concentrations could be increased on some days and reduced on others. Because
emissions from the proposed limestone dryers would occur close to ground level, as compared with
emissons from the boiler stlacks, concentrations of pollutants emitted from the dryer stacks would be
expected to increase near the site boundary; these increases would be greatest for NO, because NO,
emissions from the dryer stacks exceed those of other pollutants. Thus, concentrations could be
increased dightly near the Site boundary while decreased at other locations.



The following analyssfirgt evauates the changesin ambient air concentrations of pollutants expected to
result from changesin stack emissions associated with the repowering actions (PSD section); then the
andyss examines potentid cumulative air quaity impacts from the proposed facility and from other
regiona sources [National Ambient Air Quality Standards (NAAQS) section).

PREVENTION OF SIGNIFICANT DETERIORATION ANALYSIS

PSD increments are established to redtrict the deterioration of air quality that could result from new
pollutant sources (40 CFR Part 51.166). PSD increments are used in this analysis as sandards by
which to measure the sgnificance of the changesin ambient ar concentrations. The distance from the
power plant to the two nearest PSD Class | areas ranges between 30 and 63 miles. All other areas are
designated as Class 1.

The ISCST3 atmospheric dispersion model! was used to estimate maximum increasesin ground-level
concentrations of SO,, NO,, and PM-10 that would occur at any location as aresult of emissons from
the CFB combustor and limestone dryers for the Unit 2 repowering. Five years of hourly
meteorologica surface data from a nearby Nationa Wegther Service gation, in conjunction with upper-
ar datafrom amore distant Nationa Weether Service station were used. Maximum potentia hourly
emissions and a 100% capacity factor were used in the modding. All NO, emissons were
consarvatively assumed to be in the form of NO, for comparison with the NO, increment.
Concentrations were modeled at 352 |ocations (receptors) dong or outside the property boundary at
distances of up to 6 miles from the proposed CFB combustor stack. For short-term averaging periods,
PSD regulations allow for one anomalous exceedance of an increment per year (40 CFR Part 51.166);
therefore, the highest modeled short-term concentrations at each receptor location for each year were
excluded, and the highest remaining values for dl 5 years modded were included in the andyss.

Results for the repowered Unit 2 indicate that maximum modeled increases are always less than 15% of
their corresponding Class || increments (Table 2). Maximum concentrations generdly occur at locations
aong, or very closeto, the site boundary, often within 0.6 mile of the proposed CFB combustor stack.
Because the nearest PSD Class | areas are more than 30 miles from the proposed facility, pollutant
concentrations estimated by the ISCST3 air disperson modd for those locations would be overly
consarvative. Digperson of pollutants at such distances would reduce atmospheric concentrations to
only asmadl fraction of the maximum mode ed increases near the Site. Because these maximum modeled
increases are about equa to (for short-term SO, and annua NO, concentrations) or less than PSD
Class | increments at the locations of their maximum impact near the power plant, the increasesin
pollutant concentrations at the nearest PSD Class | areas would be expected to be only small fractions
of the corresponding Class | increments.
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The combination of both repowered units would result in emissons from the new 495-ft twin-flued
stack that would be twice those considered in the analysis of the repowered Unit 2 aone. However,
emissons from the stacks serving the proposed limestone dryers were assumed to be at thelr maximum
vaue for the repowered Unit 2 done and were not increased in the analysis of both repowered units.
Furthermore, the dimination of emissons from the exigting 250-ft gack serving Unit 1 would more than
compensate for the added emissions. Compared to existing plantwide emissions, a net decreasein
maximum hourly emissons of SO,, NO,, and PM-10 would result from the addition of the repowered
Unit 2 and the limestone dryers and the replacement of the existing Unit 1 with the repowered Unit 1
(Table 1). Therefore, a decrease in ground-level concentrations of these pollutants would be expected
mogt of the time a most locationsin the surrounding area.

However, pollutant concentrations would not decrease for dl averaging times at dl locations, maximum
ground-level concentrations at some locations could increase because the characteristics and location of
the proposed new stack would be different from those of the stack currently serving Unit 1. For
example, the presence of a scrubber would result in alower exit temperature for the exhaust gas from
the new stack. This would tend to decrease the buoyancy of the exhaust gas, lower the height of the
pollutant plume, decrease the vertical and horizontal spread of the plume, and increase ground-level
concentrations. On the other hand, exhaust gas from the repowered Units 1 and 2 operating
smultaneoudy would be emitted from adjacent flues, which increase the initid upward momentum and
buoyancy of the exhaust gas. Thislarger initid lift would result in a greater plume height, a greater
vertical and horizonta spread of the plume, and lower ground-level concentrations than would occur
otherwise. The net result would be a complex redidtribution of pollutant concentrations near the power
plant. The net impacts could be positive or negative on any particular day a any particular location.

The exigting Unit 2 that would be repowered was run with negative emissonsin ISCST 3 to take credit
for the eimination of its emissons from an existing 250-ft ack, while smultaneoudy running both
repowered units with pogitive emissions from the new 495t twin-flued stack. Maximum modeled
increases in ground-level concentrations for both repowered units together are very similar to those for
repowered Unit 2 done. Maximum increases are dway's less than 15% of their corresponding Class I
increments (Table 2). Thisresult islargely attributable to the dominance of the proposed limestone
dryer stacks in determining maximum concentrations. Although emissions from the limestone dryer
stacks would be less than 1% of emissions from the proposed twin-flued CFB combustor stack, the
maximum modeled concentrations of the former are comparable to, and frequently larger than,
maximum concentrations of the latter. Because the dryer stacks would only be 75 ft tal, they would be
subject to strong aerodynamic effects from surrounding structures. Under frequently occurring
meteorologica conditions (e.g., neutra amaospheric stability and moderate or high wind speeds), these
effects could cause maximum impacts from the dryer stacks, which would occur about 500 ft from their
source, to be larger than maximum impacts from the CFB combustor stack, which would occur severd
miles from their source.

