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INTRODUCTION

This Technical Note documents the methods the Texas Transportation Institute (TTI) used to
develop the Beaumont-Port Arthur ozone nonattainment area (BPA) August 2007 on-road
mobile source emissions estimates. These emissions forecasts are based on the August 2000
primary ozone episode meteorological conditions. (The August 2000 base-case, episode-specific,
on-road mobile emissions estimates documentation, also produced under this task, are provided
in a separate Technical Note.)

The three BPA counties are: Hardin, Jefferson, and Orange. The forecast period for the
emissions estimates is the 11-day, base-year analysis sequence, Tuesday, August 22 through
Friday, September 1. (Although the days-of-week are different for these dates in 2007, for
modeling purposes, the base-year episode date and day-of-week sequences are maintained.)

Emissions of volatile organic compounds (VOC), carbon monoxide (CO), and oxides of
nitrogen (NOx), are estimated for each county and day on an hourly basis. The hourly estimates
are computed by network links (characterized by 28 facility types, including special intrazonal
links) for which the geographical coordinates are provided. Emissions are categorized by 28
vehicle types and 14 pollutant-specific emissions types.

Documented within are the methods related to calculating inventory elements including link-
based 2007 vehicle miles traveled (VMT) estimates from the Beaumont-Port Arthur travel



demand model (TDM), August day-of-week adjustments and Highway Performance Monitoring
System (HPMS) consistency adjustments to VMT, speeds, VMT mix, MOBILE6 emissions
factors, and emissions estimates.
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Deliverables

Interim deliverables are an informal Technical Note (a narrative in memorandum format that
explains the task, the approaches used, and the findings) provided to the Project Manager in
WordPerfect 6/7/8 format, and supported by electronic document files. All pertinent data are
being submitted in specified electronic format. (There is no FORTRAN source code or
executable files developed under this task.) CD-ROM or other electronic media is used to record
the final data and supporting documentation. TTI is providing five copies of the final report. One
of the copies is an unbound original suitable for copying. Electronic copies of all materials
related to the task report to document results and conclusions (e.g., data, work files, text files,
etc.), or developed as work products under this contract are provided as requested by the TNRCC
staff.

The 2007 emissions inventory data sets on CD-ROM were received by the TNRCC Technical
Analysis Division on July 12, 2002. Appendix A lists the CD-ROM volume names and the data
set file names and descriptions contained on each CD.

SUMMARY OF VMT AND EMISSIONS
Table 1 presents a summary of 24-hour BPA network total VMT, average operational speeds,
and emissions for each of the 11 analysis days.




Table 1

BPA All Counties August 2007
On-Road Mobile Source VMT, Average Speed (mph), and Emissions (tons per day)

Day VMT Speed vOC CO -NOx
Tuesday, August 22 12,438,297 374 10.6 140.9 204
Wednesday, August 23 12,438,297 374 10.5 139.5 203
Thursday, August 24 12,438,297 374 10.3 136.0 20.1
Friday, August 25 14,499,681 35.7 12.8 165.7 194
Saturday, August 26 12,161,001 37.6 9.4 131.8 134
Sunday, August 27 10,508,003 38.6 8.1 116.7 104
Monday, August 28 12,438,297 374 11.0 143.1 20.5
Tuesday, August 29 12,438,297 374 11.2 143.6 20.5 .
Wednesday, August 30 12,438,297 374 11.7 146.2 20.6
Thursday, August 31 12,438,297 37.4 12.1 148.4 20.7
Friday, September 01 14,499,681 35.7 13.3 1722 19.7

OVERVIEW OF METHODOLOGY _

To develop the BPA ozone episode emissions estimates, a directional link-based, hourly
methodology was applied. Emissions estimates were calculated by roadway network link for each
hour of each analysis day.

The MOBILE6 model was used to develop hourly emissions factors by MOBILES6 road type
(or drive cycle) and 28 vehicle types. Only the speed sensitive freeway and arterial emissions
factors were applied - freeway drive cycle emissions factors to freeway links, and arterial drive
cycle emissions factors to non-freeway links. The activity basis was the Beaumont-Port Arthur
2007 TDM link-based and intrazonal VMT, adjusted to August day-of-week activity and for
consistency with HPMS VMT. Automatic traffic recorder (ATR) data were used to produce the
seasonal (August) day-of-week VMT adjustment factors. Hourly travel fractions were developed
based on the latest BPA regional travel survey and used to allocate the August day-of-week VMT
by hour-of-day. Directional split factors were applied to allocate the hourly VMT by peak and
off-peak direction. Hourly, directional, average operational speeds were modeled by link. Vehicle
classification data were used to estimate time-of-day VMT mixes for apportioning fleetwide link-
VMT for three road type groups to the 28 U.S. Environmental Protection Agency (EPA) vehicle
types. Link-level emissions by vehicle type were calculated by hour. For the geographical
allocation of emissions, the link endpoints (designated by network node numbers for which X-Y
coordinates are provided) were recorded with the hourly link emissions.



TTI previously developed a series of computer programs to develop detailed on-road mobile
source emissions inventories. These computer programs were used to produce and apply the
major emissions inventory elements (adjusted operational time-of-day link VMT by vehicle type,
operational link-speeds, VMT mix, and MOBILE6 emissions factors) to calculate the emissions
estimates. Appendix B describes these programs and their application.

ESTIMATION OF VMT

The outputs of the VMT estimation process are estimates of county 2007 VMT (and speeds, as
discussed in a following section) by August day-of-week (average Monday through Thursday,
Friday, Saturday, and Sunday), hour, and direction for each link of the Beaumont-Port Arthur
2007 TDM network and for each of the added intrazonal links. These link-based VMT estimates
were also adjusted for consistency with HPMS VMT.

The PREPIN2 program (see description in Appendix B) was applied to produce the required
link-VMT estimates as described above. The PREPIN2 program outputs 96 hourly link files
(four day-of-week multiplied by 24 hours per day) containing the county-indexed and road type-
indexed link data (VMT and speeds) for each day-of-week period.

Data Sources

The BPA 2007 nondirectional 24-hour, equilibrium traffic assigned network and intrazonal trips
and zonal radii (assumed intrazonal trip length) were provided by TxDOT. These TDM data,
which cover the BPA three-county area, were used as the basis for developing the link-based
August 2007 VMT estimates. Because the estimated intrazonal trips are not assigned to the
network, the intrazonal trips and zonal radii were needed to estimate the intrazonal VMT (which
are classified as “local” road type VMT). The VMT output from the TDM represents average
non-summer weekday travel (ANSWT). To adjust the 2007 Beaumont-Port Arthur TDM VMT
and allocate it as needed for the August 2007 episode days, several other sources of data were
required.

HPMS VMT estimates are based on traffic count data collected according to a statistical
sampling procedure specified by the Federal Highway Administration (FHWA) designed to
estimate VMT. A wide range of traffic data is collected under the HPMS program. For the
purpose of this study, county total HPMS Annual Average Daily Traffic (AADT) VMT were
used to ensure the 2007 travel model VMT were consistent with the HPMS VMT estimates.
(EPA and FHWA have endorsed HPMS as the appropriate source of VMT and require that VMT
used to construct on-road mobile source emissions inventories should be made consistent with
that reported through HPMS.)

TxDOT collects ATR vehicle counts at selected locations on a continuous basis throughout
Texas. These counts are available by season, month, and weekday, as well as on an annual
average daily basis (i.e., AADT). Since they are continuous, they are especially well suited for
making seasonal, day-of-week comparisons (i.e., adjustment factors), even though there may be
relatively few ATR data collection locations in any given area. Data from the ATR stations in the




BPA area were grouped for this analysis. These ATR count data were used to produce the August
day-of-week adjustment factors. Individual county ATR counts were used in the development of
the HPMS adjustment factors.

BPA hourly VMT fractions estimated from the latest (1993) BPA travel survey were applied
to estimate the hourly VMT, and directional split factors provided by TxDOT were used to
further process the hourly nondirectional link-VMT into directional components. (TxDOT
vehicle classification count data were used to develop the VMT mix, or VMT fractions, for the
28 EPA vehicle types, discussed in a later section.)

VMT Adjustments

The county-level unadjusted travel model VMT and the county-level August day-of-week VMT
as adjusted for this analysis are summarized in Table 2. The travel model VMT was adjusted at
the county level for consistency with HPMS, and at the regional level to August day-of-week-
specific travel.

The county-specific HPMS factors were developed using the county-level VMT from the
1997 travel model validation, the 1997 county-level HPMS VMT reported by TxDOT, and 1997
BPA regional ATR data (to produce the ANSWT adjustment factor of the first equation below).
The formula for the HPMS factor calculation, as applied for each BPA county is:

HPMS VMT (AADT) x ANSWT Adjustment Factor = HPMS VMT (ANSWT)
HPMS VMT (ANSWT) / Model VMT (ANSWT) = HPMS Factor

The ANSWT adjustment (a factor of 1.02135) to the HPMS AADT VMT (i.e., AADT to
ANSWT) is used to produce seasonal, day-of-week consistency between the TDM VMT and
- HPMS VMT components of the HPMS factor. The actual values for the county HPMS factors
are:

Hardin: 1,351,818 x 1.02135 = 1,380,679.3 (HPMS ANSWT VMT)
1,380,679.3 /1,923,270.7 = 0.71825435 (HPMS Factor)

Jefferson: 6,964,338 x 1.02135 =7,113,026.6 (HPMS ANSWT VMT)
7,113,026.6 / 6,923,119.9 = 1.02743080 (HPMS Factor)

Orange: 2,507,925 x 1.02135 =2,561,469.2 (HPMS ANSWT VMT)
2,561,469.2 /2,551,879.2 = 1.00375802 (HPMS Factor)

A similar procedure is used to calculate the August day-of-week factors. Aggregated ATR
data (for 1999 and 2000) from the BPA ATR stations were used. Dividing the average day-of-
week-specific traffic count by the ANSWT count produced the three-county area August day-of-



week factors. The August day-of-week factors are: Weekday 1.00387, Friday 1.17024, Saturday
0.98149, and Sunday 0.84808.

Table 2
BPA County August 2007 Travel Model and Adjusted VMT
(Rounded to Whole Numbers)

County Travel Model | Weekday** Friday Saturday Sunday
VMT* VMT VMT VMT VMT
Jefferson 7,616,690 7,888,906 9,157,854 7,680,767 6,636,750
Hardin 2,052,466 1,479,898 | 1,725,759 1,446,905 1,250,233
Orange 3,078,965 3,102,493 3,616,668 3,033,329 2,621,020
BPA 12,748,120 | 12,438,297 | 14,499,681 12,161,001 10,508,003

* Unadjusted VMT totals from 24-hour traffic assignment including intrazonal VMT.
** Average Monday through Thursday

Hourly Travel Factors

The 1993 household travel survey (the most recent available) data for the BPA area were
analyzed to develop the estimated portions of travel by hour (hourly VMT fractions), as well as
to define the peak hours of travel and the off-peak travel periods. The processed survey data
provided average school weekday VMT estimates in 15-minute increments. The incremental
VMT were summed by hour and divided by the total VMT estimate to produce the hourly VMT
fractions. The results are shown in Table 3. These hourly factors were applied to 24-hour link
VMT to allocate VMT by hour-of-day.

Through identification of the morning and afternoon peak hours of travel, four travel periods
are defined: AM Peak (7 am. - 8 a.m.), Mid-day (8 am. - 5 p.m.), PM Peak (5 p.m. - 6 p.m.), and
Overnight (6 p.m. - 7 a.m.). These four time-of-day periods are used in the VMT mix and
directional split analyses, discussed later.
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Table 3
Hourly VMT Fractions
Hour Fleet VMT Fraction
6am. 0.06378
7 a.m. (AM Peak) 0.10402
8 am. 0.05990
9 am. 0.05081
10 a.m. 0.04852
11 am. 0.05545
12 p.m. 0.06233
1 p.m. 0.04939
2 p.m. i 0.05275
3 p.m. 0.0821§
4 p.m. 0.08472
5 p.m. (PM Peak) 0.09925
6 p.m. 0.05897
7 p.m. 0.03933
8 p.m. 0.02546
9 p.m. 0.02145
10p.m. 0.00993
11 p.m. 0.00364
12 am. 0.00152
lam. 0.00072
2 am. 0.00117
3 am. 0.00022
4 am. 0.00338
5am. 0.02110

* Mid-day period is 8 a.m. to 5 p.m., Overnight period is 6 p.m. to 7 a.m.
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Time of Day Directional Split Factors

The 24-hour link assignment volumes, adjusted for season and HPMS consistency and allocated
by hour, are nondirectional volumes (i.e., the sum of the volumes in the two directions on a link).
Directional splits were applied to estimate the portion of the travel that occurred in each
direction. These directional volume estimates were used to estimate the directional speeds
(discussed in the next section). Application of the directional split factors resulted in two link
records for each network link: one record containing the estimated VMT and speed in the peak
(or dominant) direction, and the second record containing the estimated VMT and speed in the
opposite direction. This provided for the application of MOBILE6 emissions factors directionally
by speed.

The BPA TDM network links may be categorized at different levels for the development and
application of input parameters required in the process of estimating link-level emissions. For
example, VMT mix is applied to link-VMT that is grouped into three functional classification
levels. Directional splits, on the other hand, are applied by individual functional classification
and area type combination, and speed factors and capacity factors are categorized by facility type
and area type combination. Table 4 shows the link facility type codes correlated to functional
classification, and functional group levels. Table 5 shows the correlation of county-specific area
type to regional area type.

The directional travel fractions were estimated by time-of-day period (the Mid-Day and
Overnight periods were grouped for this purpose) for each of the functional
classification/regional area type combinations. The directional splits by BPA network functlonal
classification/regional area type combination are shown by time period in Appendix C.

The time-of-day directional splits for area type and facility type used for these analyses were
obtained from the Technical Note entitled “1996 Jefferson, Orange, and Hardin Counties
Periodic Emission Inventory” (TTI, November 26, 1997). These data were provided by TxDOT’s
Transportation Planning and Programming Division after collaboration with TxDOT’s Beaumont
District and the Beaumont-Port Arthur Metropolitan Planning Organization.




