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EXECUTIVE SUMMARY

The lllinois Department of Transportation (IDOT) currently uses the computer
screening model lllinois CO Screen for Intersection Modeling (COSIM) Version 3.0 to
estimate worst-case carbon monoxide (CO) concentrations for proposed roadway projects
affecting signalized intersections. The original model was developed as part of Illinois
Transportation Research Center (ITRC) research project lIlIA-H1, FY 97, completed in
October 1999. Modeled results from Version 1.0 and 1.1 of COSIM are based on the U.S.
Environmental Protection Agency’s (USEPA) mobile source emission factor (EF) model,
MOBILESb, and roadway dispersion model, CAL3QHC v 2.0.

The second version of COSIM was released in 2003. Version 2.0 incorporated new
EF tables developed using USEPA’s updated version of the MOBILE model, called
MOBILES. In addition to updating the EFs used in COSIM, pre-screen criteria for
determining when COSIM needs to be used for a roadway project were developed and
incorporated into COSIM as a pre-screen feature.

Regulatory changes in the lllinois vehicle Inspection and Maintenance (I/M) program
in 2007 prompted a COSIM Version 3.0 update. Carbon monoxide EF tables were revised
using MOBILEG.2, and improvements were made to the pre-screen feature in the Version
3.0 release.

In March 2010, USEPA announced the release of a new mobile source emission
model named Motor Vehicle Emission Simulator (MOVES). To allow continued use of the
COSIM model, the lllinois-specific CO EF tables were replaced with EFs developed using
MOVES. Additionally, the pre-screen feature was updated using the MOVES-based EFs.
This report documents the updates and revisions in COSIM Version 4.0.
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CHAPTER 1 UPDATING ILLINOIS COSIM EMISSION FACTORS

lllinois Carbon Monoxide Screen for Intersection Modeling (COSIM), Version 3.0, is a
Windows-based screening model used by lllinois Department of Transportation (IDOT) staff
to estimate worst-case carbon monoxide (CO) concentrations that could result from
proposed roadway projects with signalized intersections. If the results from COSIM are
within the National Ambient Air Quality Standards (NAAQS) for CO, no further CO modeling
is required for the intersection. If the results from COSIM indicate that the project may cause
a NAAQS violation, a detailed analysis is required to evaluate potential CO levels more
accurately.

Modeled results from COSIM, Version 3.0, are based on the U.S. Environmental
Protection Agency’s (USEPA) mobile source emission factor model, MOBILE®6.2, and
roadway dispersion model, CAL3QHC v 2.0. In March 2010, USEPA announced the release
of a new mobile source emission model named Motor Vehicle Emission Simulator (MOVES).
IDOT was required to begin using MOVES for hot-spot transportation conformity
determinations after December 20, 2012 (USEPA 2012). To allow continued use of the
COSIM model, the CO emission factor (EF) tables in COSIM 3.0 were updated with EFs
developed using MOVES. This chapter details the updates made to the specific EFs used in
Version 4.0 of the COSIM model.

1.1 EMISSION FACTOR UPDATES

Emission factors in COSIM, Version 3.0, were based on the results of six different
MOBILEG.2 input files (Peters 2008). The files were developed to capture six different
default vehicle-fleet characteristics defined by the lllinois Environmental Protection Agency
(lllinois EPA). The six areas are defined as follows:

1. Vehicles in counties north of the 40° north latitude line that are in attainment of
the ozone NAAQS without a vehicle inspection and maintenance (I/M) program.

2. Vehicles in counties north of the 40° north latitude line that are in non-attainment
of the ozone NAAQS with a vehicle I/M program.

3. Vehicles in counties north of the 40° north latitude line that are in non-attainment
of the ozone NAAQS without a vehicle I/M program.

4. Vehicles in counties south of the 40°north latitude line that are in attainment of
the ozone NAAQS without a vehicle I/M program.

5. Vehicles in counties south of the 40° north latitude line that are in non-attainment
of the ozone NAAQS with a vehicle I/M program.

6. Vehicles in counties south of the 40° north latitude line that are in non-attainment
of the ozone NAAQS without a vehicle I/M program.

