


Table G-1.1
PennEast Pipeline Company, LLC
Construction Emissions for Church Road Interconnects
All Emissions are in Units of Tons per Construction Period

Calculation of Total Project Construction Emissions

Values below for the Construction Project Elements are taken from Appendix G-1, Tables G-1.2 through G-1.6

 Project Construction Elements NOX CO VOC PM10 PM2.5 SO2  CO2e HAPs
Diesel Non-Road Construction Equipment 0.27 0.09 0.04 0.01 0.01 0.0012 129 0.003
Diesel and Gas On-Road Vehicles 0.14 0.55 0.07 0.01 0.01 0.0005 61 0.005
Roadway Travel Particulate Matter 5.92 1.45
Construction Fugitive Dust from Land Disturbance 3.81 0.57

Total Construction Emissions 0.41 0.65 0.11 9.76 2.04 0.0016 190 0.008
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Table G-1.2 PennEast Pipeline Company, LLC
Construction Emissions - Off-road Engines - Church Road Interconnects Criteria Emissions

Total Total BSFC 2 Load
Total
Days

Total
Weeks

Total
Months

Working
Days

Hours
per Day

Working
hrs lb/hp-hr Factor 2

Air Compressors Light Comm. Air Comp. 2270006015 Diesel 50 1 20 3 4 17 6 102 0.408 0.43
Pumps Light Commercial Pumps 2270006010 Diesel 40 1 20 6 4 14 6 84 0.408 0.43
Welding Rigs Light Commercial Welders 2270006025 Diesel 35 2 50 8 2 42 8 672 0.481 0.21
Hydro Mulcher/Seeder Light Commercial Pumps 2270006010 Diesel 80 1 2 1 1 1 6 6 0.408 0.43
Trucks: Dump Off-Highway Trucks 2270002051 Diesel 400 1 50 8 2 42 6 252 0.371 0.59
Loader Rubber Tire Dozers 2270002063 Diesel 180 1 50 8 2 42 6 252 0.371 0.59
Crane Tracked excavator 2270002036 Diesel 275 1 4 1 1 3 10 30 0.367 0.59
Grader Rubber Tire Dozers 2270002063 Diesel 240 1 20 4 1 16 6 96 0.371 0.59
583 Sideboom, Pipe Benders Tracked excavator 2270002036 Diesel 235 2 50 8 2 42 6 504 0.371 0.59
D8 Dozer Tracked excavator 2270002036 Diesel 300 1 30 5 2 25 6 150 0.371 0.59
345 Backhoe Tracked excavator 2270002036 Diesel 345 2 6 4 6 2 6 24 0.371 0.59

NOTES:
Note 1: SCC code based on Appendix A of  "Median Life, Annual Activity, and Load Factor Values for Nonroad Engine Emissions Modeling", July 2010, EPA-420-R-10-016.
Note 2: Brake-specific fuel consumption, zero hour steady state emission factor (EFss; g/hp-hr), and load factor are from MOVES2014 .  Year 2019 is used as the base year for EFs.
Note 3:  SO2 Emissions are calculated using Equation 7 from "Exhaust and Crankcase Emission Factors for Nonroad Engine Modeling-Compression-Ignition", July 2010, EPA-420-R-10-018.
                 SO2 = ( BSFC * 453.6 * (1- soxcnv) - HCadj EF ) * 0.01 * soxdsl * 2
                 The correction factor is made to account for fuel sulfur variations; inputs specific to this calculation are noted below

0.02247 soxcnv (fraction of fuel sulfur converted to direct PM) for Base, T0, T1, T2, T3, T3B, T4A, T4B

0.30 soxcnv (fraction of fuel sulfur converted to direct PM) for Base, T4 and T4N

0.0015 soxdsl (weight percent of sulfur in diesel fuel as required per 40 CFR 80.510 for non-road diesel)

0.33 soxbas (default certification fuel sulfur weight percent, 0.33 is default)

Note 4:  CO2 Emissions are calculated using Equation 6 from "Exhaust and Crankcase Emission Factors for Nonroad Engine Modeling-Compression-Ignition", July 2010, EPA-420-R-10-018.

                 CO2 = ( BSFC * 453.6 - HCadj EF ) * 0.87 * 44/12

Equip-
ment
HP

Description
Equipment category

based on
NONROAD classification

SCC 1 Fuel
Type

Number of
Equipment
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Table G-1.2

Air Compressors
Pumps
Welding Rigs
Hydro Mulcher/Seeder
Trucks: Dump
Loader
Crane
Grader
583 Sideboom, Pipe Benders
D8 Dozer
345 Backhoe

Description

PennEast Pipeline Company, LLC
Construction Emissions - Off-road Engines - Church Road Interconnects Criteria Emissions

HC CO PM NOx SO2
3 CO2

4

0.16 0.42 0.07 3.30 0.005 589.9 0.6 0.00 0.00 0.00 0.00 0.00 0.01 1.43 0.000 0.000 1.43
0.26 1.05 0.19 3.96 0.005 589.5 0.6 0.00 0.00 0.00 0.00 0.00 0.01 0.94 0.000 0.000 0.94
0.64 2.88 0.46 4.41 0.006 693.9 0.6 0.00 0.02 0.00 0.00 0.00 0.02 3.78 0.000 0.000 3.82
0.40 1.95 0.34 3.48 0.005 589.1 0.6 0.00 0.00 0.00 0.00 0.00 0.00 0.13 0.000 0.000 0.13
0.13 0.22 0.03 0.66 0.005 536.4 0.6 0.01 0.01 0.00 0.00 0.00 0.04 35.16 0.000 0.000 35.31
0.15 1.03 0.09 3.08 0.005 536.3 0.6 0.00 0.03 0.00 0.00 0.00 0.09 15.82 0.000 0.000 15.89
0.15 0.26 0.05 1.21 0.005 530.5 0.6 0.00 0.00 0.00 0.00 0.00 0.01 2.85 0.000 0.000 2.86
0.14 0.24 0.04 0.82 0.005 536.4 0.6 0.00 0.00 0.00 0.00 0.00 0.01 8.04 0.000 0.000 8.07
0.14 0.19 0.03 0.67 0.005 536.4 0.6 0.01 0.01 0.00 0.00 0.00 0.05 41.32 0.000 0.001 41.49
0.14 0.19 0.03 0.67 0.005 536.4 0.6 0.00 0.01 0.00 0.00 0.00 0.02 15.70 0.000 0.000 15.76
0.14 0.47 0.07 1.19 0.005 536.4 0.6 0.00 0.00 0.00 0.00 0.00 0.01 2.89 0.000 0.000 2.90

Interconnects Construction TOTAL (Tons) 0.04 0.09 0.01 0.01 0.00 0.27 128.05 0.00 0.00 128.62

NOTES:
Note 5: Emission factor for N2O from 40 CFR 98 Subpart C.
Note 6:  Annual VOC Emissions are calculated using the following calculation  (1.053 * HC emission factor (g/hp-hr) * horsepower * hours operated * load factor) / (2000 lb/ton * 453.6 g/lb)
                 1.053 is the ratio of VOC to THC from "Conversion Factors for Hydrocarbon Emission Components", July 2010, EPA-420-R-10-015.
Note 7:  Annual CO, PM, SO2, and NOx Emissions are calculated using the following calculation   (Adj. emission factor (g/hp-hr) * horsepower * hours operated * load factor) / (2000 lb/ton * 453.6 g/lb)
Note 8:  For diesel engines all PM is considered to be PM10, PM2.5 is 97% of PM/PM10.

Note 9:  Annual CH4 emissions are calculated using the following calculation  (Adj. HC emission factor (g/hp-hr) * (1-0.984) * horsepower * hours operated * load factor) / (2000 lb/ton * 453.6 g/lb)

                 This equation is derived in part from subtracting methane from THC to calculate NMHC.   THC - CH4 = NMHC;   THC - NMHC = CH4;  THC - (0.984 * THC) = CH4;  THC * (1-0.984) = CH4

                 0.984 is the ratio of MNHC to THC from "Conversion Factors for Hydrocarbon Emission Components", July 2010, EPA-420-R-10-015.

Note 10:  Emissions estimate for N2O is based on a diesel higher heating value of138,000  Btu/gallon and a density of 7.05  lb/gallon

Note 11:  Greenhouse gasses (GHG) are converted to carbon dioxide equivalents (CO2) using 40 CFR 98 Subpart A global warming potentials as follows:

CO2 1 CH4 25 N2O 298

CH4
 9

tons
N2O 10

tons
GHG 11 tons

of CO2e
EFss (g/hp-hr) 2

NOx 7 tons
PM 7/ PM10

8 tons
PM2.5

 8

tons
SO2

7 tons

2019 Emission Factors for Northamption Co.
N2O EF 5

g/MMBtu VOC 6 tons CO 7 tons CO2
 7 tons
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Table G-1.2.1
PennEast Pipeline Company, LLC
Construction Emissions - Off-road Engines - Church Road Interconnects

Total Total
Total
Days

Total
Weeks

Total
Months

Working
Days

Hours per
Day

Working
hrs

Air Compressors Light Comm. Air Comp. 2270006015 Diesel 50 1 20 3 4 17 6 102
Pumps Light Commercial Pumps 2270006010 Diesel 40 1 20 6 4 14 6 84
Welding Rigs Light Commercial Welders 2270006025 Diesel 35 2 50 8 2 42 8 672
Hydro Mulcher/Seeder Light Commercial Pumps 2270006010 Diesel 80 1 2 1 1 1 6 6
Trucks: Dump Off-Highway Trucks 2270002051 Diesel 400 1 50 8 2 42 6 252
Loader Rubber Tire Dozers 2270002063 Diesel 180 1 50 8 2 42 6 252
Crane Crane 2270002036 Diesel 275 1 4 1 1 3 10 30
Grader Rubber Tire Dozers 2270002063 Diesel 240 1 20 4 1 16 6 96
583 Sideboom, Pipe Benders Tracked excavator 2270002036 Diesel 235 2 50 8 2 42 6 504
D8 Dozer Tracked excavator 2270002036 Diesel 300 1 30 5 2 25 6 150
345 Backhoe Tracked excavator 2270002036 Diesel 345 2 6 4 6 2 6 24

Equipment Inventory Estimate subject to change based on contract award and construction contractor equipment selection

Construction Equipment Inventory - Durations

Description
Equipment category

based on
NONROAD classification

SCC 1 Fuel
Type

Equip-
ment
HP

Number of
Equipment
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Table G-1.3 PennEast Pipeline Company, LLC
Construction Emissions - Off-road Engines - Church Road InterconnectsHAPS Emissions Estimates

Total Total BSFC 2 Load
Total
Days

Total
Weeks

Total
Months

Working
Days

Hours
per Day

Working
hrs lb/hp-hr Factor 2

Air Compressors Light Comm. Air Comp. 2270006015 Diesel 50 1 20 3 4 17 6 102 0.408 0.43
Pumps Light Commercial Pumps 2270006010 Diesel 40 1 20 6 4 14 6 84 0.408 0.43

Welding Rigs Light Commercial Welders 2270006025 Diesel 35 2 50 8 2 42 8 672 0.481 0.21
Hydro Mulcher/Seeder Light Commercial Pumps 2270006010 Diesel 80 1 2 1 1 1 6 6 0.408 0.43
Trucks: Dump Off-Highway Trucks 2270002051 Diesel 400 1 50 8 2 42 6 252 0.371 0.59
Loader Rubber Tire Dozers 2270002063 Diesel 180 1 50 8 2 42 6 252 0.371 0.59
Crane 50-70 Ton Tracked excavator 2270002036 Diesel 275 1 4 1 1 3 10 30 0.367 0.59
Grader Rubber Tire Dozers 2270002063 Diesel 240 1 20 4 1 16 6 96 0.371 0.59
583 Sideboom, Pipe Benders Tracked excavator 2270002036 Diesel 235 2 50 8 2 42 6 504 0.371 0.59
D8 Dozer Tracked excavator 2270002036 Diesel 300 1 30 5 2 25 6 150 0.371 0.59
345 Backhoe Tracked excavator 2270002036 Diesel 345 2 6 4 6 2 6 24 0.371 0.59

Interconnects Construction TOTAL (Tons)

NOTES:
Note 1: SCC code based on Appendix A of  "Median Life, Annual Activity, and Load Factor Values for Nonroad Engine Emissions Modeling", April 2004, EPA-420-P-04-005.
Note 2: Brake-specific fuel consumption and load factor are from EPA's MOVES2014 model (Non-road sources run for 2019, Luzerne County, PA)
Note 3: Emission factors from AP-42 Section 3.3, Table 3.3-2 for engines ≤600 HP and AP-42 Section 3.4, Tables 3.4-3 and 3.4-4 for engines >600 HP.

Note 4: Emissions estimates are based on a higher heating value of 138,000 Btu/gallon and a density of 7.05 lb/gallon.

Number of
EquipmentDescription

Equipment category
based on

NONROAD classification
SCC 1 Fuel

Type
Equipment

HP
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Table G-1.3

Air Compressors
Pumps

Welding Rigs

Hydro Mulcher/Seeder
Trucks: Dump
Loader
Crane 50-70 Ton
Grader
583 Sideboom, Pipe Benders
D8 Dozer
345 Backhoe

Description

PennEast Pipeline Company, LLC
Construction Emissions - Off-road Engines - Church Road Interconnects HAPS Emissions Estimates

Benzene Toluene Xylenes Acrolein PAHs 1,3-Butadiene Formaldehyde Acetaldehyde

8.17E-06 3.58E-06 2.50E-06 8.10E-07 1.47E-06 3.42E-07 1.03E-05 6.72E-06
5.38E-06 2.36E-06 1.64E-06 5.34E-07 9.69E-07 2.26E-07 6.81E-06 4.43E-06

2.17E-05 9.51E-06 6.63E-06 2.15E-06 3.91E-06 9.09E-07 2.74E-05 1.78E-05
7.69E-07 3.37E-07 2.35E-07 7.62E-08 1.38E-07 3.22E-08 9.73E-07 6.32E-07
2.01E-04 8.83E-05 6.15E-05 2.00E-05 3.63E-05 8.44E-06 2.55E-04 1.66E-04
9.07E-05 3.97E-05 2.77E-05 8.99E-06 1.63E-05 3.80E-06 1.15E-04 7.45E-05
1.63E-05 7.15E-06 4.98E-06 1.62E-06 2.94E-06 6.84E-07 2.06E-05 1.34E-05
4.61E-05 2.02E-05 1.41E-05 4.57E-06 8.29E-06 1.93E-06 5.82E-05 3.79E-05
2.37E-04 1.04E-04 7.23E-05 2.35E-05 4.26E-05 9.92E-06 2.99E-04 1.95E-04
8.99E-05 3.94E-05 2.75E-05 8.92E-06 1.62E-05 3.77E-06 1.14E-04 7.39E-05
1.66E-05 7.26E-06 5.06E-06 1.64E-06 2.98E-06 6.94E-07 2.09E-05 1.36E-05
7.34E-04 3.22E-04 2.24E-04 7.27E-05 1.32E-04 3.08E-05 9.28E-04 6.03E-04

Total All HAPS 0.003

≤ 600 HP > 600 HP
Emission Factor 3 lb/MMBtu lb/MMBtu

Benzene 9.33E-04 7.76E-04
Toluene 4.09E-04 2.81E-04
Xylenes 2.85E-04 1.93E-04
Acrolein 9.25E-05 7.88E-06

PAHs 1.68E-04 2.12E-04
1,3-Butadiene 3.91E-05
Formaldehyde 1.18E-03 7.89E-05
Acetaldehyde 7.67E-04 2.52E-05

HAP Emissions (Tons) 4
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Table G-1.4
PennEast Pipeline Company, LLC
Church Road Interconnects Construction Emissions - On-road Vehicles

Description Category Based on MOVES2014
Classification

Number of
Equipment Total Days Total

Weeks
Total

Months
Working

Days
Miles per

Day
Calc.
VMT 1

Gas Pickup Trucks 31 - Passenger Truck - Gas 6 180 26 6 156 50 46,800
Float, Lowboy, Tractor Trucks 52 - Single Unit Short-Haul Truck - Diesel 4 180 26 6 156 50 31,200
Diesel Parts Vans 32 - Light Commercial Truck - Diesel 1 180 26 6 156 50 7,800

Description Category Based on MOVES2014
Classification

VOC 2

g/VMT
CO 2

g/VMT
PM10

2

g/VMT
PM2.5

2

g/VMT
SO2

2

g/VMT
NOx 2

g/VMT
CO2

2

g/VMT
CH4

2

g/VMT
N2O 2

g/VMT
GHG 3

g CO2e /VMT
HAPs 2,4

g/VMT
Gas Pickup Trucks 31 - Passenger Truck - Gas 1.03 9.19 0.05 0.02 0.00 1.09 460.66 0.03 0.03 470.46 0.05
Float, Lowboy, Tractor Trucks 52 - Single Unit Short-Haul Truck - Diesel 0.27 1.13 0.18 0.10 0.01 2.07 923.79 0.06 0.00 925.98 0.04
Diesel Parts Vans 32 - Light Commercial Truck - Diesel 0.64 4.69 0.13 0.09 0.01 2.01 616.86 0.07 0.002 619.37 0.09

Description Category Based on MOVES2014
Classification

VOC
ton/yr

CO
ton/yr

PM10

ton/yr
PM2.5

ton/yr
SO2

ton/yr
NOx

ton/yr
CO2

ton/yr
CH4

ton/yr
N2O

ton/yr
GHG

ton CO2e /yr
HAPs
ton/yr

Gas Pickup Trucks 31 - Passenger Truck - Gas 5.33E-02 4.74E-01 2.79E-03 1.29E-03 1.58E-04 5.61E-02 23.8 1.45E-03 1.57E-03 24.27 2.57E-03
Float, Lowboy, Tractor Trucks 52 - Single Unit Short-Haul Truck - Diesel 9.19E-03 3.89E-02 6.35E-03 3.59E-03 2.68E-04 7.11E-02 31.8 2.01E-03 8.42E-05 31.85 1.45E-03
Diesel Parts Vans 32 - Light Commercial Truck - Diesel 5.49E-03 4.04E-02 1.09E-03 7.79E-04 4.57E-05 1.73E-02 5.3 6.26E-04 1.98E-05 5.33 8.11E-04

0.07 0.55 0.01 0.01 0.000 0.14 61 0.00 0.00 61 0.00

NOTES:

   CO2 = 1, CH4 = 25, N2O = 298
Note 4:  HAPs are aggregated for benzene, 1,3-butadiene, formaldehyde, acetaldehyde, and acrolein

Total

Note 1: Vehicle Miles Traveled (VMT) = (Number of Equipment) * (Working Days) * (Miles per day)
Note 2: Emissions estimates  are based on EPA's MOVES2014 motor vehicle emissions estimation program.  Year 2019 is used as the base year for EFs.  Factors are based on county data.
Note 3: Greenhouse gasses (GHG) are converted to carbon dioxide equivalents (CO2) using 40 CFR 98 Subpart A global warming potentials as follows:
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Table G-1.4.1
PennEast Pipeline Company, LLC
Onroad Vehicle Emission Factors used in  February 2019 Amendment Application Appendix I Tables I-6.1 and I-7.1