Table 4
BPA 2007 Network Facility Types Correlated to Functional Classification and Functional Group

Functional Group*

Functional Classification**

Facility Type

IH and Freeway

IH and Freeway

1. Interstate Highway - 10

2. Freeway - main lanes only

3. Parkway

Arterial, Frontage
Road, and Ramp

Principle Arterial Divided

9. Divided Principal Arterial

10. Divided Principal Arterial with Left Tumn Bay

12. Divided Principal Arterial with Parking***

13. One-Way Principal Arterial

Principle Arterial Undivided

14. Undivided Principal Arterial

15. Undivided Principal Arterial with Left Turn Bay

16. Undivided Principal Arterial with Continuous Left Tumn

Minor Arterial Divided

17. Divided Minor Arterial

18. Divided Minor Arterial with Left Turn Bay

20. Divided Minor Arterial with Parking***

21. One-Way Minor Arterial

Minor Arterial Undivided

22. Undivided Minor Arterial

23. Undivided Minor Arterial with Left Turn Bay

19. Undivided Minor Arterial with Continuous Left Turn

32. Undivided Minor Arterial with Parking***

Frontage Road

28. Frontage Road One-Way

33. Frontage Road Two-Way

Ramp

29. Ramp

Collector and Local

Collector

24, Divided Collector

26. Divided Collector with Left Tum Bay

25. Undivided Collector

31. Undivided Collector with Continuous Left Turn

27. Gravel/Dirt Coliector

Centroid Connector

0. Centroid Connector

Intrazonal

40. Intrazonal

*  Functional groups for applying VMT mix
**  For applying directional splits
*++ Allowable parking that obstructs a normal traffic flow lane




Table 5
BPA 2007 Network Area Types

Regional Area Type County-Specific Area Type
CBD g 0. CBD Jefferson
CBD Fringe 1. CBD Fringe Jefferson
2. Urban Jefferson
Urban 8. Urban Orange

12. Urban Hardin

3. Suburban Jefferson

Suburban 9. Suburban Orange

13. Suburban Hardin

4. Suburban Fringe Jefferson

Suburban Fringe 10. Suburban Fringe Orange

14. Suburban Fringe Hardin

5. Rural Jefferson

Rural 11. Rural Orange
15. Rural Hardin

The VMT summaries by the three-county area, county, day, hour, facility type, and vehicle
type are included with the emissions inventory data provided to TNRCC on CD-ROM. Appendix
A lists the electronic data files with descriptions that were provided to TNRCC. Table 1
summarizes total VMT for each analysis day. -

ESTIMATION OF LINK SPEEDS

The 24-hour capacity restraint assignments were performed using nondirectional 24-hour
capacities. Time-of-day (i.e., hourly) capacity factors were applied to nondirectional capacity (or
service volume) for the time period. In computing the directional volume/capacity (V/C) ratio for
estimating the directional speeds, the directional split for capacity is assumed at 50-50. The
network was processed to compute the average capacity per lane by Facility Type and Area Type.
Appendix D summarizes the capacity factors by facility type/regional area type combination.
Capacity factors are computed as follows:
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(Hourly Capacity per Lane)(Length of the Time Period)

Capacity Factor =

24-hour Capacity per Lane

The model uses the following volume/delay equation:

B
Delay = Min [de € , M]

Where:
Delay = congestion delay (in minutes/mile);
A & B = volume/delay equation coefficients;
M = maximum minutes of delay per mile; and
V/C = time-of-day directional V/C ratio.

The delay model parameters (A, B, and M) were developed for the Dallas/Fort Worth area
and verified by application in other Texas urban areas. These are shown in Table 6. The BPA
network high capacity facility types are Interstate Highway, Freeway, and Parkway; the
remaining facility types (except for centroid connector and intrazonal, which do not use capacity
data) are low-capacity facilities (see Table 4, BPA Network Facility Types).

TABLE 6
Volume/Delay Equation Parameters

Facility Category A B M
High Capacity Facilities (> 3,400 vehicles
per hour [vph], e.g., Interstates and 0.015 3.5 5.0
Freeways)

Low Capacity Facilities (< 3,400 vph,

e.g., Arterials, Collectors and Locals) 0.050 30 10.0

The estimated freeflow speed is used in conjunction with the estimated directional delay (in
minutes/mile) to compute the directional congested speed. Freeflow speed factors are used to
convert travel demand model speeds (which are by definition level of service C) to level of
service A speeds (freeflow). The freeflow speed factors used for BPA by facility type/regional
area type combination are shown in Appendix D.

Given the estimated directional delay (in minutes/mile) and the estimated freeflow speed, the
directional congested speed is computed as follows:
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60
60
Freeflow speed

Congested speed =

+Delay

" This model is applied to each link; based on the link’s area type and facility type
combination, for each time period and each direction.

Capacity data are not used, however, for the centroid connector links and intrazonal links
(intrazonal links are developed specifically for air emissions analyses). The centroid connector
traffic assignment input speeds were used as the centroid connector operational speeds estimates.
Operational speeds for the intrazonal trips category were estimated by zone as the average of the
zone’s centroid connector speeds.

The hourly and 24-hour VMT weighted speed summaries by county and road type (network
facility type) were provided electronically to TNRCC (see Appendix A for electronic data
descriptions). Table 1 summarized the BPA network 24-hour average speeds.

ESTIMATION OF VMT MIX ,

VMT mix was estimated using TxDOT weekday vehicle classification data for 1997-2000. As
was the case with the seasonal adjustment factor of the VMT estimation procedure, these data
were aggregated to the county level.

TxDOT classification counts classify vehicles into the standard FHWA vehicle classifications

(based on vehicle length/number of axles) using best practice vehicle classification count
methods.

C Passenger vehicles
P Two-axle, four-tire single-unit trucks
B Buses

SU2  Six-tire, two-axle single-unit vehicles
SU3  Three-axle single-unit vehicles

SU4 Four or more axle single-unit vehicles
SE4  Three or four axle single-trailer vehicles
SES5 Five-axle single-trailer vehicles

SE6  Six or more axle single-trailer vehicles
SD5  Five or less axle multi-trailer vehicles
SD6  Six-axle multi-trailer vehicles

SD7  Seven or more axle multi-trailer vehicles
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EPA and MOBILES use a different vehicle classification scheme than the FHWA categories.
The 28 EPA vehicle categories are defined as a function of gross vehicle weight rating (GVWR)
and fuel type. (See Table 7.) The FHWA axle/vehicle length-based classification categones must
be converted into 28 MOBILE GV WR/fuel type based categories.
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TABLE 7
EPA Vehicle Types - 28 Categories

Category Description GVWR
LDGV Light-duty gasoline vehicle <6,000
LDGT1 Light-duty gasoline truck <6,000
LDGT2 Light-duty gasoline truck <6,000
LDGT3 Light-duty gasoline truck 6,001 - 8,500
LDGT4 Light-duty gasoline truck 6,001 - 8,500

HDGV2b Heavy-duty gasoline vehicle 8,501 - 10,000
HDGV3 Heavy-duty gasoline vehicle 10,001 - 14,000
HDGV4 Heavy-duty gasoline vehicle 14,001 - 16,000
HDGVS Heavy-duty gasoline vehicle 16,001 - 19,500
HDGV6 Heavy-duty gasoline vehicle 19,501 - 26,000
HDGV7 Heavy-duty gasoline vehicle 26,001 - 33,000

HDGV8a Heavy-duty gasoline vehicle 33,001 - 60,000

HDGV8b Heavy-duty gasoline vehicle > 60,000
HDGB Heavy-duty gasoline bus all

LDDV Light-duty diesel vehicle <6,000
LDDTI12 Light-duty diesel truck <6,000
LDDT34 Light-duty diesel truck 6,001 - 8,500

HDDV2b Heavy-duty diesel vehicle 8,501 - 10,000
HDDV3 Heavy-duty diesel vehicle 10,001 - 14,000
HDDV4 Heavy-duty diesel vehicle 14,001 - 16,000
HDDV5 Heavy-duty diesel vehicle 16,001 - 19,500
HDDV6 Heavy-duty diesel vehicle 19,501 - 26,000
HDDV7 Heavy-duty diesel vehicle 26,001 - 33,000
HDDV38a Heavy-duty diesel vehicle 33,001 - 60,000
HDDV8b Heavy-duty diesel vehicle > 60,000
HDDBS Heavy-duty diesel school bus all
HDDBT Heavy-duty diesel transit bus all

MC Motorcycle all
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The FHWA category counts (based on number of axles or vehicle length) are first converted
into eight EPA categories (based on GVWR). Vehicle classification counts are first aggregated
into two intermediate groups.

Passenger vehicles (PV) C+P
Heavy-duty vehicles (HDV)  SU2 + SU3 + SU4 + SE4 + SE5 + SE6 + SD5 + SD6 + SD7

This is followed by a second intermediate allocation that separates light-duty vehicles (LDV)
into passenger cars and light-duty trucks (LDT) based on county registration data.

LDV 0.652 x PV (Jefferson County 2000 registration data shown)
LDT 0.348 x PV (Jefferson County 2000 registration data shown)

A third iﬂtermediate allocation further separates light-duty trucks into LDT1 and LDGT2.
(Note that LDT1 is itself intermediate and is further divided into LDGT1 and LDDT.)

LDT1 0.864 x LDT (Jefferson County 2000 registration data shown)
LDGT2  0.136 x LDT (Jefferson County 2000 registration data shown)

Next, the remaining FHWA categories and this intermediate group are disaggregated into the
eight EPA vehicle groups, as shown. Note that TxDOT vehicle classification count procedures
do not distinguish between gasoline and diesel light-duty trucks consequently, MOBILE defaults
for the year of interest are used. As before, actual Texas county vehicle registration data are used
to separate gasoline from diesel heavy-duty trucks. Note also that motorcycles are not counted
separately and are included as a default (subtracted from LDGV).

LDGV  0.9990 x LDV (MOBILE6 default for 2007 shown)

LDDV  0.0010 x LDV (MOBILES6 default for 2007 shown)

LDGT!1 0.9948 x LDT1 (MOBILEG6 default for 2007 shown)

LDDT  0.0052 x LDT1 (MOBILES default for 2007 shown)

LDGT2 0.136 x LDT (Jefferson County 2000 registration data shown, as above)
HDGV  0.354 x HDV (Jefferson County 2000 registration data shown)

HDDV  0.646 x HDV (Jafferson County 2000 registration data shown)

MC 0.001 of total (subtracted from LDGV)

This converts the FHWA axle count-based categories into GVWR categories. This part of the
conversion procedure is summarized schematically in Table 8. Starting with the TxXDOT vehicle
classification data, these data themselves provide sufficient information to complete the first step
in the conversion process, the allocation of vehicles into passenger vehicles (PV), heavy-duty
vehicles (HDV), and buses (B). Steps 2 and 3 further allocate these categories using county
registration data. Finally, Step 4 allocates light-duty vehicles by fuel type using EPA MOBILE
diesel fractions and motorcycles are separated from light-duty gas vehicles using a nominal
constant.
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TABLE 8
Initial Vehicle Classification Conversion Procedure

Start Step 1 Step 2 Step 3 Step 4
MC
LDGV
LDV LDGV
LDDV
PV
LDGT1
LDT1
Total
Vehicles LDT LDDT
LDGT2
HDGV
HDV
HDDV
B

MOBILESG requires 28 vehicle classification categories (as opposed to the eight in
MOBILES). The 28-category typology is a subset of the original eight-category typology. A
combination of EPA MOBILES6 defaults and Texas vehicle registration data are used to expand
the basic EPA eight-category model. Thus, the procedures employed to expand the EPA eight-
category scheme to the 28-category scheme are largely incremental extensions of the eight-
category procedure, involving the disaggregation of the HDGV, LDGT, HDDV, and LDDT
categories and the addition of three bus categories.

For the 28-category EPA scheme, heavy-duty vehicles (HDGV and HDDV) are separated
into eight categories each. These 16 categories are separated from total heavy-duty vehicle counts
(HDV), which have been separated by fuel type using county registration data. Each HDV
category (HDGV and HDDV) is then divided into sub-categories based on regionally grouped
TxDOT county vehicle registration data. Buses are treated separately.

The 28-category EPA scheme also further divides the two light-duty truck categories based in
part on assumed loading. The previous LDGT1 and LDGT2 categories (previously defined as
GVWR < 6,000 and GVWR > 6,000 to 8,500, respectively) are separated into subcategories in
terms of adjusted loaded vehicle weight. Adjusted loaded vehicle weight is the average of vehicle
curb weight and GVWR. Thus, two new intermediate categories are introduced. These are light
light-duty trucks (LLDT) and heavy light-duty trucks (HLDT), which are defined as:
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» LLDT - any light-duty truck rated through 6,000 pounds GVWR, and
» HLDT - any light-duty truck rated greater than 6,000 pounds GVWR.

These two new intermediate categories are then used to define the four light-duty truck
categories using EPA MOBILE6 defaults for the year of interest. The four LDT categories are:

« LDGT1 - light light-duty trucks through 3,750 pounds loaded vehicle weight,

« LDGT2 - light light-duty trucks greater than 3,750 pounds loaded vehicle weight,

» LDGT3 - heavy light-duty trucks to 5,750 pounds adjusted loaded vehicle weight,

» LDGT4 - heavy light-duty trucks greater than 5,750 pounds adjusted loaded vehicle
weight.

Similarly, the LDDT category is sub-divided into two categories based on GVWR (less than
or equal to 6,000 GVWR and 6,000 to 8,500 GVWR). This is accomplished using EPA
MOBILES6 default values for the year of interest.

Finally, the three bus categories are separated from the TxDOT classification counts bus
category using EPA MOBILE6 default values. (Under MOBILEG6 the HDV category does not
include buses.) The VMT mix estimation procedure is summarized in Table 9 followed by
explanatory notes. This procedure is performed as described for weekdays. No seasonal changes
in vehicle classification distribution are assumed.

TxDOT vehicle classification data are only collected for weekdays (Monday through
Thursday), consequently other data is used to estimate VMT mix for Fridays, Saturdays, and
Sundays. The procedure used to estimate Friday, Saturday, and Sunday VMT mix relies on
extensive vehicle classification data collected in Texas urban areas over several years. The ratio
of weekday VMT mix to Friday, Saturday, and Sunday VMT mix is applied to the weekday
VMT mix to produce region specific Friday, Saturday and Sunday VMT mix.

