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DISCLAIMER

All participants in the Electrification Task Force
identified on the previous page have contributed in some
measure to the preparation of this Southern California
Accelerated Rail Electrification Program report. However,
not every participant is in agreement with the analysis and
findings contained herein. Accordingly, identification of a
participant does not indicate acceptance of, or agreement with,
the entirety of the information provided in the report.
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NATURAL GAS

Technology

This section discusses the technologies available for converting diesel locomotives to
natural gas operation.

Design and Operating Characteristics

For the purposes of this report, it is important to understand that locomotives are
designed very differently from highway trucks'. Thus, typical engine design and conversion
systems used to convert diesel truck or bus engines to natural gas are not directly applicable
to locomotive engines. A primary characteristic of locomotives is they have a very high
power for their frontal area. One of the functions for locomotives is to provide as much
tractive power as possible; however, the dimensions of a locomotive are generally constrained
by those of the standard rail tunnel and clearances between trains. The job of the locomotive
is to "push” as much power as possible through the clearance envelope while riding on the
standard 4'8172" gauge track.

Locomotives are designed with such features as very high output engines, long engine
configurations {such as V-12, V-16, or even V-20) and very narrow "V" angles between
banks to accomplish their tasks.

Locomotives also operate quite differently from trucks. Generally, most US
locomotives operate on a "Notch" schedule. Locomotives operate in eight distinct speeds and
loads called Notches. For example, Notch 8 provides full power, intermediate Notches are
designated to provide adequate power with good fuel consumption. Thus, locomotives do not
operate under transient conditions in the same way on-highway vehicles operate, but rather
at eight discreet operating conditions (plus idle and dynamic braking modes).

Current railroad engines are optimized for economy not emissions. For example, the
1991 emissions specifications for on-highway trucks requires NOy emissions be below
approximately 5 gm/bhp-hr as measured on the Federal Test Procedure (FTP) transient test
cycle. By comparison, today’s railroad engines provide approximately 9.5 gm/bhp-hr of NO,,
at full power. Locomotive engines are optimized for high fuel economy.
Thermodynamically, high engine efficiency comes from providing high combustion
temperatures. Unfortunately, these high temperatures produce high NO,, emissions.

Figure 1 provides a comparison of mechanical loading for automobile, truck, and
locomotive engines, These three classes of engines are compared in terms of brake mean
effective pressure (BMEP), an indication of the mechanical loading of the engine. As seen
here, a typical automobile engine has less than 100 psi BMEP at rated power. This compares
to just over 200 psi for most truck engines at rated power. Current line-haul locomotives
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have BMEP in excess of 300 psi at rated power. In other words, locomotive engines are
stressed nearly 50 percent higher than comparable diesel truck engines at rated conditions.
As explained earlier, this increased output is required due to the combination of physical
constraints of the rail system and railroad operating requirements. Locomotive engines also
operate near their rated power more often than truck engines which further increases the
typical loading factor for locomotive engines compared with truck engines.

This increased mechanical loading is not without cost. Locomotives engines are
designed to provide high quantities of excess airflow through the cylinders. This excess
scavenging flow helps cool components such as piston crowns, valve heads, and the cylinder
head firedeck. Unfortunately, this high flow-through for cooling complicates introduction of
natural gas. Normal intake fumigation systems used on automobile engines and many truck-
type engines are not suitable for use with high flow-through locomotive-type engines. The
locomotive engines have valve timing events with high valve opening duration and high
overlap between intake and exhaust strokes. Up to one third of the fuel introduced by
fumigation would pass directly out the exhaust pipe without a chance for combustion. This
phenomenon exists for both two-stroke and four-stroke locomotive engines.

Locomotive Engines and Technology Options
Engines

Two manufacturers produce locomotives in the United States: Electro-Motive
Division of General Motors and General Electric Transportation Company of General Electric.
Both manufacturers build the entire locomotive, including the engine. = The locomotive

engines produced by these manufacturers generally have a displacement in excess of 10 liters
per cylinder. Some of the characteristics of these engines are listed below:

TABLE 1. U. S. LOCOMOTIVE ENGINE CHARACTERISTICS

Manul‘actl;';s EMD GE
Cycle 2 4
CID/cylinder 567,645, 710 668
Hp/cylinder 200-270 same as EMD
Rated Speed (rpm) 900 1050
Configuration V8, V12, V16 same as EMD
Cost (approx.) $1-82M "
Life 500,000 to 1,000,000 miles_ "
4



Recently, Caterpillar has been reconditioning locomotives used for local yard and
switching operations and replacing the original prime movers with 3500 and 3600 series
Caterpillar engines. The Caterpillar 3500 series engine is normally used for heavy off-road
equipment and stationary applications. The 3500 series engine is designed to operate in the
200 psi BMEP range. It should be noted that both 3500 and 3600 series Caterpillar diesel
engines are available in higher BMEP packages (up to 300 psi BMEP). However, the life
expectancy of these engines is lower than the 500,000 to 1,000,000 mile target life for
locomotive engines that operate under these high load levels.

The EMD locomotive engine is commercially available in diesel configuration only.
No commercial natural gas-fueled EMD locomotives have been developed for railroad
application. Burlington Northern, one of the four largest railroads in the United States, has
recently developed a prototype EMD natural gas burning locomotive. This locomotive uses
a small diesel pilot to initiate combustion and reportedly has a very high substitution rate with
natural gas. Although no fuel economy or emissions data have been reported for this engine,
Burlington Northern has demonstrated the feasibility of running natural gas in a locomotive.
This technology will be discussed in the following section.

General Electric does not produce natural gas locomotives either. They recently
announced that they are actively pursuing development of a natural gas locomotive and
anticipate the first units being available for production within 12 to 24 months. No details
on fuel economy or emissions levels have been released from GE at this time,

The Caterpillar 3500 and 3600 series locomotive engines have an advantage over
EMD and GE with respect to natural gas operation. The 3500 series engine is currently
available in natural gas configuration for a variety of applications. In fact, it has already been
developed for low emissions using lean-burn technology. This lean-burn technology is
currently being applied to the 3600 series engine at Caterpillar. Since the Caterpillar eight-
cylinder 3608 is capable of developing 3,000 horsepower at 1,000 rpm on diesel fuel, it could
hold great promise for natural gas railroad applications when available in a gas configuration.

One other engine must be included for the purposes of this report. The Detroit Diesel
DDC 8V-149TI is planned for use as an auxiliary power generation engine on the EMD
locomotives which will be delivered to the LA Basin in mid-1992. Emissions numbers were
not readily available for this engine for the purposes of this report; therefore, emissions and
fuel economy numbers from a similar engine being developed for low emissions at Southwest
Research Institute (SWRI) were used for projecting fuel consumption and emissions
generation from the DDC 8V-149TI engine. These emissions and fuel economy figures are
listed below in Table 2.



TABLE 2. ESTIMATED PERFORMANCE AND EMISSIONS
DATA FOR DDC 8V-149T1 DIESEL ENGINE

Power Rating: 780 horsepower

Rated Speed: 1,800 rpm
Emissions Load Factor (%)
(gmhp-br) | o 25 50 75 100
NO, [ 11.0 10.4 9.5 9.0 9.4
co’ 10.2 2.1 0.7 0.6 0.8
HC 32 0.9 0.6 0.5 0.4
PM’ 0.4 0.2 0.1 0.1 0.2
ﬁg:lg;p_hr) 0.56 0.39 0.35 0.33 0.33

Data not available for DDC 8V-149TL. SwRI used data for 15L, six-cylinder, TA

model engine currently under development.

Technology Options

This portion of the report discusses natural gas engine technology options only. Clean
diesel technology options are discussed later in this report. For the purposes of comparison,
all emission reductions in this section and the following sections on clean diesel and
aftertreatment options are based on the best level of emissions which have been achieved by
EMD with the 12-710G3A engine to-date. This is the engine used in the FS9PH locomotive.
The baseline diesel data which are used throughout this chapter are shown in Table 3 below.
These data were obtained from EMD and represent the best available emissions levels on
today’s production locomotives.



TABLE 3. BASELINE DIESEL EMISSIONS AND PERFORMANCE DATA

Engine Model: EMD 12-710(_}3A
Emissions (gm/bhp-hr) COH::::L tion
Notch | RPM | Bhp | CO | No, | HC | PMm “bﬁslfﬁhr)
8 903 | 3196} 1.23 | 951 |0.11]0.23 0.35
7 823 | 2536 | 1.71 9.36 | 0.09 | 0.21 0.35
6 728 | 1696 0.83 | 10.71 | 0.11 | 0.25 0.36
5 650 | 1402 | 0.61 | 1093 | 0.12 | 0.21 0.36
4 566 | 1053 | 029 | 12.01 | 0.13 | 0.23 0.36
3 489 717 | 026 | 1388 | 017 | 0.3 0.37
2 342 | 372 1 034 | 1504 | 0.22 | 0.3t 0.38
1 342 209 | 054 | 1594 | 040 | 0.17 5
Idle 197 78 | 694 | 11403 (702 | 4 7
DB6 728 | 643 | 502 5622 | 395 4 3
DB4 566 | 24.8 { 921 | 11296 | 769 | 4 3
DB1 343 123 1 7.71 | 11488 | 5.72 __4.1 3

There are numerous technologies available for converting diesel truck engines to
natural gas operation. Some of the results of these technologies have been reported by
various researchers®'®, These results are not directly transferrable to locomotive engines due
to the differences in engine design and operating conditions described in the previous section
of this report.

Some data is available on the topic of running natural gas in locomotive engines"®.
Unfortunately, emissions were not a major concern for railroad engines at the time of this
project, thus emissions measurements were not made.

Therefore, the projections for fuel economy and exhaust emissions contained in this
report should be considered as preliminary estimates of the effect of converting diesel
locomotives to natural gas operation. These estimates are based on published truck engine
data and SwRI's appreciation of the difficulty in applying truck engine data directly to
locomotive engines.



Five techniques are discussed that could be used to convert diesel locomotives to
natural gas fuel.

1. Dual-fuel (with gas injection after valve or port closure)
2. 100 percent gas conversion (with spark ignition)
3. Medium pressure, early cycle injection of natural gas
4. High pressure, late cycle injection of natural gas
5. Re-engine the locomotive with a gas engine
Dual-Fuel

Conventional dual-fuel engines, when operating with pipeline quality natural gas, can
provide approximately 80 percent of the full diesel power. The power is limited by
detonation of the natural gas fuel. The Burlington Northern Railroad and Air Products, Inc.
have stated that full diesel power has been achieved using 99 percent methane fuel."” No
written reports are available that give details. This option will increase fuel consumption by
approximately 10 percent. NO, emissions will be approximately 80 percent of those achieved
by diesel engines. (These values are SwRI estimates from previous research experience with
these type engines.) Visible smoke can be reduced significantly with a well-designed dual-
fuel system.

100 Percent Gas Conversion

The 100 percent gas option has the potential to reduce NOy to only 20 percent of the
current diesel version (i.e. from 12 g/bhp-hr NOy to 2.5 g/bhp-hr). Fuel consumption will
be increased a minimum of 20 percent due to the high flow-through characteristics described
above. The main disadvantage is reduced power. Only 65 percent of current high-
horsepower locomotive engine output can be produced with typical spark-ignited gas engines.
While technology is expected to increase this amount in the future, the reduction in power
may mean increased numbers of locomotives per train in the near term. This carries a
negative impact on economic feasibility.

Medium Pressure, Early-cycle Injection

Injection of the gas after valve or port closure eliminates the possibility of flow-
through of the fuel as described for the 100 percent gas conversion approach., However,
early-cycle injection of the fuel leads to stratification of the fuel and air mixture.
Stratification is difficult to control over the range of speeds and loads experienced by the
locomotive. Therefore, a strong source of ignition is needed to initiate the combustion
process.

This conversion is similar to the dual-fuel approach, except that a lower compression
ratio is used and the diesel pilot is not used as a source of ignition. Instead of the diesel
pilot, a spark-ignited, natural gas precombustion chamber is often used for ignition. By



reducing the compression ratio and using a natural gas flame as the source of combustion,
the NQy emissions can be reduced by as much as 75 percent compared with the baseline
diesel. A 25 percent power loss and 5 to 10 percent fuel economy penalty will likely be
required to accomplish this reduction in NOy.

Higher power levels can be produced with this approach, but a trade-off in NOy
emissions benefits will occur. Particulate matter and visible smoke emissions should be
reduced at least 80 percent with this system, regardless of the power level.

This combustion system is used extensively for NOy reduction in large stationary gas
engines and SwRI has successfully applied this technology to urban bus and trucks for
emission reductions.®'*'® Unfortunately, this technology has not been demonstrated in
locomotives and is not directly transferrable to locomotive engines due to their higher BMEP
levels. However, with the proper combustion development, this conversion could hold the
greatest long term potential for NOy, reduction without an unacceptable increase in fuel
consumption.

High Pressure, Late-Cycle Injection

The most promising near term technology for converting diesel locomotives is high-
pressure, late-cycle injection of natural gas. This technology uses gas injection to "make gas
burn like diesel fuel." A specially-designed injection system provides direct injection of the
gas at approximately the same time diesel fuel would normally be injected. The engine is
no longer limited in output by detonation (or knock), but rather by fuel mixing and smoke.
Power equal to diesel is possible. The fuel consumption penalty will be minor, and will
largely depend upon gas supply pressure. NOy reductions of 40 percent of diesel have been
reported. Reductions in compression ratio are necessary to achieve 40 percent NOy reduction
which does cause a slight penalty in fuel economy. A small ignition source, such as pilot
diesel charge or glow plug, will probably be required. If properly designed, the engine can
revert back to full power diesel operation for emergency back-up power.