Emission rates for the same six areas were modeled by Chuck Gebhardt of the
lllinois EPA using MOVES, Version 2010b (MOVES2010b). Each area was modeled for the
month of January for the years 2012 through 2025 (note; only results from 2013 through
2024 were used in COSIM). Output data from MOVES were post-processed by the lllinois
EPA using Microsoft's MySQL and six new EF lookup tables were developed for use in



COSIM, Version 4.0. Tables 1.1 through 1.3 were created by Chuck Gebhardt and provided
to describe the MOVES input data, the Illinois I/M program, and the MOVES2010b run-
specification settings (Gebhardt 2013).

Table 1.1 describes the input data and their sources used to build the nine tables
required to run MOVES at the project level. The lllinois EPA obtained 2010 registration data
from the lllinois Secretary of State and vehicle miles traveled (VMT) data from the IDOT.
Average January meteorological data for Chicago and the areas north of 40° north latitude
were obtained for O’Hare International Airport from the National Weather Service (NWS).
Similar NWS data for Metro-East St. Louis and the area south of 40° north latitude were
obtained for Lambert—St. Louis International Airport.

Table 1.1. MOVES Input Tables with Descriptions and Data-Source Information

MOVES Table Description Data Source
Off-Network Provides information about vehicles which Off-network emissions were not considered
are not driving on the project links, but still | in the COSIM project.
contribute to the project emissions.
Link Defines the precise speed and grade as a Unit data for a flat road was used in the link

function of time on a particular roadway
link.

table where the linkLength = 1, linkVolume
=100,000 and linkAvgGrade = 0.

LinkSourceTypeHour

Provides the fraction of link traffic volume
driven by each source type.

Source type fractions are estimated using
the Secretary of State's (SOS) vehicle
registration data.

OpModeDistribution Provides fractional data for source types, No data needed for COSIM project.
hour/day combinations, roadway links and
pollutant/process combinations.
AgeDistribution Provides data about the distribution of Registration data, obtained from the lllinois

vehicle counts by age for each calendar Secretary of State (SOS), was used to

year and vehicle type. estimate the age distribution where data
about a vehicle type is available.
Registration data for 2010 was used for
LDV, LDT1 and LDT2 source types. MOVES
default age distributions are used for all
other source types.

FuelSupply Provides data about the associated market Market shares are as follows: Cook County

share for existing fuels.

fuel supply for counties North of 40
degrees north latitude and St. Clair fuel
supply for counties South of 40 degrees
north latitude.

fuelformulation

Provides data about the fuel formulation
for each fuel type listed in the fuel supply
table.

MOVES default fuel formulations were used
assuming the use of reformulated gasoline
in the non-attainment counties and
conventional gasoline in the attainment
counties.

MeteorologyData

Provides temperature and humidity data
for months, zones, counties, and hours.

Used average meteorological data obtained
from the National Weather Service (NWS)
O'Hare Airport for counties North of 40
degrees north latitude and St. Louis'
Lambert Airport for counties South of 40
degrees north latitude.

I/M Coverage

Provides information describing inspection
and maintenance(l/M) programs.

Refer to table 2 which lists the different
I/M scenarios.




Table 1.2 describes the I/M program in the northeastern Illinois and Metro-East St.
Louis non-attainment areas. Beginning February 1, 2012, lllinois discontinued testing 1996
through 2006 heavy-duty vehicles with idle and gas-cap tests in accordance with the
provisions of the amended Vehicle Emissions Inspection Law of 2005. The current I/M
program is for model year (MY) vehicles 1996 through 4 model-years-old vehicles that are
equipped with second-generation onboard diagnostic (OBD-II) equipment and have a gross
vehicle weight rating (GVWR) of 14,000 Ib or less.

Table 1.2. lllinois I/M Program Description

Item I/M Program Description
Network type Centralized (98%) / Test and Repair (2%)
Start date 1987
Test frequency Biennial
Model year coverage 1996 through model year (MY) — 4 years
Vehicle type coverage Non-electric and non-diesel vehicles
® Light-duty vehicles and light-duty trucks OBD-Il Test
I (<8,501 Ibs. GVWR) between 1996 and
= older than 4 MYs
g Heavy-duty trucks (GVWR between 8,501 Exempt
5 and 14,000 Ib) between MY 1996 and
@ 2006
k= Heavy-duty trucks (GVWR between 8,501 OBD-Il Test
bt and 14,000 |b) between MY 2007 and
2 older than 4 MYs
‘c: Heavy-duty trucks (GVWR > 14,001 Ib) Exempt
w between 1996 and older than 4 MYs
Emission standards Vehicle Emission Inspection Law of 2005.
Emission control device inspections None
Evaporative system function checks None
Pre-1981 MY Stringency N/A (Pre-1996 MY vehicles are exempt)
Waiver rate 2.2%
Compliance rate 96%




