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APPENDIX G.1
Quarterly Wind Roses

July 2008 Palmdale Hybrid Power Project



WIND ROSE PLOT: DISPLAY:
Palmdale Regional Airport Wind Speed
Wind Rose for 2002-2004 -1st Quarter (Jan-Mar) Direction (blowing from)

WIND SPEED
(Knots)

Calms: 12.69%

COMMENTS: DATA PERIOD: COMPANY NAME:
2002 2003 2004 ENSR
33?0(1] -_Mzag:ga MODELER: @

Rich Hamel PALMDALE

CALM WINDS: TOTAL COUNT: E Inland Energy, Inc.
12.69% 6476 hrs. ENSR ‘ AECOM
AVG. WIND SPEED: DATE: PROJECT NO.:
7.33 Knots 7/21/2008

WREFPLOT View - Lakes Environmental Software



Station ID: 72382 Run ID:
Year: 2002 2003 2004

Date Range: Jan 1 - Mar 31

Time Range: 00:00 - 23:00

Frequency Distribution
(Count)

Wind Direction (Blowing From) / Wind Speed (Knots)

1-4 4-7 7-11 11-17  17-21 >=22 Total

348.75-11.25 111 66 15 1 0 0 193
11.25-33.75 76 79 35 15 1 0 206
33.75-56.25 61 82 99 27 7 3 279
56.25-78.75 43 65 76 55 34 13 286
78.75-101.25 43 46 52 49 19 9 218
101.25-123.75 35 41 31 8 0 0 115
123.75-146.25 44 44 8 1 0 0 97
146.25-168.75 95 50 6 3 0 0 154
168.75-191.25 124 206 45 5 2 0 382
191.25-213.75 156 368 102 24 14 7 671
213.75-236.25 134 154 138 162 82 24 694
236.25-258.75 128 117 142 121 25 3 536
258.75-281.25 125 136 135 171 60 32 659
281.25-303.75 131 120 114 156 117 59 697
303.75-326.25 102 82 42 37 16 7 286
326.25-348.75 98 68 11 4 0 0 181
Total 1506 1724 1051 839 377 157 6476

Frequency of Calm Winds: 822
Average Wind Speed: 7.33 Knots

WRPLOT View - Lakes Environmental Software



Station ID: 72382 Run ID:
Year: 2002 2003 2004

Date Range: Jan 1 - Mar 31

Time Range: 00:00 - 23:00

Frequency Distribution
(Normalized)

Wind Direction (Blowing From) / Wind Speed (Knots)

1-4 4-7 7-11 11-17 17 -21 >=22 Total

348.75-11.25 0.017140 0.010191 0.002316 0.000154 0.000000 0.000000 0.029802
11.25-33.75 0.011736 0.012199 0.005405 0.002316 0.000154 0.000000 0.031810
33.75-56.25 0.009419 0.012662 0.015287 0.004169 0.001081 0.000463 0.043082
56.25-78.75 0.006640 0.010037 0.011736 0.008493 0.005250 0.002007 0.044163

78.75-101.25 0.006640 0.007103 0.008030 0.007566 0.002934 0.001390 0.033663

101.25-123.75 0.005405 0.006331 0.004787 0.001235 0.000000 0.000000 0.017758
123.75-146.25 0.006794 0.006794 0.001235 0.000154 0.000000 0.000000 0.014978
146.25-168.75 0.014670 0.007721 0.000926 0.000463 0.000000 0.000000 0.023780
168.75-191.25 0.019148 0.031810 0.006949 0.000772 0.000309 0.000000 0.058987
191.25-213.75 0.024089 0.056825 0.015750 0.003706 0.002162 0.001081 0.103613
213.75-236.25  0.020692 0.023780 0.021309 0.025015 0.012662 0.003706 0.107165
236.25-258.75 0.019765 0.018067 0.021927 0.018684 0.003860 0.000463 0.082767
258.75-281.26  0.019302 0.021001 0.020846 0.026405 0.009265 0.004941 0.101760
281.25-303.75 0.020229 0.018530 0.017603 0.024089 0.018067 0.009111 0.107628
303.75-326.25  0.015750 0.012662 0.006485 0.005713 0.002471 0.001081 0.044163
326.25-348.75 0.015133 0.010500 0.001699 0.000618 0.000000 0.000000 0.027949

Total 0.232551 0.266214 0.162292 0.129555 0.058215 0.024243 0.873070

Frequency of Calm Winds: 12.69%
Average Wind Speed: 7.33 Knots

WRPLOT View - Lakes Environmental Software



WIND ROSE PLOT: DISPLAY:

Palmdale Regional Airport Vfind_Speed _
Wind Rose for 2002-2004 -2nd Quarter (Apr-Jun) Direction (blowing from)

WIND SPEED
(Knots)

Calms: 4.64%

COMMENTS: DATA PERIOD: COMPANY NAME:

2002 2003 2004 ENSR
UAEBL --Jgg:gg MODELER: @

Rich Hamel PALMDALE
CALM WINDS: TOTAL COUNT: E .;;,.13"& E,,E;my_ Inc.
4.64% 6440 hrs. ENSR ‘ AECOM
AVG. WIND SPEED: DATE: PROJECT NO.:
10.45 Knots 7/21/2008

WREFPLOT View - Lakes Environmental Software



Station ID: 72382 Run ID:
Year: 2002 2003 2004

Date Range: Apr 1 - Jun 30

Time Range: 00:00 - 23:00

Frequency Distribution
(Count)

Wind Direction (Blowing From) / Wind Speed (Knots)

1-4 4-7 7-11 11-17  17-21 >=22 Total

348.75-11.25 30 32 7 0 0 0 69
11.25-33.75 24 37 15 4 0 0 80
33.75-56.25 25 38 28 13 1 0 105
56.25-78.75 20 37 35 11 3 0 106
78.75-101.25 18 30 13 1 0 0 62
101.25-123.75 20 15 8 1 0 0 44
123.75-146.25 20 16 6 0 0 0 42
146.25-168.75 44 28 6 0 0 0 78
168.75-191.25 73 176 98 7 2 0 356
191.25-213.75 85 268 241 87 28 12 721
213.75-236.25 98 185 390 532 347 74 1626
236.25-258.75 67 139 314 460 220 14 1214
258.75-281.25 61 99 223 251 101 15 750
281.25-303.75 49 77 100 142 127 86 581
303.75-326.25 37 76 51 38 19 17 238
326.25-348.75 24 31 9 5 0 0 69
Total 695 1284 1544 1552 848 218 6440

Frequency of Calm Winds: 299
Average Wind Speed: 10.45 Knots

WRPLOT View - Lakes Environmental Software



Station ID: 72382 Run ID:
Year: 2002 2003 2004

Date Range: Apr 1 - Jun 30

Time Range: 00:00 - 23:00

Frequency Distribution
(Normalized)

Wind Direction (Blowing From) / Wind Speed (Knots)

1-4 4-7 7-11 11-17 17 -21 >=22 Total

348.75-11.25 0.004658 0.004969 0.001087 0.000000 0.000000 0.000000 0.010714
11.25-33.75 0.003727 0.005745 0.002329 0.000621 0.000000 0.000000 0.012422
33.75-56.25 0.003882 0.005901 0.004348 0.002019 0.000155 0.000000 0.016304
56.25-78.75 0.003106 0.005745 0.005435 0.001708 0.000466 0.000000 0.016460

78.75-101.25 0.002795 0.004658 0.002019 0.000155 0.000000 0.000000 0.009627

101.25-123.75 0.003106 0.002329 0.001242 0.000155 0.000000 0.000000 0.006832
123.75-146.25 0.003106 0.002484 0.000932 0.000000 0.000000 0.000000 0.006522
146.25-168.75 0.006832 0.004348 0.000932 0.000000 0.000000 0.000000 0.012112
168.75-191.25 0.011335 0.027329 0.015217 0.001087 0.000311 0.000000 0.055280
191.25-213.75 0.013199 0.041615 0.037422 0.013509 0.004348 0.001863 0.111957
213.75-236.25  0.015217 0.028727 0.060559 0.082609 0.053882 0.011491 0.252484
236.25-258.75 0.010404 0.021584 0.048758 0.071429 0.034161 0.002174 0.188509
258.75-281.256  0.009472 0.015373 0.034627 0.038975 0.015683 0.002329 0.116460
281.25-303.75 0.007609 0.011957 0.015528 0.022050 0.019720 0.013354 0.090217
303.75-326.25  0.005745 0.011801 0.007919 0.005901 0.002950 0.002640 0.036957
326.25-348.75 0.003727 0.004814 0.001398 0.000776 0.000000 0.000000 0.010714

Total 0.107919 0.199379 0.239752 0.240994 0.131677 0.033851 0.953571

Frequency of Calm Winds: 4.64%
Average Wind Speed: 10.45 Knots

WRPLOT View - Lakes Environmental Software



WIND ROSE PLOT:
Palmdale Regional Airport

Wind Rose for 2002-2004 -3rd Quarter (Jul-Sep)

