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Technical Support Document
Particulate Matter (PM;0) Redesignation Request and Maintenance Plan for the Denver Metropolitan Area

Introduction

This document presents technical support methodol ogies and data by which the
Denver arearequests redesignation for particul ate matter (PM1g). Presented are emission
inventories and air quality modeling methodol ogies with results upon which the Denver
particulate matter (PM o) redesignation request and maintenance plan are based. Measured
air quality data supports Colorado’ s request that EPA redesignate the Denver metropolitan
areato attainment status for the National Ambient Air Quality Standards (NAAQS) for
PM1o. The Denver metropolitan area has been designated as a PM 1o nonattainment area
since 1987, but has not violated the 24-hour PM 1 standard since 1993. The Denver PM
nonattainment areais now eligible for redesignation.

Background

2.1 National Ambient Air Quality Standards for Fine Particulate

In 1987, the EPA changed the particulate matter standard to include only those
particles with an aerodynamic diameter of less than or equal to 10 microns (commonly
referred to asPM ). The current PM10 NAAQS allow for a maximum annual average of

50 ug/m°, and, a 24-hour average of 150 ug/m®. The 24-hour PM 1o NAAQS may not be
exceeded more than three time over any three year period.

There are both primary and secondary air quality standards. The primary standards
are set to protect human health, with amargin of safety to protect the more sensitive
personsin the population, such as the very young, elderly and theill. Secondary standards
are set to protect property, materials, aesthetic values and general welfare. For PMy, the
national primary and secondary standards are the same. As stated in the Code of Federal
Regulations (40 CFR Part 50.6),

The standards are attained when the expected number of days per calendar year with a

24-hour average concentration above 150 ug/m3 is equal to or less than one (based on
3-year average), and the annual arithmetic mean concentration is less than or equal to 50

ug/m3 (based on 3-year average) as determined by Appendix K.

Health Effects of Particulate Matter Less Than 10 Micron in Size

Both fine and coarse particles can accumulate in the respiratory system and are
associated with numerous health effects. Coarse particles can aggravate respiratory
conditions such as asthma. Exposure to fine particles is associated with several serious
health effects, including premature death. Adverse health effects have been associated with
exposures to PM over both short periods (such as a day) and longer periods (a year or
more).

= When exposed to PM, people with existing heart or lung diseases—such as
asthma, chronic obstructive pulmonary disease, congestive heart disease, or

CDPHE/APCD/Technical Services Program 4/20/2001 1
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ischemic heart disease—are at increased risk of premature death or admission to
hospitals or emergency rooms.

= Theelderly are aso sensitive to PM exposure. They are at increased risk of
admission to hospitals or emergency rooms and premature death from heart or
lung diseases.

=  When exposed to PM, children and people with existing lung disease may not be
able to breathe as deeply or vigorously as they normally would, and they may
experience symptoms such as coughing and shortness of breath.

= PM can increase susceptibility to respiratory infections and can aggravate existing
respiratory diseases, such as asthma and chronic bronchitis, causing more use of
medication and more doctor visits.

Denver PM;q Area Designation History

Historically, the particulate matter standard had been frequently violated in the
1970's, 1980's, and early 1990's throughout the Denver metropolitan area. There has only
been one exceedance of the 24-hour standard during the 1994 through 2000 period. With
the implementation of emission control programs aimed at reducing re-entrained fugitive
dust, automobile and industrial emissions, PM, ; concentrations have stabilized at levels

well below the NAAQS.

Denver Metropolitan Attainment/Maintenance Area

The boundaries of the metro Denver nonattainment area are defined in Colorado's
Ambient Air Quality Standards Regulation. Once redesignated, these will become the
boundaries of the attainment/maintenance area. The areaincludes the entire City and
County of Denver; those portions of Adams and Arapahoe counties west of Kiowa Creek;
all of Douglas County; all of Jefferson County ; and all of Boulder County except Rocky
Mountain National Park. Figure 1 presents graphically where the Denver PM attainment
and Maintenance area boundaries are.

CDPHE/APCD/Technical Services Program 4/20/2001 2
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PM10 Nonattainment Area and Modeling Domain

:
:

Map Legend:

N
/\/ Highways
/\/ Arterials
N/ Counties w E
[ Pm10 Modeling/Inventory Domain
[ ] Nonattainment Boundaries

8 0 8

16 24 Kilometers

Figure 1. Denver metropolitan area PM10 Dispersion Model and Emission Inventory
Domain Depicted within the Nonattainment Area Boundaries.

CDPHE/APCD/Technical Services Program 4/20/2001
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2.5 Topography, Climate, and Air Quality Meteorology of the Nonattainment Area

The six-county Denver metro areais characterized by a broad valley along the South
Platte River. Theterrain to the east of the region is dominated by gently rolling plains
while the Front Range foothills of the Rocky Mountains dominate the west. The elevation
of downtown Denver is 5,280 feet above sealevel, with somewhat higher elevationsin
some suburban aress.

The climate of the Denver metropolitan areais strongly affected by local and regional
topographic features. Denver is situated in the plains along the South Platte River Valley
approximately 80 kilometers (50 miles) east of the Continental Divide. The Rocky
Mountains rise to an elevation of about 3,200 to 4,300 meters (10,500 to 14,200 feet) just
to the west of the city.

The meteorological site at Denver's closed Stapleton International Airport isat an
elevation of about 1,611 meters (5,285 feet), the meteorologica site at the new Denver
International Airport isat an elevation of about 1,650 meters (5,412 feet). Greeley, whichis
north of Denver in the South Platte River Valley, is at an elevation of about 1,400 meters
(4,600 feet). About 112 kilometers (70 miles) north of Denver is an east-west rise of land
called the Cheyenne Ridge. It isroughly 1,800 —2,000 meters (6,000 to 6,500 feet) in
elevation. About 25 miles to the south is another east-west running ridge called the Palmer
Divide which rises to 1,800-2,300 meters (5,900 to 7,500 feet). These features form a three-
sided basin and work in concert to influence airflow patterns and climate in the Denver
metropolitan area, as shown in Figure 2.

On average, Denver experiences low relative humidity, light precipitation, and
abundant sunshine. Moisture from the Pacific must travel along distance and over several
high mountain barriers. Gulf moisture must be driven up-slope and against the prevailing
westerly winds aloft.

From 8/1/1948 to 12/31/1998, Denver's annual average maximum temperature is
17.9°C (64.2°F), the annual average minimum is 2.6°C (36.6°F), and the normal daily
mean temperature is 10.2°C (50.3°F). The city receives an average of 15.6 inches of total
precipitation per year and an average total snowfall of 61.9 inches of snowfall. Denver
receives an average of 70 percent of the possible sunshine during the year.

The prevailing wind direction in the South Platte River Valley is out of the south.
The direction of the prevailing wind isaresult of frequent evening, nighttime, and morning
drainage wind off of the mountains and the Palmer Divide. These winds are channeled
along the Platte River Valley. The other frequent wind direction is from the north. The
relatively high frequency of winds from the north is the result of flow up-valley channeled
along the Platte River Valley.

Local and regional topography greatly influences not only the climate, but also the
dispersion of particulates. In a paper written in 1989, W. D. Neff identified five flow
regimes which impact the dispersion of the Denver "brown cloud.” Of the five, stagnation
is the main one associated with elevated concentrations of particulates.
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W. D. Neff suggests that "stagnation periods, those with relatively light and variable
winds, usually occur following a period of upvalley flow of acold air mass. In thiscycle,
large-scale pressure gradient forces cause alayer of cold air that has accumulated in the
lowlands to move uphill towards the foothills. As this dense air mass follows the slope, an
internal pressure force develops that begins to counteract the external one. For thisreason
the air mass may slow down as it approaches the mountains and a period of stagnation
follows. When the forces involved are fairly weak, this process will be relatively gentle
and the period of calm following the return flow may last many hours. However, in cases
where the initial motion towards the foothills shows more vigor, the cold air will tend to
overshoot and then flow back away from the foothills. In Denver, for example, one often
observes areturn flow carrying pollutants to the southwest through the city, a short period
of relative cam, and then an outflow as the air moves back into the lowlands."?

The Air Pollution Control Division has forecast winter season high pollution events
for more than a decade. This effort has been supported by significant field study and
research by scientists with the National Oceanic and Atmospheric Administration (NOAA)
Wave Propagation Laboratory. This research indicates that patterns of flow and their
interaction in the region can be complex. Fortunately, these patterns have been well
documented and provide abasis for understanding air quality climatology, thus assisting in
formulating and evaluating air quality modeling efforts.

®a Neff, W. D., "Meteorological Classifications Used in the 1987-1988 Denver Brown Cloud Study," Preprint Volume of the

6th Joint Conference on Applications of Air Pollution Meteorology,” Jan. 30 - Feb 3, 1989, Anaheim, Cdlif., American

Meteorological Society.
a. Neff, W. D., 1989, page 76.2
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Figure 2. Shaded relief map showing the topography in the Denver area.
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2.6 Requirements For Redesignation

Detailed components for redesignation are addressed in a separate document entitled,
“Particulate Matter (PM10) Redesignation Request and Maintenance Plan for the Denver
Metropolitan Area.” Sections 107(d)(3)(D) and (E) of the CAA define five required components
of aredesignation request and maintenance plan. Upon submittal and EPA approval of this
Maintenance Plan, the Denver metropolitan area will meet al of these criteria.

» The State must show that the area has attained the national standards for
particulate matter (PM1o);

» The State must have afully approved particulate matter (PMqo) State
Implementation Plan (SIP);

* The State must demonstrate that the improvement in air quality leading to
attainment of the standards is due to permanent and federally enforceable
emissions reductions;

* The State must meet al requirements of Section 110 and Part D of the CAA.
Section 110 describes general requirements for SIPs, while Part D pertains to
general requirements applicable to all nonattainment areas. Refer to Error!
Reference sour ce not found. —for additional details;

* The State must have afully approved particulate matter (PM 1) maintenance
plan that meets the requirements of CAA Section 175A, including a
demonstration that the areawill maintain the standard for a period of at least
10 years following redesignation by EPA. The plan must also contain
contingency measures that could be implemented if aviolation of the standard
ismonitored at any time during the maintenance period.

CDPHE/APCD/Technical Services Program 4/20/2001 7
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Emission Inventories

This section presents emission inventories for the maintenance plan. Emission
inventories are provided for the 1995 attainment year, the 2002, 2003, 2005 and 2010
interim years, and the 2015 maintenance year.

The 1995 emission inventory was developed as part of the attainment SIP and
incorporates the projected emissions and control measures in place as part of that plan.
These emissions are documented in Volume 11 of the attainment SIP dated February 1995.
In general, most of the emission inventory methodologies that were used for the attainment
SIP are used for the maintenance SIP except where noted in the following sections.

The 2002, 2003, 2005, 2010, and 2015 emission inventories include maintenance plan
controls and projections of future emission levels from all sources. For most source
categories, the 1995 attainment year emissions were proportioned to future years using a
surrogate such as population, employment, or households. A brief summary of the
methodology used to estimate and project these source categories are presented in the
following sections. Details on the methodology used to estimate the various sources can be
found in Volume Il of the attainment SIP. Any changes to the attainment year emission
inventory preparation methodologies that occurred for the maintenance emission
inventories will be noted in the subsequent sections.

Summary of Emission Inventories

Table 3.1-1 summarizes the winter primary PM 1o inventories used in the approved
PM o attainment SIP and projected 2002, 2003, 2005, 2010, and 2015 maintenance year
emission inventories used in the dispersion modeling. Table 2 present NOy and SO,
emissions inventories that are used in the secondary particulate projected estimates. In the
following table and elsewhere in this document, the decimal precision of the resultsis not
intended to imply alevel of accuracy.
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Table 3.1-1. Primary PM 1o Emission Inventory for the Denver Modeling Domain

Source Category 1995 2002 2003 2005 2010 2015
Attainment Interim Interim Interim Interim  Maintenance
SP Year Year Year Year Year
(tpwd) (tpwd) (tpwd) (tpwd) (tpwd) (tpwd)

Primary PM;,

Natural Gas 1.0 12 12 13 14 15

Wood Stove 17 1.9 1.9 2.0 2.2 2.3

Fireplace 24 16 16 13 1.0 0.7
Airport 0.6 0.6 0.6 0.6 0.7 0.7
Railroad 0.1 0.1 0.1 0.1 0.1 0.1
Industrial Equipment 0.1 0.1 0.1 0.1 0.1 0.1
Construction Equipment 0.4 0.3 0.3 0.2 0.3 0.3
Agricultural Wind Erosion 0.0 0.0 0.0 0.0 0.0 0.0
Open Area Wind Erosion 0.0 0.0 0.0 0.0 0.0 0.0
Agricultural Tilling 0.0 0.0 0.0 0.0 0.0 0.0
Construction 29 4.0 4.0 4.1 39 3.7
Unpaved Roads 79 6.9 6.9 6.9 6.9 6.9
On-Road (reentrained dust, 41.2 42.3 43.3 44.8 485 51.1
sanding, exhaust)

Charbroilers 1.0 12 12 13 14 15
Minor Point Sources 5.8 7.6 79 8.2 8.8 94
Major Point Sources 19 185 17.3 17.3 17.3 17.3

Totals 66.9 86.3 86.5 88.1 925 95.6

(1) Theprecision of the estimates is not intended to imply alevel of accuracy.
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Table 3.1-2. NOx and SO, Emission inventories for the Denver Modeling Domain

Source Category 1995 2002 2003 2005 2010 2015
Attainment Interim Interim Interim Interim
SP Year Year Year Year Maintenance
(tpwd) (tpwd) (tpwd) (tpwd) (tpwd) Year
(tpwd)
NOx
Point Sources 137.8 151.2 133.9 128.8 130.4 132.2
Natural Gas 32.7 38.9 39.9 41.9 458 488
Woodburning 0.5 0.6 0.6 0.7 0.9 1.0
Airport 114 13.7 13.9 16.8 20.6 24.2
Other non-road 10.9 11.2 111 10.9 9.7 9.2
Mobile Exhaust 119.4 137.7 130.4 109.6 104.0 87.8
Total NOx 312.7 353.3 329.8 308.7 3114 303.3
02
Point Sources 175.5 200.2 180.5 181.1 182.0 183.1
Natural Gas 0.2 0.2 0.2 0.3 0.3 0.3
Woodburning 0.0 0.1 0.1 0.1 0.1 0.1
Airport 10 11 12 12 13 14
Other non-road 0.9 12 13 13 15 17
Mobile Exhaust 25 5.6 5.8 6.1 21 22
Total SO2 180.1 208.4 189.1 190.0 187.3 188.8

(1) Theprecision of the estimates is not intended to imply alevel of accuracy.
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3.2 Demographic and Transportation Data

The demographic data for the modeling domain are presented in Table 3.2-1. The Vehicle
Mile Traveled (VMT) estimates are based on the Urban Transportation Planning System (UTPS)
model run by the Denver Regional Council of Governments (DRCOG). The most recent
demographic and VMT estimates were used from DRCOG'’ s conformity analysis for the fiscally
constrained element of the Fiscally-Constrained 2020 Regional Transportation Plan (November
2000).

Table 3.2-1. Demographic Data (Denver PM 10 Modeling Domain)

Period 1995 2002 2005 2010 2015
Population 1,663,791 1,992,128 2,115,292 2,273,835 2,422,561
Households 693,688 836,158 890,629 961,692, 1,031,744
Employment 1,005,129 1,180,036 1,285,223 1,420,487 1,504,693
Daily VMT 37,220,631 51,043,670 55,137,245 62,712,672 66,493,588

CDPHE/APCD/Technical Services Program
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3.3 Projection Surrogates

Table 3.3-1 presents the demographic indicator used to project each source category to
future years. Several other factors specific to each source category may aso effect the emission
inventory change from 1995 to the projected years. For instance, changes in woodburning habits
(documented by surveys) have effects beyond demographic growth.

Table 3.3-1. Surrogate Indicators Used for Projecting Emission Inventory Categories

Category Surrogate | ndicator
Natural gas Households, Employment
Woodstove Households, Surveys
Fireplace Households, Surveys
Aircraft Population Growth
Locomotive Held Congtant
Industrial equipment Employment
Construction equipment. Employment

Wind erosion Agricultural land, Held Congtant
Tilling Agricultural land, Held Constant
Construction Households, Employment
Unpaved roads Population, Actual data on road segments
Paved Road Reentrained VMT

Mobile Exhaust VMT

Road Sanding VMT

Charbroilers Population

Minor Point Sources Population

Major Point Source

Potential to emit-Federal or State Regulatory Limits, Anticipated actual
emissions

CDPHE/APCD/Technical Services Program
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3.4 Mobile Source Related PM,q, Nitrogen Oxide and Sulfur Oxide Emission Inventories

3.4.1 Denver-Boulder PM;; Non-Attainment Area Vehicle Miles Traveled Estimates for 2002
through 2020

The DRCOG 2001-2006 Transportation Improvement Conformity networks were utilized as the
basis for the vehicle milestraveled (VMT) estimates. The networks used in this analysis were

01EA, 100A and 20TA. The VMT in the PM 1y modeling domain for these networksis as
follows:

01EA: 49,745,931
100A: 62,712,672
20TA: 70,505,342
The 2015 VMT was based on the 100A and 20TA networks using the following equation:
X =(2020 VMT /2010 VMT ) ( 1/10 years); where X = Compounded annual rate of growth
between
2010 and 2020
X =(70,505,342 /62,712,672 ) ".1
X =1.011781
XN(-5) =.9341 = adjustment factor to use with 2020 network to adjust it to 2015.
2015 VMT = 70,505,342 * .9431 = 66,493,588

Similar calculations were used to estimate the 2015 VMT based on the 100A and the O1EA
networks;

X =(2010VMT /2001 VMT ™ ( 1/9 years) ; where X = Compounded annual rate of growth
between
2001 and 2010
X = (62,712,672 / 49,745,931 )"(1/9) = 1.0267 growth per year over 9 years
X =1.0627/\(-5) = .8792 = adjustment factor for 2010 to 2005 VMT.
2005 VMT = 62,712,672 * .8792 = 55,137,245
2002 VMT = 1.0627 ~(1)* 49,745,931 = 51,043,670

The speed matrices for the 2005 and 2015 VMT estimates were interpolated directly between the
2001, 2010 and 2020 networks

The VMT in the PM 1o dispersion model domain are summarized as follows:
CDPHE/APCD/Technical Services Program 4/20/2001 13
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Y ear VMT

2002 51,043,670
2005 55,137,245
2010 62,712,672
2015 66,493,588
2020 70,505,342

The VMT on the O1EA, 100A and 20TA networks is summarized by road class and areatypein
Appendix A.

3.4.2 Mobile Source Related PMy,, Nitrogen Oxide and Sulfur Oxide Emission Inventory
Estimates for 2015

Thefollowing table summarizes the 2015 mobile sour ce related emission inventories
described in this section:

Road Dust Sanding Tailpipe Tailpipe Tailpipe
PM10 (t/d) |PM10(t/d) | PM10(t/d) | NOx(t/d) SOx(t/d)
41.078 6.788 3.21 87.78 2.22
3421 Road Dust and Sanding Emission Inventories:

Per the PM 14 SIP, the annual averaged sanding emission factor is.0896 g/mile. The wintertime
sanding emissions are increased by afactor of 1.76. To account for reduced VMT during the
winter the sanding and road dust emissions are decreased by a factor of .937. These * seasonal’
adjustments are consistent with emission inventory calculations in the PM o SIP.

