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MEMORANDUM
TO: Karla Smith-Hardison, TCEQ
David Hitchcock, HARC

FROM: Sam Weélls, Starcrest
Richard Billings, Heather Perez, Rick Baker and Paula Fields, ERG

DATE: November 15, 2004

SUBJECT: Summary of Houston/Galveston Area Railroad Data Collection and Model
Development

1.0 Overview

The objective of this project isto improve locomotive emission estimates for the
Houston/Galveston area. Recent studies have indicated that locomotive emission
estimates are associated with alarge degree of uncertainty because the data elements
needed to accurately cal culate emissions were often not readily available. Thereisalso
considerable error between estimates based on fuel consumption versus activity.
Currently, there are no state, federal, or local statues requiring railroads to provide the
necessary data to estimate emissions, although the Texas Commission on Environmental
Quality (TCEQ) does have a Memorandum of Understanding with the two class |
raillwaysin Texas. Inthe absence of system-wide requirements, stakeholders are
reluctant to spend time and resource compiling the necessary data.

In this project, Starcrest and ERG staff have consulted with the two most important
railroad companies servicing the Houston/Galveston area to provide as detailed data as
possible to develop accurate estimates of emissions from locomotives operating in the
area.

Initially, it was envisioned that the railroads would provide event recorder data to develop
profiles of the horsepower by throttle notch setting and locomotive speed for individual
rallway segments. Unfortunately, event recorder data has turned out to be difficult to
obtain and convert into aformat appropriate for thisinventory effort. Instead the two
major railroad companies Union Pacific (UP) and Burlington Northern Santa Fe (BNSF)
provided information by railway segment for their line haul operations, using the Gross
Ton-Mile (GTM) method. These line-haul aswell as switch locomotive data are
discussed in Section 2.2 and the submitted data are included in the Appendix.
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The railroad activity data elements were compiled into a Microsoft Access database along
with emission factors recently developed for the EPA’ s locomotive rulemaking.
Preliminary locomotive emission estimates for the Houston/Galveston area are
summarized in Section 2.3 of this memorandum.

The activity data elements and emission factors were compiled in terms suitable for the
development of alocomotive emission estimating model that can be used by different
shareholdersto estimate emissions. At this time, we anticipate that the model will
developed as an Access database. By using arelational database system, such as Access,
data tables can be easily updated to incorporate new activity data elements and emission
factors. A preliminary structure for the model is discussed in Section 2.3.

Section 2.4 discusses the steps that will be taken to finalize the model and provide and
appropriate training session, in support of the model.

In Section 3.0 of this report, there is a discussion of issues that need to be addressed in
the follow-on project to ensure that the model is developed correctly.

The references that support this memorandum are listed in Section 4.0.
2.0 Project Tasks
The following tasks were defined in the original scope of work:

1. Proof of Concept

2. Data Callection

3. Model Development

4. Final Model and Presentation/Training.

Each of these tasksis discussed in greater detail below, noting the current work status of
the task.

2.1 Proof of Concept

Originally it was anticipated that detailed data would be obtained from locomotive event
recorders. The event recorders are similar to “black boxes” used on jet airliners and
while their primary useis for safety, they do contain valuable data that can be used to
estimate air emissions. These event recorders track locomotive operating parameters
such as time stamp, throttle notch setting, horsepower, train speed, brake air pressure, and
avariety of other operational data elements. These data el ements were to be combined
with train count information and horsepower associated with individual locomative train
sets to accurately estimate activity and resulting emissions. This method was proposed
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by the Texas Transportation Institute’' s railway group because it would be a powerful way
to profile train trips by train type and route.

The introduction of event data recordersis arelatively new phenomenon, such that these
devices tend to only be found on the newer engines. Such devices are not used by any
UP trains operating in the Houston/Galveston area. An unknown number of BNSF trains
are equipped with these event recorders, but BNSF could provide only fuel consumption
data from the recorders. Even if every one of the trains were equipped with these
devices, the data recorders provide output in a format that must be manually converted
from proprietary software code into a compatible database format, which could become a
problematic and expensive undertaking. Because event recorder data were not directly
available for the Houston/Galveston area, an aternative approach to estimate locomotive
emissions was devel oped.

The revised approach encouraged the railroads to provide the necessary data el ements to
estimate emissions from locomotive directly from their GTM data. Though this approach
does not provide as detailed data el ements as might be obtained from the locomotive
event recorders, it still has provided sufficient information to estimate emissions by
railroad segment. Section 2.2 discusses this project’ s data collection efforts more fully.

It should be noted that one railway, BNSF, estimated fuel consumption estimates using
event recorder data. As such, the BNSF method is a hybrid approach. Thisisavast
improvement over the recent guidance known as the “ Carretto Method” because it clearly
shows the difference between light intermodal trains and heavy bulk trains. While the
other class| railways (i.e., UP and Kansas City Southern [KCS] and its affiliate Texas-
Mexico [T-M]) cited logistical problems in obtaining event recorder data, it may be
practical to incorporate a hybridized approach for all line-haul locomotive subtypes
within the next five years. Finally, some switch engine companies were able to estimate
time-in-mode throttle settings such as from computerized trip recorders (PTRA) or
manual survey methods (small switch companies).

2.2 DataCollection

This Houston Advanced Research Center (HARC) project focuses on compiling railroad
activity data elements for the eight Houston nonattainment counties. The two main class
| railroads operating in this area are UP and BNSF. In addition, KCS/T-M lease lines
over UP tracks and have some GTM in the Houston area. These railways provided
railroad activity data elements by segment in mid-September — the submitted data
elements are included in the Appendix.

Though the information provided by both railways is sufficient to estimate locomotive
emissions, the two data sets include very different levels of detail. For example, BNSF
data set disaggregates locomotive activity by the locomotive activity typeslisted in

Table 1, whereas UP assumes a single activity for all train types. Generally speaking, the
BNSF train types are by commodity and whether they are loaded or unloaded.
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Table1l. BNSF Locomotive Activity Codes

BNSF
Code L ocomotive Activity Type
Amtrak

Baretable Intermodal

Loaded Unit Coal

Lite Engine

Empty Unit Coal

Foreign Railroad Trains Over Bnsf

Loaded Unit Grain

Manifest(High Priority)

Deadhead Crew Moves

Not Used

Helper Service

Local Service

Manifest(Normal Priority)

Hours Of Service Relief Crews

Officer Specials

Intermodal Premium

Intermodal Guarantee

Road Switcher Service

Intermodal D-Stack

Transfer Service (Interchange Received/Delivered)
Unit(Not Grain Or Coal)

V ehicle(Auto)

Work Train

Empty Unit Grain

Y ard Engines

Priority Ups Intermodal

w| >

N|<|X|S|<|Cc|H|n|xlo|T|0o|Z|Z2|r|X|a|—|T|O|TMOO

The advantage of disaggregating activity by type isthe more appropriate fuel usage rates
can be associated with each activity. For example, loaded coal operations will have a
lower GTM/gal fuel usage value than unloaded coal operations.

As noted above, the UP data set aggregated all locomotive activities together, but the data
elements were disaggregated into smaller railway segments. The fact that railroad
companies compile activity data differently to meet their different business needsisan
important observation in devel oping the data structure for the model. The model should
be sufficiently flexible to include aggregated and disaggregated data. For data elements
that are disaggregated by locomotive activity typesit isimportant that the same codes be
used or acrosswalk table needs to be developed to link the submitted codes to the
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model’ s set of activity codes, for the time being we recommend using the BNSF codesin
the model.