DISPLAY:
Wind Speed

Direction (blowing from)

WIND SPEED
(Knots)

Calms: 7.58%

COMMENTS:

DATA PERIOD: COMPANY NAME:
2002 2003 2004 ENSR
3:]"010 8 92%?]?] MODELER: @

Rich Hamel PALMIIALE
CALM WINDS: TOTAL COUNT: E Inland Energy, Inc.
7.58% 6528 hrs. ENSR | AECOM
AVG. WIND SPEED: DATE: PROJECT NO.:
8.63 Knots 7/21/2008

WREFPLOT View - Lakes Environmental Software




Station ID: 72382 Run ID:
Year: 2002 2003 2004

Date Range: Jul 1 - Sep 30

Time Range: 00:00 - 23:00

Frequency Distribution
(Count)

Wind Direction (Blowing From) / Wind Speed (Knots)

1-4 4-7 7-11 11-17  17-21 >=22 Total

348.75-11.25 59 51 5 0 0 0 115
11.25-33.75 55 61 18 2 0 0 136
33.75-56.25 53 54 24 12 1 0 144
56.25-78.75 31 42 17 11 5 0 106
78.75-101.25 28 27 5 5 0 0 65
101.25-123.75 34 34 3 1 0 0 72
123.75-146.25 51 42 9 1 0 0 103
146.25-168.75 79 63 8 2 1 0 153
168.75-191.25 133 274 104 4 1 0 516
191.25-213.75 138 346 309 48 8 3 852
213.75-236.25 110 222 466 489 203 25 1515
236.25-258.75 69 123 307 469 238 2 1208
258.75-281.25 66 105 161 139 51 7 529
281.25-303.75 45 72 53 62 43 12 287
303.75-326.25 43 52 31 21 4 0 151
326.25-348.75 39 34 6 2 0 0 81
Total 1033 1602 1526 1268 555 49 6528

Frequency of Calm Winds: 495
Average Wind Speed: 8.63 Knots

WRPLOT View - Lakes Environmental Software



Station ID: 72382 Run ID:
Year: 2002 2003 2004

Date Range: Jul 1 - Sep 30

Time Range: 00:00 - 23:00

Frequency Distribution
(Normalized)

Wind Direction (Blowing From) / Wind Speed (Knots)

1-4 4-7 7-11 11-17 17 -21 >=22 Total

348.75-11.25 0.009038 0.007813 0.000766 0.000000 0.000000 0.000000 0.017616
11.25-33.75 0.008425 0.009344 0.002757 0.000306 0.000000 0.000000 0.020833
33.75-56.25 0.008119 0.008272 0.003676 0.001838 0.000153 0.000000 0.022059
56.25-78.75 0.004749 0.006434 0.002604 0.001685 0.000766 0.000000 0.016238

78.75-101.25 0.004289 0.004136 0.000766 0.000766 0.000000 0.000000 0.009957

101.25-123.75 0.005208 0.005208 0.000460 0.000153 0.000000 0.000000 0.011029
123.75-146.25 0.007813 0.006434 0.001379 0.000153 0.000000 0.000000 0.015778
146.25-168.75 0.012102 0.009651 0.001225 0.000306 0.000153 0.000000 0.023438
168.75-191.25 0.020374 0.041973 0.015931 0.000613 0.000153 0.000000 0.079044
191.25-213.75 0.021140 0.053002 0.047335 0.007353 0.001225 0.000460 0.130515
213.75-236.25  0.016850 0.034007 0.071385 0.074908 0.031097 0.003830 0.232077
236.25-258.75 0.010570 0.018842 0.047028 0.071844 0.036458 0.000306 0.185049
258.75-281.26  0.010110 0.016085 0.024663 0.021293 0.007813 0.001072 0.081036
281.25-303.75 0.006893 0.011029 0.008119 0.009498 0.006587 0.001838 0.043964
303.75-326.25  0.006587 0.007966 0.004749 0.003217 0.000613 0.000000 0.023131
326.25-348.75 0.005974 0.005208 0.000919 0.000306 0.000000 0.000000 0.012408

Total 0.158241 0.245404 0.233762 0.194240 0.085018 0.007506 0.924173

Frequency of Calm Winds: 7.58%
Average Wind Speed: 8.63 Knots

WRPLOT View - Lakes Environmental Software



WIND ROSE PLOT:

Palmdale Regional Airport
Wind Rose for 2002-2004 -4th Quarter (Oct-Dec)

DISPLAY:
Wind Speed

Direction (blowing from)

WIND SPEED
(Knots)

Calms: 16.31%

COMMENTS: DATA PERIOD: COMPANY NAME:
2002 2003 2004 ENSR
Oct 1 - Dec 31
00:00 - 23:00 MODELER: ﬁ'

Rich Hamel PALMIDALLEL

CALM WINDS: TOTAL COUNT: E Inland Energy, Inc.
16.31% 6480 hrs. ENSR ‘ AECOM
AVG. WIND SPEED: DATE: PROJECT NO.:
6.56 Knots 7/21/2008

WREFPLOT View - Lakes Environmental Software




Station ID: 72382 Run ID:
Year: 2002 2003 2004

Date Range: Oct 1 - Dec 31

Time Range: 00:00 - 23:00

Frequency Distribution
(Count)

Wind Direction (Blowing From) / Wind Speed (Knots)

1-4 4-7 7-11 11-17  17-21 >=22 Total

348.75-11.25 114 71 10 0 0 0 195
11.25-33.75 78 111 32 11 0 1 233
33.75-56.25 74 74 67 33 3 1 252
56.25-78.75 54 72 47 63 25 6 267
78.75-101.25 51 37 47 43 16 1 195
101.25-123.75 45 34 33 12 0 1 125
123.75-146.25 49 44 18 5 1 0 117
146.25-168.75 72 46 10 0 0 0 128
168.75-191.25 159 214 53 7 2 1 436
191.25-213.75 157 390 147 34 20 6 754
213.75-236.25 144 177 218 191 90 50 870
236.25-258.75 113 129 183 126 39 2 592
258.75-281.25 107 112 129 76 40 5 469
281.25-303.75 89 118 73 72 33 13 398
303.75-326.25 90 69 26 13 4 0 202
326.25-348.75 114 64 11 1 0 0 190
Total 1510 1762 1104 687 273 87 6480

Frequency of Calm Winds: 1057
Average Wind Speed: 6.56 Knots

WRPLOT View - Lakes Environmental Software



Station ID: 72382 Run ID:
Year: 2002 2003 2004

Date Range: Oct 1 - Dec 31

Time Range: 00:00 - 23:00

Frequency Distribution
(Normalized)

Wind Direction (Blowing From) / Wind Speed (Knots)

1-4 4-7 7-11 11-17 17 -21 >=22 Total

348.75-11.25 0.017593 0.010957 0.001543 0.000000 0.000000 0.000000 0.030093
11.25-33.75 0.012037 0.017130 0.004938 0.001698 0.000000 0.000154 0.035957
33.75-56.25 0.011420 0.011420 0.010340 0.005093 0.000463 0.000154 0.038889
56.25-78.75 0.008333 0.011111  0.007253 0.009722 0.003858 0.000926 0.041204

78.75-101.25 0.007870 0.005710 0.007253 0.006636 0.002469 0.000154 0.030093

101.25-123.75 0.006944 0.005247 0.005093 0.001852 0.000000 0.000154 0.019290
123.75-146.25 0.007562 0.006790 0.002778 0.000772 0.000154 0.000000 0.018056
146.25-168.75 0.011111  0.007099 0.001543 0.000000 0.000000 0.000000 0.019753
168.75-191.25 0.024537 0.033025 0.008179 0.001080 0.000309 0.000154 0.067284
191.25-213.75 0.024228 0.060185 0.022685 0.005247 0.003086 0.000926 0.116358
213.75-236.25  0.022222 0.027315 0.033642 0.029475 0.013889 0.007716  0.134259
236.25-258.75 0.017438 0.019907 0.028241 0.019444 0.006019 0.000309 0.091358
258.75-281.26  0.016512 0.017284 0.019907 0.011728 0.006173 0.000772 0.072377
281.25-303.75 0.013735 0.018210 0.011265 0.011111 0.005093 0.002006 0.061420
303.75-326.25  0.013889 0.010648 0.004012 0.002006 0.000617 0.000000 0.031173
326.25-348.75 0.017593 0.009877 0.001698 0.000154 0.000000 0.000000 0.029321

Total 0.233025 0.271914 0.170370 0.106019 0.042130 0.013426 0.836883

Frequency of Calm Winds: 16.31%
Average Wind Speed: 6.56 Knots

WRPLOT View - Lakes Environmental Software



Appendix G.2

APPENDIX G.2

Control Technology Database

July 2008 Paimdale Hybrid Power Project
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1.0 Introduction

This appendix contains a description of the emissions calculated for the Palmdale Hybrid Power Project
(PHPP or Project). Section 2 describes the methodology used to calculate emissions related to construction
of the PHPP. Emissions during operation of the PHPP of criteria pollutants are addressed in Section 3, air
toxic emissions in Section 4, and greenhouse gas emissions in Section 5. References are provided in
Section 6. Tables which contain the emissions during construction and operation of the PHPP are provided
in Attachment A.
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2.0 Construction Emissions

During the construction of the PHPP, there will be emissions similar to those associated with any large
industrial construction project. On-site emissions will arise primarily from heavy duty vehicles and
equipment. On-site fugitive dust emissions will also be generated during site preparation and during
construction. Off-site emissions will occur from construction worker vehicles and material delivery trucks.
The construction-related emissions are transient in nature and will cause some unavoidable but minor
localized short-term impacts.