The assumptions concerning contribution of sanding to road dust emissions and the effectiveness
of sweeping control measures have changed since the PM 10 SIP technical analysis was
completed. Based on an analysis conducted by the Colorado Department of Transportation
documented in the report Street Sanding & Sweeping (Cowherd, 1998), 64% of wintertime
paved road dust is attributable to street sanding and 36% is attributable to other sources. This
estimate is consistent with data collected by the Regional Air Quality Council (RAQC) and
documented in the report Emission Benefit Study (AlphaTRAC, Inc., August, 1999). The RAQC
Emission Benefit Study also provided updated information on the effectiveness of street
sweeping equipment. The study showed that mechanical and the use of a combination of
sweeping equipment reduces wintertime street sand and paved road dust emission by 37% and
that vacuum and Regenerative Air sweeping equipment reduces emissions by 61%. The
64%/36% split between sanding and other contributors to road dust emissions replaces the
33.8%/66.2% split used in the inventory calculations for the SIP. The revised sweeping
equipment effectiveness is also applied as appropriate by the various municipalities to determine
the level of PM 3, control associated with sand application reductions and remedial sweeping
activities.
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The road dust and sanding emission factors used in the PM 3o SIP were also used in this technical

analysis for the redesignation request. The re-entrained emissions factors are as follows:

Road Class Areatype AM Pesk PM Peak Off Peak AM/PM/OFF

OO OOOOOOOUTUNUNOITURABRMDMNERRWWWWWNDNNNNREREPRPR
OOBRRWNRFRPORRWONPFPOORAWODNPFPORWONPORONPOORARONPEFPORWODNEPRE

Areatypes:
Road Classes:

Road Dust Emission Factors

Sanding

0.477 0.4935
0.477 0.4935
0.5129 0.5142
0.5109 0.5109
0.2752 0.3281
04771 0.4935
0.4771 0.4935
0.5116 0.5472
0.457 0.4739
0.4022 0.4731
0.7724 0.7735
0.7592 0.7919
0.7943 0.811
0.7915 0.8093
0.7906 0.8279
1.6596 1.6605
1.6487 1.681
1.702 1.7192
1.6842 1.6999
1.6808 1.7181
1.657 1.6585
1.6434 1.6753
1.676 1.7317
1.7307 1.7149
1.6759 1.7132
0.6164 0.6323
0.6164 0.6323
0.6524 0.6536
0.6505 0.6506
0.4156 0.4682
1.6527 1.6546
1.6382 1.671
1.6716 1.7271
1.7245 1.7086
1.6689 1.707

5=Caollector, 6=Ramp, 8=Local
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0.457
0.457
0.5126
0.4762
0.329
0.4571
0.4571
0.5106
0.4729
0.4203
0.7729
0.7944
0.8108
0.7924
0.752
1.6616
1.684
1.6844
1.6835
1.6423
1.657
1.6785
1.7313
1.7295
1.6374
0.5966
0.5966
0.6521
0.6159
0.4694
1.6527
1.6731
1.7259
1.7231
1.6304

1=CBD, 2=Fringe, 3=Urban, 4=Suburban, 5=Rural
1=Freeway, 2=Mgj. Regional, 3=Pr. Arteria, 4=Min. Arterial,

0.0896
0.0896
0.0896
0.0896
0.0896
0.0896
0.0896
0.0896
0.0896
0.0896
0.0896
0.0896
0.0896
0.0896
0.0896
0.0896
0.0896
0.0896
0.0896
0.0896
0.0896
0.0896
0.0896
0.0896
0.0896
0.0896
0.0896
0.0896
0.0896
0.0896
0

0
0
0
0
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Summary of Uncontrolled Road Dust and Sanding Emissions

Area Road AM PM OFF Tota AM PM OFF Totd
Type Class Peak Peak Peak Tons/day Peak Peak Peak Tons/Day

2 0.001 0.001 0.000 0.00 0.000 0.000 0.000 0.00
3 0.040 0.099 0.130 0.27 0.008 0.020 0.026 0.06
4 0.051 0.125 0.167 0.34 0.005 0.012 0.016 0.03
5 0.017 0.043 0.029 0.09 0.002 0.004 0.003 0.01
8 0.012 0.032 0.043 0.09 0.000 0.000 0.000 0.00

1 0.122 0.300 0.369 0.79 0.015 0.037 0.045 0.10

1 0.221 0.549 0.813 1.58 0.073 0.175 0.280 0.53
2 0.022 0.053 0.077 0.15 0.007 0.017 0.027 0.05
3 0.183 0.472 0.632 1.29 0.038 0.094 0.125 0.26
4 0.106 0.270 0.301 0.68 0.010 0.025 0.028 0.06
5 0.096 0.215 0.161 0.47 0.009 0.020 0.015 0.04
6 0.011 0.026 0.035 0.07 0.003 0.007 0.009 0.02
8 0.092 0.236 0.315 0.64 0.000 0.000 0.000 0.00

2 0.731 1.821 2.334 4.89 0.141 0.338 0.485 0.96

1 0.647 1.592 2.546 4.79 0.199 0.488 0.783 147
2 0.051 0.136 0.192 0.38 0.016 0.039 0.059 0.11
3 1.208 2.989 3.780 7.98 0.240 0.581 0.735 1.56
4 0.651 1.543 1.655 3.85 0.060 0.142 0.155 0.36
5 0.502 1.016 0.612 2.13 0.047 0.093 0.056 0.20
6 0.037 0.090 0.131 0.26 0.009 0.022 0.032 0.06
8 0.549 1.533 2.040 4.12 0.000 0.000 0.000 0.00

3 3.646 8.89910.956 23.50 0.571 1.364 1.820 3.76

1 0.961 2.336 2.841 6.14 0.297 0.721 0.941 1.96
2 0.097 0.246 0.342 0.69 0.034 0.082 0.114 0.23
3 1.215 3.099 4.268 8.58 0.242 0.604 0.849 1.70
4 0.800 1.919 2.146 4.86 0.075 0.178 0.201 0.45
5 0.668 1.328 1.058 3.05 0.061 0.122 0.096 0.28
6 0.042 0.100 0.124 0.27 0.010 0.024 0.032 0.07
8 0.616 1.757 2.403 4.78 0.000 0.000 0.000 0.00

4 4.400 10.78513.182 28.37 0.718 1.731 2.234 4.68

1 0.059 0.159 0.222 0.44 0.034 0.077 0.107 0.22
2 0.005 0.013 0.017 0.04 0.002 0.004 0.006 0.01
3 0.063 0.143 0.152 0.36 0.013 0.027 0.032 0.07
4 0.037 0.067 0.070 0.17 0.003 0.006 0.007 0.02
5 0.178 0.349 0.365 0.89 0.017 0.032 0.035 0.08
6 0.001 0.004 0.005 0.01 0.001 0.001 0.002 0.00
8 0.060 0.158 0.198 0.42 0.000 0.000 0.000 0.00

5 0.404 0.893 1.029 2.33 0.069 0.148 0.188 0.41

9.30422.698 27.869 59.87 1.515 3.618 4.772 9.91
Areatypes:  1=CBD,2=Fringe,3=Urban,4=Suburban,5=Rural

Road Classes. 1=Freeway,2=Mgj. Regional,3=Pr. Arterial ,4=Min. Arterial,
5=Collector,6=Ramp,8=Local
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The suite of controls applied to the 2002, 2005, 2010 and 2015 road dust and sanding emissions
are asfollows:

Area | Geographical description of Area Road Dust and
Sanding Emissions
Reduction*
1 Denver Central Business District 2%
2 1-25 between 6" Avenue and University | 54%
Blvd.
3 Area bounded by Louisiana Ave, 50%
Federal Blvd., 38" Avenue and
Downing Ave.
4 Foothills areas as defined in Regulation | 20%
16
5 Metropolitan areanot covered in areas | 30%
above

"Agencies are required to meet the specified level of emission reduction by a combination of
reduced sand application and sweeping.

The 2015 uncontrolled and controlled road dust and sanding emissions summarized by control
area are summarized as follows:

Uncontrolled | Controlled | Uncontrolled | Controlled
Area | Geographical description of Road Dust Road Dust | Sanding Sanding
Area (tonsg/day) (tons/day) | (tons/day) (tons/day)
1 | Denver Central Business 358 100 039 011
District
th
2 | 1-25between 6 ° Avenue and 793 365 204 094
University Blvd.
3 Area bounded by Louisiana
Ave, Federal Blvd., 38" 2.831 1.415 465 233
Avenue and Downing Ave.
4 Foothills areas as defined in
Regulation 16 754 .604 130 104
> | Metrapolitan area not covered 55134 | 38594 9.066 6.347
in areas above
Totals 59.870 41.078 9.905 6.788
34.22 2015 Mobile Source Nitrogen Oxide Emission Inventory

The EPA mobile emission factor model, Mobilebh, was utilized for the calculation of the

nitrogen oxide emissions for mobile sources. The control strategies included in the mobile5 input
filesmirror the strategies that resulted from the Denver-Boulder Carbon Monoxide

Redesignation Request. The Mobile5b input and output files are included in Appendix B. The
emission factors and inventory totals are summarized in the following tables.
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2015 Mobilebb Nitrogen Oxide Emission Factors (grams/mile)

ROAREA AM AM AM PM PM PM OFF OFF OFF OFF
CLTYPE PD1 PD2 PD3 PD1 PD2 PD3 PD1 PD2 PD3 PD4

0.00 0.00 0.00 0.00 000 0.00 000 0.00 0.00 0.00
160 157 158 161 156 156 221 214 198 1.82
152 148 148 151 145 145 216 206 189 1.69
160 155 154 161 153 151 221 214 202 188
317 272 255 307 243 229 362 356 338 3.04
160 159 157 158 158 158 0.00 0.00 0.00 0.00
158 163 174 15 159 168 175 173 172 172
152 151 152 144 143 144 164 164 162 160
173 172 174 172 170 171 181 180 1.78 177
196 191 189 172 168 166 200 200 199 198
155 164 176 171 182 195 168 168 168 1.69
167 170 180 163 165 174 159 159 159 158
154 155 157 152 152 154 151 151 150 150
158 157 158 147 146 146 169 168 166 1.65
152 150 149 147 145 143 18 184 183 181
157 164 175 172 185 198 168 169 169 1.69
168 1.73 183 163 168 176 158 158 158 1.58
160 160 162 154 153 155 165 165 164 1.64
166 165 166 155 153 154 168 167 167 167
153 151 149 147 146 145 181 181 180 1.80
158 162 167 174 179 186 167 168 169 170
162 167 174 164 168 174 154 154 155 155
165 166 170 139 138 139 142 142 142 142
147 147 146 147 146 146 142 142 142 142
164 164 164 147 147 146 181 181 181 1.80
0.00 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00
166 167 170 163 164 166 161 160 159 1.59
154 154 155 152 152 153 152 151 150 1.50
157 157 158 146 146 146 163 163 162 1.62
149 149 149 144 143 143 176 176 175 175
172 172 172 19 190 190 187 187 187 187
173 173 173 175 175 175 166 166 166 1.66
163 163 163 137 137 137 135 135 135 135
140 140 140 140 140 140 139 139 139 139
171 171 171 152 152 152 188 183 188 1.88

WO UTUNNUNUNUORRRDMDEMDRNWWWWWNNNNNRERRERRPR
QR WONRFPOORRWONPOOPRARONRPRPOOPRWONPORARWONREFRPOORONPORRWODNE

Road Class: 1=Freeway, 2=Major Regional, 3=Principal Arterial, 4=Minor Arterial
5=Collector, 6=Ramp, 7=Frontage, 8=Local
Area Types: 1=Central Business District, 2=Fringe, 3=Urban, 4=Suburban, 5=Rural

CDPHE/APCD/Technical Services Program 4/20/2001



Technical Support Document
Particulate Matter (PM;0) Request and Maintenance Plan for the Denver Metropolitan Area

2015 Nitrogen Oxide AM and PM Peak Emission | nventories (tons/day)

AREA CLASS AM1 AM2 AM3 AM PM1 PM2 PM3 PM
TYPE TOTAL TOTAL

0.00 000 000 000 000 000 0.00 0.00
004 002 003 009 015 006 004 024
002 001 002 005 009 004 002 014
001 001 001 002 002 002 001 005
0.01 000 000 001 002 001 001 004

coOUThwWN

1 0.07 0.05 006 018 028 012 0.07 048

037 020 022 079 126 041 022 189
004 002 002 008 012 004 002 0.18
019 011 014 044 065 025 015 1.05
005 003 004 012 017 007 004 028
0.03 003 004 011 011 007 005 023
001 001 001 003 005 002 001 007
004 003 003 010 016 006 004 026

OOk, WNE

2 0.74 043 050 167 252 092 053 397

095 051 055 202 328 1.07 057 492
0.07 0.04 005 016 025 0.09 0.05 0.38
109 066 076 252 372 145 082 599
027 018 021 066 087 038 022 147
015 015 024 054 036 029 022 087
004 002 003 009 014 005 003 0.22
025 015 017 057 080 032 018 1.30

OO, WNE

3 283 172 200 656 942 364 210 15.16

140 082 093 315 484 183 102 7.69
017 010 012 039 060 022 012 0.95
114 068 0.7/ 258 378 142 079 599
034 023 028 084 108 049 029 1.86
020 017 023 060 057 037 026 121
005 003 003 011 015 006 003 0.24
023 014 016 053 095 038 022 154

O, WNEE

4 353 217 252 822 1196 477 275 19.48

032 016 017 066 097 031 017 145
001 001 001 003 003 0.01 0.01 0.05
005 0.03 004 013 016 0.07 0.04 0.27
001 0.01 001 003 0.03 0.02 0.01 0.06
0.07 0.05 0.07 019 017 0.09 0.06 0.32
0.00 0.00 0.00 001 0.01 0.00 0.00 0.01
003 002 002 007 009 004 002 0.15

o, WNE

5 049 028 033 110 147 054 031 232

766 4.65 541 17.72 2566 999 576 41.40

Road Class: 1=Freeway, 2=Magjor Regional, 3=Principal Arterial, 4=Minor Arterial
5=Caollector, 6=Ramp, 7=Frontage, 8=Local
Area Types: 1=Central Business District, 2=Fringe, 3=Urban, 4=Suburban, 5=Rural

CDPHE/APCD/Technical Services Program 4/20/2001



AREA ROAD OP1 OP2

TYPE CLASS

0.00
0.06
0.03
0.01
0.01

Uk, WN

0.00
0.07
0.04
0.01
0.01

0.00
0.14
0.08
0.01
0.02

OP3

0.00
0.04
0.02
0.00
0.01

Technical Support Document
Particulate Matter (PM;0) Request and Maintenance Plan for the Denver Metropolitan Area

2015 Nitrogen Oxide OFF Peak and Grand Total Emission Inventories (tons/day)
TOTAL GRAND

OP4
OFF

0.00
0.30
0.18
0.03
0.05

0.01
0.64
0.38
0.10
0.10

1 011

0.86
0.07
0.26
0.05
0.03
0.02
0.07

OO, WNE

0.13

0.97
0.07
0.31
0.07
0.03
0.02
0.08

0.26

1.67
0.14
0.61
0.14
0.07
0.04
0.15

0.07

0.39
0.03
0.16
0.04
0.02
0.01
0.04

0.57

3.89
0.31
1.35
0.30
0.16
0.10
0.33

1.22

6.56
0.57
2.84
0.71
0.49
0.20
0.70

2 1.36

2.38
0.13
143
031
0.09
0.07
0.33

OO, WNE

1.56

261
0.16
171
0.38
0.12
0.08
0.39

2.82

4.42
0.29
340
0.80
0.25
0.14
0.77

0.70

1.00
0.07
0.94
0.23
0.08
0.04
0.21

6.44

10.41
0.65
7.48
172
0.54
0.32
1.70

12.08

17.35
1.20
15.99
3.85
194
0.64
3.57

3 4.75

261
0.25
1.98
0.45
0.17
0.07
041

o0, WN P

545

314
0.32
2.24
0.51
0.20
0.08
0.48

10.07

5.89
0.63
4.25
1.02
042
0.16
0.93

2.57

1.50
0.17
1.13
0.29
0.13
0.04
0.25

22.83

13.15
1.38
9.60
2.27
0.93
0.35
2.07

44.55

24.00
273
18.17
4.97
274
0.70
414

4 5.94

0.50
0.02
0.08
0.02
0.08
0.00
0.05

OO, WNE

6.98

0.59
0.02
0.09
0.02
0.10
0.01
0.06

13.31

111
0.04
0.18
0.03
0.20
0.01
011

3.52

0.27
0.01
0.05
0.01
0.05
0.00
0.03

29.75

247
0.09
0.39
0.08
0.43
0.02
0.24

57.45

4.58
0.17
0.79
0.18
0.94
0.04
0.46

5 0.75

0.88

1.67

0.43

3.73

7.15

TOTAL

12.90

Road Class:

Area Types:

15.00 28.12 7.30 63.32 122.44

1=Freeway, 2=Major Regional, 3=Principal Arterial, 4=Minor Arterial
5=Collector, 6=Ramp, 7=Frontage, 8=Local
1=Central Business District, 2=Fringe, 3=Urban, 4=Suburban, 5=Rural
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The results of thisinventory were adjusted to account for the Tier |1 / Low Sulfur regulations.
The methodology described in Mobile5 Information Sheet #8 was used to make the Tier Il / Low
Sulfur adjustments. The basis of the Tier |1 / Low Sulfur adjustment is agram per mile
adjustment applied to various vehicle types. The following table summarizes the calculations:

Vehicle 2015VMT GramgMile NOx
Type Adjustment Reduction
LDGV 38,057,784 458 -19.213
LDGT1 15,128,592 497 -8.288
LDGT2 6,835,286 814 -6.133
HDGV 1,753,188 .35 -.676
LDDT 131,662 0.000 .000
LDDV 305,071 0.036 -.348
HDGV 4,232,004 0.000 .000
TOTAL 66,492,588 -34.659

The nitrogen oxide emission inventory for 2015 adjusted for Tier Il / Low Sulfur regulationsis
87.78 tons per day (122.440 tons/day — 34.659 tong/day).