SwRI pioneered late-cycle, high-pressure gas injection in locomotive engines under
U.S. Department of Energy funding in 1986. Since that time, Wartsilla, Sulzer, and Mitsui
have fielded large gas engines with late-cycle injection. The Gas Research Institute is
currently funding research projects on this technology at Caterpillar and Detroit Diesel
Corporation.

At this time, the high-pressure, late cycle injection technology holds the highest
promise for near term gas substitution on railroad engines.

Re-Engine

To re-engine a locomotive to a gas engine is quite difficult since few engines will fit
in the constraints of a locomotive frame. However, the option may exist to re-power with



smaller dedicated natural gas engines from other applications, and use these locomotives
strictly for yard switchers and local trains which require lower power. Since these engines
are now fully developed for natural gas, the expected performance is similar to the 100
percent gas conversion.

Unfortunately, few natural gas engines can meet the physical requirements for retrofit
into a locomotive. For example, let us examine two gas engines made by Caterpillar.

The Caterpillar 3516 diesel engine is offered by some remanufacturers for retrofit into
smaller locomotives at rebuild. This 16-cylinder engine is offered at 2075 hp for locomotive
use. Caterpillar also offers a natural gas version of this engine for stationary applications.
This engine, however, is only offered at 1150 hp with natural gas fuel.

Caterpillar has also offered their larger 3600 series engines for locomotive operation.
This large engine can barely fit within the confines of a locomotive. An 8-cylinder version,
the 3608, is offered at 3300 hp at 1000 rpm. Caterpillar is also developing natural gas
versions of this engine. A gas version of the 3608, if developed for locomotive applications,
may be an option.

The other four options, dual-fuel, 100 percent gas conversion, medium pressure, early-
cycle injection, and high pressure, late cycle injection each have trade-offs. Figure 2
quantifies these trade-offs of power, fuel consumption, and NOy emissions relative to the
diesel counterpart.

The following assumptions have been made for the purposes of calculating air quality
benefits and cost-effectiveness of natural gas trains. First, the early-cycle injection,
precombustion chamber gas engine was chosen for further comparison with the diesel
locomotive since it represents the full potential for emissions reduction with natural gas. The
relative differences in fuel economy and emissions of the gas locomotive compared with the
diesel baseline are shown below:

TABLE 4. ASSUMPTIONS FOR GAS LOCOMOTIVE PERFORMANCE
COMPARED WITH BASELINE DIESEL LOCOMOTIVE

Emissions Reduction with Gas
NO 75 percent
PM 80 percent
Fuel Economy (5 percent)”
“ Increase in fuel economy for gas engine assumed to be § percent
of diesel baseline.

10
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Power for the gas locomotive was assumed to be equal to the baseline diesel locomotive for
the purposes of this study.

Second, the 100 percent gas conversion was chosen for comparison with the diesel
DDC 8V-149TI since this engine does not have the same flow-through characteristics of the
locomotive diesel engines. The relative differences in fuel economy and emissions of the gas
auxiliary engine compared with the baseline diese]l DDC 8V-149TI are shown below:

TABLE 5. ASSUMPTIONS FOR GAS AUXILIARY ENGINE
COMPARED WITH BASELINE DIESEL DDC 8V-149T1 ENGINE

Emissions I Reduction with Gas

NO, 75 percent
PM 80 percent
Fuel Economy (5 percent)’

Increase in fuel economy for gas engine
assumed to be § percent of diesel baseline.

Power for the gas auxiliary engine was assumed to be equal to the baseline diesel for the
purposes of this study.

Fueling Logistics

Five scenarios have been identified for refueling and storing natural gas fuel on
commuter trains. Table 6 lists these scenarios.

TABLE 6. NATURAL GAS FUELING SCENARIOS

Fuel Type - D Refueling - Storage
CNG Cylinders on locomotive - two compressor stations
CNG ’ Cylinders on locomotive - one compressor station
LNG Removable tank "cage" on locomotive
LNG Tanks permanently mounted on locomotive
L_E_l‘iC_i_ Fuel tcn_d:r

The following describes these scenarios in regard to tankage, compressors, and LNG
liquefaction.

12



The typical commuter locomotive carries 1500 gallons of diesel which provide an
excess capacity for the daily round trip. Based on the fuel consumption for the EMD
3000-hp F539PH passenger locomotive, each commuter train operating according to a specific
notch schedule will use between 60 and S00 gallons of diesel fuel for the daily round wip.
Assuming a diesel fuel specific gravity of 0.875 and a lower heating value of 18,250 BTU
per pound, this translates into an energy consumption of 8 to 67 million BTU per locomotive
for the round trip.

Total diesel fuel consumption for all nine commuter routes is estimated at 4.3 million
gallons/year after intermediate service is established for all routes. A fuel consumption
breakdown for each route is given in Table 7.

TABLE 7. DIESEL FUEL CONSUMPTION
FIGURES FOR EACH COMMUTER ROUTE

_l-{oute Daily Fuel Consumption Per Locomotive | Annual Fuel Consumption
(gallons/day) for Entire Route’
Start-up Intermediate (gallons/year)
2 285 338 702,216
3 204 245 508,880
4 183 216 224,788
5 421 500 1,039,696
6 297 352 457,095
7 316 374 389,136
8 200 236 245,972
9 297 352 731,600
10 60 71 73,556
Total 4,372,939
Based on intermediate service with no electric or other alternative fuel operations

CNG & LNG Technologies
Compressed Nawural Gas

One method for storing the fuel on the train is as a compressed gas.

13



Tank Requirements

Comdyne I, Inc. (located in West Liberty, Ohio) manufactures a CNG tank with a
capacity of 2,800 standard cubic feet (SCF) of gas at 3,600 psi. This tank has a length of 8.5
feet and a diameter of 19 inches.

Figure 3 shows the relevant dimensions of an EMD F40PH locomotive” (which is
smaller than the F59PH), and illustrates one possible tank arrangement which would allow
24 tanks to be installed on the locomotive. Detailed specifications on this locomotive are
included in Appendix B. This arrangement would involve removing the existing 1,500 gallon
diesel tank and relocating the air brake equipment and batterics. A new location for the air
brake equipment and batteries will need to be determined. The space currently occupied by
the fuel tank and batteries could be retrofitted with two nests of CNG tanks which hold 12
tanks each (see Figure 3). Using 140 SCF of natural gas per gallon diesel, this approach
allows the locomotive to carry 480 gallons diesel equivalent of natural gas. This fuel
capacity will allow all of the trains to make one round trip per day without refueling (except
for Route 5 after reaching intermediate service). If this fuel capacity is insufficient for the
required range, a gas compressor could be located at each end of the commute, effectively
doubling the train’s driving range. A third alternative for refueling is to convert the CNG
storage system to LNG. This approach is discussed later in this report.

SwRI recommends that the tanks be mounted to the train in a permanent fashion,
should the CNG option be pursued. The diesel tankage would be removed except for the
possible requirements of a diesel pilot charge for a dual-fuel engine. The batteries and air
brake equipment would need to be relocated on the locomotive. We estimate the dual-fuel
diesel requirement to be approximately 100 gallons for commuter application. This would
allow the train to limp home in the event of a gas fuel system failure.

Compressor Requirements

Two scenarios exist for refueling the trains with CNG. The first scenario includes
using two gas compressors for refueling at each end of the commute. The other option
consists of using only one compressor for refueling at one end of the route. Naturally, this
compressor will need to have twice the capacity of the compressors in the first scenarios.
The selection of which scenario makes the most sense will be dependent on the specific
driving range required for each commuter route. This topic is discussed in more detail below.

The locomotive compressor requirements will vary according to the amount of time
available for the refill, the compressor size and the storage capacity at the refueling station.
Refueling station storage capacity must exceed the fuel capacity for each train, otherwise the
compressor would be required to operate and fill the trains by itself in the allotted time. This
requirement would increase the size and cost of the compressor unnecessarily.
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Assuming a total of five locomotives during start-up service, the total gas required for
the San Bernardino - LA service is approximately 110,000 for the one way tip. A
compressor capacity of 100 SCF per minute (SCFM) at an inlet pressure of 50 psi and an
outlet pressure of 4000 psi is required. This compressor would operate about 20 hours per
day at approximately 75 hp consuming 1,500 hp-hr per day. An engine-driven compressor
of this size could be used with a thermal efficiency of about 26 percent, resulting in a gas
consumption of 775 cubic feet per hour for a daily use of 15,500 SCF of gas for
compression. The compressor would operate for about 20 hours to fill a cascade type storage
system and the locomotives would be refilled in a four hour window from the cascade storage
system.

The requirements for one compressor at one end of the commute is essentially double
that required of the compressor at each end of the commute. The compressor would need to
deliver 200 SCFM, operating at 150 horsepower for 20 hours per day 3,000 hp-hr per day.
For the gas driven unit, 1550 cubic feet gas would be consumed per hour for a daily use of
31,000 cubic feet of gas to compress the fuel. The same "rule of thumb" would apply for
increasing the cascade storage capacity.

Refueling Time

Calculations were made for the period of time required for the gas compressor to fill
the permanent storage tanks with CNG for refueling the locomotives. If a 20-hour period of
time is acceptable for filling the permanent storage tanks, a 100 SCFM compressor will be
required at each end of the San Bernardino - LA commute during start-up service. For a 10-
hour filling period, twice the original compressor capacity will be needed. For a 20-hour
filling time with one compressor located at one end of the commute, a 200 SCFM compressor
will be needed.

Since all of the trains will be together at one location during the day, and another
locaton at night, the trains would refill at the same time. Permanent cascade-type storage
tanks will be required to discharge the compressed gas into the trains. The number of storage
tanks is roughly dependent on the number of tanks on-board the trains and the required
locomotive refueling times. The number of permanent tanks should exceed the number of
tanks on the trains by a factor of three for equal bottle size. The pressure of the permanent
tanks should exceed that of the final train tank pressure by 120 percent to insure full tank
pressure for the bottles on the train.

Liguified Natural Gas
Maintaining the fuel in its liquid state is a second fuel storage method. For liquified

natural gas (LNG), the energy density is substantially better than CNG. Moreover, the LNG
tank volume capacity requires only half that of the CNG scenario.
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Three separate LNG tank scenarios are discussed. The differences among them are
the method of filling the tanks and the installation of the tanks on the locomotive. The first
approach is to mount the LNG tanks in a cage. This cage would be placed with a fork muck
into the area of the present diesel fuel tank after each fill. The cage would contain three
super-insulated tanks of 200 gallon LNG capacity each that would maintain the LNG at a
temperature of -260 F with a boil-off” of only 1/2 percent per day. One gallon of diesel fuel
is equivalent to 1.75 gallons of LNG; therefore, each tank cage (600 LNG gallons) would
contain the diesel equivalent of 300 gallons of fuel (allowing for 10 percent ullage in the tank
to contain the tank boil-off). These cages would contain all the necessary equipment to
control tank pressure, all the required valving for fill and emptying, all the needed safety
devices, and would represent a self-contained package to be placed aboard the locomotive
much in the same way as a battery is placed in an automaobile. The fuel tank charging would
take place in the form of a refill overnight. The tanks would be removed periodically to
empty any heavy constituents that may concentrate over a long period of time, where the
tanks would never be allowed to warm to the boiling point of the heavy constituents such as
ethane, propane, butane or any grouping usually classified as natural gasolines.

LNG could be produced at locations such as the production facility in Sacramento, or
at the peak shaver facility near Reno, Nevada. The LNG could be shipped in from these
plants to the filling site on tractor trailer units of about 10,000 gallon capacity, or on rail
using super-insulated tanks in both cases. These tank units could act as storage units for a
bi-weekly fill basis (in the case of the 10,000 gal. trailer), thus precluding the capital
expenditure required for a permanent LNG storage tank. Shipments of approximately 400
miles would add roughly $0.10 to the cost of a gallon of LNG. Assuming three trailers were
used to service the trains, a backup trailer would be available to prevent unforseen
interruption of the shipments. Fill times using this method would be roughly equal to that
of the same amount of diesel fuel.

A second LNG scenario, very similar to the first, would use a set of three tanks that
would be permanently mounted to the locomotive. The same requirements for tank controls
would apply as those of the cage tanks. The filling and emptying operations would be done
on-board the locomotive, thus requiring more careful records of each locomotive to be kept.

The third LNG scenario would consist of storing the LNG on board a "fuel tender."
This case would allow the capacity of the tender car to carry as much LNG as necessary and
to act as a fueling depository or a transport device if necessary. This option does not appear

" Boil-off here refers to the percent of liquid fuel that boils to a gaseous state, not
necessarily the fuel quantity that is vented from the insulated tank. Boil-off is a continuing
process that is a function of heat transfer from the surroundings, through the insulation, and
into the fuel. Venting is a function of boil-off rate and tank pressure capability. Tanks must
be selected that will not vent for 14-28 days from last fuel usage from the tank.
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necessary for commuter trains, but is expected to be the most feasible approach for freight
application.