Table 1.3 describes the MOVES run specifications used to generate the CO
emissions factors for COSIM. Data items in the Manage Input Data Sets, Strategies, and
Advanced Performance Features in the MOVES navigation panel were not required for the

COSIM run.

Table 1.3. Description of the Run Specification

Navigation Panel Detail Panel Item | Detail Panel Sub Item Selections
ltem
Description Description Varies by region and year
Scale Domain / Scale Project
Calculation Type Emission Rates
Time Spans Time Aggregation Level Hour (default)
Years 2012 through 2025
Months January
Days Weekdays
Hours 8:00 AM to 8:59 AM
Geographic Bounds Region Zone & Link
States lllinois
Counties Cook for Northern lllinois
St. Clair for Southern lllinois
Server localhost
Database Varies by region and year
Vehicles / Equipment
On Road Vehicle Equipment | Fuels Diesel and Gasoline

Source Use Types

All valid source types

Road Type

Selected Road Types

Off-Network

Urban Unrestricted Access

Pollutant and Processes

Carbon Monoxide

Running Exhaust

Start Exhaust

Crankcase Running Exhaust

Crankcase Start Exhaust

Output

General Output

Output Database

Varies by region and year

Units Mass Grams
Energy MMBTU
Distance Miles
Activity Distance Traveled (Default)
Population (Default)
Output Emissions Detail Always Time (Default)

Location (Default)

Pollutant (Default)

Hour (Default)

Link (Default)

On Road / Off Road

On Road / Off Road (Default)

On Road

Road Type (Default)

Number of Iterations

2 (Default)

For All Vehicle / Equipment
Categories

Emissions Process




The values in the six EF lookup tables in the COSIM, Version 3.0, computer code
were replaced with the 2013 through 2024 results from MOVES. The new lookup tables are
provided in Tables 1.4 through 1.9. COSIM, Version 4.0, uses the MOVES EFs, following
the same methodology as previous versions of COSIM, as described below.

When a user selects a county in COSIM, a number is assigned to the selected
county. Based on the county number, at least one region index is assigned to the current
project. The region index references one of the six EF tables arranged by model year versus
average speed. The year index ranges from 0 to 11, covering the years 2013 through 2024.
EFs for years after 2024 in COSIM are equal to the 2024 EFs. This maintains a worst-case
scenario as MOVES2010b EFs after 2024 decrease (or remain the same) as model year
increases through 2050. See Table 1.6 for MOVES2010b EFs for model years 2025 through
2050.

The speed index ranges from O to 11, covering speeds from 0 miles per hour (mph)
(idle) to 55 mph, in increments of 5 mph. EFs, in grams per hour (g/hr) or grams per mile
(gpm) for speeds between the 5-mph intervals are obtained by linear interpolation. The
feasibility of linear interpolation was tested in the first phase of the project and determined to
be acceptable (Larson et al. 1999).

In counties where I/M and non-I/M regions adjoin, EFs from both the I/M and non-I/M
regions are weighted, based on county vehicle-fleet information provided by IDOT, and
added together to determine an average EF for the county (Larson et al. 1999).

After the idle and free-flow EFs are determined, the COSIM model inserts them into
the CAL3QHC input file and runs CAL3QHC to determine the worst-case CO
concentrations.