34.23 2015 Mobile Source PM;o and Sulfur Dioxide Emission Inventory

The EPA mobile particulate emission factor model PART5 was utilized for the calculation of the
PM 0 and sulfur dioxide emission factors. An EPA memorandum, Development of On-Highway
Inventory Adjustment Factors used in the Tier 2 Final Rule Air Quality Analysis, (John Koupal
and Gary Dol ce, Office of Mobile Sources, October 18, 1999) was used to adjust emission
factors resultant from PARTS5 to account for Tier [1/ Low sulfur regulation. This memo details
vehicle type specific gram per mile reductions for PM 4o and SO, in the years 2007 and 2030.
Values for 2015 were interpolated from the 2007 and 2030 values. These reductions were
applied to the each area type, road class and time of day by vehicle type. The composite emission
factor was then re-calculated. The following table lists the multiplicative adjustment that were
applied to each vehicle type:

Vehicle Type 2015 PM g 2015 SO,
Multiplicative Multiplicative
Adjustment Adjustment

LDGV 416 .088

LDGT1 339 .088

LDGT2 357 .088

HDGV 767 .088

LDDV 577 1.000

LDDT .559 1.000

All other vehicle types 1.000 1.000

CDPHE/APCD/Technical Services Program 4/20/2001 21
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The following tables summarize estimates of the 2015 PM;o and SO, emission factors and
emission inventories:

2015 Tailpipe PM 10 Emission Factors

ROAREA AM AM AM PM PM PM OFF OFF OFF OFF
CLTYPE PD1 PD2 PD3 PD1 PD2 PD3 PD1 PD2 PD3 PD4

0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.054 0.054 0.054 0.051 0.051 0.051 0.059 0.059 0.059 0.059
0.046 0.046 0.046 0.045 0.045 0.046 0.048 0.048 0.048 0.048
0.048 0.048 0.048 0.047 0.047 0.047 0.053 0.053 0.053 0.053
0.100 0.100 0.100 0.085 0.085 0.085 0.088 0.088 0.088 0.088
0.054 0.054 0.054 0.051 0.051 0.051 0.000 0.000 0.000 0.000
0.054 0.054 0.054 0.051 0.051 0.051 0.059 0.059 0.058 0.058
0.047 0.047 0.047 0.040 0.040 0.040 0.048 0.048 0.048 0.048
0.060 0.060 0.060 0.053 0.054 0.053 0.056 0.056 0.056 0.056
0.072 0.072 0.072 0.056 0.056 0.056 0.067 0.067 0.067 0.067
0.049 0.049 0.049 0.051 0.051 0.051 0.051 0.051 0.051 0.051
0.053 0.053 0.053 0.048 0.048 0.048 0.045 0.045 0.045 0.045
0.046 0.046 0.046 0.044 0.044 0.044 0.041 0.041 0.041 0.041
0.047 0.047 0.047 0.043 0.043 0.043 0.048 0.048 0.048 0.048
0.048 0.048 0.048 0.040 0.040 0.040 0.056 0.056 0.056 0.056
0.049 0.049 0.049 0.051 0.051 0.051 0.051 0.051 0.051 0.051
0.053 0.053 0.053 0.048 0.048 0.048 0.045 0.045 0.045 0.046
0.042 0.042 0.042 0.037 0.037 0.037 0.045 0.045 0.045 0.045
0.045 0.046 0.046 0.042 0.042 0.042 0.046 0.046 0.046 0.046
0.048 0.048 0.048 0.040 0.040 0.040 0.056 0.056 0.056 0.051
0.049 0.049 0.049 0.051 0.051 0.051 0.051 0.051 0.051 0.051
0.053 0.053 0.053 0.048 0.048 0.048 0.046 0.046 0.046 0.046
0.047 0.047 0.047 0.035 0.035 0.035 0.035 0.035 0.035 0.035
0.035 0.035 0.035 0.037 0.038 0.037 0.035 0.035 0.035 0.035
0.048 0.048 0.048 0.040 0.040 0.040 0.056 0.056 0.056 0.056
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.053 0.053 0.053 0.048 0.048 0.048 0.045 0.045 0.045 0.045
0.046 0.046 0.046 0.044 0.044 0.044 0.041 0.041 0.041 0.041
0.047 0.047 0.047 0.043 0.043 0.043 0.048 0.048 0.048 0.048
0.048 0.048 0.048 0.040 0.040 0.040 0.056 0.056 0.056 0.056
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.049 0.049 0.049 0.051 0.051 0.051 0.051 0.051 0.051 0.051
0.053 0.053 0.053 0.048 0.048 0.048 0.046 0.046 0.046 0.046
0.047 0.047 0.047 0.035 0.035 0.035 0.035 0.035 0.035 0.035
0.035 0.035 0.035 0.037 0.037 0.037 0.035 0.035 0.035 0.035
0.048 0.048 0.048 0.040 0.040 0.040 0.056 0.056 0.056 0.056

COCOCO&m\I\I\I\I\ICDCDCDCDCDO'IO'ImO'Imm##bbwwwwWNNl\)l\)l\)l—‘l—\l—\l—\l—‘
RWONPFRPORWONRPORWONFRONWONPRE

GORWNRFRPUORMONPFPORMWONRFRPORMWONPE

Road Class: 1=Freeway, 2=Major Regional, 3=Principal Arterial, 4=Minor Arterial
5=Caollector, 6=Ramp, 7=Frontage, 8=Local
Area Types: 1=Central Business District, 2=Fringe, 3=Urban, 4=Suburban, 5=Rural
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2015 Tailpipe SO, EMISSION FACTORS

ROAREA AM AM AM PM PM

CLTYPE

OO NNNNNOOOCODOODOOUTONUNOTAPRA,PRA,PREA,DRERDRMNWWWWWNDNDNNNERPRERRERR
OORRWNPFPOPRRWONPFPORRONPORRWONPFPORRONPODMONPFPORONRERPODMWODNEER,

Road Class:

Area Types:

PD1 PD2 PD3 PD1 PD2

0.000 0.000 0.000 0.000 0.000
0.039 0.040 0.040 0.037 0.037
0.032 0.032 0.032 0.031 0.031
0.033 0.033 0.033 0.032 0.032
0.087 0.087 0.087 0.072 0.072
0.039 0.039 0.040 0.037 0.037
0.040 0.040 0.040 0.037 0.037
0.033 0.033 0.033 0.026 0.026
0.046 0.046 0.046 0.039 0.039
0.058 0.058 0.058 0.042 0.042
0.035 0.035 0.035 0.036 0.036
0.038 0.038 0.038 0.034 0.034
0.031 0.031 0.031 0.029 0.029
0.033 0.033 0.033 0.029 0.029
0.033 0.033 0.033 0.026 0.026
0.035 0.035 0.035 0.036 0.036
0.038 0.038 0.038 0.034 0.034
0.027 0.027 0.027 0.023 0.023
0.031 0.031 0.031 0.028 0.028
0.033 0.033 0.033 0.026 0.026
0.035 0.035 0.035 0.036 0.036
0.038 0.038 0.038 0.034 0.034
0.032 0.032 0.032 0.020 0.020
0.020 0.020 0.020 0.023 0.023
0.033 0.033 0.033 0.026 0.026
0.000 0.000 0.000 0.000 0.000
0.038 0.038 0.038 0.034 0.034
0.031 0.031 0.031 0.029 0.029
0.033 0.033 0.033 0.029 0.029
0.033 0.033 0.033 0.026 0.026
0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000
0.035 0.035 0.035 0.036 0.036
0.038 0.038 0.038 0.034 0.034
0.032 0.032 0.032 0.020 0.020
0.020 0.020 0.020 0.023 0.023
0.033 0.033 0.033 0.026 0.026

1=Freeway, 2=Major Regional, 3=Principal Arterial, 4=Minor Arterial

PM OFF OFF OFF OFF
PD3 PD1 PD2 PD3 PD4

0.000 0.000 0.000 0.000 0.000
0.037 0.044 0.044 0.044 0.044
0.031 0.034 0.034 0.034 0.034
0.032 0.039 0.039 0.039 0.039
0.072 0.074 0.074 0.074 0.074
0.037 0.000 0.000 0.000 0.000
0.037 0.044 0.044 0.044 0.045
0.026 0.034 0.034 0.034 0.034
0.039 0.042 0.042 0.042 0.042
0.042 0.053 0.053 0.053 0.053
0.036 0.036 0.036 0.036 0.036
0.034 0.031 0.031 0.031 0.031
0.029 0.027 0.027 0.027 0.027
0.029 0.034 0.034 0.034 0.034
0.026 0.042 0.042 0.042 0.042
0.036 0.036 0.036 0.036 0.036
0.034 0.031 0.031 0.031 0.031
0.023 0.031 0.031 0.031 0.031
0.028 0.031 0.031 0.031 0.031
0.026 0.042 0.042 0.042 0.042
0.036 0.036 0.036 0.036 0.036
0.034 0.031 0.031 0.031 0.031
0.020 0.020 0.020 0.020 0.020
0.023 0.020 0.020 0.020 0.020
0.026 0.042 0.042 0.042 0.042
0.000 0.000 0.000 0.000 0.000
0.034 0.031 0.031 0.031 0.031
0.029 0.027 0.027 0.027 0.027
0.029 0.034 0.034 0.034 0.034
0.026 0.042 0.042 0.042 0.042
0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000
0.036 0.036 0.036 0.036 0.036
0.034 0.031 0.031 0.031 0.031
0.020 0.020 0.020 0.020 0.020
0.023 0.020 0.020 0.020 0.020
0.026 0.042 0.042 0.042 0.042

5=Collector, 6=Ramp, 7=Frontage, 8=Local

1=Central Business District, 2=Fringe, 3=Urban, 4=Suburban, 5=Rural

CDPHE/APCD/Technical Services Program

4/20/2001

23



Technical Support Document
Particulate Matter (PM;0) Request and Maintenance Plan for the Denver Metropolitan Area

2015 AM Peak and PM Peak Emission PM g Inventory Totals

AREA CLASS AM1 AM2 AM3 AM PM1 PM2 PM3 PM
TYPE TOTAL TOTAL

0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.001 0.001 0.001 0.003 0.004 0.002 0.001 O0.007
0.001 0.000 0.000 0.002 0.003 0.001 0.001 0.004
0.000 0.000 0.000 0.001 0.001 0.000 0.000 0.001
0.000 0.000 0.000 0.000 0.001 0.000 0.000 0.001

ULh WN

1 0.002 0.001 0.002 0.005 0.008 0.003 0.002 0.014

0.012 0.007 0.007 0.027 0.040 0.013 0.007 0.060
0.001 0.001 0.001 0.003 0.004 0.001 0.001 0.006
0.006 0.004 0.004 0.014 0.019 0.007 0.004 0.031
0.002 0.001 0.001 0.004 0.005 0.002 0.001 0.008
0.001 0.001 0.001 0.003 0.003 0.002 0.001 0.007
0.000 0.000 0.000 0.001 0.001 0.000 0.000 0.002
0.001 0.001 0.001 0.003 0.004 0.002 0.001 o0.007

OO WNE

2 0.024 0.014 0.016 0.054 0.077 0.028 0.016 0.121

0.029 0.016 0.017 0.062 0.099 0.033 0.018 0.150
0.002 0.001 0.001 0.005 0.007 0.002 0.001 0.011
0.033 0.020 0.022 0.075 0.107 0.042 0.024 0.173
0.007 0.005 0.005 0.017 0.021 0.009 0.005 0.036
0.004 0.004 0.006 0.015 0.009 0.007 0.006 0.022
0.001 0.001 0.001 0.003 0.004 0.002 0.001 0.006
0.007 0.004 0.005 0.016 0.020 0.008 0.005 0.033

OO, WNEPE

3 0.084 0.051 0.059 0.194 0.268 0.104 0.059 0.431

0.042 0.025 0.029 0.096 0.140 0.056 0.032 0.228
0.006 0.004 0.004 0.014 0.019 0.007 0.004 0.030
0.034 0.020 0.023 0.077 0.111 0.042 0.023 0.176
0.009 0.006 0.008 0.023 0.029 0.014 0.008 0.051
0.005 0.004 0.006 0.014 0.015 0.010 0.007 0.031
0.001 0.001 0.001 0.003 0.004 0.002 0.001 o0.007
0.006 0.004 0.004 0.013 0.025 0.010 0.006 0.041

oo, WNE

4 0.103 0.064 0.074 0.241 0.343 0.140 0.081 0.563

0.010 0.006 0.007 0.023 0.027 0.011 0.006 0.044
0.000 0.000 0.000 0.001 0.001 0.000 0.000 0.002
0.002 0.001 0.001 0.004 0.004 0.002 0.001 0.007
0.000 0.000 0.000 0.001 0.001 0.000 0.000 0.002
0.002 0.001 0.002 0.005 0.005 0.002 0.002 0.009
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.001 0.000 0.001 0.002 0.002 0.001 0.001 0.004

OO0, WNPE

5 0.015 0.010 0.012 0.037 0.041 0.017 0.010 0.068

0.228 0.140 0.162 0.530 0.737 0.292 0.168 1.197
Road Class: 1=Freeway, 2=Mgjor Regional, 3=Principal Arterial, 4=Minor Arterial
5=Callector, 6=Ramp, 7=Frontage, 8=Local
Area Types: 1=Central Business Digtrict, 2=Fringe, 3=Urban, 4=Suburban, 5=Rural
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2015 Off Peak Total and Grand Total PM 1o Emission Inventory

AREA ROAD OP1 OP2 OP3 OP4 TOTAL GRAND
TYPE CLASS OFF TOTAL

0.000 0.000 0.000 0.000 0.000 0.000
0.002 0.002 0.004 0.001 0.009 0.019
0.001 0.001 0.002 0.001 0.005 0.011
0.000 0.000 0.000 0.000 0.001 0.003
0.000 0.000 0.001 0.000 0.001 0.003

OO wWN

1 0.003 0.004 0.008 0.002 0.017 0.036

0.023 0.027 0.049 0.012 0.111 0.198
0.002 0.003 0.005 0.001 0.011 0.019
0.007 0.009 0.018 0.005 0.039 0.083
0.002 0.002 0.004 0.001 0.009 0.021
0.001 0.001 0.002 0.001 0.005 0.015
0.001 0.001 0.001 0.000 0.003 0.006
0.002 0.002 0.004 0.001 0.009 0.020

OO, WNEPE

2 0.037 0.044 0.083 0.022 0.186 0.361

0.053 0.061 0.112 0.028 0.255 0.467
0.004 0.005 0.009 0.002 0.019 0.035
0.039 0.047 0.093 0.026 0.205 0.453
0.009 0.011 0.022 0.006 0.048 0.101
0.002 0.003 0.006 0.002 0.013 0.050
0.002 0.002 0.004 0.001 0.009 0.018
0.009 0.010 0.020 0.005 0.044 0.094

oo, WNBE

3 0.117 0.138 0.266 0.071 0.593 1.218

0.063 0.078 0.156 0.043 0.340 0.664
0.008 0.010 0.020 0.005 0.043 0.086
0.056 0.064 0.123 0.033 0.276 0.529
0.012 0.014 0.028 0.008 0.063 0.137
0.004 0.005 0.010 0.003 0.023 0.068
0.002 0.002 0.005 0.001 0.010 0.021
0.010 0.012 0.023 0.006 0.052 0.107

oo, WNPE

4 0.156 0.186 0.365 0.100 0.807 1.611

0.012 0.015 0.029 0.008 0.063 0.130
0.001 0.001 0.001 0.000 0.003 0.006
0.002 0.003 0.005 0.002 0.012 0.024
0.001 0.001 0.001 0.000 0.003 0.005
0.003 0.003 0.006 0.002 0.013 0.028
0.000 0.000 0.000 0.000 0.001 0.001
0.001 0.002 0.003 0.001 0.007 0.013

OO, WNE

5 0.020 0.023 0.046 0.013 0.102 0.207

0.333 0.395 0.768 0.208 1.705 3.432

Road Class: 1=Freeway, 2=Magjor Regional, 3=Principal Arterial, 4=Minor Arterial
5=Caollector, 6=Ramp, 7=Frontage, 8=Local

AreaTypes: 1=Central Business District, 2=Fringe, 3=Urban, 4=Suburban, 5=Rural

CDPHE/APCD/Technical Services Program 4/20/2001



Technical Support Document
Particulate Matter (PM;0) Request and Maintenance Plan for the Denver Metropolitan Area

2015 AM Peak and PM Peak Emission SO2 Inventory Totals

AREA CLASS AM1 AM2 AM3 AM PM1 PM2 PM3 PM
TYPE TOTAL TOTAL

0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.001 0.000 0.001 0.002 0.003 0.001 0.001 0.005
0.000 0.000 0.000 0.001 0.002 0.001 0.000 0.003
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001

oA wWN

1 0.002 0.001 0.001 0.004 0.006 0.002 0.001 0.009

0.009 0.005 0.005 0.018 0.027 0.009 0.005 0.041
0.001 0.000 0.001 0.002 0.003 0.001 0.000 0.004
0.004 0.002 0.003 0.009 0.013 0.005 0.003 0.020
0.001 0.001 0.001 0.002 0.003 0.001 0.001 0.005
0.001 0.001 0.001 0.002 0.002 0.001 0.001 0.004
0.000 0.000 0.000 0.001 0.001 0.000 0.000 0.001
0.001 0.001 0.001 0.002 0.003 0.001 0.001 0.005

OO UThA WN P

2 0.017 0.010 0.011 0.037 0.051 0.019 0.010 0.080

0.019 0.010 0.011 0.040 0.063 0.021 0.011 0.096
0.001 0.001 0.001 0.003 0.004 0.001 0.001 0.006
0.021 0.013 0.014 0.048 0.068 0.026 0.015 0.109
0.004 0.003 0.003 0.011 0.012 0.005 0.003 0.020
0.003 0.003 0.004 0.010 0.005 0.004 0.003 0.012
0.001 0.000 0.001 0.002 0.003 0.001 0.001 0.004
0.005 0.003 0.003 0.011 0.011 0.004 0.002 0.018

OO UThA WNBEF

3 0.053 0.032 0.037 0.123 0.165 0.064 0.036 0.265

0.027 0.017 0.019 0.063 0.091 0.036 0.021 0.148
0.004 0.003 0.003 0.010 0.013 0.005 0.003 0.020
0.022 0.013 0.015 0.050 0.069 0.026 0.015 0.109
0.006 0.004 0.005 0.015 0.018 0.008 0.005 0.031
0.003 0.002 0.003 0.008 0.008 0.005 0.004 0.018
0.001 0.001 0.001 0.002 0.003 0.001 0.001 0.004
0.003 0.002 0.002 0.007 0.014 0.006 0.003 0.023

OO UThA WNBEF

4 0.066 0.041 0.047 0.155 0.216 0.088 0.050 0.354

0.008 0.005 0.006 0.019 0.021 0.009 0.005 0.035
0.000 0.000 0.000 0.001 0.001 0.000 0.000 0.001
0.001 0.001 0.001 0.003 0.003 0.001 0.001 0.004
0.000 0.000 0.000 0.001 0.000 0.000 0.000 0.001
0.001 0.001 0.001 0.004 0.003 0.001 0.001 0.005
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.001 0.000 0.000 0.001 0.001 0.001 0.000 0.002

U WNBEF

5 0.012 0.007 0.009 0.028 0.030 0.012 0.007 0.049

0.149 0.091 0.105 0.346 0.468 0.185 0.106 0.758

Road Class: 1=Freeway, 2=Mgjor Regional, 3=Principal Arterial, 4=Minor Arteria
5=Caollector, 6=Ramp, 7=Frontage, 8=Loca
Area Types: 1=Central Business Didtrict, 2=Fringe, 3=Urban, 4=Suburban, 5=Rural
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Off Peak Total and Grand Total SO, Emission Inventory

AREA ROAD OP1 OP2 OP3 OP4 TOTAL GRAND
TYPE CLASS OFF TOTAL

0.000 0.000 0.000 0.000 0.000 0.000
0.001 0.001 0.003 0.001 0.006 0.013
0.001 0.001 0.002 0.000 0.004 o0.007
0.000 0.000 0.000 0.000 0.001 0.002
0.000 0.000 0.000 0.000 0.001 0.002

cULh WN

1 0.002 0.003 0.005 0.001 0.011 0.024

0.016 0.019 0.035 0.009 0.079 0.138
0.002 0.002 0.003 0.001 0.008 0.013
0.005 0.006 0.011 0.003 0.025 0.054
0.001 0.001 0.003 0.001 0.006 0.013
0.001 0.001 0.001 0.000 0.003 0.010
0.000 0.000 0.001 0.000 0.002 0.004
0.001 0.001 0.003 0.001 0.006 0.013

OO, WNE

2 0.026 0.030 0.057 0.015 0.127 0.245

0.035 0.040 0.074 0.019 0.167 0.303
0.002 0.003 0.006 0.001 0.013 0.022
0.024 0.028 0.056 0.016 0.124 0.280
0.005 0.007 0.014 0.004 0.030 0.061
0.001 0.002 0.003 0.001 0.007 0.028
0.001 0.001 0.002 0.001 0.005 0.011
0.005 0.005 0.011 0.003 0.024 0.052

oo, WNPE

3 0.073 0.086 0.166 0.044 0.370 0.757

0.043 0.054 0.107 0.029 0.233 0.444
0.006 0.007 0.014 0.004 0.030 0.061
0.037 0.042 0.081 0.022 0.181 0.341
0.008 0.009 0.018 0.005 0.040 0.086
0.002 0.003 0.006 0.002 0.012 0.038
0.001 0.002 0.003 0.001 0.007 0.013
0.006 0.007 0.013 0.003 0.028 0.059

oo, WNPE

4 0.103 0.123 0.241 0.066 0.533 1.042

0.010 0.012 0.023 0.006 0.050 0.104
0.000 0.001 0.001 0.000 0.002 0.004
0.002 0.002 0.004 0.001 0.008 0.016
0.000 0.000 0.001 0.000 0.002 0.004
0.002 0.002 0.004 0.001 0.009 0.018
0.000 0.000 0.000 0.000 0.000 0.001
0.001 0.001 0.002 0.001 0.005 0.009