Tank Costs - LNG tanks in the range of 200 gallon capacity cost approximately
$7,500 each. Tanks in the range of 10,000 gallons for trailer transport cost approximately
$350,000 each. Permanent LNG storage tanks in the 10,000 gallon range cost about $150,000
each, not including land costs, site engineering, and permitting costs. A 20,000 gallon LNG
tender would be about the same cost of the 10,000 gallon LNG trailer,

Liquefiers - Liquefiers of the capacity found in peak shaver LNG plants can be
constructed for $5 to $50M, based on capacity™. Liquefiers can be purchased for less;
however, the efficiency decreases and operating costs increase with the smaller liquefiers.

Safety-Related Issues

SwRI recently conducted a world-wide literature search and industry survey to
determine the safety record of natural gas vehicles (NGVs) for a foreign client.?® Data was
collected which represented over 7,100 NGVs that had travelled a total of over 434 million
miles and compared with the national fleet average for gasoline vehicles in the U.S.. The
results of this study indicated a remarkable safety record for natural gas.

We were unable to identify one single incident where natural gas had contributed to
the death of even one person. On the other hand, there were a large number of deaths which
were attributed to gasoline as an on-board fuel. The lack of deaths associated with the use
of natural gas as a vehicle fuel is most likely a result of the fact that natural gas is lighter
than air. When a fuel tank is punctured, or ruptured, in the case of a collision, the fuel is
released into the atmosphere where it is quickly dispersed and naturally removed from the
scene of the accident. Liquid fuels and some gaseous fuels (such as butane and propane) do
not "float" away. Instead, they remain at ground level near the accident and mix with the air
forming a highly flammable mixture. In many cases, this mixture is ignited from a cigarette
or electrical discharge of some type.

The primary safety issue with natural gas as a railroad fuel is not a technical issue,
although certain guidelines must be followed for equipment design and fuel handling. The big
problem is public perception. Although natural gas is widely accepted for use in homes where
leaking gases cannot escape as easily as in the case of vehicles, there is a public resistance
to placing compressed natural gas on vehicles. This is particularly true regarding public
transportation, even though several successful natural gas projects are currently underway at
SCRTD, Houston METRQ, and others.

“LNG Information Book 1981, Operating Report Section, American Gas Association,
Catalog No. X00981.
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Los Alamos has recently completed an in-depth safety study addressing natural gas
as a railroad fuel.® This study has just reached the public domain and is expected to
provide a more scientific basis for evaluating the safety-related issues with gas as a railroad
fuel.

Safety-related issues which merit further investigation include crashworthiness of
locomotives and fuel tenders, fuel handling, fire and explosion hazards, etc..

Implementation Schedule

Nine commuter routes have been selected for initial passenger rail service in the LA
Basin. Table 8 identifies each of these commuter routes by number, destination, and distance.
Table 9 describes the implementation plan for start-up and intermediate diesel service on each
route. More detailed information on each route is provided in Appendix C, including the
estimated time at each notch position for each route.

TABLE 8. COMMUTER ROUTE IDENTIFICATION

ﬁ' Service _—Lm‘
(miles)
2 San Bernardino - LA 56.5
3 Ventura - LA 47
4 Santa Clarita - LA 35
5 Oceanside - LA 87.2
6 Riverside - LA (Ontario) 58.8
7 Riverside - LA (Fullerton) 62.8
"8 Hemet - Riverside 39.6
9 San Bernardino/Riverside - Irvine 59
10 Redlands - San Bernardino 12
" Corridors used in accelerated electrification study.
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As Table 10 illustrates, gas locomotives are not expected to be available until mid-1993. A
mix of new gas locomotives and rewofitted gas conversions have been selected for
implementation due to the manufacturing constraints of the locomotive builder and the current
plans for adding locomotives to each of the commuter routes.

Air Quality

Nine commuter routes have been selected for analysis in this study. These commuter
routes are identified in Table 8. More detailed information on these routes can be found in
Appendix C.

Emission Characteristics

The emissions benefit of converting railroads to electricity, natural gas, or other
alternative fuels is higher for freight applications than commuter railroads. The increased
emissions benefit for freight applications is due t0 two reasons: 1) the higher load factor and
the resulting higher NOy emissions for freight compared with commuter rails, and 2) the
higher utilization of capital equipment for freight compared with commuter trains.

Emission characteristics were calculated for the baseline diesel trains and the gas
locomotives based on the data included in Tables 2, 3, 4, and 5, and the implementation
schedule described above. The 1991 AQMP plan for electrification of the commuter trains
was also taken into account which calls for 15 percent electrification by the year 2000, and
90 percent electrification by the year 2010. Emission characteristics were also based on the
assumption that diesel emissions will decrease 5 percent each year beginning in 1996. The
same assumption was made for decreasing emissions from gas locomotives.

Due to the very low levels of HC and CO emissions on the baseline diesel locomotive
(see Table 3), no reduction in these pollutants is expected when converted to natural gas.
non-methane hydrocarbons will be equal to, or greater than, the baseline diesel HC emissions
depending on the gas engine technology used. CO emissions should be equal for the natural
gas and diesel engines.

The emphasis of the air quality analysis is on NOy emissions. Particulate emissions
will be reduced dramatically with natural gas, but their overall contribution to the LA Basin
air pollution problem is considered negligible compared with NOy emissions. HC and CO
emissions are not discussed any further due to the small difference between natural gas and
diese! locomotives.

Figure 4 shows the cumulative NOy emissions for the diesel and gas scenarios
according to the implementation schedule described above for the nine commuter routes. This
figure illustrates identical NO,, emissions for the diesel and gas trains during 1992 and most
of 1993 due to the assumption that gas locomotives will not be introduced until mid-1993.
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Figure 4 shows that diesel trains will emit as much as 6000 tons of NOy by the year
2000 compared with only 2000 tons NOy, if gas locomotives are implemented according to
the suggested schedule. Table 11 illustrates the total emissions levels per day and per year
from each of the nine commuter routes with diesel and gas locomotives in the year 2000.

TABLE 11. EMISSIONS CHARACTERISTICS FOR
INDIVIDUAL COMMUTER ROUTES IN YEAR 2000

NOy Emissions
Route Tons/Day (Tons/Year)
Gas Diesel
2 0.154 (40.2) 0.618 (160.8)
3 0.113 (29.4) 0.452 (117.6)
4 0.049 (12.9) 0.198 (51.5)
5 0.23 (59.8) 0.918 (238.6)
6 0.101 (26.2) 0.402 (104.6)
7 0.086 (22.4) 0.342 (89.0)
8 0.054 (14.0) 0.216 (56.3)
9 0.161 (41.9) 0.644 (167.4)
10 0.016 (4.2) 0.065 (16.8)
_ gc;eGs not include 5 percent emissions reduction per year beginning
in .

Emission Reductions

Figure 4 illustrates that gas locomotives can eliminate as much as 7,500 tons of NO,
in the LA Basin by the year 2010 compared with diesel trains according to the assumptions
and implementation plan outlined above.

Figure 5 illustrates the cumulative emission reductions that have been estimated for
the natural gas, clean diesel, and electric trains. These estimates did not include electric power
plant emissions. Therefore, the electric trains were treated as true zero emissions vehicles.

Figure 5 indicates the lack of emission reductions for the electric trains during the

next 10 years due to the lead time required to put catenaries, sub-stations, and other electric
systems into place. Gas locomotives show an impressive ability to reduce emissions during
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the next 10 to 15 years due to their estimated 75 percent reduction in NOy emissions and
near-term implementation capability. Although clean diesel can be implemented immediately,
its relatively low effectiveness (i.e., 25 percent NO,, reduction) yields a much lower emissions
benefit compared with natural gas.

Table 12 compares the emissions reduction potential of electric, clean diesel, and gas
compared with the diesel baseline. These numbers indicate the benefit of converting each of
the nine commuter routes completely to alternative fuel after all commuter routes have
achieved intermediate service. No consideration is given to partial electrification for the
purposes of this comparison.

The data in Table 11 and Table 12 show that Routes 2, 5, and 9 represent the greatest
sources of emissions and the greatest potential for emissions reduction by conversion to
natural gas or electricity.

Table 13 gives the NOy emissions reduction for each of the commuter routes in tons
per passenger-mile using clean diesel, gas, and electricity.

Unlike the data in Tables 11 and 12, these data in Table 13 show a surprising

similarity between each of the routes in the effectiveness of NOy reduction when compared
on a ton per passenger-mile basis.
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TABLE 12. DAILY AND ANNUAL NOy EMISSION REDUCTIONS FOR
INDIVIDUAL COMMUTER ROUTES AT INTERMEDIATE SERVICE LEVEL

NOy Emissions Reduction
Route To car
[$/Ton]

Clean Diesel Gas Electric

2 27.1 120.5 160.7
[194] [5,687] [98,112]

3 19.2 88.2 117.6
[198] [7,452] [114,236]

4 8.6 38.6 51.5
[194] [8,950] [184,851]

5 40.0 179.0 238.7
[195] [4,043] [97,055]

6 17.6 78.5 104.6
[195] [5,574] [147,886]

7 15.0 66.8 89.0
[194] [5,304] [181,213]

8 9.5 42.2 56.3
[194] [8,258] (188,481}

9 28.2 125.6 167.4
[195] [5.504] [97,773]

10 | 2.8 12.6 16.8
[194] [26,782] [239,601]

Assumes complete conversion to each of the alternative fuels from the

baseline diesel, 260 day per year operation.
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TABLE 13. EMISSION REDUCTIONS FOR INDIVIDUAL COMMUTER ROUTES
AT INTERMEDIATE SERVICE LEVEL ON A TONS/PASSENGER-MILE BASIS

NOy Emissions Reduction’ ]
Route Tons/Passenger - Mile) X10
Clean Diesel Gas Electric

2 0.10 0.46 0.62

3 0.085 0.41 0.54

4 0.097 0.49 0.65

5 0.10 0.45 0.60

6 0.11 0.46 0.62

7 0.11 0.47 0.62

8 0.11 0.46 0.63

9 0.11 0.46 0.62

10 0.095 0.47 0.57
Afsumes complete conversion to each of the alternative fuels from the baseline

diesel.

Cost Analysis

This study addresses two primary costs: the capital cost required to install new
commuter and freight rail service in the Los Angeles Basin, and the operating and
maintenance expenses associated with the new rail service. The cost of these two items
varies significanily depending on the energy source selected for powering the commuter trains
(i.e., diesel, gas, or electric). For example, electric power has an extremely high capital cost
compared with natural gas and diesel fuels. Natural gas has slightly higher initial costs than
diesel but potential for lower operating expenses primarily due to the difference in fuel costs.
In addition to these costs, the financial cost effectiveness and air quality cost effectiveness
are also discussed in this section.

Capital Costs
The LACTC has begun a program to increase the number of commuter trains in the
Los Angeles Basin in the near future. This program includes the purchase of 17 new diesel

locomotives which will be delivered in mid-1992. The purpose of this cost analysis it to put
into perspective low emissions alternatives to diesel trains such as natural gas and electricity.
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This cost analysis compares the diesel locomotive commuter rail program which is currently
in progress with other alternatives such as natural gas and electrification.

Diesel

The primary capital cost associated with diesel commuter rail service is the cost of
the locomotives themselves. These locomotives are estimated to cost approximately $2M
each when purchased from the Electro-Motive Division (EMD) of General Motors in a
quantity of 17 locomotives (such as those to be delivered in mid-1992). These locomotives
will be rated at 3000 hp and used to inidally establish three commuter route services. Current
plans call for 12 of these locomotives to be used on three commuter lines, which will allow
three locomotives to be used for back-up service (one each for each commuter line}). Two
spare locomotives will be available for miscellaneous requirements. Since the capital cost
of the passenger cars will be virtually identical for the diesel, natural gas, and electric
scenarios, their costs are not included in this study. Table 9 shows the schedule for start-up
and intermediate service of each of the nine commuter routes.

Additional capital costs required for the diesel commuter service will include ticket
counters and other facilities for the new commuter services. These costs will be required for
all three types of fuel. So, once again, these capital costs will be omitted since they are
expected to be the same for each of the three energy sources. Finally, the current program
to expand the commuter rail service in the Los Angeles Basin will use existing trackage.
Therefore, the capital costs associated with new or renovated trackage is expected to be
nominal in the case of the diesel and natural gas commuter rail services.

Natural Gas

When naturai gas is used as a means of reducing the emissions from these commuter
trains, additional capital costs will be incurred compared with the diesel baseline. Additional
capital costs for the natural gas trains include the following:

(1)  New engine (or combustion systems) to allow the locomotive to operate on
natural gas fuel

(2) CNG or LNG fuel storage tanks on-board the train

3 New refueling infrastructure (CNG or LNG)

Several combustion systems could be applied to the diesel engine to operate on natural
gas. These combustion systems are discussed in more detail in the Technology section, but
will also be discussed here for the purposes of the cost analysis.

The least expensive gas combustion system would be a dual-fuel system where the
original diesel fuel injection system remains in place and natural gas is substituted in order
to displace the use of diesel fuel. This type of combustion system has the potential to reduce
particulate emissions by 40 to 60 percent, but will provide only a 20 percent NOy reduction
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compared with pure diesel fuel operation. SwRI estimates that a dual-fuel system could be
designed and installed on the EMD 12-710G3A locomotive engines for approximately
$250,000 per locomotive.