Category Based on MOVES2014
Classification

County, State 1 VOC 2

g/VMT
CO 2

g/VMT
PM10

2

g/VMT
PM2.5

2

g/VMT
SO2

2

g/VMT
NOx 2

g/VMT
CO2

2

g/VMT
CH4

2

g/VMT
N2O 2

g/VMT

GHG 3

g CO2e
/VMT

HAPs 2,4

g/VMT

VOC CO PM10 PM2.5 SO2 NOx CO2 CH4 N2O CO2e HAPS
31 - Passenger Truck - Gas Northampton County, PA 1.03 9.19 0.05 0.02 0.003 1.09 460.66 0.03 0.03 470.46 0.05
32 - Light Commercial Truck - Diesel Northampton County, PA 0.64 4.69 0.13 0.09 0.01 2.01 616.86 0.07 0.002 619.37 0.09
52 - Single Unit Short-Haul Truck - Diesel Northampton County, PA 0.27 1.13 0.18 0.10 0.01 2.07 923.79 0.06 0.002 925.98 0.04

Note 1: Factors are based on county data from the County and State as shown.
Note 2: Emissions estimates are based on EPA's MOVES2014 motor vehicle emissions estimation program.  Year 2019 is used as the base year for EFs.
Note 3: Greenhouse gasses (GHG) are converted to carbon dioxide equivalents (CO2) using 40 CFR 98 Subpart A global warming potentials as follows:
   CO2 = 1, CH4 = 25, N2O = 298
Note 4:  HAPs are aggregated for benzene, 1,3-butadiene, formaldehyde, acetaldehyde, and acrolein
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Table G-1.5
PennEast Pipeline Company, LLC
Construction Emissions - Fugitive Dust from Roadways

Daily Onsite  Average Daily Travel  Distance Estimated
Vehicle Type - Spread Vehicular Distance per Vehicle [1] Traveled [2] Vehicle

Traffic [1] Construction  (VMT/vehicle/day)  (VMT) Weight Paved Unpaved Total Paved Unpaved Total
(Vehicles) Days [1] Paved Unpaved Paved Unpaved (lbs) (tons) (tons) (tons) (tons) (tons) (tons) (tons)

Combined Pickup Trucks and Vans - Spread 3 7 156 50 0 54,600 0 5000 2.5 0.85 0.00 0.85 0.21 0.00 0.21
Float, Lowboy, Tractor Trucks - Spread 3 4 156 50 0 31,200 0 50000 25.0 5.07 0.00 5.07 1.25 0.00 1.25
TOTALS 85,800 0 5.92 0.00 5.92 1.45 0.00 1.45

Vehicle Wt. PM10 Emission Factors (lb/VMT) PM2.5 Emission Factors (lb/VMT)

Vehicle Type (tons) Paved[3] Unpaved[4] Unpaved w/
Control[5] Paved[3] Unpaved[4] Unpaved w/

Control[5]

Combined Pickup Trucks and Vans 2.5 0.031 0.60 0.30 0.0076 0.060 0.030
Float, Lowboy, Tractor Trucks 25.0 0.325 1.68 0.84 0.0798 0.168 0.084

[1]  See Table G-1.4. Trucks and Parts vans are combined in this table because they are the same estimated weight, and the emissions are based on vehicle weight.
[2]  VMT = Vehicles x Construction Days x Daily Distance Traveled per Vehicle.
[3]  The emission factor for paved roads was estimated using USEPA's AP-42 (1/11) Section 13.2.1 "Paved Roads" and the following: k, PM10 = 0.0022
           A.  Emission factor (E) is calculated using Equation (2) in Section 13.2.1:  E =(k x (sL)^0.91 x (W)^1.02) x (1 - P/4N) k, PM2.5 = 0.00054
           B.  Table 13.2.1-1 specifies that for PM-10, k is 0.0022 lb/VMT and for PM-2.5, k is 0.00054 lb/VMT.
           C.  Table 13.2.1-3 specifies that the typical mean silt loading value (sL) for a municipal solid waste landfill is 7.4 g/m2, which is assumed to represent the Silt Paved loading = 7.4 g/m2
                 construction site condition. P= 150
           D.  Figure 13.2.1-2 estimates that days of precipitation >0.01 inch per year (P) is approximately 150; N is 365 days. N= 365
[4]  The emission factor for unpaved roads was estimated using USEPA's AP-42 (11/06) Section 13.2.2 "Unpaved Roads" and the following:
           A.  Emission factor (E) is calculated using Equations (1a) and (2) in Section 13.2.2:  E = (k x (s/12)^a x (W/3)^b) x ((365-P)/365) Silt Unpaved loading = 8.5 %
           B.  Table 13.2.2-1 specifies that the typical mean silt content value (s) for a construction site is 8.5%.
           C.  Table 13.2.2-2 specifies that for PM-10, k is 1.5 lb/VMT, a is 0.9, and b is 0.45, and for PM-2.5, k is 0.15 lb/VMT, a is 0.9, and b is 0.45. k, PM10 = 1.5 a = 0.9 b = 0.45
           D.  Figure 13.2.2-1 estimates that days of precipitation >0.01 inch per year (P) is approximately 150. k, PM2.5 = 0.15 a = 0.9 b = 0.45
[5]  Dust suppression by water spray at construction site is conservatively assumed to have a control efficiency value of: 50% P= 150

Unpaved Equation Factors

PM2.5PM10
Estimated Emissions Fugitive Dust from Roadways

Paved Equation Factors
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Table G-1.6
PennEast Pipeline Company, LLC
Construction Emissions - Fugitive dust from construction activities of Church Road Interconnects

Modification
Construction Activity

Area of Land
Disturbance1

(acres):

Months of
Construction

Activity2:
PM2.5

ton/period
PM10

ton/period

Church Road Interconnects 2.62 6 0.57 3.81
Total PM Emissions 0.57 3.81

Emission Factor Equations3

PM10 Emission Factor = 0.42 x (1 - CE) x SAE x SMA
PM2.5 Emission Factor = PM10 Emission Factor x Ratio

Project Area Specific PM Emission Factors
Base PM10 Emission Factor (tons/acre-month) 0.42 tons/acre-month
Ratio of PM2.5 to PM10 (Ratio) 0.15
Construction Dust Plan Control Efficiency Factor4 50%
Silt Adjustment Factor (SAF): 5.78 (SAF = Project Value/ 9%)
Basis (original Studies value, see Note 3) 9%

Average Dry Silt Percent of Project Soils 52%

Soil Moisture Adjustment Factor (per Climate Divisions of Project Area)

Thornthwaite's Precipitation-Evaporation Index5 Soil Moisture
Basis (Arid Southwest US) See Note 3 24 Adjustment (SMA) PM2.5 PM10

Northampton 120 0.20 0.0364 0.2427

NOTES:

[5] Thornthwaite's Precipitation-Evaporation Index values are taken from the map on page 5-12 of cited  EPA Contract 68-D7-0068 Document.

Adjusted Emission Factors
(tons/acre-month)

Washington Silt Loam, 0 to 3 percent slope

[2] The entire construction activity duration is expected to be 8 to 10 months; however, based on crew activity type and phasing, the emission causing Months of Heavy
Construction Activity is used in the calculations here. Travel on unpaved roads for crews not using heavy equipment are accounted for in Off-Road travel.

[3] Estimating Particulate Matter Emissions From Construction Operations, Final Report, Eastern Research Group, Inc., September 30, 1999, EPA Contract 68-D7-0068,
Section 5.6. It is assumed that the factor and methodology for adjusting the factor for Roadway Construction Emissions are similar in nature to the pipeline construction.
[4] Required and effective fugitive dust control measures will be determined at the site during construction activity.  Application of water to mitigate fugitive dust will be
used as one of the primary control measure.  Mitigation of fugitive dust by the use of water application and other measures is reflected in the 50% control efficiency
recommended in the referenced EPA Contract 68-D7-0068 Document.

[1] The values for acres of the Area of Land Disturbance for the Church Road Interconnects  are derived from GIS data of Project Workspaces.  The sum of Temporary
and Permenatly disturbed area   is used here.
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Table G-2.1
PennEast Pipeline Company, LLC
Church Road Interconnects - Total Operational Emissions

Facility  Operating Emission Sources NOx VOC CO PM10 PM2.5 SO2

Fugitive and Venting from Interconnection Piping 0.0039
Pipeline Inspection Gauge (PIG) Retrieving 0.0001
Indirect-fired Nat. Gas-fired Line Heaters 1.08 0.1076 1.11 0.14867 0.14867 0.01426
Diesel Emergency Generator 0.12 0.0275 0.11 0.00594 0.00594 0.00015
Total 1.20 0.1391 1.22 0.1546125 0.15461 0.014409
Largest Facility of Certified Project (Kidder)* 89.2 5.45 17.28 24.14 24.14 5.47
Church Road Interconnects Percent of Kidder 1.3% 2.6% 7.1% 0.6% 0.6% 0.3%
Times less that the CRI emissions are to Kidder 74 39 14 156 156 380

Facility  Operating Equipment CO2 Methane N2O CO2e

Fugitive and Venting from Interconnection Piping 0 5.963 149.1
Pipeline Inspection Gauge Retrieving Operation 0.00 0.031 0.8
Indirect-fired Nat. Gas-fired Line Heaters 2336.32 0.045 0.0430 2338.7
Diesel Emergency Generator 15.64 0.001 0.0001 15.7
Total 2352 6.040 0.0432 2504
Largest Facility of Certified Project (Kidder)* 190,529
Church Road Interconnects Percent of Kidder 1.3%
Times less that the CRI emissions are to Kidder 76

Facility  Operating Equipment Benzene Hexane Formal-
dehyde

Total HAPs

Fugitive and Venting from Interconnection Piping
Pipeline Inspection Gauge Retrieving Operation
Indirect-fired Nat. Gas-fired Line Heaters 4.11E-05 3.52E-02 1.47E-03 3.69E-02
Diesel Emergency Generator 8.95E-05 1.13E-04 3.72E-04
Total 1.31E-04 3.52E-02 1.58E-03 3.73E-02
Largest Facility of Certified Project (Kidder)* 2.29
Church Road Interconnects Percent of Kidder 1.6%
Times less that the CRI emissions are to Kidder 61
*TABLE 4.10.1-9 , Project Operational Total PTE of the FEIS

Criteria Pollutant Emissions

Greenhouse Gas Emissions

Hazardous Air Pollutant Emissions
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Comparison of Church Road Interconnects Estimated Emissions to Exemption Criteria

Exemption Threshold Citation

Pollutant
with an
Exemption
Threshold

Threshold
Value

Threshold
Units

Estimated
Maximum
Emissions
(units as
shown)

Percent of
Threshold

Emission
Source

PA DEP Document ID 275-2101-003, 38(c)v. NOx 100 lbs/hr 0.49 0.5% E-Gen
PA DEP Document ID 275-2101-003, 38(c)v. NOx 1000 lb/day 11.88 1.2% E-Gen
PA DEP Document ID 275-2101-003, 38(c)v. NOx 6.6 TPY 0.12 1.9% E-Gen
PA DEP Document ID 275-2101-003, 38(c)v. NOx 2.75 T/Season 0.12 4.5% E-Gen

PA DEP Document ID 275-2101-003, 38(c)iii. Methane 200 TPY 5.963 3.0% Fugitives
PA DEP Document ID 275-2101-003, 38(c)iii. Methane 200 TPY 0.045 0.02% Heaters
PA DEP Document ID 275-2101-003, 38(c)iii. Methane 200 TPY 0.031 0.02% Pigging
PA DEP Document ID 275-2101-003, 38(c)iii. Methane 200 TPY 0.001 0.0003% E-Gen

PA DEP Document ID 275-2101-003, 38(c)ii. VOC 2.7 TPY 0.139 5.2% Total, All
PA DEP Document ID 275-2101-003, 38(c)ii. Total HAPs 1 TPY 0.037 3.7% Total, All
Single HAP Hexane 0.5 TPY 0.035 7.0% Total, All

2 of 2
CRI Ops Emission_2020_01_24.xlsx

Total Emissions



Table G-2.2
PennEast Pipeline Company, LLC
Church Road Interconnects - Fugitive Emissions from Interconnection Piping (Leaks from Valves, Flanges, etc.)

Equipment Type Component Count1

CH4 Emission
Factor2

(lb/hr/compo-
nent)

VOC Emission
Factor2

(lb/hr/compo-
nent)

VOC Emission
Rate (lb/hr)

VOC
Emission

Rate (tpy)

CH4 Emission
Rate (lb/hr)

CH4
Emission

Rate (TPY)

CO2e
Emission

Rate
(lb/hr)

CO2e
Emission

Rate (TPY)
Connectors 50 4.24E-04 2.79E-07 1.39E-05 6.10E-05 2.12E-02 9.28E-02 5.30E-01 2.32E+00
Flanges 66 8.26E-04 5.43E-07 3.58E-05 1.57E-04 5.45E-02 2.39E-01 1.36E+00 5.97E+00
Open-Ended Lines 0 4.24E-03 2.79E-06 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Pump Seals 0 5.08E-03 3.34E-06 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Valves 129 9.53E-03 6.27E-06 8.08E-04 3.54E-03 1.23E+00 5.39E+00 3.07E+01 1.35E+02
Other (Meters) 3 1.86E-02 1.23E-05 3.68E-05 1.61E-04 5.59E-02 2.45E-01 1.40E+00 6.12E+00

TOTAL = 0.001 0.004 1.36 5.96 34.04 149.08
Pnematic Gas Control Venting and Bleed Emissions

Exhaust Flow Usage
Total Vent

flow CH4
4 CO2

4 CH4 CO2 CO2e5 VOC6

scf/stroke strokes/yr scf/yr lb/yr lb/yr ton/yr ton/yr ton/yr ton/yr
1 6.5 2 13.0 0.54 - 0.0003 0.00000 0.01 8.75E-07
1 6.5 2 13.0 0.54 - 0.0003 0.00000 0.01 8.75E-07
1 6.5 2 13.0 0.54 - 0.0003 0.00000 0.01 8.75E-07
2 6.5 2 26.0 1.08 - 0.0005 0.00000 0.01 1.75E-06
2 6.5 2 26.0 1.08 - 0.0005 0.00000 0.01 1.75E-06

Exhaust Flow Bleed Rate
Total Bleed

flow CH4
4 CO2

4 CH4 CO2 CO2e5 VOC6

scf / h hr/day scf/yr lb/yr lb/yr ton/yr ton/yr ton/yr ton/yr
1 55.0 24 481,800 19,945 - 10 - 249 3.24E-02
4 55.0 24 1,927,200 79,781 - 40 - 997 1.30E-01
4 55.0 24 1,927,200 79,781 - 40 - 997 1.30E-01
6 55.0 24 2,890,800 119,672 - 60 - 1496 1.94E-01

Total of Fugitive Leaks, Venting, and Control Valves 3,889 4.90E-01

1. Counts and flow rates based on Preliminary Design Data from QPS April, 2015. To allow for estimated additional components in final design, 50 valves and 50 connectors have been added.
2. VOC and CH4 emission factors are based on Gas Analysis and values from Table 2-4 of "Protocol for Equipment Leak Emission Estimates".  EPA document 453/R-95-017
   Gas analysis and calculation of the CH4 and VOC emission factors are shown on Table  L3-19
3. CH4 and CO2 emission rates based on volume fractions of natural gas analysis shown below as provided in the Gas Analysis Details Table
4. Conversion based on densities of GHG as provided in 40 CFR 98.233(v)
5. Based on 40 CFR 98 Subpart A Global Warming Potentials
6. Based on a 0.00325 ratio of VOC to methane as calculated from gas composition.

Volume fractions based on Gas Analysis from UGI Pipeline in Reading PA, April 2015 Densities per 40 CFR 98.233(v): GWP per 40 CFR 98 Subpart A: 25 lb CO2e/lb CH4

0.9780 CH4 0.0192 kg/scf CH4

0.0000 CO2 0.0526 kg/scf CO2 Mass Units Conversion Factor: 2.20462 lb/kg
0.00325 mass fraction of VOC per methane (per gas analysis)

12"-Control Valves

24"-600# Valve

Description Qty

2"-Control Valves
4"-Control Valves
6"-Control Valves

14"-600# Valve

Description Qty

6"-600# Valve
8"-600# Valve

12"-600# Valve
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Table G-2.3
PennEast Pipeline Company, LLC
Fugitive Emissions from Pipeline PIG Launching and Retrieving Operations at Church Road Interconnects

Assumed PIG Gas Release CH4
2 CO2

2 CH4
3 CO2

3 CH4 CO2 CO2e4 VOC5

scf/event scf/event scf/event lb/event lb/event ton/event ton/event ton/event ton/event
1,500 1,467 0.00 62.10 0.00 0.03 0.00E+00 0.78 1.01E-04

Maximum Case Annual Emissions Scenario ton/year ton/year ton/year ton/yearEvents per Year at
Church Road
Interconnects 1 0.03 0.00 0.78 0.00

Notes:
1. Based on typical volume (cubic feet) of a PIG receiver
2. CH4 and CO2 emission rates based on 97.8 vol% CH4 and 0 vol% CO2 on typical analyzed sample of natural gas in the region.
   Gas analysis and calculation of the CH4 and VOC emission factors are based on gas analysis results presented in the Certificate Application.
3. Conversion based on densities of GHG as provided in 40 CFR 98.233(v)
4. Based on 40 CFR 98 Subpart A Global Warming Potentials
5. Based on a typical 0.0325 ratio of VOC to methane as calculated from gas compositions

Volume fractions per Fugitive Split
0.9780 CH4

0.0000 CO2

0.00325 mass fraction of VOC per methane (per gas analysis)
Densities per 40 CFR 98.233(v):

0.0192 kg/scf CH4 GWP per 40 CFR 98 Subpart A: 25 lb CO2e/lb CH4

0.0526 kg/scf CO2

Emission Rate Estimates

Total Emissions
from Church Road
Interconnects
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Table G-2.4
PennEast Pipeline Company, LLC Page 1
Church Road Interconnects - Operating Emissions - Indirect-fired Nat. Gas-fired Line Heaters