For this analysis, BPA regional VMT mix estimates were developed for three functional
classification groups (See Table 4). Tables 10 through 13 show the VMT mixes.
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TABLE 9

VMT Mix Estimation Procedure Summary

EPA-8 EPA-28 Conversion
LDGV LDGV 9990 x LDV
LDGT1 2310 x LLDT
LDGT1
LDGT2 .7690 x LLDT
LDGT3 .6850 x HDLT
LDGT2
LDGT4 3150 x HDLT
HDGV2b 379 x HDGV
HDGV3 .187 x HDGV
HDGV4 .080 x HDGV
HDGVS .050 x HDGV
HDGV HDGV6 191 x HDGV
HDGV7 .052 x HDGV
HDGV8a .060 x HDGV
HDGV8b .001 x HDGV
HDGB 0931 xB
LDDV LDDV .0010 x LDV
LDDTI12 0337 x LDDT
LDDT
LDDT34 9663 x LDDT
HDDV2b .258 x HDDV
HDDV3 .103 x HDDV
HDDV4 .058 x HDDV
HDDVS .034 x HDDV
HDDV6 136 x HDDV
HDDV
HDDV7 .065 x HDDV
HDDV8a .185 x HDDV
HDDV8b .161 x HDDV
HDDBT 3239xB
HDDBS .5830xB
MC MC MC
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Notes to VMT Mix Estimation Procedure Summary

Intermediate category factors and sources:

LDV .652 x PV (by county, Jefferson County 2000 registration data shown)
LDT .348 x PV (by county, Jefferson County 2000 registration data shown)
LDT1 .864 x LDT (by county, Jefferson County 2000 registration data shown)
HLDT .136 x LDT (by county, Jefferson County 2000 registration data shown)
LLDT 29948 x LDT1 (EPA MOBILE6 default)

LDDT .0052 x LDT1 (EPA MOBILES6 default)

HDV SU2+SU3+SU4+SE3+SE4+SE5+SE6+SD5+SD6+SD7

HDGV .354 x HDV (by county, Jefferson County 2000 registration data shown)
HDDV .646 x HDV (by county, Jefferson County 2000 registration data shown)

Category conversion factors and sources:

LDGV 9990 x LDV (EPA MOBILEG6 default)
LDGT1.2310 x LLDT (EPA MOBILE6 default)
LDGT2.7690 x LLDT (EPA MOBILE6 default)
LDGT3.6850 x HLDT (EPA MOBILES default)
LDGT4.3150 x HLDT (EPA MOBILE6 default)
HDGV2a .379 x HDGV (Regional registration data)
HDGV3  .187 x HDGV (Regional registration data)
HDGV4  .080 x HDGV (Regional registration data)
HDGVS  .050 x HDGV (Regional registration data)
HDGV6  .191 x HDGV (Regional registration data)
HDGV7  .052 x HDGV (Regional registration data)
HDGV8a .060 x HDGV (Regional registration data)
HDGVS8b .001 x HDGV (Regional registration data)
HDGB .0931 x B (EPA MOBILEG6 default)
"LDDV .0010 x LDV (EPA MOBILEG6 default)
LDDTI12 .0037 x LDDT (EPA MOBILEG6 default)
LDDT34 .9963 x LDDT (EPA MOBILEG6 default)
HDDV2b .258 x HDDV (Regional registration data)
HDDV3  .103 x HDDV (Regional registration data)
HDDV4  .058 x HDDV (Regional registration data)
HDDV5  .034 x HDDV (Regional registration data)
HDDV6  .136 x HDDV (Regional registration data)
HDDV7  .065 x HDDV (Regional registration data)
HDDV8a .185 x HDDV (Regional registration data)
HDDVS8b .161 x HDDV (Regional registration data)
HDDBT .3239 x B (EPA MOBILES6 default)
HDDBS  .5830 x B (EPA MOBILEG6 default)

MC  MC (default subtracted from LDGV, no conversion)
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ESTIMATION OF EMISSIONS FACTORS

The MOBILE6 model was applied to calculate BPA 2007 county-specific emissions factors
(g/mi) of VOC, CO, and NOx for each of the 11 analysis days by speed, emissions type (e,
emissions factor subcomponent), hour, MOBILES road type, and vehicle type.

The MOBILE6 model is equipped with national (or EPA) default modeling values for a wide
range of conditions that affect emissions factors. In fact, the only actual data parameters requiring
user-input values to run the model are fuel Reid Vapor Pressure (RVP), temperature, and
calendar year. Many MOBILEG default-modeling parameters may be overridden by using
MOBILE6 commands and their associated inputs and options. For this analysis, particular
MOBILE6 defaults were replaced by local input values that were developed to yield emissions
factors characteristic of the BPA August 2000 primary ozone episode climatic conditions, a 2007
vehicle fleet, 2007 activity, and 2007 emissions control programs.

The following emissions factors documentation discusses the MOBILEG input/output files,
summarizes the control programs modeled, describes the aggregation level of the applied
MOBILE6 emissions factors, briefly describes all of the MOBILE6 commands that may affect
emissions factor calculations, and identifies the commands that were used. The non-default (i.e.,
local) and EPA default inputs are identified. The details of the development of the locality-
specific inputs are provided. Additionally, the emissions factor post-processing procedure is
described.

MOBILEG6 Input and Output Files

The MOBILE6 commands and particular model input data are entered in the MOBILE6
command file. Other input parameters (and in some cases, commands) are applied to MOBILE6
from external data files.

The POLFACS6 program (described in Appendix B) was applied to run MOBILE6 with the
user-input command and external data files to produce VOC, CO, and NOx emissions factor
output tables. RATEADJIV6 was applied to POLFACG6 output where post-processing of
emissions factors was required, discussed later.) The final product of the emissions factor
_ modeling is 33 emissions factor files (i.e., one table of hourly emissions factors for each county
for each day). (A corresponding set of average 24-hour emissions factors was also produced for
quality assurance purposes.)

All of the MOBILES input files and output files (MOBILEG6 emissions factor tables
developed with POLFAC6 and RATEADJV6) were previously provided to TNRCC
electronically on CD-ROM. The CD-ROM volume names and MOBILE6 input and output file
names are listed in Appendix A.

Control Programs Modeled (And Emissions Factor Post Processing Summary)
All federal motor vehicle control programs were modeled (this is the MOBILE6 default). Also
modeled were the federal programs to offset heavy-duty diesel (HDDV) defeat device
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e post-processing brocedures g
are discussed jp more detai] Iater.

Aggregation Level of MOBILE¢ Emissiong Factors
Each POLFACs emissi

emissions factorg by:

b4

14 speeds (except for two MOBILEG6 roaq

types, each with one average speed),
15 poHutant-speciﬁc emissions types, and
24 hourly time periods.

MOBILEg vehicle type, emissions type, and roadway type classifications are described ip
Tables 14 through 16, Tables 17 and 18 show the Speeds and Sequence for hourly time periods,
Tespectively,
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Table 16
MOBILEG6 Roadway Classifications

Number | Abbreviation | Description
1 Freeway |High-Speed, Limited-Access Roadways
2 Arterial | Arterial and Collector Roadways
3 Local Urban Local Roadways
4 Fwy Ramp |Freeway on and off ramps
5 None No? {\pplicable (For start and some evaporative
emissions)

Source: MOBILES6 User’s Guide (EPA, January 2002).

The 14 speeds for which the MOBILEG freeway and arterial emissions factors are calculated
and tabulated are presented in Table 17. Later in the emissions estimation process, emissions

factors for average link speeds that are not represented in the 14 speeds as tabulated, are

calculated by interpolation (except for those link speeds higher than the MOBILE6 maximum
speed, and those lower than the MOBILE6 minimum speed, in which case the emissions factors
corresponding to these bounding speeds are applied, respectively). The MOBILE6 Local and
Ramp road type emissions factors are not speed sensitive and are each characterized by one
average speed. (Although calculated and tabulated by POLFACS, the single-speed Local and

Ramp drive cycle emissions factors are not applied in this analysis.)
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Table 17
Speeds for POLFAC6-Tabulated MOBILEG6 Emissions Factors

Number Speed
1 2.5 mph

2 5 mph

3 10 mph
4 15 mph
5 20 mph
6 25 mph
7 30 mph
8 35 mph
9 40 mph
- 10 45 mph
11 50 mph
12 55 mph
13 60 mph
14 65 mph

MOBILES uses several hourly input parameters (e.g., hourly temperatures, hourly VMT
fractions, etc.) to model hourly emissions factors. MOBILES requires that hourly input
parameters be sequenced starting from the 6 a.m. hour. In some cases, however, particular
overnight hours are grouped together as a single time period.

For this analysis, hourly input values to MOBILES are representative of the calendar day. The
hourly temperature inputs for each MOBILESG run, for instance, are from one calendar day, as
opposed to values spanning two days from 6 a.m. on one day to 6 a.m. on the next day. Table 18
shows the MOBILE6 sequence for hourly inputs and the resulting chronological order for
calendar day hourly input as applied for this analysis.
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TABLE 18
General Sequence for Calendar Day Hourly* Inputs to MOBILEG6

MOBILE6
S:;::ntce Abbreviation Description Chr(())l;(:::fical
Number

1 6am. | 6am. through6:59 am. 7
2 7 am. 7 a.m. through 7:59 am.

3 8§am 8 a.m. through 8:59 a.m. 9
4 9 am. 9 a.m. through 9:59 a.m. 10
5 10 am. 10 a.m, through 10:59 a.m. 11
6 11 am. 11 a.m. through 11:59 a.m. 12
7 12 Noon 12 p.m. through 12:59 p.m. 13
8 1 pm. I p.m. through 1:59 p.m. 14
9 2 p.m. 2 p.m. through 2:59 p.m. 15
10 3pm. 3 p.m. through 3:59 p.m. 16
11 4 p.m. 4 p.m. through 4:59 p.m.’ 17
12 5 p.m. 5 p.m. through 5:59 p.m. 18
13 6 p.m. 6 p.m. through 6:59 p.m. 19
14 7 p.m. 7 p.m. through 7:59 p.m. 20
15 8 p.m. 8 p.m. through 8:59 p.m. 21
16 9pm. 9 p.m. through 9:59 p.m. 22
17 10 p.m. 10 p.m. through 10:59 p.m. 23
18 11 p.m. 11 p.m. through 11:59 p.m. 24
19 12 Midnight | 12 a.m. through 12:59 am. 1
20 1am. 1 a.m. through 1:59 a.m. 2
21 2 am. 2 am. through 2:59 a.m. 3
22 3am. 3am. through 3:59 a.m. 4
23 4am. 4 a.m. through 4:59 a.m. 5
24 5 am. 5 a.m. through 5:59 a.m. 6

* For some MOBILES hourly input parameters, overnight hours are grouped.

Application of MOBILE6 Commands and Associated Input Parameters

Tables 19 through 24 list and describe all of the MOBILE6 commands that may affect emissions
calculation factors (excluding commands such as those that affect only the output format or
content). Respectively, these six tables are: MOBILEG6 External Conditions, MOBILEG6 Vehicle
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Fleet Characteristics, MOBILE6 Activity, MOBILE6 State Programs, MOBILEG6 Fuels, and
MOBILES6 Alternative Emissions Regulations and Control Measures.

In these tables, parameters associated with each MOBILE6 command are labeled as either
EPA default, locality-specific, NOT APPLIED, or are otherwise described. The tabulated
commands where the associated input parameters are labeled only as “EPA default” are not input
for this analysis—MOBILEG6 does not require a user-input command to apply these MOBILE6
default values.

The procedures used to develop the locality-specific inputs to MOBILES are detailed
following the six MOBILESG input category tables.

Table 19
MOBILEG6 External Conditions
Command Function/Description Input Parameter Values
Identifies calendar year for which emissions factors
CALENDAR YEAR are to be calculated. (Required to run model). 2007
EVALUATION Provides option of calculating January 1 or July 1 7 (for July)
MONTH emission factors for the calendar year of evaluation. Y
MIN/MAX (S;Sqﬁ‘l‘r‘;g‘:‘;’;‘ui“ix’;‘?‘t‘}: ;’;g[ym‘elmge‘at“’ % | NOT APPLIED. (See HOURLY
TEMPERATURE | 1pMPERATURES command is not used.) TEMPERATURES.)
Allows temperatures input for each hour of day Locality Specific. Hourly, by
HOURLY . . .
TEMPERATURES (Required to run model if MIN/ MAX county for each episode day from
TEMPERATURE command is not used.) the August 2000 ozone episode.
ALTITUDE Specifies high- or low-altitude for modeling area. EPA default (low altitude).
Used to specify daily average humidity (which Locality Specific. One daily
directly affects NOx emissions). MOBILES6 also absolute humidity value in terms
ABSOLUTE converts absolute humidity to heat index which of grains of water per pound of
HUMIDITY affects HC and CO emissions for the portion of the | dry air, by county and episode
fleet that MOBILESG determines is using air day from the August 2000
conditioning. episode.
Environmental Commands used by MOBILEG to model the extent
Effects on Air of vehicle air-conditioning usage.
Conditioning:
CLOUD COVER Specifies average percent cloud cover for given EPA default.
day.
PEAK SUN Specifies Mid-day hours with peak sun intensity. EPA default.
SUNRISE/SUNSET | Allows user to specify time of sunrise, sunset. Locality Specific.
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Table 20

MOBILES®6 Vehicle Fleet Characteristics

Command Function/Description Input Parameter Values
Locality Specific/EPA default. July 2001
Allows the user to supply registration TxDOT registrations (as used for the
REG DIST distributions by age for any of the 16 composite | August 2000 ozone episode emissions
(combined gasoline and diesel) vehicle types. analysis) are applied except for buses for
which MOBILES6 default is used.
Locality Specific/EPA default. TxDOT
registrations specify gasoline and diesel
DIESEL Permits user to supply locality specific diesel for eight HDV classes. HDV diesel
fractions for 14 of the 16 composite vehicle fractions applied for the August 2000 base
FRACTIONS . . . .
categories by age. analysis were adjusted and applied for
2007. EPA defaults were applied for the
other six classes.
MILE ACCUM | Allows thg user to supply fhe annual mileage EPA default.
RATE accumulation rates by vehicle type and age.
NGV ;e::)::;estptf cify g‘:{fg‘: (;fcrgtt;léztigtzs:e;zfs EPA default. The EPA default percentage
FRACTION . y type and ag P of NGV vehicles in the fleet is zero.
on either compressed or liquefied natural gas.
Permits the user to enter alternate NGV '
NGV EF emission factors for each of the 28 vehicle EPA default. EPA default is none.

types, for running and start emissions.
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Table 21

MOBILES6 Activity
Command Function/Description Input Parameter Values
VMT f,{:r‘;gu‘:xggg;g;:&z‘ﬁ:e:::::?;’:: of POST-PROCESSED. VMT mix fractions are applied
FRACTIONS . . g to link-VMT later in the emissions estimation process.
groupings of vehicle classes.
VMT fractions by MOBILES road types are used Locality Specific. Not used for hourly emissions
VMT BY - L . L . « .
FACILITY = to combine the four individual road type emissions | estimates; developed to produce “all road types” daily
factors into the “all road types” emissions factors. | emissions factors for QA checks against hourly results.
AHOYVS YMT fract_lons allocation by. hour of day.; - | Locality specific. This input, total VMT fractions by
applied in conversion of g/hr to g/mi, as well as in .
VMT BY HOUR A . L hour, was produced from BPA regional travel survey
weighting of hourly g/mi rates to obtain daily data
emissions factors. )
Arl:?::lsez::;,tg ?::f:? ﬂ\:rh:,[g E);E;V:trgg; slp;eed (14 Internally applied by POLFACS to calculate emissions
SPEED VMT P - 20 and & p factors by the 14 MOBILES6 speeds for MOBILEG
increments) for arterials and freeways for each .
: freeway and arterial road types.
hour of the day. ]
AVERAGE Allows a single average speed for combined
SPEED freeways and arterials for the entire day. NOT APPLIED.
STARTS PER Lets user spec':lfy the average nux.nber of engine EPA default. Used weekday and weekend specific
starts per vehicle per day by vehicle types for
DAY values.
weekend days and weekdays.
START DIST Allows user to allocate engine starts by hour of the EPA default. Used weekday and weekend values.
day for weekend days and weekdays.
SOAK Allows use of alternate vehicle soak duration
DISTRIBUTION | distributions for weekend days and weekdays. EPA default. Used weekday and weekend values.
HOT SOAK Allows users to specify a hot soak duration
distribution for each of 14 daily time periods for EPA default. Used weekday and weekend values.
ACTIVITY
weekend days and for weekdays.
DIURN SOAK Allows user set diurnal soak time distributions for EPA default
ACTIVITY each of 18 daily time periods. ’
Specifies alternate fractions of VMT that occur
EVIE DA TRILEN during trips of various durations at each hour of EPA defauit.
the average weekday.
WE EN TRILEN | Specifies hourly alternate fractions of VMT for NOT APPLIED. EPA default is same as for WE DA
DI trips of various lengths for weekend days. TRILEN DL
WE VEH US Allows user to direct MOBILESG to use weekend Applied this command for weekend day analyses (i.e.,

activity data for calculating emissions factors.

