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The construction 
and operation of 
any of the 
proposed US 36 
FEIS packages 
would not cause 
any new 
violations, nor 
worsen existing 
violations of the 
NAAQS. 

1. Section 1 ONE Summary 

Air quality impacts may result from the construction and operation of any 
of the proposed United States Highway 36 (US 36) Final Environmental 
Impact Statement (FEIS) packages.  Temporary impacts are expected from 
construction activities, while impacts associated with the operation of a 
proposed package would affect air quality over the life of the project. 

Temporary impacts to air quality would result from equipment emissions 
during site preparation and project construction activities such as clearing, 
grading, excavating, and demolition.  These activities would involve the 
use of heavy-duty off-road diesel- and gasoline-powered equipment that 
would generate emissions of air pollutants; namely oxides of nitrogen 
(NOx), carbon monoxide (CO), particulate matter less than 10 microns in 
diameter (PM10), particulate matter less than 2.5 microns in diameter (PM2.5), oxides of sulfur, 
and volatile organic compounds (VOC).  In addition, fugitive dust (PM10) would be generated 
from earth-moving activities such as grading and excavating and from travel on temporary 
unpaved roads.  

Permanent impacts to air quality associated with the operation of a US 36 build package would 
primarily result from emissions from motor vehicles.  Local and regional air quality would be 
impacted in varying degrees, depending on the net change in regional vehicle miles traveled 
(VMT), and the potential traffic congestion caused or eased by each package. 

The air quality impact analysis of the build packages for the US 36 Corridor Project indicates 
that the build packages are not expected to cause any new violations of any standard, increase 
frequency or severity of any existing violation, or delay timely attainment of the National 
Ambient Air Quality Standards (NAAQS).  Both regional- and project-level air quality 
conformity has been demonstrated by this project. 
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The regulatory 
structure for air 
quality planning in 
Colorado includes 
federal, state, 
regional, and local 
agencies. 

2. Section 2 TWO Affected Environment 

2.1 DESCRIPTION OF GOVERNING REGULATIONS 
The regulatory structure for air quality planning in Colorado includes 
federal, state, regional, and local agencies.  These agencies either have 
regulatory authority or are responsible for the development and 
implementation of programs and plans designed to reduce air pollution 
levels, including emissions from transportation sources. 

National air quality policies are regulated through the Federal Clean Air 
Act.  Pursuant to this Act, the U.S. Environmental Protection Agency 
(USEPA) has established NAAQS for the following air pollutants (termed “criteria” pollutants): 
CO, ozone (O3), nitrogen dioxide, sulfur dioxide (SO2), PM10, PM2.5, and lead.  The NAAQS 
represent safe levels that allow for avoidance of specific adverse health and welfare effects 
associated with each pollutant, and ambient air quality standards are summarized in Table 2-1, 
National Ambient Air Quality Standards.  

Table 2-1: National Ambient Air Quality Standards 
National Standards Pollutant Averaging Time 

Primary Secondary 
O3 8-hour1 

1-hour2 
0.075 ppm8 (147 µg/m3) 

– 
0.075 ppm (147 µg/m3) 

– 
CO 8-hour3 

1-hour3 
9 ppm (10,000 µg/m3) 
35 ppm (40,000 µg/m3) 

− 
− 

NO2 Annual arithmetic mean 0.053 ppm (100 μg/m3) 0.053 ppm (100 μg/m3) 
SO2 Annual arithmetic mean 

24-hour3 

3-hour3 

0.03 ppm (80 μg/m3) 

0.14 ppm (365 μg/m3) 

− 

− 
− 

0.5 ppm (1,300 μg/m3) 
PM10 Annual arithmetic mean4 

24-hour5 
– 

150 µg/m3 
– 

150 µg/m3 
PM2.5 Annual arithmetic mean6 

24-hour7 
15 µg/m3 
35 µg/m3 

15 µg/m3 
– 

Source: USEPA, 2009.   
Notes: 
1 To attain this standard, the 3-year average of the fourth-highest daily maximum 8-hour average O3 concentrations measured at 
each monitor over each year must not exceed 0.075 ppm.  

2 Not to be exceeded more than once per calendar year. 
3 Due to a lack of evidence linking health problems to long-term exposure to coarse particle pollution, the U.S. Environmental 
Protection Agency revoked the annual respirable PM10 National Ambient Air Quality Standards in 2006 (effective December 17, 
2006). 

4 Not to be exceeded more than once per year on average over 3 years.   
5 To attain this standard, the 3-year average of the weighted annual mean respirable PM2.5 concentrations from single or multiple 
community-oriented monitors must not exceed 15 µg/m3. 

6  To attain this standard, the 3-year average of the 98th percentile of 24-hour concentrations at each population-oriented monitor 
within an area must not exceed 35 µg/m3 (effective December 17, 2006). 

7 Colorado approval of the U.S. Environmental Protection Agency standard is pending. 
–  = not applicable 
μg/m3 = micrograms per cubic meter 
CO = carbon monoxide 
NO2 = nitrogen dioxide 
O3 = ozone 
PM10 = particulate matter less than 10 microns in diameter 
PM2.5 = particulate matter less than 2.5 microns in diameter 
ppm = parts per million 
SO2 = sulfur dioxide 
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The Colorado Air Pollution Control Division (APCD) oversees Colorado air quality policies and 
is responsible for preparing and submitting the State Implementation Plan (SIP) to the USEPA. 

The Federal Highway Administration (FHWA) and the Federal Transit Administration (FTA) 
require projects to comply with the conformity provision of the Federal Clean Air Act and the 
USEPA transportation air quality conformity regulations (40 Code of Federal Regulations [CFR] 
51 Subpart T and 40 CFR 93 Subpart A).   

The following sections of 40 CFR 93 Subpart A are the conformity criteria that apply to the FEIS 
packages: 

§93.110 – The conformity determination must be based on the latest planning assumptions. 

§93.111 – The conformity determination must be based on the latest emissions model. 

§93.112 – Conformity must be determined according to the interagency consultation 
procedures in §93.105 (a)(2) and (e) and the requirements of 23 CFR Part 450 and in the 
applicable implementation plan, and according to the public involvement procedures 
established in compliance with 23 CFR Part 450. 

§93.114 – There must be a currently conforming transportation plan and currently 
conforming Transportation Improvement Program (TIP) at the time of project approval. 

§93.115 – The project must come from a conforming transportation plan and TIP. 

§93.116 – The project must not cause or contribute to any new localized CO or PM10 
violations in CO and PM10 nonattainment and maintenance areas. 

§93.117 – The project must comply with PM10 control measures in the implementation plan. 

§93.118 – The transportation plan and TIP must be consistent with the motor vehicle 
emissions budget in the implementation plan submittal. 

In addition, 23 CFR 450 requires that the Regional Transportation Plan (RTP) and TIP be 
fiscally constrained.  Before the Record of Decision (ROD) can be signed and project advanced, 
the project must be included in a fiscally constrained, air quality conforming RTP. 

2.2 DESCRIPTION OF EXISTING CONDITIONS  
The concentration of a pollutant in the atmosphere depends on the amount of pollutant released, 
the nature of the source, and the ability of the atmosphere to transport and disperse the pollutant.  
The main determinants of transport and dispersion are wind, atmospheric stability or turbulence, 
topography, and the existence of inversion layers.  The Denver metropolitan area is located in the 
South Platte River drainage area, with mountains located to the west and relatively high terrain to 
the south and north.  Under certain meteorological conditions, the local topography has the 
tendency to trap pollutants resulting in elevated ambient concentrations.  The pollutants can be 
trapped under strong inversions that inhibit dispersion and cause poor air quality.  Certain 
photo-chemically active pollutants, such as NOx and VOCs, react under the presence of sunlight 
and can cause elevated levels of ground level O3.  Warm temperatures accelerate the creation of 
ground level O3 and can exacerbate conditions of poor air quality.  
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When assessing the 
impacts of 
transportation 
projects, the 
pollutants of primary 
concern are CO, O3, 
and PM10. 

The Denver metropolitan area is in attainment/maintenance for PM10 and CO, and effective 
November 2007, is designated nonattainment for the 8-hour O3 standard.  It is currently in 
attainment for the remaining criteria pollutants.  

The Regional Air Quality Council (RAQC), in cooperation with the state of Colorado, has 
proposed a SIP to be submitted to USEPA in mid-2009 to demonstrate compliance with the O3 
NAAQS (8-hour average less than 0.08 parts per million) by the end of 2010.  In addition, in 
March 2008 the USEPA revised the 8-hour O3 standard from 0.08 parts per million to 0.075 parts 
per million.  A revised SIP for the new standard must be submitted to USEPA in 2013. 

2.3 POLLUTANTS OF PRIMARY CONCERN 
When assessing the impacts of transportation projects, the pollutants of 
primary concern for the Denver metropolitan area are CO, O3, and PM10.  A 
transportation project can affect regional air quality when emissions of O3 
precursors (NOx and VOCs) from traffic are greater if the project is 
implemented than if not.  Because the region is designated as an 
attainment/maintenance area by federal standards for CO or PM10, and 
designated nonattainment for O3, the project is subject to federal conformity 
requirements.  While regional conformity requirements apply for all three 
pollutants, no project-level analysis requirements apply for O3 due to the 
fact that it is formed downwind of the source of the precursor emissions and therefore a pollutant 
of regional concern.  Conversely, CO and PM10 concentrations can accumulate near areas of 
heavy traffic congestion where average vehicle speeds are low.  Therefore, emissions of CO and 
PM10 are evaluated for localized or “hot-spot” impacts, and the project must be analyzed for 
project level conformity.  The impacts of these two pollutants are addressed later in this section. 

NOx, SO2, and PM2.5 can be emitted from combustion sources, including on-road vehicles and 
non-road equipment.  The Denver metropolitan area is currently designated as attainment for 
these three pollutants.  In the past few years, the PM2.5 annual concentrations and the 3-year 
average of the 98th percentile 24-hour concentrations did not exceed NAAQS in the project area.  
Therefore, PM2.5 was not considered as a pollutant of primary concern for this project.  Detailed 
analyses of PM2.5 were not included in this report.  Similarly, the project area is classified as 
attainment for NOx and SO2 NAAQS; therefore, no detailed analyses were performed.  

2.4 AIR QUALITY MONITORING DATA 
The APCD operates a network of ambient air quality monitoring stations within the 
Denver/Boulder area.  Figure 2-1, Location of Colorado Air Pollution Control Division 
Monitoring Stations Within/Near the Project Area, shows the locations of the monitoring stations 
within the study corridor.  Table 2-2, Summary of Ambient Monitoring Concentrations within 
the Study Area, lists the maximum CO, O3, PM10, and PM2.5 concentrations measured from 2004 
through 2008 for monitoring stations in the area, and displays the NAAQS for comparison.   
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Figure 2-1: Location of Colorado Air Pollution Control Division Monitoring Stations 
Within/Near the Project Area 

 
Source: US 36 Mobility Partnership, 2009. 
Note:  The 116th Avenue Rail Station is not a part of the 2004 FasTracks Program.  Additional stations were added in the 
early planning stages of the US 36 Environmental Impact Statement.  Exact rail station locations and additional stations 
may be reconsidered in the U.S. Army Corps of Engineers/ Regional Transportation District Northwest Rail Environmental 
Assessment/Environmental Evaluation. 
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Table 2-2: Summary of Ambient Monitoring Concentrations within the Study Area 
Monitoring Station Pollutant Averaging Time 2004 2005 2006 2007 2008 

NAAQS  CO  
(ppm) 

1-hour1 
8-hour1 

35.0 
9.0 

35.0 
9.0 

35.0 
9.0 

35.0 
9.0 

35.0 
9.0 

Boulder – 2150 28th Street CO  
(ppm) 

1-hour (2nd max.) 
8-hour (2nd max.) 

4.5 
2.5 

3.2 
1.9 

N/A 
N/A 

N/A 
N/A 

N/A 
N/A 

Arvada – West 57th Avenue and 
Garrison Street 

CO  
(ppm) 

1-hour (2nd max.) 
8-hour (2nd max.) 

3.7 
2.6 

3.6 
2.0 

3.5 
2.0 

N/A 
N/A 

N/A 
N/A 

Welby – 78th Avenue and Steele 
Street, Adams County 

CO  
(ppm) 

1-hour (2nd max.) 
8-hour (2nd max.) 

4.0 
2.8 

3.3 
2.2 

3.8 
2.5 

3.0 
2.1 

3.1 
1.7 

CAMP – 2105 Broadway, Denver CO  
(ppm) 

1-hour (2nd max.)  
8-hour (2nd max.) 

8.7 
4.1 

4.3 
2.5 

4.6 
3.1 

5.9 
2.8 

7.0 
2.3 

NAAQS  O3  
(ppm) 

1-hour2  
8-hour3 

– 
0.075 

– 
0.075 

– 
0.075 

– 
0.075 

– 
0.075 

Boulder – 1405½ South Foothills 
Highway  

O3  
(ppm) 

1-hour (max.) 
8-hour (4th max.) 

0.08 
0.068 

0.100 
0.076 

0.099 
0.083 

0.095 
0.079 

0.093 
0.074 

Arvada – West 57th Avenue and 
Garrison Street 

O3  
(ppm) 

1-hour (max.) 
8-hour (4th max.) 

0.086 
0.065 

0.099 
0.078 

0.099 
0.082 

0.095 
0.079 

0.093 
0.074 

Welby – 78th Avenue and Steele 
Street, Adams County 

O3  
(ppm) 

1-hour (max.) 
8-hour (4th max.) 

0.078 
0.066 

0.090 
0.073 

0.089 
0.069 

0.098 
0.070 

0.100 
0.076 

CAMP – 2105 Broadway, Denver O3  
(ppm) 

1-hour (max.) 
8-hour (4th max.)4 

N/A 
N/A 

0.072 
0.051 

0.085 
0.062 

0.084 
0.057 

N/A 
N/A 

Rocky Flats North – 16600 West 
State Highway 128 

O3  
(ppm) 

1-hour (max.) 
8-hour (4th max.)4 

0.086 
0.073 

0.099 
0.077 

0.104 
0.090 

0.108 
0.090 

0.088 
0.079 

NAAQS  PM10 
(µg/m3) 

Annual Mean4 
24-hour5 

(50.0) 
150.0 

(50.0) 
150.0 

(50.0) 
150.0 

(50.0) 
150.0 

(50.0) 
150.0 

Boulder – 2440 Pearl Street PM106 

(µg/m3) 
Annual Arith. Mean 
24-hour (2nd max.) 

19 
33 

20 
38 

17 
34 

22 
59 

21 
46 

Welby – 78th Avenue and Steele 
Street, Adams County 

PM106 
(µg/m3) 

Annual Arith. Mean 
24-hour (2nd max.) 

30 
95 

32 
66 

28 
82 

30 
73 

27 
63 

CAMP – 2105 Broadway, Denver  PM106 
(µg/m3) 

Annual Arith. Mean 
24-hour (2nd max.) 

30 
69 

28 
68 

29 
61 

28 
67 

30 
56 

NAAQS  PM2.5 
(µg/m3) 

Annual Mean 
24-hour7 

15 
35 

15 
35 

15 
35 

15 
35 

15 
35 

CAMP – 2105 Broadway, Denver PM2.56, 
(µg/m3) 

Annual Arith. Mean 
24-hour (98th percentile) 

9.36 
22.9 

9.82 
29.4 

8.90 
24.3 

10.73 
37.2 

7.90 
19.4 

Boulder – 2440 Pearl Street PM106 

(µg/m3) 
Annual Arith. Mean 
24-hour (2nd max.) 

6.72 
18.7 

6.97 
18.4 

6.72 
15.7 

7.40 
25.0 

6.49 
17.1 

Source: USEPA, 2009. 
Notes:   
1 Not to be exceeded more than once per calendar year. 
2 The standard is attained when the expected number of days per calendar year with maximum hourly average concentrations above 
0.12 ppm is less than 1. 

3 To attain this standard, the 3-year average of the fourth-highest daily maximum 8-hour average O3 concentrations measured at 
each monitor over each year must not exceed 0.08 ppm. 

4 The U.S. Environmental Protection Agency revoked the annual respirable PM10 NAAQS in 2006 (effective December 17, 2006). 
5 Not to be exceeded more than once per year on average over 3 years.  The standard has been revoked.  The data presented here 
are for information purposes only. 

6 If a monitoring station has more than one monitor for a pollutant, the highest reading among the monitors was used. 
7 The PM2.5 24-hour standard is attained when 98 percent of the daily concentrations, averaged over 3 years, is equal to or less than 
the standard. 
μg/m3 = micrograms per cubic meter 
arith. = arithmetic 
CO = carbon monoxide 
max. = maximum 
N/A = data not available  

NAAQS = National Ambient Air Quality Standards  
O3 = ozone 
PM10 = particulate matter less than 10 microns in diameter 
PM2.5 = particulate matter less than 2.5 microns in diameter 
ppm = parts per million 
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These data indicate that the air quality in the study area meets the NAAQS for CO and PM10.  
There were some incidents when the maximum 24-hour concentrations of PM2.5 were measured 
higher than the NAAQS of 35 micrograms per cubic meter.  To attain the 24-hour PM2.5 
NAAQS, the 3-year average of the 98th percentile of 24-hour PM2.5 concentrations at each 
monitor within the area must not exceed 35 micrograms per cubic meter.  The calculated 3-year 
average of the 98th percentile of 24-hour PM2.5 concentration did not exceed the 35 micrograms 
per cubic meter NAAQS in the project area; therefore, the area is currently in attainment for 
PM2.5.  

Several monitors in the Denver metropolitan area (Boulder, Welby, Arvada, and Denver) have 
measured violations of the new 8-hour O3 standard.  An O3 exceedance is derived from the 
3-year average of the fourth maximum 8-hour O3 concentrations.  In this case, 8-hour O3 data 
have recently exceeded NAAQS. 



SECTIONTHREE Impact Analysis 

Air Quality Technical Report Addendum 3-1 

Total emissions 
within the project 
corridor for criteria 
air pollutants of 
concern were 
estimated for each 
package. 

3. Section 3 THREE Impact Analysis 

Air quality impacts were evaluated for Package 1 (No Action) and two build packages 
(Package 2 and Package 4) in the Draft Environmental Impact Statement (DEIS).  Through 
public comments received after the publication of the DEIS, it was apparent that there was 
overwhelming agency and community support for a hybrid alternative.  In late 2007, a Preferred 
Alternative Committee was formed and developed the Combined Alternative Package.  The 
Combined Alternative Package contains characteristics of both Package 2 and Package 4.  The 
Combined Alternative Package would have fewer lanes which in turn reduces environmental 
impacts and cost while maximizing the transportation benefits.  This effort resulted in the 
Combined Alternative Package being identified as the Preferred Alternative and evaluated in this 
FEIS.   

The following sections present the methodology and results of the air quality analysis.  Detailed 
emission modeling and emission calculation files are presented in the appendices as follows: 

• Appendices 1 through 9: MOBILE6 modeling files and emission estimates for 2005 
(existing conditions); 

• Appendices 10 through 13: emission summaries for the Combined Alternative Package 
(Preferred Alternative) and Package 1 in 2035; 

• Appendices 14 through 17: emission estimates for Package 2 and Package 4 in 2035; and 

• Appendices 18 through 24: CO emission factors, intersection screening, and CAL3QHC 
modeling files for the Combined Alternative Package (Preferred Alternative) and Package 1 
CO hot-spot analysis; and MOBILE6 modeling files for the Combined Alternative Package 
(Preferred Alternative) and Package 1 in 2035. 