It should be noted that neither submitted data sets included segment identification codes
that could not be matched to any of the publicly available GIS shape files. At thistimeit
will not be possible to generate emission estimates at the link level, although this goal is
presented below under Section 3.0 of thisreport. In order to do thisit will be necessary
for this research team to work with the railways to develop a crosswalk data file that
associates their segment codes to codes used in the Bureau of Transportation Statistics
(BTS) railway shapefile.

It should be noted that an entirely different method is used for estimating emissions from
the shortline and yard switch locomotives, based on the fuel consumption instead of
GTM. In addition to the class | railways which all have switching operationsin the
Houston-Galveston area, there are several independent companies that provide yard and
switch services. Many of the shuttle services are associated with exports (e.g., grain) and
imports (e.g., intermodal shipping containers) in addition to the petrochemical and energy
industries. For yard and short haul class 11/111 switching locomotives, data elements were
obtained by TCEQ and Starcrest from a variety of railway companies as summarized in
Table 2.

Table 2. Houston/Galveston Switch Engine Census

Railway Area Switchers

UP [Varies] 94
BNSF Casey 4
BNSF Dayton 4
BNSF Galveston 5
BNSF Houston 28
BNSF Pearland 8
BNSF Alvin 1
Texas City Terminal | Texas City 3
Galveston Railroad | Galveston 6
KCS/Texas-Mexico | Galveston 2
Rail Link Houston Ship Channel 3
Trans Global Houston Ship Channel 13
Farmland AMD [UNK] 6
Port Terminal Rail

AssoC. Houston Ship Channel 25
CANAC Pasadena 4
Total 206

Note: Farmland should be“ADM”, the massive Archer Daniels-Midland grainery concern in
Galveston, TX.
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Theline haul and yard data elements were compiled into a Microsoft Access database
table that allows for relatively easy inclusion into the model’ s database structure. The
model’ s preliminary data structure is discussed more fully in Section 2.3 of this report.

2.3  Mode Development

One of the most interesting aspects of this project is the integration of the submitted data
elementsinto a computer model that can generate spatially allocated emission estimates
and provide output filesin NIF 3.0 format. Spatial allocation is very important to the
ozone attainment modelers, and converting the data into the National Inventory Format
(NIF) for submitting emission statements to the EPA. The preliminary model is being
developed for use by staff from state and local agencies as well as railway companies to
accurately evaluate emissions from the operation of their locomotives.

The first step in developing this model is to use the submitted data to estimate emissions
for the Houston/Galveston area to ensure that appropriate and sufficient data were
provided and to gain insight on how the data should be organized in the model.

Line haul and switch locomotives will be handled separately in the calculation of the
emissions and the development of the model. After the emission estimates have been
developed a preliminary model structure will be proposed to HARC. This preliminary
model will include only the basic elements needed to estimate |ocomotive emissions.
Further refinements can then be discussed that incorporate additional details or add useful
features.

2.3.1 Houston/Galveston Annual Emission Estimates

To ensure that the railroad provided sufficient and appropriate data el ements to estimate
emissions, the submitted data elements were used to cal cul ate annual locomotive
emission estimates for the Houston/Galveston area (see Figure 1). This exercise also
provided useful insight about the different types of data elements that were submitted and
how they should be linked in the model to provide comparable emission estimates.

Emissions for both line-haul locomotive and switch engines are derived by applying the
emission factorsin Table 3 to the fuel usage data provided or estimated by the railroads.
Based on the fleet mix provided by UP, 88% of the current line haul fleet is Tier O or
earlier and 12% are Tier 1. The situation is similar for BNSF, with 95% of the fleet being
classified as Tier O or earlier and 5% of the fleet being Tier 1. For Yard locomotives UP
estimated that 47% of the switch enginefleet is Tier 0 and 53 % are Tier I. BNSF only
provided construction and rebuild dates for locomotives included in the TERP program,
therefore it was assumed that all of their switch locomotives were Tier O based on the
dates provided.
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Figure 1. Railroads of Houston/Galveston
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Table 3. Locomotive Emission Factors (g/gal)

L ocomotive Pollutants
type HC | CcO | NOXx | PM
Controlled emission rates for locomotives manufactured in 1973-2001 (Tier 0)
Line Haul 10 26.6 178 6.7
Switch 21 38.1 262 9.2
Controlled emission rates for locomotives manufactured in 2002-2004 (Tier 1)
Line Haul 0.8 26.6 139 6.7
Switch 21 38.1 202 9.2
Controlled emission rates for locomotives manufactured after 2004 (Tier 2)
Line Haul 54 5.0 103 3.6
Switch 11 7.3 152 4.3

Because class | line-haul and even switch engines are rotated throughout the country, our
initial estimates do reflect the general make up of the locomotive fleet based upon the
weighted average of locomotives that fall into selected “TIER” groupings. Unregulated
engines were manufactured prior to 1973. Enginesrebuilt after 1973 would fall into
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TIER O standards (it should be noted that some locomotives date back to 1949, and are
completely exempt from the EPA certification program). TIER 1 and 2 apply to
increasingly stringent emission standards implemented beginning in 2001 and 2004,
respectively. Note that over the next year, EPA is considering anew TIER 3 standard,
which could be incorporated into the model also.

As discussed above, line-haul data elements were provided by UP and BNSF railways
with different levels of detail. The UP data provided an estimate of GTM by railway
segment to which they applied to a system wide average fuel usage rate (1.305 gal/1000
GTM) to calculate fuel usage by segment.

BNSF provided similar data, but disaggregated it by locomotive activity type. Each
locomotive type had specific ton-miles per gallon factor that was applied to the ton
mileage data associated with individual railway links in order to estimate fuel usage by
link. The fuel usage rates ranged from 252 to 2643 gross ton miles per gallon, which
compares to UP' s system wide value of 766. The BNSF ton-mile per gallon factors were
developed from information obtained from data recorder.

The fuel usage for each railroad segment was applied to emission factors from Table 3
that were weighted to reflect the line haul fleet composition of Tier 0 and Tier 1
locomotives.

For switch engines it should be noted that some switchers operate within the confines of a
designated yard, but also do local “road switch” hauls outside their principal yards. The
data submitted by the railroad companies represent a census of switch engines, but does
not provide any additional insight to quantify off-site yard operations. Such activities
may aready be accounted for by the assumptions that we are using about locomotive
operations.

The UP data provided an estimate of the total annual hours of all locomotives operating
at agiven yard location. They then converted these hours of operation to 24 hour
equivalence and applied that fraction to the fuel consumption rate (226 gal per day * 365
days per year) provided in the U.S. EPA SIP Guidance. The other railways just provided
acount of yard locomotives for which it was assumed that their operation was 24 hours a
day, 365 days per year. We appreciate that such an assumption will overestimate actual
emissions, but may account for off-yard activities. The fuel consumption data elements
for UP were applied to emission factors obtained from Table 3, weighted to reflect the
Tier composition of their switch engines. All other yard locomotive fuel data elements
were applied to the Tier O switch engine emission factors to estimate their emissions.