August 26 and 27).
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Table 22

MOBILESG State Programs
Command Function/Description Input Parameter Values
STAGE Il REFUELING | Allows modeling of at-the-pump refueling NOT APPLIED. Accounted
emissions. for as an area source category.
ANTI-TAMP PROG Allows user to model impacts of an anti-tampering NOT APPLIED.
program (ATP).
I/M Commands:
I’'M PROGRAM Required for exhaust/evaporative /M programs.
I’'M MODEL YEARS Required for exhaust/evaporative /M programs.
/M VEHICLES Required for exhaust/evaporative /M programs.
I/M STRINGENCY Required for exhaust. Do not use for evaporative.
I'M COMPLIANCE Required for exhaust. Optional for evaporative.
I'M WAIVER RATES Required for exhaust. Optional for evaporative. NOT APPLIED
I/M CUTPOINTS Optional for exhaust (but required for IM240). Do )
not use with evaporative.
/M EXEMPTION AGE | Optional for both exhaust and evaporative.
I’'M GRACE PERIOD Optional for both exhaust and evaporative.
NO /M TTC CREDITS | Optional for exhaust. Do not use with evaporative.
I/M EFFECTIVENESS | Optional for exhaust. Do not use with evaporative.
I’/M DESC FILE Optional for both.
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Table 23

MOBILEG6 Fuels
Command Function/Description Input Parameter Values
Allows users to specify: Option 1.
1) Conventional Gasoline East Tier 2 sulfur
phase-in schedule (includes Texas),
FUEL 2) Reformulated Gasoline (RFG),
PROGRAM 3) Conventional Gasoline West Tier 2 sulfur
geographical phase-in area (GPA) schedule (not
applicable to Texas), or
4) sulfur content for gasoline after 1999,
SULFUR Allows user to apply alternate sulfur content to NOT APPLIED. For pre-2000 years
CONTENT conventional gasoline through calendar year 1999. | of evaluation only.
OXYGENATED Permits the user to model the effect§ of NOT APPLIED. See FUEL
oxygenated gasoline on exhaust emissions for all | PROGRAM, above.
FUELS : .
gasoline-fueled vehicle types.
Allows user to specify fuel RVP for area being Locality Specific. Used the regulated
modeled (required to run model). limit (7.8 psi) per EPA guidance for
FUEL RVP arcas without gasoline survey data
{Procedures For Emissions Inventory
Preparation, Vol. 1V, EPA 1992).
SEASON Identifies effective season for RFG calculation EPA Default. EPA default is summer

regardless of month modeled.

for July month of evaluation.
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Table 24

MOBILEG6 Alternative Emissions Regulations and Control Measures

Command Function/Description Input Parameter

NO CLEAN AIR ACT Models vehicle emissions as if the Federal Clean Air Act NOT APPLIED

Amendments of 1990 had not been implemented.

HDDV NOx Off-Cycle

Emissions Effects: o

NO DEFEAT DEVICE Turns off the effects of the HDD vehicle NOx off-cycle NOT APPLIED

emissions effects (defeat device emissions).

NO NOX PULL AHEAD | Turns off HDD NOx emissions reduction effects of Pull NOT APPLIED

Ahead program.

NO REBUILD Turns off HDD NOx emissions reduction effects of Rebuild | NOT APPLIED

program.

REBUILD EFFECTS Allows user change Rebuild program effectiveness rate. EPA Default (0.90
command file
input)

Tier 2 Emission Standards | Allow the overriding of the default Tier 2 emissions NOT APPLIED

and Fuel Requirements: standards and fuel requirements settings.

NO TIER2 Disables Tier 2 requirements.

T2 EXH PHASE-IN Allows alternate Tier 2 exhaust standard phase-in schedules.

T2 EVAP PHASE-IN Allows alternate Tier 2 evaporative standard phase-in

schedules.
T2 CERT Allows user specify alternate Tier 2 50,000-mile
certification standards.
94+ LDG Allows use of alternate 1994 and later fleet penetration NOT APPLIED
IMPLEMENTATON fractions for light-duty gasoline vehicles under the Tier 1,
NLEYV (or California LEV 1), and Tier 2 emissions standard
programs.
NO 2007 HDDV RULE Disables 2007 heavy-duty vehicle emission standards. NOT APPLIED

External Conditions — Locality Specific Inputs to MOBILE6

MOBILES local inputs for hourly temperatures, daily average humidity, and sunrise and sunset
times were developed and applied by calendar day based on local (central daylight) time.
TNRCC developed the values and TTI formatted them for input to MOBILEG6. These are the
same MOBILES inputs that were used in developing the August 2000 base-case ozone episode
on-road mobile source emissions inventories (developed previously under this task).

Temperatures (HOURLY TEMPERATURES Command)

TNRCC developed ambient hourly temperatures (degrees Fahrenheit) for input to MOBILE6 by
county for each of the analysis days, August 22, 2000 to September 1, 2000. The temperatures
are hourly averages from monitoring stations within the BPA counties. TNRCC obtained the
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monitoring data from the EPA Aerometric Information Retrieval System, the National Weather
Service, and TNRCC Monitoring Operations. Each county with more than one monitoring station
uses the hourly average temperatures from the monitoring stations within its border. Counties
without monitoring stations (i.e., Hardin), use average hourly temperatures from monitoring
stations from adjacent counties.

The MOBILE6 User’s Guide states that the 24 hourly temperature inputs are to be entered
from 6 a.m. continuing through 5 a.m. of the “next day.” The emissions estimation method
applied by TTI, however, applies the hourly input data by “calendar day.” This calendar day
method simplifies the emissions estimation process, especially when modeling consecutive
calendar days exhibiting different hourly travel activity. Thus, the hourly average temperatures
for each calendar day provided by TNRCC were sequenced starting with 6 a.m. through 11 p.m.
followed by 12 a.m. through 5 a.m. of the same calendar day. o

A total of 33 hourly temperature data sets are produced by modeling three counties for 11
days. The temperatures are input in the MOBILE6 command file. Appendix E shows a summary
of the temperatures used.

Humidity (ABSOLUTE HUMIDITY Command) :

The ABSOLUTE HUMIDITY command was applied to specify a daily average humidity value
for each of the analysis days. The units for absolute humidity are grains of water per pound of dry
air.

TNRCC developed and provided the average daily humidity inputs by county for each day for
input to MOBILEG. Hourly relative humidity, barometric pressure, and temperature data were
required to develop the absolute humidity input. In counties where no barometric or relative
humidity data were available, data from adjacent counties were applied. Special care was taken to
ensure that the absolute humidity value and the temperature range for each day would not result
in a relative humidity exceeding 100 percent.

The humidity value is input in the MOBILE6 command file. The 33 humidity values used
(one per county per day) are summarized in Appendix F.

Sunrise and Sunset Times (SUNRISE/SUNSET Command)

The SUNRISE/SUNSET Command allows the user to specify the time of sunrise and sunset.
This feature affects only the air-conditioning correction. TNRCC provided the sunrise and sunset
times which are the same for all counties and days. The times are 7 a.m. and 8 p.m. central
daylight time.

Vehicle Fleet Characteristics — Locality Specific Inputs to MOBILEG6

Regional (i.e., BPA three-county group) vehicle registration (age) distributions and diesel
fractions inputs to MOBILE6 were developed for vehicle types for which TxDOT registrations
data were available. These fleet characteristics inputs were developed at the regional level to
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overcome the sparseness of data (zero registered HDGV8b) for the rural counties (Hardin and
Orange). For MOBILES to calculate emissions factors for a vehicle class, that vehicle class must
be represented in the fleet characteristics inputs.

The regional age distributions developed for the BPA 2000 ozone episode base-case
emissions estimates were applied for this 2007 analysis. The regional diesel fractions for 2007
were forecast from the diesel fractions developed for the 2000 ozone episode base-case emissions
analysis assuming the most recent fractions, by vehicle type, were the same for the future years
(mid-year 2001 fractions were applied to 2002 through 2007).

Vehicle Registration Distributions (REG DIST Command)

The user-supplied vehicle registration distributions input to MOBILEG are by vehicle age for any
of the 16 composite (combined gas and diesel) vehicle types as shown in Table 25. EPA default
distributions are internally applied by MOBILES® for vehicle classes for which the user does not
provide alternate values. The input values for each vehicle class are 25 age fractions representing
the fraction of vehicles by age for that particular vehicle class as of July of the evaluation year.
These age fractions start with the evaluation year as the 1* age fraction and work back in annual
increments to end with the 25" fraction, which represents the fraction of vehicles of age 25 years
and older. The fractions are calculated as the model year-specific registrations in a class divided
by the total vehicles registered in that class.
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Table 25
Composite Vehicle Classes for Vehicle Registration Data

(REG DIST Command)
Number | Abbreviation | Description
i LDV Light-Duty Vehicles (Passenger Cars)
2 LDTI1 Light-Duty Trucks 1 (0-6,000 Ibs. GVWR, 0-3,750 Ibs. LVW)
3 LDT2 Light-Duty Trucks 2 (0-6,000 lbs. GVWR, 3,751-5,750 Ibs. LVW)
4 LDT3 Light-Duty Trucks 3 (6,001-8,500 Ibs. GVWR, 0-5,750 lbs. ALVW*)
5 LDT4 Light-Duty Trucks 4 (6,001-8,500 Ibs. GVWR, 5,751 Ibs. and greater ALVW)
6 HDV2B Class 2b Heavy-Duty Vehicles (8,501-10,000 lbs. GVWR)
7 HDV3 Class 3 Heavy-Duty Vehicles (10,001-14,000 Ibs. GVWR)
8 HDV4 Class 4 Heavy-Duty Vehicles (14,001-16,000 1bs. GVWR)
9 HDV5 Class 5 Heavy-Duty Vehicles (16,001-19,500 lbs. GVWR)
10 HDV6 Class 6 Heavy-Duty Vehicles (19,501-26,000 lbs. GVWR)
11 HDV7 Class 7 Heavy-Duty Vehicles (26,001-33,000 Ibs. GVWR)
12 HDV8A Class 8a Heavy-Duty Vehicles (33,001-60,000 Ibs. GYWR)
13 HDVSB Class 8b Heavy-Duty Vehicles (>60,000 Ibs. GVWR)
14 HDBS School Buses
15 HDBT Transit and Urban Buses
16 MC Motorcycles (All)

* ALVW = Adjusted Loaded Vehicle Weight: The adjusted loaded vehicle weight is the numerical average of the
vehicle curb weight and the gross vehicle weight rating (GVWR).

Source: MOBILE6 User’s Guide (EPA, January 2002).

TTI developed regional MOBILEG age distributions fractions input for all vehicle types
except for the two bus categories. EPA defaults were used for the two bus categories. To develop
these distributions, TTI used two county-level data sets provided by TxDOT. The TxDOT
registrations data provided are summarized as:

o July 2001 registrations for: .
LDV, LDT12, LDT34, MC, HDGT, HDDT;

e February 2002 registrations for:
Gas: HDV2B, HDV3, HDV4, HDV5, HDV6, HDV7, HDVSA, HDV$8B; and
Diesel: HDV2B, HDV3, HDV4, HDV5, HDV6, HDV7, HDV8A, HDV8B.

The July 2001 registrations are for: automobiles, light duty trucks (LDT12, corresponding to
MOBILES classes LDT1 and LDT?2 ), heavier light-duty trucks (LDT34, corresponding to
MOBILES classes LDT3 and LDT4), motorcycles, heavy-duty gas trucks (> 8,500 Ibs. GVWR),
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and heavy duty diesel trucks ( > 8,500 Ibs. GVWR). The February 2002 gasoline HDV classes
and diesel HDV classes comprise the July 2001 HDGT and HDDT classes represented in the July
2001 data set, respectively, and correspond to the HDV weight classes for numbers six through
13 in Table 25.

After combining the Jefferson, Hardin, and Orange registrations into BPA regional data sets,
there were four main steps to developing the regional MOBILES registration distribution inputs
for the 14 non-bus vehicle classes. The first step in the process transforms the 16 HDV (eight
gasoline and eight diesel) February 2002 registrations to estimated July, 2001 registrations. The
next step results in July 2001 registrations by the 25 age groups for 12 of the 16 composite (by
fuel) vehicle classes (eight HDV, LDV, LDT12, LDT34, MC). The third step converts the
registrations from numbers of vehicles registered, to fractions registered by age for each of the 12
classes. The registrations are then expanded from 12 classes to 14.

To estimate July 2001 HDV registrations from the 2002 HDV registrations data, the 2002
registrations were dropped from the data set to yield approximate end-of-year 2001 registrations.
Mid-year scaling factors were then applied to the approximate end-of-year 2001 HDV
registrations. These scaling factors (particular to fuel type) are the July 2001 registrations divided
by the sum total of the HDV sub-class, end-of-year 2001 registrations. The July 2001 scaling
factors were then applied to the 2001 model year (approximate end-of-year) individual eight
HDV class registrations, as appropriate by fuel type, to obtain the mid-year 2001 registrations
estimates for the 16 HDV fuel-type specific classes. No vehicle scrappage estimates or vehicle
migration estimates were made for the period from July 2001 to February 2002.

The 16 HDV class registrations were combined into the MOBILEG eight composite (gas and
diesel) classes by summing the individual fuel type registrations by age within each weight
category. The 1977 and older registrations were summed to yield the “age 25 and older”
registrations for the 12 composite vehicle classes: eight HDVs, LDV, LDT12, LDT34, and MC.
(The HDGT and HDDT registrations from the July 2001 original data set were not used.)

Conversion of the registrations from numbers of vehicles to fractions of vehicles by age was
performed for each vehicle class by dividing the registrations for each age by the total
registrations. MOBILEG requires that the age distribution fractions for each vehicle class sum to
one. In this step the age distribution fractions for each class were summed. For sums not equal to
one (due to rounding error), the largest registration fraction was adjusted to make the fractions
sum to one.