Table 1.4. EFs in Region Index 0: Counties North of the 40° North Latitude Line That Are in
Attainment of the Ozone NAAQS without a Vehicle I/M Program

Emission Factors for Northern lllinois

dle Speed (mph)

Year 5 | 10 [ 15 | 20 | 25 | 30 | 35 [ 40 | 45 | 50 | 55
g/hr gpm
2013 | 3113 [ 1190 | 831 | 714 | 633 | 540 | 5.05 | 463 | 432 | 412 | 405 | 4.05
2014 | 27.70 | 1095 | 7.72 | 6.67 | 593 | 507 | 475 | 436 | 4.06 | 3.87 | 3.80 | 3.81
2015 | 24.81 | 1014 | 7.22 | 6.27 | 560 | 478 | 449 | 413 | 3.84 | 366 | 360 | 3.61
2016 | 21.75 | 9.30 | 6.70 | 5.86 | 5.24 | 447 | 422 | 388 | 3.61 | 3.44 | 339 | 3.41
2017 | 19.84 | 875 | 6.37 | 559 | 5.01 | 427 | 404 | 372 | 346 | 330 | 325 | 3.27
2018 | 18.26 | 8.29 | 6.08 | 536 | 482 | 410 | 3.89 | 358 | 3.33 | 3.18 | 3.13 | 3.15
2019 | 1694 | 7.91 | 584 | 517 | 465 | 3.96 | 3.76 | 3.47 | 3.22 | 3.07 | 3.03 | 3.06
2020 | 1565 | 755 | 562 | 499 | 450 | 3.82 | 364 | 335 | 312 | 298 | 294 | 2.97
2021 | 1478 | 729 | 546 | 486 | 439 | 372 [ 355 | 328 | 3.05 | 291 | 2.88 [ 2.90
2022 | 1414 | 710 | 534 | 477 | 430 | 3.65 | 349 | 322 | 299 | 286 | 2.83 | 2.86
2023 | 1366 | 696 | 525 | 470 | 424 | 360 [ 344 | 318 | 2.95 | 282 | 279 | 2.82
2024+ | 1315 | 6.81 | 516 | 462 | 418 | 355 | 340 | 314 | 291 | 279 | 276 | 2.79




Table 1.5. EFs in Region Index 1: Counties North of the 40° North Latitude Line That Are in
Non-Attainment of the Ozone NAAQS with a Vehicle I/M Program

Emission Factors for Chicago Nonattainment Area (with I/M program)

dle Speed (mph)
Year 5 | 10 | 15 | 20 | 25 | 30 | 35 | 40 | 45 | 50 | 55
g/hr gpm

2013 25.08 9.57 | 6.63 | 568 | 503 | 430 | 401 | 3.68 | 343 | 327 [ 321 [ 3.22

2014 22.16 874 | 611 | 526 | 467 | 400 | 3.74 | 343 | 3.20 [ 3.05 | 3.00 | 3.00

2015 19.72 803 | 568 | 491 | 438 | 3.74 | 351 [ 323 [ 3.00 [ 287 | 282 | 2.82

2016 17.07 728 | 521 | 454 | 406 | 347 | 327 | 3.00 | 280 | 267 | 2.63 | 2.64

2017 15.43 6.80 | 491 | 430 | 385 | 329 | 311 [ 286 [ 266 [ 254 | 250 | 2.51

2018 14.09 6.40 | 466 | 410 | 3.68 | 3.14 | 297 [ 274 | 255 [ 2.43 240 | 241

2019 12.99 6.07 | 446 | 393 | 354 | 3.02 | 286 [ 264 [ 246 [ 235 | 231 | 2.33

2020 11.89 576 | 426 | 3.78 | 340 | 290 [ 276 | 254 | 237 | 226 | 223 | 2.25

2021 11.20 555 | 413 | 367 | 331 | 282 | 269 | 248 | 231 | 221 218 | 2.20

2022 10.69 539 | 404 | 360 | 3.25 | 276 | 263 | 243 | 226 | 2.16 214 | 2.16

2023 10.32 527 | 396 | 354 | 320 | 272 | 259 | 240 | 223 | 213 211 | 213

2024+ 9.91 516 | 3.89 | 348 | 3.15 | 2.68 | 256 | 236 | 220 | 2.10 2.08 | 2.10

Table 1.6. EFs in Region Index 2: Counties North of the 40° North Latitude Line That Are in
Non-Attainment of the Ozone NAAQS without a Vehicle I/M Program

Emission Factors for Chicago Nonattainment Area (No I/M program)

dle Speed (mph)
Year 5 | 10 [ 15 | 20 | 25 | 30 | 3 | 40 | 45 | 50 | 55
g/hr gpm

2013 27.38 | 1041 | 7.23 | 6.19 [ 548 | 468 [ 437 | 401 | 3.73 | 3.56 3.50 | 3.50