The compiled emission estimates for line haul and switch engines are summarized in
Table 4 for annual emissions and Table 5 for daily emissions. Once the submitted
railway segment data are linked to individual railway segmentsin the BTS railway shape
file, then emissions can be summarized by individual counties. As discussed above, none
of the submitted data used the segment codes found in the BTS data set. Thisissue will
have to be addressed in the follow-on project.
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Table4. Houston/Galveston L ocomotive Annual Emission Estimates

L ocomotive Pollutants (tpy)
type HC CcO | NOXx PM

Union Pacific
Line Haul 205.8 548.6 3,575 138.2
Switch 54.5 99.0 597.9 23.9
Burlington Northern Santa Fe
Line Haul 25.6 68.1 450.9 17.2
Switch 95.5 173.2 1,191.2 41.8
Combined
Line Haul 231 617 4,026 155
Switch 150 272 1,789 66
Total 381 889 5,817 221
NEI Rev. 2002 478 1,176 11,585 148
% Difference 20.3% 24.4% 49.8% 49.3%

What isinteresting about these estimated emissions is that UP has approximately an order
of magnitude more tonnage traffic than BNSF and thisfact is reflected in the emission
estimates. What is particularly interesting is that for yard locomotives, UP has about half
of the locomotives, but because they provided hours of operation their 94 locomotives
eguate to only 17 full time (24 hours per day, 365 days per year) locomotives. For the
BNSF yard locomotive data set, hours of operation were not provided, such that it was
assumed that they operated 8,760 hours per year, which is probably an over estimation of
actual hours operations.

Table5. Houston/Galveston L ocomotive Daily Emission Estimates

L ocomotive Pollutants (tpd)
type HC CcO | NOXx PM

Union Pacific
Line Haul 0.56 1.50 9.79 0.38
Switch 0.15 0.27 1.64 0.06
Burlington Northern Santa Fe
Line Haul 0.07 0.18 1.24 0.05
Switch 0.26 0.47 3.26 0.18
Combined
Line Haul 0.63 1.68 11.03 0.43
Switch 0.41 0.74 4.90 0.24
Total 1.04 2.42 15.93 0.67
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These preliminary Houston/Galveston estimates are similar to the values that are included
in the EPA’ s revised 2002 National Emission Inventory (NEI) locomotive estimates for
the 8 counties that make up the Houston/Galveston area (to be released later this month).
The preliminary Houston/Galveston yard locomotive emissions were generaly very
similar to those reported in the revised 2002 NEI particularly for VOC/HC (11% higher),
CO (2% lower), and PM (4% lower). The notable exception was for NOy, which was
52% lower than the NEI emission estimate. Line haul emission estimates were
significantly lower for the preliminary Houston/Galveston emission inventory,
particularly for VOC/HC (50% lower), CO (45% lower), and NO, (120% lower). Once
we have successfully matched railway segmentsto available GIS shape files, we need to
check to see that al active railways lines are being reported in the Houston/Galveston
inventory. The NOy emissions are particularly troublesome for both yard and locomotive
source categories and will need further study during the follow-on project to ensure that
they are calculated correctly. PM emission estimates for line haul operations were
another exception as they were 12% higher in the preliminary Houston/Galveston
inventory than in NEI.

The NOy emissions are especially important to rate-of-progress, ozone attainment
modeling, and voluntary reduction programs such as the Texas Emission Reduction Plan
(TERP). The preliminary value of 5,817 tons per year of NO is roughly equivaent to 16
tons per day, which is similar to previous inventories conducted in 1994 and 2001 that
used the GTM approach.

2.3.2 LessonslLearned

Based on the review of the data provided by the railways and the development of this
preliminary Houston/Galveston locomotive emission inventory developed for this
memorandum, the following |essons were learned:

The model will need to be developed to accept aggregated data such as that
provided by UP or disaggregated train activity type data such as provided by
BNSF.

One of the railway companies requested that their data be classified as
confidential businessinformation (CBI). If we wish to honor this request,
distribution of a populated version of the model may be constrained to CBI
certified staff.

The model should also be able to adjust the emission factors based on the fleet
composition of Tier 0, 1, and 2 engines.

The model should retain all segment and train activity codes and crosswalk data
files should be developed that correctly link the data.

Thetrain activity codes will need to be matched with available SCC codes.
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Default parameters need to be developed to extrapolate the data to other railway
operations across the state.

Output from the model needs to be developed as GIS attribute tables to allow for
accurate spatial allocation of the emission estimates and summation at the county
level.

The model will need to be modified to reflect the effect on locomotive emissions
of state grant programs such as TERP, introduction of low sulfur diesel fuels, and
idle reduction programs.

Growth factors will need to be developed to alow for back-casting and fore-
casting based on readily available data.

The preliminary model presented in Section 2.3.3 of this memo will address some,
thought not all of the issues listed above due to time constraints associated with this
project.

2.3.3 Preliminary Model Structure

The preliminary model structure will consider line haul and switcher locomotives as two
separate components whose emission estimates will be compiled together in the later
stages of the model process.

For line haul operations, the following data tables will be devel oped:

Activity table

SCC matching table
Fuel usage table
Emission factor table
Emissionstable

GIS attribute table
NIF File Output

The data tables and their linkages are shown in Figure 2.

Two different activity tables will be developed to allow for the inclusion of generic or
train activity type data. It should be noted that data submitted by the railroad companies
need only be applied to the activity datatables. For the generic activity table the data
fields will be limited to the following:

Railway company

Y ear data represents

Fuel usage rate (gal/1000 GTM)
Fleet composition (% Tier 0, 1 and 2)
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Dataidentification code (Primary Key)
Segment identification code
GTM per segment

It should also be noted that the first four datafields will be entered only once for a
rallway company’s submittal. The remaining datafields will vary for each railway
segment reported.

For railway companies that provide more detailed data the following activity data
elements will be required:

Railway company

Y ear data represents

Fleet composition (% Tier 0, 1 and 2)

Data identification code (Primary key)

Segment identification code

Railway activity type code

Fuel usage rate (gal/1000 GTM) by railway activity type and segment
GTM by activity type and segment

Asin the previous activity datatable, the first three elements need only be entered once,
all other data elements will vary for the individual railway segments.

The railway activity codes will be matched to SCC codes included in the SCC table.
These SCC codes will be used later in generating output in NIF file format.

The fuel usage table will generate fuel usage estimates for each segment based on either a
generic fuel usage rate which will be applied to the GTM of the segment or for
disaggregated data, fuel usage rates specific for a given railway activity. These values
will be multiplied by the GTM associated with that activity for each segment. The fuel
usage table will contain the following datafields:

Data identification code
Fuel usage estimate

For generic data, the railway activity code will be noted as “generic”.
The emission factor table will include the emission factors noted in Table 3 above,
converted to pounds of pollutant per gallon of fuel used. In the future, other pollutants

can be added as long as they too are in terms of pounds of pollutant per gallon of fuel
used.
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Activity Table

Aggregated Data

* Railway Company

* Year Data Represents

e Fuel Usage Data

*  Fleet Composition

» Dataldentification Code

*  Segment Identification Code
e GTM Per Segment

Detailed Data

Rai lway Company

Y ear Data Represents

Fleet Composition

Data Identification Code
Segment Identification Code
Railway Activity Type Code
Fuel Usage Rate

*  GTM by Activity Type and Segment

!

