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GCP Oil and Gas and Flare Modeling Report

Introduction
[bookmark: _GoBack]Similarities in small and medium-sized oil and gas facilities allow them to be modeled and permitted as a group, instead of treating each facility as unique.  The New Mexico Environment Department/Air Quality Bureau (the Bureau) has developed General Construction Permits (GCPs) for two classes of oil and gas production facilities under the names GCP1 and GCP4.  The Bureau now proposes to replace those GCPs with a new one in order to update the modeling and permitting practices for these facilities and to remove certain limitations in the existing GCPs.  The Bureau also proposes to issue a GCP for temporary flaring at well head production facilities.  This is a summary of the modeling performed for GCP Oil and Gas and GCP Flare.

Model selected and settings
AERMOD (version 15181) was used to run the modeling analysis.  This is the standard EPA regulatory model for this type of permitting.

Meteorology:
The Bureau processed several recent sets of meteorology and ran models to compare the different sets of data.  Because the vast majority of the oil and gas production in New Mexico occurs in Eastern New Mexico or Northwestern New Mexico, the Bureau identified the worst-case meteorological station in those areas to use for the analysis.  Shiprock Substation (Substation) was determined to produce the highest concentrations both for short stacks and for tall stacks.  Substation is located at latitude 36.79667, longitude -108.4725. Because the analysis would require hundreds of modeling runs and because the multiple years would be averaged in a multiple year analysis, the year 2014 Substation data was chosen.  This year was the highest year of three (2013-2015) for the short stacks and the middle year for tall stacks.  Farmington Airport data was used to substitute for missing hours of data at Substation to provide a more complete data set.

Receptor Grid: The following grids were used to determine the maximum concentration for each pollutant.

Table 1: Table of Receptors
	Grid Type
	Description
	Shape
	Spacing
	Length

	Cartesian
	Intermediate
	Square
	500 meters
	21 kilometers

	Cartesian
	Fine
	Square
	100 meters
	6.2 kilometers

	Cartesian
	Very fine
	Square
	50 meters
	2.1 kilometers



The 100 meter and 500 meter grids were removed from most models after verifying that the maximum concentrations would be contained within the very fine grid.
Assumptions
Building downwash:  This GCP is designed for facilities that are small and do not have buildings.  In this modeling it was assumed that buildings are small enough that they do not cause building downwash.  Buildings are not allowed at the facility location.

Operating hours:  The facility operates continuously.

Elevation:  The facility is assumed to have an elevation of 5620 ft.  (Few facilities of this type are expected to have elevations higher than this.)

PSD Increment:  It was assumed that the facility would consume PSD increment.

Background concentrations
Background concentrations vary throughout the state from pollutant to pollutant.  

NO2 Background:  Concentrations of NO2 in New Mexico drop to tiny levels in areas that are far from industrial sources.  The primary concern for cumulative NO2 modeling appears to be contributions from nearby sources.  The worst case scenario appears to be another source in close proximity.  To simulate background concentrations, eight sources were placed in a ring around the facility, each with an emission rate of 21.7 lb/hr of NOX (equal to the maximum allowed under this GCP).  The sources were evenly spaced, each at a distance of 500 meters from the facility.  For complex terrain modeling, the base elevation of these sources was set equal to the terrain height they were located in.

Stack parameters of the surrounding sources were as follows.  

	Height
(m)
	Temperature
(K)
	Exit Velocity
(m/s)
	Stack Diameter
(m)
	NOX emission rate
(lb/hr)

	7
	730
	28
	0.3
	21.7




Particulate matter background:  Maximum background concentrations for particulate matter were selected from the areas of the state where the GCP would be expected to be used.  

The maximum PM2.5 background concentrations in oil and gas producing regions of the state were found at the monitor at 2320 N. Jefferson Street, Hobbs, New Mexico (monitor 5ZS).  Average concentrations from 2013-2015 were used in the modeling.  The 98th percentile was used for the 24-hour concentration.