The Project will include construction of the combined cycle facility, the solar array facility, the reclaimed
water supply pipeline, the sanitary wastewater pipeline, the natural gas supply pipeline, the potable water
supply pipeline, and two segments of an electricity transmission line. On-site and off-site emissions during
each month of construction were calculated separately for the combined cycle facility, the solar array facility,
the potable water supply pipeline, and one segment of the electricity transmission line. Emissions during
each week of construction of each of the other transmission line segment were also calculated.

21 Emission Calculation Methodology

2.1.1 Construction Equipment Exhaust Emissions

The combustion of fuel to provide power for the operation of various construction activities and equipment
results in the generation of criteria pollutants (carbon monoxide [CO], volatile organic compounds [VOC],
nitrogen oxides [NOX], sulfur oxides [SOx], respirable particulate matter [PM10] and fine particulate matter
[PM2.5]) emissions. The following predictive emission equation was used to calculate exhaust emissions
from each type of construction equipment:

Exhaust Emissionsi_j (|b) = EFC”X TH,j (Eq 2—1)
Where: EFc;; = Emission factor for specific air contaminant i from construction equipment type j
(Ib/hr)
Ty; = Operating time for equipment of type j (hr)

The exhaust emission factors used for the calculations of CO, VOC, NOx, SOx and PM10 are composite
horsepower-based off-road emission factors for 2009 derived from the California Air Resources Board’s
(ARB) OFFROAD2007 Model (version 2.0.1.2, December 15, 2007) (ARB, 2007a). The OFFROAD2007
Model calculates total daily emissions by equipment category (crane, dozer, grader, etc.) and type of fuel
(diesel, gasoline, etc.) within engine horsepower ranges in a geographic area, such as the Antelope Valley
Air Quality Management District (AVAQMD) jurisdiction. The model also calculates total daily operating
hours within the geographic area by equipment category, fuel and horsepower range. The total daily
emissions were divided by the total daily operating hours to calculate emission factors, in pounds per hour,
by equipment category, fuel and horsepower range.

The model can calculate the emissions and operating hours for equipment within individual model years or
for equipment of all model years combined. The emission factors were calculated for all model years
combined for all of the equipment except for large scrapers that will be used to grade the solar array site. In
order to minimize emissions from the large engines in the scrapers, the scrapers will be required to be
model year 2006 or newer, which must meet California Tier 3 emission standards for off-road engines.
These standards are more stringent than emission standards for earlier model year engines, so the
emission factors are lower.
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The diesel and gasoline off-road equipment emission factors for all model years combined during 2009 are
in Tables 1 and 2 at the end of this appendix, and the emission factors for model year 2006 scrapers during
calendar year 2009 are in Table 3.

PM2.5 emission factors were calculated from PM10 emission factors using the following equation:

EFcpmas(Ib/hr) = EFcemio X Femzs; (Eq. 2-2)
Where: EFcpmes,j = PM2.5 emission factor for construction equipment type j (Ib/hr)
EFcemo,; = PM10 emission factor for construction equipment type j (Ib/hr)

Femzs,j = Mass fraction of PM2.5 emissions in PM10 emissions from equipment of type j
(unitless)

The mass fractions of PM2.5 in PM10 emissions from construction equipment exhaust depend on the type
of fuel (diesel or gasoline). South Coast Air Quality Management District (SCAQMD) has compiled PM2.5
fractions in PM10 emissions from several emission source categories in “Final -Methodology to Calculate
Particulate Matter (PM) 2.5 and PM 2.5 Significance Thresholds” (SCAQMD, 2006). These PM2.5 mass
fractions are from PM profiles in the California Emission Inventory Data and Reporting System (CEIDARS)
developed by ARB.

The construction equipment emission factors for the construction equipment to be used for construction of
the PHPP are listed in Table 4.

2.1.2 Motor Vehicle Exhaust, Break Wear and Tire Wear Emissions

The combustion of fuel in motor vehicle engines results in the generation of CO, VOC NOy, SOx, PM10 and
PM2.5 emissions. Motor vehicle brake and tire wear resuits in the generation of PM10 and PM2.5
emissions. The following predictive emission equation was used to calculate emissions from both on-site
and off-site motor vehicles: '

Exhaust Emissions;;(Ib) = EFy,; x VMT; (Eq. 2-3)

Where: EFy;; = Emission factor for specific air contaminant i from motor vehicle type j (Ib/mi)
VMT; = Distance traveled each day by motor vehicle of type j (mi)

CO, VOC, NOy, SOx and PM10 emission factors were compiled by running the ARB's EMFAC2007 (version
2.3) Burden Model (ARB, 2007b) for the AVAQMD jurisdiction during calendar year 2009. Daily emissions
by vehicle class (light-duty truck, heavy, heavy-heavy duty diesel vehicle, etc.) from the Burden model were
divided by the daily mileage traveled by vehicles within the class from the Burden Model to calculate the
emission factors. The emission factors account for the emissions from start, running and idling exhaust. In
addition, the VOC emission factors take into account diurnal, hot soak, running and resting emissions, and
the PM10 emission factors account for exhaust, brake wear and tire wear emissions separately.

PM2.5 emission factors were calculated by multiplying the PM10 emission factors by the mass fraction of
PM2.5 emissions in motor vehicle exhaust, brake wear and tire wear PM10 emissions. The PM2.5 mass
fractions in PM10 emissions from gasoline and diesel-fueled engine exhaust were from “Final -Methodology
to Calculate Particulate Matter (PM) 2.5 and PM 2.5 Significance Thresholds” (SCAQMD, 2006).

The motor vehicle emission factors from the Burden Model and the calculated PM2.5 emission factors are

listed in Table 5-A. The motor vehicle emission factors for the vehicles to be used for construction of PHPP
are listed in Table 6-A.
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2.1.3 Motor Vehicle Entrained Paved Road Dust Emissions
Vehicle travel on paved roads generates fugitive PM10 and PM2.5 emissions by entrainment of dust on the
roads. The following predictive emission equation was used to calculate entrained paved road dust emissions:
Entrained Dust PM10 Emissions; (Ib) = EFp;x VMT, (Eq. 2-4)
Where: EFp; = Emission factor for entrained road dust PM10 from motor vehicle type j (Ib/mi)
VMT; = Distance traveled each day by motor vehicles of type j (mi)

The emission factor was calculated from the following equation from ARB Emission Inventory Methodology
7.9, “Entrained Paved Road Dust" (ARB, 1997):

EFp, (Ib/mi) = 7.26 / 453.6 x (sLy2)% x (Wy/3)"* (Eq. 2-5)
Where: 7.26 = A constant for PM10 emissions (g/mi)

4536 = Factor to convert from grams to pounds (g/ib)

sk = Silt loading on roads traveled by motor vehicle of type j (g/m2)

W, = Average weight of vehicles on roads traveled by vehicles of type j (tons)

The silt loadings were taken from Table 3 of ARB Emission Inventory Methodology 7.9 (ARB, 1997). As
indicated in Table 6-B, off-site motor vehicles were assumed to travel on paved collector roads.

The average weight of vehicles on roads traveled by off-site motor vehicles was assumed to be 2.4 tons, as
listed in Table 3 of ARB Emission Inventory Methodology 7.9 (ARB, 1997) for the Kern County portion of the
Southeast Desert Air Basin.

PM2.5 emission factors were calculated by multiplying the PM10 emission factors by the mass fraction of
PM2.5 emissions in PM10 emissions from entrained paved road dust. The PM2.5 mass fractions were from
“Final-Methodology to Calculate Particulate Matter (PM) 2.5 and PM 2.5 Significance Thresholds”
(SCAQMD, 2006). The calculated PM10 and PM2.5 entrained paved road dust emission factors are in
Table 6-B.