The resulting July 2001 estimated regional registration distribution fractions for the 12
composite classes were expanded to 14 classes: LDV, LDT1, LDT2, LDT3, LDT4, MC,
HDV2B, HDV3, HDV4, HDV5, HDV6, HDV7, HDV8A, HDV8B. The LDT12 age fractions,
were used for both the MOBILE6 LDT1 and LDT?2 classes and the LDT34 age fractions were
used in MOBILES for both the LDT3 and LDT4 classes. The MOBILES vehicle registration
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distributions are input from external data files. One regional data set (external data files) was
developed for all three counties. Table 26 shows the registration distribution.
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Table 26
BPA Regional Vehicle Registration Distributions

Calculated from July 2001 Registration data

LDV
1 0.05276
0.04907
0.00509
LDT1
2 0.06598
0.04964
0.01120
LDT2
3 0.06598
0.04964
0.01120
LDT3
4 0.12758
0.02000
0.00390
LDT4
5 0.12758
0.02000
0.00390
HDV2B
6 0.16620
0.02228
0.00371
HDV3
7 0.07371
0.02988
0.01394
HDV4
8 0.03150
0.03543
0.00000
HDV5
9 0.10811
0.00676
0.04730
HDV6
10 0.02891
0.05952
0.03401
HDV7
11 0.02553
0.04255
0.02128
HDV8A
12 0.01257
0.05566
0.03591
HDV8B
13 0.10750
0.00750
0.00000

0.08974
0.04467
0.00406

0.07421
0.03963
0.00568

0.07421
0.03963
0.00568

0.13367
0.01801
0.00274

0.13367
0.01801
0.00274

0.12813
0.02507
0.01300

0.11355
0.0239%0
0.00199

0.07874
0.05512
0.01181

0.13514
0.00676
0.00000

0.07653
0.03401
0.01871

0.07234
0.06383
0.01702

0.01975
0.06643
0.02693

0.12750
0.00250
0.00000

0.08234
0.04018
0.00480

0.07760
0.04125
0.00714

0.07760
0.04125
0.00714

0.17215
0.02013
0.00473

0.17215
0.02013
0.00473

0.17178
0.01671
0.00371

0.11355
0.03586
0.01195

0.16141
0.01575
0.00787

0.10135
0.04730
0.01351

0.10036
0.02551
0.01361

0.05106
0.00851
0.02979

0.05027
0.08078
0.03411

0.16000
0.00500
0.00000

HDBS is MOBILEé default
HDBT is MOBILE6 defauit

MC

16 0.12083 0.15253 0.10296
0.01049 0.01144 0.01621
0.01621 0.01692 0.01358

0.07730

0.03239
0.00363

0.07409
0.03244
0.00641

0.07409
0.03244
0.00641

0.06690
0.01342
0.00377

0.06690
0.01342
0.00377

0.07614
0.02136
0.00371

0.03984
0.03386
0.00598

0.06693
0.00787
0.01181

0.03378
0.04054
0.02703

0.05782
0.02551
0.02381

0.03787
0.01702
0.02128

0.02154
0.04309
0.02873

0.13750
0.00000
0.00000

0.07745
0.01597
0.00763

0.07467
0.02554
0.01687

0.07482
0.02258
0.02239

0.07482
0.02258
0.02239

0.09758
0.00767
0.00966

0.09758
0.00767
0.00%66

0.07707
0.01578
0.02600

0.08765
0.00996
0.05179

0.13780
0.01969
0.05906

0.08108
0.00676
0.07432

0.05952
0.02891
0.05612

0.03404
0.02553
0.05106

0.01257
0.03950
0.03770

0.06000
0.00250
0.00250

0.06339
0.01406
0.05481

and February 2002 HDV data

0.07016
0.02156

0.06445
0.02435

0.06445
0.02435

0.07437
0.01281

0.07437
0.01281

0.04457
0.02043

0.05578
0.00996

0.07874
0.00787

0.01351
0.02703

0.04762
0.01701

0.03830
0.00851

0.03052
0.03591

0.12500

0.00500

0.06411
0.02502

0.07607 0.06342 0.05952
0.02011 0.01637 0.00965

0.06772
0.02210

0.06772
0.02210

0.06471
0.01164

0.06471
0.01164

0.04550
0.01486

0.09960
0.01195

0.09055
0.0039%4

0.04730
0.00676

0.05272
0.03231

0.07660
0.05106

0.04668
0.04847

0.18500

0.00250

0.04766
0.02193

0.06863
0.062012

0.06863
0.02012

0.04088
0.01103

0.04088
0.01103

0.02786
0.01114

0.05578
0.00797

0.03543
0.00000

0.01351
0.03378

0.03912
0.02891

0.04255
0.02128

0.06463
0.04129

0.06250

0.00000

0.03956
0.01787

0.05249
0.01299

0.05249
0.01299

0.03890
0.00678

0.03830
0.00678

0.02878
0.00557

0.05378
0.00797

0.03150
0.00394

0.06081
0.02027

0.05952
0.01190

0.07234
0.00426

0.07540
0.01077

0.00250

0.00000

0.02669
0.01978

0.05339
0.00664

0.04860
0.01349

0.04860
0.01349

0.03088
0.00609

0.03088
0.00609

0.01950
0.01114

0.03586
0.01394

0.03543
0.01181

0.03378
0.01351

0.04422
0.02381

0.07660
0.02979

0.05745
0.02334

0.00500

0.00000

0.02383
0.01907
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Diesel Fractions (DIESEL FRACTIONS Command)

The DIESEL FRACTIONS Command allows the user to specify diesel fractions for 14 of the 16
composite (gasoline and diesel) vehicle categories by vehicle age. MOBILEG6 assumes that
urban/transit buses are 100 percent diesel, and that motorcycles are all gasoline fueled, so these
two categories do not require diesel fractions. The diesel fraction represents the portion of diesels
in a composite (gasoline and diesel) vehicle class for any vehicle age. When the user enters diesel
fractions, all 14 sets of fractions are required. Each set of fractions contains the diesel fractions
for 25 vehicle ages from the evaluation year back through the 25" fraction, which represents
vehicle ages of 25 years and older.

The MOBILES6 default fractions vary by age for model years 1972 through 1996. For 1971
and earlier model years, the default diesel fractions are assumed the same as the 1972 model year
fractions. For the 1997 and later model years, the default diesel fractions are assumed the same as
the 1996 model year fractions.

TTI used a combination of estimated regional diesel fractions and EPA default diesel
fractions to model the 2007 attainment year emissions factors. Table 27 shows the MOBILE6
diesel fractions input categories and their data sources. The regional diesel fraction estimates
were calculated based on TxDOT individual diesel and gasoline regional vehicle registrations for
the eight HDV (HDV2b through HDV8b) weight classes. As discussed previously, these TXDOT
registrations data were adjusted to represent registrations as of July, 2001 (see registrations
distributions discussion). To obtain the regional HDV diesel fractions by model year, the diesel
registrations were divided by the sum of the gasoline and diesel registrations. This calculation
was by HDV composite vehicle class, and model year.

The HDV diesel fractions (derived from estimated mid-year 2001 county-specific HDV
registration distributions) were forecast from 2001 to 2007 by applying the latest diesel fraction
(2001) to each of the future years (2002 through 2007). These estimated 2007 HDV diesel
fractions were then combined with the July 2007 EPA default diesel fractions for the remaining
vehicle classes, formatted for input to MOBILEG, and applied as the 2007 future case episode
modeling emissions inventories BPA fleet diesel fractions. Diesel fractions are entered in the
MOBILE6 command file. One diesel fractions data set was developed for all three counties
(Table 28).




Table 27

Source of Diesel Fractions for Composite Vehicle Types
(DIESEL FRACTIONS Command)

Number | Abbreviation | Description Source of Fractions
1 LDV Light-Duty Vehicles EPA MOBILES6 Evaluation Year Default
2 LDT1 Light-Duty Trucks 1 EPA MOBILEG Evaluation Year Default
3 LDT2 Light-Duty Trucks 2 EPA MOBILEG Evaluation Year Default
4 LDT3 Light-Duty Trucks 3 EPA MOBILES Evaluation Year Default
5 LDT4 Light-Duty Trucks 4 EPA MOBILES6 Evaluation Year Default
6 HDV2B Class 2b Heavy-Duty Vehicles TxDOT February, 2002 Registrations
7 HDV3 Class 3 Heavy-Duty Vehicles TxDOT February, 2002 Registrations
8 HDV4 Class 4 Heavy-Duty Vehicles TxDOT February, 2002 Registrations
9 HDVS5 Class 5 Heavy-Duty Vehicles TxDOT February, 2002 Registrations
10 HDV6 Class 6 Heavy-Duty Vehicles TxDOT February, 2002 Registrations
11 HDV7 Cléss 7 Heavy-Duty Vehicles TxDOT February, 2002 Registrations
12 HDVSA Class 8a Heavy-Duty Vehicles TxDOT February, 2002 Registrations
13 HDVSB Class 8b Heavy-Duty Vehicles TxDOT February, 2002 Registrations
14 HDBS School Buses EPA MOBILES6 Evaluation Year Default
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Table 28
Diesel Fractions

* HDV Diesel fractions are calculated from regional 7/01 data;
Bus fractions are EPA defaults

* LDV,

LDT, and

DIESEL FRACTIONS

0.00090
0.00090
0.00270
0.00000
0.00000
0.00070
0.00000
0.00000
0.00070
0.01260
0.01260
0.00820
0.01260
0.01260
0.00820
0.72626
0.56627
0.11765
0.64865
0.59091
0.60000
0.87500
0.85714
0.00000
0.87500
0.75000
1.00000
0.94118
0.60000
0.64706
1.00000
0.62500
0.66667
0.85714
0.85714
0.90909
1.00000
1.00000
1.00000
0.95850
0.95850
0.73450

0.00090
0.00030
0.00320
0.00000
0.00000
0.00330
0.00000
0.00000
0.00330
0.01260
0.01260
0.01240
0.01260
0.01260
0.01240
0.72626
0.52083
0.40909
0.64865
0.71429
0.20000
0.87500
0.60000
0.00000
0.87500
0.50000
0.50000
0.94118
0.85714
0.50000
1.00000
0.77778
1.00000
0.85714
0.82353
0.95000
1.00000
1.00000
1.00000
0.95850
0.95850
0.67330

0.00090
0.00060
0.00970
0.00000
0.00000
0.00480
0.00000
0.00000
0.00480
0.01260
0.01150
0.01350
0.01260
0.01150
0.01350
0.72626
0.18367
0.12500
0.64865
0.42000
0.33333
0.87500
0.34783
0.00000
0.87500
0.28571
0.00000
0.94118
0.41935
0.31579
1.00000
0.38889
0.75000
0.85714
0.61538
0.92593
1.00000
1.00000
1.00000
0.95850
0.88570
0.51550

0.00090
0.00010
0.01620
0.00000
0.00000
0.01200
0.00000
0.00000
0.01200
0.01260
0.01110
0.01690
0.01260
0.01110
0.01690
0.72626
0.40000
0.16667
0.64865
0.50000
0.25000
0.87500
0.55556
0.00000
0.87500
1.00000
0.00000
0.94118
0.73913
0.41176
1.00000
0.90000
1.00000
0.85714
0.97222
0.91304
1.00000
1.00000
0.00000
0.95850
0.85250
0.38450

0.00090
0.00030
0.02410
0.00000
0.00000
0.02230
0.00000
0.00000
0.02230
0.01260
0.01450
0.02090
0.01260
0.01450
0.02090
0.72626
0.48387
0.16667
0.64865
0.40741
0.25000
0.87500
0.75000
0.00000
0.87500
0.77778
0.33333
0.94118
0.77143
0.00000
1.00000
0.64706
1.00000
0.85714
0.80952
1.00000
1.00000
1.00000
0.00000
0.95850
0.87950
0.32380

0.00090 0.00090 0.00090

0.00060

0.00000
0.00000

0.00000
0.00000

0.01260
0.01150

0.01260
0.01150

0.72626
0.42857

0.64865
0.50000

0.87500
0.66667

0.87500
0.00000

0.94118
0.57692

1.000600
0.66667

0.85714
0.81250

1.00000
1.00000

0.95850
0.99000

0.00130

0.00000
0.00000

0.00000
0.00000

0.01260
0.01290

0.01260
0.01290

0.72626
0.37500

0.64865
0.40000

0.87500
0.66667

0.87500
1.00000

0.94118
0.62857

1.00000
0.80000

0.85714
1.00000

1.00000
1.00000

0.95850
0.91050

0.00040

0.00000
0.00000

0.00000
0.00000

0.01260
0.00960

0.01260
0.00960

0.76812
0.40741

0.59649
0.66667

0.95000
0.50000

0.85000
0.00000

0.71111
0.55000

1.00000
0.86667

0.90909
0.86486

1.00000
0.00000

0.95850
0.87600

0.00090
0.00040

0.00000
0.00000

0.00000
0.00000

0.01260
0.00830

0.01260
0.00830

0.71892
0.27778

0.70175
0.55556

0.65854
0.50000

0.86667
0.57143

0.76271
0.60000

0.83333
1.00000

0.89286
1.00000

1.00000
1.00000

0.95850
0.77100

0.00090
0.00010

0.00000
0.00000

0.00000
0.60000

0.01260
0.00720

0.01260
0.00720

0.63415
0.30435

0.65000
0.41176

0.58824
0.50000

0.60000
0.33333

0.88235
0.40000

0.95652
0.75000

0.91667
0.95833

1.00000
0.00000

0.95850
0.75020

* Order of vehicle classes is a shown in Table 27.
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Activity — Locality Specific Inputs to MOBILE6

The user-input, locality-specific activity parameters applied to develop the MOBILEG6 hourly
emissions factors for this analysis are the fleet total hourly VMT fractions (by county), and
average hourly weekday trip length distributions (for the area).

Additional activity inputs to the model were fractions of hourly VMT across road types, and
hourly fractions of VMT by the 14 speeds, for arterials and freeways. Weekend day houtly
vehicle usage rates (MOBILEG6 defaults) for particular activity input parameters (see Table 21)
were applied for the Saturday and Sunday episode days.

For this analysis, hourly activity inputs represent a calendar day and are input starting from 6
a.m. through 11:59 p.m. followed by 12 a.m. through 5:59 a.m. of the same calendar day. The
hourly VMT fractions were developed based on the 1993 BPA Comprehensive Travel Survey
and hourly VMT across road types were developed based on the 2007 TDM VMT estimates.

VMT Fractions (also known as VMT mix)

These sets of fractions (VMT fractions attributable to individual vehicle classes) are an input to
MOBILES6, however, the method for this study calls for the application of the VMT mix (or
mixes) later in the emissions calculation process. VMT mix development was discussed
previously in this documentation.

VMT Distributions by Road Type (VMT BY FACILITY Command)

These distributions were not used to calculate the emissions factors applied for estimating the
hourly 2007 emissions factors for this analysis. TTI developed and applied these MOBILE6
inputs to produce composite “daily all roads” emissions factors for use in quality assurance
checks.

The inputs for the VMT BY FACILITY command are fractions for each hour of the day of
VMT across the four MOBILESG road types (Freeway, Arterial, Local, Ramp). Each hourly set of
fractions sums to one. The VMT by facility fractions are by vehicle type, thus 28 sets of hourly
VMT fractions across facilities may be entered.

