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Appendix D1.1

Construction Emissions






EMISSION FACTORS FOR ON-SITE CONSTRUCTION EQUIPMENT
Hydrogen Energy International LLC, Kern County Power Project

Emission Factors (lbs/hr)

Equipment Description EMFAC designation | HP |  coO co, | cH, | NO | No_ | PMy | PMys SO, ROG"
On-Road Vehicles

Concrete Pumper Truck HHD-DSL 0.32 69.79 0.0017 0.0011 0.69 0.043 0.039] 0.00066 0.15
Dump Truck HHD-DSL 0.32 69.79 0.0017 0.0011 0.69 0.043 0.039] 0.00066 0.15
Service Truck - 1 ton HHD-DSL 0.32 69.79 0.0017 0.0011 0.69 0.043 0.039] 0.00066 0.15
Pile Driver Truck HHD-DSL 0.32 69.79 0.0017 0.0011 0.69 0.043 0.039] 0.00066 0.15
Truck - Fuel/Lube MHD-DSL 0.15 33.18 0.0017 0.0011 0.28 0.017 0.015| 0.00031 0.014
Tractor Truck 5th Wheel HHD-DSL 0.32 69.79 0.0017 0.0011 0.69 0.043 0.039] 0.00066 0.15
Trucks - Pickup 3/4 ton MHD-DSL 0.15 33.18 0.0017 0.0011 0.28 0.017 0.015| 0.00031 0.014
Trucks - 3 ton HHD-DSL 0.32 69.79 0.0017 0.0011 0.69 0.043 0.039] 0.00066 0.15
Truck - Water HHD-DSL 0.32 69.79 0.0017 0.0011 0.69 0.043 0.039] 0.00066 0.15
Off Road Vehicles

Air Compressor 185 CFM Diesel 50 0.287 22.27 0.0017| 0.00056 0.242 0.027 0.0253[ 0.00029 0.1220
Air Compressor 750 CFM Diesel 120 0.338 46.95 0.0041 0.0014 0.625 0.056 0.0518f 0.00055 0.1066
Articulating Boom Platform Diesel 75 0.217 26.21 0.0025| 0.00084 0.298 0.026 0.0239( 0.00032 0.0779
Bulldozer D10R Diesel 250 0.936 130.96 0.0084 0.0028 1.582 0.070 0.0643[ 0.00119 0.1852
Bulldozer DAC Diesel 120 0.927 89.87 0.0041 0.0014 1.364 0.104 0.0960{ 0.00101 0.2211
Concrete Trowel Machine Diesel 50 0.156 14.11 0.0017| 0.00056 0.147 0.015 0.0138f 0.00018 0.063
Concrete Vibrators Diesel 50 0.156 14.11 0.0017| 0.00056 0.147 0.015 0.0138f 0.00018 0.063
Cranes - Mobile 35 ton Diesel 120 0.376 50.15 0.0041 0.0014 0.690 0.063 0.0583f 0.00059 0.119
Cranes - Mobile 45 ton Diesel 175 0.491 80.34 0.0059 0.0020 0.985 0.056 0.0519( 0.00090 0.128
Crane - Mobile 65 ton Diesel 200 0.449 90.95 0.0068 0.0023 1.093 0.054 0.0499( 0.00102 0.129
Cranes 100/ 150 ton cap Diesel 250 0.366 112.16 0.0084 0.0028 1.310 0.050 0.0461f 0.00126 0.131
Diesel Powered Welder Diesel 25 0.0685 11.29 0.0008| 0.00028 0.111 0.008 0.0074f 0.00014 0.0268
Excavator - Backhoe/loader Diesel 120 0.366 51.73 0.0041 0.0014 0.607 0.055 0.0510{ 0.00061 0.099
Excavator - Earth Scraper Diesel 150 0.758 96.73 0.0051 0.0017 1.064 0.075 0.0693f 0.00109 0.158
Excavator - loader Diesel 120 0.366 51.73 0.0041 0.0014 0.607 0.055 0.0510f 0.00061 0.099
Excavator - Motor Grader (CAT140H) |Diesel 120 0.537 73.62 0.0041 0.0014 0.900 0.084 0.0774f 0.00086 0.152
Excavator - Trencher (CAT320) Diesel 120 0.537 73.62 0.0041 0.0014 0.900 0.084 0.0774f 0.00086 0.152
Fired Heaters Diesel 25 0.055 13.22 0.0008| 0.00028 0.107 0.006 0.0055f 0.00017 0.0167
Forklift Diesel 50 0.192 14.67 0.0017| 0.00056 0.157 0.018 0.0163| 0.00019 0.076
Fusion Welder Diesel 50 0.303 27.99 0.0017| 0.00056 0.283 0.028 0.0260{ 0.00036 0.1136
Heavy Haul / Cranes Diesel 350 0.201 154.58 0.0118 0.0039 1.745 0.042 0.0385( 0.00174 0.136
Light Plants Diesel 25 0.055 13.22 0.0008| 0.00028 0.107 0.006 0.0055f 0.00017 0.017
Portable Compaction Roller Diesel 100 0.554 36.68 0.0034 0.0011 0.482 0.046 0.0426{ 0.00041 0.094
Portable Compaction - Vibratory Plate |Diesel 15 0.156 14.11 0.0005( 0.00017 0.147 0.015 0.0138[ 0.00018 0.063,
Portable Compaction - Vibratory Ram |Diesel 50 0.156 14.11 0.0017| 0.00056 0.147 0.015 0.0138 0.00018 0.063|
Pumps Diesel 25 0.055 13.22 0.0008| 0.00028 0.107 0.006 0.0055( 0.00017 0.017
Portable Power Generators Diesel 50 0.297 30.62 0.0017| 0.00056 0.311 0.030 0.0273[ 0.00040 0.118
Truck Crane - Greater than 300 ton Diesel 175 0.491 80.34 0.0059 0.0020 0.985 0.056 0.0519f 0.00090 0.128
Truck Crane - Greater than 200 ton Diesel 150 0.532 69.74 0.0051 0.0017 0.876 0.058 0.0538f 0.00078 0.126
Vibratory Roller Ingersol-Rand 20 ton Diesel 150 0.462 75.77 0.0051 0.0017 0.897 0.057 0.0521| 0.00087 0.120
Notes:

* Assuming ROGs are equivalent to VOCs

- Emission factors for on-road vehicles are based on results from Emfac Emissions Model 2007 Version 2.3 (HHDT-DSL=heavy heavy-duty trucks-diesel; MHD-DSL=medium heavy duty-
diesel). EMFAC scenario year was 2010 and the selected area was Kern County. PM;q values include break wear and tire wear.

- Emission factors for off-road vehicles are based on the maximum emission factors from 2009 to 2012 of the South Coast Air Quality Management District (AQMD) data . Linear
interpolation was used to calculate the emission factor for horse power values that were not listed.

- CO; emissions for off-road vehicles were estimated using USEPA AP-42 Chapter 3.3 - Gasoline and Diesel Industrial Engines, and Chapter 3.4 - Large Stationary Diesel and All

Stationary Dual-fuel Engines
- PM, 5 emission factors were determined by multiplying PM;, numbers by a "PM, s fraction of PMyo" value. Fractional values for PM, s were taken from the SCAQMD guidance: Final -

Methodology to Calculate PM, s and PM, 5 Significance Thresholds, October 2006: Appendix A - Updated CEIDARS Table with PM, 5 Fractions.
On-Road Vehicles:
- PM, 5 Fraction of PMy,, Brake wear: 0.429
- PM, 5 Fraction of PMy,, Diesel: 0.920
- PM2.5 Fraction of PM10, Tire wear: 0.250
Off-Road Vehicles:
- PM2.5 Fraction of PM10, Diesel: 0.920
- CH, and N,O factors are derived from California Climate Action Registry General Reporting Protocol Version 2.2 (March 2007), Table C.4 using the mileage accrual rates by age table
from EMFAC2007 Version 2.3, November 1, 2006, California Air Resources Board, normalized accrual rates (annual odometer mileage weighted by population) for LDT, MHD, and HHD
diesel fueled trucks in the San Joaquin Valley Air Basin. These emissions are in g/mile. On-road vehicles are limited to 10 mph, which is used to convert to Ib/hr
- CH, and N,O factors for off-road vehicles are derived from California Climate Action Registry General Reporting Protocol Version 2.2 (March 2007), Table C.6 (distillate fuel factors for
the industrial sector) using the following to convert from kg/gallon to Ib/hp-hour, and then multiplying by the rated horsepower rating: 1 gallon/137,000 Btu, 7,000 Btu/hp-hour, and 2.2046
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HECA
Fugitive Dust Emissions Calculations

Fugitive Dust PM10 and PM2.5 Calculation

Emission factor 1.3 Ib/hr-acre
Hours per day 10 hr/day
Days per month 22 days/month
Months per year 12 months/year
Total acreage disturbed 310 acres
Percent disturbed 25%

Average acreage 77.5 acre

PM10 emissions 133 tonsl/year
PM2.5 emissions 27.7 tonslyear
Mitigation factor 83.2 percent
Controlled PM10 emissions 22.3 tonslyear
Controlled PM2.5 emissions 4.68 tons/year
Note:

- Emission factor: 1.3 Ib/hour-acre of ground disturbance - emission factor for fugitive dust emissions recommended in a study
conducted by Midwest Research Institute (MRI, 1996) for an average level of earthmoving construction activities based on 0.11
ton/acre-month and 168 hours per month of construction.

- Assumed work schedule: 10 (hours/day), 22 (days/month), and 12 (months/year) (or 2,640 work hours/year) (Information
provided by Applicant)

- Total acreage disturbed: 68 (acres) (Information provided by Applicant)

- Daily ground disturbance: 17 (acres) - based on the assumption that 25 percent of total acreage is disturbed per day
(URBEMIS2002 (Version 8.7) model) (Jones & Stokes Associates, 2003)

- Earthmoving activity is expected to last for 13 months, which means that in one year it is possible for earthmoving activities to
take place each month. Therefore, the worst-case annual fugitive dust emissions, were calculated by multiplying the monthly
fugitive dust emission rate by 12 months.

- PM2.5 values were calculated according to the South Coast AQMD’s recommended method, which is to use a conversion factor
to obtain the PM2.5 emissions directly from PM10 emissions. Conversion factors are published as Appendix A of the
Methodology to Calculate Particulate Matter (PM) 2.5 and PM 2.5 Significance Thresholds from October 2006.

- Limiting vehicle speed to 15 mph or less: about 57% control efficiency for unpaved roads (WRAP Fugitive Dust Handbook)

- Watering (every 3 hours to the disturbed areas): at least 61% efficiency for general construction activities (WRAP Fugitive
Dust Handbook)

- Mitigated emissions calculated as unmitigated emissions (ton/year) x (100 - 85)/100
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EMISSION FACTOR FOR ONROAD VEHICLES

HECA
Emissions from Vehicle Traffic Emissions

EF (Ibs/mile)
Onroad Vehicle Fuel Type Vehicle Count | Weight (Ibs) [ Vehicle Type TOC co | NOx PM;o | SO,
Passenger Vehicles G/D 52.8 4000 LDA 1.38E-03 | 1.28E-02 | 1.36E-03 | 8.00E-05 | 9.00E-06

note: Emission factors from SCAQMD Emission Factors fo

EMISSION CALCULATION FOR ONROAD VEHICLES

r Onroad Vehicles

for 2007 from EMFAC2002 (version 2.2)

Daily Emissions (lbs)

Round Trip
Total Op. Hours Trips or Distance Daily Total
/ Project Hours/Day/Unit (miles) VMT TOC CcO NOXx PM;o SO, PM2.5
Highway Vehicles Total Days
Passenger Vehicles 264 1 40 2112 2.9 27.1 2.9 0.2 1.90E-02 0.0
Annual Emission Rate (tons/year)
TOC co NOX [ Pv10 | so2 | PM25
0.39 | 3.57 | 0.38 [ 002 ] 000 | 0.00
Passenger vehicle travel on paved roads [ 0.0064]PM10 Ib/VMT |note: from Table A9-9-B-1 for major streets/highways
Average
Number of Dayslyear Miles Total miles PM10 PM10 PM10 PM2.5 PM2.5 PM2.5
Equipment Employee Hours/Day (mos 1-12) travelled per| travelled | Emissions [ Emissions | Emissions | Emissions | Emissions | Emissions
Vehicles trip per year (Ib/hr) (Ib/day) (tonsl/yr) (Ib/hr) (Ib/day) (tonslyr)
(Monthly)
All Employee Vehicles 53 2 264 40 557568 6.7584 13.5168 1.784 1.14 2.28 0.30
notes:
Assumed average distance travelled off site for all employees commuting will be 20 miles
(approximate distance to Bakersfield) times 2 for return trip 40 miles
Employee numbers based on total employees on site during Month 4 (66)
Assumed 1.3 employees per vehicle
Worker/Delivery Annual Emissions (Month 1 through 12)
COMBUSTION EMISSION FACTOR FOR ONROAD VEHICLES
Daily Vehicle EF (Ibs/mile)”
Onroad Vehicle Combustion Fuel Type Count Vehicle Type PM;o PM, 5 CcO vOoC NOx SO,
Heavy Truck (concrete, fuel, water, dump trucks) Diesel 80 HHD 0.0020 0.0018 0.0128 0.0033 0.0418 0.00004
Light Truck (service truck) Gasoline 7 Delivery 0.0008 0.0007 0.0202 0.0028 0.0224 0.00003
Personal Commuting Vehicles Gasoline 53 Passenger 0.0001 0.0001 0.0097 0.0010 0.0010 0.00001
Light delivery truck (e.g. Fed-Ex)| Gasoline 2 Delivery 0.0008 0.0007 0.0202 0.0028 0.0224 0.00003
eavy delivery truck (e.qg. flat beds carrying construction eqp; Diesel 11 HHD 0.0020 0.0018 0.0128 0.0033 0.0418 0.00004
Total 0.0057 0.0049 0.0757 0.0132 0.1294 0.0001
Daily vehicle count based on 100 truck trips per day during construction (300 PCE/3).
EMISSION CALCULATION FOR ONROAD VEHICLES
Total Days / Daily VMT / Daily Emissions (lbs/day)
Year Vehicle Annual VMT PM;q PM, 5 CcO VOoC NOx SO,
Heavy Truck (concrete, fuel, water, dump trucks) 264 40 844,800 6.39 5.61 41.03 10.54 133.91 0.13
Light Truck (service truck) 264 40 73,920 0.23 0.19 5.65 0.78 6.26 0.01
Personal Commuting Vehicles 264 40 557,568 0.18 0.11 20.46 2.10 2.12 0.02
Light delivery truck (e.g. Fed-Ex)| 264 40 21,120 0.06 0.06 1.61 0.22 1.79 0.00
avy delivery truck (e.g. flat beds carrying construction eqp) 264 40 116,160 0.88 0.77 5.64 1.45 18.41 0.02
Total 7.74 6.74 74.39 15.09 162.49 0.18
Annual Emission Rate (tons/year)
Onroad Vehicle Combustion PM;q PM, 5 Cco \Yelo) NOx SO,
Heavy Truck (concrete, fuel, water, dump trucks) 0.84 0.74 5.42 1.39 17.68 0.02
Light Truck (service truck) 0.03 0.03 0.75 0.10 0.83 0.00
Personal Commuting Vehicles 0.02 0.02 2.70 0.28 0.28 0.00
Light delivery truck (e.g. Fed-Ex)| 0.01 0.01 0.21 0.03 0.24 0.00
avy delivery truck (e.g. flat beds carrying construction eqp) 0.12 0.10 0.74 0.19 2.43 0.00
Total 0.90 0.78 8.86 1.77 18.78 0.02

Note 1: SCAQMD Prepared - Highest (Most Conservative) Emfac 2007 (version 2.3)

Emission Factors for On-Road Personal Commuting Vehicl
Scenario Year: 2009
All model years in the range 1965 to 2009

es and Trucks

FUGITIVE EMISSION FACTOR FOR ONROAD VEHICLES

Personal Commuting Vehicles EF=
Truck Travel on paved roads EF =

0.0064 PM10 Ib/VMT (from CEQA Handbook, Table A9-9-B-1 for major streets/highways)
0.1491 PM10 Ib/VMT (from CEQA Handbook Table A9-9-C-1 for major streets/highways)

Daily PM10 | Annual PM10 | Daily PM2.5 /:,rm;:'
Onroad Vehicle Fugitive Emissions Emissions Emissions Emissi'ons
(Ib/day) (tonslyr) (Ib/day) (tonsiyr)
Heavy Truck (concrete, fuel, water, dump trucks) 477.1 62.98 80.63 10.64
Light Truck (service truck) 41.7 5.51 7.06 0.93
Personal Commuting Vehicles 135 1.78 2.28 0.30
Light delivery truck (e.g. Fed-Ex)| 11.9 1.57 2.02 0.27
avy delivery truck (e.g. flat beds carrying construction eqp) 65.6 8.66 11.09 1.46
Total 609.90 80.51 103.07 13.61

Assumptions:

"Heavy Truck" assumes the average number of concrete, water, & dump trucks onsite for the daily vehicle count, which are used during an average 12 month period per the equip. schedule
"Light Truck" assumes the average number of service trucks for the daily vehicle count, which are used during a travelling 12 month period per the equip. schedule
Assumed average distance travelled off site for all employees commuting will be 20 miles

times 2 for return trip =

40

miles

22 days per month of construction, average

Employee numbers based on average employees on site in Month 4

Average daily vehicles
Number of workers per communter vehicle =

66
53
1.25
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Emission Factors for Dump Trucks, Scrapers, and Dozers with the Physical Properties of Soil used for PM10 Emissions Calculations

HECA

Emission Factors Units
Unloading of trucks 0.00041  |lb PM10/ton
Unloading of trucks 0.22 Ib PM10/hr
Dozer Tractor Crawler 1.71 Ib PM10/hr
Dump Truck transportation on unpaved road (unloaded) 3.31 Ib PM10/VMT
Dump Truck transportation on unpaved road (unloaded) 157.09  |lb PM10/day/truck
Dump Truck transportation on unpaved road (loaded) 4.81 Ib PM10/VMT
Dump Truck transportation on unpaved road (loaded) 228.52  |lb PM10/day/truck
Unloading of Scrapers 0.00041  |lb PM10/ton
Unloading of Scrapers 0.16 |lb PM10/hr
Scrapers transportation (unloaded) 2.03 Ib PM10/VMT
Scrapers transportation (unloaded) 205.51 Ib PM10/day
Scrapers transportation (loaded) 3.63 Ib PM10/VMT
Scrapers transportation (loaded) 366.44  |lb PM10/day
Physical Properties units

s (silt content) 9 %

M (moisture content) 5.83 %

u (mean wind speed) 7.29 mph

amount of earth moved 1,678,050 |tons

density 113 Ibs/ft3 (pcf)
density 1.53 tons/yd3

vol moved 1,100,000 |yd3

days per month 22 days/month
hours per day 7 hours/day
duration 12 months
Round Trip Miles (Bull Dozer) 0.4 Miles/trip
Round Trip Miles (Trucks and Scrapers) 1 Miles/trip
Dump Trucks

Total # of truck-months 2

Truck Capacity 26.3 yd3

Wt (Truck Weight) 30.87 tons

Ws (Soil Weight) 40.12 tons

WI (Truck + Soil Weight) 70.99 tons
percentage of soil moved with dump trucks 10% %

Trips Required 4,183 [total trips
Truck Trips (per truck to move 50% of soil) 13.6 |trips/hr/truck
Truck VMT/day 95.1 [miles/day/truck
Scrapers

Total # of scraper-months 22

Scraper Capacity 18 yd3

St (Scraper Weight) 10.5 tons

Ss (Soil Weight) 27.5 tons

Sl (Truck + Soil Weight) 38.0 tons
percentage of soil moved with scrapers 80% %

Trips Required 48,889 |total trips
Scraper Trips (per scraper to move 50% of soil) 14.43 trips/hr/scraper
Scraper (VMT/day) 101.0 [miles/day/scraper
Dozer

D10R Blade Capacity 10.25 yd3

Total Dozer Trips Req (for 100% of soil) 107,317.1 |trips
percentage of soil moved using dozers 10% %

D10R hours of operation 462 hrs
percentage of the soil moved by dozers, using D10R 80%

Total # of D10R-months 3

D10R Trips 8,585.4 |trips

D10R Trips/hr 18.6 |trips/hr
D10R Distance 52.0 [miles/day
D4C Blade Capacity 2.51 yd3

D4C hours of operation 616 hrs
percentage of the soil moved by dozers, using D4C 20%

Total # of D4C-months 4

D4C Trips 8,764.9 [trips

D4C Trips/hr 14.2 trips/hr

D4C Distance 39.8 [miles/day




Construction Equipment List for Earthmoving Activities

HECA

Construction Equipment Total Average Units On Site Per Month
1 2 3

Dump Truck 2 1 1

Fuel/Lube Truck 2 1 1

Water Truck 8 2 2 2
Dozer (D10R+D4C) 7 2 2 1
Excavator - Earth Scraper 22 6 4 6
Backhoe/Loader 1 1

Grader 2 1

Vibratory Roller Ingersol-Rand 20 ton 12 3 3 3
Bulldozer D10R 3 1 1

Bulldozer D4C 4 1 1 1
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Grading Emissions Factor
To be used for all grading activities

Sources:
USEPA AP42 Chapter 13.2.3 (Heavy Construction Operations), Table 13.2.3-1 - refers to
USEPA AP42 Chapter 11.9 (Western Surface Coal Mining), Table 11.9-1

EF:
TSP <30 um: 0.040(S
S = mean vehicle speed (mph)

)4.‘:)

multiply by 0.031 for PM, 5

<15 pm: 0.051(8)*° multiply by 0.60 for PMyq
S = mean vehicle speed (mph)

S= 4.3|mph
TSP <30 ym = 1.55|lb TSP/VMT

<15 um = 0.95|< 15 ym/VMT

PMy, = 0.57(lb PMo/VMT

PM, 5 = 0.05|lb PM, 5/VMT
Average Grading Speed = 6.95(km/hr

Average Grading Speed = 4.32|mile/hr

Productivity = 537.89|m3/hr
Productivity = 703.53|cy/hr

Assumption: the grader is a large size common grader (16 ft blade), data taken from 16M Motor Grader Caterpillar Spec Sheet
Source: Nunnally, S. W. 2000 . Managing construction equipment, 2nd Ed.,Prentice Hall, Upper Saddle River, N.J.



Loading Emissions Factor
To be used for all loaders

Sources:
In travel

USEPA AP42 Chapter 13.2.2 (Unpaved Roads)
BAAQMD Permit Handbook Chapter 5.11-07
EF:

In travel = k*(s/12)%(W/3)°
k = empirical constant
s = surface material silt content %
a = empirical constant
b = empirical constant
W = mean vehicle weight (tons)

k= 1.5
s = 9(%
a= 0.90
b= 0.45
W= 10.00(tons
PMyo = 1.99|Ib PMyo/VMT

Silt content shown above is for example only. It can vary depending on the localized conditions.

Batch Dropping

Silt content shown above is for example only. It can vary depending on the localized conditions.

k= 4.9
s = 9|%
a= 0.70
b= 0.45

W=[ 10.00tons

TSP <30 um = 6.89(Ib TSP/VMT

k= 0.15
s = 9|%
a= 0.90
b= 0.45

W=[ 10.00(tons

PMys = 0.20|1b PM, s/VMT

Silt content shown above is for example only. It can vary depending on the localized conditions.

USEPA AP42 Chapter 13.2.4 (Aggregate Handling And Storage Piles)

BAAQMD Permit Handbook Chapter 5.11-07
EF:
Batch dropping = k(0.0032) x (U/5)"3 / (M/2)"#
k = particle size multiplier
M = material moisture content %

U = mean wind speed (mph)

k (<30 ym) = 0.74
k (15 um) = 0.48
k (PMyo) = 0.35
k (PMos) = 0.053
M= 5.83|%
U= 3.26{mph
TSP <30 um = 0.00030|Ib TSP/ton
<15um= 0.00020|< 15 ym/ton
PMy, = 0.00014{lb PMyy/ton
PM, 5 = 0.00002(Ib PM, 5/ton

Mean wind speed and moisture content shown above are for example only. They can vary depending on the localized conditions

[ Average Blade Capacity =|

2.0[cy/loader

[ Average Loader Weight =|

10.0[ton

Source: Specification from Caterpillar Loader (average of 988H and 990H Series)






Bull Dozing Emissions Factor
To be used for all bull dozing and all general land clearing/grubbing during demolition and site preparation

Sources:

USEPA AP42 Chapter 13.2.3 (Heavy Construction Operations), Table 13.2.3-1 - refers to
USEPA AP42 Chapter 11.9 (Western Surface Coal Mining), Table 11.9-1, 11.9-3

Note: The overburden emission factor equation is used.

EF:
TSP < 30 pym: 5.7(s)"“/(M)"~* multiply by 0.105 for PM, 5

s = material silt content %
M = material moisture content %

<15 pm: 1.0(8)"°/(M)"* multiply by 0.75 for PM;q
s = material silt content %
M = material moisture content %

s = 9.0|%
M= 5.83|%
TSP <30 ym = 8.04(Ib TSP/hr
<15 ym = 2.29|< 15 ym/hr
PMy, = 1.71{Ib PMyy/hr
PM, s = 0.84|Ib PM, s/hr

Silt and moisture content shown above are for example only. They can vary depending on the localized conditions.

Average Dozer Specifications
Average Ground Speed = 2.0|mph
Average Blade Capacity = 8.8|cy/dozer

Source: Specification from Caterpillar Track Type Tractors (Average of D8T and D9T Series)







Hauling Emissions Factor
To be used for all truck hauling

Sources:
In travel TRUCKS UNLOADED
USEPA AP42 Chapter 13.2.2 (Unpaved Roads) s 9
BAAQMD Permit Handbook Chapter 5.11-07 w 30.865
EF:
In travel = k*(s/12)"(W/3)” k= 4.9
k = empirical constant (for industrial roads) s = 9|%
s = surface material silt content % a= 0.70
a = empirical constant b= 0.45)
b = empirical constant W=| 30.87[tons
W = mean vehicle weight (tons) TSP <30 um = 11.44]lb TSPVMT

Silt content shown above s for example only. It can vary depending on the localized conditions.

W=
PM, =

k= 1.5 0.15]
s= §|% 9%
= 0.90 0.90
0.45] 0.45
30.87(tons

30.87|tons
331 o

0.33(Tb PM, 5/VM

Silt content shown above is for example only. It can vary depending on the localized conditions.

In travel TRUCKS LOADED

Silt content shown above is for example only. It can vary depending on the localized conditions.

USEPA AP42 Chapter 13.2.2 (Unpaved Roads) s
BAAQMD Permit Handbook Chapter 5.11-07 w
EF:

In travel = k*(s/12)%(W/3)°
k = empirical constant
urface material silt content %
empirical constant
b = empirical constant
W = mean vehicle weight (tons)

9
70.98565

49]
9|%
0.70
0.45
70.99]tons
TSP <30 ym = 16.64[Ib TSP/VMT

Silt content shown above s for example only. It can vary depending on the localized conditions.

15

0.15]

9|%

9(%

0.90

0.90

0.45

0.45

b
W
PM1o

70.99|tons

4.87] 10/

70.99(tons
0. PN, 5/VMIT|

Silt content shown above is for example only. It can vary depending on the localized conditions.

In travel SCRAPERS UNLOADED

Silt content shown above is for example only. It can vary depending on the localized conditions.

USEPA AP42 Chapter 13.2.2 (Unpaved Roads) s
BAAQMD Permit Handbook Chapter 5.11-07 w
EF:
In travel = k*(s/12)"(W/3)”

k = empirical constant

s = surface material silt content %
empirical constant
b = empirical constant
W = mean vehicle weight (tons)

15
9%

0.90

= 0.45

= 10.50[tons
PM,, = 2.0 10

Silt content shown above is for example only. It can vary depending on the localized conditions.

In travel SCRAPERS LOADED

9
10.5

4.9

9%

0.70

0.45
=] 10.50|tons

TSP <30 um = 7.04[Ib TSP/VMT

Silt content shown above s for example only. It can vary depending on the localized conditions.

0.15]
9%
0.90
= 0.45

=] 10.50|tons
PVys = 0.2 25

Silt content shown above is for example only. It can vary depending on the localized conditions.

USEPA AP42 Chapter 13.2.2 (Unpaved Roads) s
BAAQMD Permit Handbook Chapter 5.11-07 w
EF:

In travel = k*(s/12)%(W/3)°
k = empirical constant
urface material silt content %
a = empirical constant
b = empirical constant
W = mean vehicle weight (tons)

5]
9[%
0.90!
0.45
W 37.96|tons
PM,, = 3.6! 10

Silt content shown above is for example only. It can vary depending on the localized conditions.

Batch Dropping

9
37.959

4.9
9%
0.70
0.45]

37.96(tons
12.55[Ib TSPVMT

TSP <30 ym =
Silt content shown above is for example only. It can vary depending on the localized conditions.
0.15)
9%
0.90
0.45
W 37.9_2‘%%
PM,5=| _ 0.36|Ib PM,5/VVIT]|

Silt content shown above is for example only. It can vary depending on the localized conditions.

USEPA AP42 Chapter 13.2.4 (Aggregate Handling And Storage Piles)

BAAQMD Permit Handbook Chapter 5.11-07
EF:
Batch dropping = k(0.0032) x (U/5)" / (M/2)"*
k = particle size multiplier
M = material moisture content %
U = mean wind speed (mph)

Example Onl
k(s30pm)=| 0.74
k(<15 um) = 0.48]
Kk (PMyo) = 0.35
k (PMz5) =|  0.053
M= 5.83|%
U= 7.29|mph
TSP < 30 ym =| 0.00086|Ib TSP/ton
<15 pm =] 0.00056|< 15 uym/ton
PM,, =| 0.00041[Ib PMy,/ton
PM, 5 =| 0.00006(Ib PM, s/ton

Mean wind speed and

moisture content shown above are for example only. They can vary depending on the localized conditions.