2.1.4 Fugitive PM10 and PM2.5 Emissions

Excavation and grading during construction will generate fugitive PM10 and PM2.5 emissions from soil
handling (i.e., dropping), wind erosion of temporary storage piles, bulldozing and grading, and on-site
vehicles traveling on unpaved roads and surfaces. Although fugitive dust emissions from construction
activities are temporary, they may have an impact on locai air quality. Fugitive dust emissions often vary
substantially from day to day, depending on the level of activity, the specific operations, and the prevailing
meteorological conditions. The following methodologies provide the predictive emission equations,
emission factors, and default values used to calculate fugitive dust emissions for the project.

Emissions from Soil Handling

Fugitive PM10 and PM2.5 emissions are generated during excavation when excavated material is dropped
onto the ground at the side of the excavation location or dropped into trucks for removal from the site. The
following equation was used to estimate these emissions:

Emissions (Ib/day) = EFg x V, (Eq. 2-6)
Where: EFs = Controlled PM10 emission factor for soil dropping (Ib/yd3)
Vs = Volume of soil handled (yd®)
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The controlled emission factor was calculated from:

EFs (Ib/yd®) = 0.0011 x (U/5)"2 / (M/2)"* x D x Np (Eq.2.7)
Where: U = Mean wind speed (mph)

M = Soil moisture content (percent)

D = Soil density (tons/yd®)

Np =  Number of times soil is dropped

Source: (EPA, 1995a)

The mean wind speed was assumed to be the default value of 12 mph, from Table 9-9-G of the SCAQMD
CEQA Handbook (SCAQMD, 1993a). The moisture content was assumed to be 15 percent, from "Open
Fugitive Dust PM10 Control Strategies Study" (MR, 1990) for moist conditions. Soil density was assumed
to be 1.215 tons per cubic yard, from Table 2.46, Handbook of Solid Waste Management (K. Frank, et. al.,
2001). Watering will be used to maintain moist conditions. It was conservatively assumed that soil would
be dropped four times: 1) onto the ground at the side of the excavation; 2) onto a temporary storage pile; 3)
into a truck; and 4) out of the truck.

The PM2.5 emission factor was calculated by multiplying the PM10 emission factor by the mass fraction of
PM2.5 emissions in PM10 emissions from construction dust. The PM2.5 mass fraction was from “Final-
Methodology to Calculate Particulate Matter (PM) 2.5 and PM 2.5 Significance Thresholds,” (SCAQMD,
2006). The emission factors are listed in Table 7.

Wind Erosion from Temporary Storage Piles

Wind erosion of temporary soil storage piles during excavation generates fugitive PM10 and PM2.5
emissions. The following equation was used to estimate these emissions:

Emissions (Ib) = EFw x A ‘ : (Eq. 2-8)
Where: EFy = Controlled PM10 emission factor for storage pile wind erosion (lb/acre-day)

A = Temporary storage pile surface area (acres)

The controlled emission factor was calculated from:

EFyw (Ib/acre-day) = 0.85 x (s/1.5) x (365-p/235) x (U12/15) x (1-CE/100) (Eg. 2-9)

Where: s = Soil silt content (percent)
p = Number of days per year with precipitation of 0.01 inches or more
Uiz = Percentage of time unobstructed wind speed exceeds 12 mph
CE = Control efficiency from watering twice per day (percent)

Source: (EPA, 1992)

The storage pile silt contents were assumed to be 7.5 percent, as listed in Table A9-9-F-1 of the SCAQMD
CEQA Air Quality Handbook (SCAQMD, 1993b) for overburden. The number of days with precipitation was
conservatively assumed to be zero, and the percentage of the time that the wind speeds exceeds 12 mph
was conservatively assumed to be 100 percent. The control efficiency from watering twice per day was
assumed to be 50 percent.
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The PM2.5 emission factor was calculated by multiplying the PM10 emission factor by the mass fraction of
PM2.5 emissions in PM10 emissions from construction dust. The PM2.5 mass fraction was from “Final—
Methodology to Calculate Particulate Matter (PM) 2.5 and PM 2.5 Significance Thresholds” (SCAQMD,
2006). The emission factors are listed in Table 7.

Bulldozing, Scraping and Grading

Bulldozing, scraping and grading generate fugitive PM10 and PM2.5 emissions. The following equation was
used to estimate these emissions:
Emissions (Ib) = EFg x Tg (Eq. 2-10)
Where: EFg
Te

Controlled PM10 emission factor for bulldozing and grading (Ib/hr)

Bulldozing and grading duration (hr)

The controlled emission factor was calculated from:

EFg (Ib/hr) = 0.75 x s/ M . : (Eq. 2-11)
Where: s = Soil silt content (percent)
M = Soil moisture (percent)

Source: (EPA, 1998a)

The silt content was assumed to be 7.5 percent, as listed in Table A9-9-F-1 of the SCAQMD CEQA Air
Quality Handbook (SCAQMD, 1993b) for overburden and the moisture content was assumed to be 15
percent, from "Open Fugitive Dust PM10 Control Strategies Study” (MR, 1990), for moist conditions.
Watering will be used to maintain moist conditions.

The PM2.5 emission factor was calculated by multiplying the PM10 emission factor by the mass fraction of
PM2.5 emissions in PM10 emissions from construction dust. The PM2.5 mass fraction was from “Final—
Methodology to Calculate Particulate Matter (PM) 2.5 and PM 2.5 Significance Thresholds” (SCAQMD,
2006). The emission factors are listed in Table 7.

Vehicle Travel on Unpaved Surfaces

Vehicles traveling on unpaved surfaces generate fugitive PM10 and PM2.5 emissions. The following
equation was used to estimate these emissions:
Emissions (Ib) = EFy x VMTy (Eq. 2-12)
Where: EFy
VMTy

Controlled PM10 emission factor for vehicle travel on unpaved surfaces (Ib/mi)

Distance traveled on unpaved surfaces (mi)

The controlled emission factor was calculated from:

EFU (Ib/mi) = 1.5 (s/12)*®° x (W/3)**® x (1-CE/100) (Eq. 2-13)
Where: s = Surface silt content (percent)
W = Average vehicle weight (fons)

CE

Control efficiency from watering twice per day (percent)

Source: (EPA, 2006)
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The silt content was assumed to be 7.5 percent, as listed in Table A9-9-F-1 of the SCAQMD CEQA Air
Quality Handbook (SCAQMD, 1993b) for overburden. The average weight of vehicles on unpaved surfaces
was assumed to be 20 tons, which is the average of a 10 ton empty and a 30 ton full dump truck. The
control efficiency from watering twice per day was assumed to be 50 percent.

The PM2.5 emission factor was calculated by multiplying the PM10 emission factor by the mass fraction of
PM2.5 emissions in PM10 emissions from construction dust. The PM2.5 mass fraction was from “Final—
Methodology to Calculate Particulate Matter (PM) 2.5 and PM 2.5 Significance Thresholds” (SCAQMD,
2006). The emission factors are listed in Table 7.

2.2 Emission Calculations

Emissions were calculated from estimates of (1) the types, number, horsepower rating and daily operating
hours for construction equipment; (2) the types, number and daily miles traveled by on-site and off-site motor
vehicles; and (3) the activity levels (e.g., hours of bulldozing, scraping and grading) for fugitive particulate
matter producing activities. These estimates were made by construction month for construction of the
combined cycle facility, the solar array, the rectaimed water supply pipeline, the natural gas supply pipeline, the
sanitary wastewater pipeline, the potable water supply pipeline, and one of the transmission line segments.
They were made by week for construction of the second transmission line segment. It was assumed that all
on-site motor vehicle travel will be on unpaved surfaces and that all off-site motor vehicle travel will be on
paved surfaces.

Hourly, daily, monthly and annual emissions were calculated for construction of the combined cycle facility
and the solar array. On-site emission rates used to model impacts of combined cycle facility and solar array
construction emissions on ambient air quality were derived from the hourly, daily and annual emissions.

Daily emissions were calculated for construction of the reclaimed water supply pipeline, the natural gas
supply pipeline, the sanitary wastewater pipeline, the potable water supply pipeline, and each of the
transmission line segments.

2.21 Combined Cycle and Solar Facility Construction Emission Calculations

Construction equipment and motor vehicle requirements as well as fugitive particulate matter producing
activities for construction of the combined cycle and solar facilities were assumed to be the same as the
estimates for construction of the Victorville 2 Hybrid Power Project (“VV2 Project,” 07-AFC-1). The
combined cycle and solar facilities for the VV2 Project are identical to these facilities for the PHPP.
Therefore, it is reasonable to assume that the construction activities will be the same for both projects.
However, it should be noted that equipment usage and fugitive particulate matter producing activities during
site preparation will be somewhat less for the PHPP than for the VV2 Project, because the amount of soil
handled for the PHPP will be less than for the VV2 Project. The estimated amount of soil handled during
site preparation for the PHPP will be approximately 1,900,000 cubic yards, while the total for the VV2
Project will be approximately 2,600,000 cubic yards. Therefore, the resulting emission estimates during site
preparation for the PHPP will be somewhat lower than the emissions that have been estimated using the
activity levels from the VV2 Project.

