Summary of Emissions from Refueling Operations
Dolores and ICTF Rail Yards, Long Beach, CA

2012 VOC Emission
Tank Material Throughput Factor 2012 VOC Emissions
Yard Tank No. Location Stored (gallyr) (1b/1000 gal)* (tpy)
Dolores TNKD-0069 Tank Farm Diesel 10,500,000 0.028 0.147
Dolores TNKD-0068 Tank Farm Diesel 10,500,000 0.028 0.147
Total 0.294
Notes:

1. Emission factors from SCAQMD General Instruction Book for the AQMD 2006-2007 Annual Emissions Reporting

Program, Appendix K.
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Summary of Emissions from Refueling Operations
Dolores and ICTF Rail Yards, Long Beach, CA

2014 VOC Emission
Tank Material Throughput Factor 2014 VOC Emissions
Yard Tank No. Location Stored (gallyr) (1b/2000 gal)* (tpy)
Dolores TNKD-0069 Tank Farm Diesel 10,500,000 0.028 0.147
Dolores TNKD-0068 Tank Farm Diesel 10,500,000 0.028 0.147
Total 0.294
Notes:

1. Emission factors from SCAQMD General Instruction Book for the AQMD 2006-2007 Annual Emissions Reporting

Program, Appendix K.
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Summary of Emissions from Refueling Operations
Dolores and ICTF Rail Yards, Long Beach, CA

2016 VOC Emission
Tank Material Throughput Factor 2016 VOC Emissions
Yard Tank No. Location Stored (gallyr) (1b/2000 gal)* (tpy)
Dolores TNKD-0069 Tank Farm Diesel 10,500,000 0.028 0.147
Dolores TNKD-0068 Tank Farm Diesel 10,500,000 0.028 0.147
Total 0.294
Notes:

1. Emission factors from SCAQMD General Instruction Book for the AQMD 2006-2007 Annual Emissions Reporting

Program, Appendix K.
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APPENDIX K-3

SPECIATION PROFILE FOR GASOLINE REFUELING OPERATIONS
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Toxic Air Contaminant Emissions from the Gasoline Refueling Operations

Dolores and ICTF Rail Yards, Long Beach, CA

Gasoline Refueling

Organic 2005 Emissions

Profile’ CAS Chemical Name Fraction (tpy)
661 540841 2,2 4-trimethylpentane 0.0130 1.02E-03
661 71432 benzene 0.0036 2.82E-04
661 110827 cyclohexane 0.0103 8.06E-04
661 100414 ethylbenzene 0.0012 9.25E-05
661 78784 isopentane 0.3747 2.93E-02
661 08828 isopropylbenzene (cumene) 0.0001 8.63E-06
661 108383 m-xylene 0.0034 2.69E-04
661 110543 n-hexane 0.0155 1.21E-03
661 95476 0-xylene 0.0013 1.00E-04
661 106423 p-xylene 0.0011 8.39E-05
661 108883 toluene 0.0171 1.33E-03
Total 3.45E-02
Notes

1. Organic fraction from ARBs SPECIATE database. Data is from

"Headspace vapors 1996 SSD etoh 2.0% (MTBE phaseout)” option.

2. Emissions were calculated for only chemicals that were in both the SPECIATE
database and the AB2588 list.
3. Organic fraction reported on a ROG basis using ARB's Speciate ROG/TOG ratio (0.9963).
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Toxic Air Contaminant Emissions from the Gasoline Refueling Operations

Dolores and ICTF Rail Yards, Long Beach, CA

Gasoline Refueling

Organic 2010 Emissions

Profile’ CAS Chemical Name Fraction (tpy)
661 540841 2,2 4-trimethylpentane 0.0130 6.60E-04
661 71432 benzene 0.0036 1.83E-04
661 110827 cyclohexane 0.0103 5.24E-04
661 100414 ethylbenzene 0.0012 6.01E-05
661 78784 isopentane 0.3747 1.90E-02
661 08828 isopropylbenzene (cumene) 0.0001 5.61E-06
661 108383 m-xylene 0.0034 1.75E-04
661 110543 n-hexane 0.0155 7.85E-04
661 95476 0-xylene 0.0013 6.52E-05
661 106423 p-xylene 0.0011 5.45E-05
661 108883 toluene 0.0171 8.68E-04
Total 2.24E-02
Notes

1. Organic fraction from ARBs SPECIATE database. Data is from

"Headspace vapors 1996 SSD etoh 2.0% (MTBE phaseout)” option.

2. Emissions were calculated for only chemicals that were in both the SPECIATE
database and the AB2588 list.
3. Organic fraction reported on a ROG basis using ARB's Speciate ROG/TOG ratio (0.9963).
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APPENDIX L-1

AP-42 SECTIONS 11.12
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11.12 CONCRETE BATCHING

11.12-1 Process Description *

Concrete is composed essentially of water, cement, sand (fine aggregate) and coarse
aggregate. Coarse aggregate may consist of gravel, crushed stone or iron blast furnace slag. Some
specialty aggregate products could be either heavyweight aggregate (of barite, magnetite, limonite,
ilmenite, iron or steel) or lightweight aggregate (with sintered clay, shale, slate, diatomaceous shale,
perlite, vermiculite, slag pumice, cinders, or sintered fly ash). Supplementary cementitious
materials, also called mineral admixtures or pozzolan minerals may be added to make the concrete
mixtures more economical, reduce permeability, increase strength, or influence other concrete
properties. Typical examples are natural pozzolans, fly ash, ground granulated blast-furnace slag,
and silica fume, which can be used individually with portland or blended cement or in different
combinations. Chemical admixtures are usually liquid ingredients that are added to concrete to
entrain air, reduce the water required to reach a required slump, retard or accelerate the setting rate,
to make the concrete more flowable or other more specialized functions.

Approximately 75 percent of the U.S. concrete manufactured is produced at plants that store,
convey, measure and discharge these constituents into trucks for transport to a job site. At most of
these plants, sand, aggregate, cement and water are all gravity fed from the weight hopper into the
mixer trucks. The concrete is mixed on the way to the site where the concrete is to be poured. At
some of these plants, the concrete may also be manufactured in a central mix drum and transferred
to a transport truck. Most of the remaining concrete manufactured are products cast in a factory
setting. Precast products range from concrete bricks and paving stones to bridge girders, structural
components, and panels for cladding. Concrete masonry, another type of manufactured concrete,
may be best known for its conventional 8 x 8 x 16-inch block. In a few cases concrete is dry
batched or prepared at a building construction site. Figure 11.12-1 is a generalized process diagram
for concrete batching.

The raw materials can be delivered to a plant by rail, truck or barge. The cement is
transferred to elevated storage silos pneumatically or by bucket elevator. The sand and coarse
aggregate are transferred to elevated bins by front end loader, clam shell crane, belt conveyor, or
bucket elevator. From these elevated bins, the constituents are fed by gravity or screw conveyor to
weigh hoppers, which combine the proper amounts of each material.

11.12-2 Emissions and Controls %8

Particulate matter, consisting primarily of cement and pozzolan dust but including some
aggregate and sand dust emissions, is the primary pollutant of concern. In addition, there are
emissions of metals that are associated with this particulate matter. All but one of the emission
points are fugitive in nature. The only point sources are the transfer of cement and pozzolan
material to silos, and these are usually vented to a fabric filter or “sock”. Fugitive sources include
the transfer of sand and aggregate, truck loading, mixer loading, vehicle traffic, and wind erosion
from sand and aggregate storage piles. The amount of fugitive emissions generated during the
transfer of sand and aggregate depends primarily on the surface moisture content of these materials.
The extent of fugitive emission control varies widely from plant to plant. Particulate emission
factors for concrete batching are give in Tables 11.12-1 and 11.12-2.

6/06 11.12-1
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Types of controls used may include water sprays, enclosures, hoods, curtains, shrouds,
movable and telescoping chutes, central duct collection systems, and the like. A major source of
potential emissions, the movement of heavy trucks over unpaved or dusty surfaces in and around
the plant, can be controlled by good maintenance and wetting of the road surface.

Predictive equations that allow for emission factor adjustment based on plant specific
conditions are given in the Background Document for Chapter 11.12 and Chapter 13. Whenever
plant specific data are available, they should be used with these predictive equations (e.g. Equations
11.12-1 through 11.12-3) in lieu of the general fugitive emission factors presented in Table 11.12-1
through11.12-5 in order to adjust to site specific conditions, such as moisture levels and localized
wind speeds.

11.12-3 Updates since the 5™ Edition.

October 2001 — This major revision of the section replaced emissions factors based upon
engineering judgment and poorly documented and performed source test reports with emissions
tests conducted at modern operating truck mix and central mix facilities. Emissions factors for both
total PM and total PM; were developed from this test data.

June 2006 — This revision of the section supplemented the two source tests with several additional
source tests of central mix and truck mix facilities. The measurement of the capture efficiency,
local wind speed and fines material moisture level was improved over the previous two source tests.
In addition to quantifying total PM and PM14, PM; 5 emissions were quantified at all of the
facilities. Single value emissions factors for truck mix and central mix operations were revised
using all of the data. Additionally, parameterized emissions factor equations using local wind speed
and fines material moisture content were developed from the newer data.

11.12-2 6/06
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TABLE 11.12-1 (METRIC UNITS)

EMISSION FACTORS FOR CONCRETE BATCHING *?

Source (SCC) Uncontrolled Controlled
Total PM Emission Total PMyy | Emission | Total PM | Emission Total Emission
Factor Factor Factor PMy, Factor
Rating Rating Rating Rating
Aggregate transfer °
(3-05-011-04,-21,23) 0.0035 D 0.0017 D ND ND
Sand transfer °
(3-05-011-05,22,24) 0.0011 D 0.00051 D ND ND
Cement unloading to elevated
storage silo (pneumatic)* 0.36 E 0.23 E 0.00050 D 0.00017 D
(3-05-011-07)
Cement supplement unloading
to elevated storage silo 1.57 E 0.65 E 0.0045 D 0.0024 E
(pneumatic)® (3-05-011-17)
Weigh hopper loading ©
(3-05-011-08) 0.0026 D 0.0013 D ND ND
Mixer loading (central mix)" 0.272 0.067 0.0087 0.0024
(3_05_011_0%) or Eqn. B or Eqgn. B or Eqn. B or Eqgn. B
11.12-1 11.12-1 11.12-1 11.12-1
. . 0.0280 0.0080
g
T(rg_cok;_gi‘i'_”l%)(”“k mix) 0.498 B 0.139 B or Eqn. B or Eqn. B
11.12-1 11.12-1

Vehicle traffic (paved roads)

Vehicle traffic (unpaved roads)

Wind erosion from aggregate
and sand storage piles

See AP-42 Section 13.2.1

See AP-42 Section 13.2.2

See AP-42 Section 13.2.5
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ND = No data

 All emission factors are in kg of pollutant per Mg of material loaded unless noted otherwise. Loaded
material includes course aggregate, sand, cement, cement supplement and the surface moisture associated
with these materials. The average material composition of concrete batches presented in references 9 and 10
was 846 kg course aggregate, 648 kg sand, 223 kg cement and 33kg cement supplement. Approximately 75
liters of water was added to this solid material to produce 1826 kg of concrete.

b Reference 9 and 10. Emission factors are based upon an equation from AP-42, Section 13.2.2, with Kpp.10
=.35, kem = .74, U = 10mph, Myggregate =1.77%, and Mgang = 4.17%. These moisture contents of the materials
(Maggregate @Nd Mgang) are the averages of the values obtained from Reference 9 and Reference 10.

¢ The uncontrolled PM & PM-10 emission factors were developed from Reference 9. The controlled
emission factor for PM was developed from References 9, 10, 11, and 12. The controlled emission factor for
PM-10 was developed from References 9 and 10.

4 The controlled PM emission factor was developed from Reference 10 and Reference 12, whereas the
controlled PM-10 emission factor was developed from only Reference 10.

¢ Emission factors were developed by using the Aggregate and Sand Transfer Emission Factors in
conjunction with the ratio of aggregate and sand used in an average yard® of concrete. The unit for these
emission factors is kg of pollutant per Mg of aggregate and sand.

"References 9, 10, and 14. The emission factor units are kg of pollutant per Mg of cement and cement
supplement. The general factor is the arithmetic mean of all test data.

9 Reference 9, 10, and 14. The emission factor units are kg of pollutant per Mg of cement and cement
supplement. The general factor is the arithmetic mean of all test data.
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TABLE 11.12-2 (ENGLISH UNITS)

EMISSION FACTORS FOR CONCRETE BATCHING *?