Average Truck Capacity =[

Average Loader Weight =]

22 8[cyltruck |
42.00[ton |

Source: Caterpillar Off-Highway Trucks (740 series with a struck load)






Appendix D1.2
Operating Emissions






¢G0T

*1amo} Buljo0d NSY dY} 10} Parewnsa S||99 INoj pue ‘1amo} Buljood Ssa201d J0) PaJBWNSS S|[99 N0} {1aM0o} Bulj002 %20|q Jamod 1o} payewnsa s||199 uaauiyL (S)
‘s1a1iddns aeyy Juand Aq pawLuod aq o} ‘198foid snoinaid e woy parewnse s1ejewesed yoels ‘dnuels ssyiseb uo paseg (i)
‘Aloreredas sjany oM} 8y} 10} UMOYS SanjeA 3y} usamiag abuel ||im seb [einyeu pue seb ydli-zH Jo Bull-02 10j Satel Moj 3oB)S 'sainjeladwa) Juaiquie JaJUuIM 1oy
29s/€)} 198 000‘8T INOge 0} Sainjesadwa) JUslquie JaWWNnS wiem Buunp ajgel syl Ul UMOYS anjeA ay) Wwoly AJeA [|Im uonsnguiod seb [einjeu 1oy mojj 3oels peol |4 ()
'SS9| 10 94T IN0Qe AQ MO} DLIBWN|OA XIelS 3y} Sabueyd OYSH ayl Jo
Buny 10nQ “(sainyesadwsay Jusiqure BulAren 1oy Juelsuod AjgAejal) uonsnquod seb uAs peoj ||ny uo paseq si [an} Ydl-ZH 10} 9|ge] Ul UMOYS anfeA Moj4 awn|oA (2)

‘uoisiadsip aseo-1siom 1oy pawinsse ybiay 3oeis wnwiuly (T)

.S910N
6°'SS S,y ¥'/9 0'8 7’92 S/ (VN) 6'6 2’6 S/w 108 ‘A)100[3A 1IX8 %oBIS
60 00 TO0 1’59 T0 S0 (WN) 28T ST ;u BalY YOBIS
0°0S L'T TL 6'€2S 6'T 7'e S0 €2I8'T 9'¢T /W 108 ‘MOJ} 11X %oelS
S'16¢C 9.2, 9219 0',6¢2 L'8€E 0'¢e6 (WN) eYrT'T o'¢cey A ainjesadwal 190 oBIS
TT 20 70 T6 €0 80 (WN) A1 7T w 1a18welp %oeis
8,8 T9 T9 [AVA" 0'v9 €09 099 've y've w| ,@peb anoge ybIay 3oelS
sjun ol
S9.'T 09 0S¢ 00S°8T 89 0ct LT 0009 08y S/M 108 ‘MOJ} 11X %oelS
59 0S8 092 S/ 0ST 002t (WN) 0097 00€ ES ainjesadwal 1910 oBIS
S'e L0 T (0153 0T S¢C (WN) 0§ Sy Y 1a18welp %oeis
88¢ 0¢ (074 A 01¢ SoT €1e 08 08 Y| (2PeIb anoge biay 3oelS
syun ysi|bug
1UBA €00 auibug (ed) @:_mu Jad) | (vea) 1uap (»19ZIPIXO @2l 2 reld Jajlog xny Ja18Weled
dwndail4 | Joressus slamo] Buiwrem seo ey paleAs|3 punoio
|9sald Buijoon aljisen
€67 8'8T v'12 8.1 STT 6°€T 29T 0'E€T 8'ST €67 S/u 108 ‘A)I00[3A 1IX8 %oBIS
18T 18T 18T z2'6¢ Z2'6¢ Z2'6¢ z2'6¢ 262 Z2'6¢ z'6¢ L BAIY YoBIS
098¢ T1GE £'66¢€ 2’815 0'L€€ 670t 6°CLy v'6LE 919t S'€95 AN 198 ‘MOJ} 1IX® XI'IS
9'/19 G'999 S'999 6°09€ evve 8'6v¢ ¥7'3G€E ¥°SG€ 6°09€ §'99¢ A ainjesadwal 190 oBIS
6V 6V 67 T9 T9 T9 T9 T9 T9 T9 w 1a18welp %oeis
S'ee S'ee S'ee 099 059 0599 0'59 0'99 0'59 0'99 w| ,@peb anoge ybIay 3oelS
sjun ol
00T°0T oov'et 00T'VT 00€'8T 006'TT 00E'VT 00.'9T 00¥'€T 00£'9T 006'6T AT 198 ‘MOJ} 1IX® XI'IS
092 oL ovL 06T 09T 0T 08T 08T 06T 00¢ ES ainjesadwal 190 oBIS
9T 9T 9T (114 (114 (1174 0c (074 0¢ 0¢ Y 1a18welp %oeis
0TT 0TT 01T €T¢ €1¢ €1¢ €1¢ €1e €1¢ €1¢ Y| (2PeIb anoge blay 3oelS
syun ysi|bug
peoT %0S peoT %S.L peoT %00T PeoT %00T peoT %09 peoT %08 (©)PEO1%00T peoT %09 peo1 %08 (2 PEOT %00T Jslsweled
910 Areljixny xx DULIIZ-0D [9nd se9 [einieN ‘' OSHH/OLD [9N4 Yd1-gH * DSHH/OLD
9SHH/O1D
199loid VOIH
800¢/v¢/L D771 reuoneusaiu| Abisug uaboipAH

Arewwns

S82IN0S UOISSIWT 10} SIa1awered Buljapopy




¢Sjoc

ainresadwal Juaigwe awnssy (T)

9¢C 0'8 9'TC 8'T¢ 9¢CT J44 L'T2 L'TC 0'1Z S/w 10 ‘A)100[3A 1IX8 OBl
TO 20 20 €0 €0 00 L0 L0 S0 W ©Baly YIS
6°¢ 0'¢ €9 7’9 194 60 YT A 9'6 S/W 10B ‘MO 1IXd YorlS
jusiquy jusiquy usiquy wsiquiy usiquy usiquy jusiquy usiquiy usiquy M| () @Inresadwa) 19)In0 HoelS
¥'0 90 90 90 L0 20 60 60 80 w 1a18welp %oeis
¥'65 vey ¥'65 Tve Tve 0L ¥'09 ¥'09 0'SsT w| opelb anoge wbIvyY 3oels
slun o8N
0T 69 /8T Gec ¢sT €€ 20S 20S 8€e S/ch 10B ‘MO 1IXd %orlS
jusiquy jusiquy usiquy wsiquiy usiquy usiquy jusiquy usiquiy usiquy d,| (y 2INesadwa) 1IN0 HoelS
€T 8T 8T 0¢c A4 80 o€ o€ S¢C Y 1a18welp %oeis
S6T 6ET S6T 6L 6L €¢ 86T 86T 6t Y[ epelb anoqe wybiay xoers
S8S 6¢S S8S (0574 (0574 08¢ GGS GGS 51474 Y uoneAs|s xoelrs
06€ 06€ 06¢ T8¢ TG 1G€ LG€ 1G€ 66€ Y uoeAs|s punolo
syun ysi|bug
6-0d 8-0d 2-2d 9-0a _ S-0d _ 7-0d €-0d 2-0d T7-0d Je1swered
SHUN U01128]||0D 1SN - %001S paad

sef [einjeu aouefeq ay) pue seBUAS 9,/ Bullinsse pajewnsa s| BuloD %oelS OSHH xx

1918316 950G IN0gE 3q ||IIM ased dnuels NYS ‘[esodsip seb Juan snoaue|@asiw Jo ased Bunelado [ewlou o) MOJ} 19[IN0 XIe)S 1azIpIXo parewnsy (L)
"AHH ‘1y/mig 9,0T ‘ases|al Jeay seb aisem (9)

800¢/vel/L

18loid VOIH

D771 reuoneusaiu| Abisug uaboipAH

Arewwns

S82IN0S UOISSIWT 10} SIa1awered Buljapopy




¢Gjo¢

"awi auo Aue je reuonresado aq |im Bujwrem Jayiseb suo Ajuo ‘1enamoH laniseb fenpiaipul Jad si umoys ares Bulispow syl sisyiseb asiyl are aisyl (v)

"Jore18uab [enpiaipul Jad umoys ale sares Bulspoy sioresausb areredas omy are alay] (g)

‘199 Jad aJe sares Buispow ay] siamol Buljood ajeledas aaly) ale alayl (2)

(sjany @ay1 |[e) oureuads Buuly aisodwod e wolj a1kl SUOISSIWS wnwixew ay) sluasaidal sajel uoissiwa Bulspow 9SHH (T)

-- -- -- -- -- -- -- -- -- TO v'es TO 8ET0 VETT TO 90°0 L0 -- -- -- L'¢C 6797 0)e)
(0oas/B) | (oas/B) | (oas/b) | (oas/b) | (ocas/B) | (oas/b) | (oas/b) | (oas/B) | (oas/b) (oas/b) (oas/b) (oas/b) (oas/b) (oas/b) (oas/b) (uabyoas/b) (oas/b) (199/29s/6) (1199/29s/6) (1199/29s/6) (oas/b) (oas/b)
6-0d 8-0d /-0d 9-0d S-0d ¥-0d €-0d ¢-0d T7-04 nsy Baly SS3201d | X20|g Jamod
3203)spaad () 121IseD [JUSA 00| ezIpIxO ale|4 ale|d dwng (e S10lelaua | Iajlog @) S4MOL Buijood 91D (@ Wnwixew
rewiayl B1 | parens|3 | punoio [ 1srep 84 | LousbBiawg |Areixny Kreijixny 9SHH/OLD
auiqin] Jad suoissiwg 1y g ased-1SI0A\ bulspoln
"awi auo Aue je reuonresado aq |im Bujwrem Jayiseb suo Ajuo ‘JenamoH laniseb fenpiaipul Jad si umoys ares Bulispow syl sisyiseb asiyl are aisylL (v)
"Jore18u8b [enpiaipul Jad umoys ale sares Bulspoy sioresauab areredas omy are alay] (g)
‘199 Jad aJte sares Buispow ay] siamol Buljood ajeledas aaly) ale alayl (2)
(sjany @ay1 |1e) oureuads Buuly alsodwod e wolj a1kl SUOISSIWS wnwixew ay) siuasaidal sajel uoissiwa Bulspow 9SHH (T)
-- -- -- - - - - - - S0°0 -- €0 6T¢C T0O00'0 [ S000°0 ¢00°0 700 - - -- ¢0 60 °0S
(0oas/B) | (oas/B) | (oas/b) | (oas/b) | (ocas/B) | (oas/B) | (oas/b) | (oas/b) | (oas/b) (oas/b) (oas/b) (oas/b) (oas/b) (oas/b) (oas/b) (uabyoas/b) (oas/b) (199/29s/6) (1199/29s/6) (1199/29s/6) (oas/b) (oas/b)
6-0d 8-0d /-0d 9-0d S-0d ¥-0d €-0d ¢-0d 7-04 nsy Baly SS3201d | X20|g Jamod
3203)Spasd () 121IseD [JUBA 00| ezIpIxO ale|4 ale|d4 dwng (e S10lelaua | 1ajlog @) S4OMOL Buijood 91D (@ Wnwixew
rewiayl B1 | parens|3 | punoio [ 1arep 84 | LousbBiawg |Areixny Kreijixny 9SHH/OLD
auigin] Jad suoissiwg 1y € ased-1SIo0M\ bulspoln
"awi auo Aue je reuonresado aq |im Bujwrem Jayiseb suo Ajuo ‘JenamoH laiiseb fenpiaipul Jad si umoys ares Bulispow syl sisyiseb asiyl are aisyl (v)
"Jore18uab [enpiaipul Jad umoys ale sares Bulspoy sioresausb areredas omy are alay] (g)
‘199 Jad aJte sares Buispow ay] siamol Buljood ajeledas aaly) ale alayl (2)
(sjany @ay1 |1e) oureuads Buuly alsodwod e wolj a1kl SUOISSIWS wnwixew ay) siuasaidal sajel uoissiwa Bulspow 9SHH (T)
- - - - - - - - - - 90 - - - - - - - - - - - SH
-- -- -- - - - - - - S0°0 -- €0 6T'¢ TO000 | L0000 7000 700 - - -- 0 60 ‘oS
-- -- -- -- -- -- -- -- -- TO v'eS TO €9€°0 VETT 174 [Al] L0 -- -- -- L8 9'TT¢ )0
-- -- -- -- -- -- -- -- -- €0 -- €0 144°0Y) 6L Al 70 [Al] -- -- -- 9¢ 0'T¢e XON
(oas/B) | (oas/B) | (oas/b) | (oas/b) | (ocas/b) | (oas/B) | (oas/b) | (oas/B) | (oas/b) (oas/b) (oas/b) (oas/b) (oas/b) (oas/b) (oas/b) (uabyoas/b) (oas/b) (199/29s/6) (1199/29s/6) (1199/29s/6) (oas/b) (oas/b)
6-0d 8-0d /-0d 9-0d S-0d ¥-0d €-0d ¢-0d 7-04 nsy Baly SS3201d | X20|g Jamod
3203)spaa- () 121IseD [JUBA 00| ezIpIxO ale|4 ale|d4 dwng (e S10lelaua | 1ajlog @) S4BMOL Buijood 91D (@ Wnwixew
rewiayl B1 | parens|3 | punoio [ 1srep 84 | LousbBiawg |Areixny Kreijixny 9SHH/OLD
auiqin] Jad suoissiwg Iy T ased-1SI0p\ bulspoln
18/0ld VOIH
8002/¥2/L 0717 reuoneussiul ABisuz usboipAH

Arewwns

soley uolssiw3g Buldpoln 198loid e1ol




¢Gioy

SYNd %00T S! “'INId Yeyr pawnsse st il SYNd = TINd 81aum ()

"awi auo Aue je reuonresado aq |im Bujwrem Jayiseb suo Ajuo ‘JenamoH laiiseb fenpiaipul Jad si umoys ares Bulispow syl sisyiseb asiyl are aisyl (v)

“Jore18u8b [enpiaipul Jad umoys ale sares Bulspoy sioresausb areredas omy are alay] (g)
‘199 Jad aJte sares Buispow ay] ‘siamol Buljood ajeledas aaly) ale alayl (2)
(sjany @ay1 |[e) oureuads Buuly alsodwod e wolj a1kl SUOISSIWS wnwixew ay) siuasaidal sajel uoissiwa Bulspow 9SHH (T)

- - - - - - - - - - 00 - - - - - - - - - - - SH
TOO0'0 [ €000 | ¢000 | €000 | €00°0 [€000°0| SO0°'0 | SO0°0 | €000 ¥00°0 -- T00 TO00'0 | <0000 | €0000°0 TO000 00 9T0°0 LT00 2200 90 6°¢ © “°Nd
€000°0 [ OTO'0 | 8000 | OTO'0 | TTO'O | TOO'O | 9TO0 | 9TO0 | TTOO ¥00°0 -- T00 TOO0'0 | <0000 | €0000°0 TO000 00 1200 8200 9€00 90 6°¢ TAd

-- -- -- - - - - - - TO0 -- €0 9T00'0 | TOOO'0 | TOOOO0 ¢0000°0 TO0 - - -- TO 80 ‘oS

-- -- -- -- -- -- -- -- -- 000 TO T0°0 G0000°0 | TOOO'0 | <0000 S000°0 c0'0 -- -- -- TO 60 O0A

-- -- -- -- -- -- -- -- -- 00 T¢E G0°0 €00°0 €T S00°0 TO00 [Al] -- -- -- 80 1% o))

- - - - - - - - - T0 - 20 5000 | T €000 2000 500 - - - S0 8y XON

(0oas/B) | (oas/B) | (oas/b) | (oas/b) | (ocas/b) | (oas/B) | (oas/b) | (oas/b) | (oas/b) (oas/b) (oas/b) (oas/b) (oas/b) (oas/b) (oas/b) (uabyoas/b) (oas/b) (199/29s/6) (1199/29s/6) (1199/29s/6) (oas/b) (oas/b)
6-0d 8-0d /-0d 9-0d S-0d ¥-0d €-0d ¢-0d 7-04 nsy ©8lY SS820.d | X90|g Jemod
3203)spaad ) 1a1jiseD | JUSA 00| ezIpIxO ale|4 ale|d dwng (e S10lelaua | 1ajlog @) S4MOL Buijood 91D (@ Wnwixew
rewiayl B1 | parens|3 | punoio [ 1srep 84 | LoushBiawg |Areixny Kreijixny 9SHH/OLD
918y uoIssiwg abeiany enuuy Buljapon
SN %00T S! °MINd Teyr pawnsse st 1 “SYNd = TN B18yM (S)
"awi auo Aue je reuonresado aq |im Bujwrem Jayiseb suo Ajuo ‘JenamoH laniseb fenpiaipul Jad si umoys ares Bulispow syl sisyiseb asiyl ate aisyl (v)
“Jore18u8b [enpiaipul Jad umoys ale sares Bulspoy sioresausb areredas omy are alay] (g)
‘199 Jad aJte sares Buispow ay] ‘siamol Buljood ajeledas aaly) ale alayl (2)
(sjany @ay1 |[e) oureuads Buuly alsodwod e wolj a1kl SUOISSIWS wnwixew ay) siuasaidal sajel uoissiwa Bulspow 9SHH (T)
T000°0 [ ¥00'0 | €000 | #¥00°0 | ¥00°0 | 0000 | ¢¢0°0 | 2200 | STO'0 c00 -- c00 8T00°0 | ¢000°0 | <2000°0 2000 600 LT00 8T00 €200 €T 0'€ @ ° YINd
€000°0 [ €T0'0 | OTO'0 | €TO0 | ¥YTO'0O | TOOO | 9200 | 9200 | TSOO 200 -- 200 8T00'0 | 0000 | 20000 2000 600 8200 0€00 8€00 €T 0€ TAd
-- -- -- - - - - - - S0°0 -- €0 ¢v/l2’0 | TOOO'0 | TOOO0 €000°0 700 - - -- 0 60 ‘oS
(0oas/B) | (oas/B) | (oas/b) | (oas/B) | (ocas/b) | (oas/b) | (oas/b) | (oas/B) | (oas/b) (oas/b) (oas/b) (oas/b) (oas/b) (oas/b) (oas/b) (uabyoas/b) (oas/b) (199/29s/6) (1199/29s/6) (1199/29s/6) (oas/b) (oas/b)
6-0d 8-0d /-0d 9-0d S-0d ¥-0d €-0d ¢-0d 7-04 nsy ©8lY SS820id | X90|g Jemod
3203)spaad ) a1jiseD | JUSA 00| ezIpIxO ale|4 ale|d4 dwng (e S10lelaua | 1ajlog @) S4OMOL Buijood 91D (@ Wnwixew
rewiayl B1 | parens|3 | punoio [ 1srep 84 | LousbBiawg | Arelxny Kreijixny 9SHH/OLD
a1ey uoissiwg INOH g aseD-1S10\ buljapon
18/0ld VOIH
8002/¥2/L 0717 reuoneussiul ABisuz usboipAH

Arewwns

soley uolssiw3g Buldpoln 198loid e1ol




(AR R

SYUNd %00T S! °INd Teys pawnsse si 1l “SNd = OTNd 10U (S)
*sjuiod U0N98|02 ISNP [[B JO UONNQLIUOD By} SB UMOYS 8Je SUOISSIWS %001spasd ()

sioyesauab Aouabiawa yloq woly suonngLuod sapnjau| (g)

s19Mm0} BUIj00D 931y} |[e WoJy SuonNgLIU0d sapnjou (2)
(s|any 8auyy |je) oLeuads Buuly 8)sOdWOD B WOl d)el SUOISSIWA WNWIXew ay) sjuasaldal suoissiwe HSYH [enuue [ejoL (T)

- - €1 - - - - - - - - - €1 S%H
- - - - - - - - - - Tve 6'GL 0°'00T EHN
60 T0 - 70 700°0 100 T00°0 100 80 SvT 9'0¢ 1’66 6'9€T © SeNd
6'¢C T0 - 70 700°0 100 T00°0 100 80 Tve 9'0¢ 1’66 9'811T OTNd
- €0 - 8'8 TO 700°0 €000°0 1000 €0 - 8¢ 2'6¢ Scy °0s
- T0 e €0 c00°0 €000 100 €00 90 - 9V g'¢ce L0y J0A
- 90 6°90T 91T TO 67y fAl] TO 8'G - 9'/¢ 2'0ST 6°LEE 02
- 4 - 6'S [Al] 154 TO fAl] L'T - A 2'/9T 0'66T XON
(1Ayuo1) (4Ajuo1) (4Ayu01) (4Ajuo1) (4Ayu01) (4Ajuo1) (4Ayu01) (1Ayuoy) [ (4Ajuo1) (4Ayu01) [ (1Ayuo1)
) 1201Spaad| Jslisen 1UBA 0D 19ZIPIX0O el alel4 dwnd (@ Si0rRIBULD (@ S19moL 910 (@ WNWIXeW (fenuuy [ejoL juein|jod
rewiayyl 61 | paress|q punoio 1318\ 9114 Aouabiawg Buijooo Areljixny 9SYH/OLD

800¢/v¢/L

108(01d YOIH

D717 reuoneulau| Abisug uabolpAH

Arewwns suoissiwg

suoissiw3g 198(0id [enuuy [e101




¢G409

60 €60 980 90 ¢0Ss
(Lo/o9s/b) (1LDo/08s/b) [(XeYREN9) (1LDo/08s/b)
wnuwixep Buui4 00 - 9SHH/OLD se9 UAS - 9SHH/O 1D se9 1eN - 9SHH/O1D
aulgin] Jad suoissiwg Iy € aSeD-1SI0M buljapon
60 €60 980 90 °0Ss
9'T1¢ 9'TT¢ 9'T1¢ 9'TT¢ (@)0)]
0'T¢ 0'T¢ 0'T¢ 0'T¢ XON
(1LD/08s/B) (1Lo/08s/6) (1LD/28s/b) (1D/08s/6)
wnuwixepy Buui4 00 - 9SYH/OLD se9 UAS - OSHH/O LD se9 IeN - 9SHH/O1D
aulginy Jad suolissiw3g iy T 8SeD-1SI0M\ Bull@po
6'GL 6'€EL 6'GL WA CHN
1’66 1’66 1’66 67, YN = TNd
2'6¢ 2'6¢ '8¢ 0'0¢ °0s
G'ce Gg'¢ce 06T 00€ O0A
¢'0ST ¢'0ST G'€0T 6'8ET (@)0]
C'/9T 69T C'/9T 08T XON
(LopAuo) (LopAuoy) (1Lo/Au0) (LopA o)
wnuwixepy Buui4 00 - 9SYH/OLD se9 UAS - OSHH/O LD se9 IeN - 9SHH/O1D

aulgin] Jad suoissiwg [enuuy abelany

800¢/ve/L

so1eUadS BulliH Juaiay)ig 9aiyl ayl Japun sarey uoissiwg 9SYH/OLD Jo Arewwing

18loid vOIH

D771 reuonreusaiu] Abisug usboipAH

Arewwng suolssiwg

soleuads BulllH |fe Jo uosiedwo) - ¥oe1S HSHH/O LD




¢G40/

6'¢ 6¢C 6'¢ 2¢ SN = O"Nd
80 80 280 90 oS
60 60 S0 60 J0A
o7 eY o€ (0% 00
8V LY 8V eY XON
(LO/o9s/b) (1LDo/08s/b) [(XeYREN9) (1LDo/08s/b)
wnuwixen Buli4 00 - 9SHH/OLD se9) UAS - 9SHH/OLD Se9 1eN - OSHH/O1D
aulgin] Jad ayey uoissiwg abelaAy enuuy Buljopon
(O o€ (O e S?Nd = OYNd
60 €60 980 90 °0s
(LO/o9s/b) (1LD/08s/b) (1Lo/o9s/b) (1LDo/08s/b)
wnuwixen Buli4 00 - 9SHH/OLD se9) UAS - 9SHH/OLD Se9 1eN - OSHH/O1D
1By uoISSIwg IN0OH g 9SeD-1SI0\\ bulldpon
6791 6 79T 8791 69T 00
(1LD/08s/B) (1Lo/08s/6) (1LD/08s/B) (1LDo/08s/6)
wnuwixepy Buui4 00 - 9SYH/OLD se9 UAS - OSHH/O LD se9 IeN - 9SHH/O1D

aulgin] Jad suoissiwg 1y g 8sed-1SI0/\ buljapo

800¢/ve/L

18loid vOIH

D771 reuonreusaiu] Abisug usboipAH

Arewwng suolssiwg

soleuads BulllH |fe Jo uosiedwo) - ¥oe1S HSHH/O LD







¢5408

*S13UINQ JONP YNM PeO| 9% 00T 18 ‘4,59 -9felane Aeak Buisn payenafes ase suoISs|wa Jauing 1ng
‘peo| 9% 00T Je ‘4,59 -obesane Aeak Buisn payenajed aie suoissiwe [euonelado [ewlou enuue abesany|

:suondwnssy|

00 (1y) uonrelado [ewioN abelany
6T L9 9'8ST'VET EHN 0'z.2'8 (4y) uonresado Jouing 10nq
z2C 6'vL 0998'6vT INd = OPINd S0 (4y) uoneIng umopinys
90 002 ¥'S¥0'0r ¢0s 002 SUMOPINYS JO JOqUINN [ej0L
60 00 8'906'65 D0A 0T (1y) uoneinq 1els JoH

09 :@nuiw Jad spuodas 5% 6'8€T 2'118'212 [e)e} 00T SMelS JOH JO JIaqunN [ej0L
09 .oy Jad sanuiy 4% 0'8yT 0'¥70'962 XON o€ (4y) uolreinq 1eis pjod
[Z2 -Aep 1ad sinoH 10/08s/b 12/1Aju0} 1o/1A7q) 00T S1eIS Pl0D JO JSqWINN [e10L
Gog reak Jad sAeq suolssiwg suolssiwg suolIssiwg juelin|jod 0'2z2e'8 uolreladQ Jo SINOH [e101
aulqiny
slalaweled suoIssiwg [enuuy abelany
*3leJ UOISSIWS Xew suonesado [ewlou ay) 0} [lenba pawnsse ale SUOISSIWS UMOPINYS pue dnuels "suoissiwa DS uolelado [ewlou Uey) Jamo| aq SAemfe [[Im SUOISSIWS ¢OS umopinys pue dnuels
'sia)oweled Bunesado pajoadxa uo paseq YONT4 Ag papiroid elep suoissiwa pue sisrewered Buirelado auiginy ||v|
0'S 0§ SZNG = O'INd 0'€e 0'€e SZND = OTd 0%9 €Te S2Nd = O'INd
9¢ 9¢ (1any u Awdd TS TS (lany uy €6t TS (1any ur awdd g9'2T @) “OS
5921 @) ‘0s Awdd 92T @) °0S
0TZ 0Te D0A 0'86 0'86 J0A 0°008 1'992 D0AN
0'92T 0'92T 00 0'v6€ 0'v6€ 0D 0'6£0'S 1'6/9'T 00
029 029 XON 0291 0'29T XON 02.2 1'06 *ON
(uiwog/ar) (u/ar) (umopinys up "uiw) (uwog/ar) (u/ar) (dnueysjoy uruiw) | (uiwiogt/ar) (u/ar) (dnyeys pjod ut “uiw)
[eloL “IY-T Xe o€ [eloL “IY-T Xe 09 [eloL “IY-T Xe 08T
umopinys dnyels 104 dnyueis pjod
(1DT) 2uIgin] woJj suoissiwg umopinys / dnueis
‘s1918weled Bunelado pajoadxa uo paseq YONT14 Aq papinoid erep suoissiwa pue siaeweled Bunelado auigini ||v|
9'8 €01 T2t ¥'ST 06 L0t gzt Z9T 9'6 N ¥'ET 19T 1y/wia| (dijs wdd 0°s @) *HN
08T 08T 08T 08T 08T 08T 08T 08T 0'8T 08T 08T 0'8T Jy/wq SCNd = 'INd
L2 ze L€ LY 8¢ €€ 8'c 8y 0€ g€ Ty TS y/wiq| (1any ur Awdd G9°2T ®) °OS
ze 6'€ Sv 8'G v'e ov L'y T9 9'¢ R4 0'S €9 Jy/wq (wdd 0’z ®) DOA
vt 0'LT 8'6T €6 8T 9.1 502 192 8'GT 8'8T K44 9'/2 y/wqj (wdd 0's @) 00
18T v'ze 192 g'ee 76T T'ee 0.2 T'Ge 802 8z 0'62 €9¢ Jy/wq (wdd 0'¥ @) *ON
016 - WNWIXEN JdWWNS 4,59 -abeiany AjJes A 4,02 - WNWIUIN 18IUIM SLINN

uolrelado [ewloN - (dUlgini/iy/sql) 91D Wods sarey uoissiwg abelany
#0 [iTe) [iTe) uo #0 [T7e) 5O uo [TTe) 30 [T7e) uo uo / o snyeis Jsuing 1ong
VIN VIN VIN VIN VIN V/IN VIN V/IN V/IN VIN VIN V/IN uo / o snieis buijood deag
%09 %08 %00T %00T %09 %08 %00T %00T %09 %08 %00T %00T (%) peo uadiad [9A97 peO1 91D
4,6 - WNWIXe lIswwngs 4,599 .wmmhw>< >_‘_mm> 4,02 - WNWIUIN ISIUIAN S1INN m‘_sum_mac‘_w._. usiquy

800¢/ve/L

sia1vwered bunesado 9190

sloid vOIH
D71 reuoneusaiu| Abisu3g uaboipAH

Arewwns suoissiwg

Se9 [eJnieN - %3elS OSHH/OL1D




¢5406

SUOISSIWR {OS [euonesado [ewiou uey) JaMo| 3G SAeMe [|IM SUOISSILLS Z0S UMOopINYs pue dniels Jeyl SaWNsse uole[ndjed)

*siauing 1oNp YIM peo| 9% 00T ¥e ‘4,59 -abeiane AlJeak Buisn paje|nojes ae suoissIwa Jauing 1ong

‘peOo| 9% 00T ¥ ‘4,69 -abelane Alreak Buisn pare|noajed are suoissiwa [euonesado fewiou Appapend

:suondwnssy|

00 (1y) uoiresado [ew.ioN abeiany)|

8'9T 1'6ES'EE EHN 08902 (1y) uonresado Jauing 10nqg

18T §'99Y'/€ SN = OTNd S0 (1y) uonreIN@ umopiInys

0'S 7' TT0°0T ‘0SS 0'S SUMOPINYS JO JSqUINN [e10]

S/ 1'9/6'VT J0A 0T (4y) uoneInQ weIS 10H

L've €'vSv'69 00 ¥4 S}els 10H JO JaquinnN [eloL

0'.€ 0'TT0'V. XON o€ (1y) uoneang 1eIS PJOD

10/1Auoy 10/14q) S¢ S1Ie1s p|od o JaquinN [ejoL

suolssiwg suolssiwg juein|jod 50802 uolyeladQ Jo SINOH [e10L
aulqin

(99@ ‘AON 190) suolssiwg Jauend yiino4

*slauing 1oNp Yum peoj 9% 00T 1€ ‘.59 -abeiane Ajjeak Buisn pajenojes ale suoissiwa Jauing 1ond|

'peO| 9% 00T ¥ ‘4,59 -abelane Alreak Buisn parejnodjes are suoissiwa [euonesado [ewiou Apapend

:suondwnssy)|

00 (1y) uonesadQ [ewlioN abeiany

89T L'6ES'EE EHN 0'890'C (1y) uoneladp Jauing 10nQg

18T §'99v'L€ SINd = O'INd S0 (1Y) uoireIn@ umopInys

0'S ¥'TT0'0T °0s 0'S SUMOPINYS O JBqUINN [e10]

S, L'9/6'VT O0A 0T (4y) uoneInQ Heis 10H

L'vE €'vSr'69 (0)e) SC S1elS 10H JO IsquinN [e1oL

0.€ 0'TT0'V.L *ON 0€ (1Y) uonrean@ 1eIS plod

10/1Ajuoy 10/1A/q] SC S1le1s p|od O JsquinN [ejoL

suolssiwg suolssiwg juelnjjod G'080'C uoineladQ J0 SINoH [e10]]
aulging

0 1 JO UMOP 1NyYs [e]0] B SBWNSSE SUOISSIWS 1Y € 8SBI-1SION
0 1 Jo dn Lels [e10] B SOWNSSE SUOISSIWS Y € 9SBI-1SION|
dlel uoIssIwS Xew sawnsse :O_um_wao [ewioN
‘prepuels Aen JIy usiquy Jnoy-g abelane ue 1oy paIapisuod si¢0s AU
:suondwnssy|
29s/b 90 aulgJny Jad suoissiwa ased-1siom Bulpow ¢0Ss
Jy/al TS au1qgJny Jad suoISSIWd 1Y T 8SBI-1SI0OM ¢OS
1y g/q| €'GT au1qgJny Jad SUOISSIWAS 1Y € 8SBI-1SIOM ¢OS
uoiresado [ewIou Woy 1y € JOA0 UONNGUILOD €'GT 1S o€ (seb [einreu Buluing) uolrelsadQ [EWION 40 SINOH
UMOP INYS WOl 1y € I8N0 UOINGLIUOD)| 00 00 uoleing umopinys
dn Jels woly 1y € JISA0 uoingrLuo OO OO CO_HN:._D QJH\_NHW
o€ uoleladQ JO SINOH [e10]
10/4ai Jy/ql 1y
suolssiwg a1el uoISSIWa
auiqsn] Jad suoissiwg 1y € aseD-1S10/\\ Buljapopy
*SUOISSIWS DS [euonesado [ewliou uey) J9mo| aq SAemfe [|IM SUOISSILLS ¢OS UMOpINYS pue dnyue)s Jey) Sawnsse uonenoed
1JElS p|0d Wolj a1e SuoISsIWd 0D
1elS 10y WOy 91 e SuoISSIWd XON
‘0D pue XON 104 1y 8sed 1siom .Ewmwk_nwg suolssiwa Qj.tm.pw
:suondwnssy|
90 TS °0S
9'T1C 1'6/9'T (0)e)
0'Te 0291 XON
10/08s/b 12/1y/q| jueinjjod
auiqsn] Jad suoissiwg 1y T 8seD-1S10/\\ Buljapopy
*sI8uNng 19Np YIM peo| 9% 00T e ‘4,59 -abelane Aeak Buisn pajejnojes ase suoissiwa Jauing 19ng
‘peo| % 00T e ‘4,59 -abeiane Alreak Buisn paye|nojed ale suolssiwa [euonelado fewlou Alauend)
:suondwnssy|
00 (1y) uonrelado [ewioN abelany
8'9T L'6€S'EE EHN 0'890°C (1y) uonresado Jouing 10nQ
L'8T G'99Y'LE SINd = O'Wd S0 (4y) uoireing umopinys
0'S ¥'TT0°0T ‘0s 0'S SUMOpINYS O JSquinN [e10L
S’/ 1'9/6'VT J0A 0T (4y) uoneing 1eis 104
L've €'vSv'69 (0)e) ¥4 S1Ie1S J0H JO JaquinN [eloL
0°.€ 0'TTO'v. XON o€ (4y) uoiresnq 1eIS ploD
10/1A/uo} 10/14q) S'¢ Sllels pjod Jo JIsquinN [e10L
suolssiwg suolssiwg juein|jod G'080'C uoleladQ Jo SINoH [e1o0L
aulqinyt
(ung ‘Aep ‘1dy) suoissiwg Ja1end puodas
*s1auIng 19Np Yum peo| 9% 00T 18 ‘4,59 -abeiane Alieak Buisn pajeinofed ale suoissiwa Jauing 1dna
‘peo| % 00T e ‘4,59 -abelane Aeak Buisn paje|nojed ase suoissiwae [euonelsado fewiou Alayend
:suondwnssy|
00 (1y) uonresadQ [ewlioN abeiany
89T L'6ES'EE EHN 0'890'C (1y) uonresado Jauing 10ng
18T §'99v'L€ SINd = O'INd S0 (1Y) uoireIN@ UMOPINYS
0'S 7' TT0'0T °0s 0'S SUMOpINYS J0 JI8quinN [e101
S’/ L'9/6'VT O0A 0T (4u) uoreng yeIS JOH
L've €'vSr'69 (0)e) S'¢C S1Jels JOH J0 JaquinN [e1oL
0°.€ 0 TI0'V. XON o€ (4y) uoireinq weIs pjoo
10/1A/u0} 10/1A/q] SC S1lels pjod jo JIsquinN [elol
suoissiwg suolssiwg juein|jod G'080'C uolreladQ JO SINOH [e10]
aulginyl

800¢/ve/L

(das ‘bny ‘|nr) suoissiwg 18uend plyl

(rey ‘g4 ‘uer) suoissiwg Ja1end 1S4

sloid vOIH
D71 reuoneusaiu| Abisu3g uaboipAH

Arewwns suoissiwg

Se9 [eJnieN - %3elS OSHH/OL1D




¢Sjo 0T

800¢/ve/L

91el SUOISS|Wa Xeuw Je uolesado [ewou JO siy vZ Se pare|naes:é0s Ajlep asea-1SIom 10} UOIE|NJed dA0Je 39S,
peo| %00T ‘4,02 - WNWIUIW Jajuim Je uoiesado [ewou ul Juads S| awi Jo Jspureway
4 1 JO UMOP JNYS [E10)} B SBWNSSE SUOISSIWS A|rep ased-1SIopm
14 :Jo dn uels 10D [e10] B SSWNSSE SUOISSIWS Allep 8Sed-1SI0M

:Buiwnsse paje|nofed ase SUoISSIWA -- \d pue ‘DOA ‘0D ‘XON Jo4

:suondwnssy|

v 0'95% 08T 00T 0§ 0¢ 0'%9 02T STNd = YN d

‘0SS

0'LvE'e €9 00T 0TZ 0¢ 0°008 0zt J0A

8'G£6'0C 9'/2 00T 092T 0¢ 0'6€0'G 0zt 02

5'869'T €9g 00T 0729 0¢ 02le 0zt XON

10/s/b uoissiwg 10/Rep/a| Heis/q| 1y umopINys/q| 1y Heis/q| 1y juein|jod

IH 2 ased suolissiwg Ajreq ased-1SI10/\\ a1ey uolssiwg uolrelado arey uoissiwg [umoq inys ulawiy | ayey uoissiwg | dnueis ulawil

-1sJ10M\ Burjapoiy uoleladQ [ewloN | lewloN Ul dwil umopinys dnuels

uolreIado [ewIoU WOl 1y g J9A0 UoRNGLIUOD)|
UMOP INYS WO} 1Y g J9A0 UORNGLIUOD)]

dn Jejs woyj 1y § J9A0 UORNGLIUOD

31ey UoISSIWT INOH $Z 9SeD-1SI10M Buljapop pue auiqin) Jad suoissiwg Ajreq ased-1SI0M

*SUONNQLIL0D UMOPINYS pue dniels BulluNsse Mojaq pare|ndjed aJe SUoISSIWS d 104
ael UOISSIWS Xew Je uonelado [ewlou Jo Sy #Z 20S 104
‘prepuels Alfend Jiy 1usiquiy Inoy-i-z sbelane ue 1oj paIspisuod ate Nd pue 20s Aluo

:suondwnssy|

(seb reanyeu Buruing) (10/s/6) S¢Nd = °FINd

(LorAep/qr) S¢nd = "'d

90 (seb reinyeu Buiuing) (10/s/6) °0S

v'zet (Lo/Aepyq)) c0s

a1ey uoISsSIWg INOH $Z 9SeD-1SI10M Buljapop pue auiqin) Jad suoissiwg Ajreq ased-1SI0M

€ : JO UMOP INYS [B10} B SBLUNSSE SUOISSIWA 1Y 8 9SLI-ISION|
z 1 Jo dn uejs 310D [e10} B SBWNSSE SUOISSIWS 1Y 8 9SEI-1SIONN|
9Bl UOISSIWA Xew SaWnsse uoesado [ewioN

‘prepuels Alend iy uaiquly Inoy-g abesane ue 10} paiapisuod s 0D AUQ)|
:suondwnssy|