One VMT BY FACILITY input data set was developed per county from the 2007 link-VMT
estimates. By hour, the 2007 link-VMT estimates were summed into two categories—freeway,
and non-freeway. The hourly VMT fractions were calculated for these two groups as freeway
VMT divided by the total VMT and non-freeway VMT divided by total VMT. As the MOBILE6
Local and Ramp road type emissions factors are not applied in this analysis, their corresponding
VMT fractions by hour were set to zero. The same distributions were used for each of the 28
vehicle types. The VMT by facility fractions are entered as an external data file.

Total VMT by Hour (VMT BY HOUR Command)

Hourly fleet total VMT distributions are input to MOBILE6 by using the VMT BY HOUR
command. These fractions are used by MOBILEG to convert the units of the non travel-related
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hourly emissions factors (e.g., hot soak, diurnal, start, etc.) to units of g/mi. (The VMT by hour
fractions are also used to produce the daily emissions factors as composites of the hourly

emissions factors.) Development of these fractions was previously discussed in the “Estimation
of VMT” section.

The VMT by hour fractions were developed at the regional level based on data from the 1993
BPA Comprehensive Travel Survey. Travel survey estimates of VMT (average school season
weekday) in 15-minute increments were summed within each hour of the day. Hourly VMT
fractions were then calculated by dividing the hourly VMT totals by the 24-hour VMT total. The
hourly VMT fractions applied for this analysis are the same as those applied for the 2000 base
case analysis. One regional data set representative of an average school season weekday was
developed and applied for all analysis days. These fractions are input to MOBILES as an external
data file. Table 3 shows these fractions.

VMT Distribution by Average Speed on Freeways and Arterials (SPEED VMT Command)

The VMT distributions by average speed inputs are called by the SPEED VMT command, but
are accommodated internally by the POLFAC6 program (that is, no user speed input commands
or data parameter values are required when producing MOBILEG6 emissions factors tables with
POLFAC6). POLFAC6 uses the SPEED VMT inputs to produce the individual Freeway and
Arterial emissions factors indexed by the 14 MOBILES6 speed bin speeds.

To model the freeway and arterial emissions factor for each of the individual 14 speeds,
POLFACS6 produces 14 VMT by Speed external data file input setups, one for each of the 14
speeds. Each of the 14 input files, or setups, allocates 100 percent of the VMT to one of the 14
speeds (and thus 0 percent to the other 13) for both arterials and freeways. Execution of
POLFACG6 produces the 14 speed scenario setups and the desired freeway and arterial emissions
factors for each of the 14 MOBILES speed bin speeds.

Weekend Day Vehicle Usage (WE VEH US Command)

MOBILES supplies default weekend day hourly vehicle usage rates for start distributions, soak
distributions, and hot soak activity. For Saturday and Sunday episode days, the WE VEHUS
command was applied to model the EPA default weekend usage rates for these parameters.

State Programs
For this analysis, no MOBILES State Programs (e.g., Inspection and Maintenance and Anti-
tampering Programs) inputs were modeled.

The effects of the Texas Low-Emissions Diesel Fuel Program is applied to the MOBILE6

emissions factors, however, through a post-processing procedure required due to limits of the
MOBILEG6 program. This post-processing procedure is discussed later in this document.
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Fuels — Locality Specific Inputs to MOBILEG6
User input for fuel effects modeling for BPA 2007 includes only the FUELS PROGRAM and
FUEL RVP commands and associated input parameters.

Fuel Program (FUEL PROGRAM Command)

The MOBILE6 FUEL PROGRAM command provides the user four options for modeling fuels
effects. The first option, Conventional Gasoline East, which is also the MOBILE6 default, was
modeled for all three counties. This option supplies post-1999 gasoline sulfur levels by year
under the Tier 2 rule phase-in schedule for most states (including Texas). The FUEL PROGRAM
option is entered in the MOBILE6 command file.

Gasoline RVP (FUEL RVP Command)

The BPA regulated RVP limit of 7.8 psi was applied for 2007, as was also the case for the 2000
analysis. No BPA gasoline sample survey data were available for comparison. Application of the
regulated RVP limit follows EPA RVP determination guidance from Procedures for Emissions
Inventory Preparation, Volume IV: Mobile Sources (EPA 1992).

MOBILEG6 Alternative Emissions Regulations and Control Measures Commands -

The only user-input value applied (which was not required because the EPA default was input)
within this section of MOBILE6 commands, is related to the heavy-duty diesel vehicle NOx off-
cycle emissions effects.

In the late 1980s and most of the 1990s, HDDV engines were built with “defeat devices”
allowing in-use engine emissions to be higher than emissions as specified under Federal Test
Procedure conditions. MOBILEG6 includes estimates of these excess HDDV emissions as well as
the emissions offsetting effects of two programs—early pull-ahead of 2004 HDDV emissions
standards, and low emissions rebuilds of existing engines.

EPA provided information to TNRCC that lead to the conclusion that the best estimate for
the effectiveness rate for the 2000 ozone episode base-case modeling for the low NOx emissions
rebuilds program for heavy duty diesels was 1.0 percent. The information provided by EPA
showed that the number of low NOx-rebuild kits supplied (as of January, 2002) to the affected
population was 0.97 percent. However, no information was available to justify a non-default
rebuild effects input value for 2007.

Thus, the 2007 effectiveness rate for the low NOx emissions rebuild program was set at the
EPA default value (0.90, or 90 percent). This value and its associated command, REBUILD
EFFECTS, are inputs to the MOBILE6 command file.

Emissions Factor Post-Processing Requirements and Procedures

There is one limitation of the MOBILE6 model, which required emissions factors post-
processing for this analysis: MOBILE6 does not model user-specified alternate diesel fuel
parameters.
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For 2007, all BPA counties are to use Texas low-emissions diesel fuel. Thus, to produce the
final emissions factor inputs to the emissions estimation process, one emissions factor post-
processing step was performed. To model the low-emissions diesel effects, no additionat
MOBILE®6 runs were required. An adjustment factor was applied to the NOx emissions factors
for all of the diesel-fueled vehicle classes.

Emissions Factor Post-Processing to Model Low-Emissions Diesel Effects :
MOBILE6 does not have an alternate diesel fuel-modeling feature. To model the impacts of low-
emissions diesel fuel, MOBILES diesel vehicle emissions factors were post-processed (with the
RATADIJV6 program, described in Appendix B). The NOx adjustment factor of 0.943 was
multiplied by all of the diesel-fueled vehicle MOBILE6 NOx emissions factors for each county
and analysis day. This adjustment corresponds to a reduction in NOx emissions factors of 5.7
percent. Development of this value is documented in the Eastern Research Group report, Revised
SIP Modeling Procedures for the BPA Nonattainment Area, included as Appendix G of
Houston/Galveston Attainment Demonstration and Post-1999 Rate-of-Progress SIP, TNRCC,
October 2001.

Upon completion of this emissions factor post-processing procedure, the emissions factors
are ready for input to the IMPSUMS6 program to calculate estimated emissions. The emissions
factors were provided to TNRCC on CD-ROM. See Appendix A for file names and descriptions.

EMISSIONS CALCULATIONS

Hourly emissions were calculated by county for each of the 11 analysis days using the IMPSUM6
program (Appendix B). With the day-of-week-specific VMT and emissions factors (g/mi) for
each hour, emissions were calculated for each of the 28 vehicle types and each of 14 pollutant-
specific emission types on each network link (only the MOBILEG freeway and arterial emissions
factors were used). For each day, 75 files were output from the emissions calculations. These
files include: 72 hourly link emissions files (24 hours multiplied by three counties), a summary

- file of county-level and area total hourly and 24-hour emissions estimates cross-classified by
vehicle type and road type, a tab-delimited version of the emissions summary file, and the file
that logged the execution of the emissions calculation programs. These files were previously
provided to TNRCC on CD-ROM (see Appendix A).

Hourly Link Emissions
For each analysis day, the emissions were calculated by hour for each network link (indexed to

county and road type) using the following basic inputs:

* MOBILES6 hourly freeway and arterial emissions factors indexed by speed for 28 vehicle
types, developed with POLFAC6;

* records associating the MOBILES freeway emissions factors to the freeway links, and the
MOBILE® arterial emissions factors to the non-freeway links;
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« link data from the assignment results as developed (for each hour) using the PREPIN
program including: county number, road type number, VMT on link, operational link-
speed estimate, link node (end point) numbers, and link distance; and

e VMT mix (to allocate link-VMT by each of the 28 vehicle types) by time period and
roadway type. :

For each hour, the emissions estimates were computed by vehicle type for each link. The
emissions factors, discussed previously, were tabulated by hour, road type (drive cycle), vehicle
type, and 14 speeds (2.5 mph and 5 mph to 65 mph at 5 mph intervals). Four period time-of-day
VMT mix correlated to link VMT (by day-of-week, functional classification group [see Table 4],
and hour [see Table 3]) was multiplied by the fleet total link VMT to produce link-VMT
estimates by the 28 vehicle types. Based on vehicle class, road type, and speed, emissions factors
were then matched with link-level VMT; the freeway emissions factors were matched to the “IH
and Freeway” functional group (see Table 4) links, and the arterial emissions factors to all other
(non-freeway) links. Emissions factors for link speeds that are not represented in the set of 14
MOBILES speed bin speeds were calculated by interpolation (see example calculation in
Appendix B). For link speeds greater than or less than the MOBILE6 bounding speeds of 65 mph
and 2.5 mph, the emissions factors corresponding to those bounding speeds were applied,
respectively. The link VMT was then multiplied by the emissions factors to produce the link-
level emissions estimates.

County-level, hourly link-emissions files were produced including the following data for each
link: link A-node and B-node identification numbers, network functional classification code,
pollutant-specific emissions type, and emissions estimates for each of the 28 vehicle types.

Episode Day Hourly and 24-hour Emissions Summaries

For each analysis day by individual county and for all counties, the link-emissions estimates were
summed for each hour, and the hourly emissions were summed for each day. The resulting
composite VOC, CO, and NOx emissions estimates are summarized by road type (BPA network
functional type and intrazonals), vehicle type, and by cross-classification of road type and vehicle
type. VMT, vehicle hours traveled (VHT), VMT-weighted speeds, and other inventory data are
included with the emissions summaries. These files (*.LST and a tab delimited version, *. TAB)
were previously provided to TNRCC on CD-ROM (see Appendix A).
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ELECTRONIC SUBMITTAL DATA SET NAMES AND DESCRIPTIONS

This appendix describes the BPA 2007 modeling emissions inventory electronic data submittal.

The BPA 2007 modeling emissions inventories data are contained on four CDs. The number of
CDs by data content category are: 1) two CDs containing the link-emissions files and inventory
summary report files, 2) one CD containing the BPA 2007 travel model network node
coordinates, and 3) one CD with the BPA 2007 MOBILES input files (command and external
data) and output files (MOBILES6 emissions factors produced with POLFAC6 and
RATEADIJV6).

The CDs and contents by data category (emissions, coordinates, emissions factors) are
described below. The file format for the link emissions files is included (see tables at end of this
appendix).

Emissions (Two CD-ROM:s)

The CD names and corresponding analysis days contained on each are: BPAO7A (AUG22
through AUG27), BPAO7B (AUG28 through SEP01).

There is one zip file for each analysis day containing the following 75 files:

* county level hourly link-emissions files (72 ASCI files with .y07 extension);

* IMPSUMG6 county-level hourly emissions inventory data summaries to include VMT mix,
VMT, VHT, Average Speed, and emissions cross classified by vehicle type and road type;
IMPSUMG6 hourly “all counties” emissions inventory data summaries; SUMALLG6
county-level and “all counties” 24-hour emissions inventory data summaries (1 ASCII file
with .Ist extension);

* atab-delimited version of second bullet above (1 ASCII file with .tab extension);
* alog of the emissions estimation program runs (1 ASCII file with .log extension).

Zip file names and data set file names follow the convention:
BPAddmmm07 .zip
BPAddmmm(7 tab
BPAddmmm07 Ist
BPAddnmm07.log
countyname.thr.Inkemis..mmmdd.y07
where:
dd is the day date for each of the 11 days for the period August 22 through September 1;
mmm is the month, AUG or SEP, corresponding to the episode day date (dd);
countyname is Jefferson, Hardin, Orange; and
hris 01... 24 representing the hours 12 a.m. through 11 p.m. (local time).
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Coordinates (one CD-ROM)

The CD name is XY2007 BPA. The CD contains one file named “JO7COORS” that contains
Longitude, Latitude in millionths of degrees for the BPA 2007 network nodes (link endpoints and
zone centroids). The order of the data is: network node number, Longitude, Latitude.

Emissions Factors (one CD-ROM) '
The CD name is BPAO7M6. The MOBILES® input and output files on the CD are in the ZIP file
named BPAO7MS6.zip.

The MOBILES input and output files consist of the following 170 files:

MOBILE6 command input files (33);
MOBILES® external data input files (5);
MOBILES6 hourly emissions factor output files (66); and

MOBILES daily emissions factor output files (66).

Where:

CNTY is the first four letters of county name for the BPA counties;
07 is the evaluation year, 2007,
mmmdd is the month/day date for the 11 days (AUG22... SEP01);

MOBILE6 command input files are:

CNTY07mmmdd.in (33 files)

MOBILEG external data input files are:

RGNLO07.rgd (1 regional registration distributions file);
CNTY 07.vfc (3 VMT BY FACILITY files); and
BPA.vhr (1 VMT BY HOUR file).