Source (SCC) Uncontrolled Controlled
Total PM Emission Total PMyy | Emission | Total PM | Emission Total Emission
Factor Factor Factor PMyo Factor
Rating Rating Rating Rating
Aggregate transfer °
(3-05-011-04,-21,23) 0.0069 D 0.0033 D ND ND
Sand transfer °
(3-05-011-05,22,24) 0.0021 D 0.00099 D ND ND
Cement unloading to elevated
storage silo (pneumatic)* 0.72 E 0.46 E 0.00099 D 0.00034 D
(3-05-011-07)
Cement supplement unloading
to elevated storage silo 3.14 E 1.10 E 0.0089 D 0.0049 E
(pneumatic)® (3-05-011-17)
Weigh hopper loading °
(3-05-011-08) 0.0051 D 0.0024 D ND ND
Mixer loading (central mix)’ 0.544 0.134 0.0173 0.0048
(3_05_011_0%) or Eqn. B or Eqgn. B or Eqn. B or Eqgn. B
11.12-1 11.12-1 11.12-1 11.12-1
. . 0.0568 0.0160
¢}
T(rgfokS'_%ﬁ'_”l%)(””Ck mix) 0.995 B 0.278 B or Eqn. B or Eqn. B
11.12-1 11.12-1

Vehicle traffic (paved roads)

Vehicle traffic (unpaved roads)

Wind erosion from aggregate
and sand storage piles

See AP-42 Section 13.2.1

See AP-42 Section 13.2.2

See AP-42 Section 13.2.5
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ND = No data

& All emission factors are in Ib of pollutant per ton of material loaded unless noted otherwise. Loaded
material includes course aggregate, sand, cement, cement supplement and the surface moisture associated
with these materials. The average material composition of concrete batches presented in references 9 and 10
was 1865 Ibs course aggregate, 1428 Ibs sand, 491 Ibs cement and 73 lbs cement supplement.
Approximately 20 gallons of water was added to this solid material to produce 4024 lbs (one cubic yard) of
concrete.

b Reference 9 and 10. Emission factors are based upon an equation from AP-42, Section 13.2.2, with Kpp.10
=.35, kpm = .74, U = 10mph, Maggregate =1.77%, and Msang = 4.17%. These moisture contents of the materials
(Maggregate aNd Mgang) are the averages of the values obtained from Reference 9 and Reference 10.

¢ The uncontrolled PM & PM-10 emission factors were developed from Reference 9. The controlled
emission factor for PM was developed from References 9, 10, 11, and 12. The controlled emission factor for
PM-10 was developed from References 9 and 10.

Y The controlled PM emission factor was developed from Reference 10 and Reference 12, whereas the
controlled PM-10 emission factor was developed from only Reference 10.

¢ Emission factors were developed by using the Aggregate and Sand Transfer Emission Factors in
conjunction with the ratio of aggregate and sand used in an average yard® of concrete. The unit for these
emission factors is Ib of pollutant per ton of aggregate and sand.

fReferences 9, 10, and 14. The emission factor units are Ib of pollutant per ton of cement and cement
supplement. The general factor is the arithmetic mean of all test data.

9 Reference 9, 10, and 14. The emission factor units are Ib of pollutant per ton of cement and cement
supplement. The general factor is the arithmetic mean of all test data.
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The particulate matter emissions from truck mix and central mix loading operations are calculated
in accordance with the values in Tables 11.12-1 or 11.12-2 or by Equation 11.12-1** when site
specific data are available.

E =k (0.0032 )[; - :|+ C Equation 11.12-1
E = Emission factor in Ibs./ton of cement and cement supplement
k = Particle size multiplier (dimensionless)
U = Wind speed at the material drop point, miles per hour (mph)
M = Minimum moisture (% by weight) of cement and cement
supplement
ab = Exponents
c = Constant

The parameters for Equation 11.12-1 are summarized in Tables 11.12-3 and 11.12-4.
Table 11.12-3. Equation Parameters for Truck Mix Operations

Condition Parameter k a b C
Category
Total PM 0.8 1.75 0.3 0.013
1 PMig 0.32 1.75 0.3 0.0052
Controlled PMio2s 0288 | 175 | 03 |0.00468
PM, s 0.048 1.75 0.3 0.00078
Total PM 0.995
1 PM10 0278
Uncontrolled PMi0ge 0.228
PM2s 0.050

Table 11.12-4. Equation Parameters for Central Mix Operations

Condition Parameter k a b C
Category
Total PM 019 | 095 09 | 0.0010
. PMyo 013 | 045 09 | 0.0010
Controlled PMio0s 012 | 045 09 | 0.0009
PM,s 003 | 045 09 | 0.0002
Total PM 5.90 06 13 | 0120
L [PMy 1.92 0.4 13 | 0.040
Uncontrolled PM1oas 171 | 04 13 | 0.036
PM,s 038 04 13 0

1. Emission factors expressed in Ibs/tons of cement and cement supplement

To convert from units of Ibs/ton to units of kilograms per mega gram, the emissions calculated by
Equation 11.12-1 should be divided by 2.0.

Particulate emission factors per yard of concrete for an average batch formulation at a typical
facility are given in Tables 11.12-5 and 11.12-6. For truck mix loading and central mix loading, the

11.12-8 6/06
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emissions of PM, PM-10, PM-10-2.5, and PM-2.5 are calculated by multiplying the emission factor
calculated using Equation 11.12-2 by a factor of 0.282 to convert from emissions per ton of cement
and cement supplement to emissions per yard of concrete. This equation is based on a typical
concrete formulation of 564 pounds of cement and cement supplement in a total of 4,024 pounds of
material (including aggregate, sand, and water). This calculation is summarized in Equation 11.12-
2.

PM, PM10, PM10-2.5, PM2.5 emissions[ pounds

yd* of concrete
Equation 11.12-2

Metals emission factors for concrete batching are given in Tables 11.12-6 and 11.12-7.
Alternatively, the metals emissions from ready mix plants can be calculated based on (1) the
weighted average concentration of the metal in the cement and the cement supplement (i.e. flyash)
and (2) on the total particulate matter emission factors calculated in accordance with Equation
11.12-3. Emission factors calculated using Equation 11.12-3 are rated D.

Equation 11.12-3
Metal = PME{ZCJFESJ a
+

Where:

Metalgr= Metal Emissions, Lbs. As per Ton of Cement and Cement
Supplement

Controlled Particulate Matter Emission Factor (PM, PM10, or PM2.5)
Lbs. per Ton of Cement and Cement Supplement

ppm of Metal in Cement

Quantity of Cement Used, Lbs. per hour

ppm of Metal in Cement Supplement

Quantity of Cement Supplement Used, Lbs. per hour

_U
<
m
m
I

This equation is based on the assumption that 100% of the particulate matter emissions are material
entrained from the cement and cement supplement streams. Equation 11.12-3 over-estimates total
metal emissions to the extent that sand and fines from aggregate contribute to the total particulate
matter emissions.

6/06 11.12-9
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TABLE 11.12-5 (ENGLISH UNITS)
PLANT WIDE EMISSION FACTORS PER YARD OF TRUCK MIX CONCRETE ®

Uncontrolled Controlled
PM PM-10 PM PM-10
(Ibtyd®) | (Ibryd®) | (Iblyd®) | (Iblyd®)
Aggregate delivery to ground storage 0.0064 | 0.0031 0.0064 | 0.0031
(3-05-011-21)
Sand delivery to ground storage (3-05-011-22) 0.0015 | 0.0007 0.0015 | 0.0007
Aggregate transfer to conveyor (3-05-011-23) 0.0064 | 0.0031 0.0064 | 0.0031
Sand transfer to conveyor (3-05-011-24) 0.0015 | 0.0007 0.0015 | 0.0007
Aggregate transfer to elevated storage 0.0064 | 0.0031 0.0064 | 0.0031
(3-05-011-04)
Sand transfer to elevated storage (3-05-011-05) 0.0015 | 0.0007 0.0015 | 0.0007
Cement delivery to Silo (3-05-011-07 controlled) 0.0002 | 0.0001 0.0002 | 0.0001
Cement supplement delivery to Silo 0.0003 | 0.0002 0.0003 | 0.0002
(3-05-011-17 controlled)
Weigh hopper loading (3-05-011-08) 0.0079 | 0.0038 0.0079 | 0.0038

Truck mix loading (3-05-011-10)

See Equation 11.12-2

TABLE 11.12-6 (ENGLISH UNITS)
PLANT WIDE EMISSION FACTORS PER YARD OF CENTRAL MIX CONCRETE *

Uncontrolled Controlled
PM PM-10 PM PM-10
(Iblyd®) | (Iblyd®) | (Ibtyd®) | (Iblyd®)
Aggregate delivery to ground storage 0.0064 | 0.0031 0.0064 | 0.0031
(3-05-011-21)
Sand delivery to ground storage (3-05-011-22) 0.0015 | 0.0007 0.0015 | 0.0007
Aggregate transfer to conveyor (3-05-011-23) 0.0064 | 0.0031 0.0064 0.0031
Sand transfer to conveyor (3-05-011-24) 0.0015 | 0.0007 0.0015 | 0.0007
Aggregate transfer to elevated storage 0.0064 | 0.0031 0.0064 | 0.0031
(3-05-011-04)
Sand transfer to elevated storage (3-05-011-05) 0.0015 | 0.0007 0.0015 | 0.0007
Cement delivery to Silo (3-05-011-07 controlled) 0.0002 | 0.0001 0.0002 | 0.0001
Cement supplement delivery to Silo 0.0003 | 0.0002 0.0003 | 0.0002
(3-05-011-17 controlled)
Weigh hopper loading (3-05-011-08) 0.0079 |0.0038 0.0079 | 0.0038

Central mix loading (3-05-011-09)

See Equation 11.12-2

% Total facility emissions are the sum of the emissions calculated in Tables 11.12-4 or 11.12-5.
Total facility emissions do not include road dust and wind blown dust. The emission factors in
Tables 11.12-4 and 11.12-5 are based upon the following composition of one yard of concrete.

Coarse Aggregate 1865. pounds

Sand 1428. pounds

Cement 491. pounds

Cement Supplement 73. pounds

Water 20. gallons (167 pounds)

11.12-10
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CONCRETE BATCH PLANT METAL EMISSION FACTORS #

TABLE 11.12-7 (METRIC UNITYS)

Emission
Total Total Factor

Arsenic | Beryllium | Cadmium | Chromium Lead Manganese Nickel Phosphorus | Selenium Rating
Cement Silo Filling
(SCC 3-05-011-07) 8.38e-07 | 8.97e-09 | 1.17e-07 | 1.26e-07 3.68e-07 1.01e-04 8.83e-06 5.88e-05 ND E
w/ Fabric Filter 2.12e-09 | 2.43e-10 | 2.43e-10 | 1.45e-08 | 5.46e-09 5.87e-08 2.09e-08 ND ND E
Cement Supplement
Silo Filling
(SCC 3-05-011-17) ND ND ND ND ND ND ND ND ND E
w/ Fabric Filter 5.02e-07 | 4.52e-08 | 9.92e-09 | 6.10e-07 2.60e-07 1.28e-07 1.14e-06 1.77e-06 3.62e-08 E
Central Mix Batching °
(SCC 3-05-011-09) 1.16e-07 ND 5.92e-09 | 7.11e-07 1.91e-07 3.06e-05 1.64e-06 1.01e-05 ND E
w/ Fabric Filter 9.35e-09 ND 3.55e-10 | 6.34e-08 | 1.83e-08 1.89e-06 1.24e-07 6.04e-07 ND E
Truck Loading ®
(SCC 3-05-011-10) 1.52e-06 | 1.22e-07 | 1.71e-08 | 5.71e-06 1.81e-06 3.06e-05 5.99e-06 1.92e-05 1.31e-06 E
w/ Fabric Filter 5.80e-07 | 5.18e-08 | 4.53e-09 | 2.05e-06 7.67e-07 1.04e-05 2.39e-06 6.16e-06 5.64e-08 E

ND=No data

& All emission factors are in kg of pollutant per Mg of material loaded unless noted otherwise. Loaded material includes course aggregate, sand,
cement, cement supplement and the surface moisture associated with these materials. The average material composition of concrete batches
presented in references 9 and 10 was 846 Kg course aggregate, 648 kg sand, 223 kg cement and 33kg cement supplement. Approximately 75
liters of water was added to this solid material to produce 1826 kg of concrete.
® The uncontrolled emission factors were developed from Reference 8. The controlled emission factors were developed form Reference 9 and 10.
Although controlled emissions of phosphorous compounds were below detection, it is reasonable to assume that the effectiveness is comparable
to the average effectiveness (98%) for the other metals.

¢ Reference 10.