3.1 CORRIDOR EMISSION ESTIMATES 

3.1.1 Methodology 
Total emissions within the project corridor for NOx, CO, VOC, and PM10 
were estimated for each package.  These emission estimates were based on 
the expected traffic levels for each package for the year 2035.  An estimate 
of the emissions for the baseline year 2005 was added for further 
comparison.  

3.1.1.1 Emission Modeling of the Combined Alternative Package 
(Preferred Alternative) and Package 1 for Year 2035 

The VMT for Package 1 and the Combined Alternative Package (Preferred Alternative) in 2035 
were obtained from the travel demand forecasting completed for the FEIS.  Corridor vehicle 
emissions for Package 1 and the Combined Alternative Package (Preferred Alternative) in year 
2035 were modeled by the Colorado APCD using a link-based motor vehicle emissions 
modeling system within MOBILE6.2.  The modeling system was used to generate the on-road 
mobile source emissions of the Denver Regional Council of Governments (DRCOG) Network.  
The motor vehicle emissions model estimates link-level emissions using the output from the 
DRCOG Travel Demand Model.  The Travel Demand Model provides VMT or volume for 
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multi-hour periods, and the emission model uses temporal allocation factors and VMT mix 
fractions to estimate hourly emissions for each vehicle class for each roadway type and speed. 

Corridor emissions were calculated on a link-by-link basis using MOBILE6.2 model emission 
factors and corresponding VMT.  Vehicle speeds were obtained from the Metropolitan Planning 
Organization transportation networks.  The ambient temperatures for the regional emissions 
analysis were derived from the meteorological modeling performed for the attainment 
demonstration for a typical O3 episode period.  The motor vehicle mix was obtained from the 
Colorado Department of Transportation (CDOT) automated traffic counters.  Detailed emission 
modeling files are presented in Appendix 24. 

Emissions for Package 1 and the Combined Alternative Package (Preferred Alternative) in 2035 
were estimated for both summer and winter months using corridor-specific roadway settings and 
vehicle distributions.  The worst-case emissions of each pollutant were used in the analysis.  A 
summary of corridor-wide daily emissions from Package 1 and Combined Alternative Package 
(Preferred Alternative) is presented in Appendix 10 and Appendix 11, respectively.  A summary 
of peak-hour emissions of Package 1 and the Combined Alternative Package (Preferred 
Alternative) is presented in Appendix 12 and Appendix 13, respectively. 

In addition, the DRCOG regional Travel Demand Model used to generate year 2035 traffic 
information contained some changes from the model used to generate year 2005 traffic 
information for the DEIS, and these changes resulted in differences in traffic information for the 
base year of 2005.  However, the emissions developed for the DEIS for year 2005 are still 
relevant for general comparison purposes. 

3.1.1.2 Emission Adjustment of Package 2 and Package 4 from 2030 to 2035 

Emissions from Package 2 and Package 4 were evaluated in the DEIS based on 2030 traffic 
information.  Because traffic modeling was not updated for Package 2 and Package 4 for 2035, 
emissions of these two packages were adjusted to 2035 values for full disclosure and comparison 
among packages.  Trend analyses were applied to VMT of these two packages to reconcile 2035 
modeling.   

The emission adjustments took into account the changes to VMT and vehicle speeds between 
2030 and 2035 for Package 2 and Package 4 as follows.  Detailed corridor-wide emission 
adjustments of Package 2 and Package 4 are presented in Appendix 14 and Appendix 15.  Speed 
adjustment factors used in the emission estimate are presented in Appendix 17, and are 
summarized below.   

1. VMT Adjustment Factors:  VMT changes in Package 2 and Package 4 in 2035 were 
assumed to be the same percentage of the VMT growth rate as modeled in the DEIS relative 
to Package 1 in 2030.  The VMT adjustment factors were calculated as: 

Package 2 or Package 4 VMT Adjustment Factors = Package 1 2035 VMT/Package 1 2030 VMT 

2. Vehicle Speed Adjustment Factor:  Average vehicle speed changes in Package 2 and 
Package 4 in 2035 were assumed to be the same percentage of the speed changes as modeled 
in DEIS relative to Package 1 in 2030.  Vehicle speed adjustment factors were calculated as: 

Package 2 or Package 4 Vehicle Speed Adjustment Factors = Package 1 2035 Speed/Package 1 
2030 Speed 
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3. Vehicle Emission Factor Adjustment:  Vehicle emission factors change when vehicle 
speed changes.  Vehicle emission factors for Package 2 and Package 4 at 2030 and 2035 
speeds were modeled by the MOBILE6.2 model.  The vehicle emission adjustment factors 
for speed change were calculated as:  

Package 2 or Package 4 Emission Adjustment Factor for Speed = MOBILE6.2 Emission Factor 
at 2035 Speed for Package 2 or Package 4/MOBILE6.2 Emission Factor at 2030 Speed for 
Package 2 or Package 4 

4. Vehicle Emission Calculation:  Vehicle emissions for Package 2 and Package 4 were 
calculated using the following equation: 

Package 2 or Package 4 Vehicle Emissions in 2035 = (Package 2 or Package 4 Vehicle 
Emissions in 2030) X (VMT Adjustment Factor of Package 2 or Package 4) X (Emission 
Adjustment Factor for Package 2 or Package 4). 

3.1.1.3 Emissions of Existing Condition in 2005 

The DRCOG regional Travel Demand Model  used to generate year 2035 traffic information 
contained some changes from the model used to generate year 2005 traffic information for the 
DEIS, and these changes resulted in differences in traffic information for the base year of 2005.  
The 2035 traffic model was not updated for the FEIS, and the emissions developed for the DEIS 
for year 2005 are used in the FEIS for general comparison purposes.  Refer to Appendices 1 
through 8 for detail and documentation of the emission estimate for the existing condition in 
2005: 

• Appendix 1 and Appendix 2:  VMT and bus rapid transit (BRT) service miles used in the 
emission estimate for 2005  

• Appendix 3:  Peak hour corridor-wide criteria pollutant emission calculations by segments 
for 2005   

• Appendix 4:  Daily corridor-wide criteria pollutant emission calculations by segments for 
2005 

• Appendix 5:  Daily regional criteria pollutant emission calculations by segments for 2005 

• Appendix 6 and Appendix 7:  Corridor and regional Mobile Source Air Toxics (MSAT) 
emission calculations for 2005 

• Appendix 8:  MOBILE6.2 emission factor output files for criteria pollutants 

3.1.2 Impact Analysis 
Table 3-1, Peak-hour Corridor-wide Vehicle Miles Traveled and Emission Inventory Estimates, 
presents the estimated peak hourly VMT and emissions for each package.  Table 3-2, Daily 
Corridor-wide Vehicle Miles Traveled and Emission Inventory Estimates, presents the estimated 
daily VMT and emissions for each package.   
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Table 3-1: Peak-hour1 Corridor-wide Vehicle Miles Traveled and Emission Inventory Estimates  

Parameter Year 
2005 

Package 1  
(2035) 

Package 2  
(2035)2 

Package 4  
(2035)2 

Combined 
Alternative Package 

(Preferred 
Alternative) 

(2035) 
VMT: Total Corridor Wide  1,073,540 1,393,441 1,443,036 1,457,695 1,489,741 
Emissions: VOC (lb/hr) 3,434  1,370 1,382 1,402 1,388 
Emissions: CO (lb/hr) 47,959  33,398 34,135 34,556 34,471 
Emissions: NOx (lb/hr) 4,326  708 723 733 733 
Emissions: PM10 (lb/hr) 110  104 108 109 108 
Source: US 36 Mobility Partnership, 2006 and 2009. 
Notes: 
1Peak-hour emissions represent the worst-case of morning and afternoon peak-hour emissions. 
2VMT emissions of Package 2 and Package 4 in 2035 were estimated by applying adjustment factors to the 2030 data, taking into 

account the VMT growth rate and vehicle speed change between 2030 and 2035. 
 
CO = carbon monoxide 
lb/hr = pound(s) per hour 
NOx = oxides of nitrogen 

PM10 = particulate matter less than 10 microns in diameter 
VMT = vehicle miles traveled 
VOC = volatile organic compound 

 
Table 3-2: Daily Corridor-wide Vehicle Miles Traveled and Emission Inventory Estimates  

Parameter Year 
2005 

Package 1  
(2035) 

Package 2  
(2035)1 

Package 4  
(2035)1 

Combined 
Alternative Package 

(Preferred 
Alternative) 

(2035) 
VMT: Total Automobile/ 
Truck/BRT for US 36  12,105,100 16,186,920 16,589,894 16,796,701 16,567,130 

Emissions: VOC (lb/day) 38,734 13,215 13,408 13,575 13,473 
Emissions: CO (lb/day) 541,040 379,153 388,154 392,959 388,152 
Emissions: NOx (lb/day) 48,248 8,353 8,536 8,643 8,619 
Emissions: PM10 (lb/day) 1,219 1,240 1,271 1,287 1,272 

Source: US 36 Mobility Partnership, 2006 and 2009. 
1VMT emissions of Package 2 and Package 4 in 2035 were estimated by applying adjustment factors to the 2030 data, taking into 

account the VMT growth rate and vehicle speed change between 2030 and 2035. 
Notes: 
BRT = bus rapid transit 
CO = carbon monoxide 
lb/day = pound(s) per hour 
NOx = oxides of nitrogen 

PM10 = particulate matter less than 10 microns in diameter 
US 36 = United States Highway 36 
VMT = vehicle miles traveled 
VOC = volatile organic compound 

 
Within the project corridor, the build packages would produce slightly higher pollutant emissions 
than Package 1 in 2035 due to the increased VMT on US 36 with the build packages.  Package 4 
would produce the greatest VMT and emissions increase above Package 1 2035 levels.  Daily 
and peak-hour emissions of VOC, CO, and NOx for the build packages in 2035 are much lower 
than those in the baseline year 2005, which is attributed to the addition of newer vehicles with 
tighter emission controls, cleaner fuels, and more stringent emission restrictions in future years.   

The daily PM10 emissions in 2035 presented in Table 3-2, Daily Corridor-wide Vehicle Miles 
Traveled and Emission Inventory Estimates, are slightly higher than 2005.  Note that the APCD 
has refined their modeling approaches over time.  The VMT estimated for the build packages in 
2035 is about 34 to 38 percent higher than the 2005 VMT.  However, vehicle PM10 emission 
factors are expected to be reduced at a faster rate than the estimated VMT increase on US 36; 



SECTIONTHREE Impact Analysis 

Air Quality Technical Report Addendum 3-5 

therefore, the slight increase of the PM10 emissions are likely due to the different modeling 
approaches used for 2005 and 2035 emission estimates (see Section 3.1.1, Methodology). 

3.2 REGIONAL EMISSION ESTIMATES 

3.2.1 Methodology 
For comparison, total emissions within the entire Denver metropolitan area for VOC, NOx, CO, 
and PM10 were estimated for each package.  As with the corridor-wide emission estimates, the 
region-wide estimates for Package 1 and the Combined Alternative Package (Preferred 
Alternative) were based on the expected traffic levels for each package for the year 2035, the 
expected mix of vehicles, and emission factors for each vehicle type.  Total daily emissions were 
estimated for each package for the regional analysis.  

For Package 1 and the Combined Alternative Package (Preferred Alternative), vehicle emissions 
were modeled for year 2035 using traffic model outputs and Denver-specific vehicle fleet 
information and roadway settings in 2035 — using the same methodologies as the 2035 corridor 
emission modeling.  A summary of regional emissions from Package 1 and the Combined 
Alternative Package (Preferred Alternative) is presented in Appendices 10 through 13.  Regional 
emissions of Package 2 and Package 4 were estimated by applying VMT and speed adjustment 
factors to the 2035 Package 1 emissions.  A summary of regional emission adjustments for 
Package 2 and Package 4 is presented in Appendix 16.  Speed adjustment factors used in the 
emission estimate are presented in Appendix 17. 

3.2.2 Impact Analysis 
Table 3-3, Daily Region-wide Vehicle Miles Traveled and Emission Inventory Estimates, 
presents the estimated daily emissions for the region. 

Table 3-3: Daily Region-wide Vehicle Miles Traveled and Emission Inventory Estimates 

Parameter Year 
2005 

Package 1  
(2035) 

Package 2 
(2035)1 

Package 4 
(2035)1 

Combined 
Alternative Package 

(Preferred 
Alternative) 

(2035) 
VMT: Total Automobile/Truck 61,813,300 113,244,870 113,463,909 113,907,582 113,605,913 
Emissions: VOC (lb/day) 197,409 93,680 93,620 93,986 94,956 
Emissions: CO (lb/day) 2,768,912 2,694,573 2,699,081 2,710,106 2,698,663 
Emissions: NOx (lb/day) 244,493 58,776 58,890 59,120 59,388 
Emissions: PM10 (lb/day) 6,124 8,626 8,643 8,676 8,681 
Source: US 36 Mobility Partnership, 2009. 
Notes: 
1VMT emissions of Package 2 and Package 4 in 2035 were estimated by applying adjustment factors to the 2030 data, taking into 

account the VMT growth rate and vehicle speed change between 2030 and 2035. 
CO = carbon monoxide 
lb/day = pound(s) per day 
NOx = oxides of nitrogen 
PM10 = particulate matter less than 10 microns in diameter 
VMT = vehicle miles traveled 
VOC = volatile organic compound 
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Within the entire Denver metropolitan area, daily emissions of the criteria pollutants that would 
occur with implementation of the build packages are estimated to be higher than Package 1 in 
2035 due to the increased regional VMT.  Estimated emissions of VOC, CO, and NOx emissions 
of the build packages in 2035 indicate substantial reductions of these pollutants when compared 
to year 2005, due to greater control efficiencies of these pollutants in the future.  The regional 
PM10 emissions estimated for the project are higher in 2035 compared to 2005, which may be 
due to the greater VMT growth rate than the PM10 emission reduction rate between 2005 and 
2035. 

3.3 PROJECT-LEVEL CARBON MONOXIDE IMPACTS  

3.3.1 Methodology 
Project-level CO hot-spot analysis is required to demonstrate conformity because the project area 
is in a maintenance area for CO.  Localized CO effects were assessed by estimating the 
maximum ambient CO concentrations near the affected intersections assumed to have the 
greatest potential effect during operation of the build packages.  The predicted worst-case CO 
concentrations of the build packages were compared to the NAAQS and to Package 1 to 
determine if the project would cause any new violation or worsen the existing violation of the 
standards.  Detailed methodology and modeling results are presented in the following sections. 

CO hot-spot analyses were conducted for Package 2, Package 4, and the Combined Alternative 
Package (Preferred Alternative) in this FEIS based on the worst-case scenario for 2005 emission 
factors and worst-case 2035 traffic conditions.   

The following two worst-case intersections for Package 2 and Package 4 were identified in the 
DEIS based on the 2030 traffic information at the affected intersections:  

• Wadsworth Parkway/120th Avenue in Broomfield. 

• Foothills Parkway/Arapahoe Road in Boulder. 

Detailed traffic modeling was not conducted for these two packages for the year of 2035.  The 
traffic volumes and turning movements of Package 2 and Package 4 used in this analysis were 
estimated according to the local traffic growth rates anticipated between 2030 and 2035.  

For the Combined Alternative Package (Preferred Alternative), a screening analysis was first 
performed to identify the worst intersections within the study area that were predicted to be 
affected in 2035.  For the purposes of this analysis, the “worst” intersections are identified in 
terms of intersection level of service (LOS), traffic delay, and traffic volume.  Only signalized 
intersections with a deficient LOS of D, E, or F were subjected to the screening.  Screening 
analysis of the intersections is summarized in Table 3-4, Screening Analysis of 2035 Intersection 
Operations, and is included in Appendix 18.  Intersections were chosen to be representative of:  
a) the highest overall traffic volume intersection operating at a deficient LOS and traffic delay, 
and b) the worst LOS and highest consistent peak-hour traffic delay, high traffic volume 
intersection in the US 36 corridor. 
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Table 3-4:  Screening Analysis of 2035 Intersection Operations 

2035 Package 1 (No Action) 
2035 Combined Alternative 

Package (Preferred 
Alternative) Intersection Peak  

Hour 
LOS 

Delay/ 
Vehicle 

(seconds) 
Volume LOS 

Delay/ 
Vehicle 

(seconds) 
Volume 

Notes 

Federal Boulevard/74th Avenue p.m. F 88.4 6,530 E 78.0 8,145  
Federal Boulevard/74th Avenue a.m. D 43.3 5,640 E 66.9 6,750  

Federal Boulevard/80th Avenue p.m. F 123.5 7,345 F 121.7 7,375 

Worst-Case Delay 
(Combined 

Alternative Package 
[Preferred 

Alternative]), 
Non-Phase 1 

Federal Boulevard/80th Avenue a.m. F 129.6 6,350 F 116.0 5,975  
Wadsworth Parkway/Midway 
Boulevard p.m. E 59.6 5,685 E 78.0 7,230  

Wadsworth Parkway/Midway 
Boulevard a.m. E 69.0 5,315 E 59.6 6,620  

Dillon Road/McCaslin Boulevard p.m. F 140.1 7,055 F 94.6 7,555  

Dillon Road/McCaslin Boulevard a.m. F 173.2 8,150 F 108.5 6,735 
Worst-Case Delay 

(Package 1 [No 
Action]) 

Church Ranch Boulevard/ 
Westminster Boulevard p.m. F 111.0 7,215 F 96.9 7,425  

Church Ranch Boulevard/ 
Westminster Boulevard a.m. F 102.1 6,620 F 92.9 6,520  

Sheridan Boulevard/92nd Avenue p.m. F 108.8 9,325 E 68.0 8,615 

Highest Volume 
(Combined 

Alternative Package 
[Preferred 

Alternative] and 
Package 1 [No 

Action]) 
Sheridan Boulevard/92nd Avenue a.m. E 73.2 8,330 E 66.5 8,495  
Sheridan Boulevard/88th Place p.m. D 53.2 5,750 D 35.3 7,220  
Sheridan Boulevard/88thPlace a.m. D 40.3 5,415 D 35.5 7,300  
Pecos Street/72nd Avenue p.m. E 53.0 4,970 E 60.1 5,355  
Pecos Street72nd Avenue a.m. F 91.2 5,265 E 77.8 5,540  
Pecos Street/76th Avenue p.m. C 29.1 4,485 D 37.2 4,480  
Pecos Street/76th Avenue a.m. F 82.6 4,080 E 75.5 4,425  
Church Ranch Boulevard/ 
Eastbound Ramps p.m. E 71.3 5,100 D 43.6 5,060  

Church Ranch Boulevard/ 
Eastbound Ramps a.m. B 19.9 3,920 B 17.2 4,180  

Source:  US 36 Mobility Partnership, 2009. 
Notes:  
Data for Federal Boulevard/74th Avenue, Federal Boulevard/80th Avenue, and Wadsworth Parkway/Midway Boulevard represent 
the mitigated traffic conditions at these intersections.  
a.m. = morning 
LOS = level of service 
p.m. = evening 
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Based on the screening analysis, the following intersections were analyzed quantitatively in a 
hot-spot analysis to determine localized CO impacts: 

• 92nd Avenue and Sheridan Boulevard 

• 80th Avenue and Federal Boulevard 

The two worst-case intersections for Package 1 were identified in order to compare modeled CO 
concentrations across packages in 2035.  Based on delay and volume, the intersection of Dillon 
Road and McCaslin Boulevard was the worst-case.  Model results from this intersection will be 
discussed in the ROD (which is further discussed in Chapter 8, Phased Project Implementation).  
Model results for the other worst-case intersection, 80th Avenue and Federal Boulevard, are 
provided below. 