29s/b 69T aulgn] Jad suoIsSIWa ased-1SIom buljepow 0D

/9| 1'80€T aulqJny Jad SUOISSIWS 1Y T 8SI-1SIOM 0D

1y g/d| 8'691'0T aulgin) Jad suoIssiwe Iy g 8SBI-1SI0M 0D

8'€T 9.2 S0 (seb [einyeu Buruing) uonesadQ ewWION JO SINOH
0'8.L¢€ ST uolreing umopinys
0'8.0°0T 09 (1415 pj02) uoneang dnieis
08 uolreladQ JO SINOH [e10]
10/4ai Jy/ql 1y
suolissiwg a1el uoISSIWa

aulgin] Jad suoissiwg Iy g aseD-1sIop Buljapo

sloid vOIH
D71 reuoneusaiu| Abisu3g uaboipAH

Arewwns suoissiwg

Se9 [eJnieN - %3elS OSHH/OL1D




¢S40TT

*S19UINQ JONP YIM PeO| 9%

00T Je ‘.59 -obeiane Ajreak Buisn pajejnojed are suoissiwa Jauing 1dng

"PeO| % 00T Je ‘4,69 -obesane Alreak Buisn paje|nofed ale SUoISSIWS [euoelado [ewiou [enuue sbelany|

:suondwnssy|

00 (1y) uonesado rewlioN aberany
A4 6'GL 1'GG8'TST EHN o'zie's (1y) uonelado Jauing 19nQg
6'C 1’66 0'867'66T SINd = "Nd S0 (4y) uonreIng umopinys
80 ¥'82 0'€TL'9S °0s 00z SUMOPINYS 40 JaqWNN [e10L
S0 0'6T 9'%86'LE D0A 0T (1u) uoneing 1elS 10H
09 @Inuiw Jad spuodss oe G'€0T 2'6T6'902 00 00T S1Je1s J0H JOo JaquINN [e10L
09 .oy Jad sainuiny % z'.9T 0'ese'vee XON o€ (Jy) uoneing weIs pjod
vz ‘Kep 1ad sinoH 10/29s/b 10/1Ajuoy 1o0A/al 00T S1e1s p|oD JO JaquinN [e1oL
Gog reak 1ad sheq suolssiwg suolssiwg suolssiwg juein|jod 0'2zZE's uonelsadQ Jo SINOH [e10L
aulqinl
sialoweled suolssiwg [enuuy abelany
‘aJel uoIssiwe xew ay) 1e (seb [eunyeu Buiuing) suonelado [ewiou o) [enba pawNSse e SUOISSIWS uMopInys pue dnyuels "suoissiwe S uonelado [ewiou uey) Jamo| 8q SAem[e ||IM SUOISSIWS ¢0S umopinys pue dnue)s
*seb [einyeu 109)Jo1 9A0ge Salel UOISSIWa umopinys pue dnuels 'seb [einjeu Bujuing payels ag skemie [Im SO 1D
‘s1ajowesed Bunrelado pajoadxs uo paseq YONT4 Aq papiroid eyep suoissiwa pue sialawered Bunelado aulqin ||y
0's 0's SYUNd = O"INd 0'€e 0'€e SINd = O"d 09 €1e SINd = O"d
9¢ 9¢ (1any ur Awdd TS TS (lany ui €67 TS (lony ur Awdd 5921 @) °0S
5921 @) ‘0S Awdd 59°2T @) ‘0S
012 012 J0A 0'86 0'86 D0A 0'008 1'992 D0A
0'92T 0'92T 00 0'v6€ 0'v6€ 00 0'6£0'S 1'69'T (o))
029 029 XON 0297 0°29T XON 0'2.2 1’06 XON
(uiwogyan (y/an) (umopinys ur “uiw) (uiwogyan (ua) (dnpess joy ur “upw) (uwogt/an) (y/an (dnuess pjod ur “uiw)
reloL “JY-T XelN o€ reloL “IY-T Xe 09 reloL “IY-T XelN 08T
umopinys dnirers 104 dnyrels pjoo
(1DT) 2uigin] wolj suolssiwg umopinys / dnuels
‘s1ajowesed Bunrelado pajoadxs uo paseq YONT4 Aq papiroid eyep suoissiwa pue sialawered Bunelado aulqin ||y
81T €Y 9.1 8T 81T YT 0.1 ¥'8T 0CT 9T A Jy/wiq) (dijs wdd 0’5 @) HN
0ve 0ve 0ve 0ve 0ve oz 0z oz ove 0ve ove Jy/wiq “YNd = O"INd
R4 s 09 89 R TS T9 8'9 2z ZS T9 yjwaj (l2ny ur Awdd 0°G ®) “0S
zC 12 €€ g€ 2¢ 12 ze g€ € 12 ze 1y/wq (wdd 0'T ®) D0A
L'TT VT VLT T'8T L'TT Ty 89T T'8T 6'TT VT 0'LT Jy/wiq) (wddoe ®) 0O
9'Ge 6'0€ 0'8e 1'6€ 9'Ge 0'1e 6'9€ L'6€ 19z S'TE z'le Jy/wiq) (wdd 0¥ @) “ON
4,16 - WNWIXeN JBWWns .G -abrIany Aliea 4,02 - WNWIUIA JSIUIM SLINN

uonesadQ [ewJION - (duigqinyy/sq)) 91D woly sarey uoissiwg abelany
[TTe) [TTe) [TTe) uo 30 [TTe) O uo 30 T6) Ho uo uo / 4o snieis Jsuing 10ng
VIN VIN VIN VIN VIN V/IN VIN V/IN V/IN VIN VIN V/IN uo / yo snreis buijood deng
%09 %08 %00T %00T %09 %08 %00T %00T %09 %08 %00T %00T (%) peo wadlad [9A97 peOT 910
4,6 - WNWIXE JBwWwnS GO -9beIanY Alrea A 4,02 - WNWIUIN J9IUIMN S1INN ainjesadwa] 1usiquy|
slalpweled buneiado 919
wafoid vOIH
8002/v72/L 2711 reuoneussiu] ABisuz usboipAH

Arewwns suolissiwg

Se9UAS - %081S OSYH/91D




¢sjoct

uopesado [ewou Wody Iy € J9A0 UolNGUIU0d
UMOP INYS WO JY € JOAO UORNQLIUOD)

dn 1els wouy 1y € J9A0 UonNGLIU0D

'suoissiwe S (seb [einyeu Buiuing) reuonelado rewiou ueyy 19Mo| 8q SAemie [|Im SUOISSIWAS 0S umopinys pue dnuels Jey) Sawnsse uoienoed

0 1 JO UMOP 1NYS [10) B SBINSSE SUOISSIWS 1Y € 9SBI-ISION
0 1jo dn ueis [e10] B SBWNSSEe SUOISSIWD 1Y € 9SBI-I1SION|
20s ased 1s10m syuasaldal sebuks Buiuing uonelado fewioN
‘prepuels Alrend Jiy Juaiquy Jnoy-g abeiane ue 10} paIapisuod si¢0s Aluo
:suondwnssy|
29s/b 60 aulquny Jad suoissiwa ased-1siom Bulpow ¢OS
y/qp 8’9 aulgJin] Jad SUOISSIWS JY T 9SLI-1SI0M ¢OS
1y g/q 502 aulgJin] Jad SUOISSIWS Iy £ 8SLI-1SI0M ¢OS
502 89 o€ (sebuAs Buluing) uonesadQ [eWION }JO SINOH
00 00 uoleIng umopinys
00 00 uolreunq dnueis
o€ uoljesadQ JO SINOH [e10L
19/4q1 1y/ql 1y
suoissiwg 9Jel UoISSIWd

aulqun] Jad suoissiwg 1y £ aseD-1SIop bulepon

'suoissiwe S (seb [einyeu Buiuing) reuonelado rewiou ueyy 19Mo| 8q SAem[e [|Im SUOISSIWAS 0S Uumopnys pue dnuels Jey) Sawnsse uoienoed

20S ased 1s1om syuasaidal sebuAs Buiuing uonesado [ewioN
1e]S pj0d WOJ) aIe SUOISSIWa 0D
LIE)S 10U WO 1€ SUOISSIWa XON

'seb [einyeu uing Ajuo umopinys pue dnuels ‘0D pue XON J0j Jy ased 1siom Juasaidal suoissiwe dnyuelg

:suondwnssy|

60 89 20s
9TTe 16197 00
07Tz 0291 XON
10/995/B Lo/1y/al 1ueIn|jod

aulging Jad suoissiwg 1y T 8seD-1SI0M Bulepon

's1auing 19Np Yum peoj % 00T Je ‘4,59 -abelane Aeak Buisn payejnafes ase sUOISSIWS Jauing 19na
‘peo| % 00T e ‘4,59 -abelane Aleak Buisn paje|nafed ale suoissiwa [euonesado [ewsou Aauend

:suondwnssy|

'SJaUINg 19NP YIM Peo| 9% 00T e ‘4,59 -abelane Alieak Buisn payenofes are suoissiwa Jauing 1ong
'PeO| % 00T e ‘4,59 -abeiane Aleak Buisn payenofed ale suoissiwa feuonelado fewiou Aauendd

:suondwnssy|

00 (1y) uonelado few.oN abeiany
06T 6'€96°LE EHN 0890 (1y) uonelado Jauing 10nQg
6'7C S'v.8'6Y YN = O"d S0 (4y) uopreINg UMOPINYS
TL €8LT'VT oS 0'S sumMmopinys o Isqunn [eioL
LY 2'967'6 J0A 0T (4u) uoneINQ 11elS 10H
6°'GC 8'62L'TS (e}e] S¢ SHels 10H JO JaquinN [ej0L
8Ty £'885'e8 *ON 0€ (1y) uonreung weIS plOD

1D/1Aju0y LO/A/q| 5S¢ SIS P|0D 40 JBQWINN [e10L

suoissiwg suoissiwg jueinjjod G080 uonelsadQ 40 SINOH [e10L
aulging

(92@ ‘AON “190) suolssiwg Ja1end yino4

'slauing JoNp UM peo| 9% 00T ¥e ‘4,59 -abelane Alreak Buisn paye|nofes ase suoIssIwa Jauing 1dng

‘peo| 9% 00T e ‘4,59 -abeiane Alieak Buisn paje|noed are suolssiwa [euonelado [ewlou Aauendd

:suondwnssy

00 (1y) uonelsado [ewlioN abelany
0'6T 6'€96'LE EHN 0'890'¢ (1y) uonesado Jauing 1ong
6'vC S'v.8'6v SYNd = O'd S0 (4u) uopreaN@ UMOPINYS
TL €8LT'VT ¢0s 0's SUMOPINYS JO 1squinN [eloL
LY 29676 J0A 0T (1Y) uonreing 1els 10H
6'GC 8'62L'TS 00 SC SHels 10H Jo JaquinN [el0L
8Ty £'885'€8 XON o€ (4y) uonein@ 1eIS P|oD

1D/1Aju0y 1onA/al 4 S1lels p|od Jo JIsquinn [ejoL
suolissiwg suolssiwg jueinjjod G'080°'C uoneladQ 40 SINOH €101
aulging

00 (1y) uonresado rewsoN abelrany
06T 6'€96°LE EHN 0890 (1y) uonelado Jauing 10nQg
6'v¢C S'v.8'6Y YN = O"d S0 (4u) uonreIng umopINys
1L €8LT'VT °0s 0's SUMOPINYS JO Jaquinp [e101
LY 2'961'6 OO0A 0T (1y) uoneinqg 1eIs 104
6'S¢ 8'62L'TS (0}e] ST S1Jels 10H JO JsquinN [ejol
8’1 £'885'e8 *ON 0€ (4u) uoneIng LEIS PlOD

12/4Ajuoy LO/A/| GC SHeIS p|0D 4O JAqWINN [B}0L

suoissiwg suoissiwg jueinjjod G'080°'C uoljesadQ JO SINOH [e10L
aulging

(ung ‘Aep ‘1dy) suoissiwg Ja1iend puodas

*s1auing 1oNp UM peo| % 00T e ‘4,59 -abelane Ajreak Buisn paye|nofed ale suoissiWwa Jauing 1dng

‘peo| 9% 00T e ‘4,59 -obeiane Aeak Buisn paye|nojes ale suoissiws [euolyelado [ewlou Apauend

:suondwnssy|

00 (1y) uonesado rewlioN abeiany
0'6T 6'€96'LE EHN 0'890°C (1y) uonelado Jauing 10nQg
67 S'v.8'6v YN = O'd S0 (4u) uonreIng umopINYSs
TL €8LT'VT ¢0s 0's SUMOPINYS JO IsquinN [e10L
IR% 29676 J0A 0T (1y) vonreing 1els 10H
6'GC 8'62L'TS 00 ¥4 S1Iels 10H JO JaquinN [ejoL
8TV £'885'c8 XON o€ (4u) uonein@ LeIS P|OD

10/1Aju0y 1onA/al S¢C S}els pjod 40 JBquinN [eloL
suoissiwg suolssiwg jueinjjod G'080'C uonelsadQ Jo SINOH [e10L
aulging

(das ‘bny ‘Inr) suoissiwg Jauend piiyl

(1en\ ‘ga4 ‘uer) suoissiwg Janend 1S4

1sfoid VOIH
D71 reuoneulau| Abisug uabolpAH

Arewwns suolissiwg

Se9UAS - %081S OSYH/91D




CSJ0ET

800¢/ve/L

aJeJ SUOISSIWA Xew Jeuoiesado [eWoU JO SIY 2 Se Parenafed :Ad pue 20S Ajrep aSes-1SIom 1o} Uone|ndfed aAoge 995

oJel UOISSIWS Xeu Je uoiesado [ewlou uj juads s| awi Jo Japurewsy

v 1 JO UMOP INYS [e]0) B SBWINSSE SUOISSIWA Ajlep ased-1SI0M
¥ 1 Jo dn Jels [€]0] B SBWNSSE SUOISSIWA Ajrep asea-1SIom
:Buiunsse pajenoes are suoISsIWe -- JOA PUe ‘0D ‘XON 104
:suondwnssy|
“YNd = ""INd
‘os
9'81e'e g€ 00T 0'T1¢ 0¢ 0°008 0¢cT O0A
¥'18'0¢ 78T 00T 0'9¢T 0¢ 0'6€0'S 0¢cT (0)e]
V'EEL'T L'6E 00T 0'¢9 0¢ 0¢lLe 0¢cT XON
10/s/6 uoissiwg 10/Rep/q| uels/q| 1y umopinys/qi 1y uels/q| 1y lueinjjod
IH vz @seDd suolssiwg Ajreq aseD-1SI10\\ arey uoissiwg uolrelado aj1ey uoissiwg | umog INYS ulawil | arey uoissiwg | dnyeis ulawil
-1SIOM\ mc__wUO_)_ :O_HMLQQO [BWION | [eWION Ul swli] umopinys Q:Cmuw

uoieIado [eunoU WoJy 1y § J9A0 UoNNGLIU0D
UMOP INYS WO Iy 8 JSAO UORNQLILOD)

dn Jejs wouy 1y 8 J9A0 UoHNGUIU0D

aley uolssiwzg Ino

H vz 9SeD-1SI0M

ullapo pue aulgin] Jad suoissiwg Ajreq ased-1S1I0M\

SJel UOISSIWLS Xelw uoiesado [ewliou Jo siy 2 d 404
SJel UOISSIWLS Xelw uoiesado [ewlou Jo siy #Z 20S 104

‘prepuels Alend Ay Juslquiy INoy-ig abelane ue 10} palapIsuod ate Nd pue Z0s Aluo

:suondwnssy|

0¢ (sebuAs Buiuing) (19/s/6) SUNd = °'INd
0'9.5 (Lo/Rep/ql) S9Nd = O'Nd
60 (sebuhs bBuiuing) (Lo/s/b) ‘0S
8'€9T (1Lor/kepyay) cos

212y UOISSIWT INOH 2 9SeD-1SI0M\ Bullapoy pue auiqin] Jad suoissiwg Ajreq ased-1S10M

€ 1 JO UMOP 1NYS [10) B SBUNSSE SUOISSIWS 1Y 8 9SBI-1SION
z :Jo dn 1els Q10D [E10) B SBWNSSE SUOISSIWS 1Y 8 9SeI-1SION|
‘glel Xew sawnsse cc_uw\_wn_o [ewION
‘prepuels \ﬁ__mjo 1l Jusiquy Inoy-g8 abeiane ue 10} palspIsuod st 0D >_CO
:suondwnssy|
29s/b 8191 au1gJn} Jad suoISSIWe ased-1sio0m Bulpow 0D
1y/q| T1'80S'T auiginy Jad suolssiwa Iy T 8Sed-1SIoM 0D
1y 8/d| T'G9%'0T au1gJiny Jad suoISSIWa 1Y 8 8SLI-1SIOM 0D
16 18T G0 (sebuAs Buiuing) uoneiado [ewioN Jo SINOH
0'8.€ ST uolyeing umopinys
08.0°0T 09 uoneing dnirels
08 uonelsadQ Jo SINoOH [e10L
19/41 Jy/ql 1y
suoissiwg alel UoISSIWD

aulging Jad suoissiwg 1y g8 8seD-1SI0M Bullepon

1sfoid VOIH
D71 reuoneulau| Abisug uabolpAH

Arewwns suolissiwg

Se9UAS - %081S OSYH/91D




¢S o vl

*S12UINg JONP YIM Peo| 9% 00T 18 ‘4,59 -obeiane AjreaA Buisn paye|nofed a.e SUOISSIWS Jauing 1ong

"PeO| % 00T Je ‘4,69 -obesane Alreak Buisn paje|nofed ale SuoISsIWa [euoesado [ewiou [enuue sbelany|

:suondwnssy|

00 (1y) uonesado rewlioN aberany
TC 6'€L T'¥98'LVT EHN o'zie's (1y) uonelado Jauing 10nQg
6'C L'66 0'861'66T YN = O'd S0 (4u) uonreIng umopINYSs
80 [4l14 6°LGE'8S olS 0°0C SUMOPINYS JO IsquinN [e10L
60 gce 599059 JO0A 0T (1u) uoneIng 1elS 10H
09 :@Inuiw Jad spuodss 594 ¢0ST 6'06€'00€ (e)e] 00T S1Iels 10H JO JaquinN [e10L
09 :Inoy Jad sainuin LY 6°¢9T €¢rL'See XON o€ (4y) uoneing 1eIS PlOD
vz :Rep 1ad sinoH 12/09s/b 10/1Aju0y 10/1A/q] 00T S1eIS p|0D 4O JaquINN [eI0L
GoE 1eak 1ad skeq suolssiwg suolssiwg suolssiwg jueinjjod 0'22€'8 uolreladQ J0 SINOH [e101
aulqing
sia1eweled suoIssiwg [enuuy abeiany
‘aJel uoIssIwa xew ay) Je (seb [eunyeu Buiuing) suonelado [ewlou o) [enba pawNSse e SUOISSIWS uMopINys pue dnuels "suoissiwe PS uonesado [ewiou uey) Jamo| aq SAem[e ||IM SUOISSIWS ¢0S umopinys pue dnue)s
*seb [einyeu 109)J91 dA0ge Salel UOISSIWa umopinys pue dnuels 'seb [einjeu Bujuing payels ag skemie [Im SO 1D
‘s1ajowesed Bunrelado pajoadxs uo paseq YONT4 Aq papiroid eyep suoissiwa pue sialawered Buneiado aulqin ||y
0's 0's “UNd = OINd 0'€e 0'€e “UNd = O'INd 0'%9 €12 “UNd = O'INd
9¢ 9¢ (j]any ur Awdd TS 1§ (]any ui €ST 1§ (lany ur Awdd G9'¢T @) °0S
§92T ®)°0S Awdd 5921 ®) “0S
0Te 0Te OO0A 086 086 JO0A 0008 1992 Q0N
0'9¢T 092t (e)e} 0'v6€ 0'v6€ 00 0'6€0'S L'6/9'T 00
029 029 XON 0291 09T XON 0cle 106 XON
(uiwogyan (y/an) (umopinys ur “uiw) (uiwogyan (ua) (dnpess joy ur “upw) (uwogt/an) (y/an (dnuess pjod ur “uiw)
[elol Y-T XelN o€ felol JY-T XeN 09 [eloL Y-T XelN 08T
umopinys dnireis 104 dnyreis pjoo
(1DT) auign] wouy suoissiwg umopinys / dnyeis
‘seb |einjeu se Junowe awes ay Je paj|0JIuod are suoissiwa Bull-00
6590°S ‘s1ajowesed Bunrelado pajoadxs uo paseq YONT4 Aq papiroid eyep suolssiwa pue sialawered Buneiado aulqin ||y
9vT 6.1 L'ST T6T 1yjwaj (dijs wdd 0°'S ®) *HN
ove ove ove ove Jy/wq| “YNd = 'INd
8y 0L ZS v Jy/wq| (1lany ur Buny
1onp wdd g9'2T) (]an} ul abeltane ‘Awdd /'9 @) OS
S'§ L9 6'G L yjwaj (wdd 0'z ®) D0A
TV v'62 6'GZ v'IE 1y/wia| (wdd 0's @) 00
L'1E 1'8€ 0ve Ty Jy/wiq (wdd 0¥ @) “ON
4026 - WNWIXeN JaWwnS 4,G9 -9beIaAY A|1ea 4,02 - WNWIUIN J9IUIM SL1INN

uolreladQ [ewlIoN - (8UIQINYIY/Sq]) D1D WOI4 S81ey UoissiwTg abeiany
lle] lle] lle] uo lle] HO lle] uo lTe] Ho e} uo uo / yjo snels Jsuing 1ong
V/N V/N V/N V/N V/N VIN V/N VIN VIN V/N V/N VIN uo /o snreis buijood deng
%09 %08 %00T %00T %09 %08 %00T %00T %09 %08 %00T %00T (%) peo wadlad [9A87 peo1 910
4,16 - WNWIXeW Jdwwns 4,G9 -obeIany AlJeax 4,02 - WNWIUIN JSIUIM SL1INN alnjeladwa] juaiquy|
slalpweled buneiado 919
wafoid vOIH
8002/v72/L 2711 reuoneussiu] ABisuz usboipAH

Arewwns suolissiwg

Buug 09 - %9elS 9SHH/OLD




¢G40 ST

uopesado [euwou Wody Iy € J9A0 UolNGUIU0D
UMOP INYS WO JY € JOAO UORNQLIUOD)

dn 1els wouy 1y € J9A0 uonNGLIU0D

'suoissiwe S (seb [einyeu Buiuing) reuonelado rewiou ueyy 19Mo| 8g SAemie [|Im SUOISSIWAS 0S umopinys pue dnuels Jey) Sawnsse uoienoed

0 1 JO UMOP 1NYS [10) B SBINSSE SUOISSIWS 1Y € 9SBI-1SION
0 1jo dn ueis [e10] B SBWNSSE SUOISSIWD 1Y € 9SBI-ISION|
20s ased 1s10m syuasaidal Buuly 02 uonelado ewoN
‘prepuels Alrend Jiy uaiquy Inoy-g abeiane ue 10} paIapisuod si¢0s AlUuo
:suondwnssy|
29s/b 60 aulquny Jad suoissiwa ased-1siom Bulpow ¢OS
y/qi V. aulgJiny Jad SUOISSIWS Iy T 9SLI-1SI0M ¢OS
1y g/q 122 aulgJin] Jad SUOISSIWA Iy € 8SLI-1SI0M ¢OS
122 ') o€ (Buuiy 09) uonelado fewloN 40 siNoH
00 00 uoleIng umopinys
00 00 uolreunqg dnueis
o€ uoljesadQ JO SINOH [e10L
19/4q1 1y/ql 1y
suoissiwg 9Jel uoIsSSIWd

aulqun] Jad suoissiwg 1y £ aseD-1SIop bulepon

'suoissiwe S (seb [eunyeu Buiuing) reuonelado rewiou ueyy 19Mo| 8q SAemie [|Im SUOISSIWAS 0S umopinys pue dnuels Jey) Sawnsse uoienoed

20S ased 1s1om sjuasaudal Bulily 02 uonelado [ewioN
1e]S pj0d WOJ) aIe SUOISSIWa 0D
LIE)S 10U WO 1€ SUOISSIWS XON

'seb [einyeu uing Ajuo umopinys pue dnuels ‘0D pue XON J0} Jy ased 1siom Juasaidas suoissiwe dnyuelg

:suondwnssy|

€6°0 VL 0SS
9'TTC 1'6/9'T (0)e]
0Te 0297 XON
10/09s/b 12/44/q| jueinjjod

aulging Jad suoissiwg 1y T 8seD-1SI0M Bullepon

's1auing 19Np Yum peoj % 00T Je ‘4,59 -abelane Aeak Buisn payejnafes ase sUOISSIWS Jauing 19na
‘peo| % 00T e ‘4,59 -abelane Aleak Buisn paje|nfed ale suoissiwa [euonesado fewsou Aauend

:suondwnssy|

'SJBUINg 19NP YIM Peo) 9% 00T e ‘4,59 -abelane Aieak Buisn payenofes are suoissiwa Jauing 1ong
'PeO| % 00T e ‘4,59 -abeiane Aleak Buisn paryenofed ale suoissiwa [euonelado fewou Aauend

:suondwnssy|

00 (1y) uonelado fewloN abeiany

S'8T 0'996°9€ EHN 0890 (1y) uonelado Jauing 10nQg

6'7C S'v.8'6Y INd = O"d S0 (4y) uoreINg UMOPINYS

€L §'68S'VT ¢0Ss 0'S SuMopInys o Isquinn [eiol

18 9'992'9T J0A 0T (4u) uoneINQ 11elS 10H

G'LE 1°160'GL (0)e] 4 SHels 10H JO JIsquinN [eloL

L0y 1'82r'18 *ON 0€ (1y) uonreung weIS plOD

1D/1Aju0y LOMA/| 5S¢ SIS P|0D 40 JBQWINN [€10L

suoissiwg suoissiwg jueinjjod G'080°'C uonelsadQ 40 SINOH [e10L
aulging

(92@ ‘AON “190) suolissiwg Ja1end yiino4

'slauing JoNp UM peo| 9% 00T ¥e ‘4,59 -abelane Alreak Buisn pare|nofes ase suoIssIwa Jauing 1ong

‘peo| 9% 00T ¥e ‘4,59 -abeiane Alieak Buisn paje|noed are suolssiwa [euonesado [ewlou Aauendd

:suondwnssy

00 (1y) uonelsado [ewlioN abelany

S'8T 0'996'9E EHN 0'890'¢ (1y) uonesadp Jauing 1ong

6'vC S'v.8'6v SYNd = O"d S0 (4u) uopreaN@g UMOPINYS

€L G'68G'VT ¢0s 0's SUMOPINYS JO 1squinN [el0L

T8 9'992°9T J0A 0T (1Y) uonreing 1els 10H

S'LE 1°160'GL (0)e] SC SHels 10H JO JaquinN [elo0L

L0V 1'82V'18 XON 0€ (1Y) uonreIn@ IS P|OD

1D/1Aju0y 1o/A/al 4 S1lels p|od 4o JIsquinn [ejoL

suolssiwg suoissiwg jueinjjod G'080°'C uoneladQ 40 SINOH €10
aulging

00 (1y) uonresado rewsoN abelrany

S'8T 0'996°9€ EHN 0890 (1y) uonelado Jauing 10nQg

6'v¢C S'v.8'6Y SINd = O"d S0 (4u) uonreIng umopINYs

€L §'68S'VT °0s 0's SUMOpPINYS 0 JISqWNN [e10]

8 9°992'9T DJ0A 0T (1y) uoneinqg 1eIs 104

WA 1°160'GL (0)e] S'¢ S1elS 10H JO JIsquwinN [el0l

L0y 1'82r'18 *ON 0€ (4u) uoneIng LEIS PlOD

10/1Aju0y 10/1A/q] ST S1/e1S p|od JO JBquinN [e10L

suoissiwg suoissiwg jueinjjod G'080°'C uoljesadQ JO SINOH [e10L
aulging

(ung ‘Ae ‘1dy) suoissiwg Ja1iend puodas

*slauing 1oNp YIm peo| % 00T e ‘4,59 -abelane Ajreak Buisn paye|nofed ale suoissiWwa Jauing 1dng

‘peo| 9% 00T 18 ‘4,59 -obeiane Aeak Buisn paye|nojes ale suoissiwa [euolyesado [ewlou Apauend

:suondwnssy|

00 (1y) uonesado rewlioN aberany

S'8T 0'996'9E EHN 0'890°C (1y) uonelado Jauing 10nQg

67 S'v.8'6V YN = O'Nd S0 (4u) uoneIng uMmoOpINYS

€L G'68G'VT ¢0s 0's SuMopINys Jo IsquinN [ejol

T8 9'992°9T J0A 0T (1y) vonreing 1els 10H

A 1°160'GL 02 S S1Ie1s 10H JO JaquinN [ej0L

LoV 1'821'18 XON o€ (4u) uonein@ LeIS PlOD

10/1Ajuoy 1o0A/al S¢C S}els pjod 40 JBquinN [eloL

suoissiwg suolssiwg juein|jod G'080'C uonelsadQ Jo SINOH [e10L
aulging

(das ‘bny ‘Inr) suoissiwg Jauend piyl

(1en\ ‘ga4 ‘uer) suoissiwg Janend 1S4

19loid VOIH
D71 reuoneulau| Abisug uabolipAH

Arewwns suolissiwg

Buug 09 - %9elS 9SHH/OLD




¢G40 9T

800¢/ve/L

a)eJ SUOISSIWA Xew Jeuoiesado [BWLOU JO SIY 2 Se Parenafed :Nd pue 20S Ajrep ased-1SIom 1o} Uone|ndfed aAoqe 995

SJel UOISSIWS Xeuw Je uoiesado [ewlou uj juads s| awi Jo Japurewsy

v 1 JO UMOP INYS [e]0) B SBWINSSE SUOISSIWA Ajlep ased-1SI0M
¥ 1 Jo dn Jels [€]0] B SBWNSSE SUOISSIWA Ajrep asea-1SIom
:Buiunsse pajenoes are suoISsIWe -- JOA PUe ‘0D ‘XON 104
:suondwnssy|
“YNd = ""INd
‘os
8'GGE'S 'L 00T 0'T1¢ 0¢ 0°008 0¢cT O0A
T'v.6'0C v'1e 00T 0'9¢T 0¢ 0'6€0'S 0¢cT (0)e]
8'8r.L'T jomng 00T 0'¢9 0¢ 0¢lLe 0¢cT XON
10/s/6 uoissiwg 10/Rep/q| uels/q| 1y umopinys/qi 1y uels/q| 1y lueinjjod
IH vz @seDd suolssiwg Ajreq ased-1SI10\\ arey uoissiwg uolrelado ajey uoissiwg | umog INYS ulawil | arey uoissiwg | dnyeis ulawil
-1SIOM\ mc__wUO_)_ :O_HMLQQO [EWION | [eWION Ul swli] umopinys Q:Cmuw

uoieIado [eunoU WoJy Iy § JAA0 UoNNGLIU0D
UMOP INYS WO Jy 8 JSAO UORNQLILOD)

dn Jejs wouy 1y § J9A0 UoRNGUIUOD

aley uolssiwzg Ino

H vz 9SeD-1SI0M

Ullapo pue aulgin] Jad suoissiwg Ajreq ased-1S10M\

SJel UOISSIWLS Xelw uoiesado [ewliou Jo siy 2 d 404
SJel UOISSIWS Xew uolesado [ewiou Jo siy ¥z 20S 104

‘prepuels Alend Ay JusIquiy INoy-ig aBelane ue 10} palapIsuod ate Nd pue Z0s Aluo

:suondwnssy|

0€ (Buniyo9) (19/s/6) S9Nd = O'd
0'9.5 (Lo/Rep/ql) S9Nd = O'Nd
60 (Buriy 09) (1LO/s/b) 2OS
LT (1Lorskepyqr) cos

212y UOISSIWT INOH 72 9SeD-1SI0M Bullapoy pue auiqin] Jad suoissiwg Ajreq ased-1S10M

€ 1 JO UMOP 1NYS [10) B SBUNSSE SUOISSIWS 1Y 8 9SBI-1SION
z 1 Jo dn 1els Q10D [E10) B SSWNSSE SUOISSIWS 1Y 8 9SeI-1SION|
‘glel Xew sawnsse cc_uw\_wn_o [ewIoON
‘prepuels \ﬁ__mjo 1l Jusiquy Inoy-g8 abeiane ue 10} palspIsuod st 0D >_CO
:suondwnssy|
29s/b 69T au1gJn} Jad suoISSIWe ased-1si0m Bulpow 0D
1y/q| 0'60S'T auiginy Jad suoIssIWwa Iy T 8Sed-1SIoM 0D
1y 8/d| 1'T.¥'0T au1gJiny Jad suoISSIWa 1Y 8§ 8SedI-1SIOM 0D
L'ST s S0 (bunny 09) uonesado eWION JO SINOH
0'8.€ ST uolyeing umopinys
08.0°0T 09 uoneing dnirels
08 uonelsadQ Jo sINoH [e10L
12/4| Jy/ql 1y
suoissiwg alel UoISSIWD

aulging Jad suoissiwg 1y g8 aseD-1SI0M Bullepon

19loid VOIH
D71 reuoneulau| Abisug uabolipAH

Arewwns suolissiwg

Buug 09 - %9elS 9SHH/OLD




¢G40 /T

‘Buijood aAelodens Yum ‘peol o, 00T 1€ ‘4,59 -abelane Aleak Buisn paje|nojes ale suoissiwa [euonelado fenuue abesany|