¢ Reference 9. The emission factor units are kg of pollutant per Mg of cement and cement supplement. Emission factors were developed from a
typical central mix operation. The average estimate of the percent of emissions captured during each run is 94%.
¢ Reference 9 and 10. The emission factor units are kg of pollutant per Mg of cement and cement supplement. Emission factors were developed
from two typical truck mix loading operations. Based upon visual observations of every loading operation during the two test programs, the

average capture efficiency during the testing was 71%.
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TABLE 11.12-8 (ENGLISH UNITS)
CONCRETE BATCH PLANT METAL EMISSION FACTORS ?

Emission
Total Total Factor
Arsenic | Beryllium | Cadmium | Chromium Lead Manganese Nickel Phosphorus | Selenium Rating
Cement Silo Filling °
(SCC 3-05-011-07) 1.68e-06 | 1.79e-08 | 2.34e-07 2.52e-07 7.36e-07 2.02e-04 1.76e-05 1.18e-05 ND E
w/ Fabric Filter 4.24e-09 | 4.86e-10 | 4.86e-10 2.90e-08 1.09e-08 1.17e-07 4.18e-08 ND ND E
Cement Supplement
Silo Filling ©
(SCC 3-05-011-17) ND ND ND ND ND ND ND ND ND E
w/ Fabric Filter 1.00e-06 | 9.04e-08 | 1.98e-10 1.22e-06 5.20e-07 2.56e-07 2.28e-06 3.54e-06 7.24e-08 E
Central Mix Batching °
(SCC 3-05-011-09) 2.32e-07 ND 1.18e-08 1.42e-06 3.82e-07 6.12e-05 3.28e-06 2.02e-05 ND E
w/ Fabric Filter 1.87e-08 ND 7.10e-10 1.27e-07 3.66e-08 3.78e-06 2.48e-07 1.20e-06 ND E
Truck Loading ®
(SCC 3-05-011-10) 3.04e-06 | 2.44e-07 | 3.42e-08 1.14e-05 3.62e-06 6.12e-05 1.19e-05 3.84e-05 2.62e-06 E
w/ Fabric Filter 1.16e-06 | 1.04e-07 | 9.06e-09 4.10e-06 1.53e-06 2.08e-05 4.78e-06 1.23e-05 1.13e-07 E

ND=No data

 All emission factors are in Ib of pollutant per ton of material loaded unless noted otherwise. Loaded material includes course aggregate, sand,
cement, cement supplement and the surface moisture associated with these materials. The average material composition of concrete batches
presented in references 9 and 10 was 1865 Ibs course aggregate, 1428 Ibs sand, 491 Ibs cement and 73 Ibs cement supplement. Approximately 20
gallons of water was added to this solid material to produce 4024 Ibs (one cubic yard) of concrete.

® The uncontrolled emission factors were developed from Reference 8. The controlled emission factors were developed form Reference 9 and 10.
Although controlled emissions of phosphorous compounds were below detection, it is reasonable to assume that the effectiveness is comparable to
the average effectiveness (98%) for the other metals.

¢ Reference 10.

9 Reference 9. The emission factor units are Ib of pollutant per ton of cement and cement supplement. Emission factors were developed from a
typical central mix operation. The average estimate of the percent of emissions captured during each test run is 94%.

® Reference 9 and 10. The emission factor units are Ib of pollutant per ton of cement and cement supplement. Emission factors were developed from
two typical truck mix loading operations. Based upon visual observations of every loading operation during the two test programs, the average
capture efficiency during the testing was 71%.
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APPENDIX L-2

DEATILED EMISSION CALCULATIONS FOR THE
2005 BASELINE YEAR AND PROJECT YEARS 2010-2016
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Summary of Emissions from Sand Tower Operations
Dolores and ICTF Rail Yards, Long Beach, CA

2005 Sand | Pneumatic Transfer Gravity Transfer Process Emissions (tpy)
Throughput Emission Factor Emission Factor Pneumatic Gravity
Pollutant (ton/yr) (Ib/ton) (Ib/ton) Transfer Transfer Total
PM10 3120.00 0.00034 0.00099 0.001 0.002 0.002

Notes:

1. Sand throughput provided by Union Pacific.

2. Pneumatic transfer emission factor from AP-42, Table 11.12-2, 6/06. Factor for controlled pneumatic
cement unloading to elevated storage silo was used. The unit is equipped with a fabric filter.

3. Gravity transfer emission factor from AP-42, Table 11.12-2, 6/06. Factor for sand transfer was used.

4. There are no TAC emissions from this source.
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Summary of Emissions from Sand Tower Operations

Dolores and ICTF Rail Yards, Long Beach, CA

2010 Sand | Pneumatic Transfer Gravity Transfer 2010 Emission Estimates (tpy)
Throughput Emission Factor Emission Factor Pneumatic Gravity
Pollutant (tonfyr) (Ib/ton) (Ib/ton) Transfer Transfer Total
PM10 3120.00 0.00034 0.00099 0.001 0.002 0.002
Notes:

1. Sand throughput for the 2005 baseline year provided by UPRR. Assumed no increase in sand throughput for 2010.

2. Pneumatic transfer emission factor from AP-42, Table 11.12-2, 6/06. Factor for controlled pneumatic
cement unloading to elevated storage silo was used. The unit is equipped with a fabric filter.

3. Gravity transfer emission factor from AP-42, Table 11.12-2, 6/06. Factor for sand transfer was used.
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Summary of Emissions from Sand Tower Operations

Dolores and ICTF Rail Yards, Long Beach, CA

2012 Sand | Pneumatic Transfer Gravity Transfer 2012 Emission Estimates (tpy)
Throughput Emission Factor Emission Factor Pneumatic Gravity
Pollutant (tonfyr) (Ib/ton) (Ib/ton) Transfer Transfer Total
PM10 3120.00 0.00034 0.00099 0.001 0.002 0.002
Notes:

1. Sand throughput for the 2005 baseline year provided by UPRR. Assumed no increase in sand throughput for 2012.

2. Pneumatic transfer emission factor from AP-42, Table 11.12-2, 6/06. Factor for controlled pneumatic
cement unloading to elevated storage silo was used. The unit is equipped with a fabric filter.

3. Gravity transfer emission factor from AP-42, Table 11.12-2, 6/06. Factor for sand transfer was used.
4. There are no TAC emissions from this source.

APP-593


jsnw
Rectangle

jsnw
Rectangle








Toxic Air Contaminant Emissions from Steam Cleaners
Dolores and ICTF Rail Yards, Long Beach, CA

Propane Heaters

Organic | 2012 Emissions
Profile’  [CAS Chemical Name Fraction (tpy)
3 71432 benzene 0.0947 3.64E-04
3 110827 |cyclohexane 0.0237 9.11E-05
3 50000 formaldehyde 0.1895 7.28E-04
3 108883 |toluene 0.0474 1.82E-04
Total 1.37E-03
1C Engine

Organic | 2012 Emissions
Profile’  [CAS Chemical Name Fraction (tpy)
665 95636 1,2,4-trimethylbenzene 0.0140 1.67E-03
665 106990 |1,3-butadiene 0.0091 1.08E-03
665 540841 |2,2,4-trimethylpentane 0.0222 2.63E-03
665 75070 acetaldehyde 0.0106 1.26E-03
665 107028 |acrolein (2-propenal) 0.0020 2.38E-04
665 71432 benzene 0.0368 4.37E-03
665 4170303 |crotonaldehyde 0.0014 1.72E-04
665 110827 |cyclohexane 0.0050 5.95E-04
665 100414  |ethylbenzene 0.0167 1.98E-03
665 74851 ethylene 0.0996 1.18E-02
665 50000 formaldehyde 0.0327 3.88E-03
665 78795 isoprene 0.0016 1.85E-04
665 98828 isopropylbenzene (cumene) 0.0006 6.58E-05
665 67561 methyl alcohol 0.0038 4.53E-04
665 78933 methyl ethyl ketone (mek) (2-butanone) 0.0007 7.88E-05
665 108383  |m-xylene 0.0496 5.89E-03
665 91203 naphthalene 0.0014 1.72E-04
665 110543 |n-hexane 0.0146 1.73E-03
665 95476 o-xylene 0.0173 2.05E-03
665 115071  |propylene 0.0546 6.48E-03
665 100425  |styrene 0.0014 1.72E-04
665 108883  |toluene 0.0756 8.98E-03
Total 5.60E-02
Notes:

1. Organic fraction from ARBs SPECIATE database.

2. Data for heaters is from "External combustion boiler - natural gas" option.
SPECIATE database does not include an option for propane fueled boilers.
3. Data for the gasoline IC engine is from "Non-cat stabilized exhaust 1996

SSD 2.0% etoh (MTBE phaseout)" option
4. Emissions were calculated for only chemicals that were in both the SPECIATE
database and the AB2588 list.
5. Organic fraction reported on a ROG basis using ARB's Speciate ROG/TOG ratio
(Profile 3 ratio = 0.4222; Profile 665 ratio = 0.9198)




Toxic Air Contaminant Emissions from Steam Cleaners
Dolores and ICTF Rail Yards, Long Beach, CA

Propane Heaters

Organic | 2014 Emissions
Profile’  [CAS Chemical Name Fraction (tpy)
3 71432 benzene 0.0947 3.64E-04
3 110827 |cyclohexane 0.0237 9.11E-05
3 50000 formaldehyde 0.1895 7.28E-04
3 108883 |toluene 0.0474 1.82E-04
Total 1.37E-03
1C Engine

Organic | 2014 Emissions
Profile’  [CAS Chemical Name Fraction (tpy)
665 95636 1,2,4-trimethylbenzene 0.0140 1.67E-03
665 106990 |1,3-butadiene 0.0091 1.08E-03
665 540841 |2,2,4-trimethylpentane 0.0222 2.63E-03
665 75070 acetaldehyde 0.0106 1.26E-03
665 107028 |acrolein (2-propenal) 0.0020 2.38E-04
665 71432 benzene 0.0368 4.37E-03
665 4170303 |crotonaldehyde 0.0014 1.72E-04
665 110827 |cyclohexane 0.0050 5.95E-04
665 100414  |ethylbenzene 0.0167 1.98E-03
665 74851 ethylene 0.0996 1.18E-02
665 50000 formaldehyde 0.0327 3.88E-03
665 78795 isoprene 0.0016 1.85E-04
665 98828 isopropylbenzene (cumene) 0.0006 6.58E-05
665 67561 methyl alcohol 0.0038 4.53E-04
665 78933 methyl ethyl ketone (mek) (2-butanone) 0.0007 7.88E-05
665 108383  |m-xylene 0.0496 5.89E-03
665 91203 naphthalene 0.0014 1.72E-04
665 110543 |n-hexane 0.0146 1.73E-03
665 95476 o-xylene 0.0173 2.05E-03
665 115071  |propylene 0.0546 6.48E-03
665 100425  |styrene 0.0014 1.72E-04
665 108883  |toluene 0.0756 8.98E-03
Total 5.60E-02
Notes:

1. Organic fraction from ARBs SPECIATE database.

2. Data for heaters is from "External combustion boiler - natural gas" option.
SPECIATE database does not include an option for propane fueled boilers.
3. Data for the gasoline IC engine is from "Non-cat stabilized exhaust 1996

SSD 2.0% etoh (MTBE phaseout)" option
4. Emissions were calculated for only chemicals that were in both the SPECIATE
database and the AB2588 list.
5. Organic fraction reported on a ROG basis using ARB's Speciate ROG/TOG ratio
(Profile 3 ratio = 0.4222; Profile 665 ratio = 0.9198)
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Toxic Air Contaminant Emissions from Steam Cleaners
Dolores and ICTF Rail Yards, Long Beach, CA

Propane Heaters

Organic | 2016 Emissions
Profile’  [CAS Chemical Name Fraction (tpy)
3 71432 benzene 0.0947 3.64E-04
3 110827 |cyclohexane 0.0237 9.11E-05
3 50000 formaldehyde 0.1895 7.28E-04
3 108883 |toluene 0.0474 1.82E-04
Total 1.37E-03
1C Engine

Organic | 2016 Emissions
Profile’  [CAS Chemical Name Fraction (tpy)
665 95636 1,2,4-trimethylbenzene 0.0140 1.67E-03
665 106990 |1,3-butadiene 0.0091 1.08E-03
665 540841 |2,2,4-trimethylpentane 0.0222 2.63E-03
665 75070 acetaldehyde 0.0106 1.26E-03
665 107028 |acrolein (2-propenal) 0.0020 2.38E-04
665 71432 benzene 0.0368 4.37E-03
665 4170303 |crotonaldehyde 0.0014 1.72E-04
665 110827 |cyclohexane 0.0050 5.95E-04
665 100414  |ethylbenzene 0.0167 1.98E-03
665 74851 ethylene 0.0996 1.18E-02
665 50000 formaldehyde 0.0327 3.88E-03
665 78795 isoprene 0.0016 1.85E-04
665 98828 isopropylbenzene (cumene) 0.0006 6.58E-05
665 67561 methyl alcohol 0.0038 4.53E-04
665 78933 methyl ethyl ketone (mek) (2-butanone) 0.0007 7.88E-05
665 108383  |m-xylene 0.0496 5.89E-03
665 91203 naphthalene 0.0014 1.72E-04
665 110543 |n-hexane 0.0146 1.73E-03
665 95476 o-xylene 0.0173 2.05E-03
665 115071  |propylene 0.0546 6.48E-03
665 100425  |styrene 0.0014 1.72E-04
665 108883  |toluene 0.0756 8.98E-03
Total 5.60E-02
Notes:

1. Organic fraction from ARBs SPECIATE database.

2. Data for heaters is from "External combustion boiler - natural gas" option.
SPECIATE database does not include an option for propane fueled boilers.
3. Data for the gasoline IC engine is from "Non-cat stabilized exhaust 1996

SSD 2.0% etoh (MTBE phaseout)" option
4. Emissions were calculated for only chemicals that were in both the SPECIATE
database and the AB2588 list.
5. Organic fraction reported on a ROG basis using ARB's Speciate ROG/TOG ratio
(Profile 3 ratio = 0.4222; Profile 665 ratio = 0.9198)
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1.4 Natural Gas Combustion
1.4.1  General'?