MOBILE6 Emissions Factors Files (hourly [.rat] and 24-hr [.rtd] output) are:

CNTY07mmmdd_adj.rat (33 files adjusted for Low Emissions Diesel);
CNTY07mmmdd_adj.rtd (33 files adjusted for Low Emissions Diesel).
CNTY07mmmdd rat (33 files, unadjusted); and

CNTY07mmmdd.rtd (33 files, unadjusted).
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Link Emissions Data File Format

Abbreviation Columns Format Type Description
A Node 1-6 16 A-Node of link
B Node 7-12 I6 B-Node of link
FC 13-15 B Facility Type of Link (see Facility Type Code table below)
EMISS 17-19 A3 “VOC,” or “CO,” or “NOx”
ETYPE 21-31 All Emissions Sub-Component Type (see Emissions Type Code table below)
LDGV 32-41 F10.? LDGY link emissions in grams
LDGT1 42 -51 F10.? LDGTT link emissions in grams
LDGT2 52-61 F10.? LDGT2 link emissions in grams
LDGT3 62-171 F10.7 LDGTS3 link emissions in grams
LDGT4 72-81 F10.? LDGT4 link emissions in grams
HDGV2B §2-91 F10.? HDGV2B link emissions in grams
HDGV3 92-101 F10.? HDGV3 link emissions in grams
HDGV4 102-111 F10.7 HDGV4 link emissions in grams
HDGVS ‘112-121 F10.7. HDGVS5 link emissions in grams
HDGV6 122-131 F10.? HDGV6 link emissions in grams
HDGV7 132 - 141 F10.? HDGV?7 link emissions in grams
HDGVSA 142 - 151 F10.? HDGV8A link emissions in grams
HDGVSB 152 -161 F10.? HDGVSB link emissions in grams
LDDV 162-171 F10.? LDDYV link emissions in grams
LDDT12 172 - 181 F10.? LDDT12 link emissions in grams
HDDV2B 182 - 191 F10.? HDDV2B link emissions in grams
HDDV3 192 -201 F10.? HDDV3 link emissions in grams
HDDV4 202 -211 F10.? HDDV4 link emissions in grams
HDDVS5 212-221 F10.2 HDDVS5 link emissions in grams
HDDV6 222-231 F10.? HDDV6 link emissions in grams
HDDV7 232-241 F10.7 HDDV7 link emissions in grams
HDDVSA 242 -251 F10.7 HDDVS8A link emissions in grams
HDDVSB 252 -261 F10.? HDDV8B link emissions in grams
MC 262 -271 F10.2 MC link emissions in grams
HDGB 272 -281 F10.? HDGB link emissions in grams
HDDBT 282 -291 F10.? HDDRBT link emissions in grams
HDDBS 292 -301 F10.? HDDBS link emissions in grams
LDDT34 302-311 F10.? LLDDT34 link emissions in grams
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Facility Type Codes for BPA Link Emissions

Facility Group Facility Type (Code and Name)
1. Interstate Highway - 10
IH and Freeway 2. Freéway - main lanes only
3. Parkway*
9. Divided Principal Arterial
10. Divided Principal Arterial with Left Turn Bay
Principle Arterial Divided

12. Divided Principal Arterial with Parking**

13. One Way Principal Arterial

Principle Arterial Undivided

14. Undivided Principal Arterial

15. Undivided Principal Arterial with Left Turn Bay

16. Undivided Principal Arterial with Continuous Left Turn

Minor Arterial Divided

17. Divided Minor Arterial

18. Divided Minor Arterial with Left Turn Bay

20. Divided Minor Arterial with Parking**

21. One Way Minor Arterial

Minor Arterial Undivided

22. Undivided Minor Arterial

23. Undivided Minor Arterial with Left Turn Bay

19. Undivided Minor Arterial with Continuous Left Turn

32. Undivided Minor Arterial with Parking**

Frontage Road

28. Frontage Road 1-way

33. Frontage Road 2-way

Ramp

29. Ramp

Collector

24. Divided Collector

26. Divided Collector with Left Tum Bay

25. Undivided Collector

31. Undivided Collector with Continuous Left Tum

27. Gravel/Dirt Collector

Local

30. Centroid Connector

0. Intrazonal

* Parkway is a Freeway without any supporting Frontage Roads.
** Denotes allowable parking which obstructs a normal traffic flow lane.
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Emissions Sub-Component Type

Sub-Component Abbreviation Comments

COMPOSITE Total emissions
EXH_RUNNING Exhaust running emissions
START Start emissions

Hot_Soak Hot Soak VOC emissions
Diurnal Diurnal VOC emissions
Rest_Loss Resting loss VOC emissions
Run Loss Running loss VOC emissions
Crankcase Crankcase VOC emissions
Refueling Refueling loss VOC emissions
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TTI EMISSIONS ESTIMATION PROGRAMS

The following is a summary of the series of programs developed by TTI for developing link-
based, time-of-day, on-road mobile source emissions estimates for air quality analyses.

These programs produce emissions factors with the latest version of EPA’s MOBILE
emissions factor model, and apply them to travel model-based activity estimates to calculate
emissions at user-specified temporal and spatial scales. The location of emissions by grid, or
travel network link coordinates, may also be specified.

The emissions estimation programs are: PREPIN, POLFACS, RATEADJ6, RATEADIJIVG,
IMPSUMS, and SUMALL6. PREPIN prepares activity input, POLFAC6 prepares emissions
factor input, the RATEADJ programs make special adjustments to emissions factors when
required, IMPSUMBG calculates emissions by time period, and SUMALL6 summarizes emissions
at various levels by 24-hour period.

PREPIN

The PREPIN program post-processes travel model output to produce time-of-day-specific, on-
road vehicle fleet, link VMT and speed estimates for emissions inventory applications. The
PREPIN program was developed for use in urban areas that do not have all of the time-of-day
assignments and operational speeds available as may be required for air quality analyses of
particular temporal scales (e.g., hourly). For example, PREPIN reads a travel demand model
traffic assignment data set from a directional four period time-of-day assignment (another
common assignment read by PREPIN is the nondirectional or directional 24-hour assignment).
PREPIN initially scales the assignment volumes on each link to the appropriate VMT (seasonal,
day-of-week specific, for instance). Time-of-day (hourly, for example) factors (and directional
split factors, in the case of a nondirectional assignment) are applied to the adjusted assignment
results on each link to estimate the directional time-of-day travel on the link. Speed models,
originally developed for the Dallas/Fort Worth Region or optionally the Houston-Galveston
Region, are used to estimate the operational time-of-day speeds by direction on the links. Special
intrazonal links are defined (as intrazonal links are not a feature of travel demand models), and
the VMT and speeds for intrazonal trips are estimated. These VMT and speeds by link are
subsequently input to the IMPSUMS6 program for the application of MOBILE6 emissions factors.

POLFAC6 _

The POLFAC6 program is used to apply the EPA’s MOBILE6 program to calculate the on-road
mobile emissions factors. The MOBILEG6 emissions factors may be produced for each of 15
pollutant-specific emissions types (i.e., the composite, exhaust running, and exhaust start for
VOC, CO, and NOx rates plus the six sub-component VOC evaporative rates), 28 vehicle types,
four MOBILESG functional classifications (or drive cycles, i.e., Freeway, Arterial/Collector,
Local, and Ramp), 14 speeds (i.e., 2.5 mph, and 5 mph through 65 mph at 5 mph increments for
Freeway and Arterial functional classifications—MOBILESG local and ramp functional
classification rates are single speed only, 12.9 mph, and 34.6 mph, respectively), and each of the
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24 hours of the day. These emissions factors are tabulated individually by county and analysis
day for the evaluation year. These emissions factors are output to an ASCII file for subsequent
input to the IMPSUMG6 program. The IMPSUMS6 program is then used to apply the hourly
emissions factors to hourly VMT estimates by link. (POLFACS6 also optionally produces a set of
daily emissions factors.)

RATEADJ6

RATEADIJ6 is a special utility program that produces a new set of emissions factors by linearly
combining the emissions factors from multiple applications of POLFAC6. There is one set of linear
factors. Each factor is applied to all emissions rates in a single data set.

RATEADJV6

RATEADIJVG is a special utility program that produces a new set of emissions factors by linearly
combining the emissions factors from multiple applications of POLFAC6 or RATEADJ6. There
are 420 linear equations; one for each of 15 emissions types and 28 vehicle types.

IMPSUM6

The IMPSUMG program applies the emissions factors obtained from POLFAC6 (or from one of
the RATEADIJ programs, when used) and VMT mixes (fractions of fleet VMT attributable to
each vehicle classification in the study) to the time-of-day fleet VMT and speed estimates to
calculate emissions by the specified time periods. The five primary inputs to IMPSUM6 are:

e MOBILES6 emissions factors developed with POLFAC6 (or a RATEADIJ6, if used);

o abbreviated assignment results by link (for the subject time period), developed using the
PREPIN program. (The PREPIN program allows the user to estimate the VMT and speed
on each link by time period.) For each link, the following information is input to
IMPSUM: county number, roadway type number, VMT on link, operational link-speed
estimate, and link distance;

e VMT mix by time period, county and roadway type;
o X-Y coordinates; and

¢ data records associating the MOBILES drive cycle (Freeway, Arterial, Local, Ramp)
emissions factors (or percentages thereof) to specific travel model functional
classifications. These MOBILES6 drive cycle emissions factor percentages (valid from
zero to 100) must sum to 100 percent for each travel model functional classification.

Using these input data, the VMT for each link is stratified by MOBILES drive cycle and the
28 vehicle types. The MOBILES6 emissions factors matched to link-VMT by drive cycle and
vehicle type are interpolated (for the link speed that falls between the 14 MOBILEG6 speeds; see
the MOBILES interpolation methodology below) and multiplied by the link VMT to estimate the
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mobile source emissions for that link. Emissions factors for 65 -mph are used for links with
speeds greater than 65 mph and emissions factors for 2.5 mph are used for links with speeds
lower than 2.5 mph. The emissions for the county and emissions type are reported by both
roadway type and vehicle type (i.e., cross classified by roadway type and vehicle type) for each of
the subject time periods. A data set is produced for subsequent input to the SUMALL6 program.
X-Y coordinates are optionally used to produce gridded emissions. Also, link emissions may be
written by county. The link emissions are for 15 emissions types and 28 vehicle types and include
the “A” node and “B” node (endpoints) of the links for which X-Y coordinates may be obtained.

Example Emissions Factor Interpolation

To calculate emissions factors for average operational link speeds that fall between two of the 14
MOBILEG speed bin speeds, MOBILEGS interpolates each emissions factor using a factor
developed from the inverse link speed and the inverse high and low bounding speed bin speeds
(Section 5.3.4, MOBILES6 User’s Guide, January 2002).

Using the MOBILESG emissions factors tabulated by the 14 speeds, the IMPSUMS6 program
- uses the MOBILE6 method to interpolate emissions factors as shown in the following example.
This example interpolates an emissions factor corresponding to an average link speed of 41.2
mph.

A tab-delimited output is optionally produced. This output has all 28 vehicle types (or eight
vehicle types in the compressed format) across a single output line. Each field in the output is
separated by a tab character.

The interpolated emissions factor (EFy,,,) is expressed as:
EF e = EFpouspect = FACerp % (EF owspeed = EFmighspeea )
Where:
EF) juspeea = e€mission factor (EF) corresponding to tabulated speed below the average
link speed,

EFyigmspees = EF corresponding to tabulated speed above the average link speed, and

1 1 1 1
FAC = - -
fnterp ( Speediink Speedzow) / [ Speedhign Speedzow)
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Given that:

EF guspees = 0.7413 g/mi,
EFignspees = 0.7274 g/mi,
Speed,, 41.2 mph,
Speed,,, = 40mph,
Speedy;,, = 45 mph

i ( 1 1 ) [ 1 1 )_—0.00073__026214
e~ | 412mph  40mph 45mph  40mph)  -000278 ’

EF

0.7413 g/mi - (0.26214) x (0.7413 g/mi - 0.7274 g/mi)

Interp

0.7377 g/mi

SUMALLG6 ,

The SUMALLS program is used to sum the emissions estimates for the time-of-day periods (e.g.,
24 periods in the case of hourly analyses) to develop 24-hour emissions estimates. The emissions
by pollutant type are reported by roadway type and 28 vehicle types (or optionally condensed to
eight vehicle types). '

A tab-delimited output is optionally produced. This output includes all 28 vehicle types (or
eight vehicle types in the compressed format) across a single output line. Each field in the output

is separated by a tab character.

The overall emissions estimate process flow is shown in the diagram below.
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APPENDIX C
DIRECTIONAL SPLIT ESTIMATES

67







“Ixa3 o
JO ¢ S[qRL UI UMOYS ST uone[aL0o adA1 AJIjIo8]-03-U0lEILIISSe[o euoouny oy, ‘2dA) AJIoey uo paseq s JuSUIUSISSe OIjJel JIom1aUu INAL Vdd L661 YL

0'0L 0'0L 0'SL 0'89 0°89 0'1L 01L 0'0L 0'8L Jeay 9
0°L9 0°L9 $'29 099 0°99 0'89 0'89 0's9 0'08 aguLl] ueqingng ¢
0’19 0’19 S99 0'v9 0'v9 0'S9 0°$9 0’19 0'CL ueqngng
0°09 0°09 0'ts 0°8¢ 0'8¢ 029 029 0°09 0'S8 ueqif) ¢
0°0¢ 0°0¢ 0'¢9 0'6S 0'6S 009 009 0'0S 0°L8 e3ulI Q4D T
0'0S 0'0S S$v9 0'8S .0'8¢ 0'59 0°99 0'0s 0'vs adorl
N—— e
sy | F8 | soronop | ity | iy | oy | oy | At | oo
JOUIA JourAl odpug | opdputrg :
6 8 L 9 S p 3 1 0 SEJAL VIIV
SNOILLVOIAISS VIO TVNOLLONA

soyempsy NAS [eUonIAIq POLIdI-HEd NV

69



0°¢s 0°€es 0'vs 0'8¢ 0'8S 0°SS 0SS 0'¢es 0'cs [eany 9
0’16 0'1¢ ovs 0°LS 0°LS 0'9¢ 0°9S 0’18 0'€es a5uLl] UegInqus ¢
0'1s 0'1¢ 0°LS 0°9¢ 0'9¢ 0°LS 0'LS 0'1s 0SS ueqInqng
0'€s 0'es 0°Zs 0'zZs 0'Ts 0°0S 0°08 0'€s 0'SS ueqif) €
0’18 0'1¢ 0°€s 0'sS 0°SS 0'vS o'vs 0'1s (148 e3uLy A9 T
0’18 01§ 49 0°sS 0'ss 0°SS 0'ss 0'1¢ 0'vs adgo 1
R e e e e
duwg | 208 | oo | iy | oy | ey | moy | e | oeomed
Jourgy Jourpy aidounly | srdoulg :
6 8 L 9 S v 3 1 0 SIJAL VIAV
SNOLLVDIAISSVID TYNOILONNA

soyempsy ds [euonssn (red-130) WSILIAQ pue Aeq-PIA

70




0's9 0°S9 0'0L 0°€9 0'¢9 0'99 0'99 0'S9 0'1L eIy 9
099 099 0'L9 0'v9 0'v9 0'¢9 0°¢9 0'99 0'1L o3uLL] UBqQINgng §
0°L9 0°L9 $'Z9 0°S9 0'S9 009 0°09 0°L9 0L ueqnqng
0'9¢ 09¢ 089 0'v9 0v9 0°LS 0LS 0°9$ 0CL ueqlf) ¢
0'¥S (14 Sv9 0'es 0'¢s 0'6S 0'6S 0vs 0'CL a3uL QgD T
0'vs 0'vs S'LS 0°cs 0°cs 029 029 0'vs 0°ss adgaol
dury | FOU | ooon | eponry | oy | Wy | ey | AT | sowouo)
JourgAl JOUIAl aiduny | spdpuny ’
6 8 L 9 S b 3 i 0 SAJAL VIYV

SNOILVOIAISSVID TVNOLLONNA

‘soyempsy 1S [EUORIAIQ POLIDI-NEIT N

71






APPENDIX D _
CAPACITY FACTORS AND SPEED FACTORS
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Capacity Factors

Regional Area Type
Facility
Type* CBD CBD Fringe Urban Suburban | Suburban Rural
: Fringe