Design Heat Input (Maximum): (per Heater, Interconnects will have two Heaters in redundant mode) 5.7 MMBtu/hr
Maximum Fuel Combustion rate (at assumed Gas Heat Content): 5582.8 scf/hr
Assumed Average Firing Rate: 80% % of Design Input
Assumed Annual Operating Hours (Maximum): 8760 hr/yr
Estimated Annual Fuel Use: 39.12 MMscf/yr

lb/MMscf lb/MMBtu Emission Factor Reference lb/hr ton/yr
NOx EPA AP-42 Default 55 0.054 150% of Manufacturer Quote 0.31 1.08
CO EPA AP-42 Default 57 0.056 150% of Manufacturer Quote 0.32 1.11
CO2 117.0 Table C-1 to Subpart C of Part 98 666.76 2336
Methane 2.3 0.0023 AP-42 Table 1.4-2 (7/98) 0.01 0.04
N2O 2.2 0.0022 AP-42 Table 1.4-2 (7/98) 0.01 0.04
CO2e 117.1 40 CFR 98 Subpart A, C 667 2,339
PM10 7.6 0.007 AP-42 Table 1.4-2 (7/98) 0.042 0.15
PM2.5 7.6 0.007 AP-42 Table 1.4-2 (7/98) 0.042 0.15
VOC EPA Default 5.5 0.005 AP-42 Table 1.4-2 (7/98) 0.031 0.11
SO2 (Maximum Hourly) 0.0057 2 grains S / 100 scf 0.03
SO2 (Average Annual) 0.000714 0.25 grains S / 100 scf 1.43E-02
Formaldehyde 0.075 0.000073 AP-42 Table 1.4-3 (7/98) 4.19E-04 1.47E-03
Benzene 0.002 0.0000021 AP-42 Table 1.4-3 (7/98) 1.17E-05 4.11E-05
Hexane 1.800 0.00176 AP-42 Table 1.4-3 (7/98) 1.00E-02 3.52E-02
Total HAPs 1.89 0.00185 AP-42 Table 1.4-3 & 4 (7/98) 1.05E-02 3.69E-02

Assumed Average Natural Gas Heat Content: 1021 Btu/scf (See Table L3-17 and 18)
Manufacture Quote for a smaller heater at Kidder Station

Pollutant
Emission Factor Emission Rate
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Table G-2.4
PennEast Pipeline Company, LLC Page 1
Church Road Interconnects - Operating Emissions - Indirect-fired Nat. Gas-fired Line Heaters

Table G-2.4 Nat. Gas-fired Line Heaters 1/0/1900 1/0/1900
Page 2

HAPs lb/MMscf Source
Lead 0.0005 AP-42 Table 1.4-2 (7/98)
2-Methylnaphthalene 2.40E-05 AP-42 Table 1.4-3 (7/98)
3-Methylchloranthrene 1.80E-06 AP-42 Table 1.4-3 (7/98)
7,12-Dimethylbenz(a)anthracene 1.60E-05 AP-42 Table 1.4-3 (7/98)
Acenaphthene 1.80E-06 AP-42 Table 1.4-3 (7/98)
Acenaphthylene 1.80E-06 AP-42 Table 1.4-3 (7/98)
Anthracene 2.40E-06 AP-42 Table 1.4-3 (7/98)
Benz(a)anthracene 1.80E-06 AP-42 Table 1.4-3 (7/98)
Benzene 2.10E-03 AP-42 Table 1.4-3 (7/98)
Benzo(a)pyrene 1.20E-06 AP-42 Table 1.4-3 (7/98)
Benzo(b)fluoranthene 1.80E-06 AP-42 Table 1.4-3 (7/98)
Benzo(g,h,i)perylene 1.20E-06 AP-42 Table 1.4-3 (7/98)
Benzo(k)fluoranthene 1.80E-06 AP-42 Table 1.4-3 (7/98)
Chrysene 1.80E-06 AP-42 Table 1.4-3 (7/98)
Dibenzo(a,h)anthracene 1.20E-06 AP-42 Table 1.4-3 (7/98)
Dichlorobenzene 1.20E-03 AP-42 Table 1.4-3 (7/98)
Fluoranthene 3.00E-06 AP-42 Table 1.4-3 (7/98)
Fluorene 2.80E-06 AP-42 Table 1.4-3 (7/98)
Formaldehyde 7.50E-02 AP-42 Table 1.4-3 (7/98)
Hexane 1.80E+00 AP-42 Table 1.4-3 (7/98)
Indeno(1,2,3-cd)pyrene 1.80E-06 AP-42 Table 1.4-3 (7/98)
Naphthalene 6.10E-04 AP-42 Table 1.4-3 (7/98)
Phenanthrene 1.70E-05 AP-42 Table 1.4-3 (7/98)
Pyrene 5.00E-06 AP-42 Table 1.4-3 (7/98)
Toluene 3.40E-03 AP-42 Table 1.4-3 (7/98)
Arsenic 2.00E-04 AP-42 Table 1.4-4 (7/98)
Beryllium 1.20E-05 AP-42 Table 1.4-4 (7/98)
Cadmium 1.10E-03 AP-42 Table 1.4-4 (7/98)
Chromium 1.40E-03 AP-42 Table 1.4-4 (7/98)
Cobalt 8.40E-05 AP-42 Table 1.4-4 (7/98)
Manganese 3.80E-04 AP-42 Table 1.4-4 (7/98)
Mercury 2.60E-04 AP-42 Table 1.4-4 (7/98)
Nickel 2.10E-03 AP-42 Table 1.4-4 (7/98)
Selenium 2.40E-05 AP-42 Table 1.4-4 (7/98)
Total 1.8884582

HAP Emission Factors
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Table G-2.5
PennEast Pipeline Company, LLC
Church Road Interconnects - Operating Emissions - Diesel Emergency Generator Exemption Criteria is item 38(c)v. of PA DEP Document ID 275-2101-003, August 8, 2018

Model TBD  (Genrac SD030 used as an example for Emission Estimates)
EPA Rating Tier 2, Emergency Engine
Equipment Rating 30 ekW
Equipment Rating 49 hp
Fuel Type Diesel Conversion Factors and Assumptions
Max Fuel Consumption 2.80 Gal/hr at 100% Load, Standby Power 453.6 grams/pound

Hours per Year (Estimate for Annual) 500 hours 0.7457 kW/hp

Estimated Potential Annual Fuel Use 1400 gallons/yr 83% Net Efficiency (HP to eKW) of generator

Emission Factors and Emission Estimates NOx HC PM CO VOC SO2 CO2 Methane NO2 CO2e Formaldehyde Benzene
Total
HAPs

4.58E+00 1.120392 0.220 4.1 1.02E+00 5.48E-03 22.34 9.06E-04 1.81E-04 22.41 1.18E-03 9.33E-04 3.88E-03

g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr lb/gallon lb/gallon lb/gallon lb/gallon lb/MMBtu lb/MMBtu lb/MMBtu

Table 2 of 40
CFR 60 Subpart
IIII Standard for

NOx+NMHC
minus VOC
estimate(4)

VOC
estimate

divided by
91%

Table 2 of
40 CFR 60
Subpart IIII

Standard for
PM

Table 2 of
40 CFR 60
Subpart IIII
Standard

for CO

 (1) 91% of
TOC from AP-
42 Table 3.3-

1 Exhaust

Mass balance
based on 15

ppm S

Table C-1 to
Subpart C of
Part 98, units

converted with
fuel heat
content

Table C-2 to
Subpart C of
Part 98, units

converted with
fuel heat
content

Table C-2 to
Subpart C of
Part 98, units

converted with
fuel heat
content

40 CFR 98
Subpart C and

A Emission
Factors and

GWP

AP-42 Table 3.3-
2, E Rating

AP-42 Table 3.3-
2, E Rating

AP-42
Table 3.3-
2, E Rating

Exemption Criteria is item 38(c)v. of PA
DEP Document ID 275-2101-003,

August 8, 2018

Exemption
Threshold

(same units as
row)

Percent
of

Thresh-
hold

This sub-section
of the table

considers NOx
based permit

exemption
thresholds

Estimated Maximum Hourly Emission
Rate  (lb/hr)

100 0.5% 0.5 0.12 2.38E-02 0.44 0.11 5.92E-04 62.55 2.54E-03 5.07E-04 62.76 4.53E-04 3.58E-04 1.49E-03

Estimated Maximum Daily NOx
Emissions (lb/24-hr)

1000 1.2% 11.9

Estimated Maximum NOx Emissions per
Ozone Season (tons/season)

2.75 4.5% 0.12

Estimated Potential to Emit (PTE)
(tons/year)

6.6 1.9% 0.12 0.03 0.01 0.11 0.03 1.48E-04 15.64 6.34E-04 1.27E-04 15.69 1.13E-04 8.95E-05 3.72E-04

Notes
1. Per referenced table notes TOC (Total Organic Carbon) Emission Factor is 9% methane and 91% nonmethane, and nonmethane is assumed as VOC
2. Conversion Factors and Heat Content of Diesel taken from AP-42 Appendix, Available: https://www3.epa.gov/ttnchie1/ap42/appendix/appa.pdf
3. Emission factors for GHGs available: https://www.epa.gov/sites/production/files/2015-07/documents/emission-factors_2014.pdf
4. Table 2 of 40 CFR 60 Subpart IIII of Part 60—Emission Standards for 2008 Model Year and Later Emergency Stationary CI ICE <37 KW (50 HP) With a Displacement of <10 Liters per Cylinder,
values in units of g/hp-hr from table row 3 for (25≤HP<50). https://www.ecfr.gov/cgi-bin/text-idx?rgn=div6&node=40%3A7.0.1.1.1.98#se40.8.60_14202

Emission Factors

Proposed Emission Factor Units

Source
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Table G-3.1 Revised: 01-30-020
PennEast Pipeline Project All Emissions are in Units of Tons per Construction Period
Construction Emissions

Total Construction Emissions per Project Phase
Project Phase 1 Total Emissions NOX CO VOC PM10 PM2.5 SO2  CO2e HAPs
Pipeline Diesel Non-Road Equipment Totals 95.5 31.1 13.3 5.0 4.9 0.41 44,319 1.80
Diesel and Gas On-Road 5.4 31.7 3.51 0.29 0.17 0.02 2,207 0.23
Pipeline Construction Activity Fugitive Dust 1,121 168
Pipeline Roadway Fugitive Dust 178.2 27.9
Pipeline Phase 1 Construction Sub-Total 101 63 17 1,305 201 0.42 46,526 2.03
Compressor Station Diesel Non-Road Equip. 3.0 1.5 0.5 0.2 0.2 0.0147 1602 0.04
Compressor Station Diesel and Gas On-Road 0.26 1.8 0.18 0.01 0.01 0.0007 106 0.010
Compressor Station Construction Fugitive Dust 23 3
Compressor Station Roadway Fugitive Dust 5.7 0.6
Comp. Station Construction Sub-Total 3 3 1 29 4.3 0.02 1,708 0.05
Project Phase 1 Total Construction Emissions 104.2 66.0 17.5 1,333 205 0.44 48,234 2.07

Project Phase 2 Total Emissions NOX CO VOC PM10 PM2.5 SO2  CO2e HAPs
Pipeline Diesel Non-Road Equipment Totals 118.5 26.4 12.8 5.8 5.7 0.75 37,582 0.80
Diesel and Gas On-Road 1.8 6.5 0.72 0.15 0.08 0.01 876 0.06
Pipeline Construction Activity Fugitive Dust 773 118
Pipeline Roadway Fugitive Dust 58.3 9.4
Pipeline Construction Sub-Total 120.3 32.9 13.5 837 133 0.75 38,458 0.86
Project Total Construction Emissions 225 99 31 2171 339 1 86692 3
Sum of al counties 120
Project Emission Details

Non-Road Equipment Exhaust
Phase 1 Diesel Non-Road Equipment NOX CO VOC PM10 PM2.5 SO2  CO2e HAPs
Pipeline Excavation Construction - Spread 1 26.4 9.9 4.1 1.4 1.4 0.13 14244 0.34
Pipeline HDD Construction - Spread 1 (Luzerne Co.) 2.6 0.8 0.2 0.1 0.1 0.01 547 0.79
Pipeline Excavation Construction - Spread 2 29.3 10.9 4.5 1.6 1.5 0.14 15807 0.37
Pipeline HDD Construction - Spread 2 (Carbon Co.) 18.5 2.4 1.5 0.9 0.8 0.03 3540 0.06
Pipeline Construction - Spread 3.1 (Phase 1) 18.9 7.0 2.9 1.0 1.0 0.09 10180 0.24
Phase 1 Pipeline Construction Sub-Total 95.5 31.1 13.3 5.0 4.9 0.41 44319 1.80
Compressor Station Construction Equip. 3.0 1.5 0.5 0.2 0.2 0.01 1602 0.04
Phase 1 Non-Road Equipment Construction Total 98.5 32.6 13.8 5.2 5.1 0.42 45921 1.84

Phase 2 Diesel Non-Road Equipment NOX CO VOC PM10 PM2.5 SO2  CO2e HAPs
Pipeline Construction - Spread 3.2 (Phase 2) (Northampton) 10.8 4.0 1.7 0.6 0.6 0.05 5820 0.14
Pipeline HDD Construction - Spread 3.2 (Northampton Co.) 15.7 2.1 1.3 0.7 0.7 0.43 3031 0.05
Pipeline Construction - Spread 4 33.3 12.3 5.1 1.8 1.8 0.16 17754 0.42
Pipeline HDD Construction - Spread 4 (Bucks Co.) 6.1 0.8 0.5 0.3 0.3 0.01 1148 0.02
Pipeline HDD Construction - Spread 4 (Huntingdon Co.) 46.7 6.3 3.8 2.2 2.1 0.08 8595 0.16
Pipeline HDD Construction - Spread 4 (Mercer Co.) 5.9 0.9 0.5 0.3 0.3 0.01 1234 0.02
Phase 2 Non-Road Equipment Construction Total 118.5 26.4 12.8 5.8 5.7 0.75 37582 0.80

PennEast Project Total Phase 1 & 2 Non-Road Equip. 217.0 58.9 26.6 11.1 10.7 1.17 83503 2.64

Roadway Travel Particulate Matter
Phase 1 Pipeline Construction PM10 PM2.5
Combined Pickup Trucks and Vans - Spread 1 54.1 8.1
Float, Lowboy, Tractor Trucks Spread 1 6.0 1.3
Bus - Spread 1 3.8 0.7
Combined Pickup Trucks and Vans - Spread 2 60.0 9.0
Float, Lowboy, Tractor Trucks Spread 2 6.0 1.3
Bus - Spread 2 4.2 0.7
Combined Pickup Trucks and Vans - Spread 3.1 37.5 5.6
Float, Lowboy, Tractor Trucks Spread 3.1 3.9 0.8
Bus - Spread 3.1 2.7 0.5
Phase 1 Total Pipeline Construction Roadway PM 178.2 27.9
Compressor Station construction
Gas Pickup Trucks - Supervisors/Inspectors 3.2 0.4
Gas Pickup Trucks - Operators 1.9 0.2
Diesel 1-Ton Trucks with Tools 0.5 0.1
Total Compressor Station Construction Roadway PM 5.7 0.63
Phase 1 Total Construction Roadway PM 183.9 28.6

Phase 2 Pipeline Construction PM10 PM2.5
Combined Pickup Trucks and Vans - Spread 3.2 21.4 3.2
Float, Lowboy, Tractor Trucks Spread 3.2 2.3 0.5
Bus - Spread 3.2 1.6 0.3
Combined Pickup Trucks and Vans - Spread 4 21.6 3.2
Float, Lowboy, Tractor Trucks Spread 4 6.9 1.4
Bus - Spread 4 4.5 0.8
Phase 2 Total Construction Roadway PM 58 9Page 1 of 2
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Table G-3.1 page 2 Revised: 01-30-020
Total Project construction Emissions by Spread
Project Elements NOX CO VOC PM10 PM2.5 SO2  CO2e HAPs
Spread 1
Diesel Non-Road Equipment, Excavation Construction 26.4 9.9 4.1 1.4 1.4 0.130 14,244 0.34
Diesel Non-Road Equipment, HDD Construction 2.6 0.8 0.2 0.1 0.1 0.005 547 0.79
Diesel and Gas On-Road 2.02 12.5 1.43 0.10 0.06 0.006 794 0.094
Roadway Travel Particulate Matter 63.9 10.0

Total construction Emissions Spread 1 30.9 23.2 5.8 65.6 11.6 0.14 15,584 1.22
County Breakdown for Spread 1:
Luzerne County 30.9 23.2 5.8 65.6 11.6 0.1 15,584 1.22
Spread 2
Diesel Non-Road Equipment, Excavation Construction 29.3 10.9 4.5 1.6 1.5 0.1 15,807 0.4
Diesel Non-Road Equipment, HDD Construction 18.5 2.4 1.5 0.9 0.8 0.0 3,540 0.06
Diesel and Gas On-Road 2.05 11.8 1.21 0.111 0.064 0.0062 854 0.08
Roadway Travel Particulate Matter 70.1 11.0
Total construction Emissions Spread 2 49.8 25.1 7.2 72.7 13.4 0.18 20,201 0.51
County Breakdown for Spread 2:
Luzerne 5.3 3.9 1.0 12.3 2.2 0.0 2,847 0.08
Carbon  (100% of the HDD emissions are in Carbon County): 44.4 21.2 6.2 60.4 11.3 0.2 17,354 0.43
Spread 3.1
Diesel Non-Road Equipment 18.9 7.0 2.9 1.0 1.0 0.1 10,180 0.24
Diesel and Gas On-Road 1.36 7.4 0.87 0.08 0.05 0.0041 560 0.05
Roadway Travel Particulate Matter 44.2 6.9
Total construction Emissions Spread 3.1 20.3 14.4 3.8 45.3 8.0 0.10 10,740 0.30
County Breakdown for Spread 3.1:
Carbon 3.1 2.2 0.6 6.9 1.2 0.0 1,629 0.04
Northampton 17.2 12.2 3.2 38.4 6.8 0.1 9,112 0.25
Spread 3.2
Diesel Non-Road Equipment 10.8 4.0 1.7 0.6 0.6 0.1 5,820 0.14
Diesel Non-Road Equip., HDD Construction (Northampton) 15.7 2.1 1.3 0.7 0.7 0.4 3,031 0.05
Diesel and Gas On-Road 0.78 4.2 0.49 0.05 0.03 0.0023 320 0.03
Roadway Travel Particulate Matter 25.2 4.0
Total construction Emissions Spread 3.2 27.3 10.3 3.4 26.6 5.3 0.48 9,171 0.22
County Breakdown for Spread 3.2:
Northampton (includeds 100% of HDD in Spread 3.2) 25.5 9.1 3.1 22.6 4.6 0.47 8,224 0.19
Bucks 1.7 1.2 0.3 3.9 0.7 0.01 923 0.03
Hunterdon 0.05 0.03 0.01 0.1 0.02 0.0002 24.5 0.001
Spread 4
Diesel Non-Road Equipment 33.33 12.26 5.12 1.81 1.76 0.162 17,754 0.42
Diesel Non-Road Equipment, HDD Construction 58.65 7.98 4.74 2.70 2.62 0.106 10,977 0.20
Diesel and Gas On-Road 1.04 2.29 0.23 0.10 0.05 0.004 556 0.03
Roadway Travel Particulate Matter 33.03 5.49
Total construction Emissions Spread 4 93.01 22.54 10.09 37.65 9.92 0.273 29,287 0.65
County Breakdown for Spread 4
Bucks 6.1 0.8 0.5 0.3 0.3 0.0 1,148 0.02
Hunterdon 72.57 17.29 7.80 28.45 7.58 0.21 22,371 0.49
Mercer 14.38 4.45 1.82 8.93 2.07 0.05 5,768 0.13