The maximum 24-hour average PM10 background concentrations in oil and gas producing regions of the state were found at the Dine College monitor at latitude 36.8071, longitude -108.6952 (AIRS ID 350451233).  The maximum annual average PM10 background concentrations in oil and gas producing regions of the state were found at the monitor at 2320 N. Jefferson Street, Hobbs, New Mexico (monitor 5ZS).  Average concentrations from 2013-2015 were used in the modeling.  Dine College was missing the 2014 concentrations, so 2013 and 2015 were averaged.  The 98th percentile was used for the 24-hour concentration.
TSP concentrations were assumed to be the same as the PM10 concentrations because larger particles settle out by the time background concentrations are reached.

	Background
	24 hr
	annual

	TSP
	40.5
	21.28

	PM10
	40.5
	21.28

	PM2.5
	18.3
	7.08



SO2 Background:  SO2 background concentrations are typically from flaring events of short duration.  It is not expected that adjacent facilities will have simultaneous upsets that contribute to concentrations at the same time and space.  The highest background concentration found in the oil and gas producing regions of New Mexico were found at the Shiprock Substation monitor, monitor 1H.  The 99th percentile concentration from this monitor from the period 2013 to 2015 was added to SO2 modeling runs.  The background concentration was 34.91 µg/m3.

NO2 modeling:
ARM2 was proposed for the NO2 modeling with the default ratios (0.2 NO2/NOX ratio minimum, 0.9 maximum).  The Bureau examined in-stack ratio data for the types of equipment proposed for the permits.  All equipment found in EPA’s in stack ratio database was below 0.2 NO2/NOX ratio for the equipment of interest.  The ozone levels in New Mexico were not high enough to call into question the validity of the 0.9 maximum ambient ratio.  The Bureau concluded that it was appropriate to use the ARM2 option in AERMOD to perform the NO2 analysis.

Only one source or group of sources can be run at a time, using ARM2, because the model will factor in other sources or groups when it determines the final concentrations.  Models were run by trial and error to determine the minimum stack parameters to demonstrate compliance with standards in 1 lb/hr increments.  The stack parameter values were based on existing stack parameters in current GCP sources or parameters of sources expected to be used at this type of facility.

Modeling for other pollutants:
For most types of emission sources, NO2 was determined to be the limiting factor by comparing ratios of emission rates of NO2/other pollutants.  The exceptions were flares (SO2 limited), tank venting and truck loading (H2S limited), and haul roads (particulate matter limited).


Stack parameters, concentrations, and permit conditions:



Engine stack parameters and modeling results are as follows:

	NOX Emis total
	SO2 Emis total
	CO Emis total
	height
	Temperature
	velocity
	Diameter
	Stack exit area (m2)
	NO2
	SO2
	CO 1-hr
	CO 8-hr

	(lb/hr)
	(lb/hr)
	(lb/hr)
	(m)
	(K)
	(m/s)
	(m)
	
	(µg/m3)
	(µg/m3)
	(µg/m3)
	(µg/m3)

	21.7
	1.085
	43.4
	7
	730
	28
	0.3
	0.071
	154
	30.43
	1447.04
	819.57

	21
	1.05
	42
	6
	730
	28
	0.3
	0.071
	156.59
	
	
	

	20
	1
	40
	5.5
	730
	28
	0.3
	0.071
	159.55
	
	
	

	19
	0.95
	38
	4.5
	730
	28
	0.3
	0.071
	167.84
	
	
	

	18
	0.9
	36
	4.5
	730
	27
	0.3
	0.071
	167.64
	
	
	

	17
	0.85
	34
	4.5
	730
	27
	0.3
	0.071
	167.46
	
	
	

	16
	0.8
	32
	4.5
	730
	27
	0.25
	0.049
	177.33
	
	
	

	15
	0.75
	30
	4.5
	730
	27
	0.25
	0.049
	167.85
	42.82
	1879.64
	1263.09

	14
	0.7
	28
	4.5
	700
	22
	0.25
	0.049
	170.06
	
	
	

	13
	0.65
	26
	4.5
	700
	22
	0.25
	0.049
	167.57
	
	
	