OOk, WNE

5 0.015 0.018 0.035 0.010 0.078 0.155

0.219 0.259 0504 0.136 1.119 2.223
Road Class: 1=Freeway, 2=Major Regional, 3=Principal Arterial, 4=Minor Arterial
5=Caollector, 6=Ramp, 7=Frontage, 8=Local
Area Types: 1=Central Business District, 2=Fringe, 3=Urban, 4=Suburban, 5=Rural
CDPHE/APCD/Technical Services Program 4/20/2001



343

Technical Support Document
Particulate Matter (PM;0) Request and Maintenance Plan for the Denver Metropolitan Area

Interim Year Emission Inventories

Mobile source emission inventories for 2002, 2005 and 2010 were also developed for the

mai ntenance demonstration RAM dispersion modeling analysis to assure that the proposed
control strategies maintained the PM 1o NAAQS for years between 2002 and 2015. The following
table summarizes the mobile source emission inventory estimates for all yearsin the analysis

Road Dust Sanding Tailpipe Tailpipe Tailpipe

PM 1o (t/d) PM 10(t/d) PM 10(t/d) NOXx(t/d) SO,(t/d)
2002 32.168 5.196 4.95 137.7 5.63
2005 34.242 5.632 4.96 109.6 6.10
2010 38.947 6.405 3.13 104.02 2.06
2015 41.078 6.788 3.21 87.78 2.22

A.Interim Year Road Dust, Sanding and tailpipe PM 1o Emission Inventories

The 2015 suite of road dust and sanding emission control strategies appliesto all analysis years.
Inventory estimate methodology isidentical to the 2015 road dust and sanding emission
inventories. The inventories are summarized as follows:

REGION

abrhwWNPE

REGION

O WNPE

2002
Total Uncontrolled  Controlled  Uncontrolled Controlled
VMT Sand Sand Road Dust Road Dust
46,166,980 6.848 4.793 42.641 29.849
205,640 0.032 0.009 0.290 0.081
1,186,604 0.192 0.089 0.764 0.351
2,732,011 0.424 0.297 2.570 1.799
752,435 0.116 0.093 0.753 0.602
51,043,670 7.612 5.280 47.016 32.682
2005
Total Uncontrolled  Controlled  Uncontrolled Controlled
VMT Sand Sand Road Dust Road Dust
50,580,310 7.517 5.262 45,936 32.155
206,088 0.032 0.009 0.288 0.081
1,139,350 0.185 0.085 0.719 0.331
2,607,856 0.404 0.202 2.449 1.224
603,392 0.092 0.074 0.564 0.451
55,136,997 8.230 5.632 49.955 34.242
4/20/2001
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2010
REGION Total Uncontrolled  Controlled  Uncontrolled Controlled
VMT Sand Sand Road Dust Road Dust

57,529,925 8.550 5985 52248  36.573
234,404 0.036 0.010 0.327 0.092
1,295,894 0.210 0.097 0.818 0.376
2,966,169 0.459 0.230 2.785 1.392
686,297 0.105 0.084 0.641 0.513

O WNPE

62,712,690 9.361 6405 56.819 38947

3431 Interim Year Nitrogen Oxide Emission Inventories

The following table summarizes the assumptions used for the 2002, 2005 and 2010 Nitrogen
Oxide emission inventories:

Y ear /M Program Parameters Other Controls Inventory
(ton/day)
2002 No cut-point controls on I/M None 137.7
240 program

2005 2.5 g/mi cut-point on I/M 240 | Tier Il/Low Sulfur (- | 109.6
program; 60% RSD program 12.2 tons)

2010 1.5 g/mi cut-point on I/M 240 | Tier Il/Low Sulfur (- | 104.0
program; 80% RSD program | 27.3 tons/day)

Appendix C contains the Mobile5b descriptive output for one scenario and the resultant emission
factorsfor all areatypes, road classes and peak periodsin tabular format. The emission factors
tabulated in Appendix C result in emissions inventories of 121.8 and 131.3 tons/day for 2005
and 2010, respectively. The inventories in the above table have the Tier 11/Low Sulfur
adjustment removed from the inventory.

3.4.3.2 Interim Year PMyo and Sulfur Dioxide Emission Inventories

The EPA mobile particulate emission factor model PART5 was utilized for the calculation of the
PM 0 and sulfur dioxide emission factors. No adjustments were made to the 2002 and 2005
emission factors. An adjustment to the 2010 emission factors was made using the same
methodology as the adjustment made to the 2015 PM ;o and sulfur dioxide emission factors.
Appendix D contains the 2002, 2005 and 2010 emission factor tables for these pollutants. The
2010 emission factor table in Appendix D has the emission factors resultant from the adjustment
methodology. The following table summarizes the multiplicative adjustment for 2010:

Vehicle Type 2010 PM, Multiplicative Adjustment 2010 SO, Multiplicative Adjustment
LDGV 415 .088
LDGT1 341 .088
LDGT2 .365 .088
HDGV 767 .088
LDDV 732 1.000
LDDT .710 1.000
All other vehicle types 1.000 1.000
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3.5 Major Stationary Point Sources

35.1

Point source modeling procedure and inventory devel opment differ for major and
minor stationary sources of PM 1, NOy, and SO..

A major stationary source is a stationary source that emits, or has the potential to
emit, 100 tons per year (tpy) or more of any pollutant regulated under the Federal Act for
which the areais nonattainment. A stationary source that emits, or has the potential to
emit, 100 tpy of a precursor of the pollutant for which the areais nonattainment is
considered a mgjor stationary source (NOy and SO, are considered precursors for PM g in
the Denver Metro PM o nonattainment area).

For demonstrating compliance with a 24-hr averaging period, consistent with
EPA’s Guideline on Air Quality Models, point sources at mgjor stationary sources are
modeled at maximum allowabl e short-term emissions, which are emission rates based on
maximum actual or design capacity, physical and operational design, continuous
operation for all hours of averaging period, and any federally enforceable short-term
limitations on emissions. To be considered federally enforceable, short-term limitations
must be contained in a permit issued under an EPA-approved permit program, an EPA-
approved state regulation or plan, or in afederal regulation.

The methodology for devel oping the point source emission inventory of major
stationary sources follows the estimations provided in Title V (T5) Operating Permit
technical reviews and applications. Maximum allowable hourly emission rates were
developed from maximum design rates, emission limits in regulations, and potential -to-
emit (PTE) estimations.

The point source emission inventory of major stationary sourcesis used for
modeling 2002, 2003, 2005, 2010, 2015 maintenance years. Since Public Service
Company of Colorado (PSCo) will retire Arapahoe Station Units 1 and 2 by January 1,
2003, per voluntary agreement between PSCo and the State of Colorado, these units are
omitted from the inventories for 2003 and | ater years.

Development of PM;, Emission Inventory

Major PM 1, stationary sources located in the modeling domain are as follows:
Conoco Denver Refinery, PSCo-Arapahoe Station, PSCo-Cherokee Station, PSCo-Zuni
Station, Robinson Brick, Trigen-Colorado Energy Corporation, and UDS Refinery.

Only the point sources from the major stationary sources of PM 3o were included
in the point source modeling (Table 3.5-1)). Non-point source PM o emissions from
these sources have been included in the RAM modeling as area source emissions.
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Table 3.5-1. Mgjor Stationary PM 10 Source Point Summary

Major Stationary PM ,, Source Point Source

Conoco Denver Refinery

Asphalt Heater H-16

Asphalt Heater H-18

Asphalt Unit (Crude Heater)

Asphalt Unit (Vacuum Heater)

Asphalt Unit Flare

B-4 Boiler

B-6 Boiler

B-8 Boiler

DHDS (Feed Heater)

FCCU (Feed Preheater)

FCCU Regenerator

GOHDS (Fractionator Heater)

GOHDS (Reactor Charge Heater)

Main Plant Flare

NDS (Desulfurizer Heater)

No. 1 Sulfur Recovery Unit (H-25, Claus Incinerator)
No. 2 Sulfur Recovery Unit and Tail Gas Unit
Reformer — Inactive H-8

Reformer — Inactive H-12

Reformer (Charge and Reheaters) H-28, H-29, H-30
Rerun (Rerun Charge Heater)

SCTU (Crude Fractionator Heater)

SCTU (Tar Stripper Charge Heater)

SCTU (Vacuum Charge Heater)

Sour Crude (Crude Heater)

Sour Crude (Vacuum Heater)

PSCo-Arapahoe Station
Unit 1 (Bailer)
Unit 2 (Boiler)
Unit 3 (Bailer)
Unit 4 (Boiler)
Unit 5 (Turbine)
Unit 6 (Turbine)
PSCo-Cherokee Station Unit 1 (Bailer)
Unit 2 (Boiler)
Unit 3 (Bailer)
Unit 4 (Boiler)
PSCo-Zuni Station Unit 1A (Boiler)
Unit 1B (Boiler)
Unit 2 (Bailer)
Robinson Brick Rotary Dryer
Tunnel Dryer/Kiln
Tunnel Dryer/Kiln
Rotary Calciner

Trigen-Colorado Energy Corporation
'9 oy porat Boiler 1

Boiler 2
Boiler 3
Boiler 4
Boiler 5
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Point Source

Major Stationary PM ,, Source
UDS Refinery

Crude Heater
Vacuum Heater
Reformer Heater
FCCU Preheater
FCCU Regenerator
Black Oil Heater
Boiler #1

Boiler #2

Boiler #3
Refinery Flare
Rail Car Flare
SRU Plant

351.1 PM Emission Limitation

Particulate Matter (PM) Emission Limitation for fuel burning equipment, as set in
Colorado Regulation No. 1 (Reg. 1) Section I11.A, issummarized in Table 3.5-2, (see
Appendix E.1). Thislimitation appliesto each fuel burning unit regardless of fuel type.
Thislimitation is considered highly conservative for units that burn natural gas, such as
the boilers at Zuni (required by Reg. 1 Section VII1.A for the winter season).

Table 3.5-2. Reg. 1 PM Limitation for Fuel Burning Equipment

Heat I nput Design Capacity (HC)
(10° BTU/hr)

Allowable PM Emission Limitation (Ib/10° Btu)

<1

0.5

1 <HC <500

0.5(HC in 10° BTU/hr) ¢

>500

0.1

The maximum allowable hourly PM 1o emission rates for the boiler units at the
PSCo-Arapahoe Station, PSCo-Cherokee Station, PSCo-Zuni Station, and Trigen
Colorado Energy Corporation are determined from the limitation described above. The
Reg. 1 PM limitation for fuel burning equipment appliesto all sources, grandfathered and

permitted.

PM Emission Limitation for manufacturing processes, as set in Reg. 1 Section
[11.C, are summarized in Table 3.5-3, (see Appendix E.1).

Table 3.5-3. Reg. 1 PM Limitation for Manufacturing Processes

Process Weight Rates (P)
(ton/hr)

Allowable PM Emission Limitation (Ib/hr)

<30ton/hr

3.59(P in ton/hr)®%2

>30 ton/hr

17.31(P in ton/hr)°¢
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PM Limitation for manufacturing processes is applicable for the point sources at
Robinson Brick. The Reg. 1 PM limitation for manufacturing processes appliesto all
sources, grandfathered and permitted.

3512 Cumulative Mass Percent of PM emissions less than 10 ym
EPA’s Compilation of Air Pollutant Emissions Factors (AP-42) has cumulative
particle size distributions for some source types (see Appendix E.2). The massfraction
of PM1oin PM isused to determine the maximum alowable PM o emissions from
maximum allowable PM emissions, as limited by Reg. 1. Table3.5-4 lists the mass
fractions and the point sources they were applied to.

Table 3.5-4. Cumulative Mass % of PM emissions less than 10 pm

Cumulative Mass % of PM
Source Type Point Source emissions< 10 ym

Dry Bottom Boilers burning pulverized Arapahoe: Units 1, 2 67

bituminous and subbituminous coal, w/
ESP

Dry Bottom Boilers burning pulverized Arapahoe: Units 3, 4 92
bituminous and subbituminous coal, w/ Cherokee: Units 1, 2, 3, 4
baghouse*
Utility Boilersfiring residual ail, Zuni: Units 1A, 1B, 2
uncontrolled?

Rotary Dryer® Robinson Brick: SO001

Rotary Calciner® Robinson Brick: S006

AP-42, Table 1.1-6 (9/98).
’AP-42, Table 1.3-4 (9/98).
SAP-42, Table 11.25-8 (1/95).

35.13 Potential to Emit
Maximum hourly PM 1o emissions for the point sources at the refineries are based
on the estimations submitted in their T5 applications. The PTE estimations were
calculated with emission factors. These estimations are summarized in Section 3.5.1.4
and attached in Appendix E.3, Conoco Refinery and UDS Refinery.

Maximum hourly PM 1o emission rates for the turbines at PSCo-Arapahoe Station
are the maximum short-term emission rates reported in their construction permit
application (see Appendix E.3, PSCo - Arapahoe).

3514 PMio Emission Inventory
Hourly emission rates (ER) based on limitationsin Reg. 1 are calculated in the
following manner:

For fuel burning equipment:

ER IbPM,, = Design Rate mmB x Reg.1Limit b PM x Cumul ative M ass % IbPM,,
hr hr mmBtu Ib PM
For manufacturing processes:
ER IbPM,, = Reg.1Limit IoPM x Cumulative Mass % IbPM,,
hr hr Ib PM
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Hourly emission rates based on emission factors (EF) are calculated in the following manner:

For fuel burning equipment:

ER(Ib PM“’) = EF(—Ib PM}") x Heating Value[ mmsct jx Design Rate( mthuJ

hr mmsc mmBtu hr

ER lbPM,, ) _ Fuel Use barrel or mmscf ) EF IbPM x Operation yr
hr yr barrel or mmscf 8760 hr

6 3
er[ PP, — Throughput 10°1°) EF[ Ej  Operati On( yr jx 0.06241b [L
hr yr L 8760 hr pg C10° ft*

Table 3.5-5 through Table 3.5-11 summarizes the emission inventory calculations for the major

PM 1 stationary sources (see Appendix E.4 for supporting documentation).
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Table 3.5-5. Conoco Refinery PM 10 Point Source Emissions

Conoco Refinery

Feed Rate PM,o EF Fuel Use PMy, EF | Operation
(10% barrelslyr) | (Ib/10%barrels) | (mmscffyr) | (Ib/mmscf) hr/yr

7300 50.8 8760
206.39 13.7 8760
331.13 13.7 8760
126.14 13.7 8760
145.42 13.7 8760
298.02 13.7 8760
260.7 13.7 8760
67.28 12 8760
258.77 13.7 8760
501.42 13.7 8760
511.58 13.7 8760
59.57 12 8760
255.62 13.7 8760
122.64 13.7 8760
523.5 13.7 8760
1138.8 3 8760
Boiler 6 972.36 3 8760
Boiler 8 1410.36 3 8760
Heater 18 52.56 12 8760
Heater 16 52.56 12 8760
SRU1 0 0 8760
Heater 27 669.96 8760
Heaters 28, 29, 30 776.14 8760
Total

Table 3.5-6. PSCo-Arapahoe Station PM 1o Point Source Emissions

PSCO-Arapahoe Station

Design Rate Reg. 1 PM Limit Fraction PMy, ER
Point (mmBtu/hr) (Ib/mmBtu) PM,o/PM (Ib/hr) PMy, ER (¢/s)

Unit 1 (2002 only) 754.8 0.1 0.67 50.57
Unit 2 (2002 only) 754.8 0.1 0.67 50.57
Unit 3 754.8 0.1 0.92 69.44
Unit 4 1709 0.1 0.92 157.23
Unit5° 3.00
Unit 6° 3.00
2002 Total 334
2003+ Total 233

Maximum short-term emission rate noted in construction permit application

CDPHE/APCD/Technical Services Program 4/20/2001 35



Technical Support Document
Particulate Matter (PM;0) Request and Maintenance Plan for the Denver Metropolitan Area

Table 3.5-7. PSCo-Cherokee Station PM 19 Point Source Emissions

PSCO-Cherokee Station

Design Rate Reg. 1 PM Limit Fraction
(mmBtu/hr) (Ib/mmBtu) PM,o/PM

1392 0.1 0.92
1392 0.1 0.92
1877 0.1 0.92

3520 0.1 0.92

PSCO-Zuni Station

Design Rate Reg. 1 PM Limit Fraction PMy, ER
(mmBtu/hr) (Ib/mmBtu) PM;o/PM (Ib/hr)

450 0.102 0.71 32.59
200 0.126 0.71 17.89
1075 01 0.71 76.33
127

Table 3.5-9. Robinson Brick PM o Point Source Emissions

Robinson Brick
P = Short-Term Reg. 1 Limit Reg. 1 Limit
Process Rate (dry | PM = 17.31P%* | PM = 3.59P%%2 | Fraction
Point ton/hr) (Ib/hr) (Ib/hr) PM;o/PM

001: Rotary Dryer 35 30.57 0.24

$002,3003,5004,3005:
Tunnel Dryer(2), Kiln(2)

S006: Rotary Calciner 0.34
Total

1
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Table 3.5-10. Trigen-Colorado Energy Corporation PM ;o Point Source Emissions

Trigen-Colorado Energy Corporation

Design Rate Reg. 1 PM Limit Fraction PMy, ER
(mmBtu/hr) (Ib/mmBtu) PM;o/PM (Ib/hr)

288 011 1 31.68
288 011 31.68
225 0.12 27.00
360 0.1 36.00
650 0.1 65.00
191

1
1
1
1

Table 3.5-11. UDS Refinery PM ;o Point Source Emissions

UDS Refinery

Ib PM,o/ Flare

Coke 10%1b Design | PMy, |PMyo|Throughp| (Ib-L)/ Operatio| PMyg
Productio| Coke Rate |EF(Ib/| EF | ut(10° n ER
n (Ib/hr) | Produced | (mmBtu/hr) | mmscf) |(ug/L)|  ftSyr) (hr/yr) | (Ib/hr)

5788.7 7.88 45.61
88 13.7 121

31 13.7 0.42

13.7 221
13.7 2.28

12 0.03

5 0.04

3515 Fugitive Sources at Major PM10 Sources

Fugitive dust sources at major PM 1, facilities were modeled using the RAM model as
area sources. Table 3.5-12 presents a summary of fugitive emissions from the major PM
facilitiesin the modeling domain from 1995 actual emissions data. These emission rates were
grown to the maintenance years based on demographic data for modeling purposes. Fugitive
emissions at these facilities include coal/ash handling, paved/unpaved roads, cooling towers, and
grain handing.
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Table 3.5-12. Fugitive PM10 Emissions at Mgjor Facilities Using the RAM Model

Plant
CHEROKEE

ARAPAHOE

ROCKY MOUNTAIN
BOTTLE CO

ROBINSON BRICK CO
PIONEER MINE

COORS BREWING

CDPHE/APCD/Technical Services Program

Process
COAL HANDLING/STORAGE
FLY ASH HANDLING/STORAGE
PAVED/UNPAVED ROADS
COOLING TOWERS
Subtotal

COAL HANDLING/STORAGE

FUG. LIGHT PETRO.OIL MIST

OPEN PIT CLAY MINING

ASH HANDLING SYSTEM

COAL HANDLING - #5 BOILER
COAL UNLOADING

COAL CONVEY TO BOILER #3
STARCH HANDLING

RICE UNLOADING

MCINTYRE GRAIN SLOS
MALTING OPERATION
MALTHOUSE GRAIN HANDLING
RAW MAT MILLING/BATCHING
SPENT GRAIN DYRING SYSTEM
MALTHOUSE

PWTP COOLING TOWER

FAB SHOP BOILERS

BREWERY COOLING TOWERS
DIESEL AIR COMPRESSOR
CEMENT BATCH PLANT

DRY BYPRODUCT PELLET SYS
PACKAGING RAIL TUNNELS
CEMENT BATCH PLANT
BOILER

DIATOMACEOUS EARTH
HANDLG

YEAST DRYING PLANT
PACKAGING HOT MELT
APPLIC

CO4 NATURAL GASUSE
BUILDING 21 COOLING TOWER
BUILDING 30 COOLING TOWER
BLDG 32 COOLING TOWER
TRIM SCRAP CYCLONES

4/20/2001

Emissions Emissions

(tpy)
24.00
11.00
11.20

7.00
53.20

36.90

1.30

1.58

8.50
0.11
0.01
0.00
1.27
0.63
0.80
1.05
2.70
1.70
241
0.00
0.32
0.02
2.90
0.15
0.40
25.90
0.47

0.00

0.04
0.63

0.70
0.09
1.08
212
0.32
7.50

(tpd)
0.07
0.03
0.03
0.02
0.15

0.10

0.00

1.58

0.02
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.00
0.01
0.00
0.00
0.00
0.01
0.00
0.00
0.07
0.00

0.00

0.00
0.00

0.00
0.00
0.00
0.01
0.00
0.02
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Emissions Emissions

Plant Process (tpy) (tpd)
DECO SCRAP CYCLONE 6 0.10 0.00
WELLNESS CENTER BOILER 0.02 0.00
DIESEL FUEL 0.00 0.00
ABRASIVE RECYCLNG-
PROCESS 0.42 0.00
Subtotal 53.73 0.15

RAIL CAR-DUMPERTO

Trigen-Golden Facility HOPPERS 51.60 0.14
CONVEYOR TO UNIT5 SLOS 22.70 0.06

CONVEYOR TO UNIT 3SLOS 0.02 0.00

CYCLONES 47.70 0.13

BIN VENT 0.22 0.00

FLY ASH LOADOUT 0.02 0.00

DIESEL ENGINE 0.14 0.00

Subtotal 122.40 0.34

Total Fugitive Emissions 215.38 0.47

3.5.2 Development of Secondary PM10 Emission Inventory
Asin the attainment SIP modeling protocol, major stationary sources of NO, and
SO, are treated as background sources where such sources are modeled with anticipated
actual emissions if two criteria are met:

(1) The difference between modeling at anticipated actual versus maximum allowable
emission rates for any excluded source must be less than ade minimislevel of 1
ng/m? secondary PM 1 (using the secondary particulate roll-forward model described
in Section 4.3, and;

(2) The cumulative difference for all excluded sources must be no more than 2 pg/m°.