Total Construction Emiss. by County/Phase NOX CO VOC PM10 PM2.5 SO2  CO2e HAPs
PHASE 1
Luzerne Equipment Combustion and Roadway PM 36.3 27.1 6.7 78 14 0.17 18,431 1.30
Luzerne Construction Activity PM 320 48

Luzerne County Emission Totals 36.3 27.1 6.7 397 61.7 0.2 18,431 1.30
Carbon Equipment Combustion and Roadway PM 50.8 26.7 7.5 95.9 16.7 0.19 20,691 0.53
Carbon Construction Activity PM 428 64

Carbon County Emission Totals 50.8 26.7 7.5 524 81.0 0.2 20,691 0.53
Northampton Equipment Combustion and Roadway PM 17.18 12.23 3.23 38.41 6.76 0.08 9111.64 0.25
Northampton Construction Activity PM 373 56

Northampton County Emission Totals 17.2 12.2 3.2 412 62.7 0.08 9,112 0.25
Total All Counties in Phase 1 104.2 66.0 17.46 1333.3 205.4 0.4 48234 2.1

PHASE 2
Northampton Equipment Combustion and Roadway PM 25.5 9.1 3.1 22.6 4.6 0.5 8223.8 0.2
Northampton Construction Activity PM 198.8 29.8

Northampton County Emission Totals 25.5 9.1 3.1 221.5 34.4 0.5 8223.8 0.2
Bucks Equipment Combustion and Roadway PM 7.8 2.0 0.8 4.2 1.0 0.0 2071 0.04
Bucks Construction Activity PM 14 4

Bucks County Emission Totals 7.8 2.0 0.8 18 5.4 0.0 2,071 0.04
Hunterdon Equipment Combustion and Roadway PM 72.6 17.3 7.8 29 8 0.2 22,395 0.49
Hunterdon Construction Activity PM 389 58

Hunterdon County Emission Totals 72.6 17.3 7.8 418 65.9 0.2 22,395 0.49
Mercer Equipment Combustion and Roadway PM 14.4 4.45 1.82 9 2 0.05 5,768 0.13
Mercer Construction Activity PM 171 26

Mercer County Emission Totals 14.4 4.5 1.8 180 27.7 0.1 5,768 0.13
Total All Counties in Phase 2 120.3 33 14 837 133 1 38458 0.86
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Table G-3.2 Fugitive Dust Emissions - Construction Activity/Land Disturbance Updated 01-29-2020
PennEast Pipeline Project

Construction Emissions - Fugitive dust from Phase 1 Earth Disturbance Construction Activities

Source/Construction Activity County

Area of Land
Disturbance1

(acres):

Months of
Construction

Activity2:
PM2.5

ton/period
PM10

ton/period
Total Pipeline Acres Luzerne 336.6 6.5 40 268
Total Access Roads Acres Luzerne 63.8 3 4 23
Pipeyards Luzerne 39.7 3 2 15
Aboveground Facilities Luzerne 13.0 6.5 2 10
Staging Areas Luzerne 2.8 10 1 3

Total PM Emissions Luzerne 48 320
Total Pipeline Acres Carbon 373.5 6.5 51 337
Total Access Roads Acres Carbon 44.8 3 3 19
Pipeyards Carbon 50.4 3 3 21
Kidder Compressor Station Carbon 27.3 6 3 23
Aboveground Facilities Carbon 1.2 6.5 0 1
Staging Areas Carbon 19.9 10 4 28

Total PM Emissions Carbon 64 428
Total Pipeline Acres Northampton 269.9 6.5 41 270
Total Access Roads Acres Northampton 44.8 3 3 21
Pipeyards Northampton 50.4 3 3 23
Aboveground Facilities Northampton 28.4 6.5 4 28
Staging Areas Northampton 19.9 10 5 31

Total PM Emissions Northampton 56 373

Total(1) Phase 1 Pipeline Only (Excludes Kidder Station) 1359.1 168 1121

Kidder Station Subtotal 27.3 3 23

Construction Emissions - Fugitive dust from Phase 2 Earth Disturbance Construction Activities
Total Pipeline Acres Northampton 104.6 6.5 16 105
Total Access Roads Acres Northampton 7.2 3 0 3
Pipeyards Northampton 74.3 3 5 34
Aboveground Facilities Northampton 6.9 6.5 1 7
Staging Areas Northampton 12.7 10 3 20
Hellertown Lateral Northampton 29.9 6.5 4 30

Total PM Emissions Northampton 30 199
Total Pipeline Acres Bucks 28.3 6.5 4 11
Total Access Roads Acres Bucks 2.7 3 0 3

Total PM Emissions Bucks 4 14
Total Pipeline Acres Hunterdon 375.7 6.5 49 327
Total Access Roads Acres Hunterdon 23.6 3 1 9
Pipeyards Hunterdon 36.4 3 2 15
Aboveground Facilities Hunterdon 16.7 6.5 2 15
Lambertville Lateral Hunterdon 23.1 6.5 3 20
Gilbert Lateral Hunterdon 3.6 6.5 0 3

Total PM Emissions Hunterdon 58 389
Total Pipeline Acres Mercer 151.4 6.5 23 152
Total Access Roads Acres Mercer 6.0 3 0 3
Pipeyards Mercer 26.3 3 2 12
Aboveground Facilities Mercer 4.3 6.5 1 4

Total PM Emissions Mercer 26 171

Total(1) Phase 2 934.0 118 773
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Table G-3.2 Fugitive Dust Emissions - Construction Activity/Land Disturbance Updated 01-29-2020
Table G-3.2 Fugitive Dust Emissions - Construction Activity/Land Disturbance Updated 01-29-2020
PennEast Pipeline Project

Emission Factor Equations3

PM10 Emission Factor = 0.42 x (1 - CE) x SAE x SMA
PM2.5 Emission Factor = PM10 Emission Factor x Ratio

Project Area Specific PM Emission Factors
Base PM10 Emission Factor(tons/acre-month) 0.42
Ratio of PM2.5 to PM10 (Ratio) 0.15
Construction Dust Plan Control Efficiency Factor4 50%

Silt Adjustment Factor (SAF): 3.67 (SAF = Project Value/ 9%)
Total 9%
Average Dry Silt Percent of Project Soils 33%

Soil Moisture Adjustment Factor (per Climate Divisions of Project Area)

Thornthwaite's Precipitation-Evaporation Index5 Soil Moisture

Basis (Arid Southwest US) See Note 3 24 Adjustment (SMA) PM2.5 PM10
Luzerne County 151 0.16 0.0184 0.1224
Carbon County 133 0.18 0.0208 0.1389
Northampton 120 0.20 0.0231 0.1540

Bucks 120 0.20 0.0231 0.1540
Hunterdon 138 0.17 0.0201 0.1339

Mercer 120 0.20 0.0231 0.1540

NOTES:

[5] Thornthwaite's Precipitation-Evaporation Index values are taken from the map on page 5-12 of cited  EPA Contract 68-D7-0068 Document.

Weighted Average by Area of Soil

Adjusted Emission Factors

[1] Acres per County are calculated from Project Details (From GIS Data), See Table L2-10.

[2] The entire construction activity duration is expected to be 8 to 10 months; however, based on crew activity type and phasing, the emission
causing Months of Heavy Construction Activity is used in the emission calculations as shown above. Travel on unpaved roads for crews not
using heavy equipment are accounted for in Off-Road travel.

[3] Estimating Particulate Matter Emissions From Construction Operations, Final Report, Eastern Research Group, Inc., September 30, 1999,
EPA Contract 68-D7-0068, Section 5.6. It is assumed that the factor and methodology for adjusting the factor for Roadway Construction
Emissions are similar in nature to the pipeline construction.

[4] Required and effective fugitive dust control measures will be determined at the site during construction activity.  Application of water to
mitigate fugitive dust will be used as one of the primary control measure.  Mitigation of fugitive dust by the use of water application and other
measures is reflected in the 50% control efficiency recommended in the referenced EPA Contract 68-D7-0068 Document.
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Table G-3.3 Revised 01-29-2020
PennEast Pipeline Project
Pipeline Construction Emissions - On-road Vehicles

Description Category Based on MOVES2014
Classification

Number of
Equipment Total Days Total

Weeks
Total

Months
Working

Days
Miles per

Day
Calc.
VMT 1

Gas Pickup Trucks - Spread 1 31 - Passenger Truck - Gas 94 231 33 10 198 50 930,600
Gas Pickup Trucks - Spread 2 31 - Passenger Truck - Gas 105 231 33 10 198 50 1,039,500
Gas Pickup Trucks - Spread 3 31 - Passenger Truck - Gas 103 238 34 10 198 50 1,019,700
Gas Pickup Trucks - Spread 4 31 - Passenger Truck - Gas 104 252 36 10 72 50 374,400
Float, Lowboy, Tractor Trucks Spread 1 52 - Single Unit Short-Haul Truck - Diesel 21 231 33 10 198 50 207,900
Float, Lowboy, Tractor Trucks Spread 2 52 - Single Unit Short-Haul Truck - Diesel 21 231 33 10 198 50 207,900
Float, Lowboy, Tractor Trucks Spread 3 52 - Single Unit Short-Haul Truck - Diesel 21 238 34 10 204 50 214,200
Float, Lowboy, Tractor Trucks Spread 4 52 - Single Unit Short-Haul Truck - Diesel 22 252 36 10 216 50 237,600
Diesel Parts Vans - Spread 1 32 - Light Commercial Truck - Diesel 8 231 33 10 198 50 79,200
Diesel Parts Vans - Spread 2 32 - Light Commercial Truck - Diesel 8 231 33 10 198 50 79,200
Diesel Parts Vans - Spread 3 32 - Light Commercial Truck - Diesel 8 238 34 10 204 50 81,600
Diesel Parts Vans - Spread 4 32 - Light Commercial Truck - Diesel 8 252 36 10 216 50 86,400
Bus - Spread 1 32 - Light Commercial Truck - Diesel 10 231 33 10 198 50 99,000
Bus - Spread 2 32 - Light Commercial Truck - Diesel 11 231 33 10 198 50 108,900
Bus - Spread 3 32 - Light Commercial Truck - Diesel 11 238 34 10 204 50 112,200
Bus - Spread 4 32 - Light Commercial Truck - Diesel 11 252 36 10 216 50 118,800

Description Category Based on MOVES2014
Classification

VOC 2

g/VMT
CO 2

g/VMT
PM10

2

g/VMT
PM2.5

2

g/VMT
SO2

2

g/VMT
NOx 2

g/VMT
CO2

2

g/VMT
CH4

2

g/VMT
N2O 2

g/VMT
GHG 3

g CO2e /VMT
HAPs 2,4

g/VMT
Gas Pickup Trucks - Spread 1 31 - Passenger Truck - Gas 1.22 11.07 0.05 0.03 0.00 1.19 454.32 0.04 0.03 465.45 0.06
Gas Pickup Trucks - Spread 2 31 - Passenger Truck - Gas 0.91 9.30 0.05 0.02 0.00 1.07 450.51 0.03 0.02 458.28 0.05
Gas Pickup Trucks - Spread 3 31 - Passenger Truck - Gas 1.03 9.19 0.05 0.02 0.00 1.09 460.66 0.03 0.03 470.46 0.05
Gas Pickup Trucks - Spread 4 31 - Passenger Truck - Gas 0.23 3.55 0.05 0.01 0.00 0.28 418.96 0.01 0.01 421.88 0.01
Float, Lowboy, Tractor Trucks Spread 1 52 - Single Unit Short-Haul Truck - Diesel 0.24 1.03 0.14 0.09 0.01 1.93 861.55 0.05 0.00 863.53 0.04
Float, Lowboy, Tractor Trucks Spread 2 52 - Single Unit Short-Haul Truck - Diesel 0.24 1.05 0.15 0.09 0.01 1.97 883.49 0.05 0.00 885.48 0.04
Float, Lowboy, Tractor Trucks Spread 3 52 - Single Unit Short-Haul Truck - Diesel 0.27 1.13 0.18 0.10 0.01 2.07 923.79 0.06 0.00 925.98 0.04
Float, Lowboy, Tractor Trucks Spread 4 52 - Single Unit Short-Haul Truck - Diesel 0.28 1.05 0.24 0.13 0.01 2.48 927.66 0.05 0.00 929.59 0.04
Diesel Parts Vans - Spread 1 32 - Light Commercial Truck - Diesel 0.65 4.63 0.10 0.07 0.01 1.83 598.23 0.11 0.002 601.57 0.10
Diesel Parts Vans - Spread 2 32 - Light Commercial Truck - Diesel 0.54 4.21 0.11 0.08 0.01 1.84 603.69 0.07 0.002 605.94 0.08
Diesel Parts Vans - Spread 3 32 - Light Commercial Truck - Diesel 0.64 4.69 0.13 0.09 0.01 2.01 616.86 0.07 0.002 619.37 0.09
Diesel Parts Vans - Spread 4 32 - Light Commercial Truck - Diesel 0.26 2.45 0.09 0.05 0.01 1.22 610.50 0.07 0.002 612.89 0.05
Bus - Spread 1 32 - Light Commercial Truck - Diesel 0.65 4.63 0.10 0.07 0.01 1.83 598.23 0.11 0.002 601.57 0.10
Bus - Spread 2 32 - Light Commercial Truck - Diesel 0.54 4.21 0.11 0.08 0.01 1.84 603.69 0.07 0.002 605.94 0.08
Bus - Spread 3 32 - Light Commercial Truck - Diesel 0.64 4.69 0.13 0.09 0.01 2.01 616.86 0.07 0.002 619.37 0.09
Bus - Spread 4 32 - Light Commercial Truck - Diesel 0.26 2.45 0.09 0.05 0.01 1.22 610.50 0.07 0.002 612.89 0.05

Page 1 of 2
PennEast Const Emissions 2020 Phasing 013020 Production version.xlsm

3 Pipeline On-Road Vehicles



Table G-3.3 Revised 01-29-2020
PennEast Pipeline Project
Pipeline Construction Emissions - On-road Vehicles

Description Category Based on MOVES2014
Classification

VOC
ton/yr

CO
ton/yr

PM10

ton/yr
PM2.5

ton/yr
SO2

ton/yr
NOx

ton/yr
CO2

ton/yr
CH4

ton/yr
N2O

ton/yr
GHG

ton CO2e /yr
HAPs
ton/yr

Gas Pickup Trucks - Spread 1 31 - Passenger Truck - Gas 1.25E+00 1.14E+01 4.72E-02 2.81E-02 3.10E-03 1.22E+00 466.1 3.99E-02 3.49E-02 477.46 6.57E-02
Gas Pickup Trucks - Spread 2 31 - Passenger Truck - Gas 1.05E+00 1.07E+01 5.26E-02 2.58E-02 3.43E-03 1.22E+00 516.2 3.07E-02 2.73E-02 525.13 5.19E-02
Gas Pickup Trucks - Spread 3 31 - Passenger Truck - Gas 1.16E+00 1.03E+01 6.09E-02 2.81E-02 3.44E-03 1.22E+00 517.8 3.16E-02 3.43E-02 528.82 5.59E-02
Gas Pickup Trucks - Spread 4 31 - Passenger Truck - Gas 9.34E-02 1.46E+00 1.94E-02 5.06E-03 1.15E-03 1.15E-01 172.9 4.26E-03 3.70E-03 174.11 5.07E-03
Float, Lowboy, Tractor Trucks Spread 1 52 - Single Unit Short-Haul Truck - Diesel 5.45E-02 2.37E-01 3.28E-02 2.04E-02 1.67E-03 4.43E-01 197.4 1.24E-02 4.79E-04 197.90 8.65E-03
Float, Lowboy, Tractor Trucks Spread 2 52 - Single Unit Short-Haul Truck - Diesel 5.52E-02 2.40E-01 3.50E-02 2.11E-02 1.71E-03 4.51E-01 202.5 1.23E-02 4.98E-04 202.93 8.70E-03
Float, Lowboy, Tractor Trucks Spread 3 52 - Single Unit Short-Haul Truck - Diesel 6.31E-02 2.67E-01 4.36E-02 2.47E-02 1.84E-03 4.88E-01 218.1 1.38E-02 5.78E-04 218.64 9.95E-03
Float, Lowboy, Tractor Trucks Spread 4 52 - Single Unit Short-Haul Truck - Diesel 7.45E-02 2.76E-01 6.21E-02 3.39E-02 2.06E-03 6.49E-01 243.0 1.32E-02 5.87E-04 243.47 1.16E-02
Diesel Parts Vans - Spread 1 32 - Light Commercial Truck - Diesel 5.68E-02 4.04E-01 8.34E-03 6.32E-03 4.49E-04 1.60E-01 52.2 9.27E-03 2.03E-04 52.52 8.86E-03
Diesel Parts Vans - Spread 2 32 - Light Commercial Truck - Diesel 4.71E-02 3.68E-01 9.74E-03 7.16E-03 4.54E-04 1.61E-01 52.7 5.79E-03 1.74E-04 52.90 7.01E-03
Diesel Parts Vans - Spread 3 32 - Light Commercial Truck - Diesel 5.75E-02 4.22E-01 1.14E-02 8.14E-03 4.78E-04 1.81E-01 55.5 6.55E-03 2.08E-04 55.71 8.49E-03
Diesel Parts Vans - Spread 4 32 - Light Commercial Truck - Diesel 2.52E-02 2.33E-01 8.28E-03 4.51E-03 4.93E-04 1.16E-01 58.1 6.68E-03 2.06E-04 58.37 4.35E-03
Bus - Spread 1 32 - Light Commercial Truck - Diesel 7.09E-02 5.05E-01 1.04E-02 7.90E-03 5.61E-04 2.00E-01 65.3 1.16E-02 2.54E-04 65.65 1.11E-02
Bus - Spread 2 32 - Light Commercial Truck - Diesel 6.47E-02 5.06E-01 1.34E-02 9.85E-03 6.24E-04 2.21E-01 72.5 7.96E-03 2.39E-04 72.74 9.64E-03
Bus - Spread 3 32 - Light Commercial Truck - Diesel 7.90E-02 5.81E-01 1.57E-02 1.12E-02 6.57E-04 2.48E-01 76.3 9.00E-03 2.85E-04 76.60 1.17E-02
Bus - Spread 4 32 - Light Commercial Truck - Diesel 3.47E-02 3.21E-01 1.14E-02 6.20E-03 6.78E-04 1.59E-01 79.9 9.18E-03 2.83E-04 80.26 5.98E-03