	12
	0.6
	24
	4.5
	700
	22
	0.2
	0.031
	167.91
	
	
	

	11
	0.55
	22
	4.5
	700
	22
	0.2
	0.031
	167.51
	
	
	

	10
	0.5
	20
	4.5
	700
	22
	0.2
	0.031
	166.53
	
	
	

	9
	0.45
	18
	4.5
	700
	20
	0.2
	0.031
	164.66
	
	
	

	8
	0.4
	16
	4.5
	700
	18
	0.2
	0.031
	162.52
	34.99
	1610.93
	1030.28

	7
	0.35
	14
	4.5
	700
	14
	0.2
	0.031
	162.24
	
	
	

	6
	0.3
	12
	4.5
	650
	14
	0.2
	0.031
	156.21
	
	
	

	5
	0.25
	10
	4.5
	500
	5
	0.2
	0.031
	166.81
	
	
	

	4
	0.2
	8
	4
	500
	5
	0.1
	0.008
	174.08
	48.1
	2511.29
	1258.97

	3
	0.15
	6
	3.5
	500
	5
	0.1
	0.008
	172.83
	
	
	

	2
	0.1
	4
	3
	500
	5
	0.0762
	0.005
	172.83
	
	
	

	1
	0.05
	2
	2
	500
	5
	0.0762
	0.005
	182.37
	48.32
	2120.84
	1280.8



Stack height, temperature, velocity, and diameter listed are the minimum required in the permit for a facility with a total emission rate listed in column 1.

CO emission rates were conservatively assumed to be double the NOX emission rate.
SO2 emission rates were assumed to be 5% of the NOX emission rate.

The 1-hour NO2 standard is 188.03 µg/m3.

Because the engine analysis demonstrated clearly that NO2 was the limiting pollutant (at the ratios of emission rates required in the permit), analysis of other pollutants was not repeated for sources with similar emission rate ratios.



Turbine stack parameters and modeling results are as follows:

	NOX Emis total
	height
	Temperature
	velocity
	Diameter
	Stack exit area
	Max NO2 conc

	(lb/hr)
	(m)
	(K)
	(m/s)
	(m)
	(m2)
	(µg/m3)

	21.7
	7
	588
	10
	0.7
	0.384845
	153.97

	21
	6
	588
	10
	0.7
	0.384845
	153.98

	20
	5
	588
	10
	0.7
	0.384845
	166.49

	19
	5
	588
	10
	0.6
	0.282743
	167.46

	18
	4.5
	588
	10
	0.6
	0.282743
	178.1

	17
	4.5
	588
	10
	0.6
	0.282743
	168.9

	16
	4.5
	588
	10
	0.5
	0.19635
	181.26

	15
	4.5
	588
	10
	0.5
	0.19635
	170.55

	14
	4.5
	588
	10
	0.5
	0.19635
	167.59

	13
	4
	588
	10
	0.5
	0.19635
	183.29

	12
	4
	588
	10
	0.5
	0.19635
	169.87

	11
	3.5
	588
	10
	0.5
	0.19635
	179.28

	10
	3.5
	588
	10
	0.5
	0.19635
	167.7

	9
	3.5
	588
	10
	0.5
	0.19635
	167.25

	8
	3.5
	588
	10
	0.4
	0.125664
	167.41

	7
	3
	588
	10
	0.4
	0.125664
	167.48

	6
	3
	588
	10
	0.4
	0.125664
	164.78

	5
	2.5
	588
	10
	0.4
	0.125664
	167.5

	4
	2.5
	588
	10
	0.4
	0.125664
	161.72

	3
	2
	588
	10
	0.35
	0.096211
	167.54

	2
	1.8
	588
	10
	0.24
	0.045239
	175.43

	1
	1.8
	588
	10
	0.24
	0.045239
	153.97



Enclosed combustion devices (ECD):
Worst-case enclosed combustion devices were added to engine models to determine the combined effect.  4 lb/hr and 20 lb/hr sources were chosen to examine the spectrum of sources.