Fuel Usage Table

o Dataldentification Code Emission Factor Table

¢ Fuel Usage Estimate

Emissions Table
* Dataldentification Code

Adjusted Emission Factors

¢ Emission Estimate

SCC Matching Table

A\ 4

GISAttribute Table
» Dataldentification Code * Railway Activity Code
*  Segment Identification Code e SCC Code
* Railway Company e GTM by Activity Code
e Yearthe Data Represent ¢ Fuel Usage Rate by Activity Code
e Fleet Composition e Tota Fuel Usage by Activity Code
*  Weighted Emission Factor ¢ Emission Estimate

NIF Output Files

Figure2. LineHaul Components of Railroad Model
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The emissions table, adjusts the emission factors to represent the fleet mix of the railway.
These adjusted emission factors are applied to the fuel usage values compiled in the fuel
usage table to estimate emission per railway segment. The emissionstable will include
the following datafields:

Data identification code
Adjusted emission factors
Emission estimate

The GIS attribute table will compile al relevant data for each segment, such that when a
user of thismodel clicks on any railway link, all of the associated datawill be presented.
Thiswill include the following data elements:

Data identification code

Segment identification code

Railway company

Y ear the data represent

Fleet composition

Weighted emission factor

Railway way activity code

SCC code

GTM by activity code

Fuel usage rate by activity code

Total fuel usage by activity code

Emission estimate

For yard locomotives many of the procedures discussed for line haul locomotive will be
applicable for this source category aswell. Aswith line haul operations, the following
data tables will need to be devel oped:

Activity table

SCC matching table
Fuel usage table
Emission factor table
Emissions table

GIS attribute table
NIF output files

The data tables and their linkages are shown in Figure 3.

Only one activity tableisrequired for switch locomotives. Again, it should be
emphasized that data submitted by the railroad companies need only be applied to the
activity datatables. For switch locomotive activity data the following elements will be
required:

Railway company

3453.00.002.001\TX RR Data Collection & Model Summary 14



Y ear data represents

Switch fleet composition (% Tier 0, 1 and 2)
Dataidentification code (Primary key)

Y ard identification code

Number of locomotives

Annual hours of operation

Asin the previous activity data tables, the first three elements need only be entered once,
all other data elements will vary for the individual yards that are reported.

Currently, thereis only one SCC for yard locomotives (i.e., 2285002010). This code will
be assigned to all switch locomotive emissions estimates.

The fuel usage table will generate fuel usage estimates for each yard based on the hours
of operation times the number of switch locomotives times the generic yard fuel
consumption rate provided in U.S. EPA SIP guidance. Where idle time reduction
programs are in place, the hours of activity can be adjusted to reflect the impact of this
control program. The fuel usage table will contain the following data fields:

Data identification code
Fuel usage estimate

Aswith the line-haul emission factor table, the switcher emission factor table will include
the emission factors noted in Table 3 above and will be converted to pounds of pollutant
per gallon of fuel used. In the future, other pollutants can be added as long as they arein
terms of pounds per gallon.

The emissions table includes adjusted emission factors to account for the fleet mix of the
switch engines. Where the composition of the switcher fleet has been changed by state
grant programs such as TERP, the vehicle fleet can be modified at this point to reflect
these improvements.

These adjusted emission factors are applied to the fuel usage values compiled in the fuel
usage table to estimate emission per railway yard. The emissionstable will include the
following datafields:

Data identification code

Adjusted emission factors
Emission Estimate
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Activity Table
e Railway Company
*  Year Data Represents
e Switch Fleet Composition
» Dataldentification Code
e Yard Identification Code
*  Number of Locomotives

e Annua Hours of Operation

\ 4

Fuel Usage Table
o Dataldentification Code Emission Factor Table

*  Fue Usage Estimate

\4

Emissions Table
* Dataldentification Code

¢ Adjusted Emission Factors

¢ Emission Estimate

SCC Matching Table

A

GISAttribute Table
* Dataldentification Code

*  Yard Identification Code

*  Railway Company

¢ Year the Data Represent

e Swticher Fleet Composition
e Weighted Emission Factor
* SCC Code

e Tota Hours of Operation

e Total Fuel Usage

*  Emission Estimate

A

NIF Output Files

Figure 3. Switch L ocomotive Components of Railroad M odel
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Aswith line haul operations, a GIS attribute table will be compiled with all relevant data
for each railway yard, such that when a user of this model clicks on any railway yard al
of the associated datawill be presented. Thiswill include the following data elements:

Data identification code

Y ard identification code
Railway company

Y ear the data represent
Switcher Fleet composition
Weighted emission factor
SCC code

Total hours of operation
Total fuel usage

Emission estimate

Both the line haul and yard data elements can be applied to GIS shape files of railway
segments and yard locations. These compiled data elements can be viewed using any
standard GI S software, such as Arc Explorer (available for free from
http://www.esri.com).

The NIF emission table data files will be provided as an output from the GIS shape files.
GIStoolswill be used to sum up railway emissions by SCC for each county using the
GlSraillway segment data overlaid with county boundary maps. This output file will be
developed using the current NIF standard for the emission table.

24  Final Model and Presentation/Training

After al of the modifications are made to the model’ s database structure, afinal beta
version of the model will be developed for testing and debugging. The beta version will
be provided to HARC on a CD-ROM which will also include a summary report of the
project and documentation of the model structure including information about the format
for input data. To allow railroad companies to download their data as a single batch file.

To ensure that the documentation meets HARC needs, adraft copy will be developed for
review by HARC and TCEQ staff. A final version of the documentation that is to be
included on the CD will be developed that incorporates HARC and TCEQ' s comments
and observations.

To facilitate correct usage of the model, the project is anticipating the need for a short
training session that explains the general structure of the model and provides hands on
exercises that demonstrate the functions built into the model. It ishoped that thistraining
session can be preformed remotely using an interactive webcast. This approach is a cost
effective method to demonstrate software models to a diverse collection of stakeholders
residing in different locations.
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Because the beta version has not undergone widespread testing, it may be necessary to
continued to provide support and debugging servicesto HARC. This continuation of
support will depend upon availability of future resources.

3.0 IssuesThat Need to Addressed in the Follow-on Project

Once the data structure is agreed upon, the data tables will have to be populated and
linked. At this point we have all of the data needed to populate these tables.

As discussed above, one of the most important activities that will need to be addressed in
the follow-on project will be associating the segment codes used in the data that have
been submitted to individual linksin the BTS' railway shape files. Thiswill alow usto
accurately assign emissions to the correct railway segments.

We prefer using the BTS data set asit includes GTM values for all other railway
segments in Texas, allowing us to extrapol ate the emission estimating approach discussed
in this memorandum to the rest of the state. These calculations can be performed as a
GIS shape file allowing emissions to be summed up to county level using appropriate
county boundary maps and generating output as NIF 3.0 files. This approach only
addresses line haul operations as the BTS data do not include activity or location datafor
yard operations.

Yardswill have to be identified by their latitude and longitude coordinates. This will
include active yards in the Houston/Galveston area as well as other parts of the state of
Texas.

When we actually develop the model, we need to decide on how best to quantify the state
and local control programs and pull this information into the model.

The pollutant list should also be reviewed, adding additional pollutantsif necessary. This
might include SOy or speciated PM and VOC emissions as individual HAP species.

4.0 References
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Smith-Hardison, TCEQ, Northern Santa Fe 2003 Locomotive Emission for Dallas/Fort
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Transportation Atlas databases 2002 Shape File Format, BTS-02-05. 2002.
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Appendix: Railroad Submitted Data



Burlington Northern Santa Fe Data



Michacl E. Clift. CHMM Burlington Northern Santa Fe
Maneger Environmenial Operations 4200 Deen Road
Fort Worth, Texas 76106
{817) 740-73506
FAX (817) 740-7250
Michael. Cliftie BNSF .com

September 14, 2004

Via Ovemnight Delivery

Ms. Karla Hardison
TCEQ Air Division
MC-164

12100 Park 35 Circle

Austin,

TX 78753

Re: BNSF 2003 Locomotive Emissions for Dallas / Ft. Worth and Houston / Galveston Area

Dear Ms. Hardison:

As requested by the TCEQ, BNSF is supplying locomotive fuel use and {leet data for the Dallas/
Ft. Worth and Houston / Galveston area for August 2003 to July 2004. Specifically, the data
request has been addressed as follows:

1.