Natural gas is one of the major combustion fuels used throughout the country. It is mainly used to
generate industrial and utility electric power, produce industrial process steam and heat, and heat
residential and commercial space. Natural gas consists of a high percentage of methane (generally above
85 percent) and varying amounts of ethane, propane, butane, and inerts (typically nitrogen, carbon dioxide,
and helium). The average gross heating value of natural gas is approximately 1,020 British thermal units
per standard cubic foot (Btu/scf), usually varying from 950 to 1,050 Btu/scf.

1.4.2  Firing Practices®?

There are three major types of boilers used for natural gas combustion in commercial, industrial,
and utility applications: watertube, firetube, and cast iron. Watertube boilers are designed to pass water
through the inside of heat transfer tubes while the outside of the tubes is heated by direct contact with the
hot combustion gases and through radiant heat transfer. The watertube design is the most common in
utility and large industrial boilers. Watertube boilers are used for a variety of applications, ranging from
providing large amounts of process steam, to providing hot water or steam for space heating, to generating
high-temperature, high-pressure steam for producing electricity. Furthermore, watertube boilers can be
distinguished either as field erected units or packaged units.

Field erected boilers are boilers that are constructed on site and comprise the larger sized watertube
boilers. Generally, boilers with heat input levels greater than 100 MMBtu/hr, are field erected. Field
erected units usually have multiple burners and, given the customized nature of their construction, also
have greater operational flexibility and NO, control options. Field erected units can also be further
categorized as wall-fired or tangential-fired. Wall-fired units are characterized by multiple individual
burners located on a single wall or on opposing walls of the furnace while tangential units have several
rows of air and fuel nozzles located in each of the four corners of the boiler.

Package units are constructed off-site and shipped to the location where they are needed. While the
heat input levels of packaged units may range up to 250 MMBtu/hr, the physical size of these units are
constrained by shipping considerations and generally have heat input levels less than 100 MMBtu/hr.
Packaged units are always wall-fired units with one or more individual burners. Given the size limitations
imposed on packaged boilers, they have limited operational flexibility and cannot feasibly incorporate some
NO, control options.

Firetube boilers are designed such that the hot combustion gases flow through tubes, which heat
the water circulating outside of the tubes. These boilers are used primarily for space heating systems,
industrial process steam, and portable power boilers. Firetube boilers are almost exclusively packaged
units. The two major types of firetube units are Scotch Marine boilers and the older firebox boilers. In
cast iron boilers, as in firetube boilers, the hot gases are contained inside the tubes and the water being
heated circulates outside the tubes. However, the units are constructed of cast iron rather than steel.
Virtually all cast iron boilers are constructed as package boilers. These boilers are used to produce either
low-pressure steam or hot water, and are most commonly used in small commercial applications.

Natural gas is also combusted in residential boilers and furnaces. Residential boilers and furnaces
generally resemble firetube boilers with flue gas traveling through several channels or tubes with water or

air circulated outside the channels or tubes.
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1.4.3 Emissions**

The emissions from natural gas-fired boilers and furnaces include nitrogen oxides (NO,), carbon
monoxide (CO), and carbon dioxide (CO,), methane (CH,), nitrous oxide (N,O), volatile organic
compounds (VOCs), trace amounts of sulfur dioxide (SO,), and particulate matter (PM).

Nitrogen Oxides -

Nitrogen oxides formation occurs by three fundamentally different mechanisms. The principal
mechanism of NO, formation in natural gas combustion is thermal NO,. The thermal NO, mechanism
occurs through the thermal dissociation and subsequent reaction of nitrogen (N,) and oxygen (O,)
molecules in the combustion air. Most NO, formed through the thermal NO, mechanism occurs in the high
temperature flame zone near the burners. The formation of thermal NO, is affected by three furnace-zone
factors: (1) oxygen concentration, (2) peak temperature, and (3) time of exposure at peak temperature. As
these three factors increase, NO, emission levels increase. The emission trends due to changes in these
factors are fairly consistent for all types of natural gas-fired boilers and furnaces. Emission levels vary
considerably with the type and size of combustor and with operating conditions (e.g., combustion air
temperature, volumetric heat release rate, load, and excess oxygen level).

The second mechanism of NO, formation, called prompt NO,, occurs through early reactions of
nitrogen molecules in the combustion air and hydrocarbon radicals from the fuel. Prompt NO, reactions
occur within the flame and are usually negligible when compared to the amount of NO, formed through the
thermal NO, mechanism. However, prompt NO, levels may become significant with ultra-low-NO,
burners.

The third mechanism of NO, formation, called fuel NO,, stems from the evolution and reaction of
fuel-bound nitrogen compounds with oxygen. Due to the characteristically low fuel nitrogen content of
natural gas, NO, formation through the fuel NO, mechanism is insignificant.

Carbon Monoxide -

The rate of CO emissions from boilers depends on the efficiency of natural gas combustion.
Improperly tuned boilers and boilers operating at off-design levels decrease combustion efficiency resulting
in increased CO emissions. In some cases, the addition of NO, control systems such as low NO, burners
and flue gas recirculation (FGR) may also reduce combustion efficiency, resulting in higher CO emissions
relative to uncontrolled boilers.

Volatile Organic Compounds -

The rate of VOC emissions from boilers and furnaces also depends on combustion efficiency.
VOC emissions are minimized by combustion practices that promote high combustion temperatures, long
residence times at those temperatures, and turbulent mixing of fuel and combustion air. Trace amounts of
VOC species in the natural gas fuel (e.g., formaldehyde and benzene) may also contribute to VOC
emissions if they are not completely combusted in the boiler.

Sulfur Oxides -

Emissions of SO, from natural gas-fired boilers are low because pipeline quality natural gas
typically has sulfur levels of 2,000 grains per million cubic feet. However, sulfur-containing odorants are
added to natural gas for detecting leaks, leading to small amounts of SO, emissions. Boilers combusting
unprocessed natural gas may have higher SO, emissions due to higher levels of sulfur in the natural gas.
For these units, a sulfur mass balance should be used to determine SO, emissions.
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Particulate Matter -

Because natural gas is a gaseous fuel, filterable PM emissions are typically low. Particulate
matter from natural gas combustion has been estimated to be less than 1 micrometer in size and has
filterable and condensable fractions. Particulate matter in natural gas combustion are usually larger
molecular weight hydrocarbons that are not fully combusted. Increased PM emissions may result from
poor air/fuel mixing or maintenance problems.

Greenhouse Gases -**

CO,, CH,, and N,O emissions are all produced during natural gas combustion. In properly tuned
boilers, nearly all of the fuel carbon (99.9 percent) in natural gas is converted to CO, during the
combustion process. This conversion is relatively independent of boiler or combustor type. Fuel carbon
not converted to CO, results in CH,, CO, and/or VOC emissions and is due to incomplete combustion.
Even in boilers operating with poor combustion efficiency, the amount of CH,, CO, and VOC produced is
insignificant compared to CO, levels.

Formation of N,O during the combustion process is affected by two furnace-zone factors. N,O
emissions are minimized when combustion temperatures are kept high (above 1475°F) and excess oxygen is
kept to a minimum (less than 1 percent).

Methane emissions are highest during low-temperature combustion or incomplete combustion, such
as the start-up or shut-down cycle for boilers. Typically, conditions that favor formation of N,O also favor
emissions of methane.

1.4.4 Controls*'°

NO, Controls -

Currently, the two most prevalent combustion control techniques used to reduce NO, emissions
from natural gas-fired boilers are flue gas recirculation (FGR) and low NO, burners. In an FGR system, a
portion of the flue gas is recycled from the stack to the burner windbox. Upon entering the windbox, the
recirculated gas is mixed with combustion air prior to being fed to the burner. The recycled flue gas
consists of combustion products which act as inerts during combustion of the fuel/air mixture. The FGR
system reduces NO, emissions by two mechanisms. Primarily, the recirculated gas acts as a dilutent to
reduce combustion temperatures, thus suppressing the thermal NO, mechanism. To a lesser extent, FGR
also reduces NO, formation by lowering the oxygen concentration in the primary flame zone. The amount
of recirculated flue gas is a key operating parameter influencing NO, emission rates for these systems. An
FGR system is normally used in combination with specially designed low NO, burners capable of
sustaining a stable flame with the increased inert gas flow resulting from the use of FGR. When low NO,
burners and FGR are used in combination, these techniques are capable of reducing NO, emissions by 60
to 90 percent.

Low NO, burners reduce NO, by accomplishing the combustion process in stages. Staging
partially delays the combustion process, resulting in a cooler flame which suppresses thermal NO,
formation. The two most common types of low NO, burners being applied to natural gas-fired boilers are
staged air burners and staged fuel burners. NO, emission reductions of 40 to 85 percent (relative to
uncontrolled emission levels) have been observed with low NO, burners.

Other combustion control techniques used to reduce NO, emissions include staged combustion and
gas reburning. In staged combustion (e.g., burners-out-of-service and overfire air), the degree of staging is
a key operating parameter influencing NO, emission rates. Gas reburning is similar to the use of overfire
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in the use of combustion staging. However, gas reburning injects additional amounts of natural gas in the
upper furnace, just before the overfire air ports, to provide increased reduction of NO, to NO,.

Two postcombustion technologies that may be applied to natural gas-fired boilers to reduce NO,
emissions are selective noncatalytic reduction (SNCR) and selective catalytic reduction (SCR). The SNCR
system injects ammonia (NH;) or urea into combustion flue gases (in a specific temperature zone) to reduce
NO, emission. The Alternative Control Techniques (ACT) document for NO, emissions from utility
boilers, maximum SNCR performance was estimated to range from 25 to 40 percent for natural gas-fired
boilers.'? Performance data available from several natural gas fired utility boilers with SNCR show a 24
percent reduction in NO, for applications on wall-fired boilers and a 13 percent reduction in NO, for
applications on tangential-fired boilers.'" In many situations, a boiler may have an SNCR system installed
to trim NO, emissions to meet permitted levels. In these cases, the SNCR system may not be operated to
achieve maximum NO, reduction. The SCR system involves injecting NH; into the flue gas in the
presence of a catalyst to reduce NO, emissions. No data were available on SCR performance on natural
gas fired boilers at the time of this publication. However, the ACT Document for utility boilers estimates
NO, reduction efficiencies for SCR control ranging from 80 to 90 percent.'?

Emission factors for natural gas combustion in boilers and furnaces are presented in Tables 1.4-1,
1.4-2, 1.4-3, and 1.4-4."" Tables in this section present emission factors on a volume basis (1b/10° scf). To
convert to an energy basis (Ib/MMBtu), divide by a heating value of 1,020 MMBtu/10° scf. For the
purposes of developing emission factors, natural gas combustors have been organized into three general
categories: large wall-fired boilers with greater than 100 MMBtu/hr of heat input, boilers and residential
furnaces with less than 100 MMBtu/hr of heat input, and tangential-fired boilers. Boilers within these
categories share the same general design and operating characteristics and hence have similar emission
characteristics when combusting natural gas.

Emission factors are rated from A to E to provide the user with an indication of how “good” the
factor is, with “A” being excellent and “E” being poor. The criteria that are used to determine a rating for
an emission factor can be found in the Emission Factor Documentation for AP-42 Section 1.4 and in the
introduction to the AP-42 document.