4.24 38.16 0.44 0.25 0.023 7.25 3047 0.22 0.10 3083 0.28

Project Element Subtotals
VOC

ton/yr
CO

ton/yr
PM10

ton/yr
PM2.5

ton/yr
SO2

ton/yr
NOx

ton/yr
CO2

ton/yr
CH4

ton/yr
N2O

ton/yr
GHG

ton CO2e /yr
HAPs
ton/yr

Pipeline Construction - Spread 1 1.434 12.504 0.099 0.063 0.006 2.02 781 0.073 0.036 794 0.094
Pipeline Construction - Spread 2 1.213 11.771 0.111 0.064 0.006 2.05 844 0.057 0.028 854 0.077
Pipeline Construction - Spread 3.1 0.866 7.379 0.084 0.046 0.004 1.36 552 0.039 0.023 560 0.055
Pipeline Construction - Spread 3.2 0.495 4.219 0.048 0.026 0.002 0.78 316 0.022 0.013 320 0.031
Pipeline Construction - Spread 4 0.228 2.293 0.101 0.050 0.004 1.04 554 0.033 0.005 556 0.027
Total Pipeline On-Road Emissions 4.24 38.16 0.44 0.25 0.023 7.25 3047 0.22 0.10 3083 0.28
Phase 1 Subtotal 3.51 31.65 0.29 0.17 0.016 5.44 2177 0.17 0.09 2207 0.23

NOTES: Phase 2 Subtotal 0.72 6.51 0.15 0.08 0.007 1.82 870 0.06 0.02 876 0.06

   CO2 = 1, CH4 = 25, N2O = 298
Note 4:  HAPs are aggregated for benzene, 1,3-butadiene, formaldehyde, acetaldehyde, and acrolein

Total

Note 1: Vehicle Miles Traveled (VMT) = (Number of Equipment) * (Working Days) * (Miles per day)
Note 2: Emissions estimates  are based on EPA's MOVES2014 motor vehicle emissions estimation program.  Year 2019 is used as the base year for EFs.  Factors are based on county data and pipeline miles per spread per county considerations as shown in Table L2-6.2 and 7.2.
Note 3: Greenhouse gasses (GHG) are converted to carbon dioxide equivalents (CO2) using 40 CFR 98 Subpart A global warming potentials as follows:
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Table G-3.4 Revised 01-30-2020 
Onroad Vehicle Emission Factors for 2019 used in Tables L2-6 and L2-7

Category Based on MOVES2014
Classification

County, State
Spread Number that

these Factors are used1
VOC 2

g/VMT
CO 2

g/VMT
PM10

2

g/VMT
PM2.5

2

g/VMT
SO2

2

g/VMT
NOx 2

g/VMT
CO2

2

g/VMT
CH4

2

g/VMT
N2O 2

g/VMT

GHG 3

g CO2e
/VMT

HAPs 2,4

g/VMT

VOC CO PM10 PM2.5 SO2 NOx CO2 CH4 N2O CO2e HAPS

31 - Passenger Truck - Gas Luzerne County, PA 100% Spread 1,
17% of Spread 2 1.22 11.07 0.05 0.03 0.003 1.19 454.32 0.04 0.03 465.45 0.06

32 - Light Commercial Truck - Diesel Luzerne County, PA 100% Spread 1,
17% of Spread 2 0.65 4.63 0.10 0.07 0.01 1.83 598.23 0.11 0.002 601.57 0.10

52 - Single Unit Short-Haul Truck - Diesel Luzerne County, PA 100% Spread 1,
17% of Spread 2 0.24 1.03 0.14 0.09 0.01 1.93 861.55 0.05 0.002 863.53 0.04

31 - Passenger Truck - Gas Carbon County, PA 83% of Spread 2,
15% Spread 3 0.85 8.93 0.05 0.02 0.003 1.04 449.73 0.02 0.02 456.81 0.04

32 - Light Commercial Truck - Diesel Carbon County, PA 83% of Spread 2,
15% Spread 3 0.52 4.13 0.11 0.08 0.01 1.84 604.81 0.06 0.002 606.84 0.08

52 - Single Unit Short-Haul Truck - Diesel Carbon County, PA 83% of Spread 2,
15% Spread 3 0.24 1.05 0.15 0.09 0.01 1.98 888.01 0.05 0.002 890.00 0.04

31 - Passenger Truck - Gas Luzerne/Carbon, PA Average Spread 2 0.91 9.30 0.05 0.02 0.00 1.07 450.51 0.03 0.024 458.28 0.05
32 - Light Commercial Truck - Diesel Luzerne/Carbon, PA Average Spread 2 0.54 4.21 0.11 0.08 0.01 1.84 603.69 0.07 0.002 605.94 0.08
52 - Single Unit Short-Haul Truck - Diesel Luzerne/Carbon, PA Average Spread 2 0.24 1.05 0.15 0.09 0.01 1.97 883.49 0.05 0.002 885.48 0.04
31 - Passenger Truck - Gas Northampton County, PA Assumed 100% Spread 3 1.03 9.19 0.05 0.02 0.003 1.09 460.66 0.03 0.03 470.46 0.05
32 - Light Commercial Truck - Diesel Northampton County, PA Assumed 100% Spread 3 0.64 4.69 0.13 0.09 0.01 2.01 616.86 0.07 0.002 619.37 0.09
52 - Single Unit Short-Haul Truck - Diesel Northampton County, PA Assumed 100% Spread 3 0.27 1.13 0.18 0.10 0.01 2.07 923.79 0.06 0.002 925.98 0.04
31 - Passenger Truck - Gas Bucks County, PA % of Spread 3 0.64 7.31 0.04 0.02 0.003 0.82 438.62 0.02 0.024 446.13 0.03
32 - Light Commercial Truck - Diesel Bucks County, PA % of Spread 3 0.50 4.01 0.10 0.07 0.01 1.70 591.57 0.07 0.002 593.90 0.08
52 - Single Unit Short-Haul Truck - Diesel Bucks County, PA % of Spread 3 0.25 1.12 0.18 0.10 0.01 1.99 889.36 0.06 0.002 891.45 0.04
31 - Passenger Truck - Gas Hunterdon County, NJ 75% of Spread 4 0.21 3.39 0.05 0.01 0.003 0.27 413.54 0.01 0.01 416.30 0.01
32 - Light Commercial Truck - Diesel Hunterdon County, NJ 75% of Spread 4 0.26 2.36 0.09 0.05 0.01 1.19 603.57 0.07 0.002 605.87 0.04
52 - Single Unit Short-Haul Truck - Diesel Hunterdon County, NJ 75% of Spread 4 0.26 0.99 0.21 0.12 0.01 2.31 863.61 0.05 0.002 865.38 0.04
31 - Passenger Truck - Gas Mercer, NJ 25% of Spread 4 0.26 4.02 0.05 0.01 0.003 0.31 435.41 0.01 0.01 438.86 0.01
32 - Light Commercial Truck - Diesel Mercer, NJ 25% of Spread 4 0.29 2.72 0.09 0.05 0.01 1.30 631.54 0.08 0.002 634.23 0.05
52 - Single Unit Short-Haul Truck - Diesel Mercer, NJ 25% of Spread 4 0.35 1.23 0.31 0.16 0.01 2.97 1122.27 0.06 0.003 1124.67 0.05
31 - Passenger Truck - Gas Hunterdon/Mercer NJ Average Spread 4 0.23 3.55 0.05 0.01 0.003 0.28 418.96 0.01 0.01 421.88 0.01
32 - Light Commercial Truck - Diesel Hunterdon/Mercer NJ Average Spread 4 0.26 2.45 0.09 0.05 0.01 1.22 610.50 0.07 0.002 612.89 0.05
52 - Single Unit Short-Haul Truck - Diesel Hunterdon/Mercer NJ Average Spread 4 0.28 1.05 0.24 0.13 0.01 2.48 927.66 0.05 0.002 929.59 0.04

Note 1: For Spreads with multiple Counties, Weighted Average Emission Factors are used, except for Spread 3 which uses values for Northampton county.
The percent of each county is based on miles of pipeline per county and calculated in Table G-3.5. Bolded values are used in Table G-3.3.
Note 2: Emissions estimates are based on EPA's MOVES2014 motor vehicle emissions estimation program.  Year 2019 is used as the base year for EFs.
Factors are based on county data from the County and State as shown. Model ID: MOVES2014a-20151201
Note 3: Greenhouse gasses (GHG) are converted to carbon dioxide equivalents (CO2) using 40 CFR 98 Subpart A global warming potentials as follows:
   CO2 = 1, CH4 = 25, N2O = 298
Note 4:  HAPs are aggregated for benzene, 1,3-butadiene, formaldehyde, acetaldehyde, and acrolein
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Table G-3.5 Updated 01-29-2020
PennEast Pipeline Project
Percentage(1) of  Construction Spread Activity Per County

Construction Spreads> 0.0
County
Luzerne 100% 17%
Carbon 83% 15%
Northampton 85% 85%
Bucks 15%
Hunterdon 0.4% 75%
Mercer 25%
Total 100.0% 100.0% 100.0% 100.0% 100.0%

Notes: 0.00%

2. Percentages calculated using GIS Data

Phase 1 Phase 2

1. Percentage = (Total Main Line and Lateral of Construction in a County)
(Total Main Line and Laterals included in Construction Spread)

1 2 3.1 3.2 4
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PennEast Pipeline Project
Phase 1 Emission Estimation Tables

Table ID Table Description
G-4.1 Kidder Compressor Station Total Annual Emissions - Estimate for Phase 1 Operating Emissions

G-4.2
Kidder Compressor Station - Estimate of Average Hourly Emission Rates - Based on Monthly Average Ambient 
Temperatures at 100% Load for One Combustion Turbine

G-4.3 Kidder Compressor Station - Compressor Start-up/Shutdown Emissions
G-4.4 Kidder Compressor Station -  Speciated and Total HAPs from Compressor Turbines
G-4.5 Kidder Compressor Station - Natural Gas Engine Emissions for Auxiliary Power Unit
G-4.6 Kidder Compressor Station - Fugitive Emissions from Station Piping (Leaks from Valves, Flanges, etc.)
G-4.7 Kidder Compressor Station - Venting Emission Estimates
G-4.8 Kidder Compressor Station - Nat. Gas-Fired Heat Exchanger (Fuel Gas Heater) Emissions
G-4.9 Mars 100 Combustion Turbine Emission Specifications
G-4.10 Gas Analysis Details Used in Emission Estimates
G-4.11 Gas Analysis - Copy of Laboratory Analyses
G-4.12 Referenced Factors
G-4.13 Detailed Sulfur Dioxide Emission Rate Estimates
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aƻƴǘƘ 
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tŜǊŎŜƴǘ όн /¢ǎ ŎƻƳōƛƴŜŘύ 
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ŀǘ Ҕ фл҈ ƭƻŀŘ .ŀǎŜŘ ƻƴ II± ƻŦ bŀǘǳǊŀƭ DŀǎΦ Lƴ ŀŘŘƛǘƛƻƴ ŀ рл҈ ŜƳƛǎǎƛƻƴ ǊŜŘǳŎǘƛƻƴ ƛǎ ŀǘǘǊƛōǳǘŜŘ ǘƻ ǘƘŜ ǳǎŜ ƻŦ ŀ hȄƛŘŀǘƛƻƴ /ŀǘŀƭȅǎǘΦ
с ta CŀŎǘƻǊǎ ǘŀƪŜƴ ŦǊƻƳ tL[ мтф ϦtŀǊǘƛŎǳƭŀǘŜ aŀǘǘŜǊ 9Ƴƛǎǎƛƻƴ 9ǎǘƛƳŀǘŜǎϦΣ с aŀȅ нлмрΣ ōȅ {ƻƭŀǊ ¢ǳǊōƛƴŜǎ LƴŎƻǊǇƻǊŀǘŜŘΣ {ŜŜ ¢ŀōƭŜ DπпΦмн
т /hнŜ CŀŎǘƻǊ ŎŀƭŎǳƭŀǘŜŘ ŦǊƻƳ /hнΣ bнh ŀƴŘ aŜǘƘŀƴŜ ŦŀŎǘƻǊǎ ƛƴ ¢ŀōƭŜ оΦмπнŀ Ϧ9Ƴƛǎǎƛƻƴ CŀŎǘƻǊǎ ŦƻǊ /ǊƛǘŜǊƛŀ tƻƭƭǳǘŀƴǘǎ ŀƴŘ DǊŜŜƴƘƻǳǎŜ DŀǎŜǎ
 ŦǊƻƳ {ǘŀǘƛƻƴŀǊȅ Dŀǎ ¢ǳǊōƛƴŜǎϦ !tπпн /ƘŀǇǘŜǊ оΦм ŀƴŘ D²t ǾŀƭǳŜǎ ŦǊƻƳ L//tΦ
у CŜōǊǳŀǊȅ нлмс wŜǾƛǎƛƻƴ bƻǘŜΥ ¢ƘŜ 9Ƴƛǎǎƛƻƴ CŀŎǘƻǊǎ ŦƻǊ {hн ŀƴŘ CƻǊƳŀƭŘŜƘȅŘŜ ǿŜǊŜ ŎǊƻǎǎ ǊŜŦŜǊŜƴŎŜŘ ƛƴ ǇǊƛƻǊ ǾŜǊǎƛƻƴǎ ƻŦ ǘƘƛǎ ǘŀōƭŜ ǘƘŀǘ ǿŜǊŜ ǎǳōƳƛǘǘŜŘ ǘƻ ǘƘŜ C9w/Φ
¢Ƙƛǎ ŎƻŘƛƴƎ ƛǎǎǳŜ Ƙŀǎ ōŜŜƴ ŎƻǊǊŜŎǘŜŘ ƛƴ ǘƘƛǎ ǾŜǊǎƛƻƴ ƻŦ ¢ŀōƭŜ DπпΦнΣ ŀƴŘ ǘƘŜ ǊŜƭŀǘŜŘ ¢ŀōƭŜǎ DπпΦм ǊŜŦƭŜŎǘ ǘƘƛǎ ǊŜǾƛǎƛƻƴΦ
ф hȄƛŘŀǘƛƻƴ /ŀǘŀƭȅǎǘ 9ŦŦƛŎƛŜƴŎƛŜǎ ό҈ wŜŘǳŎǘƛƻƴύΥ /h Ґ фл҈ ¦I/Σ ±h/ Ґ рл҈ CƻǊƳŀƭŘŜƘȅŘŜΣ I!tǎ Ґ рл҈
мл ¢ƘŜ aŀȄƛƳǳƳ IƻǳǊƭȅ 9Ƴƛǎǎƛƻƴǎ ŀǊŜ ŜǎǘƛƳŀǘŜŘ ŀǘ л ŘŜƎǊŜŜ C ƛƴƭŜǘ ǘŜƳǇŜǊŀǘǳǊŜΦ ¢ƘŜǎŜ ŀǊŜ ǘƘŜ ƘƻǳǊƭȅ ǊŀǘŜǎ ǇǊŜǎŜƴǘŜŘ ƛƴ ǘƘŜ tƭŀƴ !ǇǇǊƻǾŀƭΦ



¢ŀōƭŜ DπпΦо
tŜƴƴ9ŀǎǘ tƛǇŜƭƛƴŜ tǊƻƧŜŎǘ
YƛŘŘŜǊ /ƻƳǇǊŜǎǎƻǊ {ǘŀǘƛƻƴ π /ƻƳǇǊŜǎǎƻǊ {ǘŀǊǘπǳǇκ{ƘǳǘŘƻǿƴ 9Ƴƛǎǎƛƻƴǎ

bhȄ /h ¦I/ ±h//hнŜ
н

Cycles Hr/Yr ton/yr

9Ƴƛǎǎƛƻƴǎ ǇŜǊ млπƳƛƴǳǘŜ {ǘŀǊǘπǳǇ όƭōǎύм мΦпл      мнп          тΦмл      мΦпн         уот               
9Ƴƛǎǎƛƻƴǎ ǇŜǊ млπƳƛƴǳǘŜ {ƘǳǘŘƻǿƴ όƭōǎύм мΦтл      мпф          уΦрл      мΦтл         фнф               
¢ƻǘŀƭ ǇŜǊ ŎƻƳōƛƴŜŘ {ǘŀǊǘǳǇκ{ƘǳǘŘƻǿƴ ŜǾŜƴǘ όƭōǎύ оΦмл      нто          мрΦсл    оΦмн         мΣтсс            
¸ŜŀǊƭȅ {ǘŀǊǘǳǇ κ {ƘǳǘŘƻǿƴ 9Ƴƛǎǎƛƻƴǎ όǘƻƴǎ ǇŜǊ ȅŜŀǊύпу мс            лΦлт      сΦрп         лΦот      лΦлт         пн                 
aŀȄƛƳǳƳ IƻǳǊƭȅ 9Ƴƛǎǎƛƻƴ wŀǘŜ ŀǘ Cǳƭƭ [ƻŀŘ ŦǊƻƳ .πн όƭōǎκƘǊύтΦлл      лΦтм         нΦло      лΦпм         мрΣмсу         
9ǉǳƛǾŀƭŜƴǘ hǇŜǊŀǘƛƴƎ IƻǳǊǎ ŀǘ Ŧǳƭƭ ƭƻŀŘ ǇŜǊ 9ǾŜƴǘ όƘƻǳǊǎύлΦпп      оуп          тΦт         тΦт            лΦмн              
9ǉǳƛǾŀƭŜƴǘ hǇŜǊŀǘƛƴƎ Řŀȅǎ ŀǘ Ŧǳƭƭ ƭƻŀŘ ǇŜǊ 9ǾŜƴǘ όŘŀȅǎύлΦлн      мсΦл         лΦон      лΦон         лΦллр            
!ǘ L{h ŎƻƴŘƛǘƛƻƴǎΥ рфCΣ сл҈ wIΣ ǎŜ ƭŜǾŜƭΣ ƴƻ ƭƻǎǎŜǎΣ Ŧǳƭƭ ƭƻŀŘ ƻǇŜǊŀǘƛƻƴ ǇǊƛƻǊ ǘƻ ǎƘǳǘŘƻǿƴΣ ƴŀǘǳǊŀƭ Ǝŀǎ ŦƛǊƛƴƎ
1. Based on data from Solar PIL170 Revision 5, Table 3 of Solar Turbines Incorporated "Emission Estimates at Start-up, Shutdown, 
and Commissioning for SoLoNOx Combustion Products"
2. Emissions Converted from CO2 to CO2e by multiplying by 1.009(ratio of CO2e for CTs/CO2 in Reference Factors, Table G-4.12)

hǇŜǊŀǘƛƴƎ ¢ƛƳŜ



¢ŀōƭŜ DπпΦп
tŜƴƴ9ŀǎǘ tƛǇŜƭƛƴŜ tǊƻƧŜŎǘ
YƛŘŘŜǊ /ƻƳǇǊŜǎǎƻǊ {ǘŀǘƛƻƴ π  {ǇŜŎƛŀǘŜŘ ŀƴŘ ¢ƻǘŀƭ I!tǎ ŦǊƻƳ /ƻƳǇǊŜǎǎƻǊ ¢ǳǊōƛƴŜǎ