2014 24.26 952 | 6.68 | 576 | 511 | 437 | 409 [ 375 [ 349 [ 333 3.27 | 3.28

2015 21.64 877 | 622 | 539 | 480 | 410 | 3.85 [ 353 [ 3.29 [ 313 3.08 | 3.09

2016 18.86 8.00 | 574 | 501 | 448 | 3.82 | 3.60 [ 3.31 [ 3.08 [ 2.93 2.89 | 2.90

2017 17.14 750 | 543 | 476 | 426 | 3.63 | 343 | 316 | 294 [ 2.80 2.76 2.77

2018 15.71 7.08 | 517 | 455 | 408 | 348 | 329 [ 3.03 [ 282 [ 269 | 265 | 2.67

2019 14.52 6.73 | 495 | 437 | 393 | 3.34 | 318 | 293 | 272 | 2.60 2.56 | 2.58

2020 13.35 6.40 | 475 | 421 | 3.79 | 3.22 | 3.06 | 282 | 262 | 251 248 | 2.49

2021 12.56 6.16 | 460 [ 409 [ 3.69 | 3.13 | 299 | 275 | 2.56 2.44 2.42 2.44

2022 11.99 599 | 449 | 401 | 361 | 3.07 [ 293 | 270 [ 251 | 240 | 237 | 2.39

2023 11.56 586 | 441 | 394 | 356 | 3.02 [ 288 | 2.66 | 247 2.36 2.34 | 2.36

2024+ 11.10 572 | 433 | 387 | 350 | 297 | 284 | 263 | 244 | 2.33 2.31 | 2.33

2025 10.82 564 | 428 | 383 | 346 | 294 | 2.82 2.6 2.42 2.31 2.28 2.31

2030 10.11 542 | 414 | 372 | 337 | 286 | 274 | 253 | 235 | 225 223 | 2.25

2035 9.84 5.36 4.1 3.69 | 334 | 283 | 272 | 251 | 233 [ 2.23 221 | 2.24

2040 9.83 5.35 4.1 369 | 334 | 283 | 272 | 251 | 233 [ 2.23 221 | 2.23

2045 9.83 5.35 4.1 3.69 | 334 | 283 | 272 | 251 | 2.33 [ 2.23 221 | 2.23

2050 9.83 5.35 4.1 3.69 [ 334 | 283 | 272 | 251 | 2.33 | 2.23 2.21 | 2.23




Table 1.7. EFs in Region Index 3: Counties South of the 40° North Latitude Line That Are in
Attainment of the Ozone NAAQS without a Vehicle I/M Program

Emission Factors for Southern lllinois

dle Speed (mph)
Year 5 | 10 | 15 | 20 | 25 | 30 | 35 | 40 | 45 | 50 | 55
g/hr gpm

2013 31.13 [ 1190 | 831 | 714 | 6.33 | 540 | 505 | 463 | 432 | 412 4.05 | 4.05

2014 2770 [ 1095 | 772 | 6.67 | 593 | 407 | 475 | 436 | 406 | 3.87 3.80 [ 381

2015 2481 11014 | 722 | 627 | 560 | 478 | 449 | 413 | 3.84 | 3.66 [ 3.60 | 3.61

2016 21.75 9.30 | 6.70 | 586 | 524 | 447 | 422 [ 3.88 [ 361 [ 3.44 | 339 | 341

2017 19.84 8.75 | 6.37 | 559 | 501 | 427 | 404 [ 372 | 346 | 330 | 325 | 3.27

2018 18.26 8.29 | 6.08 | 536 | 482 | 410 | 3.89 | 358 [ 3.33 | 3.18 [ 3.13 [ 3.15

2019 16.94 791 | 584 | 517 | 465 | 3.96 | 3.76 | 3.47 | 3.22 | 3.07 3.03 | 3.06

2020 15.65 755 | 562 | 499 | 450 | 382 | 364 [ 335 [ 312 [ 298 | 294 | 2.97

2021 14.78 729 | 546 | 486 | 439 | 372 | 355 [ 328 | 3.05 [ 291 2.88 | 2.90

2022 14.14 710 | 534 | 477 | 430 | 3.65 | 349 | 322 | 299 | 286 | 283 | 2.86

2023 13.66 6.96 | 525 | 470 | 424 | 360 | 3.44 | 3.18 [ 295 | 2.82 2.79 | 2.82

2024+ 13.15 6.81 | 516 | 462 | 418 | 3.55 | 3.40 | 3.14 | 291 | 2.79 2.76 | 2.79

Table 1.8. EFs in Region Index 4: Counties South of the 40° North Latitude Line That Are in
Non-Attainment of the Ozone NAAQS with a Vehicle I/M Program