(R I (]

i

9.
10.

11.

LH-1 — GTM by train type. Attachment A contains the total annual fuel burn data by
railroad line segment and train type. All foreign traffic, except Amtrak, is excluded.
Fuel burn data for foreign traffic has been estimated and is included in Attachment B
LH-2 — Fleet Mix. The BNSF locomotive fleet data is provided in Attachment C.

LH-3 - Number of locomotive trips. See Attachment A. Train trip times are not
available.

LH-4 — End point coordinates for line segments. See Attachment D

I.H 5-7 - Data calculation methodology. See Attachment E

SE-1 - Locomotive ID and main yard assignment. Scc Attachment F. Switch engines
are listed by yard in which they operate. Local and road switch engines are listed by the
city they operate out of. Locomotive ID’s are not provided.

SE-2 — End point coordinates for each railyard. Sce Attachment G.

SE-3 - Model year and locomotive certification. Model year is not available. It is
believed that all of the switch engines, except eight Motive Power units in Houston, are
excmpt from rebuild requirements.

SE-4  Switch engines under the TERP program. Sce Attachment H.

SE-5 Fuel use by switch engines. Not available. All switch engines in the Houston area
arc fueled via tank truck. The paperwork for the fuel delivery does not include the
locomotive being serviced. Switch engines in the Dallas area are fueled at fixed facilitics
and via tank truck. Again, no records to indicated fuel use for a specific locomotive are
available.

SE 6-7 - Calculations and event recorder data. BNSF switch engines are not equipped
with event recorders. No calculations on switch engine fuel use or emissions were
conducted.



Il you have any questions regarding this submittal, please contact me at the letterhead phone
number.

Sincerely,

Michael E. Clift
Manager Environmental Operations

Enclosurc
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DFW and Houston / Galveston Station Names for Air Emissions

County Line Segment
DFW

Tarrant 7500
951
485
Dallas 951
8010
1046
7509
Denton 1046
7500
Collin 1046

Houston Galveston

Brazoria 7500
7501

Fort Bend 7500
Galveston 7500
Harris 7501
492

Station Names

Crowley
AllAuto

FTWMPG2
Centerport

Towfiffiv
Avondale

East Tex
NJCT

Forest Ave
Lancaster

Bliss
South Irving

Hale
Cedar Hill

Frisco
Hebron

Alliance
Sanger

Frisco
Celina

Arcola
Angleton

Alvin
Mykawa

Arcola
Orchard

Algoa
Galveston

Mykawa
T&NO Jet

Tomball
Oak Forest

Longitude

UpP

97.35
97.32

97.33
97.04

97.4

96.78
96.75

96.9
96.94

96.86
96.96

06.82
96.86

97.35
897.16

96.82

896.78

95.46

95.25

95.3

95.46
95.75

85.17
94.83

95.3
95.32

95.61
95.43

Latitude

ur

32.57
32.98

32.77
32.81

32.97

32.75
32.59

32.95
32.81

32.71
32.58

33.15
33.02

33.01
33.36

33.15

33.32

295

29.42

29.61

29.5
296

204
29.29

29.61
29.69

30.09
29.81



Liberty 7502 Cleveland
Romayor
Montgomery 7502 Montgomery
Security
492 Ventura
Simmons

* unable to locate longitude and latituce
UP Union Pagcific

95.08
94.84

95.69
95.24

95.65
95.78

30.34
30.45

30.37
30.31

30.19
3043



Emissions Report Documentation:

This report contains information around the Houston/Galveston and Dallas/Ft. Worth, TX
areas. For the specific areas, see attached. This report does not contain foreign emissions
data on BNSF tracks, or BNSF emissions data on foreign tracks.

TRAFFIC PORTION:
Originally the source data was taken from Data Warchouse, Operating Model, Train
Events data, however; this data was scraped, as it was not able to get the small portions of
track that was requested. Therefore, the source data for the traffic portion was taken from
the Marketing database, which determines our annual traffic density, which was provided
by Brian Medart. The fields in the report which were taken from the traffic portion, are:

*Sub-Div - MP

*Timetable Direction

*Tram Type

Count of Train Symbol

Average Trains/Day

Sum of Gross Tons Train

Average of Gross Tons Train
*Indicates fields in both the Traffic portion and the Fuel portion of this report. Details for
the traffic portion of how this information was pulled, is as follows:

Data was pulled from August 2003 — July 2004, by the seven subdivisions requested

(Ft. Worth, DFW, Houston, Madill, Conroe, Galveston, Mykawa), and limited to the
mileposts (see the reports for the mileposts). System foreign traffic was excluded, as well
as, foreign train types. Weighted averages were used to calculate this information.

Count of Train Symbol was calculated by taking the sum of the train count, then take the
sum of the train count times the number of miles, then take the sum of the mile count,
then get a weighted count by dividing the sum of the miles count by the sum of the miles.

SUM_CNT =sum of TRN CNT

MILECNT = SUM_CNT * MILES

SUM MCNT = sum of MILECNT

WGT CNT =SUM_MCNT / SUM_MILE

Average Trains per Day is the above calculations then divide by 365 days per year.
TRN DAY = WGT CNT /365

Sum of Gross Tons Train was calculated by taking the sum of the train tons, then take the
sum of the train tons times the number of miles, then take the sum of the mile tons, then
get weighted tons by dividing the sum of the milc tons by the sum of the miles.

SUM_TON =sum of TON TOT

MILETON = SUM_TON * MILES

SUM_MTON = sum of MILETON

WGT_TON =SUM MTON /SUM_MILE

Average of Gross Tons Train is the above calculations dividing the weighted ton by the
weighted count.

AVG_TON = WGT TON/ WGT CNT




FUEL PORTION:
The source data for the fuel portion was taken from Data Warehouse, Operations Model,
Fuelburmn data. This data is taken from the trains, which have locomotive event recorders.
When fuel data was not available from a locomotive which was not equipped with an
cvent recorder, train modeling was used to compute the fuel usage. Information used for
the fuel portion of the Emissions Report is as follows:

*Sub-Div (without MP)

*Timctable Direction

*Train Type

Gross Ton Miles per Gallons

Gallons per Average Train

Total Annual Fuel
*Indicates fields in both the Traffic portion and the Fuel portion of this report. Details
for how the fuel portion of this information was pulled, is as follows:

Data was pulled from October 2003 — June 2004, by trains departing and ending within
cach of the seven subdivisions requested (Ft. Worth, DEW, Houston, Madill, Conroe,
Galveston, Mykawa).



BNSF TRAIN TYPE

N XsS<CHWDODUOZZM X" IOTNMMOUOD>

AMTRAK

BARETABLE INTERMODAL

LOADED UNIT COAL

LITE ENGINE

EMPTY UNIT COAL

FOREIGN RAILROAD TRAINS OVER BNSF
LOADED UNIT GRAIN
MANIFEST(HIGH PRIORITY)
DEADHEAD CREW MOVES

NOT USED

HELPER SERVICE

LOCAL SERVICE
MANIFEST(NORMAL PRIORITY)
HOURS OF SERVICE RELIEF CREWS
OFFICER SPECIALS

INTERMODAL PREMIUM
INTERMODAL GUARANTEE

ROAD SWITCHER SERVICE
INTERMODAL D-STACK

TRANSFER SERVICE (INTERCHANGE RECEIVED/DELIVERED)

UNIT(NOT GRAIN OR COAL)
VEHICLE(AUTO)

WORK TRAIN

EMPTY UNIT GRAIN

YARD ENGINES

PRIORITY UPS INTERMODAL
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To: KASMITH@tceq.state.tx.us

Cc: swells22@swbell.net; Paula Fields
Subject: BNSF Switch Engines in the Houston and DFW area
Karla.