The criteria above are evaluated using daily 1995 SIP anticipated actual
emissions and daily maximum allowable emission rates for the 2015 maintenance year.
Major stationary sources that do not meet these criteria are included in the secondary
PM o concentration determination using their maximum allowable emissions of NOy and
SO,. For the attainment SIP, this methodology resulted in five sources modeled at
maximum allowable emissions. PSCo-Arapahoe Station, PSCo-Cherokee Station, PSCo-
Vamont Station, Trigen-Colorado Energy Corporation, and Rocky Mountain Bottle
Company.

Major NOy and SO, stationary sources located in the modeling domain are listed
in Table 3.5-13 (see Appendix E.2) below. Though not in the modeling domain, PSCo-
Vamont Station isincluded in Table 3.5-13 because of the attainment SIP modeling
protocol requirement to account for their secondary PM o emissions. The GSA Federal
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Center, not identified as amajor source, was included in Table 3.5-13 because it was part
of the attainment SIP evaluation for modeling secondary PM 1o sources at actual
emissions.

Inits approval of the Denver PM 1 nonattainment area SIP, EPA incorporated by

reference permits for Purina Mills and Electron Corporation. However, these source
permits reflect that Purina and Electron are minor sources - i.e., have emissions less than
100 tons per year of PM 1g. Accordingly, the State modeled these sources at their actual

emissions plus a growth factor for purposes of the nonattainment area SIP attainment
demonstration. Although these sources have potentials to emit greater than 100 tons per
year, they are no different than other synthetic minor sourcesin the Denver areathat were
modeled at actual emissions plus a growth factor in the original nonattainment area SIP,
and there is no reason the permits for these sources need to be specifically incorporated
by reference into the SIP. Thus, the maintenance plan removes the permits for Purina
Mills and Electron Corporation from the SIP, and lists them as possible contingency
measures should the NAAQS be violated.

Annual source PTE estimates, used to determine daily allowable emission rates,
were extracted from T5 applications and technical reviews, and updated cal culations
based on newer emission factors (see Appendix E.2). The PTE listed below for PSCo-
Denver Steam, PSCo-Vamont Station, PSCo-Zuni Station, and Trigen-Colorado Energy
Corporation reflect the restriction in Reg. 1 Section VI1I1.A which requires these facilities
to use natural gas as the primary fuel in units capable of burning either gas or oil between
November 1 and March 1 and allows the use of fuel oil as backup fuel under certain
circumstances during this period (see Appendix E.1). The PTE for PSCo-Arapahoe
Station takes into account of retirement of Units 1 and 2 in January 1, 2003.

Table 3.5-13. Magjor Stationary Secondary PM 19 Sources (2015 emissions)

. . PTE (tpy)

Major Stationary Secondary PM, Source NO, SO,
Amoco — Wattenberg 345
Buckley AFB 352 123
CIG — Watkins 994
Conoco Denver Refinery 1,734 3,498
Gates Rubber Co. 379
GSA Federal Center 30
HS Resources — Brighton 525
Metro Wastewater 245
NARCo — Mitchell 150
NARCo — Radar 178
NARCo — State 156
NARCo — Third Creek 248
PSCo — Arapahoe Sation 7,770 10,224
PSCo — Cherokee Sation 21,382 34,683
PSCo - Denver Steam Plant (gas-fired) 585
PSCo — Valmont Sation (gas-fired) 4,474 8,890
PSCo - Zuni Sation (gas-fired) 2,116
Rocky Flats 183
Rocky Mountain Bottle Company 424 369
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PTE (tpy)

Major Stationary Secondary PM, Source

Trigen-Colorado Energy Corporation (gas-fired)
TXI Operations, LP —Western Aggregates
UDS Refinery

The five sources modeled at maximum allowable emissions in the attainment SIP
are not part of the criteria evaluation because of the intention to model them at maximum
allowable emissions for the maintenance plan. However, their emissions (1995 SIP
Allow) arelisted in the upper portion of Table 3.5-14to determine the emission (tpd)-to-
concentration (pg/m°) multiplier, per the roll-forward method. For the excluded sources,
the annual source 2015 PTE are divided by 365 days to determine daily allowable
emission rates. The difference between 2015 daily allowable emission rates (2015
Allow) and attainment SIP anticipated actual emission rates (1995 SIP Actual) for the
excluded sources are determined and used to evaluate the criteria above (see Table
3.5-14).
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Table 3.5-14. Evaluation for Modeling Secondary PM o Sources at Actual Emissions

1995 SIP Secondary PM ;4 Sour ce
Modeled at Maximum Allowable

1995 SIP Allow

NO, | SO,

Secondary Concentration (pg/m®)

Multiplier 3

It appears PSCo Zuni was erroneously modeled at maximum allowable (11 tpd NO,) inthe 1995 SIP, but is

(tpd)
PSCo Cherokee Station 55.7 83.6
PSCo Arapahoe Station 28.9 36.0
PSCo Vamont Station 9.6 24.7
Trigen-Colorado Energy Corp. 13.2 19.1
Rocky Mountain Bottle Co. 1.7 1.0
1995 SIP Actual 2015 Allow Evaluation
Allow minus Actual Conc.
Excluded Secondary PM o Source | NO, SO, NO, | SO, | Emissions | Conc. | Difference
Modeled at Actual+Growth (tpd) (tpd) (tpd) Wy | <1pgm®
Amoco Wattenburg 13 0.1 0.9 0.1 -04 Yes
Buckley AFB 0.8 0.1 1.0 0.3 0.4 0.0 Yes
CIG Watkins 2.8 0.0 2.7 0.0 -0.1 Yes
Conoco Refinery 1.9 6.5 4.8 9.6 5.9 0.6 Yes
Gates Rubber 0.8 0.0 1.0 0.0 0.2 0.0 Yes
GSA Federa Center 0.5 0.7 0.1 0.0 -1.1 Yes
H.S. Resources Brighton Station™ 1.4 0.0 1.4 0.1 Yes
Metro Wastewater 0.1 0.0 0.0 0.7 0.6 0.1 Yes
NARCo Mitchell Station™ 0.4 0.0 0.4 0.0 Yes
NARCo Radar Station 0.2 0.0 0.5 0.0 0.3 0.0 Yes
NARCo State Station”” 0.4 0.0 0.4 0.0 Yes
NARCo Third Creek Station 1.3 0.0 0.7 0.0 -0.6 Yes
PSCo Denver Steam Plant 0.9 0.0 1.6 0.0 0.7 0.1 Yes
PSCo Zuni” 0.7 0.0 5.8 0.0 51 0.5 Yes
Rocky Flats 0.2 0.1 0.5 0.0 0.2 0.0 Yes
TXI Western Aggregate 0.3 0.0 0.6 0.7 1.0 0.1 Yes
UDS Refinery 1.2 3.6 1.0 2.9 -1.0 Yes
Remaining minor point sources 5.4 0.0 Cumulative Difference 1.6 Each Conc.
Allowable Point Subtotal | 109.1 | 164.4 Lessthan 2 pg/m®?  Yes E'fﬁrgnﬁ?
Actual Point Subtotal | 18.4 11.1 Criteria 2 met Criteria 1 met]
Point Source Subtotal” | 137.8 | 1755
Area Sources Subtotal | 55.5 2.1
M obile Sour ce Subtotal | 119.4 25
Total | 312.7 180.1
TOTAL Secondary Emissions (tpd) 492.

modeled at actual emissionsin 2001 maintenance plan. The 1995 point source subtotal reflects Zuni at maximum

alowable.

“These sources were not contained in 1995 list of sources.

Asillustrated above, the criteria have been met for the excluded secondary PM o sources

modeled at actual plus growth listed in Table 3.5-14. Therefore, the same five major stationary

secondary PM 1o sources modeled at maximum allowable emissions for the 1995 attainment SIP
will be modeled at maximum allowable emissions for this maintenance plan. Table 3.5-15 lists
the point sources associated with these sources.
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Table 3.5-15. Secondary PM 1o Source Point Summary

Secondary PM 44 Source Point Source
PSCo-Arapahoe Sation

Unit 1 (Boiler)
Unit 2 (Boiler)
Unit 3 (Boailer)
Unit 4 (Boiler)
Unit 5 (Turbine)
Unit 6 (Turbine)

PSCo-Cherokee Station Unit 1 (Boiler)
Unit 2 (Boiler)
Unit 3 (Boailer)
Unit 4 (Boiler)
PSCo-Valmont Sation Unit 5 (Boiler)
Unit 6 (Turbine)
Unit 7 (Turbine)
Unit 8 (Turbine)
Rocky Mountain Bottle Company Furnace 1
Furnace 2
Furnace 3
IS Bottle Making Machines

Trigen-Colorado Energy Corporation
9 9y P Boiler 1

Boiler 2
Boiler 3
Boiler 4
Boiler 5

NOx and SO, Emission Limitations
Table 3.5-16 summarizes the NOx and SO, limitations applicable to the point
sources above. For sources subject to multiple limitations, the most restrictive limit is
reported. The regulations providing the limitsin Table 3.5-16 are discussed below.

Reg. 1 contains numerous NOy and SO, emission limitations that apply to the
sources of interest. Section VI provides SO, emission limitations for sources constructed
or modified prior to August 11, 1977, except sources listed in Section VII. Section VI
limitations are based on a 3-hr rolling average. Trigen-Colorado Energy Corporation
Boilers 3, 4, and 5 are subject to Section VI. Section VI provides NOy and/or SO,
emission limitations for select units at electric generating stations owned and operated by
PSCo. The NO limitations are based on a 30-day rolling average. The SO, limitations
are based on a 3-hr rolling average, with one exception that is based on an annual average
which isnoted in the table. Section VI affects PSCo-Vamont Station Unit 5 and all
units at PSCo-Arapahoe Station and PSCo-Cherokee Station. (see Appendix E.1).

As part of the approval of this maintenance plan, Reg. 1 will be updated to
include 30-day rolling average limitations for PSCO-Arapahoe Station and PSCO-
Cherokee Station. A NOy limit effective January 1, 2005 is placed on PSCo-Cherokee
Station Unit 1. Upon maintenance plan approval, SO, limits that will only apply from
November 1 through March 1 are placed on PSCo-Cherokee Station Units 1 and 4 and
PSCo-Arapahoe Station Unit 4.

Federal Regulation 40CFR Part 60 provides New Source Performance Standards
(NSPS). Trigen-Colorado Energy Boilers 4 and 5 are subject to NSPS Subpart D. NSPS
Subpart D contains NOy limits based on a 3-hr rolling average (see Appendix E.5).
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The attainment SIP contains annual reductions of NOy and SO, for Trigen-
Colorado Energy Units 4 and 5 combined.

Table 3.5-16. NO, and SO, Emission Limitations

Limitation (Ib/mmBtu)

Limitation (tpy)

Reg. 1

SectionVI|

Section VI|I

New?

Attainment SIP

Source

So,!

NO,2 So,!

NO* | SO,°

NO, | SO,

PSCo-Arapahoe Sation

11

11

11

11

20% annual
tonnage
reduction

PSCo-Cherokee Sation

11

11

11

11

20% annual
tonnage
reduction®

Trigen-Colorado Energy

Corporation

PSCo-Valmont Sation

3-hr rolling average unless otherwise noted.

230-day rolling average.
3Average of both units.

“Based on approval of maintenance plan 30 day rolling average, effective January 1, 2005.

SUpon approval of maintenance plan 30 day rolling average, applicable November 1 through March 1.

3522 Potential to Emit

AP-42 emission factors were used to determine maximum daily emissions for the
following point sources (see Appendix E.3):

Table 3.5-17. PTE determined with AP-42 Emission Factors

Facility

Point

Pollutants

PSCo- Arapahoe Sation

Units 1, 2, 3

NO,

PSCo-Cherokee Sation

Units 1 (< 2005) and 2

NO,

PSCo-Valmont Sation

Unit 6 (gas)

NO,

Trigen-Colorado Energy Corporation

Boilers 1 and 2 (gas)

NOX: &)2

Boiler 3

NO,

Maximum daily NOy and SO, emission rates for the turbines at Arapahoe and
Vamont Stations are the maximum short-term emission rates reported in their

construction permit application (see Appendix E.4, PSCo - Arapahoe).

Maximum daily emissions calculated for Furnaces 1, 2, and 3 at Rocky Mountain
Bottle Company are based on stack testing data collected at maximum capacity. The
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daily maximum emissions from the IS Bottle Making Machines are based on mass
balance and design capacity (see Appendix E.4, Rocky Mountain Bottle).

PTE estimations are summarized in Section 3.5.2.3 and attached in Appendix E.4.

35.23 Secondary PMjo Emission Inventory
Emission rates (ER) based on limits or AP-42 emissions factor (EF) are calculated

in the following manner:

mmBtu IbNO,
mmBtu

ER (tpd NO, ) = Design RaIe(

jx Limit or EF( 24hr) o 0.0005ton

x Operation
day Ib

ER (tpdSOz)=Design Rate mmB x Limit or EF lb& X 1—l x Operation 24hr X 0.0005ton
hr mmBtu 100 day Ib

where: n = control efficiency (%), applicable for select point sources

ER (tpd NO, ) = EF IbNO, ), coal Ratel 21 x Operation 24hr ). 0.0005ton
ton cod hr day b

ER (ipd NO, ) = EF[ IbNO, jx toncod  pocon Rate( mT]Bt”ijperaxion[? her 0.0005 ton
r ay

toncoal ) 22.8mmBtu Ib
ER (tpd NOX) =EF IbNO, x Heating Value mmscf x Design Rate mmBW x Operation 24hr x 0.0005ton
mmscf mmBtu day Ib

Table 3.5-18 through Table 3.5-22 summarizes the emission inventory
calculations for the secondary PM o stationary sources modeled at maximum allowable
emissions.
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Table 3.5-18. PSCo-Arapahoe Station NOy and SO, Point Source Emissions

PSCo-Arapahoe Station

Design Rate | NO, Limit | SO, Limit | SO, 7 |Operation
Point (mmBtu/hr) | (Ib/mmBtu) | (Ib/mmBtu) | (%) hr/day | ton/lb

Unit 1 (2002 only) 754.8 0.977 11 0 24 | 0.0005

Unit 2 (2002 only) 754.8 0.977 11 0 24 | 0.0005

Unit 3 754.8 0.977* 11 0 24 0.0005

Unit 4 1709 0.6 11 24 0.0005

Unit 5

Unit 6

2002 Total

2003+ Total

INot a limit, PTE based on AP-42, Table 1.1-3 (10/96) 21.7 Ib NO,/ton coal and coal usage of 34 ton/hr.
2Maximum short-term emission rate noted in construction permit application.
SThisrateis also equivalent to the 0.88 Ib/mmBtu limit applicable from November 1 through March 1.

Table 3.5-19. PSCo-Cherokee Station NO, and SO, Point Source Emissions

PSCo-Cherokee Station

Design Rate NO, Limit SO, Limit SO, 7 | Operation
Point (mmBtu/hr) (Ib/mmBtu) | (Ib/mmBtu) (%) hr/day

Unit 1 (< 2005) 1392 0.96" 1.1 20 24

Unit 1 (> 2005) 1392 0.6 1.1 20 24

Unit 2 1392 0.96! 1.1 0 24

Unit 3 1877 0.6 11 0 24

Unit 4 3520 0.45 11 20 24

< 2005 Total

>2005 Total

INot a limit, PTE based on AP-42, Table 1.1-3 (10/96) 21.7 Ib NO,/ton coal and coal usage of 61.8 ton/hr.
2Thisrateis also equivalent to the 0.88 Ib/mmBtu limit applicable from November 1 through March 1.

Table 3.5-20. PSCo-Vamont Station NO, and SO, Point Source Emissions

PSCo-Valmont Station

Design Rate NO, Limit SO, Limit | Operation
Point (mmBtu/hr) (Ib/mmBtu) | (Ib/mmBtu) hr/day

Unit 5 1845 0.45 11 24

5

Unit 6 (gas) 570 0.32 24

Unit 72

Unit 82

Total

Not a limitation, PTE based on AP-42, Table 3.1-1 (4/00).
2Maximum short-term emission rate noted in construction permit and application.
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Table 3.5-21. Rocky Mountain Bottle Company NO, and SO, Point Source Emissions

Rocky Mountain Bottle Company

Operation
Point NO, (Ib/hr)[SO, (Ib/hr)| hr/day

Furnacel, 2,3 96.8 82.65 24
IS Bottle Making Machine 0.01 16 24

Total

Table 3.5-22. Trigen-Colorado Energy Corp. NOy and SO, Point Source Emissions

Trigen-Colorado Energy Corp.

Design Rate NO, Limit SO, Limit | Operation
Point (mmBtu/hr) (Ib/mmBtu) | (Ib/mmBtu) hr/day

Boiler 1 (gas) 288 0.28 0.00062 24
Boiler 2 (gas) 288 0.28 0.00062 24
Boiler 3 225 0.39° 1.8 24
Boiler 4 360 0.7 1.2 24
Boiler 5 650 0.7 1.2 24

S P Reduction
Total

1 Not a limit, PTE based on AP-42, Table 1.4-1 (7/98) 280 Ib NO/mmscf and 1000 Btu/scf.
2 Not a limit, PTE based on AP-42, Table 1.4-2 (7/98) 0.6 |b SO,/mmscf and 1000 Btu/scf.
3 Not a limit, PTE based on AP-42, Table 1.1-3 (9/98) 8.8 IbNO,/ton coal and 11,400 Btu/Ib coal.