Emission Factors for Metro-East Nonattainment Area (with I/M Program)

dle Speed (mph)

Year 5 | 10 | 15 | 20 | 25 | 30 | 35 | 40 | 45 | 50 | 55
g/hr gpm
2013 | 30.38 [ 1170 | 817 | 7.01 | 6.22 | 532 | 497 | 457 | 425 | 406 | 3.99 | 4.00

2014 27.00 | 1075 | 758 | 655 | 583 [ 498 | 467 | 429 | 399 | 381 | 375 | 3.75

2015 24.15 995 | 7.09 | 615 | 549 | 470 | 441 [ 406 [ 3.77 | 3.60 | 3.54 | 3.55

2016 21.07 9.09 | 656 | 573 | 513 | 438 | 413 | 380 | 354 | 338 | 333 | 3.34

2017 19.16 854 | 621 | 546 | 490 | 418 | 395 [ 364 [ 339 [ 323 | 319 | 3.20

2018 17.59 8.09 | 593 | 523 | 470 | 401 | 3.80 | 3.50 [ 3.26 | 3.11 [ 3.07 [ 3.09

2019 16.29 771 | 569 | 504 | 453 | 387 | 367 [ 339 [ 3.15 [ 3.01 2.97 | 2.99

2020 15.01 735 | 547 | 486 | 438 | 373 | 355 [ 327 | 3.05 [ 291 2.88 | 2.90

2021 14.19 711 | 532 | 474 | 428 | 3.64 | 347 | 320 | 298 | 285 | 281 | 2.84

2022 13.60 6.93 | 521 | 465 | 420 | 357 | 341 | 315 [ 293 [ 2.80 277 | 2.79

2023 13.15 6.79 | 512 | 458 | 414 | 352 | 336 | 3.11 | 289 | 2.76 2.73 | 2.76

2024+ 12.67 6.65 | 5.03 | 451 | 408 | 3.47 | 3.32 | 3.07 | 285 | 2.73 2.70 | 2.73




Table 1.9. EFs in Region Index 5: Counties South of the 40° North Latitude Line That Are in
Non-Attainment of the Ozone NAAQS without a Vehicle I/M Program

Emission Factors for Metro-East Nonattainment Area (No I/M Program)

dle Speed (mph)
Year 5 | 10 | 15 | 20 | 25 | 30 | 35 | 40 | 45 | 50 | 55
g/hr gpm

2013 33.00 | 12,66 | 885 | 761 | 675 [ 576 | 538 | 495 | 461 | 440 | 432 | 433

2014 29.42 | 1167 | 824 | 713 | 634 | 542 | 508 | 466 | 434 | 414 4.07 | 4.08

2015 26.38 1082 | 772 [ 671 [ 599 | 512 | 481 | 442 | 411 | 392 [ 3.86 | 3.87

2016 23.18 994 | 7.18 | 6.28 | 563 | 480 | 453 [ 417 | 387 | 3.69 | 3.64 | 3.66

2017 21.18 9.37 | 683 | 6.00 | 538 | 459 | 434 [ 400 [ 3.71 | 355 | 349 | 3.52

2018 19.52 890 | 653 | 576 | 518 | 441 | 418 | 3.85 [ 3.58 | 342 [ 337 [ 3.39

2019 18.14 850 | 6.29 [ 556 | 501 | 426 | 405 | 373 | 347 | 331 3.27 | 3.29

2020 16.78 8.12 | 6.05 | 538 | 485 | 412 | 392 | 3.62 | 336 | 3.21 3.17 | 3.20

2021 15.87 785 | 589 | 425 | 473 | 402 | 383 [ 354 [ 329 | 3.14 | 310 | 3.13

2022 15.20 765 | 576 | 515 | 465 | 394 | 3.77 | 348 [ 3.23 | 3.09 3.05 [ 3.08

2023 14.70 750 | 567 | 507 | 458 | 3.89 | 3.72 | 3.43 [ 3.19 | 3.05 [ 3.02 [ 3.05