:suondwnssy

00 (1y) uonresado rew.op abelsany|
L0 Tve S ovT'8y EHN 000'v (4y) uoresado BuljooD aAlrelodeny
90 902 0°00T‘T¥ SN = O"Wd z0 (1y) uonreIng UMmopINYS
TO 8'c Yyr9'L °0Ss 0'Gee SUMOPINYS 40 1I3qWINN [e101
T0 9y 0'28T'6 J0A 00 (1u) uoneing 1re1s 10H
09 :@Inuiw 1ad spuodss 80 9'/2 T'6LT'SS 02 00 S1JelS J0H J0 JBquinN [e10]]
09 :Inoy Jad seinuiy S0 vLT 9'0v8've XON 20 (1y) uoneing veIs plod
ve -Aep Jad sinoH 10/99s/b 10/1Aju0y 10/1A/0] 0'Gee SLeIS P|0D JO JBqWINN [e10]]
Gog reak Jad sheq suolssiwg suolssiwg suolssiwg juein|jod OTT'V uolreladQ J0 SInoH |e10L
aulgqinyl
sia1Pweled sajey Bulepo pue suoissiwg [enuuy abesany
*Buijood deaa yum ‘arel uoissiwa xew suoielado [ewlou o) lenba pawnsse ase SUoISSIWa UMOPINYS pue dnuels "SUOISSILWS [euonelado [ewiou uey) Jamo| g sAemie ||im SUOISSIWS QTINd pue ZOS umopinys pue dnuels
umop 1nys € pue dnuels £ awnsse (JY-T Xew) sUuoIssIWa umopinys pue dnueis DOA pue ‘0D ‘XON|
‘slayowered Bupesado pajoadxa uo paseq YONT14 Aq papinoid eyep suoissiwe pue siajawered Bunelado auigin ||y
LT 00T SN = O"INd SCNd = O"INd LT 00T SN = OTINd
€0 6T (lany u Awdd (lany w1 €0 6T (1any ur Awdd 59°ZT @) “‘0S
59'2T @) °0S Awdd 59'ZT @) °0S
20 90 J0A J0A 20 S0 J0A
€T 9'6€ 0D 00 20T 9'0¢ 00
(/8% 0et XON XON o€ 06 XON
(uiwegot/ar) (usan) (umopinys ui “uiw) (urwogyar) (usan) (dmuers 10y Ui “uiw) (unwoty/ar) (usan) (dnpess pjod ur "uiw)
[eloL IY-T XelN €0T [eloL IY-T XelN 0 [eloL “IY-T XelN 00T
umopinys dnyreis 104 dnyreis pjoo
(1D1) auigin] woly suoissiwg umopinys / dnueis
‘s1ayawered bupesado pajoadxs uo paseq YONT4 Aq papinoid eyep suoissiwa pue sialawered Bunelado auiginy ||y
8'9 76 LTT 0L S'6 0T 0L 56 91T Jy/wq (dijs wdd 0'0T @) °HN
00T 00T 00T 00T 00T 00T 00T 00T 00T y/wigj SN = O"INd
0T v 8T TT ST 6T TT v'T 8T yjwq (1any ur Awdd 59°ZT @) “‘0S
€T LT 2C €7 8T €2 €7 8T 2C y/wq (wdd 0’z @) O0OA
8'9 6 GTT 6'9 ¥'6 6'TT 6'9 €6 GTT y/wiqj (wdd 0’9 @) 00
9y 29 6L L'y G'9 T8 L'y ¥'9 6L y/wiqj (wdd 52 @) *ON
016 - WNWIXeN JBswwnsg 4,69 -8beIaAY AjieaA 4,02 - WNWIUIA J9IUIM SLINN

uonelsadQ rewlsop - (duiginyiy/sq)) 91D woldj sarey uolissiwg abelany
#0 #0 #0 uo H0 H0 #0 uo #0 #0 #0 30 uo / 4o snreis buljood deag
%08S %G. %00T %00T %085 %S/ %00T %00T %085 %S/ %00T %00T (%) peoT wsolad [9A87 peoT 910
4,/6 - WNWixXep lswwns 4,59 -9beIany Allea A 4,02 - WNWIUIN JSIUIAN S1INN ainjeladwsa] uaiquy
slalaweled bunesado 910
108l0id vOIH
8002/ve/L 0711 [euoneussiu| ABisuz usbolpAH

Alrewwns suoissiwg

910 Aseljixny




¢5408T

SUOISSIWS DS [euoleIado [ewiou UBy} 19Mo| 8q SABME [|IM SUOISSIWS 0S UMOPINYS pue dnlels Jey) SaWNSSse uonie|nae

‘Buljood anelodens Yim ‘peo) 9, 00T 1€ ‘4,59 -abelane AJeak Buisn paje|nojes ale suoissiwa [euonelado Apayend

:suondwnssy|

00 (1y) uolresado rewJopN abelany

09 T'Ge0'CT EHN 0°000‘T (4y) uonresado Bujoo) aAlrelodeny

Ts 0'6.2'0T SINd = °TINd [ (4y) uoneing umopinys

0T TTI6'T °0s €18 SUMOPINYS }JO JIaquinN [e1ol

TT §'G6Z'C J0A 00 (1y) uoreing wels 1o0H

6’9 8'V6L'ET (0)e] 00 SHelsS 10H JO JSqWInN [e10L

'y 2'0TL'8 XON [ (4y) uoneing 1eIS pJod

12/1Aju0)y 12/1A/0] €18 S1Je1s p|od 10 JaquinN [e1ol

suolssiwg suolssiwg juein|jod G'/20'T uolresadQ J0 SInoH [e10]
aulqing

(99@ ‘AON “190) suoissiwg Ja1end yrnoq

‘Buljood anelodens Yim ‘peo) 9, 00T 1 ‘4,59 -abelane AJeak Buisn paje|nojes ale suoissiwa [euonelado Apayend

:suondwnssy|

00 (1y) uolresado rew.opN abelany

09 T'Ge0'CT EHN 0°000‘T (4y) uonresado Buljoo) alrelodeny

Ts 0'6.2'0T SN = °TINd [ (4y) uoneing umopinys

0T TTI6'T °0s €18 SUMOPINYS }JO JIaquinN [e1ol

TT §'G6Z°C J0A 00 (1Y) uoireing yels 1o0H

69 8'V6L'ET 02 00 S1Ie1S 10H 4O JaquInN [e10L

'y 2'0TL'8 XON [ (4y) uoneing 1eIs pJod

12/1Aju0)y 12/14/0] €18 S1Je1s p|od 10 JaquinN [e1ol

suolssiwg suoissiwg juein|jod G'/20'T uolresadQ J0 SInoH [e10]
aulqing

800¢/v¢/L

(das ‘bny ‘|nr) suoissiwg 1ayend piiyl

0 1 JO UMOP INYS |10} B SBWINSSE SUOISSIWS 1Y € 8SBI-ISION
0 1Jo dn He)s [ejo] e sawnsse SsUoISSIWe 1Y € aSed-1SI0NA|
dJel uoIssiwe Xew sawnsse Co_ﬂm‘_wao [ewloN
‘prepuels AlfenQ JIv slquy Jnoy-g abelaae ue Joj paIspisuod si¢0Ss AluQ
:suopndwnssy|
23s/6 20 aulginy Jad suoissiwa ased-1siom Bulpow ¢0S
y/q 6T auigJin) Jad SUOISSIWS 1Yy T 9SeI-1SI0OM ¢0OS
1y g/q| 9'g aulginl Jad suolssiwe 1Yy ¢ ased-1Siom NOW
uolelado [ewou wolj 1y € JSA0 UoRNLIUOD 9GS 6T 0¢ co_«m‘_mn_o [ewJoN JO sinoH
UMOP INYS WO Iy € JSA0 UORNGLIUOD 00 00 uoleing umopinys
dn pe)s wouy 1y € I8N0 uonngUIuoD)| 00 00 uonieing n_:twum
o€ uolreladQ 40 SInoH |e10L
19/41 a4/q| 1y
suolssiwg aJel uolissiwa
aulgJny Jad suoissiw3g 1y € ased-1siop buigpon
'SUOISSIWS S [euonesado [ewlou uey) JI9Mo| 8q SABMJe |[IM SUOISSIWS ¢0S UMOpINYS pue dniess Jey) SaWwnsse uoie|naje))|
uMOp INYs € pue dnels g wolj Jy T JSAO UORNQLIUOD BY) SWNSSE 1Y T 8SeD 1SIoM 0D pue ‘XON
‘0D pue XQON 104 1y ased 1siom Ewwm._aw‘_ suolissiwa Q:tmﬂw
:suondwnssy|
20 6T ‘os
L8 069 (e)e]
9'¢C L0C XON
10/09s/b 12/14/q| juein|jod
aulginy Jad suoissiwg 1y T ased-1siop Buijapon
‘Buijood aAnelodens Yum ‘peoj 9 00T 18 ‘4,69 -abelane Alreak Buisn pajeinofed ale suoissiwa [euonesado Apapend)
:suondwnssy
00 (1y) uonresado rew.op abelsany|
09 T'Ge0'CT EHN 0°000°T (4y) uonresado BuljooD anlelodens
TS 0'G.2'0T SYNd = O"Wd [ (1y) uonreIng umopINYS
0T TTI6'T °0Ss €18 SUMOPINYS JO JIsqunN [e10L
TT §'G6Z°C D0A 00 (1Y) uonreing 1els 10H
69 8'V6L'ET (0)e] 00 SHelS J0H J0 J3qWInN [elo]1
144 2'0TL'8 XON [ (1y) uoneing veIs plod
10/1Aju0y 10/1A/0] €18 S1Jels p[oD J0 IsquinN [e10l
suolssiwg suolssiwg juein|jod G/20'T uolreladQ J0 SInoH |e10L
aulginy
(unr ‘Aep ‘1dy) suoissiwg 1ayend puodas
‘Buijood aAnelodens Yim ‘peoj 9 00T 18 ‘4,69 -abelane Alreak Buisn pajenofed ale suoissiwa [euonesado Apanuend)
:suondwnssy
00 (1y) uonesado rew.op abelsany|
09 T'Ge0'CT EHN 0°000°T (4y) uonresado BuljooD aaelodens
TS 0'6.2'0T SYNd = O"Wd [ (1y) uonreing umopINys
0T TTI6'T °0Ss €18 SUMOPINYS JO JISqunNN [e10L1
TT §'G6Z'C D0A 00 (1Y) uonreing yess 10H
69 8'V6L'ET (0)e] 00 SHelS J0H J0 JSqWInN [e1ol
144 2'0TL'8 XON [ (1y) uoneing veIs plod
10/1A/u0 10/1A/0] €18 S1Jels p[oD J0 IsquinN [e10l
suolssiwg suolssiwg juein|jod G/20'T uolreladQ J0 SInoH |e10L
aulginy

(Jey ‘ge4 ‘uer) suoissiwg Jo1en 1sii4

wafoid vOIH
0711 reuoneusaiu| Abiaug uaboipAH

Alrewwns suoissiwg

910 Aseljixny




¢5i06T

800¢/v¢/L

3Jel UOISSIWS Xeuw Jeuolyesado [Bwlou JO Sy g Se payejnafes :Nd pue Z0S Aliep 9Sea-JSI0M J0j UOIe|NI[ed dA0ge 335

alel UOISSILUS Xeuw Je uojelado [ew.ou ul juads S| awi Jo Japureway

v 1 JO UMOP INYS €10} B SBWNSSE SUOISSIWS AJlep ased-1SIoM
4 : Jo dn 1els [e10) B SAWNSSE SUOISSIWS Allep 9Sed-1SIOM
:Buinsse pare|najed ae suoIssIWa -- JOA PUe ‘0D ‘XON 10|
:suondwnssy
SINd = TNd
‘0s
8'¢S €¢ 9'¢¢ 20 L0 20 L0 O0A
6'¢9¢ 6'TT 9'¢c €T L0 c'0T L0 (0)e]
¥'¢t1e T8 9'¢c oY L0 0'€ L0 XON
10/s/B uoissjw3 LO/Rep/q| 1eIs/q| 1y umopinys/q| 1y 1eIs/q| 1y ueIn|jod
IH ¥z @seD suoissiwg Ajreq ased-1SI0M\ arey uoissiwg uonelsado arey uoIssiwg |umoq INYsS ul awiyl | arey uoissiwg | dnieis urswil
-1s10M\ Buljepo uoleladQ [ewloN | rewioN ul swil umopiInys dnueis

uoneIado [ewou Wolj 1y g JOAO uonNgLIUOD)
UMOP INYS WOy 1y g JSA0 UOHNGLIUOD

dn Je)s Woly 4y g JOA0 UOANGLIUOD

a1ey uoIssIWI INoH

72 9SBD-1SI0M Buljspoly pue auiginy J1ad suoissiwg Ajreq ased-1S10\\

3Jel UOISSILUS WNWIXew Je uoielado [ewiou Jo siy 2 INd 104
3Bl UOISSIWS WNWIXew Je uonelado [ewiou Jo siy ¥ ¢0S 104

‘prepuels Aiend iy Jusiquiy Inoy-Z abesane ue 10j paIapIsuod are Wd pue 20s Aluo

:suondwnssy|

€T (1LO/s/B) SeNd = °"INd
0'0%2 (Lo/kep/qp) SeNd = O'INd
20 (Loys/b) “0s
9y (Lo/kepyal) cos

a1ey UOISSIWT INOH g 8seD-1SI0M\ Buljapopy pue aulgqiny Jad suoissiwg Ajreq ased-1S10M

14 . JO UMOP 1NYS |B10] B SBINSSE SUOISSIWD 1Y 8 8SBI-1SION
17 .o dn ueis 2101 B SBWNSSE SUOISSIWS 1Y 8 9SeI-1SION|
‘Buijood deas yum ‘peo| %00T ‘d.G9 - abelane [enuue sawnsse uonelsado [ewloN
‘prepuels Aljend Jiy Jusiquly Jnoy-g abelane ue 1oj paIspIsuod sl 0D AlUO
:suondwnssy
23s/b 12 aulgJny Jad suoissiwa ased-1siom Buljgpow 0D
y/q| 912 aulgJn} Jad SUOISSIWa 1Yy T 8SeI-1SIOM 0D
1y g/q| 9'2.T aulgJny Jad SUOISSIWA 1Y 8 3SeI-1SIOM 0D
0'6L 6'TT 99 uolrelsadQ [ewIoN }JO SINoH
8¢S 10 uolreing umopinys
80 L0 uoneing dnueis
08 uolreladQ 40 SINOH |e10L
19/41 a4/q| 1y
suolssiwg alel UoISSIWS

aulginy 1ad suoissiwg Iy 8 8SeD-1SI0M Bullepon

19lold vO3IH
0711 reuoneusaiu| Abiaug uaboipAH

Alrewwns suoissiwg

910 Aseljixny




¢G40 0¢

9/'¢ 760 GZ'12S'L 1.°1¢ 060 suolissiwg °TNd Jamo] Buljood NSY
96'€ 660 91'026°L 8'¢¢ S6°0 suolissiwg °TNd Jamo Buljoo) ealy ssad0.d
8€9T oT'v 88/9.°C¢ 05’76 76°'€ suoissiwg o' Nd 1emo] Buljood x20|g Jemod
1Ajuoy 11bjuoy 1A1q] Kep/q| y/q

suolssiwg °TNd Jamo) Buljoo)d

suolssiwg T |Nd Jamo] Buljoo)

*Ajereuoniodoid

Area pjnom suoissiwa OTINd ‘uonelado jamo) pue Aljenb Jarem dnaxew uo Buipuadap sgl wdd 000‘06 01 00ZT Woly abuel pjnod Jarem Buienali) “Jarem Buijood Buienaio ul sgl wdd 0p0‘6 pawnssy 810N

10vg pajoadx3

%S000°0 %S000°0 %S000°0 MO Bunenoulo Jo uonoel) ‘Yuq

(10U 335) 000'6 000'6 000'6 (mwdd) spijos panjossip MO

0¢c 1¢c 88 (Jy/qy uoljiw) 8¥e) UONRINDIID D

aouewlopad ueld [eaidAL 00Z'0¥ 00£2Y 000'S.T wdb ‘a1es uonenaad (AMD) 1arem bBuljoo)
siseg NSy Baly Ssad0lid | 20|g 1amod

Jauenb yoea ul uonesado enbs Buiwnssy

slaloweled buneiado lemo] buljoo)d

S'080¢ S'080¢ S'080¢ S'080¢
2 €0 z0 10
10 Jad sinoH 1Ay 2ze's uoneladQ J0O SINOH [e101
suoissiw3g bBunelado jenuuy - siemo] buljoo)d
seloid vO3H
800¢/v2/L D77 [euoneusaiu| ABisu3 usboipAH

Arewwng suoissiwg

slamo] bBuljoo)d




¢G40 T¢

‘uonesado [enuue [enunuod SaWNSSY
‘piepuels Alrend Ay Juaiquy abelae [enuue Ue Joj paIapISuod si Ad

09 :91nuIwW Jad spuodas
09 :noy Jad sanuipy
ve :Aep Jad sinoH
Goe eak Jad sheq

9100 LT0°0 2200 (I19/03s/6) SCNd
852 9/€¢ 0£8'6 (u-ve/al) SCNd
1200 8200 9€0'0 (I199/99s/6) ' Nd
9/'¢ 96'€ 8£'9T (4Ayu01) *INd
¥ ¥ T Jamo] Buljoo) Jad sjj@d
NSV ealy SS8201d | o019 1emod suoISSIWg [enuuy ased-1sIop Buljspo
‘uoiresado [enunuod Jo sINoy g sawnsse Y-z Jad spunod

‘plepuels Aljend JIy Waiquy Inoy-yz abelane ue 1o} paIsapisuod si Nd

/100 8100 €200 (I19/03s/6) SCNd
Z0°€T TLET 0.9 (u-ve/al) SCNd
8200 0€0°0 8€0°0 (199/235/6) YNd
112 v8'ze 0576 (u-ve/al) °'nd
¥ ¥ T Jamo] Buljoo) Jad sjj@d
NSvY Boly SSad0.id )20|g 1Iomod suolssiw3g INOH {72 °9SedD-1SIOM @c__w_uo_\/_

Siolaweled

‘suonoeld SN yum sjqe L SHvAIF0 parepdn - v xipuaddy :900z 18qoi00 ‘sploysaly L 8ouediubis SN pue SeNd

ale|noje) 01 ABojopoyia - [euld :@auepinb QINOVIS aYl WOy uayel alam ST 10} sanfen [euonoeld "anfea .t Ad Jo uonoels Spd,, e Agq staquinu 9Tz d BulAldinw Ag pauiwlialap a1am S10]}oe) UOISSIWS SN

800¢/ve/L

o'Vl ST
T2 TINd
(1A/u0l)

suolssiwg T\ d Jamo] Buijoo) fe1ol

wselold vOIH
D77 [euoneusaiu| ABisu3 usboipAH

Arewwng suoissiwg

slamo] bBuljoo)d




¢G40 ¢c

80 6T°0 06'¥SS'T Y0 LT T.0 SN = °TIAd
€0 800 60°G€9 96'9 620 oS
90 91’0 26°Eve'T €9°€T 150 D0A
8'G T 9Z'90S'TT 0T'92T GZ'S 0D
LT ev'0 8/°02¥'€ 6v'LE 95T XON
1Ajuoy nbjuoy 1479 Kep/q| y/ql 1ueln|jod
suolssiwg Jajiog Areljixny
saley UOISSIWT 1ueln|jod Jajlog Aleljixny
maNn/a| 5000 STNd = Wd
man/al ¥0200°0 (1]an} ur Awdd 59°2T) 0S
man/al ¥00°0 D0A
maNN/al L€0°0 ((20 %e) pawdd 05) 00
Mg/l 1100 ((20 %¢g) pawdd 6 ‘uonenalidal seb any pue auing XON MO|) XON
S1010B4 uolIssIiwg Jajlog AleljIxny
Jaurenb yoea ul uonesado enba Buiwnssy
G /¥S G'L¥S G /¥S G'L¥S
70 €0 [4e) 10 Jy/mgnin T arey buui4
no Jad sinoH 1Ay 06T'C uoneladQ Jo sInoH [e101
suolssiwg Bunelado [enuuy - 1ajiog AleljiIxny
108l01d VOIH
8002/v2/L D717 [euoneulsiu| ABrsuz usboipAH

Arewwnsg suolssiwg

181109 Areljixny




¢G40 gc

<00 (09s/6) S*Nd = "IN d
100 (08s/B) °0OS
200 (08s/6) DOA
Z0 (08s/b) 0D
S0°0 (09s/b) XON

suolssiwg abelaAy [enuuy Buidpon

‘prepuels Alfend Ay Weiquly Jnoy-Z abelane ue 1oy palspisuod are Nd pue ¢0s AluQ

600 (03s/6) SNd = O"INd
v0'LT (y-vz/a1) SeNd = O'Nd
700 (0as/6) cOS
96'9 (1y-vz/a) ¢0s

SUOISSIWT INOH $Z 9seD-1SI0M Buljapon

‘prepuels Alend Jiy Wweiquy Jnoy-g abelane ue 1oy paIapisuod st 0D AlUuQ

L0 (09s/6) 0D

€02y (u-s/an) 0o

suolssiwg Iy 8 aseD-1SIoM Bullepo

‘prepuels Alend iy Wsiquy Jnoy-g abelane Ue 1oy paIapisuod si¢os AluQ

700 (0as/6) cOS

180 (y-g/91) °0S

suolssiwg Iy € aseD-1SIoM Bullepo

‘plepuers Alend Jiy Jusiquiy Inoy-T abeiane ue 1oj paiapisuod ale QS pue ‘0 ‘XON AluO

09 :@)nuiw Jad spuodas
09 1oy Jad sanuipy
e :Aep Jad sinoH
Gog reaA Jad sAeq

700 (0as/b) ¢0S
L0 (08s/6) 0D
Z0 (08s/6) XON

800¢/¥e/L

Slalaweled

suoIssIwg Iy T 8SeD-1S10M\ Bullepo

8loid vOIH
2771 reuoneusaiu| Abisug uaboipAH

Arewwnsg suolssiwg

181109 Areljixny




¢Siove

09 :91nuiw Jad spuooas
09 :inoy Jad sanuiy
e :Aep 1ad sinoH
Gog reaA Jad sAeq

Slalaweled

‘prepuers Anfend Jiy uaiquiy Jnoy-T abelane ue loj palapisuod ale ¢0S pue ‘0D ‘XON AlUO

7000 (09s/6) ¢OS
20 (08s/6) 0D
70 (09s/b) XON

(1ojelauab Jad) suoissiwg 1y T aseD-1SI0M buljgpon

sloyelauab [enpIAIpUl 10) UMOYS aJe SUOISSIWS [[e ‘siolelauab om] ale aiay) 1eyl 810U asea|d

1u/reb 00°0vT Moy} |an4
[e6 000T/0S al 0z'0 = SUOISSIWe 20S
‘Bunsal pue asueuajurew Joy uonelado Jo sinoy (g) omi sawnsse Aep Jad spunod 1any ur mwdd ST = ]U3JUOD INY|NS |an4
000 000 c0'8 ¢€0 9T'0 SCNd = YNd
T0O0'0 000 ovr'T 900 €00 ¢0s
c00 000 G6'€EE 9e'T 890 O0A
700 T00 TS'68 89°¢ 6L'T (0)e)
TO c0’0 ceVST LT9 60°€ XON
1Ajuo} 1ibjuoy LT Repyq| u/q 1ueIn|jod

SuoISSIWT J0ojelauas
(101eJs8USb Jad) sSaley uoISSIWT JuRIN||0d J01RIBUdD
€00 (u/dyg/B) SNd = °TINd
V/IN (1y/dyg/b) °os
170 (yrdug/b) D0
620 (y/dyg/b) 00
0s'0 (4y/dug/b) XON
Jaurenb yoea uj uonesado fenba Bulwinssy (101el8UBb Jad) si010B4 UOISSIWT JUBIN||0d J0JRIBUDD

SRAN SRAN SRA SRAN

70O €0 Z0 10 duyg 008 uol1edl}10ads Jojesauss
10O J1ad sinoH 1Ay 0s uoleladQ Jo SInoH |e1oL
30ueUBIUIR pue uoleladO Aduablaw3 paloadx3 - Jojeiauss Aouabisw3
19lold vO3IH
8002/vz/L 2771 reuoneusaiu| ABisuz usboipAH

Arewwns suolssiwg

slolelauas) |9salg Aouabiaw3g




¢S50 6¢

800¢/ve/L

‘uonelado Jo sinoy QG sawnsse Jeak Jad spunod

T000'0 (09s/B) SCNd = Y Nd
20000°0 (08s/B) 20S
000°0 (08s/b) DON
1000 (09s/6) 0D
2000 (08s/b) XON

‘101RJ9Uab Jad) suoissiwg abelany [enuuy Bul@pon

‘uonresado Jo sinoy (g) omi sswnsse Jy-¢Z Jad spunod

‘prepuels Aurend Jiy WaIquy Inoy-iz abessne ue 1oy paIapisuod ale Nd pue 20s Aluo

2000 (09s/B) SCNd = Y Nd
Z€0 (y-vz/an) Send = °"'Wd
€000°0 (09s/6) ¢OS
900 (y-vz/a)) 0S

(1oresauab Jad) suoissiwg INOH 2 9seD-1S10M\ Bullspo

‘uonelado jo sinoy (g) omy sawnsse Jy-g Jad spunod
‘prepuers Anfend Jiy uaiquiy Jnoy-g abelane ue 1o} palapisuod si 0D AlUO

900 (08s/B) 0D

85'¢ (y-g/a1) 00

(1oyesauab uad) suoissiwg uy g ased-1sIop Bulpo

‘uonresado Jo sinoy (g) omi sawnsse Jy-g Jad spunod
‘prepuels Alrend JIy Jusiquiy Inoy-g abeiane ue 1o} palspisuod si¢0s Aluo

¢00°0 (09s/6) ¢OS

900 (y-g/an) os

(1oresauab Jad) suoissiwg 1y £ ased-1SI0M Bullspo

19lold vO3IH
D71 Jeuoneusaiu] Abisu3 usboipAH

Arewwns suolssiwg

slolelauas) |9salg Aouabiaw3g



2540 9¢

1y/reb 00'82 Moy} [an4
[e6 000T/°0S al 0z0 = SUOISSIWS %0S
‘Bunsa) pue asueusiurew Joj uonelado Jo sinoy (g) omi sawnsse Aep Jad spunod 1on} ur mwdd GT = JUSJU02 INYNS |an4
000 000 78'T 700 200 SN = Y'Wd
€000°0 T000°0 950 100 100 ‘oS
T00 000 9T'LT 7€0 LT0 JO0A
A 700 69'8T¢€ LE9 6T°€E (0)e]
TO 200 98'¢81 89'E 78'T XON
1A/uoy nbjuoy 1A/q) Aep/q| 1y/q| juein||jod

suoissiwg dwnd Ja1epn ali4
soley uolissiwg juein|jod dwngd Jarep ali
STO'0 (dy/dug/b) “nd = °'INd
VIN (1y/dyg/b) °os
vT0 (1uy/dug/B) DOA
09C (ly/dyg/b) 00
0S'T (4y/dyg/b) xON
Jayenb yoea ul uoiresado [enba Bulwinssy SJ01Je4 uolssiw3 juelnjjod dwngd 191eM\ allH

14 14 14 14

70 €0 20 10 dug 955 uolyeoly1oads duind Jayep ali4
1o Jad sinoH 1Ay 00T uoneltadQ J0 SINOH [e101L
soueUdUIRN pue uolteladO Aouabilaw3 paloadx3 - dwnd Jarep ali4
19l01d vOIH
8002/¥72/. D717 reuoneusaiu| Abisu3 usboipAH

Arewwns suolissiwg

dwnd Jaremalid |asaiq Aouabiow3




¢G40 /¢

09

:a1nuiw Jad spuodas

09

:Inoy Jad sanuip

ve

:Aep Jad sinoH

G9€

1eaA Jad sAeq

800¢/v¢/L

Siolaweled

‘uonelado Jo sinoy (g) omy sswnsse Jy-g Jad spunod
‘prepuels Alrend JIy Juaiquy Jnoy-g abelane ue 1o} paiapisuod st 0D AlUQ

10 (08s/6) 0O

L€9 (u-gran) 02
suoissiwg 1y 8 aseD-1SI0M\ Bulapon

‘uonelado Jo sinoy (g) omy sswnsse Jy-¢ Jad spunod
‘plepuels AujenQ) iy Jusiquiy Jnoy-g abeliane ue 10} paIspisuod si¢os AluQ

S000°0 (0as/B) ¢0Ss

100 (y-g/an cos
suoIssiwg Iy € aseD-1SI0M\ Bulapon

piepuels Aufend iy usiquy Jnoy-T abeiaAe ue 10j PaIapIsuod are ¢0S pue ‘0D ‘XON Aluo

20000 (0as/B) ¢0Ss
70 (08s/6) 0D
20 (08s/b) XON

SUOISSIWT Iy T 9SeD-1SI0M Buljopo

19lold VOIH
D717 reuoneusaiu| Abisu3 usboipAH

Arewwns suolissiwg

dwnd Jaremalid |asaiq Aouabiow3




25408¢

800¢/v¢/L

‘uonelado Jo sinoy QOT sawnsse Jeak lad spunod

€0000°0 (09s/B) S°Nd = FINd
T0000°0 (09s/b) ¢0S
2000°0 (03s/6) DOA
G000 (09s/b) 0D
€00°0 (09s/6) XON

suolIssIWwg abelaAy [enuuy Buljepon

‘uonelado Jo sinoy () oml sswnsse Jy-7g Jad spunod

‘prepuels Afend Jiy usiquiy INoy-Z abelane ue 1oj palapisuod ale Nd pue Z0S Aluo

20000 (09s/6) SENd = YNd
¥0°0 (Y-vz/a)) S°Nd = °'INd
T000'0 (0as/b) ¢OS
100 (U-vz/a)) “0S

SUOISSIWT INOH 7Z 8SeD-1SI0M Buljepon

19lold VOIH
D717 reuoneusaiu| Abisu3 usboipAH

Arewwns suolissiwg

dwnd Jaremalid |asaiq Aouabiow3




¢G40 6¢

000 000 YT ET 700 2000 SN = OYNd
#7000 TT000 76'8 200 T000 °0s
€000 L0000 69°S 200 T000 O0A
8T'0 700 ot'0S€e 96°0 00’0 00
9Z'0 .00 09'52S w1 0900 XON
1Ajuol nbjuol 1A/Q) Aep/q| 1y/q| juein|jod

suoissiwg 10]1d
saley UOISSIWT 1ueIN||0d 10]1d
€000 (AHH ‘mgNN/dl) S¢Nd = °'INd
€100°0 (AHH ‘man/an DOA
2000 (19n} ur wdd 59°2T) (AHH ‘MANIAN/AI) “OS
€100°0 (AHH ‘MaWn/al) DOA
800 (AHH ‘mg/an 02
AN (AHH TIgAIN/T]) XON
Jauenb yoes ul uonesado [enba Buiwnssy S10}0e4 uoissiw3g juelnjjod 10|id

06T¢C 06T¢C 06T¢C 06T¢C

%) €0 20 10 Jy/mginn S0 =98N [dn4 10]id ale|4 punolo
10O Jad sinoH 1Ay 09.'8 uoneladQ JO SINOH |elol
10|14 woJi4 suoissiwg BuireladO ewlIoN - ale|4 punolo
waloid vO3H
8002/v72/. D771 jeuoneusaiu| ABisug uabolpAH

Arewwng suoissiwg

ale|d punoio




¢G40 0€

‘pauing seb AIp pue 19m JO Junowe [euonoel) 8yl U0 Pase] PauIWLIIep 8. SUOISSIWS [e10 |

0 0 0 0 0 0 0 SCNd = OTINd

0 0 0 0 0 0 0 °0Ss

0 0 0 0 0 0 0 J0A

9Lty 6T TT 12769 %0°'G2 %0'S. 8'9/ 0'006 02

Yoy 10T 0,09 %0°'G2 %0'S. 8'eg 0'€9 XON

(Aipnam) 1Ajuoy [(A1pram) sibyuol| (Aippem) Ju/q| A1a % 1BM % (A1p) 1y/q| (1am) 1y/q| iuein|jod
suoissiwg aJej4 as/Ns

sajey UoISSIWT 1ueIn||od ate|4 ds/NS

0 (AHH ‘man/al) €“Nd = °'INd
0 (AHH ‘maiw/al) cos
0 (AHH ‘mann/an) D0A
0T’0 (A1p) (AHH ‘maW/al) 0D
00'T (18m) (AHH ‘MmgININ/GD) 0D
100 (AHH ‘mann/an) XON

S1012e4 uolssiw3 juein|jod ale|d as/Ns

(Payusun %G/ xoidde) 1A/MEGNIN 00S'STT [eloL
(PauIYsUN 9,00T Bwnsse)  (suaAa gT) JA/MGININ 000°SZ = SJe]sal 1oy Jayises
(payIysun 9600T dwnsse)  (sluaAd +z) JA/MaNIN 000'09 = sabeino Jslisen
(payIysun 9500T SWNSSe) (uana T) JA/MGNIN 005 = umopinys ue|d
(PayIYsUN 940z BWINSSE) (yuena T) JA/MANI 000'0E = dnuels Jueld pjod
olreuads seb paltej) umopinys pue dnieis
JAY 8¢ (A1p) sunoH Bunrelsado arewixoiddy
IA/IY 96 (19m) sinoH buneladQ arewixoiddy
Jy/Mmanin 89/ 218y JeaH seo paylys Aiqg
Jy/manin 006 9ley 1esH se9 paliysun s
IAMaININ 00S'STT uolresado ds/NS 8teld [e10L

umopINys pue dnueis Jalises buung suolissiwg buieladQ - 81e4 punolio

18foid vO3IH
800¢/v¢/L D771 jeuoneusaiu| ABisug uabolpAH

Arewwns suolssiwg 9le|d punoio



¢G40 1€

09

:9Inuiw Jad spuodas

09

ve

S9¢€

800¢/ve/L

'sjuana bBuurely ds/Ns Jo sinoy (8) bie sawnsse Jy-g Jad spunod

‘plepuels Anfend Jiy Juaiquy Inoy-g abelane ue 1o} paIapIsuod si 0 AlUQ

VETT

(09s/b) 0O

00°002‘L

(y-g/an 0o

suolssiwg Iy g8 aseD-1sIopn Bullopo

‘uonesado 1ojid Jo sinoy (g) @iyl sawnsse 1y-g Jad spunod ¢QS
‘plepuels Alend Ay uslquy Inoy-g abelane ue 1oy paIapIsuod s1¢0s Aluo

T000°0

(08s/6) ¢0S

€000

(y-g/an) ¢0S

SUOISSIWT 1y £ 9seD-1SI0M Buljspon

uonelado 1o)id woly si a1el ¢0S

sjuana Buiel 4S/NS 8y Woly ude) ale sarel 0D pue XON

‘prepuels Alend Iy uaiquy Inoy-T abelane ue 1oy paIapisuod ale Qs pue ‘0D ‘XON AlUO

1noy Jad sainuiy TO000 (095/P) 20S

:Aep Jad sinoH Y'ETT (03s/b) 0D

reakh Jad sAeq 6, (09s/6) XON

sialaweled suolissiwg 1y T ased-1siop Bulspopy

T0°0 2000 000 T0°0 STNd = TINd

¥00°0 T00°0 000 000 °0s

€000 T00'0 000 €000 J0A

67y €CTT 9L'vv 810 02

19 4 80T 0¥ 9Z'0 XON

(1K/u03) 101 (nbyuoy) k101 (1Ku0o1) as/ns | (1A/uol) 10114 juein|jod
suojssiwg

SUOISSIWT aJe|q punolo [e10l

18foid vO3IH
D771 jeuoneusaiu| ABisug uabolpAH

Arewwns suoissiwg

aJe|4 punoio




¢G40 ¢ce

800¢/ve/L

Buurey as/ns pue uonesado 1od Yiogq Woly SUORNQLIU0D sawnsse Jeak J1ad spunod

¢000°0 (09s/B) S°Nd = YINd
10000 (09s/6) ¢0S
T000°0 (08s/6) DO
€T (08s/6) 0O
T0 (09s/6) XON

suolssiwg abelaAy [enuuy Bullepop

‘uonesado 1ojid Jo SINOY 2 Sawnsse 1y-#Z J1ad spunod

‘prepuels Alend Jiy USIquly INoy-Z abeiane Ue 10} palapisuod ate Nd pue 20s Aluo

20000 (09s/b) SENd = YNd
¥0'0 (y-¥2/a1) S°Nd = °"INd
T000°0 (09s/6) °0OS
200 (1y-vz/a1) ¢0S

suoISSIWg INoH 72 aseD-1s1oM Buljapo

18foid vO3IH
D771 jeuoneusaiu| ABisug uabolpAH

Arewwns suoissiwg

aJe|4 punoio




¢G40 e

¥00°0 000 88, 200 60000 SN = O'Nd
€000 ,000°0 LE'S 100 90000 elS
c00'0 7000°0 e 100 70000 O0A
T0 €00 2 0T1¢ 8G°0 7200 (e)e]
¢0 700 9€'G1¢E 980 900 XON
1A/u0) nbjuol ISGT Aep/q| 1y/q) juelin|jod

suolssiw3g 10|1d
sajey UoISSIwg juein|jod 10|id
€000 (AHH ‘mgINN/al) S4Nd = °'INd
200°0 (19ny ur wdd 59°2T) (AHH ‘MANIN/AI) “0OS
€100°0 (AHH ‘mgNn/dl) DOA
800 (AHH ‘mgn/a) 00
Z1°0 (AHH ‘MIg/AI) XON
Jaurenb yaes ul uonrelado fenbs Buinssy SJ1010k4 uolIssiwg jueln||od 10|id