Calculations of monthly combined cycle facility construction emissions are in Tables 8-A through 8-M, and
calculations of monthly solar facility construction emissions are in Tables 9-A through 9-M. Tables 8-A and
9-A list the daily operating hours, vehicle miles traveled and number of pieces of construction equipment
and motor vehicles by month for each type of equipment or motor vehicle; Tables 8-B and 9-B list the
monthly operating hours and vehicle miles traveled for each type of construction equipment or motor
vehicles, based on 22 working days per month; Tables 8-C through 8-H and 9-C through 9-H list the
monthly CO, VOC, NOy, SOx, PM10 and PM2.5 exhaust emissions; Tables 8-1 through 8-J and 9- through
9-J list the monthly motor vehicle fugitive PM10 and PM2.5 emissions; Tables 8-K and 9-K list the monthly
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fugitive particulate matter generating activity levels; and Tables 8-L through 8-M and 9-L through 9-M list the
fugitive PM10 and PM2.5 emissions.

Peak hourly emissions were also estimated for each month of construction for the combined cycle and
solar facilities. These estimates were made by assuming that all pieces of construction equipment used
during each month will operate simultaneously during one hour and that all on-site motor vehicles will
travel one-third of their daily mileage simultaneously during the same hour. These calculations are in
Tables 10-A through 10-M for the combined cycle facility and in Tables 11-A through 11-M for the solar
facility.

Construction emission summaries are in Tables 12-A through 12-L for construction of the combined cycle
facility and in Tables 13-A through 13-L for construction of the solar facility. Tables A, C, E, G, |, and K
summarize CO, VOC, NOy, SOx, PM10, and PM2.5 emissions, respectively. Each table lists running 12-
month, monthly, daily and hourly emissions by month as well as peak emissions. Tables B, D, F, H, J, and
L list maximum hourly, daily and annual on-site emissions for each of these pollutants.

Emission rates, in pounds per hour, used to model air quality impacts of on-site emissions during
construction of the solar facility are listed in Table 14. The table lists the emission rate used for each
pollutant and each averaging period and indicates how the emission rate was calculated.

2.2.2 Reclaimed Water Supply Pipeline, Natural Gas Pipeline, Sanitary Wastewater
Pipeline and Potable Water Supply Line Construction Emission Calculations

Construction equipment and motor vehicle usage for construction of the reclaimed water supply pipeline
were derived from combined estimates for construction of a reclaimed water pipeline and sanitary
wastewater pipeline for the VV2 Project. The reclaimed water supply pipeline for the PHPP is 14 inches in
diameter and 7.8 miles long, while each of the two pipelines for the VV2 Project are 14 inches in diameter
and 1.5 miles long. Construction of these pipelines for the VV2 Project is anticipated to last nine months.
Based on a nine-month construction duration for the PHPP reclaimed water supply pipeline, the equipment
and motor vehicle requirements for the VV2 reclaimed water and sanitary wastewater pipeline construction
were multiplied by a factor of three to account for the difference in number of pipelines and length:

(1 pipeline PHPP / 2 pipelines VV2) x (7.8 miles PHPP / 1.5 miles VV2) = 2.6, rounded up to 3.0

Construction equipment and motor vehicle usage for construction of the natural gas pipeline were derived
from the estimates for the reclaimed water pipeline. -The natural gas pipeline is 20 inches in diameter and
9.0 miles long. The daily equipment and motor vehicle usage was assumed to be the same as for
constructing the reclaimed water pipeline, but the construction duration was increased from nine months to
15 months to account for the larger diameter and longer length:

(20 inch diameter natural gas / 14 inch diameter reclaimed water) x (9.0 miles natural gas / 7.8 miles
reclaimed water) x 9@ months reclaimed water = 14.8 months, rounded to 15 months

Construction equipment and motor vehicle usage for construction of the sanitary wastewater pipeline was
derived from estimated usage for construction of the reclaimed water and sanitary wastewater pipelines for
the VV2 Project. The sanitary wastewater pipeline for the PHPP is 12 inches in diameter and 1.4 miles
long, which is approximately the same size and fength as each of the two pipelines for the VV2 Project.
Since the equipment and motor vehicle usage for the VV2 Project is for two pipelines, the daily usage for
constructing the PHPP sanitary wastewater pipeline was assumed to be the same as for the two pipelines
for the VV2 Project, but the construction duration was reduced from the nine months anticipated for the VV2
Project to five months for PHPP.

The potable water supply pipeline for the PHPP is approximately 0.4 miles long. The daily construction
equipment and motor vehicle usage to construct this pipeline was assumed to be the same as for
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constructing the sanitary wastewater pipeline, but the construction duration was reduced from five months to
two months to account for the shorter length.

Calculations of daily construction emissions are in Tables 15-A through 15-M for the reclaimed water
pipeline, Tables 16-A through 16-M for the natural gas pipeline, Tables 17-A through 17-M for the sanitary
wastewater pipeline, and in Tables 18-A through 18-M for the potable water pipeline. Within each set of
tables, Table A lists the daily operating hours, vehicle miles traveled and number of pieces of construction
equipment and motor vehicles by month; Table B lists the daily operating hours and vehicle miles traveled
for each type of construction equipment or motor vehicles; Tables C through H list the daily CO, VOC, NOx,
SOy, PM10 and PM2.5 exhaust emissions; Tables | and J list the daily motor vehicle fugitive PM10 and
PM2.5 emissions; Table K lists the daily fugitive particulate matter generating activity levels; and Tables L
and M list the daily fugitive PM10 and PM2.5 emissions.

Construction emission summaries are in Tables 19-A through 19-F for construction of the reclaimed water
pipeline, Tables 20-A through 20-F for the natural gas pipeline, Tables 21-A through 21-F for the sanitary
wastewater pipeline, and in Tables 22-A through 22-F for the potable water pipeline.

2.2.3 Transmission Line Construction Emissions

Construction of the two transmission line segments will occur in phases:

¢ Road work

e Constructing foundations for towers

¢ Constructing towers

¢ Stringing conductors

¢ Clean-up

¢ Removing existing power lines (Segment 2)

~Additionally, activities will occur at a marshalling yard throughout the construction period for each segment.

Construction equipment and motor vehicle requirements as well as fugitive particulate matter producing
activities for construction of the two transmission line segments were derived from estimates of the
construction activities for the VV2 Project transmission line. The VV2 Project includes construction of three
transmission line segments. The activities required to construct the first segment for the VV2 Project are
similar to the activities required to construct Segment 1 for the PHPP. However, Segment 1 for the PHPP is
approximately 24 miles long, while the first segment for the VV2 Project is approximately 4.3 miles long.
The 26-week construction duration for the VV2 Project was extended to 26 months for the PHPP to account
for the difference in length of the segments.

The activities required to construct the third segment for the VV2 Project are similar to the activities required
to construct Segment 2 for the PHPP. Segment 2 for the PHPP is approximately 12.2 miles long, and the
third segment for the VV2 Project is approximately 13 miles long. Since the lengths and required
construction activities are similar, the construction requirements for Segment 2 for the PHPP were assumed
to be the same as for the third segment for the VV2 Project.

Construction equipment and on-site and off-site motor vehicle usage during construction of each phase for
each segment were estimated, and daily emissions were calculated from these estimates. The calculations
are in Tables 23-A through 23-D for Segment 1 and in 24-A through 24-D for Segment 2. Table A lists the
daily operating hours, number of pieces and the resulting exhaust emissions for construction equipment.
Table B lists the daily miles traveled, number of vehicles and the resulting exhaust emissions for motor
vehicles. Table C lists daily entrained road dust PM10 and PM2.5 from motor vehicles, and Table D lists
daily activity levels and fugitive PM10 and PM2.5 emissions.
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Construction emissions by construction phase and month are in Tables 25-A through 25-F for Segment 1
and by construction phase and week in Tables 26-A through 26-F for Segment 2. These tables list daily
CO, VOC, NOx, SOy, PM10 and PM2.5 emissions by month or week as well as maximum daily emissions.
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3.0 Operating Criteria Pollutant Emissions

Criteria pollutant (NOx, SOy, CO, VOC, PM10, and PM2.5) emissions are estimated for normal operations
for the project equipment, including:

+ Two General Electric (GE) 7FA combustion turbines with evaporative cooling and duct fired heat
recovery steam generators (HRSGs). Both the combustion turbines and duct burners will only burn
natural gas. Maximum heat input rates are 1,736 MMBtu/hr for each turbine and 424 MMBtu/hr for
each fired HRSG.