Emission factors in grams per mile were provided by APCD in August 2009 and are presented in 
Appendix 19.  Emission factors were estimated for each vehicle speed evaluated in the analysis 
using USEPA’s MOBILE6.2 model.  To be conservative, the highest estimated emission factors 
for 2005 were used to generate a worst-case CO emission scenario for each intersection to ensure 
that no interim years between project opening and design year (2035) would have a greater 
impact.  The USEPA CAL3QHC dispersion model was used to calculate the ambient 
concentrations of CO at the selected worst-case intersections.   

CAL3QHC modeling parameters were obtained from CDOT in August 2009.  A persistence 
factor of 0.57 was used to estimate the 8-hour concentrations from the 1-hour concentrations as 
instructed by CDOT.  Receptors were placed at the four corners of the intersections and at a 
spacing of 25 meters and 50 meters, respectively, along the street.  According to modeling 
guidance, the receptors were placed 3 meters (9.8 feet) from the edge of the roadway to ensure 
they were not within the mixing zone of the travel lanes.  Although sidewalks do not exist around 
all the intersections, it was assumed that the public could have access to these locations.  
Concentrations were calculated at a receptor height of 1.8 meters (5.9 feet).  Other CAL3QHC 
model inputs included:  

• Surface Roughness Coefficient:  75 centimeters 

• Signal Type:  actuated  

• Intersection Arrival Rate:  average progression  

• Saturation Flow Rate:  provided by traffic forecast model  

• Clearance Lost Time:  2 seconds 

• Averaging Time:  60 seconds 

• Settling Velocity:  0 

• Deposition Value:  0 

The model was run using a meteorological condition of 1-meter-per-second wind speed (3.3 feet 
per second); 1,000-meters-mixing-height (3,281 feet); and a moderately stable (Class D) 
atmosphere.  Wind directions were evaluated in 10-degree increments.  

No adjustments were made in CAL3QHC to account for altitude.  The MOBILE6.2 model 
accounts for high altitude in emission factor calculations.  All high-altitude considerations are 
represented within the emission factors used for hot-spot modeling.  Detailed CAL3QHC 
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modeling files and the traffic data used for the modeling setup for each package are presented in 
Appendices 20 through 23. 

The modeled CO concentrations were added to background concentrations and compared with 
NAAQS to determine the CO hot-spot impacts (background concentrations provided by APCD 
are presented in Appendix 19).  This methodology sufficiently simulates the worst-case air 
quality impacts during the interim years from project opening to design year, as the emissions 
would never be higher than how they have been represented here using 2005 emission factors 
and 2035 traffic volumes.   

3.3.2 Results 
Tables 3-5 through 3-7 summarize the project level CAL3QHC modeling results for CO for 
worst-case scenario of highest expected emissions in 2035 for all packages.  For each package, 
CO hot-spot modeling was performed for the two poorest operating, highest traffic volume 
intersections in the US 36 corridor.  The concentrations presented in the following tables include 
background CO concentrations provided by APCD for each intersection.   

Table 3-5: Package 2 and Package 4 Worst-Case 2035 Maximum Carbon Monoxide 
Concentrations  

Concentration (ppm)1 

Wadsworth Parkway and 120th Avenue Foothills Parkway and Arapahoe Road Scenario 
1-hour 8-hour 1-hour 8-hour 

Package 2 (2035) 14.3 7.6 13.8 7.9 
Package 4 (2035) 15.5 8.2 13.6 7.8 
NAAQS 35 9 35 9 
Source: US 36 Mobility Partnership, 2009. 
Notes: 
1 Includes background concentrations provided by the Air Pollution Control Division.  See Appendix 19, 2005 CO Emission 
Factors and Background Concentrations for CO Hot-Spot Analysis, for additional details. 

NAAQS = National Ambient Air Quality Standards  
ppm = parts per million 

 

Table 3-6: Combined Alternative Package (Preferred Alternative) 
Worst-Case 2035 Maximum Carbon Monoxide Concentrations  

Concentration (ppm)1 

92nd Avenue and Sheridan Boulevard 80th Avenue and Federal Boulevard Scenario 
1-hour 8-hour 1-hour 8-hour 

Combined Alternative 
Package (Preferred 
Alternative) 2035 

17.1 8.6 12.3 7.0 

NAAQS 35 9 35 9 
Source: US 36 Mobility Partnership, 2009. 
Notes: 
1Includes background concentrations provided by the Air Pollution Control Division.  See Appendix 19, 2005 CO Emission 

Factors and Background Concentrations for CO Hot-Spot Analysis, for additional details. 
NAAQS = National Ambient Air Quality Standards  
ppm = parts per million 
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Table 3-7: Package 1 (No Action) Worst-Case 2035 Maximum Carbon 
Monoxide Concentrations  

Concentration (ppm)1 

80th Avenue and Federal Boulevard Scenario 
1-hour 8-hour 

Package 1 (2035) 12.9 7.3 
NAAQS 35 9 
Source: US 36 Mobility Partnership, 2009. 
Notes: 
1 Includes background concentrations provided by the Air Pollution Control Division.  See 
Appendix 19, 2005 CO Emission Factors and Background Concentrations for CO Hot-Spot 
Analysis, for additional details. 

NAAQS = National Ambient Air Quality Standards  
ppm = parts per million 

 

The maximum modeled 1-hour and 8-hour CO concentrations are below the NAAQS for all 
packages.  Furthermore, the model results show that the Combined Alternative Package 
(Preferred Alternative) would improve CO concentrations in the vicinity of 80th Avenue and 
Federal Boulevard, as compared to Package 1.   

The 1-hour CO concentrations at these highest volume, most deficient LOS intersections are 
predicted to be 17.1 and 12.3 parts per million, respectively, lower than the NAAQS of 35 parts 
per million.  The 8-hour CO concentrations are predicted to be 8.6 and 7.0 parts per million 
lower than the NAAQS of 9.0 parts per million.   

3.3.3 Conclusion  
Build Packages:  Based on the CAL3QHC modeling results for Package 2, Package 4, and the 
Combined Alternative Package (Preferred Alternative), CO concentrations at the worst-case 
intersections are predicted to be below the 1-hour and 8-hour NAAQS for all three build 
packages.  Therefore, CO concentrations of the build packages are not expected to exceed the 
NAAQS in the project area. 

Phase 1 of the Combined Alternative Package (Preferred Alternative):  The above analysis 
has demonstrated that the CO concentrations will be below NAAQS when the project is fully 
implemented.  Because the Combined Alternative Package (Preferred Alternative) will be 
implemented in phases, and currently only Phase 1 of the project is funded, additional analysis 
was conducted for the intersections.  This analysis was done to demonstrate that the CO 
concentrations before the project build-out will also be in compliance with NAAQS. 

Since detailed intersection traffic analysis was not conducted for Phase 1 of the Combined 
Alternative Package (Preferred Alternative), a comparison of peak-hour ramp and arterial 
volumes for Phase 1 and the Combined Alternative Package (Preferred Alternative) was 
conducted to estimate the traffic condition at intersections under Phase 1.  Ramp volumes for 
Phase 1 were found to be less than, or the same as, the forecast volumes for the Combined 
Alternative Package (Preferred Alternative).  The consistency in ramp volume between Phase 1 
and the Combined Alternative Package (Preferred Alternative), and traffic demand on the arterial 
roadway networks is forecast to increase with the addition of auxiliary lanes to US 36 under the 
Combined Alternative Package (Preferred Alternative).  
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Some of the intersections may operate at slightly worse conditions compared to the Combined 
Alternative Package (Preferred Alternative) before all phases of the project are constructed; 
however, overall traffic conditions at intersections within the project area are expected to be the 
same or slightly improve as compared to Package 1 with implementation of Phase 1 and the 
other phases of the Combined Package Alternative (Preferred Alternative).   

The Dillon Road and McCaslin Boulevard intersection was modeled as a representative worst-
case intersection with the Package 1 2035 traffic volumes and 2005 emission factors.  This 
additional modeling is intended to demonstrate that the worst performing intersection under 
Package 1 conditions would not produce CO concentrations above the NAAQS.  Under Phase 1 
conditions, which will be no worse than Package 1, traffic volumes would likewise not cause a 
violation of the CO NAAQS. 

The resulting 8-hour CO concentration, including the background concentration, is 7.8 parts per 
million, below the NAAQS of 9.0 parts per million. Additional details on conformity for Phase 1 
is included in the ROD discussion in Chapter 8, Phased Project Implementation.   

3.4 PROJECT-LEVEL PM10 HOT-SPOT ANALYSIS 
Unlike modeling CO concentrations, PM10 concentrations in the US 36 corridor cannot be 
calculated because there is no USEPA-approved methodology for calculating PM10 
concentrations at the project level.  Therefore, a qualitative hot-spot analysis was performed for 
the project following the Transportation Conformity Guidance for Qualitative Hot-spot Analyses 
in PM2.5 and PM10 Nonattainment and Maintenance Areas (USEPA 2006a).  The project-level 
hot-spot analysis was conducted to assess whether the project would cause or contribute to any 
new localized PM10 violations, or increase the frequency or severity of any existing violations, or 
delay timely attainment of the PM10 NAAQS.  As required by the USEPA guidance and 
according to CDOT’s instruction, the PM10 hot-spot analysis covers the following elements: 

• Description of project. 

• Description of type of emissions considered in the analysis. 

• Contributing factors, including: air quality; transportation and traffic conditions; built and 
natural environment; meteorology, climate, and seasonal data; and adopted emission control 
measures. 

• Description of analysis years. 

• Description of existing conditions. 

• Description of changes resulting from project. 

• Description of analysis method chosen. 

• Professional judgment of impact. 

• Discussion of any mitigation measures. 

• Written commitments for mitigation (if needed). 

• Conclusion on how project meets 40 CFR 93.116 and 93.123. 
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Because Colorado has an approved PM10 maintenance plan, the March 10, 2006 final conformity 
rule does not apply to the Denver metropolitan area.  Under the 1993 version of the 
transportation conformity rule (40 CFR Part 93), a PM10 hot-spot analysis is required for all non-
exempt federal projects in Colorado’s PM10 maintenance area.  

3.4.1 Description of the Project 
A description of the US 36 Corridor Project is provided in Chapter 1, Purpose and Need, and 
Chapter 2, Alternatives Considered, of the FEIS. 

3.4.2 Description of Type of Emissions Considered in the Analysis 
The hot-spot analysis was based on directly emitted emissions from vehicles, including tailpipe, 
brake wear, and tire wear.  Re-entrained road dust was also included in the analysis as required 
by the USEPA/FHWA guidance.  

Construction-related PM10 emissions were not included in this hot-spot analysis because these 
emissions would be considered temporary since construction would last less than 5 years 
(40 CFR 93.123[c][5]).  Secondary PM10 emissions would be associated with regional impacts 
and, therefore, are not included in the hot-spot analysis. 

3.4.3 Contributing Factors  
Existing and future air quality information was considered in assessing the probability of the 
project causing or contributing to an air quality violation.  Existing conditions of air quality in 
the project area are presented in Section 4.12, Air Quality, of the FEIS.  There has been no 
exceedance of the PM10 NAAQS measured in the project area for the past 10 years based on the 
data from three monitoring stations along the US 36 corridor.  

Future year air quality was modeled by the Colorado Department of Public Health and 
Environment (CDPHE)/APCD in support of the SIP (CDPHE and APCD 2005).  The model 
provides predicted PM10 concentrations for a modeling grid that covers the Denver metropolitan 
area.  The modeling results show a trend of PM10 concentration increase during the period of 
2005 through 2030, mainly due to increased vehicle traffic in future years.  However, the PM10 
concentrations predicted by regional modeling are all below the NAAQS of 150 micrograms per 
cubic meter in the Denver metropolitan area, including the grids that covers the US 36 Corridor 
Project.  

PM10 concentration in the future years will be largely reduced by more stringent vehicle emission 
standards and better control technologies.  The final rule re-designating the Denver metropolitan 
area from nonattainment to maintenance status for PM10 became effective on October 16, 2002.  
This re-designation also included approval of a maintenance plan for PM10 for the Denver 
metropolitan area.  The maintenance plan was updated in 2005 and included a number of 
strategies to reduce future PM10 emissions to demonstrate maintenance for 2002 and beyond.  
The emission reductions will come mostly from lower tailpipe emissions, better street sanding 
procedures, utilization of chemical de-icers, and ongoing vehicle inspection/maintenance 
requirements of the Automobile Inspection and Readjustment Program.  Re-entrained road dust 
tends to be a larger source of PM10 than tailpipe emissions for mobile sources.  Street sanding is 
controlled by Colorado Air Quality Commission Regulation No. 16 and is expected to be the 
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biggest contributor to PM10 control for the Denver metropolitan area.  The maintenance plan also 
includes control of PM10 emissions from road construction activities.  All these control programs 
would be in place regardless of the implementation of the project, and will improve the air 
quality in Denver metropolitan area.  

Natural environment, local meteorology, and seasonal climate change will also affect the PM10 
air quality impacts of a project.  The Denver metropolitan area is located in the South Platte 
River drainage area, with mountains located to the west and relatively high terrain to the south 
and north.  High winds are common within the US 36 corridor, often leading to conditions 
favorable to entrainment of fugitive dust. However, due to the implementation of the PM10 
control measures, PM10 concentrations in the Denver metropolitan area has been in compliance 
with NAAQS for the past 10 years. 

3.4.4 Description of the Analysis Year  
The conformity rule and the USEPA/FHWA guidance require the PM10 hot-spot analysis in 
metropolitan nonattainment and maintenance areas to consider the full timeframe of the area’s 
transportation plan.  The analysis-year to be examined needs to be the year that the peak 
emissions from the project are expected.  The current adopted transportation plan in the Denver 
metropolitan area is the DRCOG 2035 Metro Vision Regional Transportation Plan (2035 
MVRTP) (DRCOG 2007).  Therefore, the hot-spot analysis was extended through the year 2035.  

To identify the year of peak emissions, both mobile source trends and trends in background 
ambient concentrations were considered.  As a starting point, the mobile source emission 
inventories from the Colorado PM10 maintenance plan were evaluated.  These emission 
inventories are presented in Table 3.1-1, Table 3.4-1, and Table 3.4-3 of the Technical Support 
Document for the Colorado SIP for PM10 (CDPHE and APCD 2005).  The Colorado PM10 
maintenance plan presents the emission inventory through 2030 and it shows a trend of increased 
mobile source emissions, with the highest emissions in 2030.  While the tailpipe fraction of the 
emissions decline due to more stringent emission standards, road dust emissions increase due to 
increased traffic volumes.   

The regional air dispersion modeling results presented in the Technical Support Document for 
the Colorado SIP for PM10 (CDPHE and APCD 2005) were used to identify the year with the 
highest background PM10 concentrations.  The modeling results show a clear trend of increased 
concentrations from 2015 through 2030 at the modeling grid inside the project area near the 
interchange of US 36 and Interstate 25 (I-25).  

The maintenance plan does not cover years beyond 2030; however, based on the emissions and 
modeled PM10 concentration trend presented in the PM10 maintenance plan, it was assumed that 
the emission and concentration increase trend will continue through 2035.  Because 2035 is 
expected to be the year with peak emissions and the highest background concentrations, it was 
selected as the analysis year for the PM10 hot-spot analysis.  
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3.4.5 Description of the Existing Conditions  
The VMT for the existing condition (2005) within the US 36 corridor is approximately 
12.1 million miles.  The location with most traffic volume is near the interchange at US 36 and 
I-25, with an average daily traffic (ADT) volume of 135,000 vehicles per day.  

Five years of ambient PM10 data (2004 to 2008) measured near the project area are presented in 
Table 2-2, Summary of Ambient Monitoring Concentrations within the Study Area, and show 
that there have been no violations of the 24-hour federal PM10 standard during that time for the 
Denver metropolitan area.  A violation would be recorded at a particular monitor if more than 
one measured 24-hour value equals or exceeds NAAQS during a calendar year.  Therefore, the 
highest measured value is disregarded and the next highest value (the “high second-high”) is 
compared to NAAQS.  The second-high 24-hour PM10 concentrations measured at the three 
monitoring stations closest to the project area (Boulder, Welby, and CAMP stations) were at most, 
39 percent, 63 percent, and 43 percent, respectively, of the federal 24-hour standard of 
150 micrograms per cubic meter.  The three monitoring stations have shown fairly stable PM10 
concentrations over the last few years.  The PM10 concentrations measured in 2008 at all these 
stations are lower than those measured in 2007. 

For comparison purposes, monitoring data at a location that has similar characteristics with the 
US 36 project setting and traffic volume were also reviewed.  The location of the monitoring 
station is 1050 South Broadway.  This monitoring station is near I-25 in the central South Platte 
River Valley and has similar characteristics to the US 36 project area.  In this area, I-25 carries 
more than 180,000 vehicles per day.  The values listed in Table 3-8, Second Highest 24-hour 
PM10 Concentration, are the second highest 24-hour values measured during the year, which is 
the method required to assess compliance with the NAAQS.  As indicated in the table, the 
measured PM10 concentrations at this location were well below the PM10 NAAQS of 
150 micrograms per cubic meter. 

Table 3-8: Second Highest 24-hour PM10 Concentration 

Year Second Highest 24-hour PM10 Concentration 
(µg/m3) 

2005 54 
2004 76 
2003 77 
2002 67 
2001 60 
2000 54 

Source: US 36 Mobility Partnership, 2009. 
Notes: 
Monitoring data after 2005 are not available at this station. 
PM10 = particulate matter less than 10 microns in diameter 
µg/m3 = micrograms per cubic meter 

 

Existing conditions regarding regional air quality, traffic conditions, built and natural 
environment of the project, meteorology and seasonal climate change of the project area, and the 
adopted emission control measures are discussed in Section 3.4.3, Contributing Factors. 
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3.4.6 Description of Changes Resulting from the Project  
Change of VMT: As indicated in Table 3-1, Peak-hour Corridor-wide Vehicle Miles Traveled and 
Emission Inventory Estimates, daily corridor-wide VMT for the build packages would be similar, 
within 2 to 4 percent of Package 1 VMT, and would increase approximately 34 to 39 percent 
compared to 2005.  The worst-case ADT volumes for the build packages on the US 36 corridor 
would be between 167,000 to 196,000 in 2035.  Because current PM10 concentrations monitored in 
the project area are sufficiently below the NAAQS, the VMT and ADT increase associated with 
the build packages is unlikely to cause an exceedance of the PM10 NAAQS. 

Change of LOS: Hot spots of PM10 would most likely occur where large volumes of traffic 
operate under heavily congested conditions.  Even though the VMT will increase in future years, 
the traffic operating conditions on US 36 are expected to improve due to the expanded capacity 
and efficiency.  The projected LOS at affected intersections for the build packages improves or 
remains the same on US 36 compared to Package 1.   