The next level of complexity would include the removal of the diesel fuel injection
system and replacement with a spark ignition combustion system. This conversion would
allow the engine to run on 100 percent natural gas and would require combustion chamber
modifications in order to reduce the compression ratio and optimize the combustion chamber
geometry for operation on natural gas. This type of combustion system should be achievable
using existing gas engine technology at a cost of approximately $500,000 per locomotive
depending on the level of sophistication of the engine control system. Since approximately
35 percent less power is available with this combustion system, multiple locomotives per train
may be needed, thus significantly increasing capital cost. The capital cost of additional
locomotives for this engine technology has not been included in this study.

A third option to convert the diesel locomotive to natural gas is early-cycle injection
of the gas. This system will require a reduction in compression ratio and retrofit with an
ignition system and precombustion chamber. This type of combustion system will require
substantial development on a locomotive engine and is expected to increase the original diesel
locomotive cost by approximately $500,000. A power loss of up to 25 percent may be
experienced with this conversion. However, the capital cost of additional locomotives
potentially needed for this technology has not been included in this study.

Finally, the most promising near term natural gas combustion system involves the
direct injection of natural gas into the cylinder under very high pressure similar to the diesel
fuel injection system. This combustion system is currently under research and has been
applied to large bore engines, but has not yet been commercially used in locomotives, This
combustion system will require optimization of the fuel injection system and combustion
process. Once this technology is available, an estimated retrofit cost of $150,000 to $300,000
per locomotive is considered possible for this combustion system.

One other interesting possibility for the natural gas powering of commuter trains in
the LA Basin exists. Generation II Locomotive (Minneapolis, Minnesota) has developed a
successful engine retrofit for GP-15 through GP-30C locomotives. This retrofit includes the
complete renovation of the locomotive and re-engining with a Caterpillar 3516 diesel engine
rated at just over 2,000 horsepower. Retrofitted locomotives from Generation II Locomotive
range in cost from $800,000 to $900,000 in diesel configuration. However, since low
emissions, lean-burn, natural gas combustion and control systems already exist for the 3500
series Caterpillar stationary engines, a remanufactured locomotive could be obtained from
Generation II Locomotive operating on natural gas at an estimated cost of approximately
$1.5M. The disadvantage of this approach is the reduced horsepower on gas (1,150
horsepower) compared with the 3,000 horsepower EMD 12-710G3A diesel engine. If this
reduction in power output can be overcome, then the capital cost to put a natral gas
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locomotive in place could actually be similar to the cost of the new EMD 12-710G3A diesel
engines.

Several options exist for locating fuel storage tanks on the commuter trains to store
liquified natural gas (LNG) or compressed natural gas (CNG). For LNG, the existing diesel
fuel tank can be removed and replaced with a 600 gallon capacity LNG fuel system. This
fuel system would include three LNG tanks. Each tank would have a capacity of over 200
gallons LNG at a cost of approximately $7,500 each. Thus, the LNG fuel tank costs for each
train would be in the range of $25,000. This feasible fuel storage approach allows the fuel
to be stored on the locomotive and does not require a fuel tender or additional rail car for
carrying fuel. For CNG, roughly twice the storage volume of LNG will be required which
will make complete storage of CNG on the locomotive more difficult. The Fueling Logistics
Section discusses this topic in more detail. The cost for an equivalent on-board fuel storage
capacity using CNG tanks is approximately $48,000 per train.

Please note that CNG is considered an option for fuel storage on most of the
commuter routes studied. However, due to the vehicle range required for freight rail
application, LNG appears to be the only feasible choice for storing natural gas. Air Products
& Chemicals, Inc. has recently designed ard built a prototype 20,000 gallon LNG fuel tender
for rail application. The purchase price of similar LNG tenders is expected to be in the range
of $275,000 - 325,000.

In today’s fast moving alternative fuels environment, the options for buying or leasing
refueling stations is virtually unlimited. For LNG, several options are available. One option
includes shipping LNG from an existing liquefaction plant in Sacramento, Reno, or Las
Vegas. The capital costs associated with this approach include the purchase of on-highway
tankers which are expected to cost $350,000 each for a capacity of 10,000 gallons of LNG.
This strategy is described in more detail in the Fueling Logistics section. An alternative
approach toward LNG fuel supply would be to install one or more central liquefaction
plant(s) in the Los Angeles Basin to supply LNG for the commuter trains. The capital cost
to install a reliable liquefaction plant is on the order of $5M to $50M.

For CNG, relatively inexpensive slow-fill compressor stations could be installed at
cach of the commuter rail yards to fill the trains overnight since they will not be used during
the night hours. The cost of a 150 SCFM CNG compressor is in the range of $225,000 and
could be expected to provide a sufficient gas supply for five trains.

Electric

Electrification capital costs are extremely high. These capital costs include overhead
catenary structures for distributing the electrical power along the railroad line, power
substations which are typically located approximately 15 miles apart along the railroad track,
and extensive civil engineering and construction (such as raising bridges and lowering the
track to pass through tunnels to allow ample overhead space so the electrical power does not
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ground out). Immunization, or EMI shielding, is another substantial capital cost which must
be addressed and will be a critical issue in the LA Basin area. Immunization is necessary
to prevent the interference of the high voltage power lines with business computers,
residential computers, and other electronic equipment. Additional "right-of-way" purchases
for electric tracks also represents a major capital cost. Finally, the cost of the electric
locomotives are much higher than the diesel or namral gas locomotive costs.

Table 14 illustrates the capital costs predicted by Booz-Allen, and Hamilton in January
of 1991 for electrifying rail service in the Los Angeles Basin Area.

TABLE 14. ELECTRIC TRAIN SYSTEM CAPITAL COSTS

Component Unit Unit Cost
Catenary per track mile $200,000
Substation per track mile $266,000
Civil Works per track mile $500,000
Immunization per track mile $200,000
Locomotive each $4,000,000
TOTAL $1.2M per track mile (not
including locomotive
COsts)

Additional data on installing electric rail service in the United States has recently
become available. AMTRAK is planning to expand electrification of its northeast corridor
(New York City to Boston) at an estimated cost of $1.4M per track mile, not including trains.
AMTRAK currently offers electric commuter rail service from New York City to New
Haven, Connecticut. However, continuing rail service from New Haven to Boston is powered
by diesel. In order for passengers to commute from New York to Boston, or vise versa, they
experience a delay in New Haven, where the electric locomotive is switched with a diesel
locomotive. This switching operation adds excessive time to the commute and places

additional operating costs on AMTRAK due to the need to maintain two different operating



lowering tunnels) and immunization where necessary. The $225M does not include the
purchase cost of electric locomotives.

The most recent estimates of the capital cost to install electric railroads in the LA
Basin range from $2M to more than $6M per track mile. A capital cost of $2M per track
mile has been assumed for this analysis. This cost includes all electric system costs except
the purchase price of the locomotives which are assumed to be $4M each.

A comparison of the capital costs used for this analysis is given in Table 15.

TABLE 15. CAPITAL COST ASSUMPTIONS

LA Basin Commuter Trains

Energy Source Electrify Locomotive Refueling
&y (track mile) (each) (per Route)
Electric $2M $4M n/a
Diesel nfa $2M n/a
3 $1.1M (LNG)
o e $25M $300,000 (CNG)

Natural gas fuel tanks will also be required for gas. LNG tanks are estimated to be
approximately $25,000 per train. CNG tanks are expected to be approximately
$48,000 per train.

Operations and Maintenance Costs (0&M)
Diesel

Diesel locomotives have three major operating costs. The first cost is diesel fuel and
oil consumption. Today’s low sulphur diesel fuel costs approximately $0.75 per gallon in the
Los Angeles Basin. The cost of future low aromatic diesel fuels is uncertain at this time.
The second cost is operating costs, such as the employees which are needed at the rail yard,
ticket counter, intermediate stations, etc. These costs should be the same for each of the rail
services whether it be diesel, gas, or electric. Therefore, these operating costs will not be
addressed in this study. The third cost is maintenance. The maintenance characteristics of
the diesel engine, gas engine, and electric locomotive are expected to be different; so
including maintenance figures in the overall operating cost is important as a comparison
between each of the three fuels is made.

CALTRAIN operates a diesel commuter rail service from San Jose to San Francisco.
This commuter service is considered to be very similar to the service planned for the Los
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Angeles Basin Area. CALTRAIN officials indicate that their annual maintenance costs are
approximately $37,500 per locomotive. On average, each of these locomotives travel 35,000
miles per year, yielding an average maintenance cost of $1.07/mile. This cost includes all
service and repair of the diesel locomotives.

AMTRAK operates both diesel and electric passenger rail service in the northeastern
United States. Officials at AMTRAK have also released maintenance records to SwRI on

their locomotives. Table 16 compares diesel and electric locomotive maintenance costs.

TABLE 16. DIESEL AND ELECTRIC LOCOMOTIVE
MAINTENANCE AND REPAIR COSTS

Diesel Locomotive

I Electric Locomotive

Mfr/Model EMD/GP40, F40 GM, ABB/AEM 7
Power Qutput 3,000 horsepower 7,000 horsepower
Average Maintenance $17,600/month $23,400/month
Costs

Annual Mileage” 160,000 miles 160,000 miles
Average Cost per Mile $1.32/mile $1.76/mile

Based on 12 month period ending September 1991,

The figures reported in Table 16 were collected from a fleet of 227 diesel locomotives and
52 electric locomotives. Maintenance costs include all preventative and running maintenance,
overhauls, major overhauls, and wreck repair (please note that wreck repair is a small
percentage of the total maintenance bill). According to this table, the electric locomotive is
about 30 percent more expensive to maintain than the diesel version.

Comparing maintenance costs for a 7,000 horsepower electric locomotive and 3,000
horsepower diesel locomotive directly is difficult. One reason for the increased O&M cost
of the electric train is the low production volume of replacement parts. Electric trains have
a better reliability rating than diesels, but when they fail the repair cost is much higher than
a diesel repair due to the high cost of replacement parts.

New Jersey transit also operates both diesel and electric passenger rail service. Their
electric trains have only been in service since July of 1990, so they do not have good cost
figures on the electric O&M requirements. However, officials at New Jersey Transit did
indicate that electric trains were more expensive to maintain and operate than diesels, but did
not have numbers to say just how much.
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Based on our investigation of O&M costs, we assume an annual diesel O&M cost of
$37,500 per commuter locomotive, since CALTRAIN’s data were in the same range as
AMTRAK’s data. Trains on the San Jose - San Francisco route operate about the same
mileage expected for the LA Basin routes.

Natural Gas

The natural gas fuel costs depend on whether LNG or CNG fuels the trains. In
addition, the refueling station will also have an impact on the cost to refuel the trains. For
example, if LNG is brought in by tractor trailer from a remote location (e.g., Sacramento) the
LNG will cost about $0.52 per gallon (i.e., $0.91 per diesel equivalent gallon). In the case
of CNG, there are many different scenarios which could be considered.

SoCal Gas has recently obtained preliminary approval of their NGV fuel rates. These
fuel rates differ dramatically depending upon whether or not SoCal Gas supplies the refueling
station at the operator’s facility. Other factors include whether the user purchases its own
gas from the field and contracts with SoCal Gas to transmit the fuel or whether it leaves the
purchase of the gas and transmission up to SoCal Gas. Looking at the two extremes, if the
commuter operator depends on SoCal Gas to procure and transmit the gas to their location
and compress the gas to approximately 3,000 to 3,600 psi for refueling operations, then the
operator can expect to pay approximately $5.50 per MCF of natural gas. On the other hand,
if the operator decides to go out and purchase the gas from the field and contract with SoCal
Gas to transmit the fuel, they will only be charged $0.50 per MCF by SoCal Gas. The
operator will then be faced with a fuel origination cost of abut $2.00/MCF and the
responsibility of installing its own compressor at its site for refueling the CNG storage tanks.
Preliminary calculations indicate that the payback period for an operator-owned compressor
station is about two to three years compared with buying fully compressed gas from SoCal
Gas. Therefore, we based the cost analysis on the assumption that the operator will purchase
the refueling station and pay a delivered cost of $3.50/MCF for the gas. The gas cost could
be reduced to $2.00/MCF for long-term contracts, but $3.50/MCF has been used for all CNG
calculations.

Additional maintenance costs will be required for the LNG fuel system to assure that
the fuel composition in the LNG tanks does not change over extended periods of time. These
issues are discussed in the Fueling Logistics section, but we account for their cost here, The
additional maintenance cost to periodically drain and maintain the LNG tanks is estimated
to be in the range of $17,500 per train per year. The maintenance costs will be lower for the
CNG fuel system compared with LNG. An additional $7,500 per train per year is expected
to maintain the refueling stations for CNG compared with diesel maintenance costs. The
locomotive engine maintenance costs for the CNG and LNG are expected to be approximately
the same as the diesel-fueled locomotives in terms of major failures and engine rebuilds.
This cost assumes that the spark plug and ignition system maintenance for the gas engine will
be offset by the reduced number of engine rebuilds due to a cleaner burning engine (ic.,
fewer carbonaceous deposits) and the elimination of the diesel fuel injection system.
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Electric

Although electric rates are subject to change, SwRI has assumed a cost of $0.075 per
kW-hr of electricity. Sources at Southern California Edison indicate that this energy rate is
probably on the low side. However, in the absence of firm numbers, $0.075 per kW-hr was
chosen as a conservative energy rate.

SwRI was unable to locate exact maintenance costs associated with electric train
operation compared with the diesel or natural gas operation. However, the information
included in Table 16 and the conversations we have had with operators experienced in diesel
and electric trains suggests that electric trains will be at least as expensive to maintain as
diesels. Thus, we have assumed an annual O&M cost of $37,500 per electric locomotive (the
same as diesel O&M costs).