Minor Point Sour ces

The same base point source inventory that was used for the attainment SIP was
utilized for projection to 2002, 2003, 2005, 2010, and 2015 with the exception of major
point sources. Data for the minor point sources not included in the previous section (3.5)
areincluded in Appendix F.

Residential Wood Burning Emission Estimates

Denver metropolitan area wood burning devices and habits were surveyed in 1991 by
R. Bruce Hutton, Ph.D and Steven W. Hartley, Ph.D. This survey isthe basis for the
residential wood burning emission inventories developed for the Denver PM 4o
attainment/maintenance demonstration as well as all other wood burning emission
estimates subsequent to 1991. The following calculation of residential wood burning PM 1,
nitrogen oxide and sulfur dioxide emissions for 2015 result directly from the Hutton survey
asit was applied to the 1995 inventories devel oped for the Denver element of the Colorado
PM o State Implementation submission in 1995.
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3.7.1 Household population and distribution in 2015

Thetotal households for 2015 were derived from the DRCOG 2001-2006 TIP
Conformity demographic data estimates. The households estimate for the 13 regionsin the
PM o dispersion modeling domain are as follows:

Region Households
159,397.00
179,54
0.30
70,309
20
58,251
90
20,312
.70
21,487
.00
45,052
.00
63,046
.20
149,63
9.20
182,26
0 9.20
25,213
1 20
46,709
2 .20
10,525
3 10
1,031,
otal 752.20

3.7.2 2015 Woodburning Stove Device Population
variables:

Cl91 = Colorado Phase | stove population in 1991
Cl191 = Colorado Phase |1 stove population in 1991
conv15 = conventional stove population in 2015
Cl15 = Colorado Phase | stove population

Cl115 = Colorado Phase |1 stove population

CI1115 = Colorado Phase |11 stove population

I* calculate the conventional stove population in 2015
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I* 80% of the new CII1 wood burning devices replace conventional wood burning stoves
I* Cl and CII pops remain static w/no new devices sold

* CIII pop increases 1300/year plus the 4% of new houses (.8*.05)

I* that add a Cll1 device to population

CA conv15=conv9l - (2015- 1991 ) * 1300 * stv-var * .8

CA cil5=ci91

CA ciil5=cii91

CA Giii15 = ciii91 + ( 2015 - 1991 ) * 1300 * stv-var + ( hh15 - hh92 ) * .8 * .05

3.7.3 Calculate the wood burning stove emission rates per household
Assumptions:

[***  STV-USE applied to conventional stoves since older stoves tend not to be use
[***  asregularly as new technology/more recently purchased stoves

/***

[***  the'STV-WOOD' variable (.93) is the number of 'stoves' that are

[*** wood burning as opposed to gas burning... applied to ALL stoves

[¥**  (see 12/16/92 memo in 1989/1995 PM ;o SIP WB inventory file

/***

3.7.4 Calculate the emission rates / household for conv15

CA CONV15-PM10=( CONV15* STV-USE * STV-CORDS* STV-WOOD * 1100. * 14.9) /
HH15

CA CONV15-NOX = (CONV15* STV-USE * STV-CORDS* STV-WOOD * 1100. * 1.4) /
HH15

CA CONV15-SOX = ( CONV15* STV-USE * STV-CORDS* STV-WOOD * 1100.* .2)/
HH15

3.7.5 Calculate the new technology emission rates / household
Assumptions:

/***  All new technology/more recently purchased stoves are assumed to
[***  be used regularly; consequently the 'STV-USE' variableis not
[***  applied to these stoves....

/***

3.7.6 Calculate the emission rates / household for Cl15

CA CI15-PM10=( CI15* STV-CORDS* STV-WOOD * 1100. * 12.0) / HH15
CA CI15-NOX = (CI15* STV-CORDS* STV-WOOD * 1100. * 1.2 ) / HH15
CA CI15-SOX = (CI15* STV-CORDS* STV-WOOD * 1100. * .2) / HH15

3.7.7 Calculate the emission rates / household for CII15

CDPHE/APCD/Technical Services Program 4/20/2001 48



Technical Support Document
Particulate Matter (PM;0) Request and Maintenance Plan for the Denver Metropolitan Area

CA CII15-PM10 = ( ClI15* STV-CORDS* STV-WOOD * 1100. * 8.2) / HH15
CA CII15-NOX = ( Cl115* STV-CORDS* STV-WOOD * 1100. * 1.8 ) / HH15
CA CII15-SOX = ( CII115* STV-CORDS* STV-WOOD * 1100. * .2) / HH15

3.7.8 Calculate the emission rates / household for CllI15

CA CIl15-PM10 = ( CIlI15* STV-CORDS* STV-WOOD * 1100.* 5.7 ) / HH15
CA CIII15-NOX = (CIlI15* STV-CORDS * STV-WOOD * 1100. * 2.9) / HH15
CA CIl115-SOX = ( ClIl115* STV-CORDS* STV-WOOD * 1100. * .2) / HH15

3.7.9 Calculate the conventional fireplace (FP15) devices
Assumptions:
Number of 2015 fireplacesis the remaining .29 of FP95 (1995 fireplaces) that is not
converted to gas or Phase |11 devices ( .29 =.94"20; where 20 = number of years between
1995 and 2015 and .94 is the factor that the population is reduced each year)

cafpl5=1fp95 * .29

3.7.10 Calculate the emission rates / household for FP15

CA FP15-PM10 = ( FP15 * FP-USE * FP-CORDS* 10.8 * 1100. ) / HH15
CA FP15-SOX = ( FP15* FP-USE * FP-CORDS* .2 * 1100.)/ HH15
CA FP15-NOX = ( FP15 * FP-USE * FP-CORDS* .9* 1100. ) / HH15

3.7.11 Devices Summary

REGION FIRE CONV Cl Cll Clll TOTAL

PLACES STOVE STOVE STOVE STOVE DEVICES
1 13,376.45 1,360.79 329.81 659.62 6,065.12  21,791.79
2 7,279.38 716.007 341.893 683.785 4,844.33  13,865.40
3 4,252.75 469.367 151.679 303.357 2,278.90 7,456.05
4 4,620.31 243.465 0 0 1,705.31 6,569.09
5 198.003 134.014 0 0 751.117 1,083.13
6 659.838 0 53.788 107.577 244 .81 1,066.01
7 1,292.16 757.403 0 0 2,668.20 4,717.76
8 2,752.41 1,416.74 281.316 562.632 4,283.92 9,297.02
9 8,148.82 2,809.21 680.86 1,361.72 9,817.38  22,817.99
10 5,945.68 1,792.29 0 0 8,526.42  16,264.39
11 1,040.14 300.675 43.557 87.113 1,343.35 2,814.83
12 3,581.95 928.775 0 0 3,346.82 7,857.55
13 412.153 256.193 21.597 43.195 866.713 1,599.85

53,560.04 11,184.93  1,904.50 3,809.00 46,742.40 117200.9
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3.7.12 Emissions Estimate Summaries

PM 10 Emissions Estimate (uncontrolled tons/househol d-season)

REGION  FIRE
PLACES
56.148
52.963
23.337
21.612
2.09
2.643
5.754
13.91
34.955
49.003
7.925
21.75

O© 00N Ol WN P

ol e
W N PO
w
(*2]
(o]
|_\

CONV
STOVE
1.886
7.858
3.105
1.44
2.333
0
1.527
10.765
38.327
34.104
2.907
29.853

Cl
STOVE
1.116
5.455
1.078

Cll
STOVE
1.525
7.455
1.473
0
0
1.173
0
3.512
14.606
0
0.539
0
0.519

Clll
STOVE
9.746
36.711
7.69
3.858
5.002
1.855
5.145
18.586
73.198
82.754
5.776
41.152

TOTAL
PM10
70.421
110.44
36.682
26.91
9.424
6.529
12.426
49.343
171.773
165.861
17.541
92.755

295.77

137.18

22.537

30.8

298.712

NOX Emissions Estimate (uncontrolled tons’household-season)

REGION  FIRE

PLACES
4.679
4.414
1.945
1.801
0.174
0.22
0.479
1.159
2913
4.084
0.66

O© 00N Ol WN P

ol e
W N PP O
o =
w 0o
o
~N DN

CONV
STOVE
0.177
0.738
0.292
0.135
0.219
0
0.143
1.012
3.601
3.204
0.273
2.805

Cl
STOVE
0.112
0.545
0.108

Cll
STOVE
0.335
1.636
0.323

Clll
STOVE
4.958
18.677
3.913
1.963
2.545
0.944
2.618
9.456
37.241
42.103
2.939
20.937

24.648

12.889
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SO2 Emissions Estimate (uncontrolled tonsg/househol d-season)

REGION FIRE CONV Cl Cll Clll TOTAL
PLACES STOVE STOVE STOVE STOVE SOX

1 1.04 0.025 0.019 0.037 0.342 1.463
2 0.981 0.105 0.091 0.182 1.288 2.647
3 0.432 0.042 0.018 0.036 0.27 0.798
4 0.4 0.019 0 0 0.135 0.555
5 0.039 0.031 0 0 0.175 0.246
6 0.049 0 0.014 0.029 0.065 0.157
7 0.107 0.02 0 0 0.181 0.308
8 0.258 0.145 0.043 0.086 0.652 1.183
9 0.647 0.514 0.178 0.356 2.568 4.264
10 0.907 0.458 0 0 2.904 4.269
11 0.147 0.039 0.007 0.013 0.203 0.408
12 0.403 0.401 0 0 1.444 2.247
13 0.068 0.041 0.006 0.013 0.254 0.382
5.477 1.841 0.376 0.751 10.481 18.927

PM 1o Emissions Estimate (controlled(*) tons/household-season)

REGION FIRE CONV Cl Cll Clll TOTAL
PLACES STOVE STOVE STOVE STOVE PM10
1 22.459 0.943 0.558 0.762 9.746 34.469
2 21.185 3.929 2.727 3.727 36.711 68.279
3 9.335 1.553 0.539 0.736 7.69 19.852
4 8.645 0.72 0 0 3.858 13.223
5 0.836 1.166 0 0 5.002 7.004
6 1.057 0 0.429 0.586 1.855 3.928
7 2.301 0.764 0 0 5.145 8.21
8 5.564 5.383 1.285 1.756 18.586 32.573
9 13.982 19.163 5.344 7.303 73.198 118.99
10 19.601 17.052 0 0 82.754 119.408
11 3.17 1.453 0.197 0.269 5.776 10.866
12 8.7 14.926 0 0 41.152 64.779
13 1.472 1.538 0.19 0.259 7.237 10.696
118.308 68.59 11.268 154 298.712 512.278
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NOx Emissions Estimate (controlled(*) tong’household-season)

REGION FIRE CONV Cl Cll Clll TOTAL
PLACES STOVE STOVE STOVE STOVE PM10
1 1.872 0.089 0.056 0.167 4.958 7.142
2 1.765 0.369 0.273 0.818 18.677 21.903
3 0.778 0.146 0.054 0.162 3.913 5.052
4 0.72 0.068 0 0 1.963 2.751
5 0.07 0.11 0 0 2.545 2.724
6 0.088 0 0.043 0.129 0.944 1.204
7 0.192 0.072 0 0 2.618 2.881
8 0.464 0.506 0.128 0.385 9.456 10.939
9 1.165 1.801 0.534 1.603 37.241 42.344
10 1.633 1.602 0 0 42.103 45.339
11 0.264 0.137 0.02 0.059 2.939 3.418
12 0.725 1.402 0 0 20.937 23.065
13 0.123 0.144 0.019 0.057 3.682 4.025
9.859 6.445 1.127 3.381 151.976 172.787

SOX Emissions Estimate (controlled(*) tong’household-season)

REGION FIRE CONV Cl Cll Clll TOTAL
PLACES STOVE STOVE STOVE STOVE SOX

1 0.416 0.013 0.009 0.019 0.342 0.798
2 0.392 0.053 0.045 0.091 1.288 1.87
3 0.173 0.021 0.009 0.018 0.27 0.49
4 0.16 0.01 0 0 0.135 0.305
5 0.015 0.016 0 0 0.175 0.207
6 0.02 0 0.007 0.014 0.065 0.106
7 0.043 0.01 0 0 0.181 0.233
8 0.103 0.072 0.021 0.043 0.652 0.892
9 0.259 0.257 0.089 0.178 2.568 3.352
10 0.363 0.229 0 0 2.904 3.496
11 0.059 0.02 0.003 0.007 0.203 0.291
12 0.161 0.2 0 0 1.444 1.805
13 0.027 0.021 0.003 0.006 0.254 0.311

2.191 0.921 0.188 0.376 10.481 14.156
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Controlled emissions assume the 60% of conventional fireplace wood burners comply
with no-burn regulations. Likewise, 50% of conventional stove, phase | and || owners comply
with no-burn regulations.

3.7.13 Conversion of wood burning ‘season’ estimates to ‘seasonal’ averages

The woodburning survey results in an estimate of the amount of wood burned over the
period of one year. Residential wood combustion occurs primarily during the winter months of
November through February. Residential wood combustion also occursto alesser degreein
November and October as well as the spring months of March through May. It isassumed that a
negligible amount occurs during June, July and August. The following methodology is used to
convert the above tons per wood burning season to seasonal (i.e., winter, spring, summer and
fall) inventories for utilization in the RAM dispersion modeling demonstration.

Step 1: Convert wood burning season emission inventories into an annual factor with the unitsin
grams/second. For example:

PPM 10(1,J)=VAR(L)/(24.* 3600.* 365.)

where: VAR(1) isthe grams per wood burning season
PPM10(1,J)= gridded ‘annual’ rate in grams/second

Step 2: The following factors are applied to the annual rates to estimate winter, spring, summer,
and fall wood burning emissions estimates.

Season Scalar
Winter 2.16
Spring 121
Summer | 0.00
Fall 1.57

Note that the four scalars do not add up to 4.0. This error was detected during the
development of this TSD. The correct factor for the fall season is.63. Consequently the
residential wood combustion emission inventory for the fall season istoo high. This error does
not impact dispersion modeling results since the days with the highest concentrations of modeled
PM 0 occur in the winter and spring. If the correction were made and the modeling re-run, the
fall season dayswould fall lower in the ranking since the wood burning inventories would be
reduced.

Step 3: Diurnal distribution factors are as follows:

Hour Stoves Fireplace Hour Stoves Fireplace
0000-0100 .045 .000 1200-1300 .035 .035
0001-0200 .023 .000 1300-1400 043 042
0200-0300 .000 .000 1400-1500 .046 .050
0300-0400 .000 .000 1500-1600 .049 .050
0400-0500 .000 .000 1600-1700 .053 .050
0500-0600 .004 .005 1700-1800 .070 075

CDPHE/APCD/Technical Services Program 4/20/2001 54




Technical Support Document
Particulate Matter (PM1o) Request and Maintenance Plan for the Denver Metropolitan Area

Hour Stoves Fireplace Hour Stoves Fireplace
0600-0700 .009 .010 1800-1900 .085 .098
0700-0800 .014 .015 1900-2000 100 120
0800-0900 .019 .020 2000-2100 .092 144
0900-1000 .024 .020 2100-2200 .084 109
1000-1100 .029 .020 2200-2300 .076 072
1100-1200 .032 .030 2300-2400 .068 .036

3.7.14 Intermediate year wood burning estimates

3.7.14.1 2002 Wood burning Emission Estimates

The following cal cul ations describe the 2002 woodburning estimates. The same methodology is
used as described above for the 2015 emission estimates.

2002 Household totals;

Region Households

1 134,694
2 133,025
3 60,732
4 47,842
5 12,933
6 18,861
7 36,188
8 61,122
9 129,508
10 133,665
11 17,410
12 40,865
13 9,318
Totals 836,161

Device and Emission Rate/household cal cul ations:

cafp="fp95* .65 ; .65 =.94N7

CA FP-PM10 = ( FP* FP-USE * FP-CORDS* 10.8 * 1100.) / HH02

CA FP-SOX = (FP* FP-USE * FP-CORDS* .2 * 1100. ) / HHO2

CA FP-NOX = ( FP* FP-USE * FP-CORDS* .9* 1100. ) / HHO2

CA conv = conv9l - (2002 - 1991 ) * 1300 * stv-var * .8

CAci=ci91

CA cii =cii9l

CA ciii = ciii91+ (2002 - 1991 ) * 1300 * stv-var + ( hn02 - hh92) * .8* .0

CA CONV-PM10=( CONV * STV-USE * STV-CORDS * STV-WOOD * 1100.* 14.9)/
HHO2

CA CONV-NOX = (CONV * STV-USE * STV-CORDS* STV-WOOD * 1100. * 1.4) / HHO02
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CA CONV-SOX = (CONV * STV-USE * STV-CORDS* STV-WOOD * 1100. * .2)) / HHO2
CA CI-PM10=(Cl * STV-CORDS* STV-WOOD * 1100. * 12.0) / HHO02

CA CI-NOX = (Cl * STV-CORDS* STV-WOOD * 1100. * 1.2) / HHO2

CA CI-SOX = ( CI * STV-CORDS* STV-WOOQOD * 1100. * .2) / HHO2

CA CII-PM10 = ( CIl * STV-CORDS* STV-WOOD * 1100. * 8.2) / HHO2

CA CII-NOX = (CIl * STV-CORDS* STV-WOOD * 1100. * 1.8) / HHO2

CA CII-SOX = (Cll * STV-CORDS* STV-WOOQOD * 1100. * .2) / HHO2

CA CIII-PM10 = ( ClIl * STV-CORDS* STV-WOOD * 1100. * 5.7) / HHO2

CA CIII-NOX = ( Clll * STV-CORDS* STV-WOOD * 1100. * 2.9) / HHO2

CA CIII-SOX = ( CIll * STV-CORDS* STV-WOOD * 1100. * .2) / HHO2

2002 Device Summary

REGION FIRE CONV Cl Cll Clll TOTAL
PLACES STOVE STOVE STOVE STOVE DEVICES

1 29,982 3,006 330 660 3,021 36,998
2 16,316 1,581 342 684 1,902 20,825
3 9,532 1,037 152 303 1,187 12,210
4 10,356 538 0 0 921 11,815
5 444 296 0 0 253 993
6 1,479 0 54 108 140 1,780
7 2,896 1,673 0 0 1,169 5,738
8 6,169 3,129 281 563 2,066 12,209
9 18,265 6,205 681 1,362 4,768 31,280
10 13,327 3,959 0 0 3,874 21,159
11 2,331 664 44 87 577 3,703
12 8,029 2,051 0 0 1,710 11,790
13 924 566 22 43 431 1,986
120,048 24,705 1,904 3,809 22,019 172,486
2002 PM 10 (uncontrolled)
REGION FIRE CONV Cl Cll Clll TOTAL
PLACES STOVE STOVE STOVE STOVE PM10
1 125.85 4.166 1.116 1.525 4.854 137.511
2 118.71 17.356 5.455 7.455 14.413 163.387
3 52.306 6.859 1.078 1.473 4.004 65.719
4 48.441 3.18 0 0 2.084 53.705
5 4.684 5.152 0 0 1.688 11.524
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REGION FIRE CONV Cl Cll Clll TOTAL
PLACES STOVE STOVE STOVE STOVE PM10

6 5.925 0 0.858 1.173 1.059 9.015
7 12.896 3.373 0 0 2.255 18.524
8 31.177 23.778 2.57 3.512 8.965 70.002
9 78.348 84.654 10.687 14.606 35.547 223.842
10 109.834 75.327 0 0 37.601 222.763
11 17.763 6.42 0.394 0.539 2.481 27.597
12 48.749 65.938 0 0 21.023 135.709
13 8.251 6.793 0.38 0.519 3.601 19.544
662.934 302.997 22.537 30.8 139.574 1,158.84

NOX (uncontrolled)