Change of Vehicle Emissions: Overall vehicle emissions, including pipeline, brake wear, and 
tire wear are shown in Table 3-2, Daily Corridor-wide Vehicle Miles Traveled and Emission 
Inventory Estimates.  The daily vehicle emissions of PM10 for the build packages are slightly 
higher (about 2 to 4 percent) than Package 1 in 2035.  There is a slight increase (4 to 6 percent) 
of vehicle PM10 exhaust in 2035 from build packages compared to 2005 in the project area.   

Change of Re-entrained Dust Emissions: Vehicle re-entrained dust accounted for 40 to 
60 percent of the vehicle related PM10 emissions in the Denver metropolitan area.  According to 
the emission calculation methodology described in Chapter 13.2.1 of AP-42, Fifth Edition, 
Compilation of Air Pollutant Emission Factors (USEPA 2006b), road re-entrained dust 
emissions are a function of the road silt content, average weight of vehicles traveled on the road, 
and VMT.  Because the project would not significantly change the vehicle mix of the corridors, 
the re-entrained road dust emissions would be proportional to the VMT on paved roads.  Based 
on the total VMT data presented in Table 3-2, Daily Corridor-wide Vehicle Miles Traveled and 
Emission Inventory Estimates, daily VMT of build packages are approximately 37 to 39 percent 
higher compared to 2005.  However, fugitive dust emissions are not expected to increase at the 
same percentage as VMT due to the additional reduction in sand applications and increased road 
sweeping activities in future years (DRCOG 2009).  VMT for build packages would be about 2 
to 4 percent higher than Package 1 in 2035.  Therefore, fugitive dust emissions of build packages 
are expected to be only slightly higher than Package 1, and are not expected to cause an 
exceedance of the NAAQS.  

3.4.7 Description of the Analysis Method Chosen 
In lieu of a quantitative methodology, the analysis uses a combination of the two methods 
outlined in Section 4.1 of the March 2006 USEPA/FHWA guidance, by using the “air quality 
studies for the proposed project location” as well as the “comparison to another location with 
similar characteristics.”   

The analysis relied on the air dispersion modeling already conducted for the Denver metropolitan 
PM10 maintenance plan to evaluate the potential for the build packages to cause or contribute to 
violations of the PM10 NAAQS.  This approach has been used for other projects in the Denver 
metropolitan area, and involves three technical steps: 1) identify worst-case locations based on 
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traffic volume for the proposed project, 2) review the PM10 maintenance plan dispersion 
modeling to identify similar comparison locations that have similar or even higher traffic 
volumes, and 3) ensure that the modeled concentrations at these comparison locations in the 
maintenance plan are below NAAQS.  In this case, the regional air dispersion modeling already 
included the US 36 Corridor Project; therefore, the maintenance plan itself already incorporated 
the traffic impacts of the project, and no comparison is necessary. 

The US 36 Corridor Project was also compared to another location with similar characteristics to 
demonstrate that the PM10 concentration with the build packages would not cause violations of 
the NAAQS.  Details of the evaluation are presented below.  

1.  Air Quality Studies for the Proposed Project Location 
The regional modeling for the PM10 maintenance plan for the Denver metropolitan area was 
conducted by the Colorado APCD with the RAM and ISCST3 models and includes all major 
point sources, as well as mobile sources and background concentrations (CDPHE and APCD 
2005).  The maintenance plan shows that none of the modeling grids in the Denver metropolitan 
area would violate the PM10 NAAQS in 2005 through 2030.  For the sections of US 36 within 
the PM10 modeling domain, the grid cells containing US 36 with the maximum sixth-highest 
modeled 24-hour PM10 concentrations were selected to represent the worst-case PM10 
concentrations in the corridor.1  The top two maximum sixth-highest modeled 24-hour PM10 
concentration in the US 36 corridor are 149.9 and 139.7 micrograms per cubic meter for the grid 
cells near the I-25/US 36 interchange in 2030.  Both concentrations are lower than the 24-hour 
PM10 NAAQS of 150 micrograms per cubic meter.  Currently, no modeling data are available to 
predict the PM10 concentrations in the vicinity of the project beyond 2030. 

The US 36 Corridor Project was included in the PM10 maintenance plan modeling.  Although the 
build packages of the project went through some changes in the past few years, VMT and LOS 
are not appreciably different between the packages such that the model would show differences 
in PM10 concentration.  Therefore, it is expected that the PM10 concentrations predicted by the 
regional modeling represent the PM10 air quality impacts of all the build packages.  As a result, 
the project is not expected to cause exceedance of the NAAQS within the project area. 

2.  Comparison to another Location with Similar Characteristics 
To further demonstrate that the US 36 Corridor Project would not cause violations of the 
NAAQS, monitoring data from 1050 South Broadway were used as an indication of potential 
PM10 concentration levels due to implementation of the build packages of the US 36 Corridor 
Project.  The station at the 1050 South Broadway location was selected because it is near I-25 in 
the central South Platte River Valley with similar characteristics to the US 36 project area.  

The location with the highest traffic volume of the US 36 project is near the interchange of 
US 36 and I-25.  The ADT is 169,000 for Package 2, 188,000 for Package 4, and 196,000 for the 
Combined Alternative Package (Preferred Alternative) in 2035 at this location.  Because I-25 

                                                 
1 The PM10 regional modeling process used by the Colorado Air Pollution Control District to demonstrate attainment of the 
24-hour particulate matter less than 10 microns in diameter (PM10) standard for the PM10 maintenance plan is based on 5 years 
of meteorological data.  Therefore, the maximum sixth highest value at each modeled receptor is used to determine if the 
standard has been met. 
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near the South Broadway station carries an ADT of 180,000, similar to the ADT of the build 
packages in 2035, the PM10 concentrations measured at the South Broadway station were used as 
reference points for estimating the PM10 concentration of the build packages.  Monitoring data 
from the South Broadway station are presented in Table 3-8, Second Highest 24-hour PM10 
Concentration, from 1050 South Broadway.  There has been no exceedance of NAAQS at the 
South Broadway station in the past 10 years. 

Package 2 and Package 4 have similar ADT in 2035 compared to the I-25 near 1050 South 
Broadway station.  Therefore, it is expected that PM10 concentrations for Package 2 and 
Package 4 in 2035 would be similar to what was monitored at the 1050 South Broadway station, 
and would be below NAAQS.  

ADT of the Combined Alternative Package (Preferred Alternative) would be 155,000, which is 
less than the ADT on I-25 near the South Broadway station; thus, it is not expected to cause PM10 
to exceed the NAAQS.  The worst-case ADT of the Combined Alternative Package (Preferred 
Alternative) would be at the southern end of the project corridor near the interchange of US 36 
and I-25.  The Combined Alternative Package (Preferred Alternative) would have slightly higher 
(less than 10 percent) ADT at the worst-case location in 2035 than the ADT on I-25 at the South 
Broadway station.  However, the 24-hour PM10 concentrations measured at the South Broadway 
station are only 36 to 51 percent of the NAAQS.   

The highest “second-highest” PM10 concentration measured at the 1050 South Broadway 
monitoring station was 77 micrograms per cubic meter in 2003.  Because the measured PM10 
concentrations are so much lower than the NAAQS, the PM10 concentration increase is due to the 
10 percent traffic volume increase, which is only one of the many sources of PM10 emissions, 
and are unlikely to cause or contribute an exceedance of the NAAQS.  

3.4.8 Professional Judgment of Impact 
Based on the PM10 maintenance plan modeling results and the comparison to another location 
with similar characteristics to the project, the project is not expected to cause an exceedance of 
the PM10 NAAQS during project operation.   

The PM10 maintenance plan modeling includes the traffic impacts due to US 36, other new 
development in the Denver metropolitan area, and changes in regional background 
concentrations expected over time.  The maintenance plan shows that none of the modeling grids 
in the Denver metropolitan area would violate the PM10 NAAQS during the maintenance period, 
including the grids covering the project area.  

Phase 1 of the Combined Alternative Package (Preferred Alternative) is included in the current 
2008-2013 TIP (DRCOG 2009) and the fiscally constrained 2035 MVRTP (DRCOG 2007).  
Other phases of the project will be included in the RTP when funds are available.  As discussed 
previously, the worst-case traffic locations have been evaluated independently from the project 
phasing to define the worst possible operating conditions that could prevail at any location within 
the US 36 corridor to the year 2035.  The LOS and delay at the worst-case locations of Phase 1 
are expected to improve compared to the worst-case intersections analyzed for Package 1 and the 
project is not expected to cause new violations of PM10 NAAQS in any of the interim years 
before the Combined Alterative Package (Preferred Alternative) is completed. 
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3.4.9 Evaluation of Both Forms of the Particulate Matter Standard (24-hour and annual) 
24-hour PM10 Concentration: The maintenance plan shows that PM10 concentrations in the 
project vicinity are predicted to be below the 24-hour PM10 standard.  Monitoring data at a 
location with similar characteristics with the project have demonstrated that the 24-hour PM10 
concentrations are below NAAQS.  

Annual PM10 Concentration: Denver has not historically had problems with the annual PM10 
standard.  In December 2006, USEPA revoked the annual PM10 standard.  Annual PM10 
concentration is no longer a concern.  

3.4.10 Discussion of Mitigation Measures 
Because the hot-spot analysis does not predict an adverse impact from project operation, no 
mitigation measures are required.  Best management practices (BMPs) will be implemented to 
reduce air quality effects.  Details of the regional PM10 control measures are presented in 
Section 4, Mitigation. 

3.4.11 Conclusion on How the US 36 Corridor Project Meets 40 CFR 93.116 and 93.123 
As discussed above, the US 36 Corridor Project is not anticipated to cause any new or worsen the 
existing violations of NAAQS.  The Denver metropolitan area is currently in attainment of the 
PM10 NAAQS; thus, the project, by definition, will not delay attainment of the NAAQS.  
Therefore, the project meets the conformity requirements in 40 CFR 93.116 and 93.123 for 
PM10. 

3.5 AIR QUALITY CONFORMITY 
The project will be implemented in phases when funding becomes available.  The following air 
quality conformity analysis covers the conformity evaluation for scenarios when only Phase 1 of 
the project is implemented, and when the entire project is fully constructed.  

Regional Conformity:  The estimated capital costs for each of the build packages exceeds the 
current available or planned funding contained in the 2035 MVRTP (DRCOG 2007) for the 
US 36 corridor.  To accommodate these funding limitations, the Combined Alternative Package 
(Preferred Alternative) has been separated into three phases.  Details of the components included 
for each phase are presented in Chapter 8, Phase project Implementation, of the FEIS. 

Only Phase 1 of the Combined Alternative Package (Preferred Alternative) is incorporated into 
the Draft 2009 Amendment Cycle 1 DRCOG Conformity Determination (CO, PM10, and 1-hour 
Ozone) for the Amended Fiscally Constrained 2035 Regional Transportation Plan and the 
Amended 2008-2013 Transportation Improvement Program (DRCOG 2009).  Phase 1 consists of 
the managed lane from Federal Boulevard to east of the Foothills Parkway/Table Mesa Drive 
interchange; improvements to the Sheridan Boulevard and Wadsworth Parkway interchanges; 
replacement of four bridges; pavement rehabilitation; shoulder widening; BRT station 
enhancements; construction of the bikeway; and intelligent transportation system elements 
related to the managed lane and BRT operations.  Other phases of the Combined Alternative 
Package (Preferred Alternative) will be included in the RTP when funds become available in the 
future. 
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To demonstrate that the project would not cause significant air quality impacts when it is built 
out, DRCOG completed a regional modeling run that included all phases of the Combined 
Alternative Package (Preferred Alternative) to ensure that there would not be any significant 
regional air quality impacts once all phases of the project are completed.  For a complete 
description of the phasing and funding of the Combined Alternative Package (Preferred 
Alternative), please refer to Chapter 5, Financial Analysis, of this FEIS.   

Phase 1 of the Combined Alternative Package (Preferred Alternative) meets regional conformity 
requirements by its inclusion in the fiscally-constrained, conforming 2035 MVRTP (DRCOG 
2007) and 2008-2013 TIP (DRCOG 2009).  Phase 1 of the project satisfies the regional 
transportation conformity requirements, thus is not expected to cause significant regional air 
quality impacts. 

To demonstrate that this project would not cause significant air quality impacts and would 
comply with the SIP when it is fully constructed, DRCOG completed a non-fiscally constrained 
regional model run that included all phases of the Combined Alternative Package (Preferred 
Alternative).  This long-range non-fiscally constrained model was produced to ensure that there 
would not be any significant regional air quality impacts once all phases of the project are funded 
and completed.  For a complete description of the phasing and funding of the Combined 
Alternative Package (Preferred Alternative), refer to Chapter 5, Financial Analysis, of the FEIS.   

Project Level Conformity:  Because the project area is in attainment/maintenance for CO and 
PM10, a project level conformity analysis was performed for these two pollutants.  CO and PM10 
hot-spot analyses indicated the project would meet the transportation conformity requirements 
because the build packages would not cause or contribute to any new localized CO or PM10 
violations, or increase the frequency or severity of any existing violations, or delay timely 
attainment of the CO or PM10 NAAQS. 

As indicated in the CO hot-spot analysis section, additional CO modeling analysis has been 
conducted for the intersection at Dillon Road and McCaslin Boulevard for Package 1 in 2035.  
Because overall traffic conditions within the project area are expected to improve with Phase 1 
and the other phases of the Combined Alternative Package (Preferred Alternative), air quality 
impacts at Dillon Road and McCaslin Boulevard under Package 1 are considered the worst-case 
during the interim years before the project is completely built.  The modeled 1-hour and 8-hour 
CO concentrations using 2035 traffic volume and 2005 emission factors are below the NAAQS, 
indicating that the worst performing intersection outside of the Phase 1 would not produce CO 
concentrations exceeding the NAAQS.  Detailed discussions regarding conformity of Phase 1 
will be included in the ROD discussed in Chapter 8, Phased Project Implementation. 
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3.6 MOBILE SOURCE AIR TOXICS 

3.6.1 Methodology 
In addition to NAAQS, USEPA also regulates air toxics.  Most air toxics originate from human-
made sources, including on-road mobile sources, non-road mobile sources (e.g., airplanes), area 
sources (e.g., dry cleaners), and stationary sources (e.g., factories or refineries).  

MSATs are a subset of the 188 air toxics defined by the Clean Air Act.  MSATs are compounds 
emitted from highway vehicles and non-road equipment.  Some toxic compounds are present in 
fuel and are emitted to the air when the fuel evaporates or passes through the engine unburned.  
Other toxics are emitted from the incomplete combustion of fuels or as secondary combustion 
products.  Metal air toxics also result from engine wear or from impurities in oil or gasoline (see 
document No. EPA420-R-00-023, December 2000).  

USEPA is the lead federal agency for administering the Clean Air Act and has certain 
responsibilities regarding the health effects of MSATs (see document No. EPA400-F-92-004, 
August 1994).  More recently, USEPA issued a Final Rule on Controlling Emissions of 
Hazardous Air Pollutants from Mobile Sources, 66 Federal Register 17229 (March 29, 2001).  
This rule was issued under the authority in Section 202 of the Clean Air Act.  In its rule, USEPA 
examined the impacts of existing and newly promulgated mobile source control programs, 
including its reformulated gasoline program, its national low emission vehicle standards, its 
Tier 2 motor vehicle emissions standards and gasoline sulfur control requirements, and its 
proposed heavy-duty engine and vehicle standards and on-highway diesel fuel sulfur control 
requirements.  Between 2000 and 2020, FHWA projects that even with a 64 percent increase in 
VMT, these programs will reduce on-highway emissions of benzene, formaldehyde, 
1,3-butadiene, and acetaldehyde by 57 to 65 percent, and will reduce on-highway diesel 
particulate matter emissions by 87 percent, as shown in Figure 3-1, U.S. Annual Vehicle Miles 
Traveled Versus Mobile Source Air Toxic Emissions (2000 to 2020). 
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Figure 3-1: U.S. Annual Vehicle Miles Traveled Versus Mobile Source  
Air Toxic Emissions (2000 to 2020) 

      Source:  U.S. 36 Mobility Partnership, 2006.   
 

3.6.2 Summary of Existing Credible Scientific Evidence Relevant to Evaluating the Impacts 
of Mobile Source Air Toxics 

Research into the health impacts of MSATs is ongoing.  For different emission types, there are a 
variety of studies that show that some are either statistically associated with adverse health 
outcomes through epidemiological studies (frequently based on emissions levels found in 
occupational settings), or that animals demonstrate adverse health outcomes when exposed to 
large doses. 

Exposure to toxics has been a focus of a number of USEPA efforts.  Most notably, the agency 
conducted the National Air Toxics Assessment in 1996 to evaluate modeled estimates of human 
exposure applicable to the county level.  While not intended for use as a measure of or 
benchmark for local exposure, the modeled estimates in the National Air Toxics Assessment 
database best illustrate the levels of various toxics when aggregated to a national or state level. 

The USEPA is in the process of assessing the risks of various kinds of exposures to these 
pollutants.  The USEPA Integrated Risk Information System (IRIS) is a database of human 
health effects that may result from exposure to various substances found in the environment.  
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The IRIS database is located at http://www.epa.gov/iris.  The following toxicity information for 
the six prioritized MSATs was taken from the IRIS database, Weight of Evidence 
Characterization, summaries.  This information is taken verbatim from USEPA’s IRIS database 
and represents the agency’s most current evaluations of the potential hazards and toxicology of 
these chemicals or mixtures. 

• Benzene is characterized as a known human carcinogen. 

• The potential carcinogenicity of acrolein cannot be determined because the existing data are 
inadequate for an assessment of human carcinogenic potential for either the oral or inhalation 
route of exposure.  

• Formaldehyde is a probable human carcinogen, based on limited evidence in humans, and 
sufficient evidence in animals. 

• 1,3-Butadiene is characterized as carcinogenic to humans by inhalation.  

• Acetaldehyde is a probable human carcinogen based on increased incidence of nasal tumors 
in male and female rats, and laryngeal tumors in male and female hamsters after inhalation 
exposure. 

• Diesel exhaust is likely to be carcinogenic to humans by inhalation from environmental 
exposures.  Diesel exhaust as reviewed in this document is the combination of diesel 
particulate matter and diesel exhaust organic gases. 

• Diesel exhaust also represents chronic respiratory effects, possibly the primary non-cancer 
hazard from MSATs.  Prolonged exposure may impair pulmonary function and could 
produce symptoms, such as cough, phlegm, and chronic bronchitis.  Exposure relationships 
have not been developed from these studies. 

There have been other studies that address MSAT health impacts in proximity to roadways.  The 
Health Effects Institute, a non-profit organization funded by USEPA, FHWA, and industry, has 
undertaken a major series of studies to research near roadway MSAT hot spots, the health 
implications of the entire mix of mobile source pollutants, and other topics.  The final summary 
of the series is not expected for several years. 

Some recent studies have reported that proximity to roadways is related to adverse health 
outcomes particularly respiratory problems2.  Much of this research is not specific to MSATs, 
instead surveying the full spectrum of both criteria and other pollutants.  FHWA cannot evaluate 
the validity of these studies, but more importantly, they do not provide information that would be 
useful to alleviate the uncertainties listed later in this section.  However, these studies would 
enable us to perform a more comprehensive evaluation of the health impacts specific to this 
project.  