06T< 06T< 06T< 06T¢

iz} €O z20 10 JYy/mgainin €0 arey bulli4 10|1d 8Je|d pareAs|q
10O Jad sinoH JA/Y 09.'8 uoleltadQ JO SINOH [e10]
10|14 woJ} suoissiwg Bunesado [ewloN - aJe|d paleas|3
1a8foid vOIH
8002/v72/. D77 [euonrewsaiu| ABiaug uabolpAH

Arewwng suolssiwg

ale|d pareAa|3




¢510 vE

000 1000 €000°0 000 SZNd = O'Nd
T0 7100 S0°0 €000 °0S
¢000 0000 T000°0 ¢000 O0A
T0 €00 98000 1T°0 02
¢0 700 0€T00 9T'0 XON
(14/uoy) reyoL |(absuoy) reroL | (14uoy) as/ns | (44uo1)1ojid wein|jod
suoissiwg
SUOISSIWT [enuUY [e10] - aJe|4 pPaleAsd|q
£000°0 0 90 €0 TT°0 SN = "
¢¢s00 100 7' v0T ¢'cs 7.1 elS
10000 0 €0 T0 S0°0 O0A
98000 972000 [SWA 9'8 88'¢ (e)e]
0€T00 72€00°0 6'G¢C 0€eT 4587 XON
1A/u0} nbjuol JISGT Aep/q| 1y/q) juelin|jod
suolssiwg ale|4 as/Ns
saley UoIssIw3 jueIn|jod ale|4 as/Ns
seb 1sisse ay) Jo arel reay ayl Ag payjdinw 1ojid 8y Joj paisl] 8SOY} Se awes sy} ase suoissiwa seb [einreN
TT°0 (uan®end = "'Wd
€ELT Bureyy unos woyy (y/dI) “0S
100 seb [eunreu woly (Jy/qp) °0S
S0°0 (u/ar) OOA
88'C (u/an) 0o
234 (1u/qr) XoN
S1010BH UOISSIWT 1ueln|jod ale|ld AdS/NS
€LT =ZOS Paganids 1y/g| 009y = ZOS 1u/q| seb pioy

%¢29°'66 = 18gqnJas Jo Aoualo1a [01U0D
Sjuana z Ajerewixoidde JAy 09 sinoH buieladQ arewixoiddy|
Jy/mMgnin 0'9¢ (seb 1sisse) ajey 1eaH seo [elnieN

800¢/ve/L

uMopINYS pue dnyels Jailises buling suoissiwg buirelado - aiej4 pa1eAs|3

19lold vO3IH
D77 [euonrewsaiu| ABiaug uabolpAH

Arewwng suolssiwg

ale|d pareAa|3




¢G40 S

800¢/ve/L

‘uonelado jojid ui Japurewsas ay) pue Buuely dS/NS wol (Juana T) sinoy g Ajrewixolde awnsse Jy-ig Jad spunod Nd pue ¢0S
‘plepuels Alfend Jiy Jualquy Inoy-yz abelane ue 10} palapisuod ate Nd pue Os Aluo

09 :9Inuiw Jad Spuodss
09 :inoy Jad sanuip
e :Aep Jad sinoH
Gog reaA Jad sheq

Slojsweled

8T00°0 (09s/6) SeNd = OYNd
¥€0 (y-vz/an “eNd = °PINd
120 (08s/B) °OS
€225 (y-vz/a)) oS

SUOISSIWT INOH 2 9SeD-1SI0M\ Bul|apoN

‘uonesado jo)1d ul Japurewsal ay) pue Bulely asS/NS wolj Juana T) sinoy € Algrewixoide sawnsse Jy-g Jad spunod

‘plepuels Alfend 1y aiquy Inoy-g abeiane ue Joj paIspisuod sl 0D AlUO

8ET'0

(08s/b) 0D

9.'8

(y-g/a1) 02

suolIssiwg 1y g aseD-1siop\ Bullopo

‘Buure)} ds/NS woly (Juans T) sinoy € Ajgrewixoide sawnsse 1y-g Jad spunod
‘prepuels AlfenQ Ay Jusiquy JNoy-g abeiaae ue 1o} palapIsuod si¢Os Aluo

6T°¢C

(08s/6) °0S

[444°]

(1y-g/a1) oS

SUOISSIWT 1y € 9SeD-1SIOM Buljspon

SjuaAd Buliel AS/NS 8y Wouy udxe) woly are saxel 4y (T) 8uo ZOS pue ‘0D ‘XON

‘prepuels Alend Jiy usiquiy INoy-T abeiane ue 10 PaIspIsSuod aie zOS pue ‘0D ‘XON Aluo

6T°¢C (08s/B) °OS
€9€°0 (08s/b) 0D
750 (09s/b) XON

suolIssiwg 1y T aseD-1s10/\ bullspon

19lold vO3IH
D77 [euonrewsaiu| ABiaug uabolpAH

Arewuwns suoissiwg

ale|4 paleAs|3




¢G40 9€

800¢/ve/L

Buirely As/NS pue uonelado 10)id Y10 WOJy SUONNQLIUOD Sawnsse Jeak 1ad spunod

T000°0 (09s/6) S°Nd = °YINd
2000 (09s/6) 20S
500000 (09s/6) DOA
€000 (03s/6) 0D
S00°0 (09s/6) XON

suolssiwg abesaAy [enuuy Bullgpon

19lold vO3IH
D77 [euonrewsaiu| ABiaug uabolpAH

Arewuwns suoissiwg

ale|4 paleAs|3




¢S50 /¢

‘lany snjd SWeaus JUaA SNOLBA 3} Ul INJINS 0} JUNOJJE 0} UOISSIWS 2OS U/d| Z JO dOUBMO|e Ue SWNSSY

v'0 60°0 0800/ 26T 80°0 SN = OTINd

8'8 006T°C 00°025'LT 00°8¥ 002 °0s

€0 1900 0Z'€T9 89T 100 J0A

g1 80 00990°€ ov'8 GE0 02

LS T 0088ETT 0z'IE 0gT XON

1A/uoy 11bjuoy 1A/q] Kep/q| u/aj 1ueIn|jod
suolssiwg se9 Jus\ ssadold

Sajey UOISSIWT JUBIN||0d SED JU3A SS820id

‘lany snjd sweaus JUSA SNOLBA 8} Ul INJINS 10 JUNOJOE 0} UOISSIWS SOS U/q| Z JO BoUBMO|e Ue sWnssSyY

800°0 (AHH ‘man/al) S°Nd = °"INd
mofag 998 (AHH ‘mgaAn/al os
0,00'0 (AHH ‘ma/al) D0A
700 (AHH ‘'mgAN/al) 0D
€70 (AHH ‘mgIN/gl) XON
Jauenb yoea ul uonelado fenba Buiwnssy SJ101Je4 uoIsSSiwg lueln|jod Seo 1us/ SSad0.d
0612 0612 0612 06712
0O €0 z0 10 Jy/mgnN 0T arey bBuui4 18zIpIXQO [ewidyL
1O Jad sinoH 1Ay 09.'8 uolreladQ 10 SINOH [e101
suolssiwg [esodsig JUBA SS920.d - 19zZIpIXO [ewlayl
waefoid vOIH
8002/v72/. 071 leuonreussiu| ABisuz usboipAH

Arewwns suolssiwsg

19ZIPIX0O [ewliayl se9 |lel




¢540 8¢

¥'0 600 2100 SE0 SN = 'Nd
8'8 6T°C €000 9.'8 ‘oS
€0 800 11700 T€0 O0A
97 (0] 4l0] S0°0 €51 02
6'S 7T 0zZ'0 69'S XON
(4A/u0) rerol | (1bjuol) rerol | (1A/u01) as/ns | (1A/uol) wsp jueinjjod
suolssiwg

SUOISSIWT [enuUUY [e10] - JISZIPIXO [ewJsayL
2100 €000 00'¥¢ 26T 800 SN = PN d
€000 T00°0 LT°9 61°0 200 ‘oS
1700 €000 00'T¢ 89T 100 J0A
S0°0 T00 00'S0T ov'8 SE0 02
0c0 S0°0 00°06€ 0C'1€ 0€T XON
1Aju0) nbjuoy 1A/Q] Aep/q| 1y/q| jueinjjod

suolssiwg [esodsig seo aisep dnueis NYS

saley uolssiwg 1ueln|jod esodsiq seo aisep) dnueis NYS

8000 (AHH ‘maw/an $°d = °'INd
2000 (1eny ur wdd 59°2T) (AHH ‘MaWIN/l) °0S
1000 (AHH ‘maINN/A) DOA
¥0'0 (AHH ‘maAn/al) 0D
€10 (AHH ‘MgINN/AN) XON
Jauenb yoea ul uonelado enba Buiwnssy S101J0e4 uolssiw3g _mwoam_h_ se9 aise/\ dnueis NYS
S/ S/ S/ S/
17} €0 20 10 Jy/mgnin ot arey bulii4 19ZIpIX0 [ewdyL
10 J1a8d sinoH JA/Y 00g uolreladQ Jo sinoH [e10l
[esodsiq se9 aise/ dniiels NYS - J19ZIPIXO [ewliayl
waefoid vOIH
8002/v72/. 071 leuonreussiu| ABisuz usboipAH

Arewwns suolssiwsg

19ZIPIX0O [ewliayl se9 |lel




¢S 10 6€

800¢/vc/L

‘dnuels NYS dIpouad pue uonepixo seb a1sem [enuue WoJy SUOHNGLIUOD |8 sawnsse Jeak Jad spunod

100 (03s/B) S°Nd = "IN d
€0 (08s/B) C0OS
100 (09s/b) DO
S0°0 (08s/6) 0O
z0 (03s/6) XON

suolssiwg abeiany [enuuy Buljlapo

‘dnuels NYS pue Bupuaa sse004d Y10q WOI UOIEPIXO JO SINOY HZ Sawnsse Jy-yz Jad spunod
‘prepuels Auend Jiy Waiquly noy-1z abeiane ue 1oy paIapIsuod are Nd pue oS Aluo

200 (03s/B) SNd = °"INd
v8'€e (y-vz/an) Send = °"INd
€0 (0oas/b) ¢0S
6v'8Y (y-ve/al) cos

SuUOISSIW3 INOH $Z 8SeD-1SI0M Buljapon

‘dnuels NYS pue Bunuaa ssasoid Ylog woly uonepixo Jo sinoy (g) ybia sawnsse 1y-g 1ad spunod
‘prepuels Ajend JIy Jusiquiy JInoy-g abelaAe ue 1o} palapisuod s| 0D AlUO

10 (09s/6) 0D

09'S (y-8/a1) 00

suolIssIwg 1y g aseD-1S10/\\ Buljapon

‘dnyuels NYS pue Bunuaa ssad04d Ylog woly uonepixo Jo sinoy (g) aalyy sawnsse Jy-g Jad spunod ¢0S
‘prepuels Alfend iy usiquy Inoy-g abelane ue 1oy palapisuod s1¢0s AluO

€0 (0oas/b) ¢0S

90'9 (y-g/a)) c0Ss

suolissiwg 1y € ased-1s1opn buljapon

‘dnuels NYS pue Bunuaa ssadoid Ylog Wwoly suonnguuod apnjoul sajel 1y (T) auo ¢Os pue ‘0D ‘XON

09 [Inulw Jad Spuodss ‘prepuels Alrend Ay usiquy Jnoy-T abelane ue 1oj palapisuod are QS pue ‘0D ‘XON AluO
09 :noy Jad sanui G20 (09s/6) “0S
vz -Kep Jad sinoH 60°0 (09s/6) 0D
Gog reak Jad sAeq €0 (03s/b) XON

sJa1aweled suoIsSsIwg Iy T 9SeD-1SI0M Buljapon

waefoid vOIH
D71 reuoireusaiu| Abiauz uaboipAH

Arewwns suolssiwsg

19ZIPIX0O [ewliayl se9 |lel



¢S 40 0F

€T ¢e0 21'965'C 29°ecl ST'S S%H
Ve 190 28'988'v | WAYANA 0L'6 O0A
6'90T ¢L'9¢ €7'86.'€TC | 88°08T°0T 0cvev 00
1A/u01 nbjuol 14/q) Aep/q| 1y/q| juein||od
SUO0ISSIWT Sk 1UaA

saley UO0ISSIWT 1ueln||od SeS 1UsA

jowqy/q| 9T J0A

jowqy/q| 8¢ 00

jowqy/q| ve S?H
1yBram Jejnosjo
(o) (Awdd) s°H
oY (Awdd) D0A
000T (nwdd) 00
S10]10B4 UOISSIWT 1ueln||0d SO JUSA
Jauenb yoea ui uoirelsado fenbs Buiwnssy Jy/jowq 0ST'ST MO|H [e101L
STA GZ'a GZ'q GZ'a Jy/ql| 000°959 MO|H [eloL
Ze) €0 20 10 WAy ¥0S uolresadQ 4o sinoH [eloL
10 Jad sinoH 1A/Rep TC uonelsado Jo sAeq [e101
uoneladO Bunuaa - 1UBA 0D 1UaIWIBLU|
19l0id YOIH
800¢/ve/L D771 [euoneusaiu| ABiau3g usboipAH

Arewwng suolssiwg

1UBA °OD 1uaNIWIBlU|




¢G0TV

"reak ainua ay Jano pabelane Bunuaa fewlou sawnsse Jeak Jad spunod

00 S¢H
T0 O0A
T¢€ (0)e]

suolssiwg abelaAy [enuuy Buljopon

‘Bunuan jo sinoy snonunuod (g8) wbia sawnsse Jy-g8 Jad spunod
‘prepuels Aufend JIy Juaiquy Jnoy-g abesane ue 1oy palapisuod st 0D AlUO

¥'€S (08s/6) 0O

£9°€6E'E (u-g/an 0o

suolissiwg Iy g ased-1sIop Buljapo

‘uonelado Bunuan fewliou awnsse sayel Ay (T) auo O pue S°H

‘plepuels Aurend Jiy usiquiy Jnoy-T abelane Ue Joj paIapIsSuod ale Q9 pue S¢H Aluo

9'0 (08s/6) s°H

09 :a1nuIW Jad spuodas
09 .inoy Jad sanuip
e :Aep Jad sinoH
Gog :1eal Jad sAeQ

¥'€S (08s/B) 0D

800¢/ve/L

SJiolaweled

suolissiwg 1y T ased-1sIop Buljapon

19loid vO3IH
D771 [euoneusaiu| ABiau3g usboipAH

Arewwng suolssiwg

1UBA °OD 1uaNIWIBlU|




¢sjocy

"Wl V 1V sareladQ auQ AjuQ ‘suoneladQ [eWION Japun ‘I9ABMOH ‘SIa1jISSeS) 8alyl a1y 8Jayl Jeyl 910N ases|d

10 €00 02'652 9’ ¥1°0 SZNd = OYAd
€0 800 00'8t9 ¥9'8 9€0 °0s
T0 €00 08'922 20°¢€ €T°0 J0A
9'0 ¥T°0 00VET'T ZT'ST €90 0D
T¢ €50 00212V | 9195 ve'Z XON
1Ajuoy l1bjuoy 1K/q Kep/q| y/ql 1uein|jod

suolssiwg Jaljise
saley uoissiwg juein|jod Jaljises
800°0 (AHH ‘maWIN/al) S°Nd = °PINd
0200 (1Ieny ur wdd g9°2T) (AHH ‘MANIN/AI) cOS
L00°0 (AHH ‘mgIn/al) DOA
¥0'0 (AHH ‘mgIn/al) 02
€T0 (AHH ‘mgIn/al) XON
Jauenb yoea ul uonesado [enba Buiwnssy SJ0312eH uoISSiwg luein|jod Jaljises

0S¥ 0S¥ 0S¥ 0S¥

O e} e 10 Jy/manin 8T arey Buui4 Jaiyise
1o J1ad sinoH JAnyl 008'T uoneladQ Jo sinoH [e101
uoleladQ [ewloN - suolssiwg Bulwiepp Ialjises
13loid VOIH
8002/v72/. D77 reuoneussiu| ABisuz usbolpAH

Arewwns suolssiwg

slio1eaH Al010el1}aY JaljiseD




¢G40 EY

09

:a1nuIw Jad spuodas

09

:Inoy Jad sanui

144

:Aep Jad sinoH

G9€

1eah Jad sheq

800¢/ve/L

Sloloweled

‘uoiresado [ewlou Jo SINoY g sswnsse Y-tz Jad spunod

‘prepuels Aend Jiy Jusiquiy Jnoy-iz abelane ue 1oy palapisuod ate Nd pue ¢OS Aluo

¢00 (09s/6) SeNd = OTINd
'€ (y-vz/an) éNd = O'INd
S0°0 (09s/B) cOS
¥9'8 (y-vz/al) oS

SUOISSIWT INOH tZ 8SeD-1SI0M Bullspon

‘uonesado [ewlou jo sinoy (8) wbie sawnsse Jy-g Jad spunod

‘prepuels Aend Ay Jusiquy Jnoy-g abeiaAe Ue o) paIspisuod st 0D AlUO

TO

(%8s/6) 0O

¥0'S

(u-g/an) 02

suolIssiw3 1y g aseD-1s10/\ Buljapon

‘uonelado [ewlou Jo sinoy (g) aaiyl sswnsse Jy-¢ 1ad spunod QS

‘plepuels Alend iy uaiquiy Inoy-g abeiane ue 1o} palapisuod s1¢0S AlUuQ

S0°0

(08s/6) °OS

80T

(y-g/an) cos

suolIssiw3 1y € aseD-1s10/\ Buljapop

‘uonelado [ewlou awnsse sarel 1y (T) auo ¢OS pue ‘0D ‘XON

‘prepuels Aupend Ay waiquiy Inoy-T abeiane ue 10j palspisuod afe 0S pue ‘0D ‘XON AUO

S0°0 (09s/B) cOS
10 (03s/6) 0D
€0 (08s/b) XON

suolssiwg 1y T 9sed-1SI10M\ Buljepon

wafoid vO3H
D771 reuoneusaiu] Abisug usboipAH

Arewwns suolssiwg

slio1eaH Al010el1}aY JaljiseD




¢Sio vy

800¢/ve/L

‘uonelado [ewlou enuue Jo sinoy 0O8‘T Sawnsse Jeak Jad spunod

000 (08s/6) SNd = TINd
100 (08s/B) cOS
000 (09s/6) DOA
00 (08s/b) 0D
10 (09s/b) XON

suolssiwg abelany [enuuy Bullepon

wafoid vO3H
D771 reuoneusaiu] Abisug usboipAH

Arewwns suolssiwg

slio1eaH Al010el1}aY JaljiseD




¢S 40 S

"ajel UoIssiwa abeiane [enuue ay) Uo paseq parenofed Jeak ad spunod

"a1el UoISSIWa abeiane Jy-fg wnwixew ay) uo paseq payenofes Aep Jad spunod pue inoy Jad spunod

00 000 6602 900 000 (6-0Q) 6 18199100 1sN@
¥'0 600 8v'0TL vz 0T'0 (8-0Q) 8 18199100 1sN@
€0 100 69°€/S 66'T 800 (2-0Q) £ 181991100 1sN@
€0 600 2.°069 ov'e 0T'0 (9-0Q) 9 181991100 1sNA
¥'0 0T'0 2€'9LL 69 TT0 (-0Q) g 181991100 1sN@
00 100 1€19 €20 100 (¥-0Q) ¥ 18199100 1sN@
90 ¥T°0 vZTET'T v ¥T 090 (e-0Q) € 181991100 1sN@
90 ¥T0 YZTET'T o' vT 090 (z-0Q) z 181991100 1sN@
v'0 0T'0 ¥8°09. €L'6 Tv°0 (T-00) T 18199]|00 1SNA
1Ajuo] 1bjuol IA/Q] Aep/q| 1y/q) ein|jod
suoIssiw3 101998||0D

Saley uolssiwg 10199]|0D 19Nng

‘Aioeded |iw Buipuub ay) Ag panwi| si siayised ay) 01 arel pasy Jy-g wnwixew ay|
‘Buipeo] 1snp 180 Jos/uresd £00°0 Jo asuesentd saiddns pajoadxe U paseq el UOISSIWS Nd 10193]|0 ISNP WNWIXEN

2000 9 2000 9 0¥000°0 ¥0'0 €651 00T 6-0d (Buny) suig juexni4
800 0ST 010 06T ¥5000°0 9¢e'0 8/8'CT 099 8-0a suig paad ||IN Bulpuls
100 0ST 800 06T ¥¥000°0 620 90Z'TT 099 /-0a 10A8AU0D 18]U| UIg Paa-
800 05T 010 06T £5000°0 SE0 Z6V'ET 099 9-0d 19INO Jaysnid
600 0ST 110 06T 650000 60 ¥9T'ST 099 5-0Q 191Ul Jaysnid
100 0ST 100 06T 500000 €00 9T¢T 099 ¥-0Q (1nopeo)) so|iS [e02/2%0D
€10 S/ 09°0 0S¢ 2.700°0 JVA) ZET'0E 0S¥ €-0d (Buiy) so|is [e0d/8%00
€10 S/ 09°0 0G€ 2.700°0 110 ZET'0E 0S¥ Z-2d I11}4) SOIIS [e09/2X%0D
600 0ST Tv°0 00. 850000 250 99z°02 006 1-04 Buipeojun oniL

(du/ap (dy/uoy) (1u/ar) (1y/uoy) (uoyqy) (du/qy) ered (wyoe)  [(dy/uoy) ered| ‘oN uonduosaq

uoIssiwzg INd | @ley pPaa4 |uoissiwz INd | @1ey poas4 1010eH uoissiwzg INd 10129(|0D mc___uch 101933(]0D

abelany [enuuy abelany IU-vZ xXe\ uoissiwg | 10109]|0D Xe\ | 01 Mo|H Iy pasaq XeW 1sna

Jauenb yoea ul uonelado enba Bulwnssy

06T¢ 06T¢ 06T¢ 06T¢
r0O €0 20 10
1o Jad sinoH JAY| 09.'8 uoneladQ Jo sInoH [e101
uonelado
18lold vOIH
800¢/v¢/L D771 [euoneusaiu| ABisug uabolpAH

Arewwng suoissiwg u01198]|0D 1SN - 4201SpasH




¢S 40 9

"ajel UoIssiwa abeiane [enuue ay) Uo paseq parenofed Jeak ad spunod

800¢/ve/L

T000°0 €000 2000 €000 €000 000°0 G000 500°0 £00°0 (08s/6) SYNd
6219 19%°202 LTS°29T 069702 | S89°922 €L9'6T zzeoee FAAA A 997°222 (u-vz/a) SNd
€000°0 0100 8000 0100 1100 1000 9100 97100 1100 (09s/6) °*INd
686°02 8°0TL 69°€/S 2,069 2€9.. 1€19 YZTET'T YZTET'T 78'09. (Arap) O"d
6-0d 8-0d /-0 9-0d 5-04 ¥-0Q €-04 Z-0d 1-0d suoissiw3g abelaAy [enuuy Bulldpon
"a1eJ UoISSIWa abrlane Jy-Z Wnwixew ay) uo paseq paje|ndfed Jnoy ad spunod

‘plepuels \ﬁ__mjo A7 Jusiquy INoy-v2 abelane ue 10} palapIsuod sI Nd

0000 ¥00'0 €000 ¥00°0 ¥00°0 000°0 2200 2200 ST0°0 (08s/6) SYNd
LT0°0 0zL0 1850 0020 1810 890°0 €y €Y ov8e (y-vz/an) “end
€000°0 €100 0100 €100 ¥10°0 1000 900 900 TG00 (09s/6) °*INd
850°0 v 66'T ov'e 692 €20 9r'vT o' vT €L'6 (Repyar) °"INd
6-0d 8-0d /-0 9-0d 5-04 ¥-0Q €-04 Z-0d 1-0d SUOISSIWT INOH ¢ 95eD-1S10MW Bullspop
09 :9InuIw Jad spuodas

09 -Inoy 1ad SaINuIN

e :Aep Jad sinoH

S9¢ reaA Jad sAeq

Siolaweled

'suonoely SN yIm djgeL SHvAID parepdn - v xipuaddy :900¢ 1970100 ‘sploysalyL douedyiubis SeNd
pue SNd are|nojed 03 ABojopoyis A - [euld :@auepinb INOVIS Byl Wodj uayel alam SN 10j sanfeA feuondelq “anfea ,OTNd jo uonoely TG, e Ag siaquinu Y\ d BulAldinw Ag pauiwiaiap a1am S10joe) UoISSIWD SN

60 [Al] 0'¢T.LT SeNd
6'¢ L0 6298'S TAd
1A/u01 1byuol 1K/q)

18foid vOIH
D771 [euoneusaiu| ABisug uabolpAH

Arewwng suoissiwg

u01198]|0D 1SN - 4201SpasH




¢S50 Ly

'Buijood aneiodena yum ‘peoj 9 00T e (4 G9) abeiane AlieaA Buisn pae|noes ale suoiss|wa [euoielado HHO enuue abelany

002'86T |=4A/a°0QD auuo) [e10] 1A/9¢0D auuo 911 = JAjauuoy 70 = O°N
1£/3¢0D auuo] ¥9¥ = IAjauuol 22 ="HD

15/auuo) 029'26T =00

JY/NManNIN 116 nduj resH 9SYH

JA/Y OTT'V sinoH buneiadO

910 Areljixny

‘(4 02) wnwiuiw Jaum 0} spuodsaniod yoiym ‘seb [eanyeu Buuly arel Indul resay winwixew sy} aq 0) pawnsse si ayel Indul 1eay 9SHH

*sUOISSIWS Jueln|jod eLBIID 8SeI-1SI0M By} 10} JA/IY 0G e parewiiss ale sinoy Hunesado umopinys pue dnuess [e10l 8yl ‘suoissiwe seb
asnoyuaaih aseo-1SIom au 1o} JA/IY 9/8 Te parewnss ale ‘umopinys pue dnuels Buipnioul ‘sinoy Buirelado [e1ol syl “seb [einyeu Buisn paysidwosde aq |IM OSHH 8yl J0 umopinys pue dnuels

72e'v9€  |= 1A/920D suu0] [e10L 1£/3¢0D auuo] ¥S = JAfauuoy .T0 = O°N

1£/3°0D suuo} LT¢ = JK/aUu0] 0T =4O

Arauuoy 2S0'v9€ =00

Jy/Mgnin 866'T nduj resH 9SYH

JAIY 9/8 sinoH bunelado

)0el1S 9SHH

(2002 yoreN) z'z UoisiaA 10201014 Bunioday ressuas (HvyDD) Aisibay uonoy arewiD eiuloyed ay Jo O Xipuaddy wouy uayel ale siojoe) uoissiwa QN pue ‘YHO “C0D

[eb/qj 20000 = [ef/6x 1000°0 = O°N MgNIN/I ZZ000°0 |=maAw/Bd |  T0000 = O°N
[eby/qj 1000 = [ef/6x €000°0 ="HD mann/al €T00 =MaWNIN/BY | 65000 ="HD
reb/q| 8e'ce = [e6/6x GT0T =00 mMgNIN/d 9€'9TT | = MANN/B 8125 =00

800¢/ve/L

s1010e4 UoISSIWg HHO [8S3Id

$101984 UoISSIWg HHO Seo [einjeN

‘AleAnoadsal 202 Jo renualod Bulwem ayl sawn OTE pue Tz aney O°N pue "HO "O°N pue HD woly jenualod
Buiwrem reuonippe ay1 snid ¢Q) siuasaidal a2QD “(89DD) siuafeAinba apixolp uogJsed Jo (suuo)) Suo] JBW Se paloidap Ajjeouswnu ale SUoISSIWd HHO

199l0id VOIH

D771 reuoneuwiaiu| Abiau3 uaboipAH

Arewwns suolissiwg

92in0S Aq Alewwng suoIsSIwWg 9HO




¢S o8y

“Inoy-dy/mg 000‘Z pue ‘mg 000‘ZcT/uojeb T :Bunel jamodasioy pares syl Agq Buifldiinw uayy pue ‘inoy-dy/q| 01 uojeb/q| Wolj LBAUOD 0) PASN 818M SUOISISAUO0D BUIMO||0) By L

6¢ = 1A/8%0QD auuo) [e101 1£/3¢0D auuo] 78800 = Ay/q| 100 = O°N
IA[R%00 Buuol | 8T00 = 1y/q 200 ="HO

K00 suuol 6¢ =J1y/q| 9€9 =200

dug 9GS indu| yeaH HSHH

JAIY 00T sinoH bunelado

dwnd 1arepn ali4

'si0jelauab yloq wolj suonnguiuod ay) Juasaldal Jeak Jad 820D sauuo] [e10] «
“Inoy-dy/ng 000‘Z pue ‘mg 000‘2ZsT/uojeb T :Bunel Jamodasioy parel ayy Ag BuiAidininw uayy pue Linoy-dy/q| 01 uojeh/q| Woiy LSAUOD 0} PaSN 81aM SUOISISAU0D Buimo||of ay L

T = wJA/3%0D auuol [e101 1A/9¢0D auuo 8T220 =J1y/q| €00 = O°N
1K/8°02D auuol G100 =J1y/q| 600 ="HD
1A£0D suuoy €L =Jy/q| 102'€ =00

dug 008'C induj 1eaH OSHH

IA/Y 0S sinoH buneiadO

slojelauas Aguabiowg

9991 = 1A/8%0QD auuo) [e101 1£/3¢0D auuo] 0T = JAfauuoy €00 = O°N
1A18%0D suuol 6¢ = JA/duu0) 4 ="HD

1A/3uu0] 8TV'9T =200

Jy/manin 44" indu| yeaH 9SYH

JAIY 06T'C sinoH bunelado

Jajog Areljixny

‘AleAnoadsal 202 Jo renualod Bulwem ayl sawn OTE pue Tz aney O°N pue "HO "O°N pue HD woly jenualod
Buiwrem feuonippe ayr snid ¢Q) siuasaidal a2QD “(89DD) siuafeAinba apixolp uogJied Jo (suuo)) Suo] JBwW Se paloidap Ajjeolswnu ale SUoISSIWd HHO

800¢/ve/L

199l0id VOIH

D771 reuoneuwiaiu| Abiau3 uaboipAH

Arewwns suolissiwg

92in0S Aq Alewwng suoIsSIwWg 9HO




¢S o 6v

‘uonsnquwiod seb [einyeu 1o} 10108} UOISSIWS HHO Buisn pajewnss A[SAITeAISSUOD aJe SjuaAs Bulie)) Wolj SUOISSIWS HHO

9TT'9 = 1A/8%0QD auuo) [e101 1£/3¢0D auuo] 14 = JAfauuoy 100 = O°N
1£/3°0D suuo} ¥T = JK/auUu0] .0 =4O

1A/8uu0] 8609 =200

[ Amann | 00S'GTT | uoneladQ [e101

sjuang burre|q

A4 = IAJa%0D auuo) [e101 1Aj8¢0D suuo} TO = JAjauuo) ¥000°0 = O°N
1A13°0D suuo) S0 = JA/auuo) €00 ="HD

1A/auu0) T€2 =200

JYy/mginin S0 ndu| 1eaH 9SYH

A1y 09.'8 sInoH bunesado

uolresado 10|id

ale|d4 punoio

‘AleAnoadsal 202 Jo renualod Bulwem ayl sawn OTE pue Tz aney O°N pue "HO "O°N pue HD woly jenualod
Buiwrem feuonippe ayr snid ¢Q) siuasaidal a2QD “(89DD) siuafeAinba apixolp uogJied Jo (suuo)) Suo] JBwW Se paloidap Ajjeolswnu ale SUoISSIWd HHO

800¢/ve/L

199l0id VOIH

D771 reuoneuwiaiu| Abiau3 uaboipAH

Arewwns suolissiwg

92in0S Aq Alewwng suoIsSIwWg 9HO




¢S 40 0S

'ale|} paleAala ayl ul SCH 01 ¢ 0D Jo diysuoneas ayl wolj paye|nojed junowe (suaul) indiybnoay L

‘uonsnqwod seb [einyeu 10} SI0108} UOISSIWD HHO Buisn pajewnss AjSAITRAISSUOD aJe SJuaAs Bulielj Wolj SUOISSIWE DHO

9¢ = 1A/3°0QD auu0] [e10]
JAIY 9 sinoH bunelado
y/a 88Y'6 = (swaul) €00
y/jowq| 91¢ = (suau) ¢0D
y/jowq zL = S°H
% S/ = (suau) 200
% Se =S%H
(suaul) indybnoayy
TT = JAj8%0D suuol [e101L 1Aj820D suuoy 1000 = JA/duu0) 200000 = O°N
K100 suuoy €00 = JAfauuoy 1000 ="HD
1Ajauu0) T =00
Jy/mgnn 9¢ indu| 1eaH 9SHH
JA/Y 9 sinoH buneiadO
seb 1SISse) sjuang bulie|q
6ET = JAj8°0D suuol [e101L 1Aj820D suuoy 800 = JA/duu0) €000°0 = O°N
1£/3¢0D auuo] €0 = IAj/auuol 200 ="HD
1Ajpuuoy 6€T =00
Jy/mgnn €0 indu| 1eeH 9SHH
A1y 09.'8 sInoH bunesado
uolresado 10]id

ale|4 parens|3

‘Alanndadsal ‘20D Jo enualod Buiwrem syl sawin OTE pue Tz aney ON pue YHO "O°N pue "HD woly [enualod
Buiwrem feuonippe ayr snid ¢Q) siuasaidal a2QD “(89DD) siuafeAinba apixolp uogJied Jo (suuo)) Suo] JBwW Se paloidap Ajjeolswnu ale SUoISSIWd HHO