REGION FIRE CONV Cl Cll Clll TOTAL
PLACES STOVE STOVE STOVE STOVE NOX
1 10.487 0.391 0.112 0.335 2.47 13.795
2 9.892 1.631 0.545 1.636 7.333 21.038
3 4.359 0.644 0.108 0.323 2.037 7.472
4 4.037 0.299 0 0 1.06 5.396
5 0.39 0.484 0 0 0.859 1.733
6 0.494 0 0.086 0.257 0.539 1.376
7 1.075 0.317 0 0 1.147 2.539
8 2.598 2.234 0.257 0.771 4.561 10.421
9 6.529 7.954 1.069 3.206 18.085 36.843
10 9.153 7.078 0 0 19.131 35.361
11 1.48 0.603 0.039 0.118 1.262 3.503
12 4.062 6.195 0 0 10.696 20.954
13 0.688 0.638 0.038 0.114 1.832 3.31
55.244 28.47 2.254 6.761 71.011 163.74
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2002 SOX (uncontrolled)

REGION FIRE CONV Cl Cll Clll TOTAL
PLACES STOVE STOVE STOVE STOVE SOX

1 2.331 0.056 0.019 0.037 0.17 2.613
2 2.198 0.233 0.091 0.182 0.506 3.21
3 0.969 0.092 0.018 0.036 0.14 1.255
4 0.897 0.043 0 0 0.073 1.013
5 0.087 0.069 0 0 0.059 0.215
6 0.11 0 0.014 0.029 0.037 0.19
7 0.239 0.045 0 0 0.079 0.363
8 0.577 0.319 0.043 0.086 0.315 1.34
9 1.451 1.136 0.178 0.356 1.247 4.369
10 2.034 1.011 0 0 1.319 4.364
11 0.329 0.086 0.007 0.013 0.087 0.522
12 0.903 0.885 0 0 0.738 2.525
13 0.153 0.091 0.006 0.013 0.126 0.389

12.277 4.067 0.376 0.751 4.897 22.368

2002 PMy (controlled)

REGION FIRE CONV Cl Cll Clll TOTAL
PLACES STOVE STOVE STOVE STOVE PM10
1 50.34 2.083 0.558 0.762 4.854 58.598
2 47.484 8.678 2.727 3.727 14.413 77.029
3 20.923 3.429 0.539 0.736 4.004 29.631
4 19.376 1.59 0 0 2.084 23.05
5 1.874 2.576 0 0 1.688 6.138
6 2.37 0 0.429 0.586 1.059 4.445
7 5.158 1.686 0 0 2.255 9.1
8 12.471 11.889 1.285 1.756 8.965 36.366
9 31.339 42.327 5.344 7.303 35.547 121.86
10 43.934 37.664 0 0 37.601 119.199
11 7.105 3.21 0.197 0.269 2.481 13.263
12 19.5 32.969 0 0 21.023 73.491
13 3.3 3.396 0.19 0.259 3.601 10.747
265.174 151.498 11.268 154 139.574 582.915
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2002 NOX (controlled)

REGION FIRE CONV Cl Cll Clll TOTAL
PLACES STOVE STOVE STOVE STOVE NOX
1 4.195 0.196 0.056 0.167 2.47 7.084
2 3.957 0.815 0.273 0.818 7.333 13.196
3 1.744 0.322 0.054 0.162 2.037 4.319
4 1.615 0.149 0 0 1.06 2.824
5 0.156 0.242 0 0 0.859 1.257
6 0.197 0 0.043 0.129 0.539 0.908
7 0.43 0.158 0 0 1.147 1.735
8 1.039 1.117 0.128 0.385 4.561 7.231
9 2.612 3.977 0.534 1.603 18.085 26.811
10 3.661 3.539 0 0 19.131 26.331
11 0.592 0.302 0.02 0.059 1.262 2.235
12 1.625 3.098 0 0 10.696 15.419
13 0.275 0.319 0.019 0.057 1.832 2.502
22.098 14.235 1.127 3.381 71.011 111.851

2002 SOX (controlled)

REGION FIRE CONV Cl Cll Clll TOTAL
PLACES STOVE STOVE STOVE STOVE SOX
1 0.932 0.028 0.009 0.019 0.17 1.158
2 0.879 0.116 0.045 0.091 0.506 1.638
3 0.387 0.046 0.009 0.018 0.14 0.601
4 0.359 0.021 0 0 0.073 0.453
5 0.035 0.035 0 0 0.059 0.128
6 0.044 0 0.007 0.014 0.037 0.103
7 0.096 0.023 0 0 0.079 0.197
8 0.231 0.16 0.021 0.043 0.315 0.769
9 0.58 0.568 0.089 0.178 1.247 2.663
10 0.814 0.506 0 0 1.319 2.638
11 0.132 0.043 0.003 0.007 0.087 0.272
12 0.361 0.443 0 0 0.738 1.541
13 0.061 0.046 0.003 0.006 0.126 0.243
4911 2.034 0.188 0.376 4.897 12.405
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3.7.14.2 2005 Wood burning Emission Inventory Calculations

The following calcul ations describe the 2005 woodburning estimates. The same methodology is
used as described above for the 2015 emission estimates.

2005 Household totals:

Region  Households
1 141,320
145,004
64,441
49,947
14,871
19,372
38,219
61,551
135,361
148,297
19,782
43,174
9,798

© 00 N O O A WDN

e ol el =
W N Pk O

T
otal 891,135

cafp05 = fp95 * .54

CA FP05-PM10 = ( FPO5 * FP-USE * FP-CORDS* 10.8 * 1100. ) / HHO05

CA FP0O5-SOX = ( FPO5 * FP-USE * FP-CORDS* .2 * 1100. ) / HHO5

CA FP05-NOX = ( FPO5 * FP-USE * FP-CORDS * .9 * 1100. ) / HHO5

CA conv05 = conv9l - ( 2005 - 1991 ) * 1300 * stv-var * .8

CA ci05=ci91

CA cii05=cii91

CA ciii05 = ciii91 + (2005 - 1991 ) * 1300 * stv-var + ( hh05 - hh92) * .8 *

CA CONV05-PM10 = ( CONVO5* STV-USE * STV-CORDS* STV-WOOD * 1100.* 14.9)/
H5

CA CONVO05-NOX = ( CONVO5 * STV-USE * STV-CORDS* STV-WOOD * 1100.* 1.4)/
HHO5

CA CONVO05-SOX = ( CONVO05* STV-USE * STV-CORDS* STV-WOOD * 1100.* .2)/
HHO5

CA CI05-PM10 = ( CI05* STV-CORDS* STV-WOOD * 1100. * 12.0) / HHO05

CA CI05-NOX = (CI05* STV-CORDS* STV-WOOD * 1100. * 1.2) / HHO05

CA CI05-SOX = ( CI05 * STV-CORDS* STV-WOOD * 1100. * .2)/ HHO5

CA CII05-PM10 = ( ClI05 * STV-CORDS* STV-WOOD * 1100. * 8.2) / HHO5

CA CII05-NOX = ( ClI05 * STV-CORDS* STV-WOOD * 1100. * 1.8) / HHO5

CA CII05-SOX = ( CII05 * STV-CORDS* STV-WOOD * 1100. * .2) / HHO05

CA CIl105-PM10 = ( CIHI05 * STV-CORDS* STV-WOOD * 1100. * 5.7 ) / HHO5
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CA CIII05-NOX = ( CIl105* STV-CORDS* STV-WOOD * 1100. * 2.9 ) / HHO5
CA CII105-SOX = ( ClII05 * STV-CORDS* STV-WOOQOD * 1100. * .2) / HHO5

2005 Devices Summary

REGION FIRE CONV Cl Cll Clll TOTAL
PLACES STOVE STOVE STOVE STOVE DEVICES

1 24,908 2,626 330 660 3,760 32,284
2 13,555 1,382 342 684 2,631 18,593
3 7,919 906 152 303 1,499 10,778
4 8,603 470 0 0 1,090 10,163
5 369 259 0 0 378 1,005
6 1,229 0 54 108 160 1,550
7 2,406 1,462 0 0 1,515 5,382
8 5,125 2,734 281 563 2,577 11,281
9 15,174 5,421 681 1,362 5,981 28,619
10 11,071 3,459 0 0 5,084 19,614
11 1,937 580 44 87 77 3,424
12 6,670 1,792 0 0 2,126 10,588
13 767 494 22 43 540 1,867
99,732 21,585 1,904 3,809 28,118 155,149

2005 PM 10 (uncontrolled)

REGION FIRE CONV Cl Cll Clll TOTAL
PLACES STOVE STOVE STOVE STOVE PM10
1 0 3.64 1.116 1.525 6.043 12.323
2 0 15.164 5.455 7.455 19.936 48.009
3 0 5.992 1.078 1.473 5.057 13.6
4 0 2.779 0 0 2.466 5.245
5 0 4.502 0 0 2.515 7.017
6 0 0 0.858 1.173 1.214 3.245
7 0 2.947 0 0 2.92 5.867
8 0 20.775 2.57 3.512 11.183 38.039
9 0 73.963 10.687 14.606 44.596 143.852
10 0 65.814 0 0 49.347 115.162
11 0 5.609 0.394 0.539 3.34 9.882
12 0 57.61 0 0 26.14 83.751
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REGION FIRE CONV Cl Cll Clll TOTAL
PLACES STOVE STOVE STOVE STOVE PM10

13 0 5.935 0.38 0.519 4.508 11.341

0 264.731 22.537 30.8 179.264 497.333

2005 NOX Uncontrolled

REGION FIRE CONV Cl Cll Clll TOTAL
PLACES STOVE STOVE STOVE STOVE NOX
1 8.713 0.342 0.112 0.335 3.074 12.575
2 8.218 1.425 0.545 1.636 10.143 21.968
3 3.621 0.563 0.108 0.323 2.573 7.188
4 3.354 0.261 0 0 1.255 4.87
5 0.324 0.423 0 0 1.28 2.027
6 0.41 0 0.086 0.257 0.618 1.371
7 0.893 0.277 0 0 1.486 2.656
8 2.158 1.952 0.257 0.771 5.689 10.828
9 5.424 6.95 1.069 3.206 22.689 39.338
10 7.604 6.184 0 0 25.107 38.894
11 1.23 0.527 0.039 0.118 1.699 3.614
12 3.375 5.413 0 0 13.299 22.087
13 0.571 0.558 0.038 0.114 2.293 3.574
45.895 24.874 2.254 6.761 91.205 170.989

2005 SOX Uncontrolled

REGION FIRE CONV Cl Cll Clll TOTAL
PLACES STOVE STOVE STOVE STOVE SOX
1 1.936 0.049 0.019 0.037 0.212 2.253
2 1.826 0.204 0.091 0.182 0.699 3.002
3 0.805 0.08 0.018 0.036 0.177 1.116
4 0.745 0.037 0 0 0.087 0.869
5 0.072 0.06 0 0 0.088 0.221
6 0.091 0 0.014 0.029 0.043 0.177
7 0.198 0.04 0 0 0.102 0.34
8 0.48 0.279  0.043 0.086 0.392 1.279
9 1.205 0.993 0.178 0.356 1.565 4.297
10 1.69 0.883 0 0 1.731 4.305
11 0.273 0.075  0.007 0.013 0.117 0.485
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REGION FIRE CONV Cl Cll Clll TOTAL
PLACES STOVE STOVE STOVE STOVE SOX
12 0.75 0.773 0 0 0.917 2.44
13 0.127 0.08 0.006 0.013 0.158 0.384
10.199 3.553 0.376 0.751 6.29 21.169

2005 PM 1o Controlled

REGION FIRE CONV Cl Cll Clll TOTAL
PLACES STOVE STOVE STOVE STOVE PM10
1 41.821 1.82 0.558 0.762 6.043 51.004
2 39.448 7.582 2.727 3.727 19.936 73.42
3 17.382 2.996 0.539 0.736 5.057 26.71
4 16.097 1.389 0 0 2.466 19.953
5 1.557 2.251 0 0 2.515 6.322
6 1.969 0 0.429 0.586 1.214 4.198
7 4.285 1.474 0 0 2.92 8.679
8 10.36 10.388 1.285 1.756 11.183 34.971
9 26.036 36.982 5.344 7.303 44.596 120.26
10 36.499 32.907 0 0 49.347 118.753
11 5.903 2.805 0.197 0.269 3.34 12.514
12 16.2 28.805 0 0 26.14 71.145
13 2.742 2.967 0.19 0.259 4.508 10.666
220.298 132.366 11.268 15.4 179.264 558.597

2005 NOX Controlled

REGION FIRE CONV Cl Cll Clll TOTAL
PLACES STOVE STOVE STOVE STOVE NOX
1 3.485 0.171 0.056 0.167 3.074 6.954
2 3.287 0.712 0.273 0.818 10.143 15.233
3 1.448 0.282 0.054 0.162 2.573 4518
4 1.341 0.131 0 0 1.255 2.727
5 0.13 0.211 0 0 1.28 1.621
6 0.164 0 0.043 0.129 0.618 0.953
7 0.357 0.138 0 0 1.486 1.981
8 0.863 0.976 0.128 0.385 5.689 8.043
9 2.17 3.475 0.534 1.603 22.689 30.471
10 3.042 3.092 0 0 25.107 31.24
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REGION FIRE CONV Cl Cll Clll TOTAL
PLACES STOVE STOVE STOVE STOVE NOX
11 0.492 0.264 0.02 0.059 1.699 2.533
12 1.35 2.707 0 0 13.299 17.356
13 0.228 0.279 0.019 0.057 2.293 2.877
18.358 12.437 1.127 3.381 91.205 126.507

2005 SOX Controlled

REGION FIRE CONV Cl Cll Clll TOTAL
PLACES STOVE STOVE STOVE STOVE SOX
1 0.774 0.024 0.009 0.019 0.212 1.039
2 0.731 0.102 0.045 0.091 0.699 1.668
3 0.322 0.04 0.009 0.018 0.177 0.566
4 0.298 0.019 0 0 0.087 0.403
5 0.029 0.03 0 0 0.088 0.147
6 0.036 0 0.007 0.014 0.043 0.101
7 0.079 0.02 0 0 0.102 0.202
8 0.192 0.139 0.021 0.043 0.392 0.788
9 0.482 0.496 0.089 0.178 1.565 2.81
10 0.676 0.442 0 0 1.731 2.849
11 0.109 0.038 0.003 0.007 0.117 0.274
12 0.3 0.387 0 0 0.917 1.604
13 0.051 0.04 0.003 0.006 0.158 0.258
Totals 4.08 1.777 0.188 0.376 6.29 12.71

3.7.14.3 2010 Wood burning Emission Inventory

The following cal cul ations describe the 2010 woodburning estimates. The same methodology is
used as described above for the 2010 emission estimates.

2010 Household totals;

Region Households
1 149,820
160,393
69,208
52,653
17,361
20,028
40,829

8 62,102
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Region Households

9 142,885
10 167,105
11 22,831
12 46,141
13 10,416

Total: 961,771

cafp=1fp95* .40 (.40 = .94"15, i.e., 15 years since 1995)

CA FP-PM10 = ( FP* FP-USE * FP-CORDS* 10.8* 1100.)/ HH10

CA FP-SOX = (FP* FP-USE * FP-CORDS* .2 * 1100. )/ HH10

CA FP-NOX = ( FP* FP-USE * FP-CORDS* .9* 1100.)/HH10

CA conv = conv9l - (2010- 1991 ) * 1300 * stv-var * .8

CAci=ci9l

CA cii =cii9l

CA ciii = ciii91+ (2010 - 1991 ) * 1300 * stv-var + (hh10- hh92)* .8* .0

CA CONV-PM10=( CONV * STV-USE * STV-CORDS * STV-WOOD * 1100.* 14.9)/
HH10

CA CONV-NOX = (CONV * STV-USE * STV-CORDS* STV-WOOD * 1100. * 1.4) / HH10
CA CONV-SOX = ( CONV * STV-USE * STV-CORDS* STV-WOOD * 1100. * .2) /HH10
CA CI-PM10=(Cl * STV-CORDS* STV-WOOD * 1100. * 12.0) / HH10

CA CI-NOX =(Cl * STV-CORDS* STV-WOOD * 1100.* 1.2) / HH10

CA CI-SOX = (Cl * STV-CORDS* STV-WOOD * 1100. * .2)/HH10

CA CII-PM10=( CIl * STV-CORDS* STV-WOOD * 1100. * 8.2) / HH10

CA CII-NOX = ( CIl * STV-CORDS * STV-WOOD * 1100. * 1.8) / HH10

CA CII-SOX = ( Cll * STV-CORDS* STV-WOOD * 1100. * .2)/ HH10

CA CIlI-PM10 = ( CllI * STV-CORDS* STV-WOOD * 1100.* 5.7) / HH10

CA CIII-NOX = (CIll * STV-CORDS * STV-WOOD * 1100. * 2.9) / HH10

CA CIII-SOX = ( Clll * STV-CORDS* STV-WOOD * 1100. * .2)/HH10

2010 Device Summary

REGION FIRE CONV Cl Cll Clll TOTAL
PLACES STOVE STOVE STOVE STOVE DEVICES

1 18,450 1,993 330 660 4,891 26,324
2 10,041 1,049 342 684 3,662 15,777
3 5,866 688 152 303 1,962 8,971
4 6,373 357 0 0 1,340 8,069
5 273 196 0 0 555 1,025
6 910 0 54 108 186 1,258
7 1,782 1,110 0 0 2,059 4,951
8 3,796 2,075 281 563 3,423 10,139
9 11,240 4,115 681 1,362 7,915 25,312
10 8,201 2,626 0 0 6,878 17,705
11 1,435 440 44 87 1,073 3,079
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REGION FIRE CONV Cl Cll Cll TOTAL
PLACES STOVE STOVE STOVE STOVE DEVICES
12 4,941 1,361 0 0 2,784 9,086
13 568 375 22 43 713 1,722
73,876 16,385 1,904 3,809 37,443 133,417
2010 PM1g (uncontrolled)
REGION FIRE CONV Cl Cll Cll TOTAL
PLACES STOVE STOVE STOVE STOVE PM10
1 77.446 2.763 1.116 1.525 7.86 90.709
2 73.052 11.511 5.455 7.455 27.753 125.225
3 32.189 4.549 1.078 1.473 6.621 45.909
4 29.81 2.109 0 3.032 34951
5 2.883 3.417 0 3.697 9.997
6 3.646 0.858 1.173 1.413
7 7.936 2.237 0 3.971 14.144
8 19.186 15.77 2.57 3.512 14.85 55.888
9 48.214 56.145 10.687 14.606 59.012 188.664
10 67.59 49.959 0 66.758 184.307
11 10.931 4.258 0.394 0.539 4.615 20.738
12 29.999 43.732 0 34.236 107.967
13 5.078 4.505 0.38 0.519 5.957 16.438
407.959 200.955 22.537 30.8 239.775 902.027
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2010 NOX (uncontrolled)

REGION FIRE CONV Cl Cll Clll TOTAL
PLACES STOVE STOVE STOVE STOVE NOX
1 6.454 0.26 0.112 0.335 3.999 11.159
2 6.088 1.082 0.545 1.636 14.12 23.471
3 2.682 0.427 0.108 0.323 3.369 6.909
4 2.484 0.198 0 0 1.542 4.225
5 0.24 0.321 0 0 1.881 2.442
6 0.304 0 0.086 0.257 0.719 1.366
7 0.661 0.21 0 0 2.02 2.892
8 1.599 1.482 0.257 0.771 7.555 11.664
9 4.018 5.275 1.069 3.206 30.024 43.592
10 5.633 4.694 0 0 33.965 44.291
11 0.911 0.4 0.039 0.118 2.348 3.817
12 25 4.109 0 0 17.418 24.027
13 0.423 0.423 0.038 0.114 3.031 4.029
33.997 18.882 2.254 6.761 121.991 183.884