+ One 100 MMBtu/hr auxiliary boiler fired only with natural gas. The auxiliary boiler will be used to
provide steam to facilitate rapid startup of the combined-cycle system.

» One 40 MMBtu/hr heat transfer fluid (HTF) auxiliary heater fired only with natural gas. The auxiliary
heater HTF will be used to protect the solar energy heat transfer fluid from freezing.

¢ One 2 MW emergency diesel generator that will burn ultra-low-sulfur diesel fuel.
e One fire water pump diese! engine that will burn ultra low-sulfur-diesel fuel.
e One 10-cell cooling tower.

¢ On-site vehicle emissions (i.e., mirror wash and maintenance vehicles for the solar array).

3.1 Combustion Turbine and Duct Burner Criteria Pollutant Emissions

Emissions for the combustion turbines were based on process information provided by Kiewit Power
Engineers, emission guarantees from GE, and a review of stack test data for PM10. Emissions for
continuous operation as well as start-up and shutdown emissions were calculated based on the following
operating scenarios:

e Continuous Operation

o Combustion turbines at full load for 8,760 hours per year including 6,760 hours per year
without duct firing and 2,000 hours per year withduct firing. Based on emissions at 100
percent load and turbine performance at the annual average temperature of 64 °F.

e Maximum Start ups and Shutdowns

o Hot Start and Warm Start — 80 minute start-up duration with 260 hot/warm start-ups per unit
per year. For each hot or warm start the turbines are offline for an average of 6 hours.

o Cold Start — 110 minute start-up duration with 50 cold starts per unit per year. For each cold
start the turbines are offline for an average of 48 hours.

o Shutdown — 310 shutdowns per unit per year with a duration of 30 minutes each.

Under these conditions, it is estimated that the units will be offline for 3,960 hours per year.

Maximum emissions of each pollutant from the above operating scenarios were used for subsequent
assessment. The emission calculation methodology and assumptions used to calculate emissions for the
combustion turbines and duct burners is provided in the following sections. Note that the tables in
Attachment A contain emissions information for the combustion turbines and duct burners that was
prepared by Kiewit Power Engineers using a turbine performance model, GE Power Island (Model Revision:
GC561-062008-1).
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3.1.1 NOx, CO and VOC Emission Calculations during Continuous Mode

Emissions of NOy, CO, and VOC are estimated based on pollutant concentration in the stack discharge.
The volumetric stack flow rate is determined using the “F-factor” (i.e., the volume of exhaust gas from the
combustion of 1.0 MMBtu of natural gas) of 8,710 standard cubic feet per MMBtu (scf/MMBtu) taken from
40 Code of Federal Regulations (CFR) Part 60, Appendix A-7, Method 20, with the approprlate correction
for oxygen (O,) content. The volumetric flow is used to convert the proposed BACT" limit from units of parts
per million by volume on dry basis (ppmvd) to an emission factor (EF) in units of pounds per MMBtu
(Ilbs/MMBtu). The emission factor is calculated using Equation 3-1:

EF (lbs/MMBtu) = (ppmvd/1 06) x {F-factor) x (O, Corr) x (MW/MV) (Eq. 3-1)
Where: EF = emission factor

ppmvd = concentration of the pollutant in the stack

F-factor = volume of exhaust gas from the combustion of 1.0 MMBtu of natural gas

= 8,710 scf/MMBtu
0O, Corr = Correction for excess O, content: (20.9/[20.9 - %0;])
MW = molecular weight of the species
(NOx = 46 Ibs/mole, CO = 28 Ibs/mole, VOC as methane = 16 Ibs/mole)
MV = molar volume of gas at standard conditions (379 dscf/mole)

Emissions are calculated based on Equation 3-2:

Emissions (Ibs/hr) = (EF) x (heat rate of device [MMBtu/hr]) (Eq. 3-2)

Emission calculations for continuous operation mode of the turbines at different loads are presented in
Table 27. Annual emissions for normal operating conditions without any start-ups and shutdowns are based
on 6,760 hours per year of operation at full load without duct burning and 2,000 hours with duct burning.
Annual emissions for normal operating conditions with start-ups and shutdowns are based on 2,207 hours
per year of operation at full load without duct burning and 2,000 hours with duct burning. Emissions during
start-up and shutdown mode are estimated as described in Section 3.1.4. Emissions during start-up and
shutdown mode are presented in Table 28. Table 29 presents a comparison of emissions from the turbines
during continuous operation with emissions during start-up and shutdown.

3.1.2 SOy Emission Calculations during Continuous Mode

BACT proposed for SOx emissions is the use of natural gas fuel with a sulfur content of 0.2 grains per 100
scf of natural gas. Hourly emissions are calculated according to Equation 3-3:

" Emissions (Ibs/hr) = (S) x (MWgo/MWs) x (heat rate) / (HHV x 7000 gr/lb) (Eq. 3-3)
Where: S = Sulfur content of fuel = 0.2 grains per 100 scf
MWogoo = Molecular Weight of SO, = 64 Ib/mole
MWs = Molecular weight of sulfur = 32 Ib/mole
Heatrate = heat rate of turbine when duct burners unfired (MMBtu/hr)
= heat rate of turbine + heat rate of duct burners when fired (MMBtu/hr)
HHV = Higher heating value of the fuel (1,024 Btu/scf)

" The “BACT” limit identified herein refers to the emission limit proposed in the control technology assessment in Section
5.2, Air Quality of the AFC. BACT is used interchangeably in this appendix to mean either BACT or LAER.
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SOy emission calculations for continuous operation mode of the turbines at different loads are presented in
Table 27. Annual emissions for normal operating conditions without any start-ups and shutdowns are based
on 6,760 hours per year of operation at full load without duct burning and 2,000 hours with duct burning.
There will be negligible SOx emissions during start-up and shutdown mode as these emissions occur due to
combustion of fuel. Table 29 presents a comparison of emissions from the turbines during continuous
operation with emissions during start-up and shut-down.

3.1.3 PM10 and PM 2.5 Emissions during Continuous Mode

BACT proposed for PM10 emissions is the use of natural gas fuel and good combustion practice. Per the
proposed BACT limit, PM10 emissions from the turbine will be limited to 12 pounds per hour without the
duct burner and 18 pounds per hour with duct burner, under ali operating conditions. 100 percent of PM10
emissions are assumed to be PM2.5.

PM10 emissions for continuous operation mode of the turbines at different loads are presented in Table 27.
Annual emissions for normal operating conditions without any start-ups and shutdowns are based on 6,760
hours per year of operation at full load without duct burning and 2,000 hours with duct burning. There will
be negligible PM10 emissions during start-up and shut-down mode as these emissions occur due to
combustion of fuel. Table 29 presents a comparison of emissions from the turbines during continuous
operation with emissions during start-up and shut-down.

-3.1.4 Emissions during Start-up and Shut-down Mode

Emissions during start-up and shut-down mode were estimated for NOx, CO and VOC based on test data
provided by the turbine manufacturer. The emissions in pounds per hour were estimated by dividing the
manufacturer guaranteed emission limits (pounds of pollutant per start-up or shut-down event) with the
duration of each start-up or shut-down event (hours/event). The number of such events and their duration is
given in Section 3.1 above. Negligible SOx and PM10 emissions are expected during the start-up and shut-
down modes as fuel combustion is low and these emissions occur only when there is fuel combustion.

Emissions during start-up and shut-down mode are presented in Table 28. Table 29 presents a comparison
of emissions from the turbines during continuous operation with emissions during start-up and shut-down.

3.2 Auxiliary Boiler and HTF Heater Criteria Pollutant Emissions
The emission calculation methodologies for the auxiliary boiler and HTF heater are similar, as they are both
natural gas-fired combustion devices that employ ultra-low-NOy burners for emissions control. The
assumptions made regarding boiler operation used as the basis for emission calculations include:

e One 100 MMBtu per hour auxiliary boiler;

e  One 40 MMBtu per hour HTF heater;

» Natural gas will be the only fuel used by the boiler and heater;

e Boiler and heater to be equipped with ultra-low- NOx burners;

¢ Operation of the auxiliary boiler is limited to 500 hours per year;

e Operation of the HTF heater is limited to 1,000 hours per year;

¢ 100 percent of the PM10 emissions are PM2.5.
The emission factors used for the emission estimates for all pollutants are based on the BACT analysis (see

Section 5.2, Air Quality of the AFC). Auxiliary boiler emission factors and emission estimates are presented
in Table 30, and HTF heater emission factors and emission estimates are presented in Table 31.
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3.2.1 NOy and CO Emission Calculations

Emissions of NOy and CO are estimated based on pollutant concentrations in the stack discharge
determined in the BACT analysis. NOyx emissions are based on 9 ppmvd and CO emissions are based on
50 ppmvd, both measured at three percent excess oxygen. The volumetric stack flow rate is determined
using the “F-factor” of 8,710 standard cubic feet per MMBtu (scf/MMBtu) taken from 40 CFR Part 60,
Appendix A-7, Method 20, with the appropriate correction for O, content. The volumetric flow is used to
convert the proposed BACT limit from units of parts per million by volume on dry basis (ppmvd) to an
emission factor (EF) in units of pounds per MMBtu (Ibs/MMBtu). The emission factor is calculated using
Equation 3-1. Emissions are calculated based on Equation 3-2. Calculations are presented in Tables 30
and 31 for the auxiliary boiler and the HTF heater, respectively.