                                                 
2 The South Coast Air Quality Management District, Multiple Air Toxic Exposure Study-II (2000); Highway Health Hazards, 

The Sierra Club (2004) summarizing 24 studies on the relationship between health and air quality; National Environmental 
Policy Act of 1969, Uncertainty in the Federal Legal Scheme Controlling Air Pollution from Motor Vehicles, Environmental 
Law Institute, 35 ELR 10273 (2005) with health studies cited therein. 
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3.7 IMPACT ANALYSIS 

3.7.1 Corridor Emission Estimates for Priority Mobile Source Air Toxics 
Total emissions within the project corridor for the priority MSATs were estimated for each 
package.  Emissions were estimated for the year 2035.  Year 2005 emissions are included to 
show the effect of “current” VMT levels and the degree of pollution control on the current mix 
of vehicles.  Corridor-wide MSATs emissions were estimated using the same methodology as for 
criteria pollutants.  Detailed emission estimates for 2005 corridor-wide MSATs are presented in 
Appendix 6.  MOBILE6.2 modeling files for MSAT in 2005 are presented in Appendix 9.  
Corridor-wide MSAT emissions for Package 1 and the Combined Alternative Package (Preferred 
Alternative) are summarized Appendices 10 through 13, with the emission modeling files 
presented in Appendix 24.  MSAT emission adjustments for Package 2 and Package 4 in 2035 
are presented in Appendix 15. 

Table 3-9, Daily Corridor-wide Emission Estimates (Priority Mobile Source Air Toxics), 
presents the estimated daily MSAT emissions for each package.  The estimated emissions for the 
build packages are higher than Package 1 in 2035, mainly because of increased VMT on US 36. 

Table 3-9: Daily Corridor-wide Emission Estimates  
(Priority Mobile Source Air Toxics) 

Parameter Year  
2005 

Package 1 
(2035) 

Package 2 
(2035)1 

Package 4 
(2035)1 

Combined Alternative 
Package (Preferred 

Alternative) 
(2035) 

Benzene (lb/day) 1,236.1 303.3 310.9 314.7 309.6 
1,3-Butadiene (lb/day) 148.9 37.5 38.2 38.6 38.6 
Formaldehyde (lb/day) 508.9 163.1 166.0 168.1 169.5 
Acetaldehyde (lb/day) 361.4 85.0 85.9 86.8 87.9 
Acrolein (lb/day) 23.9 7.5 7.6 7.7 7.8 
Diesel Particulate Matter 
(lb/day)2 1,219 1,240 1,271 1,287 1,272 

Source: US 36 Mobility Partnership, 2006 and 2009. 
Notes: 
1VMT and emissions of Package 2 and Package 4 in 2035 were estimated by applying adjustment factors to the 2030 data, 
taking into account the VMT growth rate and vehicle speed change between 2030 and 2035. 

2 Diesel particulate matter emissions included all particulate matter emissions from vehicles, including those powered by 
diesel, gasoline, and other fuels.  These data were used as overly conservative approximations of diesel particulate 
emissions for the purpose of comparing differences between the packages.   

lb/day = pound(s) per day 
VMT = vehicle miles traveled 

 

Except diesel particulate matter, year 2005 emissions of the other five MSATs are higher than 
each of the build packages despite much lower VMT, because of the significantly higher 
emission factors for the priority MSATs for the current fleet of vehicles.  Regardless of the 
package, these five MSAT emissions are projected to decline markedly in the future.  This is 
directly due to the improved pollution emission performance of a modernizing fleet of all 
diesel-fueled vehicles, a trend that is anticipated to continue throughout the planning horizon.  As 
discussed in Section 2.3, Pollutants of Primary Concern, the slightly increased PM10 emissions 
over 2005 may be a result of different approaches taken in the emission modeling compared to 
2035. 
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3.7.2 Regional Emission Estimates for Priority Mobile Source Air Toxics 
Region-wide MSATs emissions were estimated using the same methodology as for criteria 
pollutants.  Detailed emission estimates for 2005 regional MSATs are presented in Appendix 7.  
MOBILE6.2 modeling files for MSAT in 2005 are presented in Appendix 9.  Regional MSAT 
emissions for Package 1 and the Combined Alternative Package (Preferred Alternative) are 
summarized in Appendices 10 through 13, with the emission modeling files presented in 
Appendix 24.  MSAT emission adjustments for Package 2 and Package 4 in 2035 are presented 
in Appendix 16. 

Table 3-10, Daily Region-wide Emission Estimates (Priority Mobile Source Air Toxics), 
summarizes the estimated emissions of each package. 

Table 3-10: Daily Region-wide Emission Estimates 
(Priority Mobile Source Air Toxics) 

Parameter Year 
2005 

Package 1 
(2035) 

Package 2 
(2035) 

Package 4 
(2035) 

Combined Alternative 
Package (Preferred 

Alternative) 
(2035) 

Benzene (lb/day) 6,323.5 2,151.5 2,155.6 2,164.1 2,164.0 
1,3-Butadiene (lb/day) 760.5 259.5 259.8 260.8 267.2 
Formaldehyde (lb/day) 2,592.8 1,094.5 1,096.6 1,100.9 1,138.0 
Acetaldehyde (lb/day) 1,846.1 580.2 579.7 582.8 597.0 
Acrolein (lb/day) 121.6 50.6 50.6 50.8 52.3 
Diesel Particulate Matter 
(lb/day) 2 6,124 8,626 8,643 8,676 8,681 

Source: US 36 Mobility Partnership, 2006 and 2009. 
Notes: 
1VMT and emissions of Package 2 and Package 4 in 2035 were estimated by applying adjustment factors to the 2030 data, 
taking into account the VMT growth rate and vehicle speed change between 2030 and 2035. 

2 Diesel particulate matter emissions included all particulate matter emissions from vehicles, including those powered by diesel, 
gasoline, and other fuels.  These data were used as overly conservative approximations of diesel particulate emissions for the 
purpose of comparing differences between the packages.   

lb/day = pound(s) per day 
VMT = vehicle miles traveled 

 

3.7.3 Unavailable Information for Project-Specific MSAT Impact Analysis  
This FEIS includes a basic analysis of the likely MSAT emission impacts of this project.  
However, available technical tools do not enable us to predict the project-specific health impacts 
of the emission changes associated with the packages in this FEIS.  Due to these limitations, the 
following discussion is included in accordance with Council on Environmental Quality 
regulations (40 CFR 1502.22[b]) regarding incomplete or unavailable information.  

3.7.4 Information that is Unavailable or Incomplete 
Evaluating the environmental and health impacts from MSATs on a proposed highway project 
would involve several key elements, including emissions modeling, dispersion modeling in order 
to estimate ambient concentrations resulting from the estimated emissions, exposure modeling in 
order to estimate human exposure to the estimated concentrations, and then final determination 
of health impacts based on the estimated exposure.  Each of these steps is encumbered by 
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technical shortcomings or uncertain science that prevents a more complete determination of the 
MSAT health impacts of this project.   

1. Emissions:  The USEPA tools to estimate MSAT emissions from motor vehicles are not 
sensitive to key variables determining emissions of MSATs in the context of highway 
projects.  While MOBILE6.2 is used to predict emissions at a regional level, it has limited 
applicability at the project level.  MOBILE6.2 is a trip-based model.  Emission factors are 
projected based on a typical trip of 7.5 miles, and on average speeds for this typical trip.  
This means that MOBILE6.2 does not have the ability to predict emission factors for a 
specific vehicle operating condition, at a specific location at a specific time.  Because of this 
limitation, MOBILE6.2 can only approximate the operating speeds and levels of congestion 
likely to be present on the largest-scale projects, and cannot adequately capture emission 
effects of smaller projects.  For particulate matter, the model results are not sensitive to 
average trip speed, although the other MSAT emission rates do change with changes in trip 
speed.  Also, the emissions rates used in MOBILE6.2 for both particulate matter and MSATs 
are based on a limited number of tests of mostly older-technology vehicles.  Lastly, in its 
discussions of particulate matter under the conformity rule, USEPA has identified problems 
with MOBILE6.2 as an obstacle to quantitative analysis.  

These deficiencies compromise the capability of MOBILE6.2 to estimate MSAT emissions.  
MOBILE 6.2 is an adequate tool for projecting emissions trends, and performing relative 
analyses between alternatives for very large projects, but it is not sensitive enough to capture 
the effects of travel changes tied to smaller projects, or to predict emissions near specific 
roadside locations. 

2. Dispersion.  The tools to predict how MSATs disperse are also limited.  The USEPA’s 
current regulatory models, CALINE3 and CAL3QHC, were developed and validated more 
than a decade ago for the purpose of predicting episodic concentrations of CO to determine 
compliance with the NAAQS.  The performance of dispersion models is more accurate for 
predicting maximum concentrations that can occur at some time, at some location within a 
geographic area.  This limitation makes it difficult to predict accurate exposure patterns at 
specific times at specific highway project locations across an urban area to assess potential 
health risks.  The National Cooperative Highway Research Program is conducting research 
on best practices in applying models and other technical methods in the analysis of MSATs.  
This work also will focus on identifying appropriate methods of documenting and 
communicating MSAT impacts in the National Environmental Policy Act of 1969 process, 
and to the general public.  Along with these general limitations of dispersion models, FHWA 
is also faced with a lack of monitoring data in most areas for use in establishing project-
specific MSAT background concentrations. 

3. Exposure levels and health effects.  Finally, even if emission levels and concentrations of 
MSATs could be accurately predicted, shortcomings in current techniques for exposure 
assessment and risk analysis preclude us from reaching meaningful conclusions about 
project-specific health impacts.  Exposure assessments are difficult because it is difficult to 
accurately calculate annual concentrations of MSATs near roadways, and to determine the 
portion of a year that people are actually exposed to those concentrations at a specific 
location.  These difficulties are magnified for 70-year cancer assessments, particularly 
because unsupportable assumptions would have to be made regarding changes in travel 
patterns and vehicle technology (which affects emissions rates) over a 70-year period.  There 
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are also considerable uncertainties associated with the existing estimates of toxicity of the 
various MSATs, because of factors such as low-dose extrapolation and translation of 
occupational exposure data to the general population.  Because of these shortcomings, any 
calculated difference in health impacts between packages is likely to be much smaller than 
the uncertainties associated with calculating the impacts.  Consequently, the results of such 
assessments would not be useful to decision makers, who would need to weigh this 
information against other project impacts that are better suited for quantitative analysis. 

3.7.5 Relevance of Unavailable or Incomplete Information to Evaluating Reasonably 
Foreseeable Adverse Impacts on the Environment  

Because of the uncertainties outlined above, a quantitative assessment of the effects of air toxic 
emission impacts on human health cannot be made at the project level.  While available tools do 
allow us to reasonably predict relative emission changes between alternatives for larger projects, 
the amount of MSAT emissions from each of the project alternatives, and MSAT concentrations 
or exposures created by each of the project alternatives, cannot be predicted with enough 
accuracy to be useful in estimating health impacts.  As noted above, the current emissions model 
is not capable of serving as a meaningful emissions analysis tool at the project level.  Therefore, 
the relevance of the unavailable or incomplete information is that it is not possible to make a 
determination of whether any of the packages would have “significant adverse impacts on the 
human environment.” 

In this document, FHWA has provided a quantitative analysis of MSAT emissions relative to the 
various packages, and has acknowledged that the project packages may result in increased 
exposure to MSAT emissions in certain locations, although the concentrations and duration of 
exposures are uncertain, and because of this uncertainty, the health effects from these emissions 
cannot be estimated. 

3.8 SUMMARY OF IMPACT ANALYSES 

3.8.1 Package 1: No Action 
Regional air quality is anticipated to improve negligibly over the 25-year planning period with 
implementation of Package 1.    

3.8.2 Package 2: Managed Lanes/Bus Rapid Transit 
The regional VMT of Package 2 is comparable to the VMT of Package 1, with a slight increase 
of less than 0.2 percent.  The air quality is expected to change negligibly over Package 1. 

3.8.3 Package 4: General-Purpose Lanes, High-Occupancy Vehicle, and Bus Rapid Transit 
The effects on regional air quality from Package 4 would be similar to those of Package 2.  The 
air quality impacts due to the slight increase of VMT compared to Package 1 would be minimal.  
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3.8.4 Combined Alternative Package (Preferred Alternative): Managed Lanes, Auxiliary 
Lanes, and Bus Rapid Transit 

The regional VMT of the Combined Alternative Package (Preferred Alternative) is comparable 
to the VMT.  Emission increases due to the VMT change are minimal.  The air quality is 
expected to change negligibly over Package 1.  

3.9 CONSTRUCTION IMPACTS 
The emissions of PM10 during the construction phase of the project were estimated by using an 
emission factor from the URBEMIS model.  This emission factor, which estimates fugitive dust 
from site grading, was applied to estimates of the maximum number of acres of disturbed ground 
for each package.  For each of the build packages, it was assumed that the area to be disturbed on 
a daily basis would be less than 10 acres.  Therefore, the maximum daily fugitive dust emissions 
would be 100 pounds per day for the project construction.  Other impacts to air quality during 
construction include emissions from construction vehicles and equipment, emissions from 
paving and from motor vehicles traveling in the vicinity of the project which may, on occasion, 
be subject to detours and delays. 

3.10 CLIMATE CHANGE CUMULATIVE EFFECTS DISCUSSION 
The issue of global climate change is an important national and global concern that is being 
addressed in several ways by the federal government.  The transportation sector is the second 
largest source of total greenhouse gases in the United States (U.S.), and the greatest source of 
carbon dioxide (CO2) emissions — the predominant greenhouse gas.  In 2004, the transportation 
sector was responsible for 31 percent of all U.S. CO2 emissions.  The principal anthropogenic 
(human-made) source of carbon emissions is the combustion of fossil fuels, which account for 
approximately 80 percent of anthropogenic emissions of carbon worldwide.  Almost all 
(98 percent) of transportation-sector emissions result from the combustion of petroleum products 
such as gasoline, diesel fuel, and aviation fuel. 

Recognizing this concern, FHWA is working nationally with other modal administrations 
through the U.S. Department of Transportation Center for Climate Change and Environmental 
Forecasting to develop strategies to reduce transportation's contribution to greenhouse gases — 
particularly CO2 emissions — and to assess the risks to transportation systems and services from 
climate changes.  At the state level, there are also several programs underway in Colorado to 
address transportation greenhouse gases.  The Governor’s Climate Action Plan, adopted in 
November 2007, includes measures to adopt vehicle CO2 emission standards and to reduce 
vehicle travel through transit, flex time, telecommuting, ridesharing, and broadband 
communications.  CDOT issued a policy Directive on Air Quality in May 2009.  This Policy 
Directive was developed with input from a number of agencies, including CDPHE, USEPA, 
FHWA, FTA, Denver Regional Transportation District, and Denver RAQC.  This Policy 
Directive addresses unregulated MSATS and greenhouse gases produced from Colorado’s state 
highways, interstates, and construction activities.  As a part of CDOT’s commitment to 
addressing MSATs and greenhouse gases, some of CDOT’s program-wide activities include: 
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1. Developing truck routes/restrictions with the goal of limiting truck traffic in proximity to 
facilities, including schools, with sensitive receptor populations. 

2. Continue researching pavement durability opportunities with the goal of reducing the 
frequency of resurfacing and/or reconstruction projects.   

3. Developing air quality educational materials, specific to transportation issues, for citizens, 
elected officials, and schools.  

4. Offering outreach to communities to integrate land use and transportation decisions to reduce 
growth in VMT, such as smart growth techniques, buffer zones, transit-oriented 
development, walkable communities, access management plans, etc. 

5. Committing to research additional concrete additives that would reduce the demand for 
cement. 

6. Expanding Transportation Demand Management efforts statewide to better utilize the 
existing transportation mobility network.  

7. Continuing to diversify the CDOT fleet by retrofitting diesel vehicles, specifying the types of 
vehicles and equipment contractors may use, purchasing low-emission vehicles, such as 
hybrids, and purchasing cleaner burning fuels through bidding incentives where feasible.  
Incentivizing is the likely vehicle for this. 

8. Exploring congestion and/or right-lane only restrictions for motor carriers.  

9. Funding truck parking electrification (note:  mostly via exploring external grant 
opportunities). 

10. Researching additional ways to improve freight movement and efficiency statewide. 

11. Committing to incorporating ultra-low sulfur diesel for non-road equipment statewide before 
June 2010 – likely using incentives during bidding. 

12. Developing a low-VOC emitting tree landscaping specification. 

Because climate change is a global issue, and the emissions changes due to project alternatives 
are very small compared to global totals, corridor-wide greenhouse gas emissions associated 
with the packages were not calculated.  Estimates of regional greenhouse gas emissions are 
presented in Section 4.19, Energy.  Because greenhouse gases are directly related to energy use, 
the changes in greenhouse gas emissions are similar to the changes in energy consumption.  The 
relationship of current and projected Colorado highway emissions to total global CO2 emissions 
is presented in Table 3-11, Greenhouse Gas Inventory.  Colorado highway emissions are 
expected to increase by 4.7 percent between now and 2035.  The benefits of the fuel economy 
and renewable fuels programs in the 2007 Energy Bill are offset by growth in VMT; the draft 
2035 statewide transportation plan predicts that Colorado VMT will double between 2000 and 
2035.  Table 3-11 also illustrates the size of the project corridor relative to total Colorado travel 
activity.  
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Table 3-11: Greenhouse Gas Inventory 

Global CO2 
Emissions, 2005 

(MMT)1 

Colorado Highway 
CO2 Emissions, 2005 

(MMT)2 

Projected Colorado 2035 
Highway CO2 Emissions, 

(MMT)2 

Colorado Highway 
Emissions, % of 

Global Total 
(2005)2 

Project Corridor VMT, 
% of Statewide VMT 

(2005)3 

27,700 29.9 31.3 0.108% 9.1% 
Source: US 36 Mobility Partnership, 2009. 
Notes: 
1Energy Information Administration (EIA), International Energy Outlook 2007. 
2Calculated by Federal Highway Administration Resource Center. 
3Statewide VMT was 47.9 billion in 2005, based on the Colorado Department of Transportation’s Fact Book 2006–2007, 
Transportation Facts (CDOT 2007).   

% = percent 
CO2 = carbon dioxide 
MMT = million metric tons 
VMT = vehicle miles traveled 
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4. Section 4 FOUR Mitigation 

The air quality analysis does not predict an adverse impact from the project operation; therefore, 
no mitigation measures are required.  However, BMPs will be implemented to reduce air quality 
effects, particularly during construction.  The project construction will exceed 25 acres and last 
more than 6 months, and therefore an Air Pollutant Emissions Notice and an air permit is 
required by APCD.  Mitigation measures during construction will be covered in the Air Pollutant 
Emissions Notice submitted to APCD. 

Regional and local agency strategies that could be used to reduce criteria pollutant and MSATs 
emissions include but are not limited to:  tailpipe retrofits, closed crankcase filtration systems, 
clean fuels, engine rebuild and replacement requirements, contract requirements, anti-idling 
ordinances and legislation, truck stop electrification programs, and aggressive fleet turnover 
policies.  Future emissions from on-road mobile sources will be minimized regionally through 
programmatic plans outlined in CDOT’s Air Quality Policy Directive 1901.  The purpose of 
programmatic air quality mitigation is to establish region-wide goals and potential mitigation 
strategies to reduce air impacts from the roadway network, including US 36.   