2010 SOX (uncontrolled)

REGION FIRE CONV Cl Cll Clll TOTAL
PLACES STOVE STOVE STOVE STOVE SOX
1 1.434 0.037 0.019 0.037 0.276 1.803
2 1.353 0.155 0.091 0.182 0.974 2.754
3 0.596 0.061 0.018 0.036 0.232 0.943
4 0.552 0.028 0 0 0.106 0.687
5 0.053 0.046 0 0 0.13 0.229
6 0.068 0 0.014 0.029 0.05 0.16
7 0.147 0.03 0 0 0.139 0.316
8 0.355 0.212 0.043 0.086 0.521 1.217
9 0.893 0.754 0.178 0.356 2.071 4.251
10 1.252 0.671 0 0 2.342 4.265
11 0.202 0.057 0.007 0.013 0.162 0.441
12 0.556 0.587 0 0 1.201 2.344
13 0.094 0.06 0.006 0.013 0.209 0.383
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REGION FIRE CONV Cl Cll Clll TOTAL
PLACES STOVE STOVE STOVE STOVE SOX
7.555 2.697 0.376 0.751 8.413 19.792

2010 PM1q (controlled)

REGION FIRE CONV Cl Cll Clll TOTAL
PLACES STOVE STOVE STOVE STOVE PM10
1 30.978 1.382 0.558 0.762 7.86 41.54
2 29.221 5.755 2.727 3.727 27.753 69.184
3 12.875 2.274 0.539 0.736 6.621 23.046
4 11.924 1.055 0 0 3.032 16.01
5 1.153 1.709 0 0 3.697 6.559
6 1.458 0 0.429 0.586 1.413 3.887
7 3.174 1.119 0 0 3.971 8.264
8 7.674 7.885 1.285 1.756 14.85 33.45
9 19.286 28.072 5.344 7.303 59.012 119.016
10 27.036 24.98 0 0 66.758 118.774
11 4.372 2.129 0.197 0.269 4.615 11.583
12 12 21.866 0 0 34.236 68.102
13 2.031 2.253 0.19 0.259 5.957 10.69
163.184 100.478 11.268 154 239.775 530.105

2010 NOX (controlled)

REGION FIRE CONV Cl Cll Clll TOTAL
PLACES STOVE STOVE STOVE STOVE NOX
1 2.582 0.13 0.056 0.167 3.999 6.933
2 2.435 0.541 0.273 0.818 14.12 18.187
3 1.073 0.214 0.054 0.162 3.369 4.871
4 0.994 0.099 0 0 1.542 2.635
5 0.096 0.161 0 0 1.881 2.138
6 0.122 0 0.043 0.129 0.719 1.012
7 0.265 0.105 0 0 2.02 2.39
8 0.64 0.741 0.128 0.385 7.555 9.45
9 1.607 2.638 0.534 1.603 30.024 36.406
10 2.253 2.347 0 0 33.965 38.565
11 0.364 0.2 0.02 0.059 2.348 2.991
12 1 2.055 0 0 17.418 20.473
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REGION FIRE CONV Cl Cll Clll TOTAL
PLACES STOVE STOVE STOVE STOVE NOX
13 0.169 0.212 0.019 0.057 3.031 3.488
13.599 9.441 1.127 3.381 121.991 149.538

2010 SOX (controlled)

REGION  FIRE CONV Cl Cli Clil TOTAL

PLACES STOVE STOVE STOVE STOVE SOX

1 0.574 0.019 0.009 0.019 0.276 0.896

2 0.541 0.077 0.045 0.091 0.974 1.729

3 0.238 0.031 0.009 0.018 0.232 0.528

4 0.221 0.014 0 0 0.106 0.341

5 0.021 0.023 0 0 0.13 0.174

6 0.027 0 0.007 0.014 0.05 0.098

7 0.059 0.015 0 0 0.139 0.213

8 0.142 0.106 0.021 0.043 0.521 0.833

9 0.357 0.377 0.089 0.178 2.071 3.072

10 0.501 0.335 0 0 2.342 3.178

11 0.081 0.029 0.003 0.007 0.162 0.281

12 0.222 0.294 0 0 1.201 1.717

13 0.038 0.03 0.003 0.006 0.209 0.286
3.022 1.349 0.188 0.376 8.413 13.347

3.8 Airports

Emissions from aircraft were projected to the maintenance years using population
growth as the surrogate and 1995 attainment year estimates. DIA has provided estimates
from their airport operations, which are provided in the next section.

38.1 Revised EmissonsEstimatesfor Denver International Airport

Denver International Airport provided primary PMjo, NOx and SO, emission
estimates in their report entitled, “ Summary of 2001 Construction Emissions and Emission
Forecasts at Denver International Airport” on November 27, 2001. This document is
presented in Appendix M.
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A summary of all DIA PM 3, NOx and SO, emissions are presented in Table 3.8-1.
DIA Primary PM o Emission InventoryTable 5. These emissionsinclude aircraft
emissions, ground support equipment (GSE), and general construction. The emissions
calculated in this maintenance SIP and analysis exceed what DIA has projected, therefore,
the emissions from DIA have been conservatively accounted for in the technical analysis

and modeling.
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Table 3.8-1. DIA Primary PM 19 Emission Inventory

I nventory Sub-Category 2002 2005 2010 2015 2002 2005 2010 2015
PM10 | PM10 | PM10 | PM10 | PM10 | PM10 | PM10 | PM10
(tpy) (tpy) (tpy) (tpy) (tpd) (tpd) (tpd) (tpd)

Aircraft 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Standard GSE 20.17 23.69 26.33 28.96 0.06 0.06 0.07 0.08
United Expansgon GSE 0.28 112 1.40 1.40 0.00 0.00 0.00 0.00
Rental Car Shuttles 2.13 2.45 2.95 3.45 0.01 0.01 0.01 0.01
Empl oyee/Public Shuttles 3.22 3.70 4.47 5.23 0.01 0.01 0.01 0.01
City Flet and Plows 3.20 3.59 4.12 4.60 0.01 0.01 0.01 0.01
Central Plant Engines 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Central Plant Boilers 171 171 171 171 0.00 0.00 0.00 0.00
Misc. Denver Source 0.82 0.82 0.82 0.82 0.00 0.00 0.00 0.00
Misc Nat. Gas Sources 4.80 551 6.66 7.78 0.01 0.02 0.02 0.02
Diesal -fuel ed sources 0.87 0.99 1.20 1.40 0.00 0.00 0.00 0.00
Rental Car Refuding 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Misc. (Paint booths fud tank farm) 212 2.38 273 3.05 0.01 0.01 0.01 0.01
FireFighter Training 5.70 5.70 5.70 5.70 0.02 0.02 0.02 0.02
Worl dport 0.14 0.14 0.14 0.14 0.00 0.00 0.00 0.00
On-Airport Hotel 0.07 0.07 0.07 0.07 0.00 0.00 0.00 0.00
Oil and GasProduction 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Oil and GasWe | Congruction 0.90 0.90 0.90 0.90 0.00 0.00 0.00 0.00
Agricultural Activities 47.51 4751 4751 47.51 0.13 0.13 0.13 0.13
Condruction Activities. 271.98| 271.98| 271.98| 271.98 0.75 0.75 0.75 0.75
Totals 365.62| 372.26( 378.69| 384.70 1.00 1.02 1.04 1.05
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Table 3.8-2. DIA NOx Emission Inventory

Inventory Sub-Category | 2002 2005 2010 2015 2002 2005 2010 2015
NOXx NOXx NOXx NOXx NOXx NOXx NOXx NOXx
(tpy) (tpy) (tpy) (tpy) (tpd) (tpd) (tpd) (tpd)
Aircraft 3528.28| 4155.64| 5325.99| 6496.33 9.67 11.39 14.59 17.80
United Expansion 39.00] 156.00] 195.00| 195.00 0.11 0.43 053 0.53
Aircraft
Sandard GSE 530.20] 629.68| 709.52| 789.35 145 173 194 2.16
United Expansion GSE 6.83 27.32 34.15 34.15 0.02 0.07 0.09 0.09
Rental Car Shuttles 90.99| 104.61| 126.32| 147.68 0.25 0.29 0.35 0.40
Employee/Public 65.42 75.22 90.83| 106.19 0.18 021 025 0.29
Shuttles
City Flegt and Plows 18354 206.24| 23657 264.08 0.50 057 0.65 0.72
Central Plant Engines 21.30 21.30 21.30 21.30 0.06 0.06 0.06 0.06
Central Plant Boilers 18.30 18.30 18.30 18.30 0.05 0.05 0.05 0.05
Misc. Denver Source 6.40 6.40 6.40 6.40 0.02 0.02 0.02 0.02
Misc Nat. Gas Sources 39.93 4591 55.44 64.82 011 0.13 0.15 0.18
Diesd-fueled sources 27.93 3211 38.77 4533 0.08 0.09 011 0.12
Rental Car Refudling 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Misc. (Paint booths, fue 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
tank farm)
FireFighter Training 0.16 0.16 0.16 0.16 0.00 0.00 0.00 0.00
Worldport 452 452 452 452 0.01 0.01 0.01 0.01
On-Airport Hotd 2.26 2.26 2.26 2.26 0.01 0.01 0.01 0.01
Oil and Gas Production 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Oil and GasWel 6.85 6.85 6.85 6.85 0.02 0.02 0.02 0.02
Congruction
Agricultural Activities 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Congtruction Activities. 638.08| 638.08| 638.08] 638.08 175 175 175 175
Totals 5209.99| 6130.60| 7510.46| 8840.80 14.27 16.80 20.58 24.22
4/20/2001
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Table 3.8-3. DIA SO, Emission Inventory

I nventory Sub- 2002 2005 2010 2015 2002 2005 2010 2015
Category S02 S02 S02 S02 S02 S02 S02 S02
(tpy) (tpy) (tpy) (tpy) (tpd) (tpd) (tpd) (tpd)
Aircraft 142.53| 165.21( 200.39| 23557 0.39 0.45 0.55 0.65
United Expanson 1.46 5.84 7.30 7.30 0.00 0.02 0.02 0.02
Standard GSE 12.68 15.00 16.96 18.92 0.03 0.04 0.05 0.05
United Expanson 0.17 0.68 0.85 0.85 0.00 0.00 0.00 0.00
GSE
Rental Car Shuttles 0.23 0.26 0.32 0.37 0.00 0.00 0.00 0.00
Employee/Public 0.46 0.53 0.63 0.74 0.00 0.00 0.00 0.00
Shuttles
City Fleet and Plows 2.93 3.29 3.77 4.21 0.01 0.01 0.01 0.01
Central Plant Engines 0.03 0.03 0.03 0.03 0.00 0.00 0.00 0.00
Central Plant Boilers 2.69 2.69 2.69 2.69 0.01 0.01 0.01 0.01
Misc. Denver Source 0.08 0.08 0.08 0.08 0.00 0.00 0.00 0.00
Misc Nat. Gas Sources 0.24 0.28 0.33 0.39 0.00 0.00 0.00 0.00
Diesd -fueled sources 5.6 6.44 7.77 9.09 0.02 0.02 0.02 0.02
Rental Car Refueling 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Misc. (Paint booths, 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00
fue tank farm)
FireFighter Training 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Worldport 0.03 0.03 0.03 0.03 0.00 0.00 0.00 0.00
On-Airport Hotel 0.02 0.02 0.02 0.02 0.00 0.00 0.00 0.00
Oil and Gas 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Production
Oil and GasWwd | 0.58 0.58 0.58 0.58 0.00 0.00 0.00 0.00
Congruction
Agricultural Activities 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Condruction Activities 67.46 67.46 67.46 67.46 0.18 0.18 0.18 0.18
Totals 237.19| 268.42| 309.21| 34833 0.65 0.74 0.85 0.95

The inventory prepared by DIA includes point source, on-road mobile, construction,
and industrial equipment categories. Since the point sources are permitted by APCD, they
are included in the point source totals presented in the point source emission inventories.
The on-road mobile emission estimates account for vehicular travel on the airport property
and is not included in the Denver Regional Council of Governments transportation
modeling. Consequently, the DIA estimated on-road mobile source emission component is
not included in the On-Road Mobile category. The construction and industrial equipment
estimates are specific to DIA activities. However, since the construction and industrial
emission categories were calculated on an areawide basis, it is assumed that the DIA
estimates are a subtotal of the emissions presented in Table 3.1-1. PMjg estimates from
construction activity are also estimated on an areawide basis for the total inventory

The RAM modeling results in this document are based on airport emissions shown in
Table3.1-1. Changesto the RAM model estimated concentrations at receptors around
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DIA, and especially the sensitive receptors in the downtown area vary little with changes
in primary PM 1o emission estimates at DIA. DIA is 30 kilometers away from the
downtown Denver. Consequently, a substantial increase in emissions at DIA would not
threaten the PM 1 standards in downtown Denver.

Based on the preceding analysis, the Division has specifically identified and
accounted for DIA emissions in the maintenance plan. Therefore, for the purposes of a
genera conformity demonstration DIA should use the emissions inventory from Table
3.8-1, Table 3.8-2, and Table 3.8-3 for PM 19, NOX, and SO,, respectively.

Non-Road Mobile Sources

Attainment year (1995) construction equipment, industrial equipment, and locomotive
emission inventories for Denver were devel oped using methods described in the document,
Procedur es for Emission |nventory Preparation Y. These same methodologies served as
the basis for the maintenance year emission inventories. This“procedures’ document did
not contain methodologies for cal culating other non-road equipment categories such as
airport ground support equipment, commercial equipment, lawn and garden equipment,
logging equipment, boats and recreational equipment that can be found in more current
emission inventories. The detailed methodology for estimating construction equipment and
industrial equipment emissions for the attainment year can be found in Volume 11 of the
attainment SIP.

The nationwide National Engine and V ehicle Emissions Study (NEVES) emission
inventory were principally developed for carbon monoxide and ozone nonattainment areas.
Emissions from nonroad equipment in the NEV ES inventory included emissions for
summer-time NOx, summer-time-VOC and winter CO but did not directly include primary
PM 0, SO, or wintertime NOx. Therefore, the NEVES inventory could not serve as the
basis for the construction and industrial equipment inventories in this maintenance SIP. In
addition, the use of the EPA NONROAD model (Draft updated to 6/8/00) is not
recommended for use at this time for primary non-road emissionsin SIPs.

However, for the interim year and maintenance year emission inventories, the EPA
non-road model was used in this analysis to estimate the change in emissions for various
industrial and construction equipment types. These changes were then applied to project
the attainment year 1995 gridded industrial equipment non-road emissions to 2002, 2005,
2010, and 2015. The model was run for the attainment year, 1995, and the four
maintenance years for the counties included in the inventory. A projection factor was
calculated for construction equipment, industrial equipment, and locomotives by dividing
the county level emissionsin the future year by the emissionsin the year 1995. The factor
was the same for each county within each source category. The non-road projection factor
for each source category was then used to multiply the emissionsin each grid cell in the
year 1995 inventory to obtain the future year emissions by grid cell. Table 3.9-1 presents
those scalars that were used to project 1995 emissions. Table 3.9-2 the construction and
industrial equipment emission inventory that are used in the attainment and maintenance
plans.
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The EPA Non-Road Model indicates that in 1995, industrial equipment and
construction equipment emissions account for 78%, 83%, and 83% of the PM 1o, NOx and
SO, emissions from non-road equipment, respectively. In addition, primary PMig
emissions from construction equipment is double counted in the attainment SIP because the
exhaust component was not subtracted out from the construction activity emissions. Given
the relatively small contribution that non-road equipment have on the overall emissions
inventory and lack of EPA procedure for estimating PM o and winter NOx and SO,
emissions from non-road equipment, it isfelt that non-road emissions have been adequately
accounted for. In addition, some of the non-road source categories such as recreationa
equipment, boats, lawn and garden equipment, and logging equipment are generally not
found in the downtown Denver area where the maximum PM 4o is modeled and monitored,
therefore, their emissions will have little or no impact on the maximum concentrations.
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Table 3.9-1. PM10 SP Categ

ories as Calculated from the EPA Non-Road Model

Ratio | Ratio | Ratio | Ratio | Ratio
2002/ | 2003/ | 2005/ | 2010/ | 2015/
PM 10 (tpwd) 1995 2002 2003 2005 2010 2015 1995 1995 1995 1995 1995
Construction Equipment 2.96 2.40 2.33 2.19 2.10 2.22 0.81 0.79 0.74 0.71] 0.75
Industrial Equipment 0.68, 0.73 0.74 0.75 0.79 0.85 1.07 1.09 1.10 1.16 1.25
Railroad Equipment 0.02 0.01 0.01 0.01 0.01 0.01 0.50 0.50 0.50 0.50 0.50
Totals 3.66) 3.14 3.08 2.95 2.90 3.08
NOXx (tpwd)
Construction Equipment 2494 2381 2324 2228 1831 1643 0.95 0.93 0.89 0.73 0.66)
Industrial Equipment 8.41] 9.05] 9.06 9.06 8.83 9.04 1.08 1.08 1.08 1.05 1.07
Railroad Equipment 0.11] 0.12 0.12 0.12 0.10 0.09 1.09 1.09 1.09 0.91] 0.82)
Totalg 3346/ 3298 3242 3146] 2724 2556
SO2 (tpwd)
Construction Equipment 5.53 6.85 7.04 7.43 8.40 9.37 1.24 1.27] 1.34 1.52) 1.69
Industrial Equipment 1.63 2.16 2.24 2.40 2.78 3.12 1.33 1.37 1.47 171 1.91
Railroad Equipment 0.03 0.04] 0.05 0.05 0.06 0.07 1.33 1.67 1.67 2.00 2.33
Totals 7.19 9.05 9.33 9.88] 11.24] 12.56
Table 3.9-2. Emissions Projected from 1995 SP Levelsto Future Years Based on Non-
road Model
Non-Road Sour ce Category|1995 SIP|2002 est.| 2003 est.| 2005 est | 2010 est | 2015 est
PM 10 (tpwd)
Construction Equipment 0.40 0.32 0.31 0.30 0.28 0.30
Industrial EQuipment 0.10 0.11] 0.11 0.11] 0.12 0.13
Railroad Equipment 0.10 0.05 0.05 0.05 0.05 0.05
Totalg 0.60 0.48 0.47 0.46 0.45) 0.48
NOXx (tpwd)
Construction Equipment 4.60 4.39 4.29 4.11 3.38 3.03
Industrial EQuipment 4.10 4.41 4.42 4.42 4.30 4.41
Railroad Equipment 2.20 2.40 2.40 2.40 2.00 1.80
Totalg 1090, 11200 11.10] 1093 9.68 9.24
SO2 (tpwd)
Construction Equipment 0.50 0.62) 0.64 0.67] 0.76 0.85
Industrial EQuipment 0.10 0.13 0.14 0.15 0.17 0.19
Railroad Equipment 0.30 0.40 0.50 0.50 0.60 0.70
Totalg 0.90 1.15 1.27 1.32 1.53 1.74]
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3.10 Natural Gas

The same methodology and emission factors that were used for the attainment SIP are used
for the maintenance demonstration. A more detailed explanation of the methodology and
emission factors used for the attainment and maintenance SIPs can be found in Volume Il of the
1995 attainment demonstration and Volume X1V. For the maintenance SIP years 2002, 2005,
2010, and 2015, the 1995 natural gas emissions were proportioned forward using DRCOG’s
household and employment projections. A summary of the 1995, 2002, 2005, 2010, and 2015
winter emissions for natural gas can be found in Table 3.1-1 and Table 3.1-2.

Emissions from natura gas combustion are computed by applying a natural gas emission
factor to the amount of natural gas used in the modeling domain. Natural gas emissions from
residential and commercial usage is a function of gas usage per household or per employee. All
industrial emissions, due to the combustion of natural gas, are assumed to be reflected in the
stationary source inventory.

Natural gas use rates per household or per business are published as a statewide average,
annually, by the Department of Energy. These use rates were confirmed from data received by the
Public Service Company of Colorado for the Denver metro area. A use rate of 97,000 cubic feet per
household per year and 630,000 cubic feet per business per year is used for household and
commercia userates, respectively.

DRCOG demographic data is used to determine the number of households over the
modeling domain