1.4.5 Updates Since the Fifth Edition

The Fifth Edition was released in January 1995. Revisions to this section are summarized below.
For further detail, consult the Emission Factor Documentation for this section. These and other documents
can be found on the Emission Factor and Inventory Group (EFIG) home page

(http://www.epa.gov/ttn/chief).

Supplement D, March 1998

. Text was revised concerning Firing Practices, Emissions, and Controls.

. All emission factors were updated based on 482 data points taken from 151 source tests. Many
new emission factors have been added for speciated organic compounds, including hazardous air
pollutants.

July 1998 - minor changes

. Footnote D was added to table 1.4-3 to explain why the sum of individual HAP may exceed VOC
or TOC, the web address was updated, and the references were reordered.
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Table 1.4-1. EMISSION FACTORS FOR NITROGEN OXIDES (NO,) AND CARBON MONOXIDE (CO)
FROM NATURAL GAS COMBUSTION*

SHOINOS NOILLSNIWOD NOISSINA

NO,* CO
Combustor Type Emission Emission
(MMBtu/hr Heat Input) Emission Factor Factor Emission Factor Factor
[SCC] (Ib/10° scf) Rating (Ib/10° scf) Rating
Large Wall-Fired Boilers
(>100)
[1-01-006-01, 1-02-006-01, 1-03-006-01]
Uncontrolled (Pre-NSPS)* 280 A 84 B
Uncontrolled (Post-NSPS)° 190 A 84 B
Controlled - Low NO, burners 140 A 84 B
Controlled - Flue gas recirculation 100 D 84 B
Small Boilers
(<100)
[1-01-006-02, 1-02-006-02, 1-03-006-02, 1-03-006-03]
Uncontrolled 100 B 84 B
Controlled - Low NO, burners 50 D 84 B
Controlled - Low NO, burners/Flue gas recirculation 32 C 84 B
Tangential-Fired Boilers
(All Sizes)
[1-01-006-04]
Uncontrolled 170 A 24 C
Controlled - Flue gas recirculation 76 D 98 D
Residential Furnaces
(<0.3)
[No SCC]
Uncontrolled 94 B 40 B

86/L

Reference 11. Units are in pounds of pollutant per million standard cubic feet of natural gas fired. To convert from 1b/10 ¢ scf to kg/10° m®, multiply by 16.
Emission factors are based on an average natural gas higher heating value of 1,020 Btu/scf. To convert from 1b/10 ®scf to 1b/MMBtu, divide by 1,020. The
emission factors in this table may be converted to other natural gas heating values by multiplying the given emission factor by the ratio of the specified
heating value to this average heating value. SCC = Source Classification Code. ND = no data. NA = not applicable.

Expressed as NO,. For large and small wall fired boilers with SNCR control, apply a 24 percent reduction to the appropriate NO y emission factor. For
tangential-fired boilers with SNCR control, apply a 13 percent reduction to the appropriate NO y emission factor.

¢ NSPS=New Source Performance Standard as defined in 40 CFR 60 Subparts D and Db. Post-NSPS units are boilers with greater than 250 MMBtu/hr of
heat input that commenced construction modification, or reconstruction after August 17, 1971, and units with heat input capacities between 100 and

250 MMBtu/hr that commenced construction modification, or reconstruction after June 19, 1984.
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TABLE 1.4-2. EMISSION FACTORS FOR CRITERIA POLLUTANTS AND GREENHOUSE GASES

FROM NATURAL GAS COMBUSTION*

Emission Factor
Pollutant (1b/10° scf) Emission Factor Rating
Cco,’ 120,000 A
Lead 0.0005 D
N,O (Uncontrolled) 2.2 E
N,O (Controlled-low-NOy burner) 0.64 E
PM (Total)® 7.6 D
PM (Condensable)* 5.7 D
PM (Filterable)* 1.9 B
SO,¢ 0.6 A
TOC 11 B
Methane 2.3 B
VOC 5.5 C

* Reference 11. Units are in pounds of pollutant per million standard cubic feet of natural gas fired. Data
are for all natural gas combustion sources. To convert from 1b/10° scf to kg/10° m’, multiply by 16. To
convert from 1b/10° scf to 1b/MMBtu, divide by 1,020. The emission factors in this table may be
converted to other natural gas heating values by multiplying the given emission factor by the ratio of the
specified heating value to this average heating value. TOC = Total Organic Compounds.

VOC = Volatile Organic Compounds.

® Based on approximately 100% conversion of fuel carbon to CO,. CO,[lb/10° scf] = (3.67) (CON)
(C)(D), where CON = fractional conversion of fuel carbon to CO,, C = carbon content of fuel by weight
(0.76), and D = density of fuel, 4.2x10* 1b/10° scf.

¢ All PM (total, condensible, and filterable) is assumed to be less than 1.0 micrometer in diameter.
Therefore, the PM emission factors presented here may be used to estimate PM,,, PM, 5 or PM,
emissions. Total PM is the sum of the filterable PM and condensible PM. Condensible PM is the
particulate matter collected using EPA Method 202 (or equivalent). Filterable PM is the particulate
matter collected on, or prior to, the filter of an EPA Method 5 (or equivalent) sampling train.

¢ Based on 100% conversion of fuel sulfur to SO,.

Assumes sulfur content is natural gas of 2,000 grains/10° scf. The SO, emission factor in this table can
be converted to other natural gas sulfur contents by multiplying the SO, emission factor by the ratio of
the site-specific sulfur content (grains/10° scf) to 2,000 grains/10° scf.
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TABLE 1.4-3. EMISSION FACTORS FOR SPECIATED ORGANIC COMPOUNDS FROM

NATURAL GAS COMBUSTION*

Emission Factor

CAS No. Pollutant (1b/10° scf) Emission Factor Rating
91-57-6 2-Methylnaphthalene® ¢ 2.4E-05 D
56-49-5 3-Methylchloranthrene® ¢ <1.8E-06 E

7,12-Dimethylbenz(a)anthracene* <1.6E-05 E
83-32-9 Acenaphthene”® <1.8E-06 E
203-96-8 Acenaphthylene® <1.8E-06 E
120-12-7 Anthracene® <2.4E-06 E
56-55-3 Benz(a)anthracene"™® <1.8E-06 E
71-43-2 Benzene” 2.1E-03 B
50-32-8 Benzo(a)pyrene”* <1.2E-06 E
205-99-2 Benzo(b)fluoranthene"* <1.8E-06 E
191-24-2 Benzo(g,h,i)perylene" <1.2E-06 E
205-82-3 Benzo(k)fluoranthene®* <1.8E-06 E
106-97-8 Butane 2.1E+00 E
218-01-9 Chrysene"® <1.8E-06 E
53-70-3 Dibenzo(a,h)anthracene’ <1.2E-06 E
25321-22-6 | Dichlorobenzene” 1.2E-03 E
74-84-0 Ethane 3.1E+00 E
206-44-0 Fluoranthene®* 3.0E-06 E
86-73-7 Fluorene" 2.8E-06 E
50-00-0 Formaldehyde® 7.5E-02 B
110-54-3 Hexane” 1.8E+00 E
193-39-5 Indeno(1,2,3-cd)pyrene” <1.8E-06 E
91-20-3 Naphthalene® 6.1E-04 E
109-66-0 Pentane 2.6E+00 E
85-01-8 Phenanathrene®® 1.7E-05 D
7/98 External Combustion Sources 1.4-7
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TABLE 1.4-3. EMISSION FACTORS FOR SPECIATED ORGANIC COMPOUNDS FROM

NATURAL GAS COMBUSTION (Continued)

Emission Factor
CAS No. Pollutant (1b/10° scf) Emission Factor Rating
74-98-6 Propane 1.6E+00 E
129-00-0 Pyrene® 5.0E-06 E
108-88-3 Toluene® 3.4E-03 C

# Reference 11. Units are in pounds of pollutant per million standard cubic feet of natural gas fired. Data
are for all natural gas combustion sources. To convert from 1b/10° scf to kg/10° m’, multiply by 16. To
convert from 1b/10° scf to Ib/MMBtu, divide by 1,020. Emission Factors preceeded with a less-than
symbol are based on method detection limits.

® Hazardous Air Pollutant (HAP) as defined by Section 112(b) of the Clean Air Act.

¢ HAP because it is Polycyclic Organic Matter (POM). POM is a HAP as defined by Section 112(b) of
the Clean Air Act.

¢ The sum of individual organic compounds may exceed the VOC and TOC emission factors due to

differences in test methods and the availability of test data for each pollutant.
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TABLE 1.4-4. EMISSION FACTORS FOR METALS FROM NATURAL GAS COMBUSTION*

Emission Factor
CAS No. Pollutant (1b/10° scf) Emission Factor Rating

7440-38-2 Arsenic” 2.0E-04

7440-39-3 Barium 4.4E-03 D
7440-41-7 Beryllium® <1.2E-05 E
7440-43-9 Cadmium® 1.1E-03 D
7440-47-3 Chromium” 1.4E-03 D
7440-48-4 Cobalt® 8.4E-05 D
7440-50-8 Copper 8.5E-04 C
7439-96-5 Manganese® 3.8E-04 D
7439-97-6 Mercury” 2.6E-04 D
7439-98-7 Molybdenum 1.1E-03 D
7440-02-0 Nickel® 2.1E-03 C
7782-49-2 Selenium® <2.4E-05 E
7440-62-2 Vanadium 2.3E-03 D
7440-66-6 Zinc 2.9E-02 E

# Reference 11. Units are in pounds of pollutant per million standard cubic feet of natural gas fired. Data
are for all natural gas combustion sources. Emission factors preceeded by a less-than symbol are based
on method detection limits. To convert from 1b/10° scf to kg/10° m’, multiply by 16. To convert from
1b/10° scf to 1b/MMBtu, divide by 1,020.

® Hazardous Air Pollutant as defined by Section 112(b) of the Clean Air Act.
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Summary of Emissions from Natual Gas-Fired Heaters

Dolores and ICTF Rail Yards, Long Beach, CA

Hours of [ Carbon 2005 Emission Factors 2005 Emission Estimates
Rating Operation Fuel Use Oxidation (Ib/mmef* kg/MMBtu)® (tons/yr) (metric tons/yr)
Yard Location Equipment Type | Fuel Type| (MMBtuhr) | (hriyn' | (MMBtulyr) | (mmcfiyr)® Factor’ Vvoc Cco NOXx PM10 DPM SOx COo2 N20 CH4 ROG co NOx PM10 DPM SOx C02 N20 CH4
ICTF |Administrative Building Heater Nat. Gas 0.76 2190 1664.40 1.66 99.5% 5.50 84.00 100.00 7.60 NA 0.60 53.05 5.90E-03 | 1.00E-04 0.00 0.07 0.08 0.01 NA 0.00 87.85 | 9.82E-03 | 1.66E-04
Notes:

1. Assumes operations equivalent to 3 months per year.

2. Annual fuel use based on a natural gas HHV of 1,000 Btu/scf.
3. From the Air Resources Board's Draft Emission Factors for Mandatory Reporting Programs, August 10, 2007.
4. Emission factors, in Ib/mmcf, from AP-42, Table 1.4-1, 7/98.
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Summary of Emissions from Natural Gas-Fired Heaters
Dolores and ICTF Rail Yards, Long Beach, CA

Hours of | Carbon 2010 Emission Factors 2010 Emission Estimates
Rating Operation Fuel Use Oxidation (Ib/mmcfy kg/MMBtu)* (tons/yr) metric tons/yr)
Yard Location Equipment Type | Fuel Type| (MMBtu/hr) (hriyr)} (MMBtulyr) (mmcflyrf Factor® Vvoc co NOx PM10 DPM SOx Cc0o2 N20 CH4 ROG co NOx PM10 DPM SOx CcOo2 N20 CH4
ICTF |Administrative Building Heater Nat. Gas 0.76 2190 1664.40 1.66 99.5% 5.50 84.00 100.00 7.60 NA 0.60 53.05 5.90E-03 | 1.00E-04 0.00 0.07 0.08 0.01 NA 0.00 87.85 9.82E-03 | 1.66E-04

Notes:
Assumes operations equivalent to 3 months per year.
Annual fuel use based on a natural gas HHV of 1,000 Btu/scf.
From the Air Resources Board's Draft Emission Factors for Mandatory Reporting Programs, August 10, 2007.
Emission factors, in Ib/mmcf, from AP-42, Table 1.4-1, 7/98.
Assumed no change in operation from the baseline year.
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Summary of Emissions from Natural Gas-Fired Heaters
Dolores and ICTF Rail Yards, Long Beach, CA