	Emis of unit, NOX
	Emis of engine, NOX
	height
	Temperature
	velocity
	Diameter
	Stack exit area
	NO2 Concentration

	(lb/hr)
	
	(m)
	(K)
	(m/s)
	(m)
	(m2)
	(µg/m3)
	

	1.3
	4 (1.4) (doubled ECE rate)
	4.8768
	1033.15
	0.024384
	0.5791
	0.263
	183.3
	

	0.5
	4 (3.5)
	6.7
	1033.2
	0.6
	0.7
	0.385
	167.56
	

	1.3
	20 (18.7)
	4.8768
	1033.15
	0.024384
	0.5791
	0.263
	164.88
	



ECD SO2 results were scaled to determine the maximum SO2 emission rate allowable with a background concentration of 34.91 µg/m3.  Maximum emission rate is 0.3054 lb/hr for 100% of the standard assuming no other SO2 emissions at the facility at the same time.  This is rounded to 0.3 lb/hr for a little safety factor.

It was determined that if double the NOX emission rate of the ECD was subtracted from the engine emission rate, then there would be no adverse impact, compared to the engine(s) alone.  ECDs appear to have worse dispersion characteristics than the engines.  


Heaters:

A combination of the worst case stack parameters for the types of heaters that could be used at these types of facilities was modeled.

	Emis of unit (NOX)
	height
	Temperature
	velocity
	Diameter
	Stack exit area
	Total NO2 concentration

	(lb/hr)
	(m)
	(K)
	(m/s)
	(m)
	(m2)
	(µg/m3)

	0.3
	6.096
	373.15
	20.6
	0.0762
	0.005
	177.96

	0.3
	4.572
	373.15
	20.6
	0.0762
	0.005
	182.56

	Up to 2 of each unit
	
	
	
	
	

	
	
	
	
	
	Standard
	188.03



It was determined that the heaters had no negative effect on the concentrations, as long as their emission rates were factored into the facility total NOX rate.  Up to and including 0.3 lb/hr of NOX from heaters was tested.

Tanks:
Tanks may have vents to release pressure as it builds up.  This may result in the release of H2S.  Tanks were modeled with the following parameters to simulate the intermittent bursts of gas from the vent on top of the tanks.

	Emis of (H2S)
	height
	Temperature
	velocity
	Diameter

	(lb/hr)
	(m)
	(K)
	(m/s)
	(m)

	1
	4.572
	ambient
	1.0
	0.0508



The model resulted in a concentration of 960.3899 µg/m3.  With a 1-hour standard of 13.9 µg/m3, the calculated allowable emission rate becomes 0.01447 lb/hr of H2S.


Haul roads:
Emissions from trucks with tanks are expected from time to time.  Haul road emissions were modeled as a series of 8 volume sources, as follows:

	Source ID
	Release height
	Initial horizontal dimension
	Initial vertical dimension
	TSP
	PM10
	PM2.5

	
	(m)
	(m)
	(m)
	(lb/hr)
	(lb/hr)
	(lb/hr)

	HAUL1
	1.7
	4.65
	1.58
	0.1375
	0.0375
	0.00375

	HAUL2
	1.7
	4.65
	1.58
	0.1375
	0.0375
	0.00375

	HAUL3
	1.7
	4.65
	1.58
	0.1375
	0.0375
	0.00375

	HAUL4
	1.7
	4.65
	1.58
	0.1375
	0.0375
	0.00375

	HAUL5
	1.7
	4.65
	1.58
	0.1375
	0.0375
	0.00375

	HAUL6
	1.7
	4.65
	1.58
	0.1375
	0.0375
	0.00375

	HAUL7
	1.7
	4.65
	1.58
	0.1375
	0.0375
	0.00375

	HAUL8
	1.7
	4.65
	1.58
	0.1375
	0.0375
	0.00375



Concentrations only 10 m from the road were discarded.  The model has trouble resolving concentrations at distances that small.  Modeled concentrations were used to calculate allowable emission rates.