3.2.2 PM10 and VOC Calculations

PM10 and VOC emissions were calculated using emission factors from AP-42 Chapter 1 External
Combustion Sources, Section 1.4 Natural Gas Combustion, Table 1.4-2 (EPA 1998b). Emissions are
calculated according to Equation 3-2. Calculations are presented in Tables 30 and 31 for the auxiliary boiler
and the HTF heater respectively. :

3.2.3 SOy Emission Calculations

BACT proposed for SOx emissions is the use of natural gas fuel and good combustion practice. SOx
emission estimates are based on 0.2 grains of sulfur per 100 scf of natural gas. Hourly emissions are
calculated according to Equation 3-3. Calculations are presented in Tables 30 and 31 for the auxiliary boiler
and HTF heater respectively.

3.3 Emergency Diesel-Fired Engines Emissions

The assumptions made regarding emergency engine operation used as the basis for emission calculations
include:

e One 135 kW diesel-fired, 2009 model year Tier 3 engine (fire water pump);
e One 2 MW diesel-fired engine, 2009 model year Tier 2 engine (generator engine),
e The calculations assume the use of ultra-low sutfur (15 ppm) diesel fuel,

¢ Each diesel engine will be operated for one one-hour test per week, not to exceed 50 hours per
year; :

¢ Emissions do not reflect emergency use; and
¢ 100 percent of the PM10 emissions are PM2.5.

The emergency diesel generator will operate a maximum of 50 hours per year for testing and maintenance
and will have an output of 2 MW. Emission factors, shown in Table 32, were obtained from a similar
Caterpillar generator and comply with EPA Tier 2 engine emission requirements. SOx emissions were
calculated using a fuel sulfur content of 0.0015 weight percent (15 ppmw). Emergency diesel generator
emissions are presented in Table 32.

The emergency diesel fire water pump engine will operate a maximum of 50 hours per year for testing and
maintenance and will have an output of 135 kW. Emission factors, shown in Table 33, were obtained from a
similar Caterpillar engine and comply with EPA Tier 3 engine emission requirements. SOx emissions were
calculated using a fuel suifur content of 15 ppmw. Emergency diesel fire water pump engine emissions are
presented in Table 33.
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Under the New Source Performance Standard (NSPS) Subpart llll, the emission limit for NOx is combined
with non-methane hydrocarbons (NMHC). For these emission estimates, the NOx fraction is assumed to be
95 percent of the combined emissions, and the balance NMHC (Carl Moyer, 2003). NMHC is assumed to
be equivalent to VOC.

The calculation procedure for NOy, CO, PM10, and VOC are similar to one another; only the emission
factors differ between the calculations. The emission calculation procedure is presented in Section 3.3.1.
The procedure used to estimate SOx emissions differs from the other criteria poliutants. The SOx
calculations are shown in Section 3.3.2 below.

3.3.1 NOy, CO, VOC and PM10 Emission Calculations

The daily emissions are based on operating the engine no more than one hour during a day at full load for
readiness testing. Therefore, the daily emissions are equal to the hourly emissions. Annual emissions are
based on readiness testing up to 50 hours per year. Hourly emissions are calculated using Equation 3-4.
Tables 32 and 33 present the emissions from the emergency generator and fire water pump engines,
respectively.

Emissions (Ibs/hr) = EF (g/hp-hr) x Engine Capacity (hp) + 453.6 g/ibs (Eq. 3-4)

3.3.2 SOy Emission Calculations

SOy emissions are based on fuel use and a fuel sulfur content of 15 ppmw . Fuel consumption is estimated
based on the EPA default fuel consumption rate of 7,000 Btu/Hp-hr (EPA, 1996a). The emission factor for
SOy emissions was calculated using Equation 3-5 (EPA, 1996b):

Emission Factor (Ib/MMBtu) = 1.01 xS (Eq. 3-5)
Where:

S = Sulfur content of diesel fuel (percent) = 0.0015 percent
Hourly emissions are calculated according to Equation 3-6:
Emissions (lbs/hr) = Emission Factor (Ib/MMBtu) x Engine Input (MMBtu/hr) (Eq. 3-6)

Tables 32 and 33 present the emissions from the diese! generator and fire water pump engines,
respectively.

3.4 Cooling Tower PM10 Emissions

Because wet cooling towers provide direct contact between the cooling water and the air passing through
the tower, some of the liquid water may be entrained in the air stream and be carried out of the tower as
"drift" droplets. PM10 emissions are generated when the drift droplets evaporate and leave fine
particulate matter formed by crystallization of dissolved solids. Dissolved solids found in cooling tower
drift can consist of mineral matter, chemicals for corrosion inhibition, etc. As described in EPA AP-42,
Section 13.4, Wet Cooling Towers (EPA, 1995b), particulate matter emissions are calculated by
multiplying the total liquid drift factor by the Total Dissolved Solids (TDS) fraction in the circulating water.
PM10 emissions are estimated assuming that once the water evaporates, all of the solid particles are
within the PM10 size range. TDS data for the cooling tower is estimated by multiplying the TDS data for
the make-up water by the cooling tower cycles of concentration. Hourly PM10 emissions are calculated
according to Equation 3-7:
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Emissions (Ib/hr) = WCR x 60 min/hr x (Drift % / 100} x p x TDS x PM10 fraction
(Eq. 3-7)
Where: WCR = Water Circulation Rate, gallons per minute

p = Density of water (Ib/gallon)
TDS = Total Dissolved Solids, ppm (Ib/106 Ib water)

The assumptions made regarding cooling tower operation used as the basis for emission calculations
include:

¢ Circulation rate of 130,000 gallons per minute;

e Cooling tower circulating water will contain a maximum of 5,000 mg/L (equivalent to 5,000 ppm)
TDS;

e The TDS concentration in make-up water is assumed to be 531 mg/L (equivalent to 5,000 ppm),

¢ The cooling tower will be equipped with a drift eliminator with drift losses of less than or equal to
0.0005 percent based on circulation flow rate;

¢ 100 percent of the TDS emissions are PM10; and
¢ 100 percent of the PM10 emissions are PM2.5.

Daily emissions are calculated based on the maximum daily operating schedule of 24 hours per day.
Annual emissions are caiculated assuming continuous operation 8,760 hours per year. Cooling tower
PM10 and PM2.5 emissions are presented in Table 34.

3.5 Vehicle Emissions

The facility will require periodic vehicle travel over the unpaved portions of the solar field to perform routine
maintenance including mirror washing, maintenance inspections and repairs of the piping network, herbicide
application and dust suppressant application. Criteria pollutant emissions are expected from the
combustion of fuels in the vehicles and fugitive PM10 emissions are expected from vehicle traffic in the solar
fields.

Vehicle criteria pollutant emissions are calculated as the anticipated miles traveled multiplied by an emission
factor. The emission factors, except fugitive emissions from entrained road dust, were compiled by running
the ARB's EMFAC2007 (version 2.3) Burden Model (ARB, 2007b) and dividing calculated daily emissions
by daily vehicle-miles-traveled. All the emission factors account for the emissions from start, running and
idling exhaust. Fugitive PM10 and PM2.5 emission factors take into account tire and brake wear and
entrained unpaved road dust. Vehicle emissions are shown in Table 35.

Emissions were calculated using Equation 2-3 for vehicle exhaust and 2-12 for unpaved road PM10 and

PM2.5 emissions. Vehicle distance (daily and annual) and average speed are assumed based on
knowledge of the operating practices at the SEGS solar facility in Kramer Junction, California.

3.6 Summary of Operational Emissions

Operational criteria pollutant emissions for the Project are shown in Table 36.
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4.0 Toxic Air Contaminant Emissions

Toxic air contaminant (TAC) emissions are estimated for normal operations for the combustion turbines and
duct burners, auxiliary boiler, HTF heater, emergency fire pump and emergency generator engines, and the
cooling tower.

4.1 Combustion Turbine and Duct Burner TAC Emission Calculations

Emissions of TACs from the combustion turbines and duct burners are estimated based on EPA AP-42
emission factors for natural gas combustion in stationary gas turbines (EPA, 2000).

For each pollutant, maximum hourly emissions are calculated according to Equation 4-1. Annual emissions
are calculated by multiplying the hourly emission rate by the maximum annual hours of operation. The
emission factors and calculated emissions are shown in Table 37. .