Hours of | Carbon 2012 Emission Factors 2012 Emission Estimates
Rating Operation Fuel Use Oxidation (Ib/mmcfy kg/MMBtu)* (tons/yr) metric tons/yr)
Yard Location Equipment Type | Fuel Type| (MMBtu/hr) (hriyr)} (MMBtulyr) (mmcflyrf Factor® Vvoc co NOx PM10 DPM SOx Cc0o2 N20 CH4 ROG co NOx PM10 DPM SOx CcOo2 N20 CH4
ICTF |Administrative Building Heater Nat. Gas 0.76 2190 1664.40 1.66 99.5% 5.50 84.00 100.00 7.60 NA 0.60 53.05 5.90E-03 | 1.00E-04 0.00 0.07 0.08 0.01 NA 0.00 87.85 9.82E-03 | 1.66E-04

Notes:
Assumes operations equivalent to 3 months per year.
Annual fuel use based on a natural gas HHV of 1,000 Btu/scf.
From the Air Resources Board's Draft Emission Factors for Mandatory Reporting Programs, August 10, 2007.
Emission factors, in Ib/mmcf, from AP-42, Table 1.4-1, 7/98.
Assumed no change in operation from the baseline year.
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Summary of Emissions from Natural Gas-Fired Heaters
Dolores and ICTF Rail Yards, Long Beach, CA

Hours of | Carbon 2014 Emission Factors 2014 Emission Estimates
Rating Operation Fuel Use Oxidation (Ib/mmcfy kg/MMBtu)* (tons/yr) metric tons/yr)
Yard Location Equipment Type | Fuel Type| (MMBtu/hr) (hriyr)} (MMBtulyr) (mmcflyrf Factor® Vvoc co NOx PM10 DPM SOx Cc0o2 N20 CH4 ROG co NOx PM10 DPM SOx CcOo2 N20 CH4
ICTF |Administrative Building Heater Nat. Gas 0.76 2190 1664.40 1.66 99.5% 5.50 84.00 100.00 7.60 NA 0.60 53.05 5.90E-03 | 1.00E-04 0.00 0.07 0.08 0.01 NA 0.00 87.85 9.82E-03 | 1.66E-04

Notes:
Assumes operations equivalent to 3 months per year.
Annual fuel use based on a natural gas HHV of 1,000 Btu/scf.
From the Air Resources Board's Draft Emission Factors for Mandatory Reporting Programs, August 10, 2007.
Emission factors, in Ib/mmcf, from AP-42, Table 1.4-1, 7/98.
Assumed no change in operation from the baseline year.
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Summary of Emissions from Natural Gas-Fired Heaters
Dolores and ICTF Rail Yards, Long Beach, CA

Hours of | Carbon 2016 Emission Factors 2016 Emission Estimates
Rating Operation Fuel Use Oxidation (Ib/mmcfy kg/MMBtu)* (tons/yr) metric tons/yr)
Yard Location Equipment Type | Fuel Type| (MMBtu/hr) (hriyr)} (MMBtulyr) (mmcflyrf Factor® Vvoc co NOx PM10 DPM SOx Cc0o2 N20 CH4 ROG co NOx PM10 DPM SOx CcOo2 N20 CH4
ICTF |Administrative Building Heater Nat. Gas 0.76 2190 1664.40 1.66 99.5% 5.50 84.00 100.00 7.60 NA 0.60 53.05 5.90E-03 | 1.00E-04 0.00 0.07 0.08 0.01 NA 0.00 87.85 9.82E-03 | 1.66E-04

Notes:
Assumes operations equivalent to 3 months per year.
Annual fuel use based on a natural gas HHV of 1,000 Btu/scf.
From the Air Resources Board's Draft Emission Factors for Mandatory Reporting Programs, August 10, 2007.
Emission factors, in Ib/mmcf, from AP-42, Table 1.4-1, 7/98.
Assumed no change in operation from the baseline year.
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APPENDIX O-3

SPECIATION PROFILE FOR HEATERS
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Toxic Air Contaminant Emissions from the Natural Gas-Fired Heater
Dolores and ICTF Rail Yards, Long Beach, CA

Organic | 2005 Emissions

Profile’ CAS Chemical Name Fraction (tpy)

3 71432 benzene 0.0947 4.34E-04

3 110827 |cyclohexane 0.0237 1.08E-04

3 50000 formaldehyde 0.1895 8.67E-04

3 108883 |toluene 0.0474 2.17E-04
Total 1.63E-03
Notes:

1. Organic fraction from ARBs SPECIATE database. Data is from
"External combustion boiler - natural gas" option.

2. Emissions were calculated for only chemicals that were in both the SPECIATE

database and the AB2588 list.

3. Organic fraction reported on a ROG basis using ARB's Speciate ROG/TOG ratio (0.4222).
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Toxic Air Contaminant Emissions from the Natural Gas-Fired Heater
Dolores and ICTF Rail Yards, Long Beach, CA

Organic | 2010 Emissions

Profile’ CAS Chemical Name Fraction (tpy)

3 71432 benzene 0.0947 4.34E-04

3 110827 |cyclohexane 0.0237 1.08E-04

3 50000 formaldehyde 0.1895 8.67E-04

3 108883 |toluene 0.0474 2.17E-04
Total 1.63E-03
Notes:

1. Organic fraction from ARBs SPECIATE database. Data is from
"External combustion boiler - natural gas" option.

2. Emissions were calculated for only chemicals that were in both the SPECIATE

database and the AB2588 list.

3. Organic fraction reported on a ROG basis using ARB's Speciate ROG/TOG ratio (0.4222).
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Toxic Air Contaminant Emissions from the Natural Gas-Fired Heater
Dolores and ICTF Rail Yards, Long Beach, CA

Organic 2012 Emissions

Profile’ CAS Chemical Name Fraction (tpy)

3 71432 benzene 0.095 4.34E-04

3 110827 |cyclohexane 0.024 1.08E-04

3 50000 formaldehyde 0.189 8.67E-04

3 108883  |toluene 0.047 2.17E-04
Total 1.63E-03
Notes:

1. Organic fraction from ARBs SPECIATE database. Data is from
"External combustion boiler - natural gas" option.

2. Emissions were calculated for only chemicals that were in both the SPECIATE

database and the AB2588 list.

3. Organic fraction reported on a ROG basis using ARB's Speciate ROG/TOG ratio (0.4222).
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Toxic Air Contaminant Emissions from the Natural Gas-Fired Heater
Dolores and ICTF Rail Yards, Long Beach, CA

Organic | 2014 Emissions

Profile’ CAS Chemical Name Fraction (tpy)

3 71432 benzene 0.0947 4.34E-04

3 110827 |cyclohexane 0.0237 1.08E-04

3 50000 formaldehyde 0.1895 8.67E-04

3 108883 |toluene 0.0474 2.17E-04
Total 1.63E-03
Notes:

1. Organic fraction from ARBs SPECIATE database. Data is from
"External combustion boiler - natural gas" option.

2. Emissions were calculated for only chemicals that were in both the SPECIATE

database and the AB2588 list.

3. Organic fraction reported on a ROG basis using ARB's Speciate ROG/TOG ratio (0.4222).
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Toxic Air Contaminant Emissions from the Natural Gas-Fired Heater
Dolores and ICTF Rail Yards, Long Beach, CA

Organic | 2016 Emissions

Profile’ CAS Chemical Name Fraction (tpy)

3 71432 benzene 0.0947 4.34E-04

3 110827 |cyclohexane 0.0237 1.08E-04

3 50000 formaldehyde 0.1895 8.67E-04

3 108883 |toluene 0.0474 2.17E-04
Total 1.63E-03
Notes:

1. Organic fraction from ARBs SPECIATE database. Data is from
"External combustion boiler - natural gas" option.

2. Emissions were calculated for only chemicals that were in both the SPECIATE

database and the AB2588 list.

3. Organic fraction reported on a ROG basis using ARB's Speciate ROG/TOG ratio (0.4222).
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APPENDIX P-1

AP-42 SECTION 3.2
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3.2 Natural Gas-fired Reciprocating Engines
3.2.1 General'®

Most natural gas-fired reciprocating engines are used in the natural gas industry at pipeline
compressor and storage stations and at gas processing plants. These engines are used to provide
mechanical shaft power for compressors and pumps. At pipeline compressor stations, engines are used to
help move natural gas from station to station. At storage facilities, they are used to help inject the natural
gas into high pressure natural gas storage fields. At processing plants, these engines are used to transmit
fuel within a facility and for process compression needs (e.g., refrigeration cycles). The size of these
engines ranges from 50 brake horsepower (bhp) to 11,000 bhp. In addition, some engines in service are
50 - 60 years old and consequently have significant differences in design compared to newer engines,
resulting in differences in emissions and the ability to be retrofitted with new parts or controls.

At pipeline compressor stations, reciprocating engines are used to power reciprocating
compressors that move compressed natural gas (500 - 2000 psig) in a pipeline. These stations are spaced
approximately 50 to 100 miles apart along a pipeline that stretches from a gas supply area to the market
area. The reciprocating compressors raise the discharge pressure of the gas in the pipeline to overcome
the effect of frictional losses in the pipeline upstream of the station, in order to maintain the required
suction pressure at the next station downstream or at various downstream delivery points. The volume of
gas flowing and the amount of subsequent frictional losses in a pipeline are heavily dependent on the
market conditions that vary with weather and industrial activity, causing wide pressure variations. The
number of engines operating at a station, the speed of an individual engine, and the amount of individual
engine horsepower (load) needed to compress the natural gas is dependent on the pressure of the
compressed gas received by the station, the desired discharge pressure of the gas, and the amount of gas
flowing in the pipeline. Reciprocating compressors have a wider operating bandwidth than centrifugal
compressors, providing increased flexibility in varying flow conditions. Centrifugal compressors
powered by natural gas turbines are also used in some stations and are discussed in another section of this
document.

A compressor in storage service pumps gas from a low-pressure storage field (500 - 800 psig) to
a higher pressure transmission pipeline (700 - 1000 psig) and/or pumps gas from a low-pressure
transmission line (500 - 800 psig) to a higher pressure storage field (800 - 2000 psig).

Storage reciprocating compressors must be flexible enough to allow operation across a wide
band of suction and discharge pressures and volume variations. The compressor must be able to
compress at high compression ratios with low volumes and compress at low compression ratios with high
volumes. These conditions require varying speeds and load (horsepower) conditions for the
reciprocating engine powering the reciprocating compressor.

Reciprocating compressors are used at processing plants for process compression needs (e.g.
refrigeration cycles). The volume of gas compressed varies, but the pressure needed for the process is
more constant than the other two cases mentioned above.

3.2.2 Process Descriptionl'3

Natural gas-fired reciprocating engines are separated into three design classes: 2-cycle (stroke)
lean-burn, 4-stroke lean-burn, and 4-stroke rich-burn. Two-stroke engines complete the power cycle in a
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single crankshaft revolution as compared to the two crankshaft revolutions required for 4-stroke engines.
All engines in these categories are spark-ignited.

In a 2-stroke engine, the air-to-fuel charge is injected with the piston near the bottom of the
power stroke. The intake ports are then covered or closed, and the piston moves to the top of the
cylinder, compressing the charge. Following ignition and combustion, the power stroke starts with the
downward movement of the piston. As the piston reaches the bottom of the power stroke, exhaust ports
or valves are opened to exhaust, or scavenge, the combustion products, and a new air-to-fuel charge is
injected. Two-stroke engines may be turbocharged using an exhaust-powered turbine to pressurize the
charge for injection into the cylinder and to increase cylinder scavenging. Non-turbocharged engines
may be either blower scavenged or piston scavenged to improve removal of combustion products.
Historically, 2-stroke designs have been widely used in pipeline applications. However, current industry
practices reflect a decline in the usage of new 2-stroke engines for stationary applications.

Four-stroke engines use a separate engine revolution for the intake/compression cycle and the
power/exhaust cycle. These engines may be either naturally aspirated, using the suction from the piston
to entrain the air charge, or turbocharged, using an exhaust-driven turbine to pressurize the charge.
Turbocharged units produce a higher power output for a given engine displacement, whereas naturally
aspirated units have lower initial costs and require less maintenance.

Rich-burn engines operate near the stoichiometric air-to-fuel ratio (16:1) with exhaust excess
oxygen levels less than 4 percent (typically closer to 1 percent). Additionally, it is likely that the
emissions profile will be considerably different for a rich-burn engine at 4 percent oxygen than when
operated closer to stoichiometric conditions. Considerations such as these can impact the quantitative
value of the emission factor presented. It is also important to note that while rich-burn engines may
operate, by definition, with exhaust oxygen levels as high as 4 percent, in reality, most will operate
within plus or minus 1 air-to-fuel ratio of stoichiometry. Even across this narrow range, emissions will
vary considerably, sometimes by more than an order of magnitude. Air-to-fuel ratios were not provided
in the gathered emissions data used to develop the presented factors.