The electric train operating costs could be artificially low due to the fact that some
of the electric power plants that service the LA Basin are located in Arizona and Nevada.
Since the electric power plants produce significant emissions which impact air quality, the
electric train offers the LA Basin the opportunity to "export” their emissions into neighboring
states. While this is attractive for California, the transportation authorities should be aware
of the possible costs which the states of Arizona or Nevada could impose on the rail service
to pay for that emissions export service. Since SCAQMD has assigned a maximum cost of
$24,500 per NOy ton per year, the extent to which electric trains reduce NOy emissions in
the Los Angeles Basin could represent a substantial operating cost for the electric trains
which is not included in this study. This issue should be investigated and planned for in the
future.

Basic assumptions for calculating operating and maintenance (O&M) costs for the
different fuels are summarized in Table 17.

TABLE 17. O&M COST ASSUMPTIONS

Fuel Annual Maintenance Cost
Fuel Cost .
(per Locomotive)

Electric $0.075/kW-hr $37,500
Diesel $0.75/gallon $37,500
Gas $0.52/gallon (LNG) $55,000
$3.5/MCF (CNG)' $45,000

Does not include compression costs.
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Financial Cost Effectiveness

The financial cost effectiveness was calculated for each of the nine commuter routes
operating on diesel, natural gas, and electricity. Financial cost effectiveness calculations were
based on intermediate service for each fuel. For the purposes of cost comparisons, operation
on 100 percent diesel, natural gas, or electricity was assumed. Partial implementation of gas
or electric was not included in these analyses. All financial calculations were based on the
assumptions for capital costs and O&M costs outlined in Tables 16 and 17. The results of
the capital cost calculations are summarized in Table 18.

Table 18 indicates a much higher (i.e., factor of 10) average capital cost for electric
compared with natural gas or diesel trains. Moreover, the capital cost effectiveness of natural
gas is only 30 percent worse than for diesel. These numbers are based on an electrification
cost of $2M per track mile. If this number is higher, the capital cost effectiveness of
electrification will become even worse than these numbers suggest.

Table 19 compares the operating and maintenance (O&M) cost effectiveness of each
of the three fuels. In some cases, the gas trains are more cost effective to operate than diesel.
However, electric trains are the least cost effective to operate due to their higher energy costs.
One way of comparing the fuel costs is on the basis of cost per equivalent gallon of diesel.
This comparison is shown in Table 20.

36



TABLE 18. FINANCIAL COST EFFECTIVENESS FOR
LA BASIN COMMUTER TRAINS BASED ON CAPITAL COSTS

Route % ($)
Capital Cost/Passenger | Capital Cost/Passenger-Mile
2 Diesel 0.92 0.008
Gas 1.21 0.011
Electric 7.65 0.068
3 Diesel 0.92 0.010
Gas 1.20 0.013
Electric 6.67 0.071
4 Diesel 1.03 0.015
Gas 1.32 0.019
Electric 9.24 0.132
5 Diesel 0.92 0.005
Gas 1.24 0.007
Electric 10.80 0.062
6 Diesel 0.99 0.008
Gas 1.30 0.011
Electric 11.63 0.099
7 Diesel 1.03 0.008
Gas 1.35 0.011
Electric 14.95 0.119
8 Diesel 1.03 0.013
Gas 1.33 0.017
Electric 10.19 0.129
9 Diesel 0.92 0.008
Gas 1.22 0.010
Electric 7.91 0.67
10 Diesel 1.03 0.043
Gas 1.30 0.054
Electric 452 0.188
Average | Diesel 0.98 0.013
Gas 1.27 0.017
Electric 9.28 0.171
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TABLE 19. FINANCIAL COST EFFECTIVENESS FOR
LA BASIN COMMUTER TRAINS BASED ON O&M COSTS

Route % (%)
O&M Cost/Passenger O&M Cost/Passenger-Mile
—_— =1
2 Diesel 0.38 0.003
Gas 0.39 0.003
Electric 0.54 0.005
3 Diesel 0.31 0.003
Gas 0.33 0.004
Electric 0.43 0.005
4 Diesel 0.31 0.004
Gas 0.32 0.005
Electric 0.42 0.006
5 Diesel (.49 0.003
Gas 0.49 0.003
Electric 0.73 . 0.004
6 Diesel 0.40 0.003
Gas 0.39 0.003
Electric 0.57 0.005
7 Diesel 0.42 0.003
Gas 0.40 0.003
Electric 0.60 0.005
8 Diesel 0.32 0.004
Gas 0.33 0.004
Electric 0.44 0.006
9 Diesel 0.39 0.003
(Gas 0.40 0.003
Electric 0.56 0.005
10 Diesel 021 0.009
Gas 0.24 0.010
Electric 0.25 0.010
Average | Diesel 0.36 0.004
Gas 0.37 0.004
Electric 0.50 0.006
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TABLE 20. COMPARISON OF FUEL COSTS

Fuel Fuel Cost aﬁﬁ&"éﬁﬁfﬂi’ﬂn
Diesel $0.75 $0.75
Gas (LNQG) $0.52/gallon (LNG) $0.91
(CNG) $3.50/MCF (Gas) $0.51
Electricity $0.75/kW-hr - $2.93

Another method for comparing diesel and electric fuel costs is to calculate the cost of
providing 1 kW-hr to the electric generator for the traction motors using a diesel engine.
This calculation is explained below.

Assuming an average brake specific fuel consumption (BSFC) of 0.40 1b_/bhp-hr for
the diesel engine and a diesel fuel cost of $0.75/gallon yields:

1 bhp-hr X 0.7457 kW-hr _ 1.86 kW-hr

0.40 ib,, 1 bhp ib,
and,
1.86 kW-hr 7316,  gallon _ 18.14 kW-hr
b, gallon ~ $0.75 $
or

$0.055/kW ~hr using a diesel locomotive

Since electric power is expected to cost $0.075/kW-hr from the udlity company, this
calculation indicates the diesel locomotive offers a 26 percent savings in electric power
generation compared with the electric system. This comparison does not take into account
the losses between the operator’s electric meter and the on-board generator or traction motors.
Additional losses will be experienced when transmitting eleciric power through the catenaries,
train poles, and on-board electrical system.
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Air Quality Cost Effectiveness

Based on the results of this study, natural gas has the potential to achieve a very
positive air quality cost effectiveness. Natural gas has the potential to reduce NOy emissions
from commuter trains by more than 700 tons per year at an additional cost of abour $4.6M
per year compared with the diesel baseline (based on projections for 1997 including a 20 year
amortization of all capital costs at an annual interest rate of 10 percent). These numbers
translate into an NOy emissions reduction cost of about $6,500/ NOy ton/year. If electricity
were capable of achieving the same level of implementation by the year 1997, it would be
expected to reduce NO,, emissions by almost 950 tons per year at an additional cost of about
$125M. These numbers yield an NO, emissions reduction cost of over $131,000/NO,
tonfyear. Since electrification was assumed to cost $2M per track mile, this number could
increase by a factor of two, or even three, depending on the final cost of electrification.

Figure 6 compares the average air quality cost effectiveness for each of the commuter
routes after achieving intermediate service status with each of the three fuels: clean diesel,
natural gas, and electricity, Clean diesel is clearly the most cost effective measure for
emissions reduction since its only increase in cost was assumed to be higher fuel consumption
(1 percent increase). It offers, however, limited potential for making significant reductions
in NOy emissions as shown before in Figure 5.

Environmental

Natural gas is expected to offer several advantages regarding general environmental
characteristics compared with diesel. For example, combustion noise from a natural gas
engine is typically lower than that of the original diesel engine, thereby, reducing overall
engine noise. Likewise, engine vibration is normally reduced to some extent when converting
from diesel fuel to natural gas fuel. A visual improvement in using natural gas will also
occur due to the reduction (and virtual elimination) of visible smoke from the engine’s
exhaust.

Environmental issues such electromagnetic fields (EMF), construction, and
energy/utilities requirements which are key issues with the electric rail system are not
anticipated to be key issues for the natural gas train. However, land use will need to be
evaluated carefully for natural gas application due to the need for locating CNG refueling
stations and eventually LNG liquefaction plants.

Vehicular traffic is expected to be improved with the natural gas trains compared with
the electric. The basis for this statement is the possibility of natural gas locomotives
traveling outside the LA Basin without the requirement of switching from a natural gas to
diesel locomotive. This possibility will only exist if CNG or LNG refueling stations are also
available outside the LA Basin but would not require the heavy capital expense of extending
electric service outside the Basin. Safety related issues with natural gas have been discussed
in the Technologies section and will be mentioned again in the Key Issues section below.
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Funding
Level of Funding Required

Figure 7 illustrates the projected expenditures for each of the three railroad systems
(i.e., diesel, natural gas, and electric) from 1992 through the year 2015. These expenditures
are based on the implementation schedule outlined in the Technologies section above and the
1991 AQMP Plan for Electrification. This figure illustrates the nominal increase in capital
costs to implement natural gas trains compared with the escalated cost of putting electric
trains into service. The numbers represented in this figure were based on a capital cost of
$2M per track mile for electrification, therefore, the electric costs could be increased due to
potentially higher actual electrification costs.

Funding Opportunities

No data available for this section.
Potential for Rate Basing

No data available for this section.
Key Issues

Several key issues exist regarding the entire LA Basin commuter rail system. For
example, all calculations and discussions in this chapter assume that each commuter train will
make only one round trip per day. This operating strategy puts a very low utilization factor
on the equipment and should be investigated further to determine the advantage of running
each train on multiple round trips per day. If the utilization of the natural gas commuter
trains increases, they will very quickly exceed their capacity for fuel storage on CNG and a
switch to LNG will be required to provide a full day’s driving range. This scenario is
discussed further in the Evaluation and Summary section of this chapter.

Another key issue regarding natural gas locomotives is refueling. The analysis
conducted in this chapter assumes that each of the nine commuter rails will use CNG for fuel
storage during the start-up and intermediate service and that a switch will be made to LNG
after all commuter routes have achieved intermediate status. The exact number and location
of LNG plant(s) will be critical in optimizing the efficiency of the commuter rail system. For
example, locating one or more LNG plants outside the downtown Los Angeles area and
cycling the natural gas locomotives through the commuter rail system to refuel them at the
required intervals may be more feasible, Additional study will be needed to address this issue
and make specific recommendations.

Other key issues regarding natural gas trains include safety and regulatory approvals
which may be required at the state and federal level. Several key safety studies will be
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available in the very near future to help evaluate these issues. Additional study needs to be
made regarding regulatory requirements for fueling locomotives with CNG and LNG, both
as an on-board fuel for the locomotive and in the form of an LNG fuel tender for freight
applications.

Public perception regarding the safety of natural gas locomotives has been discussed
by several individuals and organizations. While many experts in this industry predict that
public perception will be a major problem, Burlington Northern has experienced just the
opposite. They report that, once properly trained and educated, their staff prefer to be
involved in the natural gas locomotive projects compared with the existing diesel locomotives.
Although this issue will certainly need to be addressed, it is not expected to be a show-
stopper for natural gas trains.

Service Quality

Depending on the conversion technology selected for natural gas locomotives, some
impact on travel time could be experienced due to the reduction in power output from the
locomotive. Additional analyses and combustion system investigations will be needed to
quantify the actual impact on travel time for passenger and freight applications. In general,
the horsepower per trailing ton for the commuter trains is already very high compared to
freight application. Therefore, the perception of reduced service quality may not be
significant in the case of commuter operations.

Shared Use Potential

In addition to the positive air quality cost effectiveness of natural gas compared with
electricity, the strong potential for shared usage of existing track between diesel and natural
gas locomotives raises the importance of evaluating natural gas as a transitional alternative
fuel before electric railroads are put into place. Natural gas locomotives and diesel
locomotives should be completely interchangeable on any commuter or freight rail
application. Changes to existing trackage or signaling will not be required. The only
operational difference will be in the refueling location and procedure used for natural gas
compared with diesel. Therefore, the fact that natural gas and diesel trains will be capable
of running side-by-side on existing trackage should be noted. This flexibility will not exist
after electric service becomes operational for two reasons: electric trains cannot run on diesel
tracks due to the absence of an energy source, and diesel trains should not be run on an
electric track with overhead catenaries due to the heavy soot formation that will develop on
the overhead contacts for the electric train.



CLEAN DIESEL

Technology

The following technologies will be considered for reducing the oxides of nitrogen and
particulate emissions from railroad locomotives by retofit of existing locomotives.

Low Temperature Intercooling

Injection Retard

Reoptimized Combustion

Exhaust Gas Recirculation

Intake Charge Chilling

Emulsions of Water and Water Injection

"o po o

Low Temperature Intercooling

This is some times called air-air intercooling as it rejects heat from the compressed
air charge through a heat exchanger, called intercooler, to the surrounding air. If the
intercooler is 80 percent effective then it can cool the charge from 100 to 36°C. A plot of the
response of oxides of nitrogen emission to intake charge temperature is shown in Figure 8
and it is clearly an effective way to reduce oxides of nitrogen emissions without penalty to
fuel consumption, or significant cost penalty. Some slight reduction in particulate emissions
can also be expected. Because of these advantages, on-highway truck engines are almost
exclusively air-air intercooled. The response of NOy to reduced combustion air temperature
may not be as significant on the locomotive engines.”? This is because the emissions plotted
here are cycle averaged with 50 percent weighting for idle. Idle NO, emissions are not
significantly effected by charge temperature. In addition, there was considerable reheating of
the intake charge being passed between the intercooler and the engine. This reheat could be
eliminated by insulation of the passage from the intercooler to the engine.