Because the nearest PSD Class | areas are more than 30 miles away, pollutants from the power plant
would be wedll mixed in the aamaosphere, and stack characteristics would have little effect on ground-
level pollutant concentrations in these areas. Therefore, a net decrease in pollutant emissions following



the repowering of both units (Table 1) would be expected to improve air qudity, dbet by avery smdl
amount, at the nearest PSD Class | aress.

The foregoing discussion of air qudity impacts has focused primarily on maximum degradation.
Improvements would also be expected to result from the decrease in air emissons that would
accompany the repowered units (Table 1). Maximum modeed improvementsin air quaity were
obtained by smultaneousy modeling the emissons from the proposed CFB combustor stack and
limestone dryer stacks with the eimination of emissions from the stack currently serving the exigting Unit
1. Maximum improvementsin air quality would occur & different times, and typically at different places,
than would maximum degradations. Mode ed maximum improvements and degradations are compared
in Table 3. The improvements would generdly be much greater than the degradations, reflecting
primarily the net emissions decrease.

Table 3. Maximum improvements and maximum degradationsin
air quality that were modeled to result from repowering both

units
Maximum Maximum
Averaging improvement degradatior?
Pollutant® period (ugn) (ugm’)
SO, 3-hour® 157 30
24-hour® 42 6
Annuad 3 <1
NO, Annud® 1 3
PM-10 24-hour® 3 <1
Annua® <1 <1

830, = sulfur dioxide; NO, = nitrogen dioxide; PM-10 = particul ate matter less
than 10 um in aerodynamic diameter.

bSame as the modeled increase shown in Table 2 resulting from repowering
both units.

‘For averaging periods less than 1 year, one exceedance per year is alowed
(40 CFR Part 51.166); therefore, the highest modeled concentration for each year has
been excluded, and the highest of the remaining concentrations over the 5-year period is
given.

4The maximum modeled annual concentration is used.

NATIONAL AMBIENT AIR QUALITY STANDARDS ANALYSIS

Potentid cumulative air quaity impacts of SO,, NO,, and PM-10 emissions from the proposed facility
and from other regiona sources were evauated by estimating maximum increases in ground-level
concentrations using the ISCST3 air dispersion modd* with the same meteorological input data
discussed earlier. Modding included sources within 30 miles of the power plant that were expected to



contribute to cumulative impacts. Maximum modeled concentrations during the 5-year period were
added to the corresponding monitored background concentrations, and the totals are compared to
NAAQS or state standards in Table 4.

The modeling of existing nearby sources assuresinclusion of their effects on air quality near the Ste of
the proposed project; these effects may not be fully represented at the nearest monitoring location
because the ingrument may be located relatively far from the power plant. Addingmonitored
background concentrations to the modeling results assures inclusion of contributions from sources that
were not modeled (e.g., natura sources, vehicles, and utilities or industrial sources that were not
modeled because of their smal size and/or large distance from the proposed facility). Adding modeled
and monitored concentrations is conservative because it “ double counts’ any modeled effects thet are
included in the monitoring data

Results of modeling regiona sources, including the existing Units 1 and 3 and the repowered Unit 2
during the trangition period, indicate no exceedances of nationd or State ambient air qudity standards
(Table 4). However, the 24-hour average SO, concentration would be 97% of the corresponding State
standard, and all SO, concentrations would increase gppreciably compared with the ambient
background concentrations. Particularly for the short-term concentrations, these large vaues result from
aerodynamic downwash effects caused by the proposed 200-ft tall combustor structure that would
induce downward motion on the exhaust gas emitted from the 250-ft stack serving the existing Unit 1
and the 350t stack serving the existing Unit 3. Downwash leads to substantiad, localized increasesin
ground-level concentrations near the site boundary compared with concentrations that would result
from an identica Stuation without downwash. Interestingly, because the downwash would be affecting
exiding units, the U.S. Environmenta Protection Agency does not require modeling in the PSD andysis
of the change in ground-level concentrations caused by downwash from the proposed structure.
Exhaust gas from the proposed 495-ft CFB combustor stack would not be subjected to substantia
downwash because the stack istaller.

Results of modeling regiond sources, including the existing Unit 3 and both repowered units, indicate
that maximum concentrations are dway's less than corresponding concentrations during the trangtion
period. For example, the 24-hour average SO, concentration is 91% of the state standard, compared
to the 97% obtained previoudy. This decrease is attributable to severd factors. First, the repowered
Unit 1 would emit pollutants through a 495-ft stack rather than the 250-ft stack serving the existing
Unit 1. Thetdler stack would adlow more dilution of the pollutant plume before it reaches ground level.
Second, dimination of emissons from the existing shorter stlack would be augmented by the
corresponding eimination of aerodynamic downwash affecting those emissions. Third, dthough the
Unit 1 repowering would increase the maximum potentid hourly emissons from the twin-flued 495t
gtack by afactor of two, the exhaust gas would be emitted from adjacent flues, which would add
buoyancy and upward momentum to the plume, so that ground-level concentrations of pollutants
emitted from that stack aone would increase by much less than afactor of two. Findly, compared to
the trangtion period after the Unit 2 repowering, the Unit 1 repowering would be accompanied by
gppreciable reductions in maximum hourly emissons of NO, and PM-10; maximum hourly emissions of
SO, would remain dmogt the same (Table 1). The net effect would be that expected maximum
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ground-level concentrations would decrease appreciably for NO, and PM-10 and would decrease
dightly for SO, compared with the moddling performed for the trangition period.
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