Lean-burn engines may operate up to the lean flame extinction limit, with exhaust oxygen levels
of 12 percent or greater. The air to fuel ratios of lean-burn engines range from 20:1 to 50:1 and are
typically higher than 24:1. The exhaust excess oxygen levels of lean-burn engines are typically around 8
percent, ranging from 4 to 17 percent. Some lean-burn engines are characterized as clean-burn engines.
The term “clean-burn” technology is a registered trademark of Cooper Energy Systems and refers to
engines designed to reduce NO, by operating at high air-to-fuel ratios. Engines operating at high air-to-
fuel ratios (greater than 30:1) may require combustion modification to promote stable combustion with
the high excess air. These modifications may include a turbo charger or a precombustion chamber
(PCC). A turbo charger is used to force more air into the combustion chamber, and a PCC is used to
ignite a fuel-rich mixture that propagates into the main cylinder and ignites the very lean combustion
charge. Lean-burn engines typically have lower oxides of nitrogen (NO,) emissions than rich-burn
engines.

3.2.3 Emissions

The primary criteria pollutants from natural gas-fired reciprocating engines are oxides of
nitrogen (NO,), carbon monoxide (CO), and volatile organic compounds (VOC). The formation of
nitrogen oxides is exponentially related to combustion temperature in the engine cylinder. The other
pollutants, CO and VOC species, are primarily the result of incomplete combustion. Particulate matter
(PM) emissions include trace amounts of metals, non-combustible inorganic material, and condensible,

3.2-2 EMISSION FACTORS 7/00

APP-656



semi-volatile organics which result from volatized lubricating oil, engine wear, or from products of
incomplete combustion. Sulfur oxides are very low since sulfur compounds are removed from natural
gas at processing plants. However, trace amounts of sulfur containing odorant are added to natural gas at
city gates prior to distribution for the purpose of leak detection.

It should be emphasized that the actual emissions may vary considerably from the published
emission factors due to variations in the engine operating conditions. This variation is due to engines
operating at different conditions, including air-to-fuel ratio, ignition timing, torque, speed, ambient
temperature, humidity, and other factors. It is not unusual to test emissions from two identical engines in
the same plant, operated by the same personnel, using the same fuel, and have the test results show
significantly different emissions. This variability in the test data is evidenced in the high relative
standard deviation reported in the data set.

3.2.3.1 Nitrogen Oxides -

Nitrogen oxides are formed through three fundamentally different mechanisms. The principal
mechanism of NO, formation with gas-fired engines is thermal NO,. The thermal NO, mechanism
occurs through the thermal dissociation and subsequent reaction of nitrogen (N,) and oxygen (O,)
molecules in the combustion air. Most NO, formed through the thermal NO, mechanism occurs in high-
temperature regions in the cylinder where combustion air has mixed sufficiently with the fuel to produce
the peak temperature fuel/air interface. The second mechanism, called prompt NO,, occurs through early
reactions of nitrogen molecules in the combustion air and hydrocarbon radicals from the fuel. Prompt
NO, reactions occur within the flame and are usually negligible compared to the level of NO, formed
through the thermal NO, mechanism. The third mechanism, fuel NO,, stems from the evolution and
reaction of fuel-bound nitrogen compounds with oxygen. Natural gas has negligible chemically bound
fuel nitrogen (although some molecular nitrogen is present).

Essentially all NO, formed in natural gas-fired reciprocating engines occurs through the thermal
NO, mechanism. The formation of NO, through the prompt NO, mechanism may be significant only
under highly controlled situations in rich-burn engines when the thermal NO, mechanism is suppressed.
The rate of NO, formation through the thermal NO, mechanism is highly dependent upon the
stoichiometric ratio, combustion temperature, and residence time at the combustion temperature.
Maximum NO, formation occurs through the thermal NO, mechanism near the stoichiometric air-to-fuel
mixture ratio since combustion temperatures are greatest at this air-to-fuel ratio.

3.2.3.2 Carbon Monoxide and Volatile Organic Compounds -

CO and VOC emissions are both products of incomplete combustion. CO results when there is
insufficient residence time at high temperature to complete the final step in hydrocarbon oxidation. In
reciprocating engines, CO emissions may indicate early quenching of combustion gases on cylinder walls
or valve surfaces. The oxidation of CO to carbon dioxide (CO,) is a slow reaction compared to most
hydrocarbon oxidation reactions.

The pollutants commonly classified as VOC can encompass a wide spectrum of volatile organic
compounds that are photoreactive in the atmosphere. VOC occur when some of the gas remains
unburned or is only partially burned during the combustion process. With natural gas, some organics are
carryover, unreacted, trace constituents of the gas, while others may be pyrolysis products of the heavier
hydrocarbon constituents. Partially burned hydrocarbons result from poor air-to-fuel mixing prior to, or
during, combustion, or incorrect air-to-fuel ratios in the cylinder during combustion due to
maladjustment of the engine fuel system. Also, low cylinder temperature may yield partially burned
hydrocarbons due to excessive cooling through the walls, or early cooling of the gases by expansion of
the combustion volume caused by piston motion before combustion is completed.
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3.2.3.3 Particulate Matter” -

PM emissions result from carryover of noncombustible trace constituents in the fuel and
lubricating oil and from products of incomplete combustion. Emission of PM from natural gas-fired
reciprocating engines are generally minimal and comprise fine filterable and condensible PM. Increased
PM emissions may result from poor air-to-fuel mixing or maintenance problems.

3.2.3.4 Carbon Dioxide, Methane, and Nitrous Oxide5 -

Carbon dioxide (CO,), methane (CH,), and nitrous oxide (N,O) are referred to as greenhouse
gases. Such gases are largely transparent to incoming solar radiation; however, they absorb infrared
radiation re-emitted by the Earth. Where available, emission factors for these pollutants are presented in
the emission factors tables of this section.

3.2.4 Control Technologies

Three generic control techniques have been developed for reciprocating engines: parametric
controls (timing and operating at a leaner air-to-fuel ratio); combustion modifications such as advanced
engine design for new sources or major modification to existing sources (clean-burn cylinder head
designs and prestratified charge combustion for rich-burn engines); and postcombustion catalytic controls
installed on the engine exhaust system. Post-combustion catalytic technologies include selective
catalytic reduction (SCR) for lean-burn engines, nonselective catalytic reduction (NSCR) for rich-burn
engines, and CO oxidation catalysts for lean-burn engines.

3.2.4.1 Control Techniques for 4-Cycle Rich-burn Engines4’6 -

Nonselective Catalytic Reduction (NSCR) -

This technique uses the residual hydrocarbons and CO in the rich-burn engine exhaust as a
reducing agent for NO,. Inan NSCR, hydrocarbons and CO are oxidized by O, and NO,. The excess
hydrocarbons, CO, and NO, pass over a catalyst (usually a noble metal such as platinum, rhodium, or
palladium) that oxidizes the excess hydrocarbons and CO to H,0 and CO,, while reducing NO, to N,.
NO, reduction efficiencies are usually greater than 90 percent, while CO reduction efficiencies are
approximately 90 percent.

The NSCR technique is effectively limited to engines with normal exhaust oxygen levels of
4 percent or less. This includes 4-stroke rich-burn naturally aspirated engines and some 4-stroke rich-
burn turbocharged engines. Engines operating with NSCR require tight air-to-fuel control to maintain
high reduction effectiveness without high hydrocarbon emissions. To achieve effective NO, reduction
performance, the engine may need to be run with a richer fuel adjustment than normal. This exhaust
excess oxygen level would probably be closer to 1 percent. Lean-burn engines could not be retrofitted
with NSCR control because of the reduced exhaust temperatures.

Prestratified Charge -

Prestratified charge combustion is a retrofit system that is limited to 4-stroke carbureted natural
gas engines. In this system, controlled amounts of air are introduced into the intake manifold in a
specified sequence and quantity to create a fuel-rich and fuel-lean zone. This stratification provides both
a fuel-rich ignition zone and rapid flame cooling in the fuel-lean zone, resulting in reduced formation of
NO,. A prestratified charge kit generally contains new intake manifolds, air hoses, filters, control valves,
and a control system.
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3.2.4.2 Control Techniques for Lean-burn Reciprocating Engines4’6 -

Selective Catalytic Reduction™® -

Selective catalytic reduction is a postcombustion technology that has been shown to be effective
in reducing NO, in exhaust from lean-burn engines. An SCR system consists of an ammonia storage,
feed, and injection system, and a catalyst and catalyst housing. Selective catalytic reduction systems
selectively reduce NO, emissions by injecting ammonia (either in the form of liquid anhydrous ammonia
or aqueous ammonium hydroxide) into the exhaust gas stream upstream of the catalyst. Nitrogen oxides,
NH,;, and O, react on the surface of the catalyst to form N, and H,O. For the SCR system to operate
properly, the exhaust gas must be within a particular temperature range (typically between 450 and
850°F). The temperature range is dictated by the catalyst (typically made from noble metals, base metal
oxides such as vanadium and titanium, and zeolite-based material). Exhaust gas temperatures greater
than the upper limit (850°F) will pass the NO, and ammonia unreacted through the catalyst. Ammonia
emissions, called NH; slip, are a key consideration when specifying a SCR system. SCR is most suitable
for lean-burn engines operated at constant loads, and can achieve efficiencies as high as 90 percent. For
engines which typically operate at variable loads, such as engines on gas transmission pipelines, an SCR
system may not function effectively, causing either periods of ammonia slip or insufficient ammonia to
gain the reductions needed.

Catalytic Oxidation -

Catalytic oxidation is a postcombustion technology that has been applied, in limited cases, to
oxidize CO in engine exhaust, typically from lean-burn engines. As previously mentioned, lean-burn
technologies may cause increased CO emissions. The application of catalytic oxidation has been shown
to be effective in reducing CO emissions from lean-burn engines. In a catalytic oxidation system, CO
passes over a catalyst, usually a noble metal, which oxidizes the CO to CO, at efficiencies of
approximately 70 percent for 2SLB engines and 90 percent for 4SLB engines.

3.2.5 Updates Since the Fifth Edition

The Fifth Edition was released in January 1995. Revisions to this section since that date are
summarized below. For further detail, consult the memoranda describing each supplement or the
background report for this section. These and other documents can be found on the Clearinghouse for
Inventories/Emission Factors (CHIEF) electronic bulletin board (919-541-5742), or on the new Emission
Factor and Inventory Group (EFIG) home page (http://www.epa.gov/ttn/chief).

Supplement A, February 1996
. In the table for uncontrolled natural gas prime movers, the Source Classification Code
(SCC) for 4-cycle lean-burn was changed from 2-01-002-53 to 2-02-002-54. The SCC
for 4-cycle rich-burn was changed from 2-02-002-54 to 2-02-02-002-53.

. An SCC (2-02-002-53) was provided for 4-cycle rich-burn engines, and the "less than
symbol (<) was restored to the appropriate factors.

Supplement B, October 1996

. The introduction section was revised.
. Text was added concerning process description of turbines.
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. Text concerning emissions and controls was revised.

. References in various tables were editorially corrected.
. The inconsistency between a CO, factor in the table and an equation in the footnote was
corrected.

Supplement F, July 2000

. Turbines used for natural gas compression were removed from this section and combined
with utility turbines in Section 3.1. Section 3.2 now only contains information on natural
gas-fired reciprocating engines.

. All emission factors were updated based on emissions data points taken from 70
emission reports containing over 400 source tests. Many new emission factors have been
incorporated in this section for speciated organic compounds, including hazardous air
pollutants.
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TABLE 3.2-1 UNCONTROLLED EMISSION FACTORS FOR 2-STROKE LEAN-BURN ENGINES?