{ǇŜŎƛŀǘŜŘ I!t
мΣоπ

.ǳǘŀŘƛŜƴŜ
!ŎŜǘŀƭπ
ŘŜƘȅŘŜ !ŎǊƻƭŜƛƴ .ŜƴȊŜƴŜ

9ǘƘȅƭπ
ōŜƴȊŜƴŜ

CƻǊƳŀƭπ
ŘŜƘȅŘŜ

bŀǇƘπ
ǘƘŀƭŜƴŜ t!I

tǊƻǇȅƭŜƴŜ 
hȄƛŘŜ ¢ƻƭǳŜƴŜ ·ȅƭŜƴŜǎ

9Ƴƛǎǎƛƻƴ CŀŎǘƻǊм 

όƭōκaa.ǘǳύпΦол9πлт пΦлл9πлр сΦпл9πлс мΦнл9πлр оΦнл9πлр тΦмл9πлп мΦол9πлс нΦнл9πлс нΦфл9πлр мΦол9πлп сΦпл9πлр

aƻƴǘƘ
IƻǳǊǎ ǇŜǊ ǎǇŜŎƛŦƛŜŘ 
ƳƻƴǘƘ

¢ƻǘŀƭ I!tǎ 
ƭōǎκƳƻƴǘƘ

¢ƻǘŀƭ I!tǎ 
ǘƻƴǎκƳƻƴǘƘ

5ŜŎŜƳōŜǊ тпп рΦп9πлррΦл9πлоуΦм9πлпмΦр9πлопΦл9πлофΦл9πлнмΦс9πлпнΦу9πлпоΦт9πломΦс9πлнуΦм9πлофоΦт пΦт9πлн
WŀƴǳŀǊȅ тпп рΦр9πлр рΦм9πло уΦн9πлп мΦр9πло пΦм9πло фΦм9πлн мΦт9πлп нΦу9πлп оΦт9πло мΦт9πлн уΦн9πло фрΦп пΦу9πлн
CŜōǊǳŀǊȅ стн рΦр9πлр рΦм9πло уΦн9πлп мΦр9πло пΦм9πло фΦм9πлн мΦт9πлп нΦу9πлп оΦт9πло мΦт9πлн уΦн9πло урΦу пΦо9πлн
aŀǊŎƘ тпп рΦп9πлр рΦм9πло уΦм9πлп мΦр9πло пΦл9πло фΦл9πлн мΦс9πлп нΦу9πлп оΦт9πло мΦс9πлн уΦм9πло фоΦу пΦт9πлн
!ǇǊƛƭ тнл рΦо9πлр пΦф9πло тΦу9πлп мΦр9πло оΦф9πло уΦт9πлн мΦс9πлп нΦт9πлп оΦр9πло мΦс9πлн тΦу9πло утΦф пΦп9πлн
aŀȅ тпп рΦм9πлр пΦу9πло тΦт9πлп мΦп9πло оΦу9πло уΦр9πлн мΦс9πлп нΦс9πлп оΦр9πло мΦс9πлн тΦт9πло ууΦу пΦп9πлн
WǳƴŜ тнл рΦм9πлр пΦт9πло тΦр9πлп мΦп9πло оΦу9πло уΦп9πлн мΦр9πлп нΦс9πлп оΦп9πло мΦр9πлн тΦр9πло упΦр пΦн9πлн
Wǳƭȅ тпп рΦл9πлр пΦт9πло тΦр9πлп мΦп9πло оΦт9πло уΦо9πлн мΦр9πлп нΦс9πлп оΦп9πло мΦр9πлн тΦр9πло усΦф пΦо9πлн
!ǳƎǳǎǘ тпп рΦм9πлр пΦт9πло тΦр9πлп мΦп9πло оΦу9πло уΦп9πлн мΦр9πлп нΦс9πлп оΦп9πло мΦр9πлн тΦр9πло утΦо пΦп9πлн
{ŜǇǘŜƳōŜǊ тнл рΦм9πлр пΦу9πло тΦс9πлп мΦп9πло оΦу9πло уΦп9πлн мΦр9πлп нΦс9πлп оΦп9πло мΦр9πлн тΦс9πло урΦр пΦо9πлн
hŎǘƻōŜǊ тпп рΦн9πлр пΦу9πло тΦт9πлп мΦп9πло оΦф9πло уΦс9πлн мΦс9πлп нΦт9πлп оΦр9πло мΦс9πлн тΦт9πло уфΦс пΦр9πлн
bƻǾŜƳōŜǊ тнл рΦо9πлр пΦф9πло тΦф9πлп мΦр9πло оΦф9πло уΦу9πлн мΦс9πлп нΦт9πлп оΦс9πло мΦс9πлн тΦф9πло ууΦт пΦп9πлн

¢t¸ {ǇŜŎƛŀǘŜŘ I!tǎ 
ǇŜǊ ǘǳǊōƛƴŜπ нΦмп9πлн оΦпн9πло сΦпн9πло мΦтм9πлн оΦул9πлм сΦфс9πлп мΦму9πло мΦрр9πлн сΦфс9πлн оΦпн9πлн

¢ƻǘŀƭ I!tǎ ǘƻƴǎ 
ǇŜǊ ȅŜŀǊ ǇŜǊ 

ǘǳǊōƛƴŜрΦо9πлм

bƻǘŜǎΥ
¢ƻǘŀƭ I!tǎ όǘǇȅύ 
ŦƻǊ н ǘǳǊōƛƴŜǎмΦлт

м 9Ƴƛǎǎƛƻƴǎ CŀŎǘƻǊǎ ǘŀƪŜƴ ŦǊƻƳ !tпн π /ƘŀǇǘŜǊ оΦмΥ {ǘŀǘƛƻƴŀǊȅ Dŀǎ ¢ǳǊōƛƴŜǎ               ƘǘǘǇΥκκǿǿǿΦŜǇŀΦƎƻǾκǘǘƴŎƘƛŜмκŀǇпнκŎƘлоκŦƛƴŀƭκŎлоǎлмΦǇŘŦ¢ƻǘŀƭ I!tǎ όǘǇȅύ 
ŦƻǊ о ǘǳǊōƛƴŜǎмΦсл



Table G-4.5
PennEast Pipeline Project
Kidder Compressor Station - Natural Gas Engine Emissions for Auxiliary Power Unit

Horsepower 1,462hp
Brake Specific Fuel Consumption7,784Btu/Bhp-hr
Total Heat Input 11.38MMBtu/hr
Operating Hours 500hr/yr
Natural Gas Heat Content1,021Btu/scf
Fuel Consumption 5.57MMscf/yr

11,146scf/hr

g/bhp-hr lb/MMBtu lb/hr ton/yr
NOx 2.00 6.45 1.61 Vendor Data

CO 2.10 6.77 1.69 Vendor Data
CO2e 117.1 1,333 333 40 CFR 98 Subpart C
PM10 0.010 0.11 0.03 AP-42 Table 3.2-2 (7/00) - 4SLB
PM2.5 0.010 0.11 0.03 AP-42 Table 3.2-2 (7/00) - 4SLB

VOC 0.35 1.13 0.28 Vendor Data
SO2 (Maximum Hourly) 0.060 0.68 Based on 20 Grains/100 dscf

SO2 (Annual Average) 0.0034 0.04 0.010 Based on AP-42 and Vender data

Formaldehyde 0.05280 0.60 0.15 AP-42 Table 3.2-2 (7/00) - 4SLB

Total HAPs 0.07220 0.82 0.21 AP-42 Table 3.2-2 (7/00) - 4SLB

Pollutant
Emission Factor Emission Rate

Emission Factor Reference



Table G-4.6
tŜƴƴ9ŀǎǘ tƛǇŜƭƛƴŜ tǊƻƧŜŎǘ
YƛŘŘŜǊ /ƻƳǇǊŜǎǎƻǊ {ǘŀǘƛƻƴ π CǳƎƛǘƛǾŜ 9Ƴƛǎǎƛƻƴǎ ŦǊƻƳ {ǘŀǘƛƻƴ tƛǇƛƴƎ ό[Ŝŀƪǎ ŦǊƻƳ ±ŀƭǾŜǎΣ CƭŀƴƎŜǎΣ ŜǘŎΦύ

{ȅǎǘŜƳ [ƻŎŀǘƛƻƴΥYƛŘŘŜǊ /ƻƳǇǊŜǎǎƻǊ {ǘŀǘƛƻƴ

9ǉǳƛǇƳŜƴǘ ¢ȅǇŜ/ƻƳǇƻƴŜƴǘ /ƻǳƴǘм

/Iп 9Ƴƛǎǎƛƻƴ 
CŀŎǘƻǊнΣ о 

όƭōκƘǊκŎƻƳǇƻπ
ƴŜƴǘύ

±h/ 9Ƴƛǎǎƛƻƴ 
CŀŎǘƻǊнΣ о 

όƭōκƘǊκŎƻƳǇƻπ
ƴŜƴǘύ

±h/ 9Ƴƛǎǎƛƻƴ 
wŀǘŜ όƭōκƘǊύ

±h/ 
9Ƴƛǎǎƛƻƴ 
wŀǘŜ όǘǇȅύ

/Iп 
9Ƴƛǎǎƛƻƴ 
wŀǘŜ 
όƭōκƘǊύ

/Iп 
9Ƴƛǎǎƛƻƴ 
wŀǘŜ ό¢t¸ύ

/hнŜ 
9Ƴƛǎǎƛƻƴ 
wŀǘŜп 

όƭōκƘǊύ

/hнŜ 
9Ƴƛǎǎƛƻƴ 
wŀǘŜ ό¢t¸ύ

/ƻƴƴŜŎǘƻǊǎ рл пΦнп9πлпнΦтф9πлтмΦоф9πлрсΦмл9πлрнΦмн9πлнфΦну9πлнрΦол9πлмнΦон9Ҍлл
CƭŀƴƎŜǎ ср уΦнс9πлпрΦпо9πлтоΦро9πлрмΦрр9πлпрΦот9πлннΦор9πлммΦоп9ҌллрΦуу9Ҍлл
hǇŜƴπ9ƴŘŜŘ [ƛƴŜǎ л пΦнп9πлонΦтф9πлслΦлл9ҌлллΦлл9ҌлллΦлл9ҌлллΦлл9ҌлллΦлл9ҌлллΦлл9Ҍлл
tǳƳǇ {Ŝŀƭǎ л рΦлу9πлооΦоп9πлслΦлл9ҌлллΦлл9ҌлллΦлл9ҌлллΦлл9ҌлллΦлл9ҌлллΦлл9Ҍлл
±ŀƭǾŜǎ мол фΦро9πлосΦнт9πлсуΦмр9πлпоΦрт9πломΦнп9ҌллрΦпо9ҌллоΦмл9ҌлммΦос9Ҍлн
hǘƘŜǊ όaŜǘŜǊǎύ о мΦус9πлнмΦно9πлроΦсу9πлрмΦсм9πлпрΦрф9πлннΦпр9πлммΦпл9ҌллсΦмн9Ҍлл

¢h¢![ ҐлΦллм лΦллп мΦот сΦлл опΦнрмрлΦло

мΦ /ƻǳƴǘǎ ŀƴŘ Ŧƭƻǿ ǊŀǘŜǎ ōŀǎŜŘ ƻƴ tǊŜƭƛƳƛƴŀǊȅ 5ŜǎƛƎƴ 5ŀǘŀ ŦǊƻƳ vt{ !ǇǊƛƭΣ нлмрΦ ¢ƻ ŀƭƭƻǿ ŦƻǊ ŜǎǘƛƳŀǘŜŘ ŀŘŘƛǘƛƻƴŀƭ ŎƻƳǇƻƴŜƴǘǎ ƛƴ Ŧƛƴŀƭ ŘŜǎƛƎƴΣ
рл ǾŀƭǾŜǎ ŀƴŘ рл ŎƻƴƴŜŎǘƻǊǎ ƘŀǾŜ ōŜŜƴ ŀŘŘŜŘ ǘƻ ǘƘŜ ǇǊŜƭƛƳƛƴŀǊȅ ŘŜǎƛƎƴ ǘƻǘŀƭǎΦ
нΦ ±h/ ŀƴŘ /Iп ŜƳƛǎǎƛƻƴ ŦŀŎǘƻǊǎ ŀǊŜ ōŀǎŜŘ ƻƴ Dŀǎ !ƴŀƭȅǎƛǎ ŀƴŘ ǾŀƭǳŜǎ ŦǊƻƳ ¢ŀōƭŜ нπп ƻŦ ϦtǊƻǘƻŎƻƭ ŦƻǊ 9ǉǳƛǇƳŜƴǘ [Ŝŀƪ 9Ƴƛǎǎƛƻƴ 9ǎǘƛƳŀǘŜǎϦΦ  
9t! ŘƻŎǳƳŜƴǘ проκwπфрπлмт
   Dŀǎ ŀƴŀƭȅǎƛǎ ŀƴŘ ŎŀƭŎǳƭŀǘƛƻƴ ƻŦ ǘƘŜ /Iп ŀƴŘ ±h/ ŜƳƛǎǎƛƻƴ ŦŀŎǘƻǊǎ ŀǊŜ ǎƘƻǿƴ ƻƴ ¢ŀōƭŜ  DπпΦмл
оΦ /Iп ŀƴŘ /hн ŜƳƛǎǎƛƻƴ ǊŀǘŜǎ ōŀǎŜŘ ƻƴ ǾƻƭǳƳŜ ŦǊŀŎǘƛƻƴǎ ƻŦ ƴŀǘǳǊŀƭ Ǝŀǎ ŀƴŀƭȅǎƛǎ ǎƘƻǿƴ ōŜƭƻǿ ŀǎ ǇǊƻǾƛŘŜŘ ƛƴ ǘƘŜ Dŀǎ !ƴŀƭȅǎƛǎ 5Ŝǘŀƛƭǎ ¢ŀōƭŜ DπпΦмл
пΦ .ŀǎŜŘ ƻƴ пл /Cw фу {ǳōǇŀǊǘ ! Dƭƻōŀƭ ²ŀǊƳƛƴƎ tƻǘŜƴǘƛŀƭǎ

±ƻƭǳƳŜ ŦǊŀŎǘƛƻƴǎ ōŀǎŜŘ ƻƴ Dŀǎ !ƴŀƭȅǎƛǎ ŦǊƻƳ ¦DL tƛǇŜƭƛƴŜ ƛƴ wŜŀŘƛƴƎ t!Σ !ǇǊƛƭ нлмр
лΦфтул /Iп

лΦлллл /hн

D²t ǇŜǊ пл /Cw фу {ǳōǇŀǊǘ !Υ нр ƭō /hнŜκƭō /Iп



¢ŀōƭŜ DπпΦт
tŜƴƴ9ŀǎǘ tƛǇŜƭƛƴŜ tǊƻƧŜŎǘ
YƛŘŘŜǊ /ƻƳǇǊŜǎǎƻǊ {ǘŀǘƛƻƴ π ±ŜƴǘƛƴƎ 9Ƴƛǎǎƛƻƴ 9ǎǘƛƳŀǘŜǎ

9ȄƘŀǳǎǘ Cƭƻǿ 
όŜŀŎƘύ¦ǎŀƎŜ όŜŀŎƘύ

¢ƻǘŀƭ 
Cƭƻǿκ¸ŜŀǊ

tƴŜǳƳŀǘƛŎ !ŎǘǳŀǘƻǊǎ vǳŀƴǘƛǘȅǎŎŦ ǎǘǊƻƪŜǎκȅǊǎŎŦκȅǊ
{ǘŀǘƛƻƴ LƴƭŜǘ ±ŀƭǾŜ м фмΦн н мун                
wŜŎȅŎƭŜ ±ŀƭǾŜ м пуΦф мн рут                
{ǘŀǘƛƻƴ hǳǘƭŜǘ ±ŀƭǾŜ м фмΦн н мун                
{ǳŎǘƛƻƴ .ƭƻǿŘƻǿƴ ǾŀƭǾŜ м пуΦф н фу                  
5ƛǎŎƘŀǊƎŜ ōƭƻǿŘƻǿƴ ǾŀƭǾŜ м пуΦф н фу                  
aŀƛƴ [ƛƴŜ ±ŀƭǾŜ м фмΦн н мун                
!ŦǘŜǊ /ƻƻƭŜǊ ±ŀƭǾŜǎ о фмΦн н рпт                
/ƻƳǇǊŜǎǎƻǊ LƴƭŜǘ ±ŀƭǾŜǎ о фмΦн пу моΣмоо          
/ƻƳǇǊŜǎǎƻǊ hǳǘƭŜǘ ±ŀƭǾŜǎ о фмΦн пу моΣмоо          
!ƴǘƛπ{ǳǊƎŜ ±Ŝƴǘǎ о фмΦн у нΣмуф             
9ƳŜǊƎŜƴŎȅ {Ƙǳǘ 5ƻǿƴ ό9{5ύ ±ŀƭǾŜǎм сΦр п нс                  
CǳŜƭ Dŀǎ ±ŀƭǾŜǎ м сΦр п нс                  
{ǘŀǘƛƻƴ .ȅǇŀǎǎ ±ŀƭǾŜ м фмΦн п оср                
CƛƭǘŜǊ ±ŀƭǾŜǎ с фмΦн у пΣоту             

tǊƻŎŜǎǎ ±Ŝƴǘǎ
Cƭƻǿ ǇŜǊ 
ŜǾŜƴǘ

9ǾŜƴǘǎ ǇŜǊ 
¸ŜŀǊ

tǊŜǎǎǳǊŜ {ŀŦŜǘȅ ±ŀƭǾŜǎ όt{±ύмл м нп нпл                
9{5 {ƘǳǘŘƻǿƴ tŀƴŜƭ ±Ŝƴǘ м нр м нр                  
CǳŜƭ Dŀǎ {ƘǳǘŘƻǿƴ tŀƴŜƭ ±Ŝƴǘм нр м нр                  
¢ǳǊōƛƴŜ [ǳōŜ hƛƭ ¢ŀƴƪ ±Ŝƴǘ м мл оср оΣсрл             
¢ǳǊōƛƴŜ {Ŝŀƭ ±Ŝƴǘǎ н н оср мΣпсл             
нϦ CǳŜƭ Dŀǎ .ƭƻǿŘƻǿƴ м рлл м рлл                
²ŀǎǘŜ ²ŀǘŜǊ {ǘƻǊŀƎŜ м н оср тол                
9ƳŜǊƎŜƴŎȅ {ƘǳǘŘƻǿƴ όŜƴǘƛǊŜ ǎǘŀǘƛƻƴύм рлллл м рлΣллл          
¢ƻǘŀƭ !ƴƴǳŀƭ bŀǘǳǊŀƭ Dŀǎ ±ŜƴǘƛƴƎ фмΣтрс          