	Pollutant
	Total Emission rate modeled (lb/hr)
	Emission rate of each (lb/hr)
	24 hr background
(µg/m3)
	annual background
(µg/m3)
	Modeled 24-hr
(µg/m3)
	Modeled annual
(µg/m3)
	24-hr Standard
(µg/m3)
	Standard
(µg/m3)
	OK emis
(lb/hr)
	OK emis
(lb/hr)

	TSP
	1.1
	0.1375
	40.5
	21.28
	306.53
	114.17
	150
	60
	0.392947
	0.373058

	PM10
	0.3
	0.0375
	40.5
	21.28
	63.13
	20.64
	150
	
	0.520355
	

	PM2.5
	0.03
	0.00375
	18.13
	7.08
	6.31
	2.06
	35
	12
	0.080206
	0.07165

	PM10 increment
	0.3
	0.0375
	0
	0
	63.13
	20.64
	30
	17
	0.142563
	0.247093



The allowable haul road emission rate for each pollutants is:

TSP:  0.373058 lb/hr
PM10:  0.142563 lb/hr
PM2.5:  0.07165 lb/hr

[Do we need to relate the allowable emission rates to number of trips allowed here?]


Flares:
Composition of flare gas:

The gas being flared determines the heat content of the gas.  Heat content is used to calculate effective stack diameter and the emission factors of several pollutants.  

Average composition of flare gas was obtained from the following reference:  https://www3.epa.gov/ttnchie1/ap42/ch13/final/c13s05.pdf



	
	Average volume percent
	MW
	MW weighted
	BTU/ft3
	BTU/lb
	BTU/ft3 weighted

	methane
	55
	16.04
	8.822
	910
	21,433
	500.5
	

	ethane
	8
	30.07
	2.4056
	1,630
	20,295
	130.4
	

	acetlyene
	5
	26
	1.3
	1,447
	20,837
	72.35
	

	propane
	7
	44.1
	3.087
	2,371
	19,834
	165.97
	

	propylene
	25
	42.08
	10.52
	2,185
	19,683
	546.25
	

	average
	100
	
	[bookmark: RANGE!R22]26.1346
	
	
	1415.47
	

	
	
	
	
	
	
	12597.68
	kcal/m3

	Flare gas
	95.2
	26.1346
	24.8801392
	1415.47
	
	1347.527
	

	H2S
	4.8
	34.0809
	1.6358832
	672
	7,479
	32.256
	

	
	
	
	[bookmark: RANGE!R26]26.5160224
	
	
	1379.783
	

	
	
	
	
	
	
	12280.07
	kcal/m3

	SO2
	
	
	64.066
	
	
	
	



The flare gas is assumed to be 4.8% H2S.  This is the maximum sulfur content allowed in the flare.
98% of the H2S is assumed to be converted to SO2.  The remaining 2% is emitted as H2S.

The molecular weight of the flare gas before combustion (including H2S) is 26.52 g/mol.
The heat content of the flare gas is 12280.07 kcal/m3.

AP42 Emission factors:

	Emission factors
	lb/106 BTU

	Carbon monoxide
	0.37

	Nitrogen oxides
	0.068

	Soot
	0 - 274

	total hydrocarbons
	0.14



	1 m3 flare gas produces
	

	mol
	44.64286
	
	1 mol  occupies 0.0224 m3 at STP

	SO2 (lb)
	[bookmark: RANGE!P33]0.296606
	
	=number of moles * molar fraction contianing S * 98% of H2S converted to SO2 *  MW of SO2 * 2.20462 kg/lb /1000 g/kg

	H2S (lb)
	0.005932
	
	=2% of SO2

	cal
	[bookmark: RANGE!P35]12280073
	
	1000 cal per kcal

	BTU
	48698.72
	
	3.96567 BTU/kcal

	NO2 (lb)
	[bookmark: RANGE!P37]0.003312
	
	0.068 lb NOX/MMBTU

	CO (lb)
	[bookmark: RANGE!P38]0.018019
	
	0.37 lb CO/MMBTU

	hydrocarbons (lb)
	0.006818
	
	0.14 lb total hydrocarbons/MMBTU




Heat content and relation to effective diameter:
The effective diameter varies with the rate of gas flow.  SO2 emission rate also varies with the gas flow rate.  Diameter can be related to SO2 emission rate with the following equation:
Diameter (m) = (0.00001 * [SO2 emission rate] * (1-0.048 * ([molecular weight of mixture]^0.5)))^0.5