CDOT will continue sponsorship of Rideshare programs, variable work hour programs, and 
employee EcoPass distribution to further reduce VMT — reducing criteria pollutant, MSATs, 
and greenhouse gas emissions on US 36 and other regional roadways. 

The Denver metropolitan area maintenance plans for CO, O3, and PM10 will serve to avoid and 
minimize pollutant emissions from US 36 and other project roads through regional programs and 
control measures such as additional transit improvements, and new and improved bike and 
pedestrian facilities. 

The following mitigation measures, displayed in Table 4-1, Mitigation Measures — Air Quality, 
apply to all of the build packages.  All of these mitigation measures would be prepared as part of 
the Construction Management Plan presented in Section 4.22, Construction-Related Impacts. 
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Table 4-1: Mitigation Measures — Air Quality 
Impact Impact Type Mitigation Measures 

Criteria 
Pollutants 

Construction • APEN and an air permit is required for projects over 25 acres and last more than 6 months in 
length.  APEN will cover APCD required mitigation measures for active construction. 

• CDOT will include language in the construction specifications requiring that all construction 
equipment will be equipped to burn ultra-low sulfur diesel fuel. 

• Using water or wetting agents to manage dust. 
• Using wind barriers and wind screens to minimize the spreading of dust in areas where large 

amounts of materials are stored.  
• Using a wheel wash station and/or large-diameter cobble apron at egress/ingress areas to 

minimize dirt being tracked onto public streets. 
• Using vacuum powered street sweepers to control dirt tracked onto streets. 
• Covering all dump trucks leaving the site. 
• Covering or wetting temporary excavated materials. 
• Using a binding agent for long-term excavated materials. 
• For winter time construction, install engine pre-heater devices to eliminate unnecessary idling. 
• Prohibit tampering with equipment to increase horsepower or to defeat emissions control 

devices effectiveness. 
• Require construction vehicle engines to be properly tuned and maintained. 
• Use construction vehicles and equipment with the minimum practical engine size for the 

intended jobs. 
• Active grading and parking areas will be watered as required. 
• Best management practices will be used for stockpiles. 
• All trucks hauling dirt, sand, or other loose material will be covered or maintain freeboard in 

accordance with local jurisdiction requirements. 
• Refer to the CMP in Section 4.22, Construction-Related Impacts. 

Visibility/Opacity Construction • Refer to the CMP in Section 4.22, Construction-Related Impacts. 
Ozone Construction/ 

Operations 
• Commitment to any appropriate Regional Air Quality Council adopted mitigation measures for 

ozone. 
MSAT Construction/ 

Operations 
• Restrict truck routes to avoid sensitive receptor populations. 
• Improve pavement durability to reduce the frequency of repaving. 
• Use ultra-low sulfur diesel in non-road equipment. 

Source:  US 36 Mobility Partnership, 2009. 
Notes: 
APCD = Air Pollution Control Division 
APEN = Air Pollutant Emissions Notice 
CDOT = Colorado Department of Transportation 
CMP = Construction Management Plan 
MSAT = Mobile Source Air Toxics  
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Appendix 1 
Vehicle Miles Traveled 

(US 36 Corridor and Regional for 2005) 
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Appendix 2 
BRT Service Miles for 2005 
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Appendix 3 
Corridor-Wide Criteria Pollutant Emissions – Daily for 2005
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Appendix 4 
Corridor-Wide Criteria Pollutant Emissions –

Peak Hour for 2005
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Appendix 5 
Regional Criteria Pollutant Emissions –

Daily for 2005
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Corridor-Wide Mobile Source Air Toxic Emissions –

Daily for 2005
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Appendix 7 
Regional Mobile Source Air Toxic Emissions –

Daily for 2005

 



 



A
pp

en
di

x 
7

U
S 

36
R

eg
io

na
l M

ob
ile

 S
ou

rc
e 

A
ir 

To
xi

c 
Em

is
si

on
s 

- D
ai

ly
 fo

r 2
00

5

Se
gm

en
t:

B
as

e 
Ye

ar
 (2

00
5)

Sc
en

ar
io

:
D

ai
ly

To
ta

l A
ut

o/
Tr

uc
k 

V
M

T:
61

,8
13

,3
00

V
eh

ic
le

 T
yp

e
LD

G
V

LD
G

T1
2

LD
G

T3
4

H
D

G
V

LD
D

V
LD

D
T

H
D

D
V

M
C

To
ta

l
V

M
T 

D
is

tri
bu

tio
n

0.
39

15
0.

40
03

0.
13

66
0.

01
89

0.
00

11
0.

00
22

0.
04

67
0.

00
28

1.
00

V
M

T 
24

,1
99

,9
07

   
  

24
,7

43
,8

64
   

   
8,

44
3,

69
7

   
  

1,
16

8,
27

1
   

   
67

,9
95

   
   

   
 

13
5,

98
9

   
   

   
2,

88
6,

68
1

   
  

17
3,

07
7

   
   

   
61

,8
19

,4
81

   
B

en
ze

ne
 (m

g/
m

i)
41

.2
7

   
   

   
   

  
42

.3
6

   
   

   
   

  
 

81
.5

0
   

   
   

   
57

.2
0

   
   

   
   

23
.0

5
   

   
   

   
16

.6
2

   
   

   
   

 
12

.3
1

   
   

   
   

15
6.

64
   

   
   

  
n/

a
1,

3 
B

ut
ad

ie
ne

 (m
g/

m
i)

5.
09

   
   

   
   

   
 

4.
22

   
   

   
   

   
 

9.
13

   
   

   
   

  
7.

29
   

   
   

   
  

10
.3

7
   

   
   

   
7.

48
   

   
   

   
  

 
7.

15
   

   
   

   
 

54
.3

3
   

   
   

   
 

n/
a

Fo
rm

al
de

hy
de

 (m
g/

m
i)

9.
45

   
   

   
   

   
 

11
.8

2
   

   
   

   
  

 
37

.1
1

   
   

   
   

40
.2

6
   

   
   

   
44

.4
8

   
   

   
   

32
.0

7
   

   
   

   
 

91
.6

9
   

   
   

   
13

0.
05

   
   

   
  

n/
a

A
ce

ta
ld

eh
yd

e 
(m

g/
m

i)
8.

54
   

   
   

   
   

 
10

.3
5

   
   

   
   

  
 

28
.3

7
   

   
   

   
20

.3
9

   
   

   
   

14
.1

7
   

   
   

   
10

.2
2

   
   

   
   

 
33

.7
7

   
   

   
   

66
.1

1
   

   
   

   
 

n/
a

A
cr

ol
ei

n 
(m

g/
m

i)
0.

54
   

   
   

   
   

 
0.

56
   

   
   

   
   

 
1.

35
   

   
   

   
  

3.
22

   
   

   
   

  
4.

03
   

   
   

   
 

2.
91

   
   

   
   

  
 

4.
10

   
   

   
   

 
3.

17
   

   
   

   
  

 
n/

a
B

en
ze

ne
 (l

b/
da

y)
2,

20
1.

79
   

   
   

2,
31

0.
74

   
   

   
 

1,
51

7.
11

   
   

 
14

7.
32

   
   

   
 

3.
46

   
   

   
   

 
4.

98
   

   
   

   
  

 
78

.3
4

   
   

   
   

59
.7

7
   

   
   

   
 

6,
32

4
   

   
   

   
1,

3 
B

ut
ad

ie
ne

 (l
b/

da
y)

27
1.

56
   

   
   

   
23

0.
20

   
   

   
   

 
16

9.
95

   
   

   
 

18
.7

8
   

   
   

   
1.

55
   

   
   

   
 

2.
24

   
   

   
   

  
 

45
.5

0
   

   
   

   
20

.7
3

   
   

   
   

 
76

1
   

   
   

   
   

Fo
rm

al
de

hy
de

 (l
b/

da
y)

50
4.

16
   

   
   

   
64

4.
78

   
   

   
   

 
69

0.
80

   
   

   
 

10
3.

69
   

   
   

 
6.

67
   

   
   

   
 

9.
61

   
   

   
   

  
 

58
3.

51
   

   
   

 
49

.6
2

   
   

   
   

 
2,

59
3

   
   

   
   

A
ce

ta
ld

eh
yd

e 
(lb

/d
ay

)
45

5.
62

   
   

   
   

56
4.

59
   

   
   

   
 

52
8.

10
   

   
   

 
52

.5
2

   
   

   
   

2.
12

   
   

   
   

 
3.

06
   

   
   

   
  

 
21

4.
91

   
   

   
 

25
.2

3
   

   
   

   
 

1,
84

6
   

   
   

   
A

cr
ol

ei
n  (

lb
/d

ay
)

28
.8

09
   

   
   

   
30

.5
48

   
   

   
   

 
25

.1
30

   
   

   
 

8.
29

3
   

   
   

   
0.

60
4

   
   

   
   

0.
87

2
   

   
   

   
 

26
.0

92
   

   
   

 
1.

21
0

   
   

   
   

 
12

2
   

   
   

   
   

M
O

B
IL

E
6.

2 
V

M
T 

di
st

rib
ut

io
n 

an
d 

em
is

si
on

 fa
ct

or
s 

fo
r s

ub
ur

ba
n 

ar
ea

 a
pp

lie
d 

in
 re

gi
on

al
 e

m
is

si
on

 c
al

cu
la

tio
ns

.

P
ag

e 
1 

of
 1



 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix 8 
MOBILE6.2 Output Files for Criteria Pollutants for 2005
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MOBILE6.2 Output Files for Mobile Source Air Toxics

for 2005
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Appendix 10 
Criteria Pollutants and MSAT Emissions for 2035 — 

Daily, Package 1 
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Appendix 11 
Criteria Pollutants and MSAT Emissions for 2035 — 

Daily, Combined Alternative Package (Preferred Alternative) 
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Appendix 12 
 Criteria Pollutants and MSAT Emissions for 2035 –

Peak Hour, Package 1
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Appendix 13 
Criteria Pollutants and MSAT Emissions for 2035 – Peak Hour,  

Combined Alternative Package (Preferred Alternative) 
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Appendix 14
Corridor-Wide Criteria Pollutant Emission Estimates –

Peak Hour for Package 2 and Package 4, 2035 
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Appendix 15 
Corridor-Wide Criteria Pollutant and MSAT Emission Estimates —

Daily for Package 2 and Package 4, 2035 
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Appendix 16 
Regional Criteria Pollutants and MSAT Emission Estimates –

Daily for Package 2 and Package 4, 2035 
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Appendix 17 
Speed Adjustment Factors, 2035 



 



A
pp

en
di

x 
17

 
Sp

ee
d 

A
dj

us
tm

en
t F

ac
to

rs
, 2

03
5

M
ob

ile
6.

2 
R

es
ul

ts
 2

03
5

S
pe

ed
V

O
C

C
O

N
O

X
P

M
10

S
O

2
B

en
ze

ne
1,

3-
B

ut
ad

ie
ne

Fo
rm

al
de

hy
de

A
ce

ta
ld

eh
yd

e
A

cr
ol

ei
n

D
ie

se
l P

M
m

ph
g/

m
ile

g/
m

ile
g/

m
ile

g/
m

ile
g/

m
ile

m
g/

m
ile

m
g/

m
ile

m
g/

m
ile

m
g/

m
ile

m
g/

m
ile

g/
m

ile
21

0.
46

5
12

.3
45

0.
37

3
0.

02
83

0.
00

9
13

.6
1.

73
8.

7
4.

47
0.

41
0.

02
29

97
21

.1
0.

46
4

12
.3

31
0.

37
2

0.
02

83
0.

00
9

13
.5

7
1.

73
8.

68
4.

46
0.

41
0.

02
29

97
21

.2
0.

46
3

12
.3

17
0.

37
2

0.
02

83
0.

00
9

13
.5

5
1.

72
8.

65
4.

45
0.

41
0.

02
29

97
21

.3
0.

46
2

12
.3

03
0.

37
1

0.
02

83
0.

00
9

13
.5

2
1.

72
8.

63
4.

44
0.

41
0.

02
29

97
21

.4
0.

46
1

12
.2

89
0.

37
1

0.
02

83
0.

00
9

13
.5

1.
72

8.
6

4.
43

0.
41

0.
02

29
97

21
.5

0.
46

12
.2

75
0.

37
0.

02
83

0.
00

9
13

.4
8

1.
71

8.
58

4.
42

0.
4

0.
02

29
97

21
.6

0.
45

9
12

.2
62

0.
37

0.
02

83
0.

00
9

13
.4

5
1.

71
8.

55
4.

41
0.

4
0.

02
29

97
21

.7
0.

45
8

12
.2

48
0.

37
0.

02
83

0.
00

9
13

.4
3

1.
71

8.
53

4.
4

0.
4

0.
02

29
97

21
.8

0.
45

7
12

.2
35

0.
36

9
0.

02
83

0.
00

9
13

.4
1

1.
7

8.
51

4.
39

0.
4

0.
02

29
97

21
.9

0.
45

6
12

.2
22

0.
36

9
0.

02
83

0.
00

9
13

.3
9

1.
7

8.
48

4.
37

0.
4

0.
02

29
97

22
0.

45
5

12
.2

09
0.

36
8

0.
02

83
0.

00
9

13
.3

6
1.

7
8.

46
4.

36
0.

4
0.

02
29

97
22

.1
0.

45
4

12
.1

96
0.

36
8

0.
02

83
0.

00
9

13
.3

4
1.

69
8.

44
4.

35
0.

4
0.

02
29

97
22

.2
0.

45
3

12
.1

83
0.

36
8

0.
02

83
0.

00
9

13
.3

2
1.

69
8.

41
4.

34
0.

4
0.

02
29

97
22

.3
0.

45
2

12
.1

7
0.

36
7

0.
02

83
0.

00
9

13
.3

1.
69

8.
39

4.
33

0.
4

0.
02

29
97

30
.4

0.
39

8
11

.5
46

0.
34

5
0.

02
83

0.
00

9
12

.1
6

1.
5

7.
03

3.
73

0.
33

0.
02

29
97

30
.5

0.
39

8
11

.5
45

0.
34

5
0.

02
83

0.
00

9
12

.1
5

1.
5

7.
02

3.
73

0.
33

0.
02

29
97

30
.6

0.
39

7
11

.5
43

0.
34

5
0.

02
83

0.
00

9
12

.1
4

1.
5

7.
01

3.
72

0.
33

0.
02

29
97

30
.7

0.
39

7
11

.5
41

0.
34

5
0.

02
83

0.
00

9
12

.1
3

1.
5

6.
99

3.
72

0.
33

0.
02

29
97

30
.8

0.
39

6
11

.5
4

0.
34

5
0.

02
83

0.
00

9
12

.1
2

1.
49

6.
98

3.
71

0.
33

0.
02

29
97

30
.9

0.
39

6
11

.5
38

0.
34

5
0.

02
83

0.
00

9
12

.1
1

1.
49

6.
97

3.
7

0.
33

0.
02

29
97

31
0.

39
5

11
.5

36
0.

34
4

0.
02

83
0.

00
9

12
.1

1.
49

6.
96

3.
7

0.
33

0.
02

29
97

31
.1

0.
39

5
11

.5
35

0.
34

4
0.

02
83

0.
00

9
12

.0
9

1.
49

6.
94

3.
69

0.
33

0.
02

29
97

31
.2

0.
39

4
11

.5
33

0.
34

4
0.

02
83

0.
00

9
12

.0
8

1.
49

6.
93

3.
69

0.
33

0.
02

29
97

31
.3

0.
39

4
11

.5
32

0.
34

4
0.

02
83

0.
00

9
12

.0
7

1.
49

6.
92

3.
68

0.
33

0.
02

29
97

31
.4

0.
39

3
11

.5
3

0.
34

4
0.

02
83

0.
00

9
12

.0
6

1.
48

6.
91

3.
68

0.
33

0.
02

29
97

31
.5

0.
39

3
11

.5
29

0.
34

4
0.

02
83

0.
00

9
12

.0
5

1.
48

6.
9

3.
67

0.
33

0.
02

29
97

31
.6

0.
39

2
11

.5
27

0.
34

4
0.

02
83

0.
00

9
12

.0
4

1.
48

6.
88

3.
67

0.
33

0.
02

29
97

31
.7

0.
39

2
11

.5
26

0.
34

4
0.

02
83

0.
00

9
12

.0
4

1.
48

6.
87

3.
66

0.
33

0.
02

29
97

31
.8

0.
39

1
11

.5
24

0.
34

4
0.

02
83

0.
00

9
12

.0
3

1.
48

6.
86

3.
66

0.
33

0.
02

29
97

31
.9

0.
39

1
11

.5
23

0.
34

4
0.

02
83

0.
00

9
12

.0
2

1.
48

6.
85

3.
65

0.
33

0.
02

29
97

32
0.

39
11

.5
21

0.
34

4
0.

02
83

0.
00

9
12

.0
1

1.
48

6.
84

3.
65

0.
32

0.
02

29
97

32
.1

0.
39

11
.5

2
0.

34
4

0.
02

83
0.

00
9

12
1.

47
6.

82
3.

64
0.

32
0.

02
29

97
32

.2
0.

38
9

11
.5

18
0.

34
3

0.
02

83
0.

00
9

11
.9

9
1.

47
6.

81
3.

64
0.

32
0.

02
29

97
32

.3
0.

38
9

11
.5

17
0.

34
3

0.
02

83
0.

00
9

11
.9

8
1.

47
6.

8
3.

63
0.

32
0.

02
29

97
32

.4
0.

38
9

11
.5

15
0.

34
3

0.
02

83
0.

00
9

11
.9

7
1.

47
6.

79
3.

63
0.

32
0.

02
29

97
32

.5
0.

38
8

11
.5

14
0.

34
3

0.
02

83
0.

00
9

11
.9

6
1.

47
6.

78
3.

62
0.

32
0.

02
29

97
32

.6
0.

38
8

11
.5

12
0.

34
3

0.
02

83
0.

00
9

11
.9

6
1.

47
6.

77
3.

62
0.

32
0.

02
29

97



A
pp

en
di

x 
17

 
Sp

ee
d 

A
dj

us
tm

en
t F

ac
to

rs
, 2

03
5

Em
is

si
on

 A
dj

us
tm

en
t F

ac
to

rs
:

m
ph

 c
ha

ng
e

V
O

C
C

O
N

O
X

P
M

10
S

O
2

B
en

ze
ne

1,
3-

B
ut

ad
ie

ne
Fo

rm
al

de
hy

de
A

ce
ta

ld
eh

yd
e

A
cr

ol
ei

n
D

ie
se

l P
M

30
.4

 to
 3

1.
2

0.
99

0
0.

99
9

0.
99

7
1.

00
0

1.
00

0
0.

99
3

0.
99

3
0.

98
6

0.
98

9
1.

00
0

1.
00

0
30

.4
 to

 3
1.

3
0.

99
0

0.
99

9
0.

99
7

1.
00

0
1.

00
0

0.
99

3
0.

99
3

0.
98

4
0.

98
7

1.
00

0
1.

00
0

21
.1

 to
 2

2.
3

0.
97

4
0.

98
7

0.
98

7
1.

00
0

1.
00

0
0.