Increasing the effectiveness of the air-air intercooler on locomotives could require too
much space on the locomotive. If this is the case, then low temperature intercooling can still
be achieved by so called "lo-flow" intercooling. This entails taking a fraction of the coolant
then passing it through a multipass radiator so it is cooled to about 40°C and then using this
cooled coolant to intercool the intake charge to about 50°C. On rejoining the remaining
coolant, the cooled fraction of the coolant reduces the temperature of the total coolant to the
same temperature as it would be if it had passed through a conventional radiator. Though
sounding complicated, this system requires less space than an air-air intercooler and radiator
combined.
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Retard of Injection Timing

The retard of injection timing is an effective way to reduce NOy, but uniess it is
accompanied by counter measures then particulates, fuel consumption and hydrocarbon
emissions will also increase.”® The counter measures basically involve reoptimizing the
combustion for retarded conditions. The optimum configuration of a combustion system for
normal timing will not be the same as for more retarded timings. The injection pressure,
injector nozzle hole configuration, combustion chamber shape and swirl level may all require
changing to reoptimize the system. In addition to reoptimizing the combustion for retarded
timing additional optimization can be done for reduced particulate emissions.

0il Consumption Control

As much as half of the lubricating oil consumed by an engine will not be burnt and
will then become particulates. Oil consumption is a significant contribution to the total
particulates of the engine and the EMD and GE locomotive engines are know to have high
oil consumption. The oil consumption can be controlled are reoptimizing the design of the
piston, piston rings and cylinder liner possibly using recently developed materials.

Exhaust Gas Recirculation (EGR)

The effect of recirculating spent combustion gases back into the intake system to
reduce NOy in the exhaust has long been known and utilized in the gasoline engine industry.
The technique is called exhaust-gas recirculation (EGR). EGR serves as a diluent in the
intake air/fuel stream, hence displacing an amount of oxygen that is no longer available for
combustion with the fuel. This serves to reduce the peak combustion temperature and the
rate of the combustion process. It is the rate of pressure rise that directly attributes to the
undesirable phenomenon of knock or pre-ignition. Furthermore, the formation of NOy, is
closely related to the peak burned-gas temperature. Therefore, a reduction in the peak
burned-gas temperature due to the introduction of EGR reduces the amount of NO, formed.

With spark-ignition (SI) engines, a substantial reduction in NQO, emissions can be
achieved with 10 to 25 percent EGR.*® The amount of EGR any engine will tolerate is
dependent upon the combustion characteristics, the speed and load, and the equivalence ratio.
EGR 1is used for part-throttle conditions where economy and not power is the principal
concemn. EGR percentages in the 15 to 30 range are about the maximum amount of EGR an
SI engine will tolerate under normal part-throttle conditions.

The addition of too much EGR causes cyclic variability and eventually misfire. The
increase in HC emissions with the increase in EGR is small until the engine begins to misfire.
The addition of EGR has a negligible effect on CO, emissions.

The concept of employing EGR in diesel engines is now being used with some light-
duty diesel engines.” The idea of using EGR with diesels is not new. The main barriers
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with using EGR with diesels in the past have been associated with oil contamination, intake
system contamination, wear, and further increasing an already high level of particulate
emissions.

If low temperature intercooling and injection retard cannot meet the required NQ,
levels, then exhaust gas recirculation is the next most effective technology to apply.

Intake Charge Chilling

The benefit of low temperature intercooling has already been discussed. However, the
minimum manifold temperature that can be obtained at rated power with air-to-air intercoolers
is 36°C. Consequently, little data is available in the Literature correlating manifold
temperature, NOy, and particulate emissions at temperatures below 40°C.

Intake manifold temperatures lower than 40°C may be required to meet very severe
emission standards. The effect of manifold temperature on NOy emissions is modeled in
Figure 8. NO, emissions decrease with decreasing manifold temperature. However, the
model used to produce Figure 8 does not account for the change in ignition delay with
manifold temperature. Ignition delay increases with decreasing manifold temperature.
Longer ignition delays result in more premixed combustion, high initial heat release rates, and
might result in higher NOy emissions. Therefore, SWRI suspects there may be an optimum
manifold temperature for lowest NO, emissions. This temperature cannot be easily
determined using computer models because engine and/or fuel modification may be required.

The effect of low-manifold temperature (below 40°C) on particulates must also be
determined to minimize the NOy-particulate tradeoff. Currently, no engine models can
predict particulate emissions. Reducing manifold temperature will affect spray penetration,
fuel-air mixing, and thus particulate formation. Engine tests will be required to determine
the correlation between manifold temperature, NO,, and particulate emissions. It is
anticipated that the combustion system will require optimization for the lower manifold
temperatures. The potential problems of water condensation in the manifold and icing should
also be addressed.

One possible scheme for achieving lowered intake manifold temperatures is shown in
Figures 9 and 10. In this arrangement the turbocharged and intercooled engine has a
conventional turbocharger and compressor that compresses the intake charge and cools it to
say 62°C as shown at 3’ in Figure 10. At this point it is compressed again then passed
through a second intercooler to ’5’ where it is at 38°C. At this point it is expanded semi-
adiabatically through an expander, possibly a modified turbocharger wurbine, so the charge
is cooled to 6°C in the case shown in FigureS 9 and 10. Temperatures less than 0°C are
possible with this arrangement. However, there are several questions concemning the viability
of this scheme such as the condensation and icing of the water vapor in the air, the fuel
consumption penalty and the transient response of the device.
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RELATIONSHIP BETWEEN INTAKE MANIFOLD TEMPERATURE AND NOy CONCENTRATION POR DIESEL ENGINE
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Emulsions and Water Injection

Water injection in diesel and gasoline engines has been examined several times®#2
as a method of reducing NOy emissions. The researchers also observed significant reductions
in smoke when using water injection, so it could be that particulate emissions would be
reduced by water injection as well.

Water injection is believed to assist combustion in different ways:

(1)  Water will instantly vaporize to super-heated steam on injection to the
cylinder. If the injected droplets are a mixture of water and fuel, the
vaporizing water will fracture the droplets by what has been called "micro-
explosions” and so increase the degree of atomization and burning.

(2)  The latent heat of vaporization of the water is sufficient to reduce temperatures
during the combustion process so that NO, is reduced by as much as 50
percent. The water vapor is also a working fluid so some of the heat it gains
from the fuel is converted to useful work on the piston.

(3) An indirect advantage of water injection is that as the heat absorbed by the
water is 9 percent of the calorific value of the same mass of fuel, the heat
rejection to the coolant would be reduced by some value less than 9 percent.

Two methods of water injection have been tested:
H Injection of a mixture (emulsion) of fuel and water through the same injector.
(2)  Separate water injection into the intake port or directly into the cylinder.

Researchers report better results with the first method, probably because the fuel and
water are mixed in the same droplet and can give the "micro explosions” mode of
atomization. However, handling a larger capacity fuel pump does pose some practical
problems, such as requiring a larger capacity fuel pump to pump both the water and the fuel.
Also, water would be injected at all engine operating conditions, such as light load and cold
start, where it is’ not necessarily needed. It is claimed, however, that the emulsion is not
corTOSsive.

When water is injected into the port by a phased gasoline-type injector, it could be
modulated, perhaps electronically, to occur only at high load conditions where it would have
a maximum effect on reducing NOy and particulates.

Since published results show that water injection reduces full load smoke by up to 50

percent, the effects of water injection on particulate emissions may be dramatic. Furthermore,
the researchers did little to reoptimize the combustion system to adjust to the water injection,
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even when the water injected was 80 percent of the fuel mass. If the combustion bow! and
injector geometry were reoptimized to account for water injection, then the benefits may be
greater than those that have been realized.

Low Aromatic Diesel Fuel

Particulate emissions from diesel engines are lowered with a reduction of the aromatic
content of diesel fuel. This is because aromatic compounds have a higher carbon-to-hydrogen
ratio than other hydrocarbon molecules in the fuel. The state of California has mandated that
in 1993 the aromatic content of diesel fuel will be reduced from the current 32 percent to 10
percent. The work on references® ~*" indicates that this reduction in aromatic content will
reduce particulate emissions by only 6 percent.

Catalytic After-treatment

Exhaust catalysts will be used in heavy duty wrucks in 1994 to meet the emission
standards. These catalysts oxidize the soluble fraction of the particulates and are typically 60
percent effective in oxidizing these particulates. These catalysts only operate when the
exhaust temperature rises above a certain temperature so they are not effective at light load
and idle. The amount of space required for the catalyst is less than needed for a particulate
trap and the catalyst could be combined with the muffler. It therefore appears a good choice
for a retrofittable method of reducing particulate emissions, however as it is only effective
on the soluble fraction of the particulates its overall effect on particulates will depend on the
amount of soluble particulates the engine happens to have.

This approach should be more effective on EMD locomotives compared with GE
locomotives due to the higher soluble fraction of particulates in the EMD engine’s exhaust.

Particulate Traps

Particulate traps are used on some applications for gathering particulates in a filter
then regenerating them or burning them away periodically. Traps are probably not suitable
for railroad engines as they are expensive, large, and maintenance intensive.

RAPRENOx

RAPRENOXx is a chemical treatment of combustion or exhaust gases with cyanuric
acid. Today, this is a very speculative technology and very much in the research stages.
Unlike other technologies, speculative or otherwise, all the work on RAPRENOx has been
done by just one person. Different organizations (DoE, PG&E, Cummins, and others) have
supported the work at different times, but the actual work has been done by the same person.
The bulk of this has been in flow reactors on the bench. Cyanuric acid is a powder. At
high temperatures ( > 1000 degrees C), cyanuric acid goes through a complex series of
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reactions, reducing NOy to nitrogen and oxygen. In this process, cyanuric acid is consumed.
This technology is not considered feasible for locomotive application.

Selective Catalytic Reduction

This technology has been applied to boilers, and in a limited number of cases to very
large, lean-burn natural gas engines used for power generation. It has not yet seen wide
application in internal combustion engines. This is a very selective catalytic process, hence
the name. Ammonia is injected in the exhaust (flue) gases which pass over a catalyst. The
catalyst selectively causes a complex set of reactions between ammeonia and NO,, even in the
presence of oxygen, to reduce NOy to N,.

These systems are not readily available and are reported to be cost prohibitive. In
addition, the technical and safety characteristics of this system are unproven for transportation
application. This technology will need to be demonstrated before it can be considered as a
possibility for locomotive application.

Electro-Catalytic Reduction

Electro-catalytic reduction is a relatively new technology. It can only be considered
to be in the very early research stages. It has not been tried on an engine, not even in a
laboratory setting. Limited results on a bench set-up from a single laboratory are available.
Lean-burn engines contain excess oxygen in the exhaust. In the presence of excess oxygen,
it is not possible to catalytically reduce NOy, because under such conditions O, would
preferentially react with NO giving NO,. For this reason, industrial processes and power
generation stations have used selective catalytic reduction with ammonia injection under lean
conditions, as discussed in the previous section. Electro-catalytic reduction presents an
alternative way to potentially reduce NOy in the presence of excess oxygen.

Air Quality
SwRI has predicted the general emissions benefits for each of the technologies
described in the previous section. These benefits are based on a percent improvement {or

penalty) compared with the diesel baseline described earlier in this chapter in Table 3. A
summary of the emissions benefits (and penalties) are shown in Table 21.
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TABLE 21. SUMMARY OF CLEAN DIESEL EMISSIONS CHARACTERISTICS

B Percent Change in Emissions
Emissions Reduction Techniques Relative to Diesel Baseline
NOy PM
Low Temperature Intercooling -5 percent -2 percent
Retarded Injection Timing -15 percent +-2 percent
Oil Consumption Control 0 percent -10 percent
EGR -10 percent +3 percent
Intake Charge Chilling -10Q percent -2 percent
Emulsions and Water Injection nfa n/a
Low Aromatic Diesel Fuel 0 percent -6 percent
Catalytic Aftertreaiment n/c n/c
Particulate Traps n/a n/a
RAPRENOx n/a n/a
SCR n/a n/a
Electro-Catalytic Reduction n/a n/a
n/a = not applicable
n/c = not considered

[t is very important to note that each of the improvements listed in Table 21 are not additive.
In other words, the combination of low temperature intercooling, retarded injection timing,
increased EGR, and intake charge chilling will not produce a 40 percent reduction in NOy.
Instead, we estimate the combination of each of the applicable technologies listed above
represents the potential for a 25 percent reduction in NO, compared with the baseline diesel
data shown in Table 3." This improvement in NOy, is not expected to produce a net effect on
particulate emissions. Therefore, the assumptions made for clean diesel emissions reduction
include a 25 percent reduction in NOy, emissions and zero reduction (or penalty) in particulate
matter.

Emulsions and water injection technology is not considered applicable to the
locomotive application due to the requirement for significant amounts of water on-board the
locomotive and the added complexity of this system. Catalytic aftertreatment could reduce
the NOy and particulate matter emissions further than the numbers included in this report.
However, the size and cost of catalytic afterreatment equipment for locomotives is unknown
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at this point, and no consideration was given in this analysis to the application of this
technology. Similarly, particulate traps, RAPRENOX, sclective catalytic reduction, and
electro-catalytic reduction were all considered non-applicable technologies for clean diesel
operation in locomotives in the near future due to their high cost and technical risk.