1 0.1034 0.1063 0.0942 0.1185 0.1330 0.1905
2 0.1034 0.1063 0.0942 0.1185 0.1330 0.1905
3 0.1034 0.1063 0.0942 0.1185 0.1330 0.1905
9 0.0724 0.0811 0.0903 0.1043 0.1351 0.1416
10 0.0724 0.0811 0.0903 0.1043 0.1351 0.1416
13 ,0.0724 0.0811 0.0903 0.1043 0.1119 0.1231
14 0.0685 0.0775 0.0870 0.1007 0.1077 0.1151
15 0.0685 0.0775 0.0870 0.1007 0.1077 0.1151
16 0.0685 0.0775 0.0870 0.1007 0.1077 0.1151
17 0.0809 0.0902 0.0969 0.1261 0.1543 0.1667
18 0.0809 0.0902 0.0969 0.1261 0.1543 0.1667
19 0.0769 0.0873 0.0943 0.1059 0.1140 0.1227
20 0.0809 0.0902 0.0969 0.1261 0.1543 0.1667
21 0.0809 0.0902 0.0969 0.1261 0.1543 0.1667
22 0.0769 0.0873 0.0943 0.1059 0.1140 0.1227
23 0.0769 0.0873 0.0943 0.1059 0.1140 0.1227
24 0.0750 0.0848 0.0962 0.1146 0.1280 0.1438
25 0.0727 0.0833 0.0978 0.1190 0.1350 0.1544
26 0.0750 0.0848 0.0962 0.1146 0.1280 0.1438
27 0.0727 0.0833 0.0978 0.1190 0.1350 0.1544
28 0.0482 0.0541 0.0579 0.0667 0.0721 0.0769
29 0.0726 0.0811 0.0865 0.1007 0.1306 0.1327
30 0.1000 0.1000 0.1000 0.1000 0.1000 0.1000
31 0.0727 0.0833 0.0978 0.1190 0.1350 0.1544
32 0.0769 0.0873 0.0943 0.1059 0.1140 0.1227
33 0.0719 0.0815 0.0871 0.0984 0.1287 0.1324

* See facility type name/number key at end of appendix.
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Key to Facility Types

1 Interstate Highway . 10

2 Freeway - mainlangs only

3 Parkway

9 Divided Principal Aerial

10 Divided Principal Argerial with Left Turn Bay
12 Divided Principal Argerial with Parking

13 One-Way Principal A rterial

14 Undivided Principa] Arterial

15 Undivided Principal Arterial with Left Turn Bay
16 Undivided Principal Arterial with Continuous Left Turn
17 Divided Minor Atter al

18 Divided Minor Atterj al with Left Turn Bay

19 Undivided Mino1 Arterial with Continuous Left Turn
20 Divided Minor Arterj al with Parking

21 One-Way Minor Axierial

22 Undivided Minor Arterial

23 Undivided Mino1Arterial with Left Turn Bay
24 Divided Collector

25 Undivided Collecioy

26 Divided Collector wigh Left Turn Bay

27 Gravel/Dirt Collectyr

28 Frontage Road One.Way

29 Ramp

31 Undivided Collectorwwith Continuous Left Turn
32 Undivided Mino1 At erial with Parking

33 Frontage Road Two. Way
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APPENDIX E
BPA AUGUST 2000 EPISODE DAY HOURLY TEMPERATURES
INPUT TO MOBILE6
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BPA County August 2000 Episode Day Hourly Temperatures (degrees F) Input to
MOBILE6

Central Daylight (Local) Time (calendar day temperatures; ordered as 6 a.m. to 12 am., 12 am.
to 6 am.)

County Codes Key:
HARD = Hardin
JEFF = Jefferson
ORAN = Orange
AUG22

HARD

HOURLY TEMPERATURES: 77.8 78.0 80.6 83.6 86.8 86.7 83.1 81.3 86.4 90.7 88.1 87.9 88.0

~ 86.884.681.377.977.376.8 81.7 81.0 80.4 78.8 78.1

JEFF -
HOURLY TEMPERATURES: 77.6 79.1 82.3 84.8 86.1 83.7 81.2 84.3 87.5 88.2 87.2 87.2 86.4
84.6 82.279.377.576.576.078.778.077.671.577.2

ORAN
HOURLY TEMPERATURES: 74.9 75.9 79.0 82.9 86.9 85.0 79.1 84.5 89.3 87.8 84.1 84.5 84.9
83.578.075.174.974.8 74.6 76.9 76.2 75.7 15.6 74.9 '

AUG23

HARD

- HOURLY TEMPERATURES: 75.7 75.6 77.0 79.3 81.9 81.5 80.5 84.4 85.5 84.9 86.4 87.4 87.1
86.5 84.5 83.1 81.4 80.3 79.9 76.4 76.6 76.5 76.2 76.2

JEFF
HOURLY TEMPERATURES: 75.6 76.1 77.8 79.7 81.6 83.6 84.0 83.5 84.4 85.7 86.6 86.9 85.8
83.7 82.2 81.3 80.1 79.1 78.5 76.4 76.9 77.2 77.0 76.0

ORAN '

HOURLY TEMPERATURES: 72.9 73.4 76.0 80.2 83.9 86.1 84.5 79.9 80.2 83.6 85.6 86.7 86.1
83.580.578.777.476.576.074.474.173.773.273.0
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AUG24

HARD

HOURLY TEMPERATURES: 75.7 75.8 78.0 80.7 82.4 84.2 82.2 81.3 77.1 76.7 76.7 77.3 77.8
78.178.177.076.776.575.979.1 77.477.1 76.7 76.6

JEFF
HOURLY TEMPERATURES: 75.9 76.9 79.6 82.9 83.3 82.1 80.2 79.2 79.3 78.577.9 77.9 78.4
78.377.576.475975375.177.877.477.076.675.9

ORAN
HOURLY TEMPERATURES: 73.6 73.9 77.1 81.3 85.0 86.7 87.8 82.6 75.7 75.4 76.0 77.4 78.8
77.776.6 76.0 75.1 74.6 74.3 75.5 75.0 74.4 74.0 73.7

AUG25

HARD -
HOURLY TEMPERATURES: 73.9 74.3 76.1 78.7 80.7 82.9 85.6 89.6 91.2 92.0 92.4 91.2 88.8
86.3 83.8 82.0 80.8 79.4 78.7 75.4 75.1 74.6 742 73.5

JEFF
HOURLY TEMPERATURES: 74.5 75.7 78.8 81.8 83.3 85.4 87.8 90.0 91.4 91.6 90.9 89.4 87.2
84.481.379.878.978.077.174.674.774.474.073.9

ORAN
HOURLY TEMPERATURES: 73.4 74.1 75.4 78.3 82.2 85.0 88.290.591.1 91.992.4 91.4 89.4
86.182.580.579.577.576.373.875.174.573.873.4

AUG26

HARD

HOURLY TEMPERATURES: 76.4 76.2 77.7 80.0 83.4 86.2 89.3 91.0 92.9 92.6 93.4 92.3 90.1
86.7 83.8 82.0 80.8 79.7 79.6 78.0 77.577.2 77.1 76.7

JEFF
HOURLY TEMPERATURES: 74.8 76.1 79.3 82.2 84.8 87.2 89.3 91.2 92.0 92.4 92.0 90.5 87.9
84.4 81.6 79.8 78.9 78.0 77.7 76.3 75.7 75.0 74.4 74.5

ORAN
HOURLY TEMPERATURES: 72.9 73.9 77.0 81.4 84.4 86.8 89.3 91.2 92.6 93.4 93.5 92.4 90.0
86.1 82.5 80.279.0 77.3 77.1 75.575.0 74.3 73.6 73.0
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AUG27

HARD

HOURLY TEMPERATURES: 77.4 77.6 80.5 83.9 86.288.8 90.7 92.8 93.9 94.3 93.1 91.5 89.4
86.5 84.6 83.682.6 81.4 81.1 80.3 79.6 78.577.577.1

JEFF
HOURLY TEMPERATURES: 75.9 77.0 81.7 85.6 87.990.0 91.4 92.7 92.9 92.6 91.4 89.8 87.6
84.8 82.4 81.480.479.678.977.777.276.6 763 75.6

ORAN
HOURLY TEMPERATURES: 72.9 73.7 77.5 82.2 86.088.9 91.0 92.6 93.3 93.5 92.8 91.4 89.2
85.983.081.079.378477.576.575.274.873.6 72.8

AUG28

HARD

HOURLY TEMPERATURES: 77.6 77.3 79.8 83.3 86.989.0 90.8 92.6 93.6 92.7 92.6 92.1 89.6
86.7 84.3 82.7 81.6 80.4 79.0 80.2 79.0 77.9 77.8 77.7 |

JEFF
HOURLY TEMPERATURES: 75.9 77.0 81.5 85.8 88.990.592.1 92.6 92.8 92.4 91.8 90.5 88.0
84.8 82.180.579.278.678.278.277.476.776.2 758

ORAN :
HOURLY TEMPERATURES: 72.8 73.8 77.8 82.8 85.889.091.3 92.1 93.6 94.1 93.7 91.9 89.7
86.3 82.9 80.6 78.8 78.0 76.4 76.575.8 74.1 73.6 733

AUG29
HARD

HOURLY TEMPERATURES: 77.0 76.5 77.6 82.6 85.8 88.8 91.2 93.5 95.3 96.0 97.3 96.6 92.6
88.9 85.8 83.782.4 81.3 80.0 78.4 77.777.376.9 770

JEFF
HOURLY TEMPERATURES: 75.3 76.6 80.3 84.0 86.989.591.7 93.8 94.8 95.2 94.8 92.7 89.5
85.9 83.0 81.3 80.3 79.1 78.5 77.3 76.6 76.0 75.4 74.7

ORAN

HOURLY TEMPERATURES: 73.0 73.4 77.7 82.2 85.588.6 91.4 93.5 95.6 97.1 97.7 97.0 93.3
88.6 85.4 83.3 81.9 80.2 78.6 75.9 74.8 74.0 73.6 73.1
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AUG30

HARD

HOURLY TEMPERATURES: 77.5 77.6 79.5 82.7 86.3 89.8 92.9 95.7 98.1 100.0 101.4 101.8
101.596.590.9 87.4 85.6 84.2 83.0 79.9 78.5 78.8 78.2 77.5

JEFF
HOURLY TEMPERATURES: 75.8 76.6 79.7 83.7 87.9 91.5 95.0 97.4 99.4 100.5 100.6 99.7
96.691.3 87.0 84.6 83.3 82.2 81.7 78.1 77.7 77.0 76.1 75.7

ORAN
HOURLY TEMPERATURES: 74.8 75.5 78.2 82.7 87.6 91.5 95.3 98.2 100.5 101.8 102.3 101.3
99.193.2 89.7 86.9 84.6 82.5 81.6 77.1 76.6 76.4 75.5 75.6

AUG31

HARD

HOURLY TEMPERATURES: 80.4 80.0 81.9 87.4 91.7 95.7 98.4 101.2 103.4 105.0 103.7
100.4 100.9 97.7 94.8 92.0 89.9 88.1 87.2 82.7 82.1 81.5 81.2 80.0

JEFF .
HOURLY TEMPERATURES: 77.3 78.1 82.1 87.8 93.0 97.1 100.1 102.3 104.0 104.3 103.0
99.797.593.2 89.4 87.9 86.2 85.8 84.7 81.0 80.3 79.2 78.4 77.7

ORAN
HOURLY TEMPERATURES: 75.6 75.9 79.9 86.1 92.2 97.0 100.9 103.9 105.5 106.1 105.3
99.6 97.0 92.6 88.6 87.7 86.9 86.0 85.9 81.0 79.5 78.6 77.4 76.2

SEPO1

HARD

HOURLY TEMPERATURES: 80.8 80.6 83.2 86.2 89.5 93.0 95.1 977999 101.0 96.3 88.5
- 89.6 88.6 86.5 85.8 86.7 84.7 82.9 85.1 83.8 82.7 82.5 80.9

JEFF

HOURLY TEMPERATURES: 795797825857899935957974990983949892870
86.6 84.7 84.7 83.2 82.0 82.3 83.8 83.4 82.0 81.4 80.3

ORAN
HOURLY TEMPERATURES: 78.7 78.7 80.1 84.6 89.4 93.5 96.2 98.3 100.0 99.5 94.1 88.6
86.2 85.1 84.5-82.0 79.5 78.2 78.2 83.7 81.8 81.2 80.6 80.0
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APPENDIX F
BPA AUGUST 2000 EPISODE DAY
ABSOLUTE HUMIDITY INPUTS TO MOBILE 6
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Daily Absolute Humidity (grains water per pound dry air)

Highest hourly value which will not allow a relative humidity to exceed 100 for any hour of the

24-hour period (calculated by TNRCC).

County Codes Key:
HARD = Hardin
JEFF = Jefferson
ORAN = Orange
AUG22

HARD - ABSOLUTE HUMIDITY: 139.6
JEFF - ABSOLUTE HUMIDITY: 135.6
ORAN - ABSOLUTE HUMIDITY: 128.1

AUG23

HARD - ABSOLUTE HUMIDITY: 131.7
JEFF - ABSOLUTE HUMIDITY: 131.6
ORAN - ABSOLUTE HUMIDITY: 119.8

AUG24

HARD - ABSOLUTE HUMIDITY: 132.2
JEFF - ABSOLUTE HUMIDITY: 130.4
ORAN - ABSOLUTE HUMIDITY: 122.7

AUG25 )

HARD - ABSOLUTE HUMIDITY: 122.5
JEFF - ABSOLUTE HUMIDITY: 124.4
ORAN - ABSOLUTE HUMIDITY: 122.0

AUG26

HARD - ABSOLUTE HUMIDITY: 134.5
JEFF - ABSOLUTE HUMIDITY: 126.2
ORAN - ABSOLUTE HUMIDITY: 119.9

AUG27

HARD - ABSOLUTE HUMIDITY: 138.7
JEFF - ABSOLUTE HUMIDITY: 131.7
ORAN - ABSOLUTE HUMIDITY: 119.6
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AUG28

HARD - ABSOLUTE HUMIDITY: 139.6
JEFF - ABSOLUTE HUMIDITY: 132.4
ORAN - ABSOLUTE HUMIDITY: 119.6

AUG29

HARD - ABSOLUTE HUMIDITY: 135.8
JEFF - ABSOLUTE HUMIDITY: 127.9
ORAN - ABSOLUTE HUMIDITY: 120.4

AUG30 :
HARD - ABSOLUTE HUMIDITY: 140.6
JEFF - ABSOLUTE HUMIDITY: 132.3
ORAN - ABSOLUTE HUMIDITY: 128.0

AUG31

HARD - ABSOLUTE HUMIDITY: 153.0
JEFF - ABSOLUTE HUMIDITY: 139.8
ORAN - ABSOLUTE HUMIDITY: 131.8

SEP01

HARD - ABSOLUTE HUMIDITY: 156.2
JEFF - ABSOLUTE HUMIDITY: 150.2
ORAN - ABSOLUTE HUMIDITY: 144.1