98
0

0.
97

7
0.

96
7

0.
97

1
0.

97
6

1.
00

0
21

.1
 to

 2
2.

1
0.

97
8

0.
98

9
0.

98
9

1.
00

0
1.

00
0

0.
98

3
0.

97
7

0.
97

2
0.

97
5

0.
97

6
1.

00
0

32
.4

 to
 3

2.
6

0.
99

7
1.

00
0

1.
00

0
1.

00
0

1.
00

0
0.

99
9

1.
00

0
0.

99
7

0.
99

7
1.

00
0

1.
00

0
32

.4
 to

 3
2.

5
0.

99
7

1.
00

0
1.

00
0

1.
00

0
1.

00
0

0.
99

9
1.

00
0

0.
99

9
0.

99
7

1.
00

0
1.

00
0



Appendix 18 
Intersection LOS and Delay — 

2035 Package 1 and the Combined Alternative Package 
(Preferred Alternative)
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Appendix 19
2005 CO Emission Factors and Background

Concentrations for CO Hot-Spot Analysis 



 



Appendix 19

2005 CO Emission Factors and Background Concentrations for CO Hot Spot Analysis

Free Flow Emission Factors 2005
DRCOGid2030 street Direction Speed (mph) emission factor (g/mile)

10402  92nd Ave east 28 22.554
10379  92nd Ave west 33 22.495
10434 80th Ave east 22 23.163
10433 80th Ave west 33 22.495
10432 Federal Blvd north 33 22.500
9949 Federal Blvd south 31 22.461

10403 Sheridan Blvd north 16 24.525
10400 Sheridan Blvd south 29 22.495
27033  120th Ave35 east 11 26.804
4435  120th Ave35 west 21 23.323

11911 Arapahoe east 26 22.686
11912 Arapahoe west 33 22.500
11913 Foothills north 31 22.293
11610 Foothills south 38 22.423
10706 Wadsworth Pkw5 north 10 27.531
10704 Wadsworth Pkw5 south 29 22.495

Idle Emission Factors 2005
DRCOGid2030 street Direction Speed (mph) emission factor (g/mile) Emission Factor (grams/hour)

11610 Foothills 2.5 57.335 143.337
10402  92nd Ave east 2.5 56.825 142.062

CO Background Concentrations 2005 ppm
Sheridan Blvd.and 92nd 8-hr 1.738

1-hr 5.032

Federal Blvd.and 80th 8-hr 1.947
1-hr 3.519

Wadsworth Parkway/120th Avenue 8-hr 1.749
1-hr 4.116

Foothills Parkway/Arapahoe Road inte8-hr 1.090
1-hr 1.863

Note: Data provided by APCD in August 2009, October 2009



 



Appendix 20
 CO Hot-Spot Modeling Files — Package 2, 2035
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Longmont Station PM Peak Hour
6: 120th & Wadsworth Pky. 10/2/2009

2035 Action Synchro 6 Report
URS Corporation Page 1

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 0.94 0.91 1.00 0.94 0.91 1.00 0.94 0.91 1.00 0.94 0.91 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 4990 5085 1583 4990 5085 1583 4990 5085 1583 4990 5085 1583
Flt Permitted 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (perm) 4990 5085 1583 4990 5085 1583 4990 5085 1583 4990 5085 1583
Volume (vph) 890 520 1120 440 190 350 960 1540 900 610 1300 640
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 967 565 1217 478 207 380 1043 1674 978 663 1413 696
RTOR Reduction (vph) 0 0 0 0 0 0 0 0 0 0 0 0
Lane Group Flow (vph) 967 565 1217 478 207 380 1043 1674 978 663 1413 696
Turn Type Prot Free Prot Free Prot Free Prot Free
Protected Phases 7 4 3 8 5 2 1 6
Permitted Phases Free Free Free Free
Actuated Green, G (s) 23.0 18.5 120.0 16.7 12.2 120.0 27.9 48.7 120.0 16.1 36.9 120.0
Effective Green, g (s) 24.0 19.5 120.0 17.7 13.2 120.0 28.9 49.7 120.0 17.1 37.9 120.0
Actuated g/C Ratio 0.20 0.16 1.00 0.15 0.11 1.00 0.24 0.41 1.00 0.14 0.32 1.00
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 998 826 1583 736 559 1583 1202 2106 1583 711 1606 1583
v/s Ratio Prot c0.19 0.11 0.10 0.04 0.21 0.33 0.13 c0.28
v/s Ratio Perm c0.77 0.24 0.62 0.44
v/c Ratio 0.97 0.68 0.77 0.65 0.37 0.24 0.87 0.79 0.62 0.93 0.88 0.44
Uniform Delay, d1 47.6 47.3 0.0 48.2 49.5 0.0 43.7 30.7 0.0 50.9 38.9 0.0
Progression Factor 1.00 1.00 1.00 0.93 0.92 1.00 1.00 1.00 1.00 0.82 0.77 1.00
Incremental Delay, d2 21.0 2.4 3.7 1.9 0.4 0.3 6.8 3.2 1.8 11.7 4.0 0.5
Delay (s) 68.7 49.7 3.7 46.7 46.1 0.3 50.6 33.9 1.8 53.6 34.1 0.5
Level of Service E D A D D A D C A D C A
Approach Delay (s) 36.0 30.0 30.1 30.3
Approach LOS D C C C

Intersection Summary
HCM Average Control Delay 31.7 HCM Level of Service C
HCM Volume to Capacity ratio 0.85
Actuated Cycle Length (s) 120.0 Sum of lost time (s) 8.0
Intersection Capacity Utilization 77.3% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group



Longmont Station PM Peak Hour
6: 120th & Wadsworth Pky. 10/2/2009

2035 Action Synchro 6 Report
URS Corporation Page 2

Phase Number 1 2 3 4 5 6 7 8
Movement SBL NBT WBL EBT NBL SBT EBL WBT
Lead/Lag Lag Lead Lag Lead Lead Lag Lead Lag
Lead-Lag Optimize Yes Yes Yes Yes Yes Yes Yes Yes
Recall Mode None C-Max None None None C-Max None None
Maximum Split (s) 21 50 21 28 30 41 28 21
Maximum Split (%) 17.5% 41.7% 17.5% 23.3% 25.0% 34.2% 23.3% 17.5%
Minimum Split (s) 9 21 9 21 9 21 9 21
Yellow Time (s) 4 4 4 4 4 4 4 4
All-Red Time (s) 1 1 1 1 1 1 1 1
Minimum Initial (s) 4 4 4 4 4 4 4 4
Vehicle Extension (s) 3 3 3 3 3 3 3 3
Minimum Gap (s) 3 3 3 3 3 3 3 3
Time Before Reduce (s) 0 0 0 0 0 0 0 0
Time To Reduce (s) 0 0 0 0 0 0 0 0
Walk Time (s) 5 5 5 5
Flash Dont Walk (s) 11 11 11 11
Dual Entry No Yes No Yes No Yes No Yes
Inhibit Max Yes Yes Yes Yes Yes Yes Yes Yes
Start Time (s) 89 39 18 110 39 69 110 18
End Time (s) 110 89 39 18 69 110 18 39
Yield/Force Off (s) 105 84 34 13 64 105 13 34
Yield/Force Off 170(s) 105 73 34 2 64 94 13 23
Local Start Time (s) 20 90 69 41 90 0 41 69
Local Yield (s) 36 15 85 64 115 36 64 85
Local Yield 170(s) 36 4 85 53 115 25 64 74

Intersection Summary
Cycle Length 120
Control Type Actuated-Coordinated
Natural Cycle 100
Offset: 69 (58%), Referenced to phase 2:NBT and 6:SBT, Start of Green

Splits and Phases:     6: 120th & Wadsworth Pky.



Longmont Station PM Peak Hour
19: Arapahoe Rd. & Foothills Pkwy 10/2/2009

2035 Action Synchro 6 Report
URS Corporation Page 1

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 0.97 0.91 0.97 0.91 0.97 0.95 1.00 0.97 0.95 1.00
Frt 1.00 0.96 1.00 0.93 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 0.95 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 3433 4890 3433 4708 3433 3539 1583 3433 3539 1583
Flt Permitted 0.95 1.00 0.95 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (perm) 3433 4890 3433 4708 3433 3539 1583 3433 3539 1583
Volume (vph) 270 890 240 540 1090 880 120 2290 260 420 1850 210
Peak-hour factor, PHF 0.77 0.88 0.69 0.89 0.86 0.71 0.67 0.96 0.73 0.92 0.91 0.77
Adj. Flow (vph) 351 1011 348 607 1267 1239 179 2385 356 457 2033 273
RTOR Reduction (vph) 0 44 0 0 102 0 0 0 97 0 0 46
Lane Group Flow (vph) 351 1316 0 607 2404 0 179 2385 259 457 2033 227
Turn Type Prot Prot Prot Perm Prot Perm
Protected Phases 3 8 7 4 1 6 5 2
Permitted Phases 6 2
Actuated Green, G (s) 6.8 30.7 9.8 33.7 4.0 48.5 48.5 7.5 52.0 52.0
Effective Green, g (s) 8.0 33.0 11.0 36.0 5.5 51.0 51.0 9.0 54.5 54.5
Actuated g/C Ratio 0.07 0.28 0.09 0.30 0.05 0.42 0.42 0.08 0.45 0.45
Clearance Time (s) 5.2 6.3 5.2 6.3 5.5 6.5 6.5 5.5 6.5 6.5
Vehicle Extension (s) 1.0 6.0 1.0 6.0 1.0 6.0 6.0 1.0 6.0 6.0
Lane Grp Cap (vph) 229 1345 315 1412 157 1504 673 257 1607 719
v/s Ratio Prot 0.10 0.27 c0.18 c0.51 0.05 c0.67 c0.13 0.57
v/s Ratio Perm 0.16 0.14
v/c Ratio 1.53 0.98 1.93 2.15dr 1.14 1.59 0.38 1.78 1.27 0.32
Uniform Delay, d1 56.0 43.1 54.5 42.0 57.2 34.5 23.7 55.5 32.8 20.9
Progression Factor 1.02 0.74 0.94 1.07 0.81 0.68 0.51 0.98 0.69 0.40
Incremental Delay, d2 255.7 16.5 428.4 319.1 109.4 266.4 1.4 351.6 119.8 0.1
Delay (s) 312.8 48.6 479.9 364.0 155.7 289.9 13.6 406.2 142.5 8.5
Level of Service F D F F F F B F F A
Approach Delay (s) 102.9 386.6 248.0 172.8
Approach LOS F F F F

Intersection Summary
HCM Average Control Delay 245.7 HCM Level of Service F
HCM Volume to Capacity ratio 1.70
Actuated Cycle Length (s) 120.0 Sum of lost time (s) 16.0
Intersection Capacity Utilization 137.1% ICU Level of Service H
Analysis Period (min) 15
dr    Defacto Right Lane.  Recode with 1 though lane as a right lane.
c    Critical Lane Group



Longmont Station PM Peak Hour
19: Arapahoe Rd. & Foothills Pkwy 10/2/2009

2035 Action Synchro 6 Report
URS Corporation Page 2

Phase Number 1 2 3 4 5 6 7 8
Movement NBL SBT EBL WBT SBL NBT WBL EBT
Lead/Lag Lag Lead Lead Lag Lead Lag Lead Lag
Lead-Lag Optimize Yes Yes Yes Yes Yes Yes Yes Yes
Recall Mode None C-Max None None None C-Max None None
Maximum Split (s) 9.5 58.5 12 40 13 55 15 37
Maximum Split (%) 7.9% 48.8% 10.0% 33.3% 10.8% 45.8% 12.5% 30.8%
Minimum Split (s) 9.5 34.5 9.2 26.3 9.5 34.5 9.2 26.3
Yellow Time (s) 3.5 4.5 3.2 4.3 3.5 4.5 3.2 4.3
All-Red Time (s) 2 2 2 2 2 2 2 2
Minimum Initial (s) 4 15 4 6 4 15 4 6
Vehicle Extension (s) 1 6 1 6 1 6 1 6
Minimum Gap (s) 3 4 3 4 3 4 3 4
Time Before Reduce (s) 0 20 0 10 0 20 0 10
Time To Reduce (s) 0 20 0 10 0 20 0 10
Walk Time (s) 5 5 5 5
Flash Dont Walk (s) 23 15 23 15
Dual Entry No Yes No Yes No Yes No Yes
Inhibit Max Yes Yes Yes Yes Yes Yes Yes Yes
Start Time (s) 9.5 71 19 31 71 84 19 34
End Time (s) 19 9.5 31 71 84 19 34 71
Yield/Force Off (s) 13.5 3 25.8 64.7 78.5 12.5 28.8 64.7
Yield/Force Off 170(s) 13.5 100 25.8 49.7 78.5 109.5 28.8 49.7
Local Start Time (s) 6.5 68 16 28 68 81 16 31
Local Yield (s) 10.5 0 22.8 61.7 75.5 9.5 25.8 61.7
Local Yield 170(s) 10.5 97 22.8 46.7 75.5 106.5 25.8 46.7

Intersection Summary
Cycle Length 120
Control Type Actuated-Coordinated
Natural Cycle 150
Offset: 3 (3%), Referenced to phase 2:SBT and 6:NBT, Start of Yellow

Splits and Phases:     19: Arapahoe Rd. & Foothills Pkwy



Appendix 21
CO Hot-Spot Modeling Files — Package 4, 2035
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 0.94 0.91 1.00 0.94 0.91 1.00 0.94 0.91 1.00 0.94 0.91 1.00
Frt 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 4990 5085 1583 4990 5085 1583 4990 5085 1583 4990 5085 1583
Flt Permitted 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (perm) 4990 5085 1583 4990 5085 1583 4990 5085 1583 4990 5085 1583
Volume (vph) 1060 830 1870 660 330 370 1040 1140 890 540 1230 640
Peak-hour factor, PHF 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 1152 902 2033 717 359 402 1130 1239 967 587 1337 696
RTOR Reduction (vph) 0 0 0 0 0 0 0 0 0 0 0 0
Lane Group Flow (vph) 1152 902 2033 717 359 402 1130 1239 967 587 1337 696
Turn Type Prot Free Prot Free Prot Free Prot Free
Protected Phases 7 4 3 8 5 2 1 6
Permitted Phases Free Free Free Free
Actuated Green, G (s) 26.9 23.0 110.0 17.0 13.1 110.0 23.0 33.5 110.0 16.5 27.0 110.0
Effective Green, g (s) 27.9 24.0 110.0 18.0 14.1 110.0 24.0 34.5 110.0 17.5 28.0 110.0
Actuated g/C Ratio 0.25 0.22 1.00 0.16 0.13 1.00 0.22 0.31 1.00 0.16 0.25 1.00
Clearance Time (s) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 1266 1109 1583 817 652 1583 1089 1595 1583 794 1294 1583
v/s Ratio Prot 0.23 0.18 0.14 0.07 0.23 0.24 0.12 0.26
v/s Ratio Perm c1.28 0.25 0.61 0.44
v/c Ratio 0.91 0.81 1.28 0.88 0.55 0.25 1.04 0.78 0.61 0.74 1.03 0.44
Uniform Delay, d1 39.8 40.9 55.0 44.9 45.0 0.0 43.0 34.3 0.0 44.1 41.0 0.0
Progression Factor 1.00 1.00 1.00 1.03 0.98 1.00 1.00 1.00 1.00 1.22 1.08 1.00
Incremental Delay, d2 9.7 4.7 132.9 10.1 1.0 0.4 37.5 3.8 1.8 2.0 27.9 0.5
Delay (s) 49.6 45.5 187.9 56.5 44.9 0.4 80.5 38.0 1.8 55.8 72.2 0.5
Level of Service D D F E D A F D A E E A
Approach Delay (s) 117.5 38.4 41.9 49.5
Approach LOS F D D D

Intersection Summary
HCM Average Control Delay 70.0 HCM Level of Service E
HCM Volume to Capacity ratio 1.28
Actuated Cycle Length (s) 110.0 Sum of lost time (s) 0.0
Intersection Capacity Utilization 85.5% ICU Level of Service E
Analysis Period (min) 15
c    Critical Lane Group
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Phase Number 1 2 3 4 5 6 7 8
Movement SBL NBT WBL EBT NBL SBT EBL WBT
Lead/Lag Lead Lag Lead Lag Lag Lead Lag Lead
Lead-Lag Optimize Yes Yes Yes Yes Yes Yes Yes Yes
Recall Mode None C-Max None None None C-Max None None
Maximum Split (s) 22 38 22 28 28 32 29 21
Maximum Split (%) 20.0% 34.5% 20.0% 25.5% 25.5% 29.1% 26.4% 19.1%
Minimum Split (s) 9 21 9 21 9 21 9 21
Yellow Time (s) 4 4 4 4 4 4 4 4
All-Red Time (s) 1 1 1 1 1 1 1 1
Minimum Initial (s) 4 4 4 4 4 4 4 4
Vehicle Extension (s) 3 3 3 3 3 3 3 3
Minimum Gap (s) 3 3 3 3 3 3 3 3
Time Before Reduce (s) 0 0 0 0 0 0 0 0
Time To Reduce (s) 0 0 0 0 0 0 0 0
Walk Time (s) 5 5 5 5
Flash Dont Walk (s) 11 11 11 11
Dual Entry No Yes No Yes No Yes No Yes
Inhibit Max Yes Yes Yes Yes Yes Yes Yes Yes
Start Time (s) 33 55 93 5 65 33 4 93
End Time (s) 55 93 5 33 93 65 33 4
Yield/Force Off (s) 50 88 0 28 88 60 28 109
Yield/Force Off 170(s) 50 77 0 17 88 49 28 98
Local Start Time (s) 88 0 38 60 10 88 59 38
Local Yield (s) 105 33 55 83 33 5 83 54
Local Yield 170(s) 105 22 55 72 33 104 83 43

Intersection Summary
Cycle Length 110
Control Type Actuated-Coordinated
Natural Cycle 120
Offset: 55 (50%), Referenced to phase 2:NBT and 6:SBT, Start of Green