800¢/ve/L

199l0id VOIH

D771 reuoneuwiaiu| Abiau3 uaboipAH

Arewwns suolissiwg

92in0S Aq Alewwng suoIsSIwWg 9HO




¢S10 19

‘a1el ||n} Ye Bunuan Jeak lad sAep Tz sawnssy

TTO'0ST (= 4A/8°0D auuo) [e101
y/q 000959 ayey uoissiwg ¢0D
JAIY ¥0S sinoH bunelado
JUBA 0D 1uanliwialul
‘uonsnquwod seb [einjeu 10} s10}oe} UoISSIWd HHO Buisn parewnsa AjoAIleAIaSUO0D ale SJuaAa Buliely Woly SUOISSIWS HHO
6GT = 1A/8%0QD auuo0) [e101 1£/3¢0D auuo] €600 = JAfauuoy 0€000°0 = O°N
1£/9¢0D auuo /€0 = 1Aj/auuoy 8T0°0 =YHD
Ajauuoy 8GT =00
Jy/manin 0T indu| yeaH 9SYH
JAIY 00g sinoH bunesado
[esodsiqg seo aisepn dniueis NYS
8€9'y  |=14/9°0D suuol e10L 1A13°0D suuo) L2 = JAfauuoy 8800°0 = O°N
1£/8¢0D auuol 60T = 1Ajauuoy 250 =YHD
1A/3uu0] G29'v =200
Jy/manin 0T indu| yeaH 9SYH
JAIY 09/.'8 sinoH bunelado

suolssiwg [esodsiq 1usA SS890.d

19ZIPIXO [eWIdyL Seo |rel

‘AleAnoadsal 202 Jo renualod Bulwem ayl sawn OTE pue Tz aney O°N pue "HO "O°N pue HD woly jenualod
Buiwrem feuonippe ayr snid ¢Q) siuasaidal a2QD “(89DD) siuafeAinba apixolp uogJied Jo (suuo)) Suo] JBwW Se paloidap Ajjeolswnu ale SUoISSIWd HHO

800¢/ve/L

199l0id VOIH

D771 reuoneuwiaiu| Abiau3 uaboipAH

Arewwns suolissiwg

92in0S Aq Alewwng suoIsSIwWg 9HO




¢siocs

9T.L'T = 1A/8%0QD auuo) [e101 1£/3¢0D auuo] T = JA/duu0) 000 = O°N
1£/8¢0D auuo % = lAjauuoy 0 =YHD

IAjauuoy TTL'T =00

Jy/Mmgnin 8T Induj yeaH 9SYH

JAIY 008‘T sinoH bunelado

‘AlaAnoadsal ‘20D Jo [enuslod Buiwiem syl sawil OTE pue TZ aAeYy OPN pue HD "OFN pue YHD wolj fenusiod

Bulwrep Jaljises

Buiwrem feuonippe ayr snid ¢Q) siuasaidal a2QD “(89DD) siuafeAinba apixolp uogJied Jo (suuo)) Suo] JBwW Se paloidap Ajjeolswnu ale SUoISSIWd HHO

800¢/ve/L

199l0id VOIH

D771 reuoneuwiaiu| Abiau3 uaboipAH

Arewwns suolissiwg

92in0S Aq Alewwng suoIsSIwWg 9HO







Appendix D2
Best Available Control Technology (BACT) Section






APPENDIX D2

BEST AVAILABLE CONTROL
TECHNOLOGY (BACT) SECTION

HECA POWER PROJECT
KERN COUNTY, CALIFORNIA

Prepared For:
- San Joaquin Valley Air Pollution Control District
- California Energy Commission

- U.S. Environmental Protection Agency Region IX

Prepared on behalf of

Hydrogen Energy International LLC

July 14, 2008

URS

1333 Broadway, Suite 800
Oakland, CA 94612






APPENDIX D2
BEST AVAILABLE CONTROL TECHNOLOGY (BACT) SECTION

Table of Contents

1.0

2.0

3.0

4.0

5.0

6.0

7.0

Applicable ReGUIAtIONS .......cocuiiiiiiiiieie ettt D2-1
BACT REVIEW PIOCESS ...eeeiviiiiiiieiiieeiie ettt ettt ett e steeestte e saee s saeeesnaeeesnseeennseeens D2-2
Project Sources Subject to BACT ANalysiS......c.coouireivieniiniiiiinierieeieeeesieee et D2-3
Consideration of Alternative Generating Technology ..........cccceecvvvvieriienienciieieeieeeeee, D2-6
Other Permitted IGCC Projects .......ccccevuiiiiiiiiinienieeiereceeteseeeseeesie et D2-6
Source Specific BACT ANALYSIS....c.c.ccouiiiiiiiieiieeiiecie ettt eee et ve et e s e eeeae e D2-8
6.1 CTG/HRSG BACT ANALYSIS ...evtevieiiiniienieeieeieeieeteseese ettt D2-8
6.1.1 Nitrogen Oxides BACT Analysis for the CTG/HRSG..........cccceevvenenen. D2-9
6.1.2 Carbon Monoxide BACT Analysis for the CTG/HRSG ....................... D2-14
6.1.3 Particulate Matter Emissions BACT Analysis for the CTG/HRSG ...... D2-17
6.1.4 Sulfur Dioxide and Sulfuric Acid Mist BACT Analysis for the
CTGHRSG ...ttt s D2-19
6.1.5 Volatile Organic Compounds BACT Analysis for the CTG/HRSG ..... D2-23
6.2  Auxiliary CTG BACT ANALYSIS....cccueeriieriieiiieiieeiienieeiee e ereesveeieesveeseeeenes D2-25
6.2.1 Nitrogen Oxides BACT Analysis for the Auxiliary CTG ..................... D2-25
6.2.2 Carbon Monoxide BACT Analysis for the Auxiliary CTG................... D2-25
6.2.3 Particulate Emissions BACT Analysis for the Auxiliary CTG ............. D2-26
6.2.4 Sulfur Oxides BACT Analysis for the Auxiliary CTG..........cccccvenee. D2-26
6.2.5 Volatile Organic Compounds BACT Analysis for the Auxiliary
TGttt sttt ettt st sbe et D2-26
6.3 Cooling Towers Particulate Emissions BACT Analysis .......ccccecveerciveenveennnnen. D2-26
6.4  Auxiliary Boiler BACT ANalysiS.......ccceeviiiiiiiiiieiienieeiieeieeiee et D2-28
6.4.1 Nitrogen Oxides BACT Analysis for the Auxiliary Boiler ................... D2-29
6.4.2 Carbon Monoxide BACT Analysis for the Auxiliary Boiler................. D2-30
6.4.3 Particulate Emissions, Sulfur Oxides, Volatile Organic Compounds
BACT Analysis for the Auxiliary Boiler...........ccccoveeviiiiniininnincnnns D2-31
6.5 Diesel Engines BACT ANaLYSIS.......cccoviieiiieeiiieeiiee ettt evee e D2-31
6.5.1 BACT Analysis for the Standby Diesel Generators .............cccceeeveenenn. D2-32
6.5.2 BACT Analysis for the Firewater Pump Diesel Engine......................... D2-32
6.6  Ground Flare BACT ANALYSIS ..c.eevuiiiiiieiiieiiecieeieee ettt D2-33
6.7 Sulfur Recovery System BACT AnNalysis........cccocveeeeiieeriiieenieeeiee e D2-35
6.8  CO; Vent BACT ANALYSIS ..cccuiieiiiiiieiiecie ettt ettt D2-38
6.9 Gasifier Refractory Heaters BACT AnalysiS......cccceevveeevieeeiiienieeeiee e, D2-39
6.10 Feedstock Handling System BACT AnNalysiS.......cccceeveeriieniieniienieeiieeieeieeeee. D2-39
6.10.1 Particulate Matter BACT Analysis for the Feedstock Handling
N 1151 10 S PP D2-39
RETEIEIICE ...ttt ettt e D2-40




APPENDIX D2
BEST AVAILABLE CONTROL TECHNOLOGY (BACT) SECTION

List of Tables

Table 3-1 Proposed BACT for HECA Project

Table 6-1 Permitted Criteria Pollutant BACT Limits for Combined Cycle Combustion
Turbine

Table 6-2 NOx BACT Emission Limit Comparison

Table 6-3 CO BACT Emission Limit Comparison

Table 6-4 PM BACT Emission Limit Comparison

Table 6-5 SO, BACT Emission Limit Comparison

Table 6-6 VOC BACT Emission Limit Comparison

Table 6-7 Ground Flare Total Criteria Pollutant Emissions

Table 6-8 Sulfur Recovery System Emissions

Table 6-9 Gasifier Refractory Heater Emissions

URS D2-ii



APPENDIX D2
BEST AVAILABLE CONTROL TECHNOLOGY (BACT) SECTION

1.0  APPLICABLE REGULATIONS

Federal requirements pertaining to control of pollutants subject to PSD review (i.e., attainment
pollutants) were promulgated by U.S. EPA in 40 CFR 42.21 (j). This regulation defines Best
Available Control Technology (BACT) as emission limits “based on the maximum degree of
reduction for each pollutant.” BACT determinations are made on a case-by-case basis, taking
into account energy, environmental, and economic impacts and other costs.

Federal requirements pertaining to control of non-attainment pollutants, or Lowest Achievable
Emission Rate (LAER), were promulgated by U.S. EPA under 40 CFR 51.165 (a). This
regulation defines LAER as the emissions limit based on either (1) the most stringent emission
rate contained in a State Implementation Plan (SIP), unless the [source] demonstrates the rate is
not achievable; or (2) the most stringent emissions limitation that is achieved in practice. The
federal LAER does not consider the cost impacts of control.

Best Available Control Technology (BACT) must be applied to any new or modified source
resulting in an emissions increase exceeding any San Joaquin Valley Air Pollution Control
District (SJVAPCD) BACT threshold. SIVAPCD Rule 2201 requires HECA to apply BACT to
any source that has an increase in emissions of NOy, VOC, SO,, CO, and PM, (criteria
pollutants) in excess of 2.0 pounds per highest day. BACT for the applicable pollutants was
determined by reviewing the STVAPCD BACT Guidelines Manual, the South Coast Air Quality
Management District BACT Guidelines Manual, the most recent Compilation of California
BACT Determinations, CAPCOA (2Ilcl Ed., November 1993), and USEPA’s BACT/LAER
Clearinghouse.

BACT review is required for the proposed HECA project because the proposed project will
result in a significant net emissions increase for NOx, CO, VOC, PM10, SO,.

The basis for the emissions related analyses is annual average operation at a design capacity of
nominally 250 megawatts (MW). The proposed HECA project as currently configured will
involve the following major processes and emission units:

e One Hydrogen-rich fuel and/or Natural Gas-fired Combustion Turbine Generator (CTG) with
a Heat Recovery Steam Generators (HRSG) and one Steam Turbine-Generator (STG);

e One Natural Gas -fired Simple Cycle Auxiliary CTG

e One Multi-cell, Mechanical-draft Cooling Towers for the combined cycle power block
e One Multi-cell, Mechanical-draft Cooling Tower for the Air Separation Unit

e One Multi-cell, Mechanical-draft Cooling Tower for the gasification block

e One Auxiliary Boiler

e Solid Feedstock Receiving and Handling System

e Qasification Block, including Enclosed Ground Flare

e Three Natural Gas Fired Gasifier Refractory Heaters

e Sulfur Recovery System (Tail Gas Thermal Oxidizer and Elevated Flare)

D2-1 URS
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e Two Emergency, Diesel Engine-Driven Generators
e One Diesel Engine-Driven Fire Water Pump
e One CO; vent stack

Section 2 of this AFC provides a complete description of the Project indicating the layout of the
major plant components within the site and general discussion of the project components.

2.0 BACT REVIEW PROCESS
BACT is defined in the PSD regulations as:

. an emission limitation based on the maximum degree of reduction for each pollutant subject
to regulation under the Act which would be emitted from any proposed major stationary source

. which [is determined to be achievable], on a case-by-case basis, taking into account energy,
environmental, and economic impacts and other costs” [40 CFR 52.21(b)(12)]

In a December 1, 1987 memorandum from the EPA Assistant Administrator for Air and
Radiation, the agency provided guidance on the “top-down” methodology for determining
BACT. The “top-down” process involves the identification of all applicable control technologies
according to control effectiveness. Evaluation begins with the “top,” or most stringent, control
alternative. If the most stringent option is shown to be technically or economically infeasible, or
if environmental impacts are severe enough to preclude its use, then it is eliminated from
consideration and then the next most stringent control technology is similarly evaluated. This
process continues until the BACT level under consideration cannot be eliminated by technical or
economic considerations, energy impacts, or environmental impacts. The top control alternative
that is not eliminated in this process becomes the proposed BACT basis.

This top-down BACT analysis process can be considered to contain five basic steps described
below (from the EPA’s Draft New Source Review Workshop Manual, 1990)':

Step 1. Identify all available control technologies with practical potential for application to the
specific emission unit for the regulated pollutant under evaluation;

Step 2. Eliminate all technically infeasible control technologies;

Step 3. Rank remaining control technologies by control effectiveness and tabulate a control
hierarchy;

Step 4. Evaluate most effective controls and document results; and

Step 5. Select BACT, which will be the most effective practical option not rejected, based on
economic, environmental, and/or energy impacts.

Formal use of these steps is not always necessary. However, EPA has consistently interpreted
the statutory and regulatory BACT definitions as containing two core requirements, which EPA
believes must be met by any BACT determination, irrespective of whether it is conducted in a
“top-down” manner. First, the BACT analysis must include consideration of the most stringent
available technologies: i.e., those that provide the “maximum degree of emissions reduction.”

! “New Source Review Workshop Manual”, DRAFT October 1990, EPA Office of Air Quality Planning and Standards
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Second, any decision to require a lesser degree of emissions reduction must be justified by an
objective analysis of “energy, environmental, and economic impacts” contained in the record of
the permit decisions.

Additionally, the minimum control efficiency to be considered in a BACT analysis must result in
an emission rate no less stringent than the applicable New Source Performance Standard (NSPS)
emission rate, if any NSPS standard for that pollutant is applicable to the source.

This BACT analysis was conducted in a manner consistent with this stepwise approach. Control
options for potential reductions in criteria pollution emissions were identified for each source.
These options were identified by researching the EPA database known as the
RACT/BACT/LAER Clearinghouse (RBLC), drawing upon previous environmental permitting
experience for similar units and surveying available literature. Available controls that are judged
to be technically feasible are further evaluated based on an analysis of economic, environmental,
and energy impacts.

Assessing the technical feasibility of emission control alternatives is discussed in EPA's draft
"New Source Review Workshop Manual." Using terminology from this manual, if a control
technology has been "demonstrated" successfully for the type of emission unit under review,
then it would normally be considered technically feasible. For an undemonstrated technology,
“availability” and “applicability” determine technical feasibility. An available technology is one
that is commercially available; meaning that it has advanced through the following steps:

e (Concept stage;

e Research and patenting;

e Bench scale or laboratory testing;

e Pilot scale testing;

e Licensing and commercial demonstration; and
e Commercial sales.

Suitability for consideration as a BACT measure involves not only commercial availability (as
evidenced by past or expected near-term deployment on the same or similar type of emission
unit), but also involves consideration of the physical and chemical characteristics of the gas
stream to be controlled. A control method applicable to one emission unit may not be applicable
to a similar unit, depending on differences in the gas streams’ physical and chemical
characteristics.

For this BACT analysis, the available control options were identified by querying the EPA
RBLC and by consulting available literature on control options for IGCC. The analysis also
involves review of currently permitted and operating IGCC facilities.

3.0 PROJECT SOURCES SUBJECT TO BACT ANALYSIS

HECA will consist of several facility blocks/systems representing sources of regulated air
pollutants that are addressed in this BACT analysis. To evaluate possible emission control
technologies, it is first important to understand the unique IGCC process and the supporting

D2-3 URS



APPENDIX D2

BEST AVAILABLE CONTROL TECHNOLOGY (BACT) SECTION

ancillary plant processes. The process descriptions for the various processes that make up
HECA are included in Chapter 2 of this Application. The proposed BACT controls and
associated emission rates for each emission unit are summarized in Table 3-1.

Table 3-1
Proposed BACT for HECA Project

Pollutant Technology

Emission Limit

CTG./JHRSG Combustion Turbine (excluding Start up / Shutdown conditions).

Diluent Injection, Selective Catalytic

4 ppm NO, @ 15% O, on hydrogen-rich fuel and

NO, Reduction natural gas fuel, 3-hour average
Good Combustion Practice (GCP), CO 3 ppm CO @ 15% O, on hydrogen-rich fuel, 5 ppm
CcO Catalyst CO @ 15% O, on natural gas fuel
24 1b/hr on hydrogen-rich fuel, 18 lb/hr on natural gas
PM/PM;, GCP, Gas Cleanup, Gaseous Fuels fuel
Hydrogen-rich Gas cleanup, pipeline <5 ppmv in undiluted total sulfur (hydrogen-rich
SO, quality natural gas fuel) <0.75 grain / 100 SCF (13 ppm for natural gas)
1 ppm VOC @ 15% O, on hydrogen-rich fuel, 2 ppm
vVOC CO Catalyst VOC @ 15% O, on natural gas fuel
5 ppm NHj slip on hydrogen-rich fuel and natural gas
NH; Selective Catalytic Reduction fuel

Auxiliary CTG (excluding Start up / Shutdown conditions). Natural Gas fired.103.3 MW

NO4 Diluent Injection

2.5 ppm NO, @ 15% O, on natural gas fuel, 3-hour
average

Selective Catalytic Reduction

CcO CO Catalyst 6.0 ppm CO @ 15% O,
PM/PM 10 Ib/h: tural gas fuel
10 PUC regulated natural gas d OI? fatra’ gas e
SO, <0.75 grain / 100 SCF (13 ppm for natural gas)
voC CO Catalyst 2 ppm VOC @ 15% O, on natural gas fuel
NH; Selective Catalytic Reduction 10 ppm NHj slip on natural gas fuel

Cooling Towers

High Efficiency Drift Eliminators, Total
Dissolved Solids (TDS) limit in
circulating water, and Good Operating

PM/PM,o Practice 0.0005% drift as percent of the circulating water
Auxiliary Boiler, Natural Gas 142 MMBTU/hr

NO4 Low NO, Combustor with FGR 9 ppm NOy @ 3% O, on natural gas fuel

CcO GCP 50 ppmvd @ 3% O,

PM/PM,, 0.005 Ib/MMBtu heat input

SO, GCP, PUC grade natural gas fuel <0.75 grain/ 100 SCF (13 ppm for natural gas)
vVOC 0.004 1b/MMBtu heat input

Emergency Diesel Engines (2 Emergency Generators )

NO, Combustion controls, restricted 0.5 g/brake horsepower (Bhp)/hr
co operating hours 0.29 g/Bhp-hr
PM/PM,o . 0.03 g/Bhp-hr
SO Combustion controls, Low Sulfur N/A
2 Diesel fuel, restricted operating hours
VOC 0.11 g/bhp-hr
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Table 3-1

Proposed BACT for HECA Project

Pollutant Technology Emission Limit
Emergency Diesel Engines (Fire Pump)
NO, Combustion controls, restricted 1.5 g/bhp-hr
CcO operating hours 2.60 g/bhp-hr
PM/PM,y ) 0.015 g/bhp-hr
Combustion controls, Low Sulfur
SO, . . . N/A
Diesel fuel, restricted operating hours
VOC 0.14 g/bhp-hr

Gasification Block Ground Flare

GCP, gaseous fuel only, Gas cleanup/Limit on reduced sulfur in

NOy. CO, PM/PM,y, SO,, VOC

hydrogen-rich fuel

Thermal Oxidizer (Sulfur Recovery System)

NO4 2.6 1b/hr 24-hour average
CcO GCP 0.70 Ib/hr, 1-hour average
PM/PM,, 0.16 1b/hr 24-hour average
SO, GCP, Gas cleanup 2.02 lb/hr, 3-hour average
vVOC GCP 32.84 Ib/hr, annual average

Elevated Flare with natural gas assist (Sulfur Recovery System)

NO4
GCP
CO
PM/PM;, GCP, gaseous fuel only
SO, GCP, Caustic Scrubber
VOC GCP
CO, Vent
CcO Gas Cleanup 1000 ppmv
VOC Gas Cleanup 40 ppmv
Gasifier Refractory heater
NO4 GCP 0.13 Ib/MMBtu, higher heating value (HHV)
CO GCP 0.035 Ib/MMBtu, HHV
PM/PM,, GCP, gaseous fuel only 0.008 Ib/MMBtu, HHV
SO, GCP, PUC grade Natural gas 0.020 Ib/MMBtu, HHV (13 ppm)
VOC GCP 0.007 Ilb/MMBtu, HHV
Feedstock
PM/PM,o Dust Collector 0.003 grain/scf outlet dust loading
Source: HECA Project
Notes: 0O, = oxygen
BACT = best available control technology PM/PM,y= particulate matter/particulate matter less
CcO = carbon monoxide than 10 microns
CPUC = California Public Utility Commission ppm = parts per million
CTG = combustion turbine generator ppmvd = parts per million volumetric dry
FGR = flue gas recirculation SCF = standard cubic feet
MMBTU = million British thermal units SO, = sulfur dioxide
NO, = nitrogen dioxide VOC = volatile organic compound
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4.0 CONSIDERATION OF ALTERNATIVE GENERATING TECHNOLOGY

This section addresses recent guidance relating to the need for consideration of alternative
electrical generating technologies for the proposed project, as part of the BACT analysis.
Compared to Pulverized Coal (PC)-fired Boilers and Circulating Fluidized Bed (CFB) Boilers,
the proposed IGCC process is the very lowest emitting solid fuel-based electricity generating
technology available, and selection of a completely different solid fuel-based generating
technology would not result in lower emissions. Later portions of this BACT analysis address
the specific controls that are proposed to minimize the emissions from the proposed IGCC
process.

The first step in a BACT determination process is to identify all available control technologies
that could potentially be used to minimize the emissions of the source and pollutant under
evaluation. The most common control technologies considered in a BACT analysis are add-on
control measures and inherent process characteristics that minimize generation of pollutants in
addition to process or work practice modifications to improve the emissions performance of a
proposed project. These types of process modifications/measures, when applicable, are properly
considered in a BACT analysis.

In contrast, consideration of alternatives that would involve completely “redefining the design”
of the proposed process are not required to be considered (1990 Draft New Source Review
Workshop Manual, Section IV.A.3). Alternative generating processes, such as natural gas-fired
combined-cycle plants, represent a completely different family of power generation plant designs
from IGCC. While there are certain types of components in common, such as cooling towers
and steam-driven turbine generators, the technical basis for a gas-fired plant differs markedly
from that of an IGCC facility.

Because CFB or PC boilers or a natural gas-fired electrical generating plant would be a
completely different processes, and represent “redefining the design” compared to IGCC, it is
reasonable to conclude that EPA would not require that the BACT analysis for HECA compare
these different technologies. This point was recently reinforced in a December 13, 2005 letter
from Stephen Page, Director of EPA’s OAQPS, to E3 Consulting, LLC regarding BACT
requirements for proposed coal-fired power plant projects. In that letter, EPA clarified that a
BACT analysis need not consider an alternative “which would wholly replace the proposed
facility with a different type of facility.”

The remainder of this BACT analysis describes the various emission control options for specific
IGCC facility processes, and demonstrates that as proposed HECA would achieve the lowest
emissions rate technically and economically feasible for such a facility.

5.0 OTHER PERMITTED IGCC PROJECTS

For this BACT analysis, the available control options were identified by querying the RBLC
database and by consulting available literature on control options for IGCC. Applications and/or
permits from a number of other IGCC facilities that have completed the New Source Review
process were also reviewed to provide additional reference material for this BACT analysis. A
brief summary of the other recently permitted IGCC plants in the United States and their
emissions limits is presented in this section.
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Other recently permitted IGCC facilities will be used as comparison reference for this BACT
analysis are the following:

e Duke Energy, Edwardsport Generating Station
e ERORA Group, Taylorville Energy Center
e ERORA Group, Cash Creek Generating Station

The air permits, BACT analyses and additional literature for each of these recently permitted
IGCC facilities were reviewed. Each facility is discussed briefly below. The facilities that were
subject to BACT determinations are listed as such.

Duke Energy, Edwardsport Generating Station: Duke Energy Indiana, owner of Edwardsport
Generating Station, obtained approval, via Indiana Department of Environmental Management
Significant Modification Title V Permit, to install an IGCC facility in Knox County, Indiana.
The Title V Significant Modification Permit was issued in January 2008. The 630 MW (net)
IGCC plant will replace four older, less efficient generating units capable of generating
approximately 160 megawatts at the Edwardsport site. The Edwardsport Generating Station is
expected to use coal as feedstock and SCR as add-on control to minimize NOy emissions from
the plant.

ERORA Group - Taylorville Energy Center: The ERORA Group is developing the Taylorville
Energy Center, a 630 MW (net) IGCC facility to be located in Christian County, southern
Illinois. Taylorville Energy Center obtained a final Illinois Environmental Protection Agency air
permit in June 2007. Taylorville Energy Center proposed to use GE Energy gasification
technology and local coals (Illinois coal) as the feedstock. Taylorville Energy Center will use
Selexol AGR systems, as well as SCR. The Taylorville Energy Center site is in an ozone
attainment area, so SCR is not required for BACT purposes. ERORA is using SCR to minimize
NOy emissions from the plant, but not as BACT. This will allow them to minimize the cost to
acquire NOy allowances from the market. ERORA notes that in order to increase the chance that
the SCR system will work in this unproven application on coal-derived syngas, higher sulfur
removal, by using Selexol instead of MDEA, will be required.

ERORA Group — Cash Creek Generating Station: The ERORA Group is developing the Cash
Creek Generation Station IGCC facility, to be located near Owensboro, Henderson County,
Kentucky. Cash Creek Generation Station obtained a final Kentucky DAQ air permit in January
2008. The 630 MW IGCC proposes to use GE Energy gasification technology and local coals
(Kentucky coal) as the feedstock. Cash Creek Generation Station will use Selexol AGR systems,
as well as SCR. Because the proposed facility site is in an ozone attainment area, SCR is not
required for BACT purposes. ERORA is using SCR to minimize NOy emissions from the plant,
but not as BACT. This will allow them to minimize the cost to acquire NOy allowances from the
market. ERORA notes that in order to increase the chance that the SCR system will work in this
unproven application on coal-derived syngas, higher sulfur removal, by using Selexol instead of
MDEA, will be required.
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6.0 SOURCE SPECIFIC BACT ANALYSIS

The following BACT analysis evaluates control technologies applicable to each of the criteria
pollutants that would be emitted from the proposed HECA Project to determine appropriate
BACT emission limits. This BACT analysis is based on the current state of IGCC technology,
energy and environmental factors, current expected economics, energy, and technical feasibility

6.1 CTG/HRSG BACT Analysis

The following is the BACT analysis for the proposed combustion turbine. The proposed
combustion turbine will be a GE 7FB model turbine with a nominal capacity of 232 MW. The
GE 7FB is a new turbine model designed to optimally utilize hydrogen-rich fuel and natural gas

and includes changes to the fuel system, combustion system, and hot gas path. The use of
hydrogen-rich fuel requires the use of a diffusion-type combustor, because the high
concentration of hydrogen precludes the use of dry low NOy (DLN) combustor technology.

The air permits, BACT analyses and additional literature for each of the recently permitted IGCC
facilities discussed in the last section were reviewed. Table 6-1 summarizes the criteria pollutant
emission levels permitted for the combustion turbines units at each facility.

Table 6-1

Permitted Criteria Pollutant BACT Limits for Combined Cycle Combustion Turbine

Cash Creek Edwardsport Taylorville Energy
Facility HECA Generation Station Generating Station Center
Location Kern County, CA Henderson County, KY Knox County, IN Christian County, IL
MW 250 630 630 630 (net)
Turbine GE 7FB GE 7FB GE 7FB GE 7FB
4 ppmc on hydrogen-
rich fuel (0.019 0.0331 Ib/MMBtu
Ib/MMBtu), 4.0 ppmc  (approx 5 ppmc) Syngas 0.027 Ib/MMBtu Syngas  0.034 Ib/MMBtu (5.0
on Natural Gas (0.016 0.0246 Ib/MMBtuon  0.018 Ib/MMBtu on Nat  ppmc) Syngas 0.025
NOy Ib/MMBtu) Nat Gas Gas Ib/MMBtu on Nat Gas
<5 ppmv in undiluted
hydrogen-rich fuel
((0.003 1b/MMBtu) 0.0158 Ib/MMBtu (3.8. 0.016 Ib/MMBtu Syngas
0.75 grains/100 scf of ppmc) Syngas 0.0138 Ib/MMBtu (10 ppm Sulfur in
total sulfur on Nat Gas  0.0006 1b/MMBtu on Syngas 0.0006 Syngas) 0.001
SO, (0.002 1b/MMBtu) Nat Gas Ib/MMBtu on Nat Gas  1b/MMBtu on Nat Gas.
3 ppmc on Hydrogen-
rich fuel (0.008 0.0441 Ib/MMBtu 0.049 Ib/MMBtu (25.0
1b/MMBtu), 5 ppmc on 0.0485 1b/MMBtu Syngas 0.0421 ppmvd) Syngas 0.045
Nat Gas (0.012 Syngas 0.0449 Ib/MMBtu on Natural 1b/MMBtu (25.0 ppmvd)
CcO 1b/MMBtu) Ib/MMBtu on Nat Gas Gas on Nat Gas
PM;, (Scaled 24 Ib/hr on hydrogen-
to HECA rich fuel and 18 Ib/hr on 47 Ib/hr on syngas and  39.1 1b/hr on syngas and 48 Ib/hr on syngas and
MW size) Nat Gas 35 Ib/hr on Nat Gas 18.1 Ib/hr on Nat Gas 24 1b/hr on Nat Gas
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Table 6-1
Permitted Criteria Pollutant BACT Limits for Combined Cycle Combustion Turbine

Cash Creek Edwardsport Taylorville Energy
Facility HECA Generation Station Generating Station Center
1 ppmc on Hydrogen-
rich fuel (0.0016
Ib/MMBtu), 2 ppmc on
Nat Gas (0.0028 0.0016 1b/MMBtu
VOC 1b/MMBtu) Syngas or on Nat Gas

Notes:
"ppmc" means parts per million by volume, dry basis, corrected to 15% O2.

Only HECA would use duct firing. All emissions specified for HECA apply to non-duct firing and duct firing operation.
HECA SO, on Natural Gas is worst case short-term average based on limit of 0.75 gr.100 scf.

Taylorville CO vaules inconsistent in ratio of lb/MMBtu per ppme for NO,. Scaling ratio from NO, would result in CO value of
0.049 1b/MMBtu (11.8 ppmc.) on Hydrogen-rich fuel(lower CO ppmc would be more conservative).

CO = carbon monoxide

MMBtu = million British thermal units

MW = megawatt

NO, = oxides of nitrogen

PM,y = particulate matter 10 microns in diameter

ppm = parts per million

ppmc = parts per million by volume, dry basis, corrected to 15% O2
SO, = sulfur dioxide

VOC = volatile organic compound

6.1.1 Nitrogen Oxides BACT Analysis for the CTG/HRSG

The criteria pollutant nitrogen oxides (NOy) is primarily formed in combustion processes via the
reaction of elemental nitrogen and oxygen in the combustion air (thermal NOy), and the
oxidation of nitrogen contained in the fuel (fuel NOy). The hydrogen-rich fuel produced in the
proposed project contains negligible amounts of fuel-bound nitrogen. Therefore, it is expected
that essentially all NOy emissions from the CTG/HRSG will originate as thermal NOx.

The rate of formation of thermal NOy in a combustion turbine is a function of residence time,
oxygen radicals, and peak flame temperature. Front-end NOy control techniques are aimed at
controlling one or more of these variables during combustion. Examples include dry low- NOy
combustors, flue gas recirculation, and diluent injection (steam, water, or nitrogen). These
technologies are considered to be commercially available pollution prevention techniques. It is
necessary to recognize the fundamental differences between natural-gas fired and hydrogen-rich
fuel-fired combustion turbines in evaluating these techniques. Compared to natural gas,
hydrogen-rich syngas has a much higher hydrogen content (natural gas is often over 90%
methane), and a much lower heating value (about 250 Btu/scf for hydrogen-rich fuel vs. 1,000
Btu/scf for natural gas).
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1. Identify Control Technologies
The following NOy control technologies were evaluated for the proposed CTG/HRSG:

Combustion Process Controls

e Dry Low NOy Burner

e Diluent Injection

Post Combustion Controls

e SCONO, ™

e Selective Non-Catalytic Reduction (SNCR)
e Selective Catalytic Reduction (SCR)

2. Evaluate Technical Feasibilities
e Dry Low NO, Combustor

Dry Low- NOyx (DLN) combustor technology has successfully been demonstrated to reduce
thermal NOy formation from natural gas combustion turbines. This is done by designing the
combustors to control both the stoichiometry and temperature of combustion by tuning the
fuel and air locally within each individual combustor’s flame envelope. Combustor design
includes features that regulate the acrodynamic distribution and mixing of the fuel and air. A
lean, premixed combustor design mixes the fuel and air prior to combustion. This results in a
homogeneous air/fuel mixture, which minimizes localized fuel-rich pockets that produce
elevated combustion temperatures and higher NOy emissions. A lean fuel-to-air ratio
approaching the lean flammability limit is maintained, and the excess air serves as a heat sink
to lower the combustion temperature, which in turn lowers thermal NOy formation. A pilot
flame is used to maintain combustion stability in this fuel-lean environment.

Hydrogen-rich fuel is different than syngas and has a similar heating value, but with much
less CO and CO,. Hydrogen-rich fuel differs from natural gas in heating value, gas
composition, and flammability characteristics. Available DLN combustor technologies are
designed for natural gas (methane-based) fuels and will not operate on the syngas
(hydrogen/CO-based) fuels utilized by an IGCC combustion turbine. DLN combustors are
not technically feasible for this application due to the potential for explosion hazard in the
combustion section due primarily to the high hydrogen content of the syngas. No
manufacturer currently makes DLN combustors that can be used for a combustion turbine
burning petroleum coke or coal-derived syngas. Research is ongoing to develop DLN for
syngas-fueled combustion turbines. However, such combustors are not yet commercially
available. Thus, DLN combustor is not a technically feasible control option for this unit.

e Diluent Injection

Higher peak flame temperature during combustion may increase thermodynamic efficiency,
but it also increases the formation of thermal NOy. The injection of an inert diluent such as
atomized water, steam, or nitrogen into the high temperature region of a combustor flame
serves to inhibit thermal NOy formation by reducing the peak flame temperature.
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For HECA Project’s CTG/HRSG, nitrogen is used as a diluent which reduces thermal
nitrogen oxide (NOy) produced when hydrogen-rich gas is combusted. Steam is used as a
diluent when Natural Gas is combusted. This method effectively lowers the fuel heat content
and, consequently, the combustion temperature, and therefore reduces NOy emissions.