Here is the info on the BNSF switch engines in the DFW and Houston / Galveston area.
Please let me know if you have any questions regarding this.

Mike

At Casey - 2 4 axle intermediate units (1799 -
2900 HP)

At Casey - 2 4 axle small units (1000 - 1799
HP)

At Dayton - 4 4 axle intermediate units {1799 -
2500 HP)

At Galveston - 2 4 axle intermediate units (1796 -
2900 HP)

At Houston - 14 4 axfe intermediate units (1799 -
2900 HP)

At Houston - 4 4 axle small units (1000 - 1799
HP)

At Houston - 8 6 axle 3000 HP units

At Pearland - 5 4 axle intermediate units (1799 -
2900 HP)

At Pearland - 3 4 axle small units {1000 - 1799
HP)

At Alliance TX - 11 4 axle intermediate units (179§ -
2900 HP)

At Ft Worth TX - 8 4 axle intermediate units (1799 -
2900 HP)

There are Locals and Road Switchers that run out of these terminals:

At Bay City (Local only) - 2 4 axle intermediate units (1799 -
2800 HP)

At Beaumont (Rd SW) - 3 4 axle intermediate units (1795 -
2900 HP)

At Galveston (Locals) - 2 4 axte smalil units (1000 - 1798
HP)

At Galveston (Locals) - 2 6 axle 3000 HP units

At Houston (Locals) - 2 6 axle 3000 HP units

At Rosenberg (Local only) - 1 4 axle intermediate units (1789 -
2900 HP)

At Alvin {Local only) - 1 4 axle intermediate units (1799 -
2900 HP)

At Ft Worth TX (Rd Sw) - 2 4 axle intermediate units (1799 -
2800 HP)

At Irving TX (Rd Sw) - 2 4 axle intermediate

units (1799 - 2900 HP)



Latitude and Longitude Coordinates of BNSF Yards in the DFW and Houston / Galveston
DFW Area

Yard County Latitude Longitude (degrees)
Alliance Denton 33.01 97.35
32.88 97.35
Saginaw Tarrant 32.84 97.35
32.82 97.35
North Tarrant 32.93 97.33

32.81 87.33

Houston / Galveston Area

Galveston  Galveston 29.30 94,82
29.29 94 .85
New South  Harris 29.73 8533
29.70 85.33
Casey Yard Harris 29.92 §5.52

29.91 95.50



DFW and Houston / Galveston Station Names for Air

2003 County

.. FRGN Line
Emissions
Gallons
County Line Segment | Mile Post | Station/County Line
DFW
Tarrant 7500 332.026|Johnson County Tarrant
) 362.673|Denton County 88,835 |
B 485 O|E. Ft. Worth
19.8468|Wise County
Dallas 851 n/a Dallas
n/a 2,968 .
8010 769.3|Forest Ave ]
785.439|Ellis County
1046 897.455|Denton County
700.09]MP 704, TX
7509 n/a
n/a
Denton 1046 687.518(Ccllin County Denton |
697.455|Dalias County 31,832
o 7500 363.673|Tarrant County
396.488(Cooke County
Colfin 1046 667.921)|Grayson County Collin
687.518|Denton County 1,304
Houston Galveston
Brazoria 7500 25.458|Galveston County Brazoria
41.8715|Fort Bend County 916,623
7501 afAlvin
12.3883|Harris County
|Fort Bend 7500 41.8715|Brazoria County Fort Bend |
79.6014|Austin County 199,764 |
Galveston 7500 5.3|Virgina Point, TX Galveston
25.458|Brazeria County 246,288
Harris 7501 12.3883{Brazoria County Harris |
| 19.482|New South Yard, TX 335,807
492 60.6|Shepard Dr, TX ]
87.0082|Montgomery County
Liberty 7502 90.2589[Montgomery County ~ Liberty
118.718|Hardin County 379
Montgomery)| 7502 47.1183|Grimes County Monigomery
90.2589|Liberty County 1,335
492 87.0092|Harris County ]
115.588|Grimes County




BNSF Switch Engines under TERP

Area County Type number built rebuilt
Silsbee GP38 BMSF|2210 1870 1984
1
Beaumont GP38 BNSF[2211 1970 1885
Beaumont GP38 BNSF[2233 1970 1985
Beaurnont GP7 BNSF|[1352 1952 1880
3
Longview GP38 BNSF|2213 1970 1984
Langview GP38 BNSF|2214 1970 1984
2
Alliance GP38 BNSF[2203 1970 1985
Alliance GP38 BhSF (2236 1870 1985
Alliance GP38 BNSF|2242 1870 1684
Alliance GP7 BNSF[1307 1852 1881
Alliance GPY? BN3F[1368 1852 1881
Alliance GPo9 BENSF}1842 1957 1878
Alliance GPg BNSF|1673 1956 1879
Altiance GPg ENSF (1684 1956 1980
i)
Cleburne GP50 BNSF[3132 1985
Cleburne GP50 BNSF|3163 1981
Cleburne SD40-2 BNSF|7824 1974
Cleburne SD40-2 BNSF 7825 1974
5
Fort Worth GP38 BMNSF[2210 1870 1984
Fort Worth GP38 BNSF|2215 1870 1985
Fort Warth GP38 BNSF|2217 1870 1684
Fort Worth GP38 BNSF[2238 1870 1885
Fort Worth GP50 BNSF|3155 1985
Fart Worth GP50 BNSF|3156 1985
Fort Worth GP50 BNSF[3181 1981
Fort Worth GP50 BNSF{3182 1981
Faort Worth 3D40-2 BNSF{7819 1977
Fort Worth sD40-2 BNSF(|7822 1974
Fort Waorth S040-2 BNSF|7823 1974
11
frving GP38 BNSF 2223 1970 1985
Irving GP38 BNSF (2224 1970 1985
Irving GP3s BNSF|2228 1970 1985
Irving GP38 BNSF {2231 18740 1385
Irving GP50 BNSF (3177 1681
Irving GP50 BNSF[3185 1881
5]
Venus GP50 BNSF|3133 1885
Venus GP50 BNSF|3134 1985
Venus GP5C BNSF|3187 1981
Venus GPs0 BNSF[3168 1881
Venus GPS50 BNSF[3170 1481
7
TOTAL 43




Union Pacific Data



September 16, 2004

MS KARLA SMITH-HARDISON

TEXAS DEPT OF ENVIRONMENTAL QUALITY
12100 PARK 35 CIRCLE

AUSTIN TX 78753

SUBJECT: LOCOMOTIVE INVENTORY AND ACTIVITY DATA FOR HGA AREA

Dear Ms. Smith-Hardison:

Enclosed please find locomotive inventory and activity data you have requested from Union Pacific
Railroad for the Houston-Galveston area. Your request and our response regarding the data are
shown below:

Line Haul data:

LH-1 Gross ton-miles (GTM) by train type.
Response: Gross ton-miles are not available by train type. Gross-ton miles and limits of
track segments within county boundaries are generated from data generated provided by
UPRR Engineering Department. We have provided gross ton-miles for the requested
counties, as well as estimated emissions based on US EPA factors.