2024+ 14.16 7.35 | 557 | 500 | 452 | 3.83 | 3.67 | 3.39 | 3.15 | 3.01 2.98 | 3.01




CHAPTER 2 ILLINOIS COSIM, VERSION 4.0

Several changes have been made to COSIM, Version 3.0, in developing Version 4.0.
Aside from updating the CO EF lookup tables, as discussed in Chapter 1 of this report,
revisions to the pre-screen feature were the most significant changes made in the COSIM,
Version 4.0, program. This chapter documents the other revisions made to the COSIM
model.

2.1 REVISING THE PRE-SCREEN FEATURE

The pre-screen feature in COSIM, Version 3.0, allows the user to determine whether
a full COSIM run is needed by entering only three variables: project location (county),
largest approach volume traveling on any leg of the intersection (vehicles per hour (vph) or
Average Daily Traffic), and receptor distance from roadway. The pre-screen criteria were
developed using a worst-case COSIM scenario to determine traffic-approach volumes that
produced 8-hour average CO concentrations of 8.5 ppm. (NAAQS for an 8-hour CO average
concentration is 9 ppm. The lower 8.5 ppm cutoff was used to ensure that the pre-screen
criteria were conservative.) These “failing approach volumes” were then plotted against
receptor distance for four regions in lllinois: north attainment, south attainment, Chicago,
and Metro-East. A line was drawn beneath the data points from each modeled region to
represent the pre-screen criterion for the region. Points lying below the line meet the pre-
screen criterion and do not require additional CO modeling. Points lying above the line fail
the pre-screen criterion and require a COSIM analysis to better estimate conditions at the
intersection (Peters 2008).

The original plan for the COSIM 4.0 update was to use this same approach and to
update the pre-screen criteria once the EFs in COSIM were updated with the values
obtained using MOVES 2010b. Holding all other input variables the same as in previous
work, except for model year, a series of COSIM model runs was performed to develop new
pre-screen criteria. Model year was set to 2013, to use the highest CO EFs available in the
updated COSIM model. Worst-case model run inputs are presented in Table 2.1.



Table 2.1. COSIM Input Variables Used to Develop Pre-Screen Criteria

COSIM VARIABLE VALUE
Year of Analysis 2013
Background Concentration 3.0 ppm
Intersection Location Varies
Intersection Surroundings Corn
Intersection Type 6 x6 T-Type
Peak Hour Approach Speed 10 mph on each leg
Total Cycle Time 150 seconds
Red Cycle Times Quick-and-Easy Option

After performing a series of COSIM model runs with the MOVES EFs, it was
determined for the county with the highest CO EFs (i.e., Monroe County) to produce a failing
run at a receptor distance of 10 ft, each leg of the intersection would need to have an
approach volume of 5,000 vph (62,500 ADT). In COSIM, Version 3.0, at a receptor distance
of 10 ft, the worst-case county failed at 1,350 vph (16,875 ADT). This drastic increase in
failing approach volumes is attributed to the significantly lower MOVES CO EFs. For the
same model year, MOVES CO Running EFs are approximately two times lower than those
calculated using MOBILEG6.2. CO Idle EFs are approximately three times lower.

To produce a failing run at a receptor distance of 20 ft, approach volumes on each
leg of the intersection were 6,300 vph. Traffic flow through the modeled intersection
completely breaks down at these approach volumes. At 5,000 vph, V/C ratios range from
2.5 to 5.5; queues range from 300 to 600 vehicles, with lengths exceeding 2.5 miles, making
it unrealistic to add even greater approach volumes to the model run.

Instead of continuing to develop new pre-screen criteria to update the COSIM,
Version 3.0, pre-screen equations, the existing criteria were replaced by one threshold value
of 5,000 vph (62,500 ADT), representing the worst-case failing run in Monroe County at a
receptor distance of 10 ft. In other words, if the highest approach volume is below 5,000 vph
or 62,500 ADT, CO modeling would not be required for the NEPA analysis. If the volume is
above this threshold, a full COSIM 4.0 run would need to be performed to determine
whether additional project-level CO modeling is required. As a result, IDOT will no longer
require the COSIM pre-screen feature to be run for project-level analysis. Instead,
documentation that the highest approach volume for the project’s design year is less than
5,000 vph or 62,500 ADT will need to be provided. All members of the Technical Review
Panel agreed with this revised approach to the pre-screen.