9Ƴƛǎǎƛƻƴ wŀǘŜ
/Iп /hн /hнŜ

п ±h/с

{ǘŀǘƛƻƴ hǇŜǊŀǘƛƻƴ ±Ŝƴǘ Ŧƭƻǿ ŦǊƻƳ !ōƻǾŜ όǎŎŦκȅǊύǘƻƴκȅǊ ǘƻƴκȅǊ ǘƻƴκȅǊ ǘƻƴκȅǊ
фмΣтрс                                                                                          мΦфл лΦлл птΦр лΦлм

LƴǘŜǊƳƛǘǘŜƴǘ 5ǳǊƛƴƎ {ǘŀǊǘǳǇκ{ƘǳǘŘƻǿƴ ǘƻƴκȅǊ ǘƻƴκȅǊ ǘƻƴκȅǊ ǘƻƴκȅǊ
tƴŜǳƳŀǘƛŎ {ǘŀǊǘŜǊ ό¢ƻǘŀƭ ŦƻǊ ƴǳƳōŜǊ ƻŦ ǳƴƛǘǎύм лΦлл лΦлл л лΦлл
.ƭƻǿŘƻǿƴǎ ό¢ƻǘŀƭ ŦƻǊ ƴǳƳōŜǊ ƻŦ ǳƴƛǘǎύмΣр лΦлл лΦлл л лΦлл

¢ƻǘŀƭΥптΦр лΦлм

/ƻƳǇƻƴŜƴǘ



bƻǘŜǎ ŦƻǊ ¢ŀōƭŜ DπпΦтΥ
мΦ ¢ǳǊōƛƴŜǎ ǿƛƭƭ ǳǎŜ 5!/ ǎǘŀǊǘŜǊǎΤ ǘƘŜǊŜŦƻǊŜ ƴƻ tƴŜǳƳŀǘƛŎ {ǘŀǊǘŜǊ 9Ƴƛǎǎƛƻƴǎ
нΦ /Iп ŀƴŘ /hн ŜƳƛǎǎƛƻƴ ǊŀǘŜǎ ōŀǎŜŘ ƻƴ ǾƻƭǳƳŜ ŦǊŀŎǘƛƻƴǎ ƻŦ /Iп ŀƴŘ /hн ōŜƭƻǿΣ ǇŜǊ Dŀǎ !ƴŀƭǎȅƛǎ ¢ŀōƭŜ  DπпΦмл
оΦ /ƻƴǾŜǊǎƛƻƴ ōŀǎŜŘ ƻƴ ŘŜƴǎƛǘƛŜǎ ƻŦ DID ŀǎ ǇǊƻǾƛŘŜŘ ƛƴ пл /Cw фуΦнооόǾύ
пΦ .ŀǎŜŘ ƻƴ пл /Cw фу {ǳōǇŀǊǘ ! Dƭƻōŀƭ ²ŀǊƳƛƴƎ tƻǘŜƴǘƛŀƭǎ
рΦ /ƻƴǎŜǊǾŀǘƛǾŜ ŜǎǘƛƳŀǘŜ ōŀǎŜŘ ƻƴ м ōƭƻǿŘƻǿƴ ǇŜǊ ǎƘǳǘŘƻǿƴΦ  Lǘ ƛǎ ƴƻǘ ŜȄǇŜŎǘŜŘ ǘƘŀǘ ŀ ōƭƻǿŘƻǿƴ ǿƛƭƭ ƻŎŎǳǊ ŀŦǘŜǊ ŜŀŎƘ ǎƘǳǘŘƻǿƴΦ
сΦ .ŀǎŜŘ ƻƴ ŀ лΦлонр Ǌŀǘƛƻ ƻŦ ±h/ ǘƻ ƳŜǘƘŀƴŜ ŀǎ ŎŀƭŎǳƭŀǘŜŘ ŦǊƻƳ Ǝŀǎ ŎƻƳǇƻǎƛǘƛƻƴ

лΦфтул /Iп

лΦлллл /hн

лΦллонрƳŀǎǎ ŦǊŀŎǘƛƻƴ ƻŦ ±h/ ǇŜǊ ƳŜǘƘŀƴŜ όǇŜǊ Ǝŀǎ ŀƴŀƭȅǎƛǎύ

5ŜƴǎƛǘƛŜǎ ǇŜǊ пл /Cw фуΦнооόǾύΥ
лΦлмфн ƪƎκǎŎŦ /Iп

лΦлрнс ƪƎκǎŎŦ /hн

D²t ǇŜǊ пл /Cw фу {ǳōǇŀǊǘ !Υ нр ƭō /hнŜκƭō /Iп

нΦнлпснƭōκƪƎ

±ƻƭǳƳŜ ŦǊŀŎǘƛƻƴǎ ōŀǎŜŘ ƻƴ Dŀǎ !ƴŀƭȅǎƛǎ ŦǊƻƳ ¦DL tƛǇŜƭƛƴŜ ƛƴ wŜŀŘƛƴƎ t!Σ !ǇǊƛƭ нлмр



Table G-4.8
PennEast Pipeline Project
Kidder Compressor Station - Nat. Gas-Fired Heat Exchanger (Fuel Gas Heater) Emissions

Page 1

Connection: Tetco
Assumed Average Firing Rate: 225,000 average BTU/hr for the station total 80% Percent of Max
Design Heat Input (for each unit - 2 units to be installed for reliability and maintenance reasons) 0.28 MMBtu/hr
Annual Operating Hours: 8760 hr/yr
Estimated Annual Fuel Use: 8760 hrs per year at average firing rate 1.93 MMscf/yr
Maximum Fuel Use (based on one 
unit at Design input rating):

Per Hour
scf/hr

Per day Mscf/day 
(M=103)

Per week
Mscf/week

Values used on Form: 274сΦру псΦлт

lb/MMscf lb/MMBtu Emission Factor Reference
lb/hr

(1 unit at design 
rating)

ton/yr

NOx 55 0.054 150% of Manufacturer Quote 0.02 0.05
CO 57 0.056 150% of Manufacturer Quote 0.02 0.05
CO2e 117.1 40 CFR 98 Subpart C 33 115
PM10 7.6 0.007 AP-42 Table 1.4-2 (7/98) 0.002 0.01
PM2.5 7.6 0.007 AP-42 Table 1.4-2 (7/98) 0.002 0.01
VOC 5.5 0.005 AP-42 Table 1.4-2 (7/98) 0.002 0.01
SO2 (Maximum Hourly) 0.060 20 grains S / 100 scf 0.02
SO2 (Average Annual) 0.0034 AP-42 and Vender data 0.003
Formaldehyde 0.075 0.00007 AP-42 Table 1.4-3 (7/98) 2.06E-05 0.0001
Hexane 1.800 0.00176 AP-42 Table 1.4-3 (7/98) 4.94E-04 0.002
Total HAPs 1.89 0.00185 AP-42 Table 1.4-3 & 4 (7/98) 5.18E-04 0.002

Assumed Average Natural Gas Heat Content: 1021 Btu/scf (See Table G10 and G11)

Pollutant

Emission Factor Emission Rate

Per Year
MMscf/yr (MM=106)

2.40



Table G-4.8
PennEast Pipeline Project
Kidder Compressor Station - Nat. Gas-Fired Heat Exchanger (Fuel Gas Heater) Emissions
HAP Emission Factors HAPs lb/MMscf SourcePage 2

Lead 0.0005AP-42 Table 1.4-2 (7/98)

2-Methylnaphthalene 2.40E-05AP-42 Table 1.4-3 (7/98)

3-Methylchloranthrene 1.80E-06AP-42 Table 1.4-3 (7/98)

7,12-Dimethylbenz(a)anthracene 1.60E-05AP-42 Table 1.4-3 (7/98)

Acenaphthene 1.80E-06AP-42 Table 1.4-3 (7/98)

Acenaphthylene 1.80E-06AP-42 Table 1.4-3 (7/98)

Anthracene 2.40E-06AP-42 Table 1.4-3 (7/98)

Benz(a)anthracene 1.80E-06AP-42 Table 1.4-3 (7/98)

Benzene 2.10E-03AP-42 Table 1.4-3 (7/98)

Benzo(a)pyrene 1.20E-06AP-42 Table 1.4-3 (7/98)

Benzo(b)fluoranthene 1.80E-06AP-42 Table 1.4-3 (7/98)

Benzo(g,h,i)perylene 1.20E-06AP-42 Table 1.4-3 (7/98)

Benzo(k)fluoranthene 1.80E-06AP-42 Table 1.4-3 (7/98)

Chrysene 1.80E-06AP-42 Table 1.4-3 (7/98)

Dibenzo(a,h)anthracene 1.20E-06AP-42 Table 1.4-3 (7/98)

Dichlorobenzene 1.20E-03AP-42 Table 1.4-3 (7/98)

Fluoranthene 3.00E-06AP-42 Table 1.4-3 (7/98)

Fluorene 2.80E-06AP-42 Table 1.4-3 (7/98)

Formaldehyde 7.50E-02AP-42 Table 1.4-3 (7/98)

Hexane 1.80E+00AP-42 Table 1.4-3 (7/98)

Indeno(1,2,3-cd)pyrene 1.80E-06AP-42 Table 1.4-3 (7/98)

Naphthalene 6.10E-04AP-42 Table 1.4-3 (7/98)

Phenanthrene 1.70E-05AP-42 Table 1.4-3 (7/98)

Pyrene 5.00E-06AP-42 Table 1.4-3 (7/98)

Toluene 3.40E-03AP-42 Table 1.4-3 (7/98)

Arsenic 2.00E-04AP-42 Table 1.4-4 (7/98)

Beryllium 1.20E-05AP-42 Table 1.4-4 (7/98)

Cadmium 1.10E-03AP-42 Table 1.4-4 (7/98)

Chromium 1.40E-03AP-42 Table 1.4-4 (7/98)

Cobalt 8.40E-05AP-42 Table 1.4-4 (7/98)

Manganese 3.80E-04AP-42 Table 1.4-4 (7/98)

Mercury 2.60E-04AP-42 Table 1.4-4 (7/98)

Nickel 2.10E-03AP-42 Table 1.4-4 (7/98)

Selenium 2.40E-05AP-42 Table 1.4-4 (7/98)

Total 1.8884582



¢ŀōƭŜ DπпΦф wŜǾƛǎŜŘΥмκнфκнлнл
tŜƴƴ9ŀǎǘ tƛǇŜƭƛƴŜ tǊƻƧŜŎǘYƛŘŘŜǊ /ƻƳǇǊŜǎǎƻǊ {ǘŀǘƛƻƴ  π ¢ǳǊōƛƴŜ aŀƴǳŦŀŎǘǳǊŜǊϥǎ 9Ƴƛǎǎƛƻƴ 5ŀǘŀ

¢ŜƳǇŜǊŀǘǳǊŜ 
ό5ŜƎǊŜŜǎ 
CŀƘǊŜƴƘŜƛǘύbƻȄ όƭōƳκƘǊύ

/h ό.ŜŦƻǊŜ 
/ƻƴǘǊƻƭύ 
όƭōƳκƘǊύ¦I/ όƭōƳκƘǊύ

¢ŜƳǇŜǊŀǘǳǊŜ 
ό5ŜƎǊŜŜǎ 
CŀƘǊŜƴƘŜƛǘύ

aa.ǘǳκƘǊ 
ό[I±ύ

aa.ǘǳκƘǊ 
όII±ύ

aaǎŎŦκƘǊ 
ŀǘ млнм 
.¢¦κǎŎŦ5ŀǘŀ ŦƻǊΥ {ƻƭŀǊ ¢ǳǊōƛƴŜǎ aŀǊǎ мллπмсллл{

млл рΦуп рΦфо оΦоф млл ффΦуумлфΦутмлтΦсм9ƴƎƛƴŜ tŜǊŦƻǊƳŀƴŎŜ /ƻŘŜΥwŜǾΦ пΦмрΦмΦмтΦмл
ул сΦмф сΦну оΦс ул млпΦроммпΦфуммнΦсн5ŀǘŜ wǳƴΥолπWǳƴπмр
сл сΦпс сΦрр оΦтр сл млуΦотммфΦнмммсΦтс
пл сΦтр сΦур оΦфн пл ммнΦуомнпΦмммнмΦрсL{h wŀǘƛƴƎ мрΣфлл
нл тΦлл тΦмл пΦлт нл ммсΦуммнуΦпфмнрΦурL{h IŜŀǘ wŀǘŜ тофр
л тΦнм тΦон пΦмф л мнлΦнлмонΦннмнфΦрлIŜŀǘ LƴǇǳǘ L{h όII±ύммтΦсaa.¢¦κƘǊ
5ŀǘŀ ǇǊŜǎŜƴǘŜŘ ƛǎ ŦƻǊ млл҈ Cǳƭƭ [ƻŀŘ hǇŜǊŀǘƛƻƴII± ǾŀƭǳŜǎ ŎŀƭŎǳƭŀǘŜŘ ōŀǎŜŘ ƻƴ [I± ǿƛǘƘ II± Ґ [I± Ȅ мΦмл
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¢ŜƳǇŜǊŀǘǳǊŜ ό5ŜƎǊŜŜǎ CŀƘǊŜƴƘŜƛǘύ
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¢ŜƳǇŜǊŀǘǳǊŜ ό5ŜƎǊŜŜǎ CŀƘǊŜƴƘŜƛǘύ

/h 9Ƴƛǎǎƛƻƴǎ ό.ŜŦƻǊŜ /ƻƴǘǊƻƭύόƭōκƘǊύ

ȅ Ґ πн9πлрȄнπлΦллсȄ Ҍ пΦмфму
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¢ŜƳǇŜǊŀǘǳǊŜ ό5ŜƎǊŜŜǎ CŀƘǊŜƴƘŜƛǘύ

¦I/ 9Ƴƛǎǎƛƻƴǎ όƭōκƘǊύ 

ȅ Ґ πлΦлллоȄнπлΦмфспȄ Ҍ монΦоо
wч Ґ лΦфффп
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¢ŜƳǇŜǊŀǘǳǊŜ ό5ŜƎǊŜŜǎ CŀƘǊŜƴƘŜƛǘύ

¢ŜƳǇŜǊŀǘǳǊŜ ±ǎΦ IŜŀǘ LƴǇǳǘ όII±ύ



tƻƭȅƴƻƳƛŀƭ /ƻŜŦŦƛŎƛŜƴǘǎ

·н ·м ·л
bhȄ πоΦлл9πлрπлΦлмлнтΦнмнм
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¢ŜƳǇŜǊŀǘǳǊŜ ό5ŜƎǊŜŜǎ CŀƘǊŜƴƘŜƛǘύ

tŜǊŎŜƴǘ ƻŦ aŀȄƛƳǳƳ {ǘŀǘƛƻƴ /ŀǇŀŎƛǘȅ ǘƻ ǇǊƻǾƛŘŜ 
мтΣтлл IǇ ±ǎΦ ¢ŜƳǇ 



¢ŀōƭŜ DπпΦмл
tŜƴƴ9ŀǎǘ tƛǇŜƭƛƴŜ tǊƻƧŜŎǘ
Dŀǎ !ƴŀƭȅǎƛǎ 5Ŝǘŀƛƭǎ ¦ǎŜŘ ƛƴ 9Ƴƛǎǎƛƻƴ 9ǎǘƛƳŀǘŜǎ

/ƻƳǇƻƴŜƴǘ aƻƭ CǊŀŎǘƛƻƴa² όƎκƳƻƭύ aŀǎǎ ƻŦ млл aƻƭŜǎ
aŜǘƘŀƴŜ лΦфтулл мсΦлп мрΦсутмн
9ǘƘŀƴŜ лΦлмтфт олΦлт лΦрплортф млнм .¢¦κǎŎŦ
tǊƻǇŀƴŜ лΦлллрл ппΦлф лΦлннлпр IƛƎƘŜǊ IŜŀǘƛƴƎ ±ŀƭǳŜ όII±ύ
ƴπ.ǳǘŀƴŜ лΦллллм руΦмн лΦлллрумн
tŜƴǘŀƴŜ лΦллллл тнΦмр л
IŜȄŀƴŜҌ лΦллллл усΦмт л
bƛǘǊƻƎŜƴ лΦллорл нуΦлн лΦлфулт

/ŀǊōƻƴ 5ƛƻȄƛŘŜ лΦлллллппΦлм л
hȄȅƎŜƴ лΦллллл онΦлл л
¢h/ лΦффспу л
±h/о лΦлллрм млл лΦлрм

¢h/ aƻƭ ²Ǝǘ мсΦом
Dŀǎ aƻƭ ²Ǝǘ мсΦор
5Ŝƴǎƛǘȅ лΦлпом ƭōκŎŦ

tǊƻƧŜŎǘ {ǇŜŎƛŦƛŎ [Ŝŀƪ 9Ƴƛǎǎƛƻƴ CŀŎǘƻǊǎ ŦƻǊ !ōƻǾŜ DƻǳƴŘ tǊƻŎŜǎǎ tƛǇƛƴƎ /ƻƳǇƻƴŜƴǘ ōŀǎŜŘ ƻƴ Dŀǎ tǊƻǇŜǊǘƛŜǎ ǇŜǊ Dŀǎ !ƴŀƭȅǎƛǎ

9ǉǳƛǇƳŜƴǘ ¢ȅǇŜ
¢h/ 9Ƴƛǎǎƛƻƴ CŀŎǘƻǊ 
όƪƎκƘǊκŎƻƳǇƻƴŜƴǘύм

±h/ 9Ƴƛǎǎƛƻƴ CŀŎǘƻǊ 
όƪƎκƘǊκŎƻƳǇƻƴŜƴǘύн

±h/ 9Ƴƛǎǎƛƻƴ CŀŎǘƻǊ 
όƭōκƘǊκŎƻƳǇƻƴŜƴǘύ

/Iп 9Ƴƛǎǎƛƻƴ CŀŎǘƻǊ 
όƪƎκƘǊκŎƻƳǇƻƴŜƴǘύ

/Iп 9Ƴƛǎǎƛƻƴ CŀŎǘƻǊ 
όƭōκƘǊκŎƻƳǇƻƴŜƴǘύ

/ƻƴƴŜŎǘƻǊǎ нΦл9πлп нΦтф9πлт сΦмп9πлт мΦфо9πлп пΦнп9πлп
CƭŀƴƎŜǎ оΦф9πлп рΦпо9πлт мΦнл9πлс оΦтс9πлп уΦнс9πлп
hǇŜƴπ9ƴŘŜŘ [ƛƴŜǎ нΦл9πло нΦтф9πлс сΦмп9πлс мΦфо9πло пΦнп9πло
tǳƳǇ {Ŝŀƭǎ нΦп9πло оΦоп9πлс тΦот9πлс нΦом9πло рΦлу9πло
±ŀƭǾŜǎ пΦр9πло сΦнт9πлс мΦоу9πлр пΦоо9πло фΦро9πло
hǘƘŜǊ уΦу9πло мΦно9πлр нΦтл9πлр уΦпт9πло мΦус9πлн

wŀǘƛƻ ƻŦ ±h/ Ƴŀǎǎ ǇŜǊ aŀǎǎ ƻŦ aŜǘƘŀƴŜ  ǳǎŜŘ ǘƻ ŜǎǘƛƳŀǘŜ ±h/о ŜƳƛǎǎƛƻƴǎΥ лΦллонр

bƻǘŜǎΥ
мΦ CǊƻƳ ¢ŀōƭŜ нπп ƻŦ ϦtǊƻǘƻŎƻƭ ŦƻǊ 9ǉǳƛǇƳŜƴǘ [Ŝŀƪ 9Ƴƛǎǎƛƻƴ 9ǎǘƛƳŀǘŜǎϦΦ  9t! ŘƻŎǳƳŜƴǘ проκwπфрπлмт
нΦ ±h/ ŜƳƛǎǎƛƻƴǎ ǎǇŜŎƛŀǘŜŘ ǳǎƛƴƎ ŀǇǇǊƻŀŎƘ ǎǇŜŎƛŦƛŜŘ ƛƴ {ŜŎǘƛƻƴ нΦпΦм ƻŦ ϦtǊƻǘƻŎƻƭ ŦƻǊ 9ǉǳƛǇƳŜƴǘ [Ŝŀƪ 9Ƴƛǎǎƛƻƴ 9ǎǘƛƳŀǘŜǎϦ