Splits and Phases:     6: 120th & Wadsworth Pky.
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 0.97 0.91 0.97 0.91 0.97 0.95 1.00 0.97 0.95 1.00
Frt 1.00 0.96 1.00 0.93 1.00 1.00 0.85 1.00 1.00 0.85
Flt Protected 0.95 1.00 0.95 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (prot) 3433 4890 3433 4707 3433 3539 1583 3433 3539 1583
Flt Permitted 0.95 1.00 0.95 1.00 0.95 1.00 1.00 0.95 1.00 1.00
Satd. Flow (perm) 3433 4890 3433 4707 3433 3539 1583 3433 3539 1583
Volume (vph) 270 890 240 560 1110 900 120 2290 260 420 1890 210
Peak-hour factor, PHF 0.77 0.88 0.69 0.89 0.86 0.71 0.67 0.96 0.73 0.92 0.91 0.77
Adj. Flow (vph) 351 1011 348 629 1291 1268 179 2385 356 457 2077 273
RTOR Reduction (vph) 0 44 0 0 102 0 0 0 97 0 0 45
Lane Group Flow (vph) 351 1316 0 629 2457 0 179 2385 259 457 2077 228
Turn Type Prot Prot Prot Perm Prot Perm
Protected Phases 3 8 7 4 1 6 5 2
Permitted Phases 6 2
Actuated Green, G (s) 6.8 30.7 9.8 33.7 4.0 48.5 48.5 7.5 52.0 52.0
Effective Green, g (s) 8.0 33.0 11.0 36.0 5.5 51.0 51.0 9.0 54.5 54.5
Actuated g/C Ratio 0.07 0.28 0.09 0.30 0.05 0.42 0.42 0.08 0.45 0.45
Clearance Time (s) 5.2 6.3 5.2 6.3 5.5 6.5 6.5 5.5 6.5 6.5
Vehicle Extension (s) 1.0 6.0 1.0 6.0 1.0 6.0 6.0 1.0 6.0 6.0
Lane Grp Cap (vph) 229 1345 315 1412 157 1504 673 257 1607 719
v/s Ratio Prot 0.10 0.27 c0.18 c0.52 0.05 c0.67 c0.13 0.59
v/s Ratio Perm 0.16 0.14
v/c Ratio 1.53 0.98 2.00 2.20dr 1.14 1.59 0.38 1.78 1.29 0.32
Uniform Delay, d1 56.0 43.1 54.5 42.0 57.2 34.5 23.7 55.5 32.8 20.9
Progression Factor 1.02 0.74 0.94 1.07 0.81 0.68 0.51 0.98 0.70 0.41
Incremental Delay, d2 255.7 16.5 459.5 335.9 109.4 266.4 1.4 351.6 132.1 0.1
Delay (s) 312.8 48.6 511.0 380.7 155.7 289.9 13.6 406.2 154.9 8.7
Level of Service F D F F F F B F F A
Approach Delay (s) 102.9 406.4 248.0 181.6
Approach LOS F F F F

Intersection Summary
HCM Average Control Delay 254.6 HCM Level of Service F
HCM Volume to Capacity ratio 1.72
Actuated Cycle Length (s) 120.0 Sum of lost time (s) 16.0
Intersection Capacity Utilization 138.0% ICU Level of Service H
Analysis Period (min) 15
dr    Defacto Right Lane.  Recode with 1 though lane as a right lane.
c    Critical Lane Group
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Phase Number 1 2 3 4 5 6 7 8
Movement NBL SBT EBL WBT SBL NBT WBL EBT
Lead/Lag Lag Lead Lead Lag Lead Lag Lead Lag
Lead-Lag Optimize Yes Yes Yes Yes Yes Yes Yes Yes
Recall Mode None C-Max None None None C-Max None None
Maximum Split (s) 9.5 58.5 12 40 13 55 15 37
Maximum Split (%) 7.9% 48.8% 10.0% 33.3% 10.8% 45.8% 12.5% 30.8%
Minimum Split (s) 9.5 34.5 9.2 26.3 9.5 34.5 9.2 26.3
Yellow Time (s) 3.5 4.5 3.2 4.3 3.5 4.5 3.2 4.3
All-Red Time (s) 2 2 2 2 2 2 2 2
Minimum Initial (s) 4 15 4 6 4 15 4 6
Vehicle Extension (s) 1 6 1 6 1 6 1 6
Minimum Gap (s) 3 4 3 4 3 4 3 4
Time Before Reduce (s) 0 20 0 10 0 20 0 10
Time To Reduce (s) 0 20 0 10 0 20 0 10
Walk Time (s) 5 5 5 5
Flash Dont Walk (s) 23 15 23 15
Dual Entry No Yes No Yes No Yes No Yes
Inhibit Max Yes Yes Yes Yes Yes Yes Yes Yes
Start Time (s) 9.5 71 19 31 71 84 19 34
End Time (s) 19 9.5 31 71 84 19 34 71
Yield/Force Off (s) 13.5 3 25.8 64.7 78.5 12.5 28.8 64.7
Yield/Force Off 170(s) 13.5 100 25.8 49.7 78.5 109.5 28.8 49.7
Local Start Time (s) 6.5 68 16 28 68 81 16 31
Local Yield (s) 10.5 0 22.8 61.7 75.5 9.5 25.8 61.7
Local Yield 170(s) 10.5 97 22.8 46.7 75.5 106.5 25.8 46.7

Intersection Summary
Cycle Length 120
Control Type Actuated-Coordinated
Natural Cycle 150
Offset: 3 (3%), Referenced to phase 2:SBT and 6:NBT, Start of Yellow

Splits and Phases:     19: Arapahoe Rd. & Foothills Pkwy



Appendix 22
 CO Hot-Spot Modeling Files — 

2035 Combined Alternative Package (Preferred Alternative)
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Lanes, Volumes, Timings 2035 Combined PM + Mitigation
1: 92nd Ave. & Sheridan Blvd. 4/30/2009

US 36 - Sheridan/92nd Synchro 7 -  Report
URS - Larson Page 1

Lane Group EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 895 855 160 980 600 260 335 1245 1100 290 1260 635
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Storage Length (ft) 200 0 400 0 375 250 300 0
Storage Lanes 1 0 2 0 2 1 2 0
Taper Length (ft) 25 25 25 25 25 25 25 25
Lane Util. Factor 0.97 0.95 1.00 0.97 0.91 1.00 0.97 0.91 1.00 0.97 0.91 1.00
Frt 0.850 0.850 0.850 0.850
Flt Protected 0.950 0.950 0.950 0.950
Satd. Flow (prot) 3433 3539 1583 3433 5085 1583 3433 5085 1583 3433 5085 1583
Flt Permitted 0.950 0.950 0.950 0.950
Satd. Flow (perm) 3433 3539 1583 3433 5085 1583 3433 5085 1583 3433 5085 1583
Right Turn on Red Yes Yes Yes Yes
Satd. Flow (RTOR) 117 283 641 454
Link Speed (mph) 30 30 30 30
Link Distance (ft) 618 1118 540 691
Travel Time (s) 14.0 25.4 12.3 15.7
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 973 929 174 1065 652 283 364 1353 1196 315 1370 690
Shared Lane Traffic (%)
Lane Group Flow (vph) 973 929 174 1065 652 283 364 1353 1196 315 1370 690
Enter Blocked Intersection No No No No No No No No No No No No
Lane Alignment Left Left Right Left Left Right Left Left Right Left Left Right
Median Width(ft) 24 24 24 24
Link Offset(ft) 0 0 0 0
Crosswalk Width(ft) 16 16 16 16
Two way Left Turn Lane
Headway Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Turning Speed (mph) 15 9 15 9 15 9 15 9
Turn Type Prot Free Prot Free Prot Free Prot Free
Protected Phases 7 4 3 8 5 2 1 6
Permitted Phases Free Free Free Free
Detector Phase 7 4 3 8 5 2 1 6
Switch Phase
Minimum Initial (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Minimum Split (s) 9.0 21.0 9.0 21.0 9.0 21.0 9.0 21.0
Total Split (s) 42.0 35.0 0.0 37.0 30.0 0.0 15.0 34.0 0.0 14.0 33.0 0.0
Total Split (%) 35.0% 29.2% 0.0% 30.8% 25.0% 0.0% 12.5% 28.3% 0.0% 11.7% 27.5% 0.0%
Maximum Green (s) 37.0 30.0 32.0 25.0 10.0 29.0 9.0 28.0
Yellow Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
All-Red Time (s) 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Lost Time Adjust (s) -1.0 -1.0 0.0 -1.0 -1.0 0.0 -1.0 -1.0 0.0 -1.0 -1.0 0.0
Total Lost Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Lead/Lag Lag Lag Lead Lead Lag Lead Lag Lead
Lead-Lag Optimize? Yes Yes Yes Yes Yes Yes Yes Yes
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Recall Mode None C-Max None C-Max None Min None Min
Walk Time (s) 5.0 5.0 5.0 5.0
Flash Dont Walk (s) 11.0 11.0 11.0 11.0



Lanes, Volumes, Timings 2035 Combined PM + Mitigation
1: 92nd Ave. & Sheridan Blvd. 4/30/2009

US 36 - Sheridan/92nd Synchro 7 -  Report
URS - Larson Page 2

Lane Group EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Pedestrian Calls (#/hr) 0 0 0 0
Act Effct Green (s) 38.0 31.0 120.0 33.0 26.0 120.0 11.0 30.0 120.0 10.0 29.0 120.0
Actuated g/C Ratio 0.32 0.26 1.00 0.28 0.22 1.00 0.09 0.25 1.00 0.08 0.24 1.00
v/c Ratio 0.90 1.02 0.11 1.13 0.59 0.18 1.16 1.06 0.76 1.10 1.11 0.44
Control Delay 60.8 85.0 0.1 111.5 44.8 0.2 134.8 79.5 5.4 133.6 105.4 0.9
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 60.8 85.0 0.1 111.5 44.8 0.2 134.8 79.5 5.4 133.6 105.4 0.9
LOS E F A F D A F E A F F A
Approach Delay 66.6 74.0 56.0 78.8
Approach LOS E E E E

Intersection Summary
Area Type: Other
Cycle Length: 120
Actuated Cycle Length: 120
Offset: 0 (0%), Referenced to phase 4:EBT and 8:WBT, Start of Green
Natural Cycle: 130
Control Type: Actuated-Coordinated
Maximum v/c Ratio: 1.16
Intersection Signal Delay: 68.0 Intersection LOS: E
Intersection Capacity Utilization 98.8% ICU Level of Service F
Analysis Period (min) 15

Splits and Phases:     1: 92nd Ave. & Sheridan Blvd.



Lanes, Volumes, Timings US 36 - Federal
11: 80th & Federal 4/30/2009

2035 PM Peak - Combined + Mitigation Synchro 7 -  Report
Larson Page 5

Lane Group EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 545 30 450 100 20 95 605 3080 165 135 1700 450
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Storage Length (ft) 250 0 125 0 250 0 150 200
Storage Lanes 1 1 1 0 2 0 1 0
Taper Length (ft) 25 25 25 25 25 25 25 25
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 1.00 0.97 0.91 0.91 1.00 0.91 0.91
Frt 0.850 0.876 0.992 0.969
Flt Protected 0.950 0.950 0.950 0.950
Satd. Flow (prot) 1770 1863 1583 1770 1632 0 3433 5045 0 1770 4928 0
Flt Permitted 0.361 0.736 0.950 0.087
Satd. Flow (perm) 672 1863 1583 1371 1632 0 3433 5045 0 162 4928 0
Right Turn on Red Yes Yes Yes Yes
Satd. Flow (RTOR) 471 60 11 69
Link Speed (mph) 30 30 30 30
Link Distance (ft) 494 507 1190 505
Travel Time (s) 11.2 11.5 27.0 11.5
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 592 33 489 109 22 103 658 3348 179 147 1848 489
Shared Lane Traffic (%)
Lane Group Flow (vph) 592 33 489 109 125 0 658 3527 0 147 2337 0
Enter Blocked Intersection No No No No No No No No No No No No
Lane Alignment Left Left Right Left Left Right Left Left Right Left Left Right
Median Width(ft) 12 12 24 24
Link Offset(ft) 0 0 0 0
Crosswalk Width(ft) 16 16 16 16
Two way Left Turn Lane
Headway Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Turning Speed (mph) 15 9 15 9 15 9 15 9
Number of Detectors 1 1 1 1 1 1 1 1 1
Detector Template 
Leading Detector (ft) 50 50 50 50 50 50 50 50 50
Trailing Detector (ft) 0 0 0 0 0 0 0 0 0
Detector 1 Position(ft) 0 0 0 0 0 0 0 0 0
Detector 1 Size(ft) 50 50 50 50 50 50 50 50 50
Detector 1 Type Cl+Ex Cl+Ex Cl+Ex Cl+Ex Cl+Ex Cl+Ex Cl+Ex Cl+Ex Cl+Ex
Detector 1 Channel
Detector 1 Extend (s) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Detector 1 Queue (s) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Detector 1 Delay (s) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Turn Type pm+pt Free Perm Prot pm+pt
Protected Phases 7 4 8 5 2 1 6
Permitted Phases 4 Free 8 6
Detector Phase 7 4 8 8 5 2 1 6
Switch Phase
Minimum Initial (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Minimum Split (s) 9.0 21.0 21.0 21.0 9.0 21.0 9.0 21.0
Total Split (s) 24.0 42.0 0.0 18.0 18.0 0.0 23.0 69.0 0.0 9.0 55.0 0.0
Total Split (%) 20.0% 35.0% 0.0% 15.0% 15.0% 0.0% 19.2% 57.5% 0.0% 7.5% 45.8% 0.0%



Lanes, Volumes, Timings US 36 - Federal
11: 80th & Federal 4/30/2009

2035 PM Peak - Combined + Mitigation Synchro 7 -  Report
Larson Page 6

Lane Group EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Maximum Green (s) 19.0 37.0 13.0 13.0 18.0 64.0 4.0 50.0
Yellow Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
All-Red Time (s) 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Lost Time Adjust (s) -1.0 -1.0 0.0 -1.0 -1.0 0.0 -1.0 -1.0 0.0 -1.0 -1.0 -1.0
Total Lost Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 3.0
Lead/Lag Lead Lag Lag Lead Lead Lag Lag
Lead-Lag Optimize? Yes Yes Yes Yes Yes Yes Yes
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Recall Mode None None None None None C-Max None C-Max
Walk Time (s) 5.0 5.0 5.0 5.0 5.0
Flash Dont Walk (s) 11.0 11.0 11.0 11.0 11.0
Pedestrian Calls (#/hr) 0 0 0 0 0
Act Effct Green (s) 37.1 37.1 120.0 13.1 13.1 19.9 65.9 51.0 51.0
Actuated g/C Ratio 0.31 0.31 1.00 0.11 0.11 0.17 0.55 0.42 0.42
v/c Ratio 1.51 0.06 0.31 0.73 0.54 1.16 1.27 1.08 1.10
Control Delay 273.9 29.0 0.5 78.2 35.9 116.6 143.5 144.1 83.6
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 273.9 29.0 0.5 78.2 35.9 116.6 143.5 144.1 83.6
LOS F C A E D F F F F
Approach Delay 146.7 55.6 139.3 87.2
Approach LOS F E F F

Intersection Summary
Area Type: Other
Cycle Length: 120
Actuated Cycle Length: 120
Offset: 80 (67%), Referenced to phase 2:NBT and 6:SBTL, Start of Green
Natural Cycle: 100
Control Type: Actuated-Coordinated
Maximum v/c Ratio: 1.51
Intersection Signal Delay: 121.7 Intersection LOS: F
Intersection Capacity Utilization 117.5% ICU Level of Service H
Analysis Period (min) 15

Splits and Phases:     11: 80th & Federal



Appendix 23
CO Hot-Spot Modeling Files — Package 1 (No Action), 2035
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Lane Group EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (vph) 470 20 585 160 35 140 370 1515 75 95 2310 575
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Storage Length (ft) 75 0 125 0 150 0 150 200
Storage Lanes 1 1 1 0 2 0 1 0
Taper Length (ft) 25 25 25 25 25 25 25 25
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 1.00 0.97 0.91 0.91 1.00 0.91 0.91
Frt 0.850 0.880 0.993 0.970
Flt Protected 0.950 0.950 0.950 0.950
Satd. Flow (prot) 1770 1863 1583 1770 1639 0 3433 5050 0 1770 4933 0
Flt Permitted 0.348 0.743 0.950 0.090
Satd. Flow (perm) 648 1863 1583 1384 1639 0 3433 5050 0 168 4933 0
Right Turn on Red Yes Yes Yes Yes
Satd. Flow (RTOR) 11 124 9 68
Link Speed (mph) 30 30 30 30
Link Distance (ft) 494 507 1185 505
Travel Time (s) 11.2 11.5 26.9 11.5
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Adj. Flow (vph) 511 22 636 174 38 152 402 1647 82 103 2511 625
Shared Lane Traffic (%)
Lane Group Flow (vph) 511 22 636 174 190 0 402 1729 0 103 3136 0
Number of Detectors 1 1 1 1 1 1 1 1 1
Detector Template 
Leading Detector (ft) 50 50 50 50 50 50 50 50 50
Trailing Detector (ft) 0 0 0 0 0 0 0 0 0
Detector 1 Position(ft) 0 0 0 0 0 0 0 0 0
Detector 1 Size(ft) 50 50 50 50 50 50 50 50 50
Detector 1 Type Cl+Ex Cl+Ex Cl+Ex Cl+Ex Cl+Ex Cl+Ex Cl+Ex Cl+Ex Cl+Ex
Detector 1 Channel
Detector 1 Extend (s) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Detector 1 Queue (s) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Detector 1 Delay (s) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Turn Type pm+pt pt+ov pm+pt Prot pm+pt
Protected Phases 7 4 4 5 3 8 5 2 1 6
Permitted Phases 4 8 6
Detector Phase 7 4 4 5 3 8 5 2 1 6
Switch Phase
Minimum Initial (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Minimum Split (s) 9.0 20.0 9.0 20.0 9.0 20.0 9.0 20.0
Total Split (s) 24.0 35.0 50.0 9.0 20.0 0.0 15.0 63.0 0.0 13.0 61.0 0.0
Total Split (%) 20.0% 29.2% 41.7% 7.5% 16.7% 0.0% 12.5% 52.5% 0.0% 10.8% 50.8% 0.0%
Maximum Green (s) 19.0 30.5 4.0 15.5 10.0 58.5 8.0 56.5
Yellow Time (s) 4.0 3.5 4.0 3.5 4.0 3.5 4.0 3.5
All-Red Time (s) 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Lost Time Adjust (s) -1.0 -0.5 0.0 -1.0 -0.5 0.0 -1.0 -0.5 0.0 -1.0 -0.5 -0.5
Total Lost Time (s) 4.0 4.0 4.5 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 3.5
Lead/Lag Lead Lead Lag Lag Lead Lead Lag Lag
Lead-Lag Optimize? Yes Yes Yes Yes Yes Yes Yes Yes
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
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Lane Group EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Recall Mode None None None None None C-Max None C-Max
Walk Time (s) 5.0 5.0 5.0 5.0
Flash Dont Walk (s) 11.0 11.0 11.0 11.0
Pedestrian Calls (#/hr) 0 0 0 0
Act Effct Green (s) 31.0 31.0 41.0 16.0 16.0 11.0 59.0 57.0 57.0
Actuated g/C Ratio 0.26 0.26 0.34 0.13 0.13 0.09 0.49 0.48 0.48
v/c Ratio 1.44 0.05 1.16 0.87 0.58 1.28 0.70 0.52 1.32
Control Delay 247.7 33.9 120.0 88.2 26.0 182.3 25.6 47.0 174.9
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 247.7 33.9 120.0 88.2 26.0 182.3 25.6 47.0 174.9
LOS F C F F C F C D F
Approach Delay 174.2 55.8 55.2 170.8
Approach LOS F E E F

Intersection Summary
Area Type: Other
Cycle Length: 120
Actuated Cycle Length: 120
Offset: 109 (91%), Referenced to phase 2:NBT and 6:SBTL, Start of Green
Natural Cycle: 100
Control Type: Actuated-Coordinated
Maximum v/c Ratio: 1.44
Intersection Signal Delay: 129.6 Intersection LOS: F
Intersection Capacity Utilization 117.9% ICU Level of Service H
Analysis Period (min) 15

Splits and Phases:     11: 80th & Federal



 Appendix 24
APCD Vehicle Emission Modeling Files — Package 1 

and the Combined Alternative Package (Preferred Alternative) 
(on CD) 
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