Modeling results for flaring are as follows:

	Emis total SO2
	Heat release
	Diameter
	H2S emission total
	NOX emission total
	CO emission total
	Flow rate
	height
	SO2 Concentration, high 4th high
	H2S conc
	NO2 Concentration, high 8th high
	CO concentration

	(lb/hr)
	(cal/s)
	(m)
	(lb/hr)
	(lb/hr)
	(lb/hr)
	MMscf/d
	(m)
	(ug/m3)
	(ug/m3)
	(ug/m3)
	(ug/m3)

	5000
	57502641
	20.80618
	100
	55.82
	303.74
	14.287
	18
	145.92
	
	
	

	4500
	51752377
	19.73848
	90
	50.24
	273.37
	12.859
	16
	165.54
	
	
	

	4000
	46002113
	18.60962
	80
	44.66
	243.00
	11.430
	14
	190.29
	
	
	

	3500
	40251849
	17.4077
	70
	39.08
	212.62
	10.001
	12
	166.56
	
	
	

	3000
	34501585
	16.1164
	60
	33.49
	182.25
	8.572
	9
	175.06
	
	
	

	2500
	28751320
	14.71219
	50
	27.91
	151.87
	7.144
	6
	151.51
	
	
	

	2100
	24151109
	13.48
	42
	23.45
	127.57
	6.001
	6
	138.02
	
	
	

	2000
	23001056
	13.16
	40
	22.33
	121.50
	5.715
	
	
	
	
	

	1900
	21851004
	12.83
	38
	21.21
	115.42
	5.429
	
	
	
	
	

	1800
	20700951
	12.48
	36
	20.10
	109.35
	5.143
	
	
	
	
	

	1700
	19550898
	12.13
	34
	18.98
	103.27
	4.858
	
	
	
	
	

	1600
	18400845
	11.77
	32
	17.86
	97.20
	4.572
	
	
	
	
	

	1500
	17250792
	11.40
	30
	16.75
	91.12
	4.286
	6
	106.73
	
	
	

	1400
	16100739
	11.01
	28
	15.63
	85.05
	4.000
	
	
	
	
	

	1300
	14950687
	10.61
	26
	14.51
	78.97
	3.715
	
	
	
	
	

	1200
	13800634
	10.19
	24
	13.40
	72.90
	3.429
	
	
	
	
	

	1100
	12650581
	9.76
	22
	12.28
	66.82
	3.143
	
	
	
	
	

	1050
	12075555
	9.53
	21
	11.72
	63.79
	3.000
	
	
	
	
	

	1000
	11500528
	9.30
	20
	11.16
	60.75
	2.857
	6
	85.98
	
	
	

	950
	10925502
	9.07
	19
	10.61
	57.71
	2.715
	
	
	
	
	

	900
	10350475
	8.83
	18
	10.05
	54.67
	2.572
	
	
	
	
	

	850
	9775449
	8.58
	17
	9.49
	51.64
	2.429
	
	
	
	
	

	800
	9200423
	8.32
	16
	8.93
	48.60
	2.286
	
	
	
	
	

	750
	8625396
	8.06
	15
	8.37
	45.56
	2.143
	
	
	
	
	

	700
	8050370
	7.78
	14
	7.82
	42.52
	2.000
	
	
	
	
	

	650
	7475343
	7.50
	13
	7.26
	39.49
	1.857
	
	
	
	
	

	600
	6900317
	7.21
	12
	6.70
	36.45
	1.714
	6
	72.14
	
	
	

	550
	6325291
	6.90
	11
	6.14
	33.41
	1.572
	
	
	
	
	

	500
	5750264
	6.58
	10
	5.58
	30.37
	1.429
	
	
	
	
	

	450
	5175238
	6.24
	9
	5.02
	27.34
	1.286
	
	
	
	
	