GE guarantees that diluent injection can achieve turbine exhaust emission levels of 15 ppmvd
NOx (at 15 % oxygen) over a 3-hour average (excluding start up, shutdown and upset
periods) when firing 100% hydrogen-rich fuel. For natural gas combustion and co-firing, GE
guarantees emission levels of 25 ppmvd NOy (at 15 % oxygen) from the turbine exhaust.

The higher emission is caused by the difference in combustion characteristic of natural gas
compared to the hydrogen-rich syngas.

A secondary benefit of diluent injection is that it will increase the mass flow of the exhaust.
Therefore, the power output per unit of fuel input also increases.

Diluent injection represents an inherently lower-emitting process for IGCC units, and is a
technically feasible control technology. Diluent injection (steam for natural gas and nitrogen
for hydrogen-rich fuel) is proposed as the baseline case for the CGT/HRSG combustion
turbine NOx BACT analysis. This NOy control technology and emission level have also been
determined as BACT for all other recent IGCC permits, and has been demonstrated to
achieve NOy emission rates of 15 ppmvd (at 15% O2) when firing 100% syngas fuel. This
NOx diluent injection control technology has been commercially demonstrated on syngas on
the GE 7FA, but not on hydrogen-rich fuel on the GE 7FB.

SCONO, ™

The SCONOy ™ system is an add-on control device that reduces emissions of multiple
pollutants. SCONOL™ utilizes a single catalyst for the reduction of CO,VOC and NO,
which are converted to CO,, H,O and N,.

All installations of the technology have been on small natural gas facilities, and have
experienced performance issues. The fact that SCONO™ has not been applied to large-
scale natural gas combustion turbines creates concerns regarding the timing, feasibility, and
cost-effectiveness of necessary design improvements. SCONO4™ has also not been applied
to syngas (or hydrogen-rich fuel) or exhaust streams containing sulfur in concentrations
similar to the proposed project, which creates additional concerns regarding potential catalyst
fouling.

In evaluating technical feasibility for large IGCC projects, the additional concerns are:

o

SCONOs™ uses a series of dampers to re-route air streams to regenerate the catalyst.
The proposed HECA project is significantly larger than the much smaller facilities where
SCONO4™ has been used. This would require a significant redesign of the damper
system, which raises feasibility concerns regarding reliable mechanical operation of the
larger and more numerous dampers that would be required for application to the HECA
CTG/HRSG.

The catalyst is very susceptible to poisoning by sulfur compounds. Because of the sulfur
content of the hydrogen-rich fuel, a separate catalyst to absorb SO, would be required.
The vendor offers a SCOSOx™ catalyst; however, its performance is not proven, and
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upon regeneration this process would create an H,S stream that would require further
treatment.

¢ SCONO4s™ would not be expected to achieve lower guaranteed NOy levels than SCR,
and, for reasons described above, it has even greater feasibility concerns with respect to
application on IGCC turbines than those for SCR

For the above reasons, SCONO4™ is considered technically infeasible for this unit.
e Selective Non-Catalytic Reduction (SNCR)

Selective Non-Catalytic Reduction (SNCR) is a post-combustion NOy control technology in
which a reagent (NH; or urea) is injected into the exhaust gases to react chemically with NOx
to form elemental nitrogen and water without the use of a catalyst. The success of this
process in reducing NOy emissions is highly dependent on the ability to achieve uniform
mixing of the reagent into the flue gas, which must occur within a narrow flue gas
temperature zone (typically from 1,700°F to 2,000°F).

The consequences of operating outside the optimum temperature range are severe. Above
the upper end of the temperature range, the reagent will be converted to NOy. Below the
lower end of the temperature range, the reagent will not react with the NOy resulting in very
high NHj slip concentrations (NH3 discharge from the stack).

This technology is occasionally used in conventional fired heaters or boilers upstream of any
HRSG or heat recovery unit. SNCR has never been applied in IGCC service, primarily
because there are no flue gas locations within the combustion turbine or upstream of the
HRSG with the optimal requisite temperature and residence time characteristics to facilitate
the SNCR flue gas reactions. Therefore, SNCR is not technically feasible for this unit.

e Selective Catalytic Reduction (SCR)

SCR is a technology that achieves post-combustion reduction of NOy from flue gas within a
catalytic reactor. The SCR process involves the injection of ammonia (NH3) into the exhaust
gas stream upstream of a specialized catalyst module to promote the conversion of NOy to
molecular nitrogen. SCR is a common control technology for use on natural gas fired
combustion turbines.

In the SCR process, NHs, usually diluted with air or steam, is injected through a grid system
into the exhaust gas upstream of the catalyst bed. On the catalyst surface, the NH; reacts
with NOy to form molecular nitrogen and water. The basic reactions are:

4NH; + 4NO + O, — 4N, + 6H,0
8NH3 + 6N02 — 7N2 + 12H20

HECA project selected SCR and diluent injection technology to control NOy emissions from
the CTG/HRSG unit. The SCR system reduces nitrogen oxide emissions from the HRSG
stack gases by up to about 80 percent. Diluted 19 percent aqueous ammonia is injected into
the stack gases upstream of a catalytic system which converts nitrogen oxide and ammonia to
nitrogen and water.
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It is anticipated that this combination of control processes will achieve a NOy emission limit
of 4 ppmvd @ 15 % oxygen, based on a 3-hr rolling average, when firing hydrogen-rich fuel,
natural gas, or combination of hydrogen-rich fuel/natural gas. This emission limitation
represents a removal efficiency that is better than the approved emissions for recently
permitted IGCC units. HRSG vendors confirm the feasibility of achieving the NOy levels
cited in this AFC.

3. Rank Control Technologies

Among the control technologies considered in the previous subsection, only one was determined
to be both technically feasible and commercially demonstrated at a cost level acceptable as a
BACT option. Specifically, the feasible option is diluent injection upstream of the combustion
zone to achieve a controlled level of 15 ppmvd NOy at 15% O2 while firing hydrogen-rich fuel,
and 25 ppmvd NOy at 15% O2 while firing natural gas or combination of hydrogen-rich
fuel/natural gas.

Although there is no commercial demonstration of SCR performance for an IGCC plant using a
solid feedstock, SCR technology has been proposed as emission limits for recently permitted
IGCC projects. HRSG vendors confirm that SCR catalyst will be able to achieve combined NOy
reduction down to 4 ppmvd @ 15 % oxygen, based on a 3-hr rolling average, on all firing
scenarios.

4. Evaluate Control Options

The next step in a BACT analysis is to evaluate the feasible control technology. Based on the
evaluation in the previous step, the only technically feasible technologies suitable for
establishment of BACT limits are diluent injection and SCR. The principal environmental
consideration with respect to implementation of SCR is that, while it will reduce NOy emissions,
it will add NH; emissions associated with use of ammonia (NHj3) as the reagent chemical. A
portion of the unreacted NH3 passes through the catalyst and is emitted from the stack. This is
called ammonia slip and the magnitude of these emissions depends on the catalyst activity and
the degree of NOy control desired. For this project, the concentration of ammonia slip is limited
to 5 ppmvd @ 15 % oxygen.

Table 6-2 shows the typical NOy BACT determination (when firing hydrogen-rich fuel and
natural gas respectively) and control technology for other recently permitted IGCC projects, in
comparison with HECA’s proposed NOx BACT for the CTG/HRSG.

Table 6-2
NOyx BACT Emission Limit Comparison
Emission Limit on Emission Limit on Nat
Hydrogen-rich fuel Gas
Ib/MMBTU
NO, BACT Hydrogen-rich
Facility State MW Turbine  Technology ppm fuel ppm Ib/MMBTU NG
GE Model
Number
HECA CA 250 7FB. SCR 42 0.019 4? 0.016
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Table 6-2
NOyx BACT Emission Limit Comparison
Emission Limit on Emission Limit on Nat
Hydrogen-rich fuel Gas
Ib/MMBTU
NO, BACT Hydrogen-rich
Facility State MW Turbine  Technology ppm fuel ppm Ib/MMBTU NG
Cash Creek GE Model
Generation Number
Station KY 630 7FB. SCR 5° 0.0331 0.0246
Edwardsport GE Model SCR
Generating Number operated in
Station IN 630 7FB. trial mode 0.027° 0.018°
GE Model
Taylorville 630 Number
Energy Center IL (net) 7FB. SCR 5° 0.034 0.025
Notes:

? Parts per million by volume, dry basis, corrected to 15% 02

® Calculated. from mass emissions rate of 57 Ib/hr on Hydrogen-rich fuel and 38 Ib/hr on Natural Gas

MMBtu = million British thermal units ppm = parts per million

MW = megawatt SCR = selective catalytic reduction

As shown in Table 6-2, the BACT limitation for NO, emissions from HECA CTG/HRSG is
more stringent than the historic BACT determination for other recently permitted IGCC projects.

NSPS 40 CFR 60 Subpart Da is considered as the BACT “floor” for this source category. As
shown above, the BACT emission limit proposed for HECA is significantly lower than the
applicable NSPS Subpart Da limit of 0.5 [b/MMBTU heat input for gaseous fuel. The proposed
NOxy reduction technology also more stringent than the NSPS Subparts Da recommended
minimum reduction efficiency of 25%.

5. Select Control Technology

The final step in the top-down BACT analysis process is to select BACT based on the results of
the previous steps. As has been explained, for this application of hydrogen-rich fuel-fired
combustion turbines within an IGCC facility, diluent injection in the combustion turbine and
SCR installation as post combustion NOy control are the appropriate control technique for setting
BACT-based emission limits. The BACT selection described above is strongly supported by
recent precedents for similar IGCC projects.

The proposed BACT limits based on this technology are 4 ppmvd NOy at 15% O2 for hydrogen-
rich fuel firing, natural gas firing, and co-firing.

6.1.2 Carbon Monoxide BACT Analysis for the CTG/HRSG

CO is a product of incomplete combustion. Control of CO is typically accomplished by
providing adequate fuel residence time and high temperature in the combustion zone to ensure
complete combustion. However, these same control factors can increase NOy emissions.
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Conversely, lower NOy emission rates achieved through flame temperature control (by diluent
injection) can increase CO emissions for natural gas and un-shifted syngas. Thus, a compromise
must be established whereby the flame temperature reduction is set to achieve the lowest NOy
emission rate possible while keeping CO emissions to an acceptable level. However, CO
emissions are inherently low for hydrogen-rich fuels that contain very little reduced carbon and
are less affected by the conventional trade-off between CO and NOx.

1. Identify Control Technologies
The following CO control technologies were evaluated for the proposed CTG/HRSG:

Combustion Process Controls

e Good Combustion Practices (GCPs)

Post Combustion Controls

e SCONO™

e Oxidation Catalyst

2. Evaluate Technical Feasibilities

Good Combustion Practices (GCPs)

Good combustion practices include the use of operational and design elements that optimize the
amount and distribution of excess air in the combustion zone to ensure optimum complete
combustion. GE guarantees the turbine exhaust can achieve CO emission levels of 5 ppmvd CO
when firing hydrogen-rich fuel and 25 ppmvd CO when operating on natural gas.

This technology has been determined to be BACT for CO emissions in other operational or
recently permitted IGCC projects.

¢ SCONO™

The SCONOy system was evaluated in the NOy BACT analysis, and determined to be not
technically feasible for this unit.

e Oxidation Catalysts

Catalytic oxidation is a post-combustion control technology that utilizes a catalyst to oxidize
CO into CO,. Because of the catalyst fouling concerns, the use of oxidation catalysts has
been previously limited to processes combusting natural gas. Oxidation catalysts have never
been applied to coal-based IGCC processes. Other operational or recently permitted IGCC
projects determined GCPs as the only feasible BACT for CO emissions. The project
anticipated CO conversions up to 90% are attainable across the CO catalyst. HECA
proposed CO emission limits of 3.0 ppmvd @15% O2 while firing hydrogen-rich fuel, and
5.0 ppmvd CO at 15% O2 while firing natural gas.
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3. Rank Control Technologies

Oxidation catalyst is the only technically feasible CO control technology identified in addition to
Good Combustion Practices.

4. Evaluate Control Options

GCP is considered the baseline and only feasible and commercially demonstrated CO control
technology for IGCC combustion turbines. GCP has been selected as BACT for all other recent
IGCC permits Oxidation catalysts have not been applied to the other coal-based IGCC processes.
In comparison to other operational or recently permitted IGCC projects, this emission limitation
represents a removal efficiency that is lower than the emission achieved in practice at currently

operating IGCC units and the lowest proposed emission limits for proposed coal-fired units,
including other proposed IGCC units.

Table 6-3 shows the typical CO BACT determination (when firing hydrogen-rich fuel and
natural gas respectively) and control technology for other recently permitted IGCC projects, in
comparison with HECA’s proposed CO BACT for the CTG/HRSG.

Table 6-3
CO BACT Emission Limit Comparison

Emission Limit on

Emission Limit on Nat

Hydrogen-rich fuel Gas
Ib/MMBTU
CO BACT Hydrogen-rich
Facility State MW Turbine Technology ppm fuel ppm Ib/MMBTU NG
GE Model
Number CO catalyst

HECA CA 250 7FB. and GCP 3° 0.008 5° 0.012
Cash Creek GE Model
Generation Number
Station KY 630 7FB. GCP 0.0485 0.0449
Edwardsport GE Model
Generating Number
Station IN 630 7FB. GCP 0.0441b 0.0421b

GE Model
Taylorville 630 Number
Energy Center IL (net) 7FB. GCP 25 0.049 25 0.045

Notes:

# Parts per million by volume, dry basis, corrected to 15% O2

® Calculated. from mass emissions rate of 93 Ib/hr on Hydrogen-rich fuel and 88.7 Ib/hr on Natural Gas

MMBtu = million British thermal units
MW = megawatt
ppm = parts per million

As shown in Table 6-3, the BACT limitation for CO emissions from HECA CTG/HRSG is more
stringent than the historic BACT determination for other recently permitted IGCC units. This
emission limitation represents a removal efficiency that is better than the emission achieved in
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practice at currently operating IGCC units and the lowest proposed emission limits compared to
recently permitted IGCC units

5. Select Control Technology

The final step in the top-down BACT analysis process is to select BACT based on the results of
the previous steps. As explained, GCPs and oxidation catalyst are the appropriate control
technique for setting BACT-based emission limits.

HECA proposed the CO BACT-based limit of 3.0 ppmvd @15% O2 while firing hydrogen-rich
fuel and 5.0 ppmvd CO at 15% O2 while firing natural gas during non-startup operation, using
Good Combustion Practices (GCPs) and an oxidation catalyst.

6.1.3 Particulate Matter Emissions BACT Analysis for the CTG/HRSG

Particulate matter emissions from natural gas-fired combustion sources consist of inert
contaminants in natural gas, sulfates from fuel sulfur, ammonia compounds for the SCR reagent,
dust drawn in from the ambient air that passes through the combustion turbine inlet air filters and
particles of carbon and hydrocarbons resulting from incomplete combustion. Low ash content
and high combustion efficiency exhibit correspondingly low particulate matter emissions for
other fuel such as hydrogen-rich fuel.

1. Identify Control Technologies

The following particulate matter control technologies were evaluated for the proposed
CTG/HRSG:

Pre Combustion Controls

e Gas Cleanup (for hydrogen-rich fuel)

Combustion Process Controls

e Good Combustion Practices (GCPs)

Post Combustion Controls

e Baghouse

e Electrostatic Precipitation

2. Evaluate Technical Feasibilities

In a typical solid fuel combustion process, fuel particulate matter is removed by post combustion
processes such as fabric filters or electrostatic precipitators. However, in an IGCC plant,
particulate matter could damage the turbine so particulate matter is removed prior to combustion.
Post combustion controls, such as electrostatic precipitators (ESPs) or baghouses, have never
been applied to commercial combustion turbines burning gaseous fuels. Therefore, the use of
ESPs and baghouses is considered technically infeasible, and does not represent feasible control
technology.
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In the absence of add-on controls, the most effective control method demonstrated for gas-fired
combustion turbines is the use of low ash fuel, such as natural gas or hydrogen-rich fuel and
GCPs. Therefore, it is necessary to use pre-combustion controls such as particulate removal as
an integral part of the gasification process in addition to GCPs.

The use of clean hydrogen-rich fuel and good combustion control is proposed as BACT for PM/
PM control in the proposed HECA CTG/HRSG. These operational controls will limit filterable
plus condensable PM/ PM; emissions to 24 1b/hr when operating on hydrogen-rich fuel and 18
Ib/hr when operating on natural gas.

3. Rank Control Technologies

The use of clean fuels with low potential particulate emissions from optimum gas cleanup
processes and good combustion practices were identified as the only technically feasible
particulate emissions control technologies applicable to the proposed combustion turbines.

4. Evaluate Control Options

The EPA has indicated that particulate matter control devices are not typically installed on
combustion turbines and that the cost of installing a particulate matter control device is
prohibitive (EPA, September 1977pmec). When the NSPS for Stationary Gas Turbines (40 CFR
60 Subpart GG) was promulgated in 1979, the EPA acknowledged, "Particulate emissions from
stationary gas turbines are minimal." Similarly, the recently revised Subpart GG NSPS (2004)
did not impose a particulate emission standard. Therefore, performance standards for particulate
matter control of stationary gas turbines have not been proposed or promulgated at a federal
level.

Table 6-4 shows the typical PM BACT determination (when firing hydrogen-rich fuel and
natural gas respectively) and control technology for other recently permitted IGCC projects, in
comparison with HECA’s proposed PM BACT for the CTG/HRSG.

Table 6-4
PM BACT Emission Limit Comparison

Emission Limit

on Hydrogen- Emission Limit
PM,;, BACT rich fuel on Natural Gas
Facility State MW Turbine Technology Ib/hr Ib/hr
GE Model
Number Gas Cleanup and
HECA CA 250 7FB. GCP 24 18
Cash Creek GE Model
Generation Number Gas Cleanup and
Station KY 630 7FB. GCP 47 35
Edwardsport GE Model
Generating Number Gas Cleanup and
Station IN 630 7FB. GCP 39.1 18.1
GE Model
Taylorville 630 Number Gas Cleanup and
Energy Center IL (net) 7FB. GCP 48 24

Notes:
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MW
PM,o

megawatt
particulate matter 10 microns in diameter

Based on the evaluation in the previous step, GCPs and optimum gas cleanup are considered as
technically feasible PM/ PM; control technology technologies that are suitable for establishment
of BACT limits. As shown in Table 6-4, HECA emission limitation represents a removal
efficiency that is cleaner in comparison to other operational or recently permitted IGCC units.
Therefore, the BACT limitation for PM emissions from HECA CTG/HRSG is more stringent
than the historic BACT determination for other recently permitted IGCC units.

NSPS 40 CFR 60 Subpart Da is considered as the BACT “floor” for this source category. The
proposed BACT emission limits proposed in Table 6-4 are equivalent to 0.011 Ib/MMBTU on
hydrogen-rich fuel and 0.008 Ib/MMBTU on natural gas. These emission limits are significantly
lower than the applicable NSPS Subpart Da limit of 0.03 Ib/MMBtu heat input derived from the
combustion of solid, liquid, or gaseous fuel.

5. Select Control Technology

The final step in the top-down BACT analysis process is to select BACT based on the results of
the previous steps. As explained, GCPs and optimum gas cleanup are the appropriate control
technique for setting BACT-based emission limits. The use of optimum gas cleanup to produce
clean fuels with low potential particulate emissions and good combustion practices were selected
as LAER for particulate emissions from the proposed combustion turbines. The following
emission limit resulting from the implementation of these technologies is proposed for each
combustion turbine.

HECA proposed the PM BACT-based limit of 24 1b/hr while firing hydrogen-rich fuel and 18
Ib/hr while firing natural gas during non-startup operation, using Good Combustion Practices
(GCPs) and optimum gas cleanup.

6.1.4 Sulfur Dioxide and Sulfuric Acid Mist BACT Analysis for the CTG/HRSG

Sulfur dioxide emissions from any combustion process are largely defined by the sulfur content
of the fuel being combusted and the rate of the fuel usage. The combustion of hydrogen-rich fuel
in the combustion turbines creates primarily SO, and small amounts of sulfite (SO3) by the
oxidation of the fuel sulfur. The SO; can react with the moisture in the exhaust to form sulfuric
acid mist, or H,SO4. Emissions of these sulfur species can be controlled, either by limiting the
sulfur content of the fuel (pre-combustion control) or by scrubbing the SO, from the exhaust gas
(post combustion control).

1. Identify Control Technologies

The following sulfur dioxide and sulfuric acid mist control technologies were evaluated for the
proposed CTG/HRSG when operating on hydrogen-rich fuel:

Pre Combustion Controls

e Chemical Absorption Acid Gas Removal (AGR), e.g., MDEA
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Physical Absorption Acid Gas Removal (AGR), e.g., Selexol®, Rectisol

Post Combustion Controls

Flue Gas Desulfurization (FGD)

The Sulfur dioxide BACT for the proposed CTG/HRSG when operating on natural gas is PUC
grade natural gas fuel with less than 0.75 grains/100scf sulfur content.

2. Evaluate Technical Feasibilities

Acid Gas Removal (AGR)

In the gasification process sulfur in the petcoke or coal feedstock converts primarily to
hydrogen sulfide (H,S). Solvent-based acid gas cleanup is commonly used for “gas
sweetening” processes in petroleum refinery fuel gas or tail gas treating units, where H,S in
the process gas is removed before use as a fuel. The removed H;S is recovered either as
elemental sulfur in a Sulfur Recovery Unit (e.g., using a Claus process).

In a chemical absorption process, acid gases in the sour syngas are removed by chemical
reactions with a solvent that is subsequently separated from the gas and regenerated. The
chemical absorption occurs in amine-based systems that use solvents such as
methyldiethanol-amine (MDEA). Amine solvents chemically bond with the H,S. The H,S
can be easily liberated with low-level heat in a stripper to regenerate the solvent.

Lower levels of sulfur removal are possible using physical absorption AGR systems.
Physical absorption methods, including Selexol™ and Rectisol™, use solvents that dissolve
acid gases under pressure. Selexol or Rectisol are normally applied when low syngas sulfur
levels are required for SCR. Solubility of an acid gas is proportional to its partial pressure
and is independent of the concentrations of other dissolved gases in the solvent.
Consequently, increased operating pressure in an absorption column facilitates separation
and removal of an acid gas like H,S. The dissolved acid gas can then be removed from the
solvent, which is regenerated, by depressurization in a stripper.

To selectively remove H,S and CO,, two absorption and regeneration columns or two-stage
process are required. In general, H,S is selectively removed in the first column by a lean
solvent that has been deeply stripped with steam, while CO,is removed, from the now H,S-
free gas, in the second absorber. The second-stage solvent can be regenerated if very deep
CO; removal is required. If only bulk CO, removal is required, then the flashed gas,
containing the bulk of the CO,, can be vented and the second regenerator duty can be
substantially lowered or be totally eliminated.

A detailed technology assessment was completed by the Applicant and discussed in Section
6, Alternatives.

Flue Gas Desulfurization (FGD)

Flue gas desulfurization (FGD) is a post-combustion SO, control technology that reacts an
alkaline with SO, in the exhaust gas. Typical FGD processes operate by contacting the
exhaust gas downstream of the combustion zone with an alkaline slurry or solution that
absorbs and subsequently reacts with the acidic SO,. FGD technologies may be wet, semi-
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dry, or dry based on the state of the reagent as it is injected or pumped into the absorber
vessel. Also, the reagent may be regenerable (where it is treated and reused) or non-
regenerable (all waste streams are de-watered and either discarded or sold). Wet, calcium-
based processes, which use lime (CaO) or limestone (CaCOs) as the alkaline reagent, are the
most common FGD systems in PC unit applications. After the exhaust gas has been
scrubbed, it is passed through a mist eliminator and exhausted to the atmosphere through a
stack

FGD systems are commonly employed in conventional PC plants, where the concentration of
oxidized sulfur species in the exhaust is relatively high. If properly designed and operated,
FGD technology can reliably achieve more than 95% sulfur removal. However, FGD cannot
provide as high a level of control as the pre-combustion AGR systems. In addition, FGD has
the environmental drawbacks of substantial water usage and the need to dispose of a solid
byproduct (the scrubber sludge). The solid by-product requires the installation of a
significant number of ancillary support systems to accommodate treatment, handling, and
disposal. Given these disadvantages and the fact that FGD could not achieve the high
removal efficiencies associated with AGR, even though FGD is not technically infeasible, it
is not considered to be a reasonable technical option for IGCC. Therefore FGD will not be
considered further in this BACT analysis

3. Rank Control Technologies

Both chemical and physical absorption methods for AGR are considered feasible for an IGCC,
and can achieve control of the sulfur in syngas up to 99% or better. Both of these systems are
further considered in the BACT analysis. A detailed technology assessment was completed by
the Applicant and discussed in Section 6, Alternatives.

4. Evaluate Control Options

Physical absorption AGR systems (including Selexol™ and Rectisol™) are considered as
feasible sulfur dioxide and sulfuric acid mist control technology for the proposed CGT/HRSG
turbine. Selexol™ has been selected as BACT for all other recent IGCC permits. Rectisol™ has
never been applied to other coal-based IGCC processes. However, Rectisol™ offers better gas
cleanup in comparison to Selexol™ or MDEA.

Table 6-5 shows the typical SO, BACT determination (when firing hydrogen-rich fuel and
natural gas respectively) and control technology for other recently permitted IGCC projects, in
comparison with HECA’s proposed SO, BACT for the CTG/HRSG.

D2-21 URS



APPENDIX D2

BEST AVAILABLE CONTROL TECHNOLOGY (BACT) SECTION

Table 6-5
SO, BACT Emission Limit Comparison

Emission Limit on Hydrogen-

rich fuel Emission Limit on Nat Gas
Ib/MMBTU
SO, BACT Hydrogen- Ib/MMBTU
Facility State MW Turbine  Technology ppm rich fuel ppm NG
<5 ppm Sulfur in
GE Model undiluted 0.75
Number AGR, Hydrogen-rich grains/100
HECA CA 250 7FB. Rectisol fuel 0.003 scf 0.002
Cash Creek GE Model
Generation Number AGR,
Station KY 630 7FB. Selexol 3.8a 0.0158 0.0006
Edwardsport GE Model
Generating Number AGR,
Station IN 630 7FB. Selexol 0.0138b 0.0006b
GE Model 10 ppm Sulfur in
Taylorville 630 Number AGR, Hydrogen-rich
Energy Center IL (net) 7FB. Selexol fuel 0.016 0.001
Notes:

# Parts per million by volume, dry basis, corrected to 15% O2
® Calculated. from mass emissions rate of 2.9 Ib/hr on Hydrogen-rich fuel and 1.30 Ib/hr on Natural Gas

MMBtu = million British thermal units
MW = megawatt
ppm = parts per million

As shown in Table 6-5, the BACT limitation for SO, emissions from HECA CTG/HRSG when
firing hydrogen-rich fuel is more stringent than the historic BACT determination for other
recently permitted IGCC units. This emission limitation represents a removal efficiency that is
better than the emission achieved in practice at currently operating IGCC units and the lowest
proposed emission limits compared to recently permitted IGCC units

NSPS 40 CFR 60 Subpart Da is considered as the BACT “floor” for this source category. The
proposed SO, emission limits are significantly lower than the applicable NSPS Subpart Da limit
of 180 ng/J (1.4 Ib/MWh) or 95 percent reduction on a 30-day rolling average.

When firing natural gas, sulfur dioxide emission from CTG/HRSG is slightly higher than other
recently permitted IGCC units. The Sulfur dioxide BACT for the proposed CTG/HRSG when
operating on natural gas is PUC grade natural gas fuel with less than 0.75 grains/100 scf sulfur
content.

5. Select Control Technology

The final step in the top-down BACT analysis process is to select BACT based on the results of
the previous steps. HECA selected Rectisol as syngas cleanup control technology to remove
sulfur dioxide from the hydrogen-rich fuel stream entering the CTG/HRSG. The reduction
efficiency of Rectisol is above the NSPS floor requirement, and the overall performance of this
technology is more stringent than the historic BACT determination for other recently permitted
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IGCC units. The following emission limit resulting from the implementation of these
technologies is proposed for each combustion turbine.

HECA proposed the PM BACT-based limit of < 5 ppmv sulfur in undiluted H; - rich syngas and
<0.75 grains/100 scf of natural gas sulfur content, using AGR system (Rectisol) and PUC grade
natural gas.

6.1.5 Volatile Organic Compounds BACT Analysis for the CTG/HRSG

VOC:s are a product of incomplete combustion of the organic components of the hydrogen-rich
fuel. Hydrogen-rich fuel contains very low concentrations of VOC, and therefore, emissions of
VOC are inherently very low. Reduction of VOC emissions is accomplished by providing
adequate fuel residence time and high temperature in the combustion zone to ensure complete
combustion. A survey of the RBLC database indicated that good combustion control and
burning clean gas fuel are the VOC control technologies primarily determined to be BACT. The
advantage of IGCC technology is the fact that the combustion turbine operates on hydrogen-rich
fuel, a fuel which contains a very low organic content and, when burned, yields very low levels
of uncombusted VOC emissions.

1. Identify Control Technologies
The following VOC control technologies were evaluated for the proposed CTG/HRSG:

Combustion Process Controls

e Good Combustion Practices (GCPs)

Post Combustion Controls

e SCONO™

Oxidation Catalyst

2. Evaluate Technical Feasibilities
e Good Combustion Practices (GCPs)

Good combustion practices include the use of operational and design elements that optimize
the amount and distribution of excess air in the combustion zone to ensure optimum complete
combustion.

This technology has been determined to be BACT for VOC emissions in other operational or
recently permitted IGCC projects.

¢ SCONO™

The SCONOy system was evaluated in the NOy BACT analysis, and determined to be not
technically feasible for this unit.

e Oxidation Catalysts

Catalytic oxidation is a post-combustion control technology that utilizes a catalyst to oxidize
VOC. The catalyst beds that functions to reduce CO emissions can also be effective in
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reducing VOC emissions. Such systems typically achieve a maximum VOC removal
efficiency of up to 50 percent, while providing control for CO.

Because of the catalyst fouling concerns, the use of oxidation catalysts has been previously
limited to processes combusting natural gas. Oxidation catalysts have never been applied to
coal-based IGCC processes. Other operational or recently permitted IGCC projects
determined GCPs as the only feasible BACT for CO emissions. GE guarantees the turbine
exhaust can achieve VOC emission levels of 1.0 ppmvd VOC (at 15 % oxygen) when firing
hydrogen-rich fuel and 2.0 ppmvd CO (at 15 % oxygen) when operating on natural gas.

3. Rank Control Technologies

Oxidation catalyst is the only technically feasible VOC control technology identified in addition
to Good combustion practices.

4. Evaluate Control Options

GCPs is considered the baseline and only feasible and commercially demonstrated VOC control
technology for IGCC combustion turbines. GCP has been selected as BACT for all other recent
IGCC permits Oxidation catalysts have never been applied to other coal-based IGCC processes.
In comparison to other operational or recently permitted IGCC projects, this emission limitation
represents a removal efficiency that is lower than the emission achieved in practice at currently
operating IGCC units and the lowest proposed emission limits for proposed coal-fired units,
including other proposed IGCC units.

Table 6-6 shows the typical VOC BACT determination (when firing hydrogen-rich fuel and
natural gas respectively) and control technology for other recently permitted IGCC projects, in
comparison with HECA’s proposed VOC BACT for the CTG/HRSG.

Table 6-6

VOC BACT Emission Limit Comparison

Emission Limit on Emission Limit on Nat

Hydrogen-rich fuel Gas
vVOC Ib/MMBTU
BACT Hydrogen-rich
Facility State MW Turbine  Technology ppm fuel ppm Ib/MMBTU NG
GE Model
Number CO catalyst
HECA CA 250 7FB. and GCP 1° 0.0016 2° 0.0028
Cash Creek GE Model
Generation Number
Station KY 630 7FB. GCP N/A N/A
Edwardsport GE Model
Generating Number
Station IN 630 7FB. GCP 0.0016° 0.0016"
GE Model
Taylorville 630 Number
Energy Center IL (net) 7FB. GCP N/A N/A
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Notes:
# Parts per million by volume, dry basis, corrected to 15% O2
® Calculated. from mass emissions rate of 3.3 Ib/hr on Hydrogen-rich fuel and Natural Gas

MMBtu = million British thermal units
MW = megawatt

ppm = parts per million

VOC = volatile organic compound

As shown in Table 6-6, the BACT limitation for VOC emissions from HECA CTG/HRSG is
comparable with the historic BACT determination for other recently permitted IGCC units. This
emission limitation represents a removal efficiency that as good as the emission proposed in
recently permitted IGCC units

5. Select Control Technology

The final step in the top-down BACT analysis process is to select BACT based on the results of
the previous steps. As explained, GCPs and oxidation catalyst are the appropriate control
technique for setting BACT-based emission limits.

HECA proposed the VOC BACT-based limit of 1.0 ppmvd @15% O2 while firing hydrogen-
rich fuel and 2.0 ppmvd VOC at 15% O2 while firing natural gas during non-startup operation,
using Good Combustion Practices (GCPs) and oxidation catalyst.

6.2  Auxiliary CTG BACT Analysis

The following is the BACT analysis for the proposed auxiliary combustion turbine (Aux CTG).
The proposed Aux CTG is a 103 MW natural gas fired GE LMS100® in a simple cycle
configuration, equipped with water injection for nitrogen oxide control. Post combustion
emissions controls will include SCR and CO Catalyst systems natural gas.

HECA proposed to apply the SIVAPCD BACT Guidelines for Gas Turbine >= 50 MW, Uniform
Load, without Heat Recovery as the BACT for the Aux CTG unit.

6.2.1 Nitrogen Oxides BACT Analysis for the Auxiliary CTG

The achieved in practice or contained in the SIP BACT guideline for NOy is 5.0 ppmvd @ 15%
O,, based on a three-hour average with high temperature SCR, or equal. The NOy emission
limitation of 2.5 ppmvd @ 15% O,, (3-hour average) is categorized as technically feasible
control technology.

HECA proposed the application of water injection as combustion process control and SCR as
post combustion control to reduce NOy emission from the Auxiliary CTG down to 2.5 ppmvd @
15% O, As explained in the BACT analysis for the CTG/HRSG unit, water injection reduces the
formation of thermal NOy in the combustion chamber by reducing the peak flame temperature,
while SCR promotes the conversion of NOy to molecular nitrogen.

6.2.2 Carbon Monoxide BACT Analysis for the Auxiliary CTG

The achieved in practice or contained in the SIP BACT guideline for CO is 6.0 ppmvd @ 15%
O,, based on a three-hour average with Oxidation catalyst, or equal, technology. HECA
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proposed the application of GCPs and CO catalyst as the control technology to reduce CO
emission from the Auxiliary CTG down to 6.0 ppmvd @ 15% O, as recommended in the BACT
guideline.

6.2.3 Particulate Emissions BACT Analysis for the Auxiliary CTG

The achieved in practice or contained in the SIP BACT guideline for PMj is Air inlet
cooler/filter, lube oil vent coalescer (or equal) and either PUC regulated natural gas, LPG, or
non-PUC regulated gas with < 0.75 grains Sulfur/100 dscf.