Reference: US EPA Office of dir and Radiation, Technical Highlights - Emission Factors for
Locomotives EPA420-F-97-051 Dec. 1997 (Table 3).

LH-2 Fleet mix (percentage trips for unregulated, TIER 0, TIER 1, TIER 2 engines).

Response: Due to the transcontinental nature of our fleet, this information is not available
Jjor any particular segment of track or regional area; we have provided a breakdown of our
Jleet as found irn our Annual Report R-1 to the Surface Transportation Board for the year
ending December 31, 2003.

Locomotive Type As of 12/31/2003
Pre-1973 Unregulated 470
Pre-2000 Wot Rebuillt 4,478
Tier O 1,375
Tier 1 794
Tier 2 0
Test/Experimental* 5
TOTAL 7,120

LH-3 Number of locomotive trips by mainline track, annual and/or typical day and times.

Response: Not available in the format requested; we have enclosed 4" Quarter 2003 maps
Jfrom our Network Design department as a typical example of similar information.

M. J. (Jon} Germer
Manager Environmental Field Operations

UNION PACIFIC RAILROAD

1400 Bouglas Street, STOP 1030, Omaha, Nebraska 68179-1030
ph. (402) 544-2235  fx. (402) 233-3004

mjgermer@up.com



LH-4

LH-5

LH-6

LH-7

End point coordinates (latitude and longitude) for each track segments
Response: We have enclosed a map of the PMSA o assist you in determining this data.

Estimate of burn rate (i.e., GTM per galion of diesel) by train type, with documentation of
how burn rate was calculated.

Response: Burn rate by train type is not available.

Discussion of how data from 1 - 5 were compiled, references, etc.

Response: See LH-1through LH-5, above

Discussion of how event recorder data was, could, or might be incorporated into the results.

Response: Event recorder is not incorporated in results. UP does not track burn rate,
tonnage, or event data by train fype. Event recorders are not present on many locomotives,
notwithstanding the download technology issues and the proprietary nature of this data.

Switch Engine data:

SE-1

SE-2

SE-3

SE-4

SE-5

SE-6

SE-7

Locomotive D) and main switch yard of operation

Response: The actual pool of locomotives available for duty at any given location is based
not upon locomotive identification number, but rather by horsepower required to perform the
required jobs.

Centroid coordinates (latitude and longitude) or address for each switchyard
Response: We are working to provide addresses as soon as practicable.

Meodel year, locomotive certification TIER by engine ID

Response: There are currently 50 Tier I switch locomotives, and no Tier 2 switch
locomotives. It likely the remainder are all non-regidated,; however, a few switch
locomotives in the fleet may have been rebuilt to Tier 0, although pools vary daily.

Whether the engine is subject to a TERP grant (indicate technology if yes)
Response: None of the locomotives currently operating in the HGA are subject to a TERP
agreement.

Gallons of annual fuel consumption by engine ID, with method described

Response: Based on transportation plan, i.e., number of assigned days/week and hour/day,
and using US EPA estimate of 82,490 gallons/vear if operated 24x7x365, fuel consumption is
based on switcher "24 hour equivalents”. See attached worksheet for methodology.

Discussion of how data from 1-5 were compiled, emissions calculated, references, etc,
Response: See SE-5, above.

Reference: US EPA Procedures for Emission Inventory Preparation - Vol IV: Mobile
Sources; Publication EPA420-R-92-009, December 1992, p. 207

Optional: annual hours of operation and/or event recorder data (may be required for TERP
grant engines), typical schedule for day and time.
Response: Not available.

Total emissions estimates (in tons) for the subject area are as follows:

HC CO NOx PM
248.25 035.72 . 5,412.90 157.77



We have made every effort to provide the data you requested, given the cepabilities of our systems.
Please consider and handle all of the enclosed attachments as confidential business information.

If you have questions, please contact me at telephone 402-544-2235 or via electronic mail at
myjgermer(@up.com

Sincerely,

M. I. (Jon) Germer

/mjg
Encl.

CC:  Lanny Schmid
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HGA YARD JOBS

* Annual Fuel Usage based on EPA factor of 226 gal/day (see Note 3 below)

. No. of Days Days Hours Hours 24 Hr Annual
State Job County City Locos | per \A:"eek per ‘:'Iear per Day | per Year | Equivalent | Fuel (gal)*
TX  |YGAG4 GALVESTON |GALVESTON 1 5 260 7.0 1820 0.21 12,208
TX |[YGVSS GALVESTON |GALVESTON 1 5 260 8.0 2080 0.24 13,852
TX |YBS39 HARRIS BASIN YARD 2 5 260 3.0 780 0.18 10,464
TX  {YBS80 HARRIS BASIN YARD 1 5 260 12.0 3120 0.36 20,928
TX  |YBS88 HARRIS CONGRESS YARD 1 5 260 11.5 2990 0.34 20,056
TX |YEWO04 HARRIS ENGLEWOOD 1 7 365 8.0 2920 0.33 27,497
TX |YEWILL HARRIS ENGLEWOOD 2 7 365 8.0 2520 0.67 54,593
TX |YEW12 HARRIS ENGLEWOQD 2 7 365 8.0 2520 0.67 54,593
TX  IYEW13 HARRIS ENGLEWOOD 1 5 260 7.5 1550 0.22 13,080
TX [YEW16 HARRIS ENGLEWOOD 2 7 365 8.0 2920 0.67 54,993
X |YEWL? HARRIS ENGLEWOOD 2 7 365 8.0 2920 0.67 54,993
X |YEW1S HARRIS ENGLEWOOD 2 7 365 8.0 2920 0.67 54,993
TX |YEW21 HARRIS ENGLEWOOD 2 7 365 8.0 2920 0.67 54,993
TX  |YEWZ22 HARRIS ENGLEWOOD 2 7 365 8.0 2920 0.67 54,993
TX  |YEwz4 HARRIS ENGLEWOOD 1 7 365 8.0 2920 0.33 27,497
X IYEW25 HARRIS ENGLEWOOD 2 7 365 8.0 2920 0.67 54,993
TX |YEW26 HARRIS ENGLEWOOD 2 7 365 8.5 3102.5 0.71 58,430
TX |YEW28 HARRIS ENGLEWQOD 2 7 365 B.0 2920 0.67 54,693
TX [YEW29 HARRIS ENGLEWOCD 1 7 365 8.0 2920 0.33 27,497
TX [YEW31 HARRIS ENGLEWOCD 2 7 365 8.0 2920 0.67 54,993
TX |YEW32 HARRIS ENGLEWOCD 2 7 365 12.0 4380 1.00 82,490
X [YEW33 HARRIS ENGLEWOOD i 5 260 8.0 2080 0.24 13,952
TX |YEW35 HARRIS ENGLEWOOQD 2 7 365 8.0 2920 0.67 54,993
TX |YEW36 HARRIS ENGLEWOOQD 2 7 365 8.5| 3102.5 0.71 58,430
TX |YEW37 HARRIS ENGLEWOQD 2 7 365 8.0 2620 0.67 54,993
X |YEW38B HARRIS ENGLEWOOD 2 7 365 9.0 3285 0.75 61,868
TX |YHS5S HARRIS EUREKA YARD 1 5 260 8.0 2080 0.24 13,852
™ |YGP13 HARRIS GALENA PARK 2 7 365 7.5| 2737.5 0.63 51,556
TX |YGP54 HARRIS GALENA PARK 2 5 260 8.0 2080 0.47 27,904
TX |YGP55 HARRIS GALENA PARK 2 7 365 8.0 2920 0.67 54,993
X |YGP63 HARRIS GALENA PARK 2 5 260 8.0 2080 0.47 27,904
X IYGP64 HARRIS GALENA PARK 2 7 365 8.0 2920 0.67 54,993
TX  1YHS52 HARRIS HARDY 1 7 365 8.0 2920 0.33 27,497
TX [YHS53 HARRIS HARDY 1 5 260 9.0 2340 0.27 15,696
TX |YHS53B HARRIS HARDY 1 2 104 9.0 936 0.11 2,511
TX [YHS71 HARRIS HARDY 1 6 312 12.0 3744 0.43 30,137
TX [YHOL0R JHARRIS HOUSTCN 2 7 365 8.0 2820 0.67 54,993
TX |YHOLIR |HARRIS HOUSTON 2 7 365 8.0 25820 0.67 54,993
TX |YHO12R [HARRIS HOUSTON 1 7 365 9.5 34675 0.40 32,652
TX |YHO13R [HARRIS HOUSTON 2 7 365 8.0 2920 0.67 54,993
TX |YHO14R {HARRIS HOUSTON 2 7 365 8.0 2920 0.67 54,593
IX _|YHO15R |HARRIS HOUSTON 2 7 365 8.0 2620 0.67 54,993
X |YHO20R [|HARRIS HOUSTON 2 7 365 8.0 2920 0.67 54,993
TX  |YHO21R [HARRIS HOUSTON 2 7 365 8.0 2020 0.67 54,993
TX |YHO22R  |HARRIS HOUSTON 2 7 365 8.0 2920 0.67 54,593
TX |YHOZ23R  |HARRIS HOUSTON 2 7 365 8.0 2920 0.67 54,593
TX |YHOZ24R  |HARRIS HOUSTON 2 7 365 8.0 2920 0.67 54,993
TX [YHO25R |HARRIS HOUSTON 2 5 260 8.0 2080 0.47 27,504
™ [YHO27R |HARRIS HOUSTON 1 7 365 8.0 2520 0.33 27,497
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* Annual Fuel Usage based on EPA factor of 226 gal/day (see Note 3 below)