Cost Analysis
Capital Costs

The additional capital costs to retrofit the low temperature intercooling, retarded
injection timing, improved oil consumption control, and EGR systems on the diesel
locomotive were considered to be negligible. Therefore, the capital cost of the clean diesel
locomotive was not increased relative to the baseline diesel locomotive for the purposes of
this analysis.

Operating and Maintenance Costs

Maintenance costs were assumed to be identical for the clean diesel engine technology
and the baseline diesel locomotive. However, the operating cost will be slightly higher for
clean diesel due to an estimated 1 percent increase in fuel consumption. This increase in
operating cost was included in the cost analysis for clean diesel technology discussed earlier
in this chapter.

Environmental

There are no environmental concerns for any of the clean diesel technologies which
are considered applicable to today’s locomotive engines. However, several environmental
concerns exist regarding the RAPRENOx and selective catalytic reduction systems. These
environmental concerns were part of the rationale for not including their effect on emissions
in this report. The RAPRENOx system is considered potentially hazardous due to its
dependence on the use of cyanuric acid for NO, emissions reduction.

Selective catalytic reduction systems have been proven in very limited and specialized
applications, but the potential for ammonia emissions to the environment is significant with
these systems. Therefore, they represent a potentially harmful environmental hazard.

Funding

The clean diesel technology will not have a significant effect on funding requirements
for the locomotives. Therefore, no discussion is given to this topic.
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Service Quality

Clean diesel technology, as outlined above, should have no significant impact on
service quality relative to the baseline diesel.
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EVALUATION/SUMMARY

This chapter clearly indicates the potential for substantial reductions in NOy and
particulate emissions by converting diesel locomotives to alternative fuels. natural gas has
been estimated to provide approximately 75 percent reduction in NOy emissions compared
with the baseline diesel locomotive and the air quality cost effectiveness appears to be at a
reasonable level.

Based on the results of the alternative fuels analysis, we strongly recommend that
alternative fuels be planned for commuter routes 2, 5, and 9 during the transition from diesel
locomotives to rail electrification. The use of alternative fuels on these three routes alone
could reduce the cumulative NOy, emissions to the LA Basin by more than 5,500 tons by the
year 2010. All applicable clean diesel technology should be applied to the remaining diesel
locomotives as a minimum; although alternative fuels would provide increased emissions
benefits on the remaining six commuter routes as well. Additional studies should be
conducted to analyze the effect of converting all nine commuter routes to alternative fuels as
soon as possible with regard to refueling logistics and operational considerations.

In conclusion, rail electrification offers the ultimate potential for reducing railroad
emissions in the LA Basin; however, the long lead-time and high capital costs to implement
electric railroads opens the opportunity to take advantage of lower cost and more immediate
emissions reduction measures provided by alternative fuels.
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LIST OF ASSUMPTIONS

. 1 spare locomotive will be purchased for each route

. Passenger capacity: -- 140 passengers in cab car
-- 160 passengers in all other cars

. No. of passenger cars: -- 4 cars per train for start-up service
-~ 7 cars per train for intermediate service

. Passenger occupancy: --  70% of capacity for start-up
--  100% of capacity for intermediate

. Head-end power requirements: -- continuous operation at 50% rated power
during start-up service
--  continuous operation at 100% rated power
during intermediate service
. Operation: 260 days per year

. Maintenance Costs Held Constant Each Year

CNG Compression Costs: Calculated for all trains (totalled) per route

Refueling Station Capacity:
SCFM utilization correction factor . 85 hp x 20 Ar X 2545 bru

1 1 SCFM day day
1SCF  260day ., 1MCF _MCF _ § _§
1000btu yr 1000 SCF yr MCF  yr

Electric Energy Consumption:

bhp  min _  hr o 1457 kWhr
1 day 60 min bhp-hr
260 day R kWhr

yr 0.9 yr
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Fuel Consumption:

bhp p b, x gallon

T " Bhp-wr = T3 1,

gm Ibm ton

gallons _
HR
Emissions Rate:
tons _ bhp
HR 1

X X
bhp-hr 454 gm 2000 Ib_



Source:

APPENDIX B

LOCOMOTIVE SPECIFICATIONS

The Car and Locomotive Cyclopedia, Simmons - Boardman Publishing
Corp., 1980




70,000

8
g

TRACTIVE EFFOAT  Pounds

774

General Motors Model FA0PH

SPEED - TAACTIVE EFFORT
3000 MP MODEL F4OPH LOCOMOTIVE
WITH 500 KW AUXILIARY TRAIN POWER LOAD

N Mode
i Peduerger Cparamion
=15\ : 11 18.8863 Enine
i T S Clamezyr Whesly

;
Tran Power OIF”

SPEED - Miles Par Howr

General Characteristics, Welghts and Dimensions

Mode! . F4OPH 3000 HP Four Motor Diesel-Electric Locomotive
Type:

AARDESICNATION ... ... .. . . . 8-8
CommonDesignation ..... .. . ... ... . . 0440
Arrangement ... .. The Locomotive consists of one unit

complete with engine, generator, trucks and ail acces-
sories for single unit operation, with a controicab between
the iong and short hoods.

Nominai dimensions:

Distance puiling face of coupier to

centeriinecftruck .. . . . 117

Distance between boister centers . . 330"

Truck-ngid wheel base .. .. e R < g

Distance puliing face front coupier

torearcoupler . . . .. ... ... .. .56'2"

Widthovercabsheeting ... ... ... . 100"

Heightover cooling fanhateh ... . . ... 157"
Drive

Drivingmotors ...... .. ... ... ... .. .. ... Four

Orivingwheels ... . .. . .. 4 Pair

Diameterwheels .. . = . ... . = . a0~
Weights andg Suppiies:

Totalidaded weight on rails

(approximately). . ... ... . ... - . . 259,000% -3%00
Fuelidasicy.. ... ... . .. .... ... .. .. ... 1,500 gal.
Fuel capacityoption ....... .. .. . 1.800 gal.
Sand . ... . ... ... L. . 26cu. fr.
Cooling water . ... Ce e . 254 gal.
Lubricattngoil.... . . .. ..., . . . 283gal

THE CAR AND LOCOMOTIVE CYCLOPEDIA
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Route 2
Length:

Start-up Date:
Number of Trains:

Route 3
Length:

Start-up Date:
Number of Trains:

San Bemardino - LA
56.5 Miles

1992

Start-up: 5
Intermed: 3

Ventura - LA
47 Miles
1992
Start-up:
Intermed: 8

'S

T1mc at Notch Position (minutes)

Notch I Eastbound LWestbound
18.8 20.6

1 ||__3 7 8.1
_2_|[_64 6.5
;][—61— 11.9

4.4
6 7.7 6.4

BE] 6.7 13 |
8 309 | 238 |
Total 95.0 92.0

Time at Notch Position (minutes)
Notch l Eastbound " Westbound

| 15.5 " 12.3

6 6.0 6.4
7 ?‘;—7' 35
8

16.9 17.4
Total l 72.0 73.0




Route 4
Length:

Start-up Date:
Number of Trains:

Route 5
Length:

Start-up Date:
Number of Trains:

Santa Clarita - LA

35 Miles

1992

Start-up: 3
Intermed: 4
Oceanside - LA
87.2 Miles
1993

Start-up: 8
Intermed: 8

Time at

Notch Position (minutes)

Notch

Northbound || Southbound

idle

94_" 152 |
1| 58 |

60 | 7.0
B 53 3.7

S 57

|oo-la\un4>mro.—-
-3
=
-~
B

6.1 2.8

B 5.0 2.6
39 L6

21.7 13.6

62.0 58.0

Time at Notch Position (minutes)

Notch | Eastbound” | Westbound®
idle 27.5 30.3
1 75 9.0
2 13.3 10.7
I] 11.8 | 142
4 17.5
5 12 ||
i 118 [ us | 9.7
7 70 40 |
'8 34.5
To:a.l 137.2

* CF = 0.63, from mileage weighted

composite




Route 6
Length:
Start-up Date:

Number of Trains;

Route 7

Length:
Start-up Date:

Number of Trains:

Riverside
58.8 Miles
1993
Start-up:
Intermed:

Riverside -

(Fullerton)
62.8 Miles
1995
Start-up:
Intermed:

- LA (Ontario)

mon (minutes)
Notch Eastbound Westbound”
idle 19.6 214
3.9
6.7

g

i

[ ]

A
I

Lh W
(=)
[F¥]

Y BTN T

l * CF = 1.04, from Route 3

Time at Notch Position (minutes)

Notch Eastbound Westbound
= 7.1 | 72

I 10.0

2 [——T
4
[ 49
71 |

105.4 102.1

|' CF = 1.11, from Route 3




Route &
Length:
Start-up Date:

Number of Trains:

Route 9

Length:
Start-up Date:

Number of Trains:

Hemet - Riverside

39.6
1995
Start-up: 2
Intermed: 4

San Bernardino/Riverside
- Irvine

59 Miles

1995

Start-up: 4
Intermed: 8

Time at Notch Position (minutes)

Notch Eastbound’ “ Westbound"

idle __| 14.4

'HHI~

=
NN M

-

4

B 63
5 |  sa 45
7 47 0.9
8 21.6 h 16.7

Total I 66.6 645 |

CF = 0.70, from Route 3

T .

Time at Notch Posmon (mmutes)
Westbound’ |

' CF = 1.04, from Route 3




Route 10

Length:

Start-up Date:
Number of Trains:

Redlands - San Bernardino
12 Miles

1995
Start-up: 2
Intermed: 4

Time at Notch Position (minutes)

Notch Eastbound™ | Westbound”
idle 3.9 .

0.8

—1i &~
Q,Iua

1.3
1.2

1.3

T
it

6.5

Total

19.9

CF = 0.21, from Route 3

19.3




Total Miles:

138.5

Mileage Weighted Composite for Routes
2,34

Total Time at Notch Position (minutes)

Notch Eastbound “ Westbound

8 69.5 54.8
i
Total 229.0 218.0
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Diesel-Electric Locomotive Tests on Engines
uelled With Ignition-Improved Methanol ethanol /AVOCET) - e

Eummary

Tests were conducted on two typical locomotives minimally
modified to run on methanol/AVOCET.

1.1 GE 8G10B: a low compression ratio V8 four stroke
turbocharged locomotive.

1.2 GM_BW1002: a higher compression ratio two stroke
locomotive.

Both were successfully run on methanol fuel and each achieved -
higher thermal efficiency than the diesel baseline. Engine

[1] performed poorly before warm-up. Engine [2] performed
normally under all conditions. No emissions tests were
conducted, but ‘the exhausts were free of visible smoke.

Conclusion

2.1 Engine Conversion

Locomotive engines can be readily converted to run on methanol
fuel when a suitable ignition-enhancer is utilized. Normal
power outputs are obtained. The tests confirmed feasibility
only. Ar optimization program would need to be established
for conversion methodology to achieve maximum cost
effectiveness and component reliability.

2.2 Emissions Benefits

By analogy with emissions tests on similar heavy duty engines,
it may be expected that, compared with diesel fuel, the
methanol locomotive engines would emit very low particulate
levels having zero carcincgenic smoke component, and NOx would
be cut by one-half to one-third. Organics (such as €O, HCHO
and other VOC's) could be catalytically oxidized to very low
levels (catalysts are very suitable for use with methanol
fuelled engines). AVOCET required for smooth running could be
minimized if compression ratios were increased, and NOx could
be minimized if timing were retarded.

Test Conditions and Results

Both engines were instrumented and load box test runs were
performed. Full data logging included cylinder pressure

(1]
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traces, injector needle 1lift, various temperatures and
pressures during operation, fuel consumption, and power
Measurements.

3.1 GM SG10B

3.1.1 Engine

Type: GE V8 four-stroke turbocharged diesgel
Rating: 1320 HP at 1,000 r.p.m.
Compression Ratio: 12.2 : 1

3.1.2 Fuel System Modifigcaticns

Governor~to-injector linkage modified to give
35mm rack at Notch 8 (normal 1length 22mm).
Injectors fitted from a 1,500 HP GE engine, but
with the standard SG10B injector nozzles.

3.1.3 Results

With coolant temperatures over 50°C, normal
operation (i.e. power output, rates of pressure
rise and cylinder peak pressure) achieved were
all normal, but below 50°C erratic was firing
observed even when timing was advanced 5 degrees.

exhaust emissicons were tested; no visible smoke
was observed.

3.2 GM SWi002
3.2.1 Engine

Type: EMD 8E-645 with blower
Rating: 1,000 HP at 900 r.p.m.
Compressicn Ratio: 16 : 1

3.2.2 Fuel System Modification

Larger injectors (12.65 mm plunger diameter
versus 10.7 mm standard), and larger nozzles
(0.38 mm hole diameter versus 0.34 mm standard)
installed. Number and location of spray holes
were unchanged.

3.2.3 Other Modificationg

The governor-to-injector linkage was modified,
with terminal shaft rack readings as follows:

{ 2]

. Thermal efficiency at Notch 5 was 234.2%. No
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Standard Methanol /Avocet
(mm) (mm)
Low Idle 44-5 45-8 )
Notch 8 21-1 Max 15 (Notch 7)
Notch 8 630 uf/stroke Max 1162 ut/stroke

Fuel Dlvy
Fuel for each test was supplied at 200-250 KPa.
3.2.4 Results

During cold start, idling and warm-up the engine
ran normally when fuelled with methanol /AVOCET.
The engine continued to run normally when
injection was retarded up to 9 degrees from
standard. A thermal efficiency of 35% was
observed for the diesel baseline when running at
Notch 5 with a static 4 degree BTDC. The
comparable methanol figures were 37.6% at Notch 5
with 7 degree retardaticon from standard, and
38.2% at 9 degree retardation.