HECA auxiliary CTG is equipped with the following accessories to provide safe and reliable
operation: evaporative coolers, inlet air filters, metal acoustical enclosure, duplex shell; and tube
lube oil coolers for the turbine and generator, compressor water wash system, fire detection and
protection system, hydraulic starting system, and compressor variable bleed valve vent. In
addition, this unit exclusively combusts PUC grade natural gas with < 0.75 grains /100 dscf
sulfur content. Therefore, the unit meets the recommended BACT emission limitation.

6.2.4 Sulfur Oxides BACT Analysis for the Auxiliary CTG

The achieved in practice or contained in the SIP BACT guideline for sulfur oxides is PUC
regulated natural gas, LPG, or non-PUC regulated gas with < 0.75 grains S/100 dscf. As
mentioned in the previous section, the auxiliary CTG is proposed to exclusively fueled by PUC
regulated gas with < 0.75 grains S/100 dscf. Therefore, this unit meets the recommended BACT.

6.2.5 Volatile Organic Compounds BACT Analysis for the Auxiliary CTG

The achieved in practice or contained in the SIP BACT guideline for VOC is 2.0 ppmvd @ 15%
O,, based on a three-hour average with Oxidation catalyst, or equal, technology. HECA
proposed the application of GCPs and CO catalyst as the control technology to reduce VOC and
CO emission from the Auxiliary CTG down to 2.0 ppmvd @ 15% O, as recommended in the
BACT guideline.

6.3  Cooling Towers Particulate Emissions BACT Analysis

There will be three cooling towers proposed for the Project. Two of the three cooling towers
(Gasification cooling tower and the ASU cooling tower) are associated with the gasification
process with the other cooling tower (Power block cooling tower) used by the power block.
Compared to similar sized combined cycle power plants, the power block cooling duty is
somewhat greater due to the heat integration with gasification resulting in the generation of
additional steam for power production in the steam turbine. Each tower has a separate cooling
water basin, pumps, and piping system, and operates independently. The cooling water will
circulate through a mechanical draft-cooling tower, which uses electric motor-driven fans to
move the air into contact with the flow of the cooling water. The heat removed in the condenser
will be discharged to the atmosphere by heating the air and through evaporation of some of the
cooling water.

The power block cooling tower is designed for an approximate capacity of 175,000 gallons per
minute (gpm) of water with an hourly circulation rate of 88 million Ib/hr. The ASU and
gasification block cooling water system designs are similar to the power block cooling design,
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but they have substantially lower duties. The ASU cooling tower circulation rate is
approximately 40,000 gpm, and the gasification cooling tower circulation rate is about 42,000

All cooling towers are supplied with high efficiency drift eliminators designed to reduce the
maximum drift, that is, the fine mist of water droplets entrained in the warm air leaving the
cooling tower, to less than 0.0005 % of the circulating water flow. Circulating water could range
in TDS depending on makeup water quality and tower operation. Therefore, PM;¢ emissions
would vary proportionately.

Wet (evaporative) cooling towers emit aqueous aerosol “drift” particles that evaporate to leave
crystallized solid particles that are considered PM( emissions. The proposed control technology
for PM is high-efficiency drift eliminators to capture drift aerosols upstream of the release
point to the atmosphere.

1. Identify Control Technologies

The following particulate matter control technologies were evaluated for the proposed cooling
towers:

Potential Cooling Tower Control Technology

e Drift Elimination System with limited TDS level

2. Evaluate Technical Feasibilities

High efficiency drift eliminators and limits on total dissolved solids (TDS) concentration in the
circulating water are the techniques which set the basis for cooling tower BACT emission limits.
The efficiency of drift eliminator designs is characterized by the percentage of the circulating
water flow rate that is lost to drift. The drift eliminators to be used on the proposed cooling
tower will be designed such that the drift rate is less than 0.0005% of the circulating water.
Typical geometries for the drift eliminators include chevron

There is no PM;o BACT guideline for mechanical draft cooling towers in STVAPCD. However,
the use of high-efficiency drift eliminating media to de-entrain aerosol droplets from the air flow
exiting the wetted-media tower is a commercially proven technique to reduce PM;( emissions.
Compared to “conventional” drift eliminators, advanced drift eliminators reduce the PM
emission rate by more than 90 percent.

In addition to the use of high efficiency drift eliminators, management of the tower water balance
to control the concentration of dissolved solids in the cooling water can also reduce particulate
emissions. Dissolved solids accumulate in the cooling water due to increasing concentration of
dissolved solids in the make-up water as the circulating water evaporates, and, secondarily, to
addition of anti-corrosion, anti-biocide additives.

3. Rank Control Technologies

A drift elimination system is the only technically feasible control technology identified for the
proposed cooling towers, and has been historically been selected as BACT for other projects.
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4. Evaluate Control Options

The highest control efficiency to reduce the PM,( emission from the proposed cooling towers
involves the instillation of drift eliminators and adoption of TDS limit for the circulating water.
Development of increasingly effective de-entrainment structures has resulted in equipment
vendors claims that a cooling tower may be specified to achieve drift release no higher than
0.0005 percent of the circulating water rate for HECA project. This level of reduction has been
approved in other recently permitted IGCC projects.

5. Select Control Technology

The final step in the top-down BACT analysis process is to select BACT based on the results of
the previous steps. As has been explained, drift elimination system is selected as BACT for the
proposed cooling towers. The proposed cooling tower will be designed with a high efficiency
drift elimination system to minimize potential drift and particulate emissions achieving a
maximum drift of 0.0005% of the circulating water. This measure, along with a limit on the
circulating water TDS is considered to be the best available control option for particulate
emissions from the cooling towers

6.4  Auxiliary Boiler BACT Analysis

The auxiliary boiler will provide steam to facilitate CTG startup and for other industrial
purposes. The auxiliary boiler will be designed to burn pipeline-quality natural gas at the design
maximum fuel flow rate of 142 MMBtu/hr (HHV). During normal operation, the auxiliary boiler
may be kept in warm standby (steam sparged, no firing) or cold standby (no firing), and will not
have emissions. The boiler will produce a maximum of about 100,000 pounds per hour of steam.

Pollutant emissions from natural gas boiler units include NOy, PM;o, CO, SO,, and VOCs. The
auxiliary boiler emissions are based on 2,190 hours of operation per year. The applicant is
proposing proper boiler design and operation, low NOy combustors with flue gas recirculation
and use of natural gas to be BACT for the auxiliary boiler. This emission limitation is proposed
to meet the STIVAPCD BACT Guidelines for greater than 20.0 MMBtu/hr natural gas fired boiler
(base-loaded or with small load swings)

1. Identify Control Technologies

The following criteria pollutant emissions control technologies were evaluated for the proposed
auxiliary boilers:

Potential Auxiliary Boiler Control Technology

e Good Combustion Practices (GCP)

e Low NOy combustor (LNB)

e (O Oxidation Catalysts

e Low NOy combustor (LNB) with Flue Gas Recirculation (FGR)
e Selective Catalytic Reduction (SCR)

e Selective Non-Catalytic Reduction (SNCR)
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6.4.1 Nitrogen Oxides BACT Analysis for the Auxiliary Boiler

2. Evaluate Technical Feasibilities

Low NO, Combustors

Low NOy combustor reduces thermal NOy formation of by regulating the distribution and
mixing of fuel and air to control the stoichiometry and temperature of combustion.
Historically, low NOy combustors have been selected as BACT for natural gas-fired auxiliary
boilers. Therefore, low NOy combustor technology is technically feasible for the proposed
auxiliary boiler.

Low NO, Combustors with Flue Gas Recirculation

Flue gas recirculation (FGR) reduces boiler NOy emissions by recirculating a portion of the
flue gas into the main combustion chamber. The increase in gas flow within the combustion
chamber reduces the peak combustion temperature and oxygen in the combustion air/flue gas
mixture, hence reduces the formation of thermal NOy NOx NOy NOy. The application of
FGR is typically in combination with low NOy combustor technology and has been selected
as BACT for some auxiliary boiler processes. Therefore, FGR is considered technically
feasible for the proposed auxiliary boiler.

Selective Catalytic Reduction (SCR)

SCR is a technology that achieves post-combustion reduction of NOy from flue gas within a
catalytic reactor. The SCR process involves the injection of ammonia (NH3) into the exhaust
gas stream upstream of a specialized catalyst module to promote the conversion of NOy to
molecular nitrogen. SCR technology has been most commonly applied pulverized coal
generating units and to natural gas fired combustions turbines. However, there is no
examples have been identified where an SCR has been applied to an auxiliary boiler. The
auxiliary boiler will provide steam to facilitate CTG startup and kept in warm standby (steam
sparged, no firing) or cold standby during normal operation. This operation results in
varying flue gas characteristics that may not suitable for continuous SCR operation.
Therefore, SCR is not technically feasible for the intended operation of the auxiliary boiler.

Selective Non-Catalytic Reduction (SNCR)

Selective Non-Catalytic Reduction (SNCR) is a post-combustion NOy control technology in
which a reagent (NH; or urea) is injected into the exhaust gases to react chemically with NOx
to form elemental nitrogen and water without the use of a catalyst. The success of this
process in reducing NOy emissions is highly dependent on the ability to achieve uniform
mixing of the reagent into the flue gas, which must occur within a narrow flue gas
temperature zone (typically from 1,700°F to 2,000°F).

The consequences of operating outside the optimum temperature range are severe. Above
the upper end of the temperature range, the reagent will be converted to NOy. Below the
lower end of the temperature range, the reagent will not react with the NOy resulting in very
high NHj slip concentrations (NH3 discharge from the stack).

D2-29 URS



APPENDIX D2
BEST AVAILABLE CONTROL TECHNOLOGY (BACT) SECTION

SNCR has never been applied in auxiliary boiler unit, primarily because there are no flue gas
locations within the process with the optimal requisite temperature and residence time
characteristics to facilitate the SNCR flue gas reactions. Therefore, SNCR is not technically
feasible for this unit.

3. Rank Control Technologies

The use of low NOy combustor and flue gas recirculation is the only technically feasible control
option identified for reducing NOy emissions. These control technologies are commonly used in
combination and has been historically been selected as BACT for other projects.

4. Select Control Technology

Low NOy combustor technology and flue gas recirculation have historically been selected as
BACT for natural gas fired auxiliary boilers. These technologies are commonly used in
combination to reduce NOx emissions in other recently permitted IGCC projects.

The proposed auxiliary boiler will be designed with a Low NOyx combustor technology and flue
gas recirculation achieving a maximum NOy emission concentration of 9 ppm NOy @ 3% O2 on
natural gas fuel.

6.4.2 Carbon Monoxide BACT Analysis for the Auxiliary Boiler

Poor fuel mixing degree, lack of available oxygen, or low temperatures in the combustion zone is
common cause of incomplete combustion that resulted in CO emissions. Fuel quality and good
combustion practices can limit CO emissions. Good combustion practice has commonly been
determined as BACT for natural gas fired auxiliary boilers. Post-combustion control
technologies utilizing catalytic reduction have also been utilized in some processes to reduce CO
and VOC emissions.

2. Evaluate Technical Feasibilities

Good Combustion Practices

Good combustion practices include the use of operational and design elements that optimize the
amount and distribution of excess air in the combustion zone to ensure complete combustion.
Good combustion practice has historically been determined as BACT for CO and VOC
emissions from auxiliary boilers and is a technically feasible control strategy for the proposed
auxiliary boiler.

Oxidation Catalyst

Catalytic oxidation is a post-combustion control technology that utilizes a catalyst to oxidize CO
and VOC into CO, or H,O. The technology has most commonly been applied to natural gas
fired combustion turbines. No examples were identified where oxidation catalyst technology has
been applied to an auxiliary boiler. Because of the low potential CO and VOC emission without
an oxidation catalyst and the limited use of the proposed auxiliary boiler, the use of catalytic
oxidation technology is determined to be not feasible.
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3. Rank Control Technologies

Good combustion practice is the only feasible control strategy identified, and has historically
been selected as BACT for CO emissions from the auxiliary boiler.

4. Select Control Technology

The use of good combustion practices has been selected as BACT for potential CO emission
from the proposed auxiliary boiler. Boiler vendor information indicates that a CO worst case
hourly emission for the proposed auxiliary boiler is 50 ppmvd @ 3% O2.

6.4.3 Particulate Emissions, Sulfur Oxides, Volatile Organic Compounds BACT Analysis
for the Auxiliary Boiler

For these pollutants, the commercially available control measures that are identified in the most

stringent BACT determinations are use of low-sulfur, PUC natural gas, and GCP. Based on

SIVAPCD BACT Guidelines for > 20.0 MMBtu/hr Natural gas fired Boiler (base-loaded or with

small load swings), add-on controls were not implemented to achieve BACT limits for these

pollutants.

Boiler vendor information indicates that the worst case hourly emissions for this unit with these
technologies will be 0.005 Ib SO,/MMBtu, 0.004 1b VOC /MMBtu and 0.005 Ib
PM,¢/MMBtu.These rates, or corresponding Ib/hour emission rates, are proposed as BACT limits
for the auxiliary boiler emission unit

6.5 Diesel Engines BACT Analysis

HECA project will include two 2,800HP standby diesel generators and one 556 HP, standby
firewater pump. HECA proposed to apply the STVAPCD BACT Guidelines for Emergency
Diesel I.C. Engine = or > 400 hp as the BACT for the standby diesel generator engines and
SJIVAPCD BACT Guidelines for Emergency Diesel I.C. Engine Driving a Fire Pump as the
BACT for the standby firewater pump engine The BACT emission limits will be achieved by the
following control effort.

e Low Sulfur Fuel Selection

The diesel engines will exclusively combust ultra-low sulfur diesel fuel. SO, emissions were
estimated using ultra-low sulfur diesel fuel containing 15 ppm sulfur.

e (Clean Combustion Process Selection
The engines will meet EPA Tier 4 emissions standards for 2011 model equipment.

Standby diesel generator engine: 0.3 g/bhp-hr NMHC; 0.5 g/bhp-hr NOy; 2.6 g/bhp-hr CO;
0.07 g/bhp-hr PM

Standby firewater pump engine: 0.14 g/bhp-hr NMHC; 1.5 g/bhp-hr NOy; 2.6 g/bhp-hr CO;
0.015 g/bhp-hr PM

e Restricted Operating Hours
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The standby diesel generators will operate less than fifty hours per year per engine for non-
emergency purposes such as: routine testing, maintenance, and inspection purposes. The fire
pump will operate than fifty hours per year per engine for non-emergency purposes.

6.5.1 BACT Analysis for the Standby Diesel Generators

The achieved in practice or contained in the SIP BACT guideline for NOy is certified emissions
of 6.9 g/bhp-hr or less. The proposed control of using engines that meet EPA Tier 4 emissions
standards for 2011 model equipment will meet this BACT limit with 0.5 g/bhp-hr NO.
Although it is technically feasible to install add on NOy control, this option is cost prohibitive
due to the emergency nature of the engine operations.

The achieved in practice or contained in the SIP BACT guideline for CO is 2.0 g/bhp-hr. The
vendor emission factor for the diesel engines guaranteed 0.29 g/bhp-hr of CO emission. This
emission limit is substantially below the required BACT limit. Although it is feasible to install
CO oxidation catalyst to further reduce CO emissions from the engines, the cost for oxidation
catalyst for CO control will be prohibitive, given the low number of routine operating hours per
year of the engines.

The achieved in practice or contained in the SIP BACT guideline for PM;g is 0.1 grams/bhp-hr
(if TBACT is triggered) or 0.4 g/bhp-hr (if TBACT is not triggered). The proposed control of
using engines that meet EPA Tier 4 emissions standards for 2011 model equipment will meet
this BACT limit with 0.07 g/bhp-hr PM.

The achieved in practice or contained in the SIP BACT guideline for sulfur oxides is low-sulfur
diesel fuel (500 ppmw sulfur or less) or Very Low-sulfur diesel fuel (15 ppmw sulfur or less).
The standby diesel generator engines will exclusively combust ultra-low sulfur diesel fuel. SO,
emissions were estimated using ultra-low sulfur diesel fuel containing 15 ppm sulfur.

There is no numerical emission limit achieved in practice or contained in the SIP BACT
guideline for VOC. The proposed control of using engines that meet EPA Tier 4 emissions
standards for 2011 model equipment proposed a BACT limit with 0.3 g/bhp-hr VOC for this
unit.

6.5.2 BACT Analysis for the Firewater Pump Diesel Engine

The achieved in practice or contained in the SIP BACT guideline for NOy is certified emissions
of 6.9 g/bhp-hr or less. The proposed control of using engines that meet EPA Tier 4 emissions
standards for 2011 model equipment will meet this BACT limit with 1.5 g/bhp-hr NOx.
Although it is technically feasible to install add on NOy control, this option is cost prohibitive
due to the emergency nature of the fire water pump engine operations.

There is no numerical emission limit achieved in practice or contained in the SIP BACT
guideline for CO. The proposed control of using engines that meet EPA Tier 4 emissions
standards for 2011 model equipment proposed a BACT limit with 2.6 g/bhp-hr CO for this unit.
Although it is feasible to install CO oxidation catalyst to further reduce CO emissions from the
engines, the cost for oxidation catalyst for CO control will be prohibitive, given the low number
of routine operating hours per year of the fire water pump.
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The achieved in practice or contained in the SIP BACT guideline for PM;g is 0.1 grams/bhp-hr
(if TBACT is triggered)or 0.4 grams/bhp-hr (if TBACT is not triggered). The proposed control
of using engines that meet EPA Tier 4 emissions standards for 2011 model equipment will meet
this BACT limit with 0.015 g/bhp-hr PM.

The achieved in practice or contained in the SIP BACT guideline for sulfur oxides is low-sulfur
diesel fuel (500 ppmw sulfur or less) or ultra-low sulfur diesel fuel (15 ppmw sulfur or less).
The firewater pump diesel engine will exclusively combust ultra-low sulfur diesel fuel. SO,
emissions were estimated using ultra-low sulfur diesel fuel containing 15 ppm sulfur.

There is no numerical emission limit achieved in practice or contained in the SIP BACT
guideline for VOC. The proposed control of using engines that meet EPA Tier 4 emissions
standards for 2011 model equipment proposed a BACT limit with 0.14 g/bhp-hr VOC for this
unit

6.6  Ground Flare BACT Analysis

Two flare control technologies were evaluated for the proposed facility: an elevated flare and an
enclosed ground flare. Elevated flare technology utilizes a stack to vent combustible process
gases to a combustor located at the top resulting in an open flame at the stack discharge.
Elevated flares provide for greater dispersion of heat and combustion products than ground
flares. Elevated flares are the most common technology used by refinery, steel, and chemical
industries, and are used by operational and recently permitted IGCC projects.

Reduced noise, reduced visual impact, and better CO destruction resulted in the selection of the
enclosed ground flare for the gasification block. The gasification block will be provided with a
totally enclosed ground flare to safely dispose of gasifier startup gases, hydrogen-rich fuel during
AGR startup, hydrogen-rich gas during short-term emergency combustion turbine outages, or
other various streams within the Project during other unplanned upsets or equipment failures.
The low pressure sour syngas sent to the flare from the gasification and shift units during
shutdown depressurizing operations are first scrubbed in the Gasification Amine Absorber to
remove essentially all the sour sulfur compounds. Flaring of untreated syngas or other streams
within the plant would only occur as an emergency safety measure during unplanned plant upsets
or equipment failures. The ground flare is designed with multiple combustor tiers and sufficient
residence time at about 1,600°F to ensure complete combustion.

The gasification process flare will emit criteria pollutants that are products of combustion.
However, the chemical compositions of the predominant gaseous fuels that would be flared, i.e.,
syngas and natural gas, results in very low emissions of PMy, SO, and VOC. For the syngas
case, there is very little unoxidized carbon in the fuel, which limits the formation of particulate
matter during combustion even below the rate for natural gas. Formation of SO, is limited by the
pre-treatment of the syngas flare stream, and the inherently low sulfur content of pipeline natural
gas.

1. Identify Control Technologies

The following control technologies were evaluated for the proposed gasification block enclosed
ground flare:
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Clean pilot fuel (Natural gas) and Good Combustion Practices
Low NOy Combustor
Add-On Controls

2. Evaluate Technical Feasibilities

e C(lean pilot fuel (Natural Gas) and Good Combustion Practices

A certain level of flame temperature control can be exercised for the enclosed flare by
implementing fuel/air ratio control. In its most sophisticated form, this control utilizes
feedback control from oxygen monitors to modulate fuel and air rates in order to maintain the
load demand, while reducing pollutant formation. Flare BACT options that have been
achieved in practice in California (e.g., California Air Pollution Control Officers Association
[CAPCOA] BACT Clearinghouse) indicate the incorporation of natural gas pilot and “proper
burner management and monitoring” are used to control the emissions of CO, VOCs and
NOy . The ground flare is also designed with multiple combustor tiers and sufficient
residence time at about 1,600°F to ensure complete combustion.

¢ Low NO, Combustor

Low- NOx combustors (LNB) and ultralow NO combustors (ULNB) technology alter air to
fuel ratio in the combustion zone by staging the introduction of the air to promote a “lean-
premixed” flame. This results in lower combustion temperatures and reduced NOy
formation. Such designs are not available for enclosed, ground-level flares, which do not
have a confined combustion zone that would allow staged introduction of fuel and air
streams. Therefore this control technology is not feasible for the proposed ground flare.

e Add-On Controls

The gasification block flare is not a candidate for add-on abatement systems. It is generally
recognized in the chemical process industries that adoption of add-on control can impede the
ability of a flare to respond to unexpected upset conditions. Therefore this control
technology is not feasible for the proposed ground flare.

For plant safety, the flare must provide a “fail-safe” that is available regardless of the functioning
of pollution control devices.

3. Rank Control Technologies

The use of natural gas as pilot fuel and good combustion practices were identified as the only
technically feasible criteria pollutant emissions control technologies applicable to the proposed
enclosed ground flare.

4. Evaluate Control Options

As determined in the last section, the use of natural gas as pilot fuel and good combustion
practices are the only feasible control strategy identified. Based on review of SJVAPCD BACT
guideline, there is no BACT determination source category for flare that supports gasification
process.
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5. Select Control Technology

The final step in the top-down BACT analysis process is to select BACT based on the results of
the previous steps. As has been explained, use of natural gas as pilot fuel and good combustion
practices are selected as BACT for the proposed enclosed ground flare. The proposed enclosed
ground flare will be designed with multiple combustor tiers and sufficient residence time at about
1,600°F to ensure complete combustion. This measure, along with natural gas pilot and
processes flare gas for non-emergency operation are considered to be the best available control
option for criteria pollutant emissions from the ground flare. The proposed control and criteria
pollutant emissions for the enclosed ground flare are summarized as follows.

Table 6-7
Ground Flare Total Criteria Pollutant Emissions
Emissions
Pilot Start-Up/ Total Total
Pollutant (ton/yr) Shut-Down (ton/yr) (ton/qtr) (ton/yr)

NO, 0.26 4.04 1.08 4.3

CO 0.18 44.76 11.23 449

vOC 0.003 0.00 0.001 0.003

SO, 0.004 0.00 0.001 0.004

PM,;o = PM, s 0.01 0.00 0.002 0.01
Notes:
CO = carbon monoxide
NO, = oxides of nitrogen
PM,,=PM,s = particulate matter 10 microns in diameter and is assumed to equal PM, 5 = particulate matter 10

microns in diameter

SO, = sulfur dioxide
vVocC = volatile organic compound

6.7  Sulfur Recovery System BACT Analysis

The sulfur recovery system is designed to process acid gas streams from the acid gas removal
(AGR) system and IGCC process into an elemental sulfur by-product. Sulfur is removed from
the processing facility through a sulfur complex which consists of a Claus unit (thermal stage)
plus catalytic converters otherwise known as the Sulfur Recovery Unit (SRU), and a Tail Gas
Treating Unit (TGTU). The SRU is a totally enclosed process with no discharges to the
atmosphere. The tail gas from the SRU is composed mostly of carbon dioxide, water vapor, and
sulfur vapor with trace amounts of hydrogen sulfide and sulfur dioxide. The tail gas is routed to
the TGTU where the majority of the sulfur is recovered. The overhead of the TGT Unit is the
only emission source in this system that mainly emits a gas stream with H,S and reduced sulfur
concentrations.

The proposed sulfur process facility consists of 2 by 50 percent SRUs, 1 by 100 percent and
TGTU. The SRU and TGTU give an overall sulfur recovery efficiency of 99.9 percent.
Associated with the operation of the sulfur recovery system, HECA proposed the integral use of
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a flare, caustic scrubber, and thermal oxidizer as control devices to provide for the safe and
efficient destruction of combustible gas streams. These control devices are primarily utilized
intermittently during short-term periods of startup, shutdown, and malfunction operations.

1. Identify Control Technologies

The following control technologies were evaluated for the proposed Sulfur Recovery System:
e Thermal Oxidizer

e Flare

e Caustic Scrubber

2. Evaluate Control Technologies
e Thermal Oxidizer

In the thermal oxidizer, the TGTU tail gas and other oxidizing streams are subjected to a high
temperature and a sufficient residence time to cause an essentially complete destruction of
reduced sulfur compounds such as hydrogen sulfide. The thermal oxidizer uses natural gas
to reach the necessary operating temperature for optimal thermal destruction. The thermal
oxidizer also controls emissions from various systems during normal operations, including
the sulfur pit vent. A continuous natural gas pilot will be in service on both controls. The
flare and thermal oxidizer are the only control technologies identified that are capable of
controlling the variable potential gas streams associated with the sulfur recovery process and
the startup, shutdown, and malfunction of the integrated IGCC systems.

Good thermal oxidizer design includes optimization of parameters that maintain efficiency,
such as temperature, residence time, and the mixing of gas streams in the combustion zone.
The proposed thermal oxidizer will use natural gas for preheating and to facilitate the
combustion of process gases in the thermal oxidizer. Implementation of these elements into
the design and operation of the thermal oxidizer, in combination with the use of a natural gas
pilot flame, will support a thermal oxidizer control technology that minimizes incomplete
combustion, which directly correlates to potential criteria pollutant emissions.

o Flare

Emissions from the IGCC gas cleanup process cannot be directed to certain control systems
and/or the combustion turbines during startup and shutdown operations, or during operational
malfunctions. Directly venting these emissions to the atmosphere could result in very high
concentrations of SO,, CO, VOC, NOy, and/or H2504 being released. In this case, a flare is
selected to accommodate the variability inherent in these operations.

Acid gas derived from the AGR, gasification unit is normally routed to the SRU for recovery
as elemental sulfur. To reduce the emissions of sulfur compounds to the environment, the
acid gas is routed to the Emergency Caustic Scrubber, which will be discussed in the next
subsection, prior to being directed to the elevated flare Enclosed ground flares have the
potential to minimize flame appearance and provide a setting for monitoring post-combustion
gas streams. However, they are not technically feasible for the proposed facility because of
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safety and reliability concerns. Therefore, the elevated flare design was selected for this
project.

e Caustic Scrubber

During cold plant startup of the gasification block, acid-gas streams will be diverted to a
caustic scrubber prior to being directed to the elevated flare for a short time. The caustic
scrubber removes H»S from the acid gas stream with an anticipated scrubbing efficiency of at
least 99.6% sulfur removal.

3. Select Control Technology

The final step in the top-down BACT analysis process is to select BACT based on the results of
the previous steps. As discussed, the use of flare, thermal oxidizer, and caustic scrubber are the
proposed technologies designed to control criteria pollutant emissions from the sulfur recovery
system in addition to an efficient IGCC process design. These technologies complement one
another and may operate in combination with each other.

Including the proposed control system to provide for the safe and efficient destruction of
combustible sulfur rich acid gas streams, the emissions from the sulfur recovery system are
categorized into two emission sources of tail gas thermal oxidizer and elevated flare. Each
emission source has its own emission control measure to reduce its criteria pollutant emissions.
The proposed control and criteria pollutant emissions for the sulfur recovery system are
summarized as follows.

Table 6-8
Sulfur Recovery System Emissions

Elevated Flare Emissions

Thermal Oxidizer Start-Up/
Emissions Pilot Shut-Down Total Total
Pollutant (Ib/MMBtu, HHV) (tonlyr) (ton/yr) (ton/qtr) (ton/yr)

NO, 0.13 0.16 0.0130 0.04 0.2
CO 0.04 0.11 0.0086 0.03 0.1
vOC 0.0070 0.002 0.0001 0.000 0.002
SO, See Below 0.003 0.05 0.014 0.1
PM;y=PM;5 0.008 0.004 0.0003 0.001 0.004

Assume an allowance of 2 Ib/hr SO, emission to account for sulfur in the various vent streams plus fuel
Notes:

CcoO = carbon monoxide

NO, = oxides of nitrogen

PM(=PM,5 = particulate matter 10 microns in diameter and is assumed to equal PM, 5 = particulate matter 10
microns in diameter

SO, = sulfur dioxide

voC = volatile organic compound
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6.8 CO, Vent BACT Analysis

The Project will produce electricity while substantially reducing greenhouse gas emissions by
capturing carbon dioxide (CO;). At least 90 percent of the carbon in the raw syngas will be
captured in a high-purity carbon dioxide stream during steady-state operation, which will be
compressed and transported by pipeline off site for injection into deep underground oil reservoirs
for enhanced oil recovery and sequestration.

A CO; vent stack will allow for infrequent venting of produced CO; from the AGR and TGTU
when the CO, injection system is unavailable, unable to export, or other upset condition. The
CO, vent will enable HECA to operate, rather than be disabled, by brief periods of gasifier
shutdown and subsequent gasifier restart. The CO, vent exhaust stream will be nearly all CO,,
with small amounts of CO, VOC, and H,S.

Due to the infrequent nature of the venting event, the option of adding add-on control technology
is cost prohibitive for this emission point. In order to reduce the impact of this infrequent
venting event, good engineering practice stack height, limited venting duration, and vent gas
concentration limits are selected as BACT for this source.

HECA proposed a maximum of 504 hours of venting duration for this unit. The pollutant
concentrations in the vent gas are limited to 1000 ppm for CO, 40 ppm for VOC, and 10 ppm for
H,S to reduce the overall impact of the venting event.

Good Engineering Practice Stack Height

The U.S. EPA provides specific guidance for determining the Good Engineering Practice (GEP)
stack height and for determining whether building downwash will occur in the Guidance for
Determination of Good Engineering Practice Stack Height (Technical Support Document for the
Stack Height Regulations). GEP is defined as "the height necessary to ensure that emissions
from the stack do not result in excessive concentrations of any air pollutant in the immediate
vicinity of the source as a result of atmospheric downwash, eddies, and wakes that may be
created by the source itself, nearby structures, or nearby terrain "obstacles".

The GEP definition is based on the observed phenomenon of atmospheric flow in the immediate
vicinity of a structure. It identifies the minimum stack height at which significant adverse
aerodynamics (downwash) are avoided. The U.S. EPA GEP stack height regulations specify that
the GEP stack height is calculated in the following manner:

H =H +1.5L
GEP B

where:

HB = the height of adjacent or nearby structures, and

L = the lesser dimension (height or projected width) of the adjacent or nearby structures.

The regulations also specify that the creditable stack height for modeling purposes is either the
GEP stack height as calculated or a de-minimus height of 65 meters.

A 288-foot stack height was chosen to satisfy HEI’s inherently safe design practices to minimize
ground-level CO; concentrations in the event of a CO; vent under very low wind speeds.
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6.9  Gasifier Refractory Heaters BACT Analysis

HECA proposed to install three natural gas-fired gasification refractory heaters, each rated at 18
MMBtu/hr. Each of the three gasification trains will have one natural-gas fired combustor used
to warm the gasification refractory to facilitate startup. The heaters are restricted to operate for
gasifier startup with maximum total gasifier warming duration of 1800 hours per year during
mature operations.

No examples were found regarding the application of LAER for the case specific emissions
associated with natural gas combustion. To control criteria pollutant emissions from the heaters’
natural gas combustion, HECA selected GCPs, natural gas fuel, and restricted operating hours as
BACT for the heaters. The total of potential PM and VOC emissions from the gasifiers are
negligible (less than 0.2 tons/year). Therefore, the use of natural gas was determined to be
LAER for the heaters. Good combustion practices will optimize the performance of the
combustor; hence minimize the emission of NOy and CO. Since the heaters will only combust
natural gas, the potential of SO,, VOC, and PM emissions is minimized. The following are the
proposed BACT/LAER emission rates for each gasifier refractory heater:

Table 6-9
Gasifier Refractory Heater Emissions
Pollutant Emission Limit
NO, 0.13 Ib/MMBtu, HHV
CO 0.035 Ib/MMBtu, HHV
PM/ PM,y 0.008 Ib/MMBtu, HHV
SO, 0.020 Ib/MMBtu, HHV (13 ppm)
vVOC 0.007 Ib/MMBtu, HHV
Notes:
CO = carbon monoxide
NO, = oxides of nitrogen
PM/PM,;, = particulate matter/ particulate matter 10 microns in
diameter
SO, = sulfur dioxide
vocC = volatile organic compound

6.10 Feedstock Handling System BACT Analysis

Two major IGCC feedstock with particulate emission potential are petcoke and fluxant. Petcoke
will be delivered to the plant via truck from refineries in the Los Angeles, Santa Maria, or
Bakersfield areas, and/or other regional sources. Fluxant will be delivered to the Project Site via
truck from regional sources. The transportation and preparation processes related to the
feedstock have a potential to emit particulate matter emission to the atmosphere. The following
is the BACT analysis for the proposed feedstock handling system in HECA.

6.10.1 Particulate Matter BACT Analysis for the Feedstock Handling System

Because the feedstock preparation processes will be within an enclosed conveyor system, forced
air dust collection system is the most appropriate and commonly control technology to control
particulate matter emission from the emission points.
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e Truck Unloading

e Coke/coal Silos (filling)
e Coke/coal Silos (filling)
e (Coke/coal Silos (loadout)
e Crusher Inlet

e Crusher Outlet

e Feed Bin Inlet Conveyor
e Grinding Mill Feed Bins
¢ Fluxant Bins (filling)

HECA selected dust collection systems consisting of hoods and baghouses as BACT to control
particulate emissions from the aforementioned emission points. HECA will have nine bag
houses with maximum dust collector PM emission rate based on expected supplier guarantee of
0.003 grain/scf outlet dust loading.

Dust collection system using baghouses has been proposed as BACT in other operating and
recently permitted IGCC projects. The proposed emission limitation represents a removal
efficiency that is comparable with the emission achieved in practice at currently operating IGCC
units and the lowest recently permitted IGCC units.

7.0 REFERENCE

Korens, Nick, et al. ”Process Screening Analysis of Alternative Gas Treating and Sulfur
Removal for Gasification”. U.S. Department of Energy. National Energy Technology
Laboratory. December 2002.SFA Pacific, Inc. Mountain View, California. Available
online at
<http://www.netl.doe.gov/technologies/coalpower/gasification/pubs/pdf/SFA%20Pacific
_Process%20Screening%20Analysis_Dec%202002.pdf>

IGCC Permits and applications for Cash Creek Generating Station, Edwardsport Generating
Station, and Taylorville Energy Center
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