Emissions (Ibs/hr) = (EF/HHV) x (heat rate of device [MMBtu/hr]) (Eq. 4-1)
Where: EF = emission factor (lbs/MMscf gas combusted)
HHV = Higher heating value of the fuel (1,024 Btu/scf)

4.2 Auxiliary Boiler and HTF Heater TAC Emission Calculations

Emissions of TACs from the boilers are estimated based on EPA AP-42 emission factors for natural gas
combustion (EPA, 1998b).

For each pollutant, maximum hourly emissions are calculated according to Equation 4-1. Annual emissions
are calculated by multiplying the hourly emission rate by the maximum annual hours of operation. The
emission factors and calculated emissions are shown in Tables 38 and 39 for the auxiliary boiler and the
HTF heater, respectively.

4.3 Emergency Engine TAC Emission Calculations

The Project will operate two diesel-fired emergency engines, one 2 MW engine for the emergency generator
and one 135 kW engine for the fire water pump. TAC emissions from this unit were quantified for routine
testing and maintenance operation only which will be limited to no more than 50 hours per year. TAC
emissions were characterized as aggregate particulate emissions (diesel particulate matter [DPM]) from
diesel-fired engines (OEHHA, 2003). DPM emissions are calculated according to Equation 3-4, and the
DPM is assumed to be equal to the PM10 emissions. Note that the TAC emissions are estimated for
maintenance and testing operations, and do not reflect emergency use. Emission estimates for TACs which
are assumed to be PM10 for the diesel engines are shown in Tables 32 and 33 forthe emergency generator
and the fire water pump engines, respectively.

4.4 Cooling Tower TAC Emissions

The PHPP proposes to use a wet cooling tower for power plant cooling. Water for cooling tower makeup
will be supplied from a reclaimed water supply. Low levels of toxic metals and organics were identified in
the reclaimed water. Non-volatile TAC emissions are calculated according to Equation 4-2 and volatile TAC
emissions are calculated according to Equation 4-3.
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ER = (WCR x 60 min/hr x 3.785 L/gal x HAP x 1g / 10° ug x DF x CC) / (453.6 g/lb) (Eq. 4-2)
Where: ER = Emission Rate (Ib/hr)

WCR = Water circulation rate (gal/min)

DF = Drift fraction (dimensionless)

HAP = HAP concentration (ug/liter)

CC = factor for cycles of concentration = 5,000/531 (9.4 conc cycles)
ER = MR x 60 min/hr x 3.785 liters/gal x HAP x VF / (10° ug/g x 453.6 g/Ib) (Eq. 4-3)
Where: ER = Emission Rate (Ib/hr)

MR = Make up water rate

HAP = HAP concentration (ug/liter)

VF = Volatilization Fraction (assumed to be one)

In addition, the cooling tower will be a source for chloroform emissions from the application of sodium
hypochlorite as a biocide for cooling tower maintenance. Biocide usage is estimated by the engineering
contractor based on experience with similar applications. Chloroform emissions are estimated using
Equation 4-4. '

E = EF x biocide usage (gal/hr) x px C x ME (Eq. 4-4)
Where: E = Emissions (Ibs/hr)

EF = emission factor of chioroform (Ib of chloroform per Ib of chlorine

P = density of sodium hypochlorite (Ib/gallon)

C = hypochlorite concentration (percent)

ME = molar equivalent (moles of chlorine per mole of sodium hypochlorite)

The emission factor is taken from study contracted by ARB for sources of chloroform in the South Coast Air
Basin (M.B. Rogozen et.al., 1998). TAC emissions are provided in Table 40.

4.5 Summary of TAC Emissions

Operational criteria pollutant emissions for the Project are shown in Table 41.

PHPP Appendix G.3, Emissions Calculations 4-2 July 2008



ENSR

5.0 Operating Greenhouse Gas Emissions

The combustion sources and circuit breakers proposed for PHPP may emit greenhouse gases (GHG),
including carbon dioxide (CO,), methane (CH,), nitrous oxide (N;0), and sulfur hexafluoride (SFg). The
methodology used to calculate GHG emissions from these sources is explained below.

5.1 Combustion Turbine and Duct Burner GHG Emissions

GHG emissions from operation of each of the two combustion turbines and duct burners are based upon the
estimated usage of each at 8,760 hrs/yr, the estimated natural gas usage rate of 1.93 MMscf/hr, the
estimated heat content of natural gas of 1,024 Btu/scf and the emission factors listed in Tables C.6 and C.7
of the California Climate Action Registry General Reporting Protocol, Version 3.0 (GRP, 2008). Annual
emissions of GHG are calculated using Equation 5-1. Emission calculations are shown in Table 42.

Egne = Fuel x Operation x HV x EFgyg X conversion factor (Eq. 5-1)
Where: Eghg = Emissionsgns, (Mmetrics tons/yr)

Fuel = natural gas usage rate (MMscf/hr)

Operation = Operating schedule (hrs/yr)

HV = heating value of natural gas (MMBtu/MMscf)

EFgns = emission factor for each GHG from Tables C.6 and C.7 of GRP (kg/MMBtu)

conversion factor = conversion factor for kg to metric tons

5.2 Auxiliary Boiler and HTF Heater GHG Emissions

GHG emissions from operation of the 100 MMBtu per hour auxiliary boiler and 40 MMBtu per hour HTF
heater are based upon the estimated usage of the units by the Project (500 hours per year for the boiler and
1,000 hours per year for the heater) and the emission factors listed in Tables C.6 and C.7 of the GRP (GRP,
2008). Annual emissions of GHG are calculated using Equation 5-1. Emission calculations are shown in
Table 42.

5.3 Emergency Internal Combustion Engine GHG Emissions

GHG emissions from operation of the emergency diesel-fueled engines are based upon the estimated
usage by the Project (50 hours per year, per engine), the estimated fuel consumption and the emission
factors listed in Tables C.6 and C.7 of the GRP (GRP, 2008).The emissions are calculated according to
Equation 5-2. Emission calculations are shown in Table 42. Note that the GHG emissions are estimated for
maintenance and testing operations, and do not reflect emergency use.

Egng = fuel use x EFghg X conversion factor (Eq. 5-2)
Where: Eghg Emissionsgng, (Metrics tons/yr)
" EFgue emission factor for each GHG from Tables C.6 and C.7 of GRP

conversion factor = conversion factor for kg to metric tons

PHPP Appendix G.3, Emissions Calculations 5-1 July 2008



ENSR

5.4 Circuit Breakers

There are 160 pounds of SFg in use in circuit breakers in the Project equipment. Emissions are calculated
according to Equation 5-3.

Esrs = Q X LR/ 2,200 Ibs/tonne (Eq. 5-3)
Where: Esrs = Emissions of SFg (metric tons/yr)
Q = Quantity of SFg in the Project circuit breakers

LR

Leak Rate (dimensionless)

The SF¢ leakage rate from operating equipment is guaranteed at 0.5 percent per year and can be kept
below 0.2 percent per year with current best technology. At the maximum guaranteed leak rate of 0.5
percent, this corresponds to 0.8 pounds per year of emissions, or 9 metric tons /year of CO, equivalent
(CO.e) emissions. The more probable, technically feasible leak rate is 0.2 percent, which corresponds to
approximately 108 metric tons CO,e emissions over the 30-year plant lifetime. Emission calculations are
shown in Table 42.

5.5 On-site Vehicular Traffic

GHG emissions from on-site light-duty vehicles (LDV), heavy-duty trucks (HDT) and the mirror wash vehicle
are based upon the predicted annual miles traveled for the Project, average fuel economy values from the
EMFAC2007 BURDEN model (ARB, 2007b) results for 2009, and the emission factors listed in Tables C.4
and C.5 of the GRP (GRP 2008). Annual emissions of GHG are calculated using the following equations:

CO,, metric tons/yr = (AR/ M) x EF x conversion factor of kg to metric tons (Eq. 5-4)
Where: AR = vehicle-miles-traveled (miles/year)

M = distance traveled per gallon of fuel consumed (miles/gallon)

EF = CO, emission factor (kg/gal)

Methane (CH,) and nitrous oxide (N,O) emissions are calculated according to Equation 5-5.

CH, or N,O, metric tons/yr = AR x EF x conversion factor of kg to metric tons (Eq. 5-5)
Where: AR = vehicle-miles-traveled (miles/year)
EF = CH, or N;O emission factor (kg/mile)

Emission calculations are shown in Table 43.

5.6 Summary of GHG Emissions

CO, equivalent emissions are calculated using the global warming potential (GWP) provided in Appendix C
of the GRP (GRP, 2008) in the column labeled “GWP (SAR, 1996)", as these are the values used by the
California Climate Registry. For example, the GWP of methane is 21 times that of CO; and the GWP of
nitrous oxide is 310 times that of CO,. Total GHG emissions are shown in Table 42.
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