Although IDOT will no longer require the use of pre-screen, the feature is included in
COSIM 4.0 for IDOT Districts who may want additional documentation for their project file.
Inputs to the pre-screen are the same as those in COSIM Version 3.0; however, the highest
design-year traffic-approach volume on the busiest leg of the intersection is now the only
input used to determine whether a complete COSIM run is required. The value entered by

10




the user will be compared with the new threshold value of 5,000 vph or 62,500 ADT for the
pass/fail determination.

2.2 OTHER REVISIONS IN VERSION 4.0

Other minor changes were made to the COSIM program to create Version 4.0. Some
of the additions and revisions are apparent to the user, that is, a user could run Versions 3.0
and 4.0 and see many of the differences. Other changes made do not affect the appearance
of the program but rather the program’s operating algorithms.

2.2.1 Visible Revisions

The following is a list and brief discussion of revisions made to Version 3.0 that are
visible to someone using Version 4.0.

The “Welcome to lllinois” COSIM title screen and “About COSIM” dialog box:
The version number and release date have been updated to Version 4.0—April
2013. Copyright information has been updated to 1999-2013.

COSIM logo in the main view has been updated to Version 4.0.

Program title bar: The program title bar has been updated to display the name of
the open COSIM project file, followed by COSIM 4.0.

Help file updates: Minor changes were made to the help sections, based on
comments received from the Technical Review Panel.

Year of analysis, on page 1 of the “General Inputs” screen, has been updated to
include model years 2013 through 2050. Spin buttons and error messages
associated with entering a valid model year have also been updated.

Final Report heading: The final report heading has been updated to COSIM 4.0.

Pre-Screen Report heading: The Pre-Screen Report heading has been updated
to COSIM 4.0.

2.2.2 Non-Visible Revisions

The majority of non-visible revisions were made to code pertaining to the EF lookup
tables. Additional code revisions were made to address compatibility of input files created
with previous versions of COSIM.

2.3 COSIM VERSION COMPATIBILITY

COSIM Version 4.0 has the ability to open project files saved using Version 1.0 (this
includes Versions 1.0 and 1.1), Version 2.0, or Version 3.0. If a file created with a previous
version of COSIM is opened, all the saved input variables will appear; but the user will have
to run through the entire series of input screens before CO concentrations can be
calculated. If the previously saved model year was 1999 through 2012, a new valid model
year (2013 through 2050) will have to be entered. If a Version 1.0, 2.0, or 3.0 file is opened
and calculations were made before the file was saved, the final report in Version 1.0, 2.0, or
3.0 formats (with the exception of the year being shown as two digits in Version 1.0 and 2.0)
will be displayed in the main view. The user is able to print the old report; however, to rerun
the calculations, the user will have to step through all of the input screens. The variables

11



saved to the old file will appear in the input boxes as the user steps through the screens.
When the calculate button is selected, CO concentrations will be recalculated using the
latest MOVES EFs. Once the calculate button is pressed, the previously saved CO
concentrations that were calculated using the emission factors in Version 1.0, 2.0, or 3.0 will
be lost. COSIM, Version 4.0, is not able to recalculate CO concentrations determined using
prior versions of COSIM.
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CHAPTER 3  CONCLUSIONS

IDOT, lllinois EPA, and FHWA reviewed this report and the revised COSIM, Version
4.0, program. Their comments have been addressed and are reflected in the final release of
this report and Version 4.0 of the COSIM model. The Technical Review Panel approved the
use of COSIM, Version 4.0, for IDOT project-level CO analysis at signalized intersections on
April 10, 2013. The COSIM user’s manual has been updated to reflect changes made to the
model and is now titled Illinois COSIM Carbon Monoxide Screen for Intersection Modeling
Air Quality Manual Version 4.0. Electronic pdf versions of this report and the revised Air
Quality Manual were provided to IDOT, along with CDs containing the COSIM 4.0
installation program. An electronic copy of the C++ source code was also provided to IDOT.
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