	400
	4600211
	5.88
	8
	4.47
	24.30
	1.143
	
	
	
	
	

	350
	4025185
	5.50
	7
	3.91
	21.26
	1.000
	
	
	
	
	

	300
	3450158
	5.10
	6
	3.35
	18.22
	0.857
	
	
	
	
	

	250
	2875132
	4.65
	5
	2.79
	15.19
	0.714
	
	
	
	
	

	200
	2300106
	4.16
	4
	2.23
	12.15
	0.571
	
	
	
	
	

	150
	1725079
	3.60
	3
	1.67
	9.11
	0.429
	6
	85.62
	3.82
	0.33
	11.6

	100
	1150053
	2.94
	2
	1.12
	6.07
	0.286
	6
	
	
	
	

	90
	1035048
	2.79
	1.8
	1.00
	5.47
	0.257
	6
	
	
	
	

	80
	920042
	2.63
	1.6
	0.89
	4.86
	0.229
	6
	
	
	
	

	70
	805037
	2.46
	1.4
	0.78
	4.25
	0.200
	6
	
	
	
	

	60
	690032
	2.28
	1.2
	0.67
	3.64
	0.171
	6
	
	
	
	

	50
	575026
	2.08
	1
	0.56
	3.04
	0.143
	6
	
	
	
	

	40
	460021
	1.86
	0.8
	0.45
	2.43
	0.114
	6
	
	
	
	

	30
	345016
	1.61
	0.6
	0.33
	1.82
	0.086
	6
	133
	3.29
	0.69
	9.99

	29
	333515
	1.58
	0.58
	0.32
	1.76
	0.083
	6
	
	
	
	

	28
	322015
	1.56
	0.56
	0.31
	1.70
	0.080
	6
	
	
	
	

	27
	310514
	1.53
	0.54
	0.30
	1.64
	0.077
	6
	
	
	
	

	26
	299014
	1.50
	0.52
	0.29
	1.58
	0.074
	6
	
	
	
	

	25
	287513
	1.47
	0.5
	0.28
	1.52
	0.071
	6
	
	
	
	

	24
	276013
	1.44
	0.48
	0.27
	1.46
	0.069
	6
	
	
	
	

	23
	264512
	1.41
	0.46
	0.26
	1.40
	0.066
	6
	
	
	
	

	22
	253012
	1.38
	0.44
	0.25
	1.34
	0.063
	6
	
	
	
	

	21
	241511
	1.35
	0.42
	0.23
	1.28
	0.060
	6
	
	
	
	

	20
	230011
	1.32
	0.4
	0.22
	1.21
	0.057
	6
	123.32
	2.45
	0.7
	7.42

	19
	218510
	1.28
	0.38
	0.21
	1.15
	0.054
	4
	148.49
	
	
	

	18
	207010
	1.25
	0.36
	0.20
	1.09
	0.051
	4
	149.05
	
	
	

	17
	195509
	1.21
	0.34
	0.19
	1.03
	0.049
	4
	157.02
	
	
	

	16
	184008
	1.18
	0.32
	0.18
	0.97
	0.046
	4
	157.57
	
	
	

	15
	172508
	1.14
	0.3
	0.17
	0.91
	0.043
	4
	156.76
	
	
	

	14
	161007
	1.10
	0.28
	0.16
	0.85
	0.040
	4
	153.57
	
	
	

	13
	149507
	1.06
	0.26
	0.15
	0.79
	0.037
	4
	154.83
	
	
	

	12
	138006
	1.02
	0.24
	0.13
	0.73
	0.034
	4
	158.97
	
	
	

	11
	126506
	0.98
	0.22
	0.12
	0.67
	0.031
	4
	159.85
	
	
	

	10
	115005
	0.93
	0.2
	0.11
	0.61
	0.029
	4
	158.49
	
	
	

	9
	103505
	0.88
	0.18
	0.10
	0.55
	0.026
	3.5
	168.47
	
	
	

	8
	92004
	0.83
	0.16
	0.09
	0.49
	0.023
	3.5
	165.39
	
	
	