Dŀǎ CǊŀŎǘƛƻƴŀƭ !ƴŀƭȅǎƛǎ

оΦ aƻƭŜŎǳƭŀǊ ǿŜƛƎƘǘ ƻŦ ǳƴƛŘŜƴǘƛŦƛŜŘ ±h/ ŎƻƳǇƻǳƴŘǎ ŀǊŜ ŎƻƴǎŜǊǾŀǘƛǾŜƭȅ ŜǎǘƛƳŀǘŜŘ ŀǘ млл ƎκƳƻƭ ƛƴ ƻǊŘŜǊ ǘƻ ŜǎǘƛƳŀǘŜ ǘƘŜ Ƴŀǎǎ Ǌŀǘƛƻ ǘƻ ƳŜǘƘŀƴŜΦ

bŀǘǳǊŀƭ Dŀǎ IŜŀǘ /ƻƴǘŜƴǘ



¢ŀōƭŜ DπпΦмм tŜƴƴ9ŀǎǘ tƛǇŜƭƛƴŜ tǊƻƧŜŎǘ



¢ŀōƭŜ DπпΦмм tŜƴƴ9ŀǎǘ tƛǇŜƭƛƴŜ tǊƻƧŜŎǘ



¢ŀōƭŜ DπпΦмм tŜƴƴ9ŀǎǘ tƛǇŜƭƛƴŜ tǊƻƧŜŎǘ



¢ŀōƭŜ DπпΦмн wŜŦŜǊŜƴŎŜŘ CŀŎǘƻǊǎ
tŜƴƴ9ŀǎǘ tƛǇŜƭƛƴŜ tǊƻƧŜŎǘ

tŀǊŀƳŜǘŜǊ
9Ƴƛǎǎƛƻƴ CŀŎǘƻǊκ 
CƻǊƳǳƭŀ ¦ƴƛǘǎ 5Ŝǘŀƛƭǎ

±h/ ±h/ Ґ ¦I/ Ȅ лΦнл ƭōƳκƘǊaŀƴǳŦŀŎǘǳǊŜǊϥǎ ǊŜŎƻƳƳŜƴŘŀǘƛƻƴ ±h/ǎ Ґ нл҈ ¦I/Φ  tŀƎŜ м ƻŦ tL[ мсуΣ Ϧ±ƻƭŀǘƛƭŜ hǊƎŀƴƛŎ 
/ƻƳǇƻǳƴŘΣ {ǳƭŦǳǊ 5ƛƻȄƛŘŜΣ ŀƴŘ CƻǊƳŀƭŘŜƘȅŘŜ 9Ƴƛǎǎƛƻƴ 9ǎǘƛƳŀǘŜǎϦ wŜǾƛǎƛƻƴ рΣ у Wǳƭȅ нлмрΣ 
{ƻƭŀǊ ¢ǳǊōƛƴŜǎ LƴŎƻǊǇƻǊŀǊǘŜŘΦ 

{hн ό!ǾŜǊŀƎŜύлΦллопл ƭōκaa.ǘǳ ŦǳŜƭ ƛƴǇǳǘ !tπпн ¢ŀōƭŜ оΦмπнŀΣ bƻǘŜ ƘΣ ǘƘŀǘ ƛƴŘƛŎŀǘŜǎΥ LŦ ŀ ǾŀƭǳŜ ŦƻǊ {ǳƭŦǳǊ ŎƻƴǘŜƴǘ ƛǎ ƴƻǘ ŀǾŀƛƭŀōƭŜΣ ǳǎŜ 
оΦп 9πло ƭōκaa.ǘǳ ŦƻǊ ƴŀǘǳǊŀƭ
Ǝŀǎ ǘǳǊōƛƴŜǎ ƛǘ ǊŜƭŀǘŜǎ ǘƻ ŀōƻǳǘ мΦн ƎǊŀƛƴǎ ǇŜǊ млл ǎŎŦΦ  {ŜŜ ǘŀōƭŜ .πно ŦƻǊ ŎŀƭŎǳƭŀǘƛƻƴǎΦ

{hн όaŀȄƛƳǳƳύлΦлсл ƭōκaa.ǘǳ ŦǳŜƭ ƛƴǇǳǘ±ŀƭǳŜ ŦǊƻƳ b{t{ {ǳōǇŀǊǘ YYYYΣ ŀǘ пл /Cw слΦпосрΣ ƭƛƳƛǘǎ ŦǳŜƭ ǎǳƭǳǊ ŦƻǊ /ƻƳōǳǎǘƛƻƴ ¢ǳǊōƛƴŜǎ 
ǘƻ нл ƎǊŀƛƴǎ ƻŦ ǎǳƭŦǳǊ ƻǊ ƭŜǎǎ ǇŜǊ млл ǎǘŀƴŘŀǊŘ ŎǳōƛŎ ŦŜŜǘΣ ǿƘƛŎƘ ƳŜŜǘǎ ǘƘŜ ŘŜŦƛƴƛǘƛƻƴ ƻŦ 
ϦbŀǘǳǊŀƭ ƎŀǎϦ ƛƴ ƛƴ ǘƘŜ !ŎƛŘ wŀƛƴ tǊƻƎǊŀƳ DŜƴŜǊŀƭ tǊƻǾƛǎƛƻƴǎ όпл /Cw тнΦнύΦ

CƻǊƳŀƭŘŜƘȅŘŜ лΦллнпм ƭōκaa.ǘǳ ŦǳŜƭ ƛƴǇǳǘ¢ŀōƭŜ мΣ tŀƎŜ н ƻŦ tL[ мсуΣ wŜǾƛǎƛƻƴ рΣ у Wǳƭȅ нлмрΣ {ƻƭŀǊ ¢ǳǊōƛƴŜǎ LƴŎƻǊǇƻǊŀǊǘŜŘΦ .ŀǎŜŘ ƻƴ 
II±Σ фр҈ ¦ǇǇŜǊ /ƻƴŦƛŘŜƴŎŜ ƻŦ Řŀǘŀ όŎƻƴǎŜǊǾŀǘƛǾŜ ŜǎǘƛƳŀǘŜύ ŦƻǊ ŜƴƎƛƴŜ ƭƻŀŘǎ ƎǊŜŀǘŜǊ ǘƘŀƴ 
фл҈

/ƻƳōƛƴŜŘ I!tǎлΦллнру ƭōκaa.ǘǳ ŦǳŜƭ ƛƴǇǳǘ¢ŀōƭŜ мΣ tŀƎŜ н ƻŦ tL[ мсуΣ wŜǾƛǎƛƻƴ рΣ у Wǳƭȅ нлмрΣ {ƻƭŀǊ ¢ǳǊōƛƴŜǎ LƴŎƻǊǇƻǊŀǊǘŜŘΦ .ŀǎŜŘ ƻƴ 
II±Σ фр҈ ¦ǇǇŜǊ /ƻƴŦƛŘŜƴŎŜ ƻŦ Řŀǘŀ όŎƻƴǎŜǊǾŀǘƛǾŜ ŜǎǘƛƳŀǘŜύ ŦƻǊ ŜƴƎƛƴŜ ƭƻŀŘǎ ƎǊŜŀǘŜǊ ǘƘŀƴ 
фл҈

taмл лΦлмр ƭōκaa.ǘǳ ŦǳŜƭ ƛƴǇǳǘwŜŎƻƳƳŜƴŜŘŜŘ ta 9Ƴƛǎǎƛƻƴ CŀŎǘƻǊǎΣ tŀƎŜ нΣ tL[ мтм wŜǾ рΣ с aŀȅ нлмрΣ {ƻƭŀǊ ¢ǳǊōƛƴŜǎ 
LƴŎƻǊǇƻǊŀǘŜŘΦ .ŀǎŜŘ ƻƴ II± ƻŦ bŀǘǳǊŀƭ DŀǎΦ

taнΦр лΦлмр ƭōκaa.ǘǳ ŦǳŜƭ ƛƴǇǳǘwŜŎƻƳƳŜƴŜŘŜŘ ta 9Ƴƛǎǎƛƻƴ CŀŎǘƻǊǎΣ tŀƎŜ нΣ tL[ мтм wŜǾ рΣ с aŀȅ нлмрΣ {ƻƭŀǊ ¢ǳǊōƛƴŜǎ 
LƴŎƻǊǇƻǊŀǘŜŘΦ .ŀǎŜŘ ƻƴ II± ƻŦ bŀǘǳǊŀƭ DŀǎΦ

II±κ[[± мΦм ǳƴƛǘƭŜǎǎ
/hнŜ ŦŀŎǘƻǊ ŦƻǊ 
/ƻƳōǳǎǘƛƻƴ ¢ǳǊōƛƴŜǎ

ммуΦм ƭōκaa.ǘǳ ŦǳŜƭ ƛƴǇǳǘ/ŀƭŎǳƭŀǘŜŘ ŦǊƻƳ /hнΣ bнhΣ ŀƴŘ aŜǘƘŀƴŜ 9ƳƛǎǎƛƻƴκD²t CŀŎǘƻǊǎ ōŜƭƻǿ

/hнŜ ŦŀŎǘƻǊ ŦƻǊ ŦƻǊ !t¦ 
ŀƴŘ CǳŜƭ Dŀǎ IŜŀǘŜǊ

ммтΦм ƭōκaa.ǘǳ ŦǳŜƭ ƛƴǇǳǘ/ŀƭŎǳƭŀǘŜŘ ŦǊƻƳ /hнΣ bнhΣ ŀƴŘ aŜǘƘŀƴŜ 9ƳƛǎǎƛƻƴκD²t CŀŎǘƻǊǎ ōŜƭƻǿ

DID 9Ƴƛǎǎƛƻƴ CŀŎǘƻǊǎ ŦƻǊ /ƻƳōǳǎǘƛƻƴ ¢ǳǊōƛƴŜǎ
/hн ммтΦл ƭōκaa.ǘǳ ŦǳŜƭ ƛƴǇǳǘпл /Cw фуΣ ¢ŀōƭŜ /м όbŀǘǳǊŀƭ Dŀǎ ²ŜƛƎƘǘŜŘ ¦{ !ǾŜǊŀƎŜύ
bнл лΦлло ƭōκaa.ǘǳ ŦǳŜƭ ƛƴǇǳǘ
aŜǘƘŀƴŜ лΦллус ƭōκaa.ǘǳ ŦǳŜƭ ƛƴǇǳǘ
DID 9Ƴƛǎǎƛƻƴ CŀŎǘƻǊǎ ŦƻǊ hǘƘŜǊ /ƻƳōǳǎǘƛƻƴ {ƻǳǊŎŜǎ
/hн ммтΦл ƭōκaa.ǘǳ ŦǳŜƭ ƛƴǇǳǘпл /Cw фуΣ ¢ŀōƭŜ /м όbŀǘǳǊŀƭ Dŀǎ ²ŜƛƎƘǘŜŘ ¦{ !ǾŜǊŀƎŜύ
bнл лΦлллнн ƭōκaa.ǘǳ ŦǳŜƭ ƛƴǇǳǘ пл /Cw фуΣ ¢ŀōƭŜ /н
aŜǘƘŀƴŜ лΦллнн ƭōκaa.ǘǳ ŦǳŜƭ ƛƴǇǳǘ пл /Cw фуΣ ¢ŀōƭŜ /н
Dƭƻōŀƭ ²ŀǊƳƛƴƎ tƻǘŜƴƛŀƭǎ ŦƻǊ DID
D²t лŦ /hн м мллπȅǊΣ /hн Ґ м
D²t ƻŦ bнh нфу мллπȅǊΣ /hн Ґ н
D²t aŜǘƘŀƴŜ нр мллπȅǊΣ /hн Ґ о

¢ŀōƭŜ оΦмπнŀ Ϧ9Ƴƛǎǎƛƻƴ CŀŎǘƻǊǎ ŦƻǊ /ǊƛǘŜǊƛŀ !ƛǊ tƻƭƭǳǘŀƴǘǎ ŀƴŘ DIDǎ ŦǊƻƳ {ǘŀǘƛƻƴŀǊȅ Dŀǎ 
¢ǳǊōƛƴŜǎϦ !tпн

Lt// CƻǳǊǘƘ !ǎǎŜǎǎƳŜƴǘ wŜǇƻǊǘΥ /ƭƛƳŀǘŜ /ƘŀƴƎŜ нллтΣ ¢ŀōƭŜ нΦмпΦ [ƛŦŜǘƛƳŜǎΣ ǊŀŘƛŀǘƛǾŜ 
ŜŦŦƛŎƛŜƴŎƛŜǎ ŀƴŘ ŘƛǊŜŎǘ όŜȄŎŜǇǘ ŦƻǊ /Iпύ D²tǎ ǊŜƭŀǘƛǾŜ ǘƻ /hнΦ L/ttκ¢9!t όнллрύΦ



¢ŀōƭŜ DπпΦмо
tŜƴƴ9ŀǎǘ tƛǇŜƭƛƴŜ tǊƻƧŜŎǘ
5ŜǘŀƛƭŜŘ {ǳƭŦǳǊ 5ƛƻȄƛŘŜ 9Ƴƛǎǎƛƻƴ wŀǘŜ 9ǎǘƛƳŀǘŜǎ

мΦнмс ƎǊŀƛƴǎ { ǇŜǊ млл ŎŦ ғ¢Ƙƛǎ ǾŀƭǳŜ ƛǎ ǎŜǘ ǎƻ ǘƘŀǘ ǘƘŜ 
ŎŀƭŎǳƭŀǘŜŘ ǾŀƭǳŜ ōŜƭƻǿ Ŝǉǳŀƭǎ

лΦлмнмс ƎǊŀƛƴǎ { ǇŜǊ м ŎŦ ǘƘŜ !tπпн ŜƳƛǎǎƛƻƴ ŦŀŎǘƻǊΦ
мΦмф9πлр ƎǊŀƛƴǎ { ǇŜǊ .¢¦
ммΦфм ƎǊŀƛƴǎ { ǇŜǊ aa.¢¦
тллл ƎǊŀƛƴǎ ǇŜǊ ǇƻǳƴŘ

лΦллмтл ƭō {κaa.¢¦
спΦлсс aƻƭŜŎǳƭŀǊ ǿŜƛƎƘǘ ƻŦ {hн ƭōκƭōπƳƻƭŜ
онΦлср aƻƭŜŎǳƭŀǊ ǿŜƛƎƘǘ ƻŦ { ƭōκƭōπƳƻƭŜ

лΦллопл ƭō {hнκaa.¢¦ϝ

{ƻƭŀǊ ¢ǳǊōƛƴŜǎ ǊŜŎƻƳƳŜƴŘǎ ǳǎƛƴƎ ŀ ǾŀƭǳŜ ƻŦ лΦллоп ƭō {hнκaa.¢¦
¢Ƙƛǎ ŀƭǎƻ ƛǎ ǊŜŎƻƳƳŜƴŘŜŘ ōȅ 9t! ƛƴ !tπпнΣ ¢ŀōƭŜ оΦмπнŀΣ bƻǘŜ ƘΣ ǘƘŀǘ ƛƴŘƛŎŀǘŜǎΣ
ƛŦ ƴŀǘǳǊŀƭ Ǝŀǎ ǎǳƭŦǳǊ ŎƻƴǘŜƴǘ ƛǎ ƛǎ ƴƻǘ ŀǾŀƛƭŀōƭŜΣ ǳǎŜ оΦп 9πло ƭōκaa.ǘǳΦ
¢ƘŜǊŜŦƻǊŜΣ ǘƘƛǎ ǾŀƭǳŜ ƛǎ ǳǎŜŘ ŦƻǊ tƭŀƴ !ǇǇǊƻǾŀƭ !ǾŜǊŀƎŜ !ƴƴǳŀƭ wŀǘŜ 9Ƴƛǎǎƛƻƴ 
9ǎǘƛƳŀǘŜǎ ŦƻǊ ŀƭƭ ǎƻǳǊŎŜǎΦ

лΦлсллл ƭō {hнκaa.¢¦ ƛǎ ǳǎŜŘ ŦƻǊ tƭŀƴ !ǇǇǊƻǾŀƭ aŀȄƛƳǳƳ IƻǳǊƭȅ wŀǘŜǎ

CǊƻƳ .πнрōΥ ммфΦнм                

лΦплр ƭō {hнκƘǊ όaŀǊǎ млл /¢ ŀǘ млл҈ [ƻŀŘ ŀǘ YƛŘŘŜǊΣ t!Σ сл ŘCύ

CǊƻƳ .πнрōΥ мрΣфлл                IǇπƘǊκƘǊ ǊŀǘƛƴƎ ƻŦ ŀ aŀǊǎ мллπмсллл{Σ ŀǘ L{h /ƻƴŘƛǘƛƻƴǎ

лΦллллнрр         ƭō {hнκIǇ ғ ¢Ƙƛǎ ±ŀƭǳŜ ƛǎ ǳǎŜŘ ƛƴ .πнрōΦ

aa.¢¦ όII±ύκƘǊ όaŀǊǎ млл /¢ ŀǘ млл҈ [ƻŀŘ ŀǘ YƛŘŘŜǊΣ t!Σ сл ŘCύ

bh¢9Υ ƭō {hнκIǇ ±ŀƭǳŜ ¦ǎŜŘ ŦƻǊ ¢ŀōƭŜ нрΣ bh¢ ǳǎŜŘ ŦƻǊ tŜǊƳƛǘ IƻǳǊƭȅ wŀǘŜ

CƻǊ ŜǎǘƛƳŀǘƛƴƎ ϦƳŀȄƛƳǳƳ ƘƻǳǊƭȅ ŜƳƛǎǎƛƻƴǎϦ ǘƘŜ пл /Cw ϠслΦпоср b{t{ [ƛƳƛǘ ƛǎΥ
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