7/00

(SCC 2-02-002-52)

Emission Facttg)r
(Ib/MMBtu)

Emission Factor

Pollutant (fuel input) Rating

Criteria Pollutants and Greenhouse Gases

NO,° 90 - 105% Load 3.17 E+00 A
NO,° <90% Load 1.94 E+00 A
CO° 90 - 105% Load 3.86 E-01 A
CO° <90% Load 3.53 E-01 A
co,’ 1.10 E+02 A
S0,° 5.88 E-04 A
TOC' 1.64 E+00 A
Methane’ 1.45 E+00 C
voc" 1.20 E-01 C
PM10 (filterable) 3.84 E-02 C
PM2.5 (filterable)’ 3.84 E-02 C
PM Condensable’ 9.91 E-03 E
Trace Organic Compounds

1,1,2,2-Tetrach|oroethanek 6.63 E-05 C
1,1,2-Trichloroethane® 5.27 E-05 C
1,1-Dichloroethane 3.91 E-05 C
1,2,3-Trimethylbenzene 3.54 E-05 D
1,2,4-Trimethylbenzene 1.11 E-04 C
1,2-Dichloroethane 4.22 E-05 D
1,2-Dichloropropane 4.46 E-05 Cc
1,3,5-Trimethylbenzene 1.80 E-05 D
1,3-Butadiene 8.20 E-04 D
1,3—Dich|0ropropenek 4.38 E-05 C
2,2,4-Trimethylpentanek 8.46 E-04 B
2—Methylnaphthalenek 2.14 E-05 C
Acenaphthenek 1.33 E-06 C
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Table 3.2-1. UNCONTROLLED EMISSION FACTORS FOR 2-STROKE LEAN-BURN

ENGINES
(Continued)
Emission Factor
(Ib/MMBtu)b Emission Factor
Pollutant (fuel input) Rating
Acenaphthylenek 3.17 E-06 C
Acetaldehydek‘I 7.76 E-03 A
Acrolein®! 7.78 E-03 A
Anthracene* 7.18 E-07 C
Benz(a)anthracenek 3.36 E-07 C
Benzenek 1.94 E-03 A
Benzo(a)pyrenek 5.68 E-09 D
Benzo(b)fluoranthenek 8.51 E-09 D
Benzo(e)pyrenek 2.34 E-08 D
Benzo(g,h,i)perylenek 2.48 E-08 D
Benzo(k)fluoranthenek 4.26 E-09 D
Bipheny! 3.95 E-06 c
Butane 4.75 E-03 Cc
Butyr/Isobutyraldehyde 4.37 E-04 C
Carbon Tetrachloride® 6.07 E-05 C
Chlorobenzene* 4.44 E-05 C
Chloroform® 4.71 E-05 C
Chrysenek 6.72 E-07 C
Cyclohexane 3.08 E-04 C
Cyclopentane 9.47 E-05 C
Ethane 7.09 E-02 A
Ethylbenzenek 1.08 E-04 B
Ethylene Dibromide® 7.34 E-05 C
Fluoranthene® 3.61 E-07 C
Fluorene® 1.69 E-06 C
Formaldehydek‘I 5.52 E-02 A

3.2-8

EMISSION FACTORS

7/00

APP-662



Table 3.2-1. UNCONTROLLED EMISSION FACTORS FOR 2-STROKE LEAN-BURN ENGINES

7/00

(Concluded)

Emission Factor
(Ib/MMBtu)b Emission Factor
Pollutant (fuel input) Rating
Indeno(1,2,3-c,d)pyrenek 9.93 E-09 D
Isobutane 3.75 E-03 C
Methanol® 2.48 E-03 A
Methylcyclohexane 3.38 E-04 C
Methylene Chloride" 1.47 E-04 C
n-Hexane® 4.45 E-04 C
n-Nonane 3.08 E-05 C
n-Octane 7.44 E-05 Cc
n-Pentane 1.53 E-03 C
Naphthalene* 9.63 E-05 C
PAHX 1.34 E-04 D
Perylene® 4.97 E-09 D
Phenanthrene” 3.53 E-06 C
Phenol® 4.21 E-05 C
Propane 2.87 E-02 C
pyreneX 5.84 E-07 C
Styrenek 5.48 E-05 A
Toluene® 9.63 E-04 A
Vinyl Chioride* 2.47 E-05 C
XyleneX 2.68 E-04 A

Reference 7. Factors represent uncontrolled levels. For NO,, CO, and PM10,
“uncontrolled” means no combustion or add-on controls; however, the factor may
include turbocharged units. For all other pollutants, “uncontrolled” means no oxidation
control; the data set may include units with control techniques used for NOx control,
such as PCC and SCR for lean burn engines, and PSC for rich burn engines. Factors are
based on large population of engines. Factors are for engines at all loads, except as
indicated. SCC = Source Classification Code. TOC = Total Organic Compounds.
PM10 = Particulate Matter < 10 microns (xm) aerodynamic diameter. A “<*sign in
front of a factor means that the corresponding emission factor is based on one-half of the
method detection limit.

Emission factors were calculated in units of (Io/MMBtu) based on procedures in EPA
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3.2-10

Method 19. To convert from (Ib/MMBtu) to (Ib/106 scf), multiply by the heat content of
the fuel. If the heat content is not available, use 1020 Btu/scf. To convert from
(Ib/MMBu) to (Ib/hp-hr) use the following equation:

Ib/hp-hr = Ib/MMBtuy, heat input, MMBtu/hr, (1/operating HP, 1/hp,

Em|55|on tests with unreported load conditions were not included in the data set.

9 Based on 99.5% conversion of the fuel carbon to CO,. CO, [Ib/MMBLtu] =
(3.67)(%CON)(C)(D)(1/h), where %CON = percent conversion of fuel carbon to CO,,

C = carbon content of fuel by weight (0.75), D = density of fuel, 4.1 E+04 Ib/10° scf, and
h heating value of natural gas (assume 1020 Btu/scf at 60°F).

® Based on 100% conversion of fuel sulfur to SO,. Assumes sulfur content in natural gas
of 2,000 gr/lO scf.

Emission factor for TOC is based on measured emission levels of 43 tests.

9 Emission factor for methane is determined by subtracting the VOC and ethane emission
factors from the TOC emission factor. Measured emission factor for methane compares
well with the calculated emission factor, 1.48 Ib/MMBtu vs. 1.45 |Ib/MMBtu,
respectively.

VOC emission factor is based on the sum of the emission factors for all speciated

_organic compounds less ethane and methane.

' Considered < 1 wm in aerodynamic diameter. Therefore, for filterable PM emissions,

~ PM10(filterable) = PM2.5(filterable).

J No data were available for condensable PM emissions. The presented emission factor

reflects emissions from 4SLB engines.

k Hazardous Air Pollutant as defined by Section 112(b) of the Clean Air Act.

" For Iean burn engines, aldehyde emissions quantification using CARB 430 may reflect
interference with the sampling compounds due to the nitrogen concentration in the stack.
The presented emission factor is based on FTIR measurements. Emissions data based on
CARB 430 are available in the background report.
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Table 3.2-2. UNCONTROLLED EMISSION FACTORS FOR 4-STROKE LEAN-BURN ENGINES?

7/00

(SCC 2-02-002-54)

Emission Factor
(Ib/MMBtu)b Emission Factor
Pollutant (fuel input) Rating

Criteria Pollutants and Greenhouse Gases

NO,° 90 - 105% Load 4.08 E+00 B
NO,° <90% Load 8.47 E-01 B
CO° 90 - 105% Load 3.17 E-01 C
CO° <90% Load 5.57 E-01 B
co,’ 1.10 E+02 A
S0,° 5.88 E-04 A
TOC' 1.47 E+00 A
Methane? 1.25 E+00 C
voc" 1.18 E-01 C
PM10 (filterable) 7.71 E-05 D
PM2.5 (filterable)’ 7.71 E-05 D
PM Condensable’ 9.91 E-03 D
Trace Organic Compounds

1,1,2,2-Tetrach|oroethanek <4.00 E-05 E
1,1,2-Trichloroethane® <3.18 E-05 E
1,1-Dichloroethane <2.36 E-05 E
1,2,3-Trimethylbenzene 2.30 E-05 D
1,2,4-Trimethylbenzene 1.43 E-05 C
1,2-Dichloroethane <2.36 E-05 E
1,2-Dichloropropane <2.69 E-05 E
1,3,5-Trimethylbenzene 3.38 E-05 D
1,3-Butadiene 2.67E-04 D
1,3—Dich|0ropropenek <2.64 E-05 E
2-Methylnaphthalene® 3.32 E-05 C
2,2,4-Trimethylpentane® 2.50 E-04 C
Acenaphthenek 1.25 E-06 C
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Table 3.2-2. UNCONTROLLED EMISSION FACTORS FOR 4-STROKE LEAN-BURN ENGINES

3.2-12

(Continued)

Emission Factor
(Ib/MMBtu)b Emission Factor
Pollutant (fuel input) Rating
Acenaphthylenek 5.53 E-06 C
Acetaldehyde®! 8.36 E-03 A
Acrolein®! 5.14 E-03 A
Benzene” 4.40 E-04 A
Benzo(b)fluoranthenek 1.66 E-07 D
Benzo(e)pyrenek 4.15 E-07 D
Benzo(g,h,i)perylenek 4.14 E-07 D
Bipheny!* 2.12 E-04 D
Butane 5.41 E-04 D
Butyr/Isobutyraldehyde 1.01 E-04 C
Carbon Tetrachloride® <3.67 E-05 E
ChlorobenzeneX <3.04 E-05 E
Chloroethane 1.87 E-06 D
Chloroform® <2.85 E-05 E
Chrysenek 6.93 E-07 C
Cyclopentane 2.27 E-04 C
Ethane 1.05 E-01 C
Ethylbenzene* 3.97 E-05 B
Ethylene Dibromide® <4.43 E-05 E
Fluoranthene® 1.11 E-06 C
Fluorene* 5.67 E-06 C
Formaldehyde®"! 5.28 E-02 A
Methanol® 2.50 E-03 B
Methylcyclohexane 1.23 E-03 C
Methylene Chloride* 2.00 E-05 C
n-Hexane® 1.11 E-03 C
n-Nonane 1.10 E-04 C
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Table 3.2-2. UNCONTROLLED EMISSION FACTORS FOR 4-STROKE LEAN-BURN

ENGINES
(Continued)
Emission Factor
(Ib/MMBtu)b Emission Factor
Pollutant (fuel input) Rating

n-Octane 3.51 E-04
n-Pentane 2.60 E-03
Naphthalene* 7.44 E-05 C
PAH 2.69 E-05 D
Phenanthrene® 1.04 E-05 D
Phenol® 2.40 E-05 D
Propane 4.19 E-02 C
Pyrenek 1.36 E-06 C
Styrene" <2.36 E-05 E
Tetrachloroethane* 2.48 E-06 D
Toluene® 4.08 E-04 B
Vinyl Chioride* 1.49 E-05 C
XyleneX 1.84 E-04 B

% Reference 7. Factors represent uncontrolled levels. For NO,, CO, and PM10,
“uncontrolled” means no combustion or add-on controls; however, the factor may include
turbocharged units. For all other pollutants, “uncontrolled” means no oxidation control;
the data set may include units with control techniques used for NOx control, such as PCC
and SCR for lean burn engines, and PSC for rich burn engines. Factors are based on large
population of engines. Factors are for engines at all loads, except as indicated. SCC =
Source Classification Code. TOC = Total Organic Compounds. PM-10 = Particulate
Matter < 10 microns («m) aerodynamic diameter. A “<" sign in front of a factor means
that the corresponding emission factor is based on one-half of the method detection limit.
Emission factors were calculated in units of (Io/MMBtu) based on procedures in EPA
Method 19. To convert from (Ib/MMBtu) to (Ib/lO6 scf), multiply by the heat content of
the fuel. If the heat content is not available, use 1020 Btu/scf. To convert from
(Ib/MMBtu) to (Ib/hp-hr) use the following equation:

Ib/hp-hr = Ib/MMBtu, heat input, MMBtu/hr, (1/operating HP, 1/hp,

Em|55|on tests with unreported load conditions were not included in the data set.

9 Based on 99.5% conversion of the fuel carbon to CO,. CO, [Ib/MMBtu] =
(3.67)(%CON)(C)(D)(1/h), where %CON = percent conversion of fuel carbon to CO,,

C = carbon content of fuel by weight (0.75), D = density of fuel, 4.1 E+04 Ib/20° scf, and
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3.2-14

h heating value of natural gas (assume 1020 Btu/scf at 60°F).

® Based on 100% conversion of fuel sulfur to SO,. Assumes sulfur content in natural gas of
2,000 gr/lO scf.

Emission factor for TOC is based on measured emission levels from 22 source tests.

9 Emission factor for methane is determined by subtracting the VOC and ethane emission

factors from the TOC emission factor. Measured emission factor for methane compares
well with the calculated emission factor, 1.31 Ib/MMBtu vs. 1.25 Ib/MMBtu, respectively.

" \/OC emission factor is based on the sum of the emission factors for all speciated organic
~ compounds less ethane and methane.
' Considered < 1 wm in aerodynamic diameter. Therefore, for filterable PM emissions,

PMlO(flIterabIe) PM2.5(filterable).
PM Condensable = PM Condensable Inorganic + PM-Condensable Organic
K Hazardous Air Pollutant as defined by Section 112(b) of the Clean Air Act.

' For Iean burn engines, aldehyde emissions quantification using CARB 430 may reflect

interference with the sampling compounds due to the nitrogen concentration in the stack.
The presented emission factor is based on FTIR measurements. Emissions data based on
CARB 430 are available in the background report.
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