- No. of Days Days Hours Haours 24 Hr Annual
State Job County City Locos | per U\:’eek per \Year per Day j per Year | Equivalent | Fuel (gai)*
TX |YHO30R |HARRIS HOUSTON 2 7 365 8.0 2920 0.67 54,993
X |YHO31R HARRIS HOUSTON 2 7 365 8.0 2520 Q.67 54,993
TX |YHO32R |HARRIS HOUSTON p 7 365 8.0 2920 0.67 54,993
TX JYHO33R |HARRIS HOUSTON 2 7 365 8.0 2920 (.67 54,993
TX |YHO34R |HARRIS HOUSTON 2 7 365 8.0 2920 Q.67 54,993
TX [YHO35R [HARRIS HOUSTON 2 5 260 8.0 2080 0.47 27,904

ASSUMPTIONS
1) Yard job data were taken from & current UPRR transportation plan.

TOTALS

A yard job equivalent is equal to one switch locomotive operating 24 hours per day.

USEPA estimates an average yard locornotive operating 24x7x365 consumes 82,490 gallans of fuel per year.
Source: Procedures for Emission Invertory Preparation - Vol IV: Mobile Sources; Publication EPA420-R-92-009, December 1952, p, 207

HGA SE-5
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Compiled Switcher Engine Data
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Union Pacific Switch Engines

Cit Switchers Shift Days Days_Year Hours_DayHours Yee Year Frac Gallons

GALVESTON 1 5 260 7.0 1820 0.21 12,208
GALVESTON 1 5 260 8.0 2080 0.24 13,952
BASIN YARD 2 5 260 3.0 780 0.18 10,464
BASIN YARD i 5 260 12.0 3120 0.36 20,928
CONGRESS YARD 1 5 260 11.5 2990 0.34 20,056
ENGLEWOOD 1 7 365 8.0 2920 0.33 27,497
ENGLEWOOD 2 7 365 8.0 2920 0.67 54,993
ENGLEWOOD 2 7 365 8.0 2520 0.67 54,593
ENGLEWOQD 1 5 260 7.5 1950 0.22 13,080
ENGLEWOOD 2 7 365 8.0 2920 0.67 54,993
ENGLEWOOD 2 7 365 8.0 2920 0.67 54,993
ENGLEWOOD 2 7 365 8.0 2920 0.67 54,993
ENGLEWOOD pd 7 365 8.0 2520 0.67 54,993
ENGLEWOOD 2 7 365 8.0 2920 0.67 54,993
ENGLEWOOD 1 7 365 8.0 2920 0.33 27,497
ENGLEWOQD 2 7 365 8.0 2920 0.67 54,993
ENGLEWOOD 2 7 365 8.5 3102.5 0.71 58,430
ENGLEWOOD P 7 365 8.0 2920 0.67 54,993
ENGLEWOOD 1 7 365 8.0 2920 0.33 27,497
ENGLEWOQOD 2 7 365 8.0 2920 0.67 54,993
ENGLEWOOD 2 7 365 12.0 4380 1.00 82,490
ENGLEWOOD 1 5 260 8.0 2080 0.24 13,952
ENGLEWOQOD 2 7 365 8.0 2920 0.67 54,993
ENGLEWOCD 2 7 365 8.5 3102.5 0.71 58,430
ENGLEWOOD 2 7 365 8.0 2520 0.67 54,993
ENGLEWOOD 2 7 365 9.0 3285 0.75 61,868
EUREKA YARD 1 5 260 8.0 2080 0.24 13,952
GALENA PARK 2 7 365 7.5 2737.5 0.63 51,556
GALENA PARK 2 5 260 8.0 2080 0.47 27,904
GALENA PARK 2 7 365 8.0 2920 0.67 54,993
GALENA PARK 2 5 260 8.0 2080 0.47 27,904
GALENA PARK 2 7 365 8.0 2920 0.67 54,993
HARDY 1 7 365 8.0 2920 0.33 27,497
HARDY 1 5 260 8.0 2340 0.27 15,696
HARDY 1 2 104 9.0 936 0.11 2,511
HARDY 1 6 312 12.0 3744 0.43 30,137
HOUSTON 2 7 365 8.0 2920 0.67 54,993
HOUSTON 2 7 365 8.0 2520 0.67 54,993
HOUSTON 1 7 365 9.5 3467.5 0.40 32,652
HOUSTON 2 7 365 8.0 2920 0.67 54,993
HOUSTON 2 7 365 8.0 2920 0.67 54,993
HOUSTON 2 7 365 8.0 2920 0.67 54,993
HOUSTON 2 7 365 8.0 292G 0.67 54,593
HOUSTON 2 7 365 8.0 2920 0.67 54,993
HOUSTON 2 7 365 8.0 2520 0.67 54,993
HOUSTON 2 7 365 8.0 2920 0.67 54,993
HOUSTON 2 7 365 8.0 2920 0.67 54,993
HOUSTON 2 5 260 8.0 2080 0.47 27,904
HOUSTON 1 7 365 8.0 2920 0.33 27,497
HOUSTGON 2 7 365 8.0 2920 0.67 54,993
HOUSTON 2 7 365 8.0 2920 0.67 54,993
HOUSTON 2 7 365 8.0 2920 0.67 54,953
HOUSTON 2 7 365 8.0 2920 0.67 54,993
HOUSTON 2 7 365 8.0 2920 0.67 54,993
HOUSTON 2 5 200 8.0 2080 0.47 27,904
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