	7
	80504
	0.78
	0.14
	0.08
	0.43
	0.020
	3.5
	163.91
	
	
	

	6
	69003
	0.72
	0.12
	0.07
	0.36
	0.017
	3.5
	162.48
	
	
	

	5
	57503
	0.66
	0.1
	0.06
	0.30
	0.014
	3.5
	161.11
	
	
	

	4
	46002
	0.59
	0.08
	0.04
	0.24
	0.011
	3
	190.76
	
	
	

	3
	34502
	0.51
	0.06
	0.03
	0.18
	0.009
	3
	182.28
	
	
	

	2
	23001
	0.42
	0.04
	0.02
	0.12
	0.006
	2.5
	184.4
	
	
	

	1
	11501
	0.29
	0.02
	0.01
	0.06
	0.003
	2
	193.73
	
	
	



	Flares only need to comply with height and location requirements, and can ignore the temperature, velocity, and diameter.
Flow rate is based on 4.8 mole percent H2S gas in the flare gas.

	If the rest of the facility is shut down whenever that unit operates, then that unit may use the requirements for that unit's emission rate, rather than the facility-wide emission rate.

	H2S emission rate is limited to 2% of the SO2 emission rate for flares.

	GEP stack height is 65 meters (without buildings).


The SO2 1-hour standard is 196.4 µg/m3.
The H2S standard is 13.9 µg/m3.


Source descriptions:
Modeling files are arranged as follows:

“CombinedModels” includes runs designed to test the effects of combining different types of sources, such as engines with enclosed combustion devices.
“EngineModels” includes models in flat terrain testing one engine at a time.
“EngineTerrain” includes models in complex terrain testing the effects of terrain on one engine at a time.
“Flare” includes models in flat terrain testing one flare at a time.
“Haul roads” includes models run to determine the allowable number of haul trucks.
“Tanks” includes the models run to test H2S emissions from tank venting and truck loading.
“Thermal oxidizer” includes models run to compare the impacts of thermal oxidizers to engines and turbines.
“TurbineModels” includes models in flat terrain testing one turbine at a time.



Terrain:
Complex terrain:

Complex terrain was simulated by raising the terrain everywhere in the modeling domain to 5 meters and 25 meters taller than the top of the stack being modeled in separate modeling runs.  Surrounding sources were elevated to terrain elevation at their location.



Hilly terrain is not expected to be a feature in the immediate vicinity of these sources, but could be nearby.  Elevated terrain can increase the maximum concentrations of pollutants compared to flat areas.  

Effects of terrain were examined by modeling the 4 lb/hr and 20 lb/hr NO2 stacks with terrain heights set to 5 meters taller than the stack height or 25 meters taller than stack height.  The maximum distance to the concentration equivalent to the flat terrain concentration was used as the required distance to a hill, as described below.  Modeling files are contained in the folder, “EngineTerrain”.

Results:

	Emission rate (lb/hr NOX)
	4
	20

	Terrain 5 m above top of stack
	100 m setback required
	100 m setback required

	Terrain 25 m above top of stack
	No additional setback required
	100 m setback required



Most cases required a distance of 100 meters from the stack to terrain 5 or more meters taller than the height of the stack.  No additional distances were required for taller terrain.


Permit conditions
Equipment shall be at least 100 meters from any stack to terrain 5 or more meters above the stack height.

Nearby facilities:  
The effects of nearby facilities was discussed in the background concentration section.  The background concentration was based on a small facility with short stacks.  Tall stacks from larger facilities were shown to have better dispersion and lower concentrations at that distance, so there is no need for any increased distance from a larger facility.  4 lb/hr and 20 lb/hr sources in the “EngineModels” folder were examined for this exercise.
The facility must be at least 400 meters from source that emits over 25 tons/year of NOX.

Class I areas:  
Existing GCP 4 conditions exclude the facilities from locating within 3 miles of a Class I area.  Modeling confirmed that this condition will be protective of the PSD Class I increments at that distance.


The permit conditions derived from the modeling and modeling assumptions are described in a separate document for the sake of clarity and brevity.
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