No emissions tests were performed; no visible
smoke was seen during the methancl tests.

Glyn D. Short
Business Development Manager

11059102.GDS

(3]
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PENDIX
Conditions/Data for SG10B Tests
Diesel Methanol /Avocet

Throttle Setting Notch 8 Notch 8
Engine Speed, rpm 1062 1062
Turbo Speed, rpm 16320 17340
Generator Output V 487.9 510.3
Generator Output A 1622 1717
Generator HP (uncorrected) 1130 1251
Generator HP (kw) 843 934
Fuel Rate kg/min 3,51 8,25
Fuel Lower HV, MJ/kg 42,3 19,8
Thermodynamic Efficiency, % 33,8 34,3
Exhaust Gas Temp °C

Before Turbo 578 567

After Turbo 461 425

NB:

Difference in power at Notch 8 mainly because modified

governor linkage over compensated slightly for the lower calorific
value of fuel (injectors were thus of ample capacity).

Notes:

Locomotive engines in AAR practice are tested at governed
speed/power settings (Notch 1 - Notch 3). Only Notch 8 is
full load, other notches are all at partial 1load.

Locomotive SG10B: Full comparison data only at Notch 8.

Locomotive SW1002: Comparison at all throttle notches,
attached tabkle and graph.

Avocet Concentration 5,0% by volume in fuel.

No materials incompatibilities encountered (but tests were
ghort-term only).

Exhaust temperatures SG10B at Notch 8 and GW1002 at all
notches give in tables/graphs herewith.

Hot return fuel from injectors was cooled in a very ad hoc way
in a trackside fuel cooler consisting of 10m of copper pipe
(NB: unsuitable material) coiled into a container with a
trickle of cold water flowing over it.

( 4]
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Result
W 1002 1OCD - FEMD 8E-64 e
Max. Max Rate Ignition Exhaust Corrected Engine Thermal
Cylinder of Pressure Delay Gas Brake Speed Efficiency
Pressure Rise Degree Temp Power emp Power
KPa  KPa/deg cA < KW REM X
Fue
Baseline
Idle 2900 - 400 6 921 - 318 -
Notch 1 2900 539 6 106 29 312 22,6
2 3200 530 7 141 74 378 30,6
3 3600 - 120 7 184 153 498 33,6
4 4000 130 6 242 261 570 35,0
5 5020 160 7 359 484 648 35,0
6 5620 170 10 404 576 738 34,0
7 5920 170 11 453 688 825 32,1
* 8 5930 260 9 499 770 912 30,2
et Avocet
Idle 2600 130 7 79 - 312 -
Notch 1 2800 150 7 92 28 312 21,7
2 3600 240 7 122 73 384 30,3
3 4000 300 10 161 151 492 34,5
4 4800 290 11 208 250 606 37,0
5 5500 330 12 280 438 660 37,6
6 5820 270 14 316 536 732 37,1
7 6020 270 14 363 650 828 35,6

NB: Injection timing Methanol/Avocet 7 deg retarded standard diesel setting

[3)]



CATS EMD BE-645 METHANOL/AVGCET TEST
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NB: Injectors for Methanol had insufficient capacity to reach No'tch 8.
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STATEMENT FROM THE HEI BOARD OF DIRECTORS

The manufacturers of motor vehicles and the Environmental
Protection Agency (EPA) have a responsibility under the Clean
Air Act to ensure that any new technology affecting mobile
source emissions will not pose an “unreasonable risk 1o the
public health " (Section 202 {a} (4)). EPA has been requesting
the Health Effects Institute (HE]) since 1983 to undertake a
research program to determine what emissions-related health
problems. if any. would emerge if methanol were to become
mare widelv used as an automative fuel.

Methanol-fueled vehicles emit both formaldehvde and
methanpl vapors. in 1985, HEI began to fund a research
program to investigate the potential health effects of aldehydes,
including formaldehvde. The HEI Health Research Commit-
tee, with gur approval, decided to undertake additional anal-
vsis before proceeding with research on methanol vapors. This
report contains the Commitiee's assessment. We are publish-
ing it because we believe it will provide considerable guidance
to government and industry, as policies relating to methanol
fuel are considered.

The report focuses on the potential heaith effects of exposure
of the general public to methanol vapor that might result from
an introduction of methanol-powered motor vehicles in the
general fleet. The report also evaluates, insofar as present
knowledge permits. the likely health implications of such
exposure. The report excludes analysis of the effects of acci-
denta] spills. ingestion, and worker exposure.

We have examined the report carefully, and we believe it
represents a responsible summary of the current state of know-
ledge about the effects of methanol and the likely impact of
exposure to its vapors. The Health Research Committee's anal-
ysis of the available evidence indicates that chronic exposure
of people to low levels of methanol emissions is not likely to
trigger known mechanisms of methanol’s toxicity.

There has not been, howsver, sufficient research to eliminate
entirely the possibility that health effects could occur at low
levels of chronic exposure to methanol. A study of non-human
primates chronically exposed to methanol vapor at moderate
to high concentrations was recently compieted in Japan. The
summary report of that study, although rather skeichy, indi-
cates the possibility of hiological effects at exposure levels
toward the upperend of the range of levels that have been pre-

dicted to arise from vehicular emissions. Accordingly, the
specific findings of this study must be obtained, clarified if
possible — a difficult and time-consuming task — and the
research pressed further, if necessary, This appears particu-
larly important if one goes beyond the foreseeable future and

contemplates the immense scale of methanol use that would
result if methanol were to become a dominant fuel in the next
century.

On balance. we believe that, given the anticipated uses of
methanol as a moter vehicle fuel in the foreseeable future, the
weight of available scientific evidence indicates that exposure
1o methanol vapors is not likely to cause adverse health effects.
Health concerns regarding methanol vapor should not pre-
vent government and industry from encouraging the develop-
ment and use of methanol fuels. assuming that such develop-
ment and use are otherwise in the public interest.

The Health Effects Institute and other research organiza-
tions are continuing to investigate the potential health effects
from increased formaldehyde emissions that may result from
methanoi's use. The results of those inquiries will become
available over the next several years. We believe that prudent
public policy suggests that an additional modest research
investment be made by appropriate research institutions, and
perhaps by HEI, to reduce uncertainties further in estimating
the health risks of low-level exposures to methanol. and to
enhance the public’s confidence in methanol technology.

Problems at relatively minor usage levels might only
become evident as billions of galions are introduced annu-
ally. It seems wise to ensure now that the possibility of adverse
health consequences is minimized. It is in this light that any
further research is prudent. But our best current assessment
is that methanol fuel, under intended conditions of use, does
not pose an unreasonable risk to the public health attribu-
table to emission of methanol vapors from the tailpipe of motor
vehicles.

Inaddition to thanking the entire HEI Health Research Com-
mittee for its efforts in shaping this document, we would par-
ticularly like to thank Dr. Waiter Rosenblith. Chairman of the
Committee. who directed this effort, Dr. Robert Kavet, who
was the primary author of this report when he served as Senior
Staff Scientist at HEIL, and Dr. Roger McClellan. who gave
generously of his time to ensure the quality of this effort.

Archibald Cox. Chairman
William O. Baker

Donald Kennedy

Charles W. Powers

May, 1987
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AUTOMOTIVE METHANOL VAPORS AND HUMAN HEALTH:

An Evaluation of Existing Scientific Information And Issues for Future Research

EXECUTIVE SUMMARY

Methanol has the potential to become a major automotive
fuel in the United States in the next century. One attractive
feature linked to methanol’s use is that emissions from meth-
anol-fueled vehicles are expected to resultin ambient concen-
trations of criteria pollutants that are no greater than and. quite
likely, lower than those that result from gasaline or diesel
emissions. However. the intraduction of methanol also may
result in increased exposure of the public to methanol and
formaldehyde. both currently unregulated. The Environ-
mental Protection Agency {EPA) has identified the importance
of technically evaluating these relevant health issues. The
Health Effects Institute {HEI} shares the EPA’s concern and
already has imitiated laboratory research 1o investigate the
health effects of aldehydes.
This report, prepared by HEI at the EPA's request. evaluates
specifically the health consequences to humans that may
result from inhalation of methanol vapors either emitted from
methanol-fueled vehicles or during self-service refueling. The
report’s objectives are (1) to review the nature and mechanisms
of methanol's toxicity. (2} to evaluate whether or not methanol's
known effects might be expected at the anticipated low levels
of intermittent exposure associated with increased use of
methano!l as a vehicle fuel, and (3} to identify both the areas
in which critical knowledge is lacking and the research that
could supply the needed information.

Anticipated Exposure Levels of Methanol

Data that estimate the range of potential exposure concen-
trations of methanal are essential to establish whether or not
particular biologic or health effects are likely to occur. The
EPA has conducted studies that project concentrations of
methanol that will occur in a variety of scenarios. These
inciude (1} three traffic situations - street canyon, roadway
tunnel, and expressway; (2} exposures in both public park-
ing and personal garages; (3) and exposures during self-
service refueling. The analyses taks into account hath the driv-
ing conditions and the vehicle operating mode. as well as the
contribution to emissions of vehicles that are not operating
according to certification standards.

The highest exposures are expected in the garage scenarios,
particularly the personal garage. Worst-case exposure will
probably occur in the personal garage immediately after
ignition turn-off when a vehicle produces “hot-soak” evap-
orative emissions. [n most cases, however, personal garage
exposutes are uniikely to last more than several minutes. The
EPA projects that worst-case {i.e., hot-soak) personal garage

exposure levels (those from a malfunctioning wehicle in an

unventilated garage) may be as high as approximately 240 mil-
ligrams per cubic meter (mg/m?) of methanal. but that, under
more realistic conditions (normal ventilation), levels are
unlikely to exceed 130 mg/m3. For the traffic situations eval-
uated. methanol concentrations are projected to be much lower
(less than 6 mg/m3), even if the fleet 15 100% methanol-
fueled. One other exposure situation that ments attention is
that in which a customer at a self-service filling station will
be exposed to roughly 50 mg/m3 of methanol vapor for 3 to
4 minutes during refueling. The personal garage and self-
service refueling scenarios are important not only because
they represent relatively high exposure levels, but also because
the methanol concentration. in these cases. is independent
of the penetration of methanoi-fueled vehicles into the fleet.
As a point reference, the American Congress of Governmen-
tal Industrial Hygienists' (ACGIH} threshold limit value {[TIV)
for occupational exposure is 260 mg/m?® {200 ppm]; this stan-
dard is a time-weighted average for an 8-hour period.

Toxicity of Methanol

Nearly al! of the available information on methanol toxi-
city in humans is related to the consequences of acute, rather
than chronic, exposures. Acute methanol toxicity evolves in
a fairly weli-defined pattern. A toxic dose results from intake
of a large quantity of methanol in a short period of time, and
initially produces a transient, mild depression of the central
nerveus system. An asymptomatic latent period follows, and
may iast from several hours to two days or more. The latent
period gives way to the onset of a syndrome that consists of
an uncompensated metahalic acidosis with superimposed
taxicity to the visual systemn, The physical symptomns. in severe
cases, may progress to coma and death: for those who sur-
vive, the visual symptoms may, within days to weeks, reverse
or progress to permanent visual impairment. The effects that
appear after the latent period are attributable to metabolites
of methanol, most prominently, formic acid (which dissoci-
ates to formate plus a hydrogen ion}, and not 10 methanol itself.

The minimum lethal dose of methanol {in the absance of
medical treatment) rangss betwsen 0.3 and 1.0 grams per kilo-
gram of body weight (g/kg}. The maximal dose of methanol
expected in the EPA's exposure scenarios, by comparison., is
under 1 milligram per kilogram of body weight {0.001 g/kg).
However. the clinical literature indicates that susceptibility

to methanol’s sub-lethal acute effects may vary widely among
individuals. Two of the known determinants of susceptibility
are (1) co-exposure to ethanol, which greatly slows methanol's
entrance into its metabolic pathway, and (2) the level of liver
folate, which is crucial to the oxidation of formats, the key -
toxic metabolite of methanol.




Until the 1950s. a major abstacle to understanding and treat-
ing methanol poisoming was the lack of understanding of some
of the mechanisms of methanal toxicity. This situation existed
because of the lack of appreciation that non-primate species
are not suitable models of acute human methanol toxicity.
Gilger and Potts. 1n 1955, demonstrated that. of all common
laboratary species tested, only non-human primates experi-
ence methanal toxicity, including ocular pathology, which
ts characteristic of humans. The non-human primate model
has been confirmed. and has enabled a systematic explora-
tion of the metabolic bases, kinetics, and mechanisms of
methanol’s acute toxic syndrome.

Data on humans or non-human primates exposed to low
levels of methanal vapors are scarce and not well-developed.
The epidemioiogic literature provides weak suggestive evi1-
dence that prolonged occupational exposure to methanol
vapors at levels above the TLV (260 mg/m3) may produce
svmptoms such as headache and blurred vision. However, the
conclusions are based on symptom reporting. a less preferable
source of data than clinical examination. and assessments of
exposures are generaily inadequate.

In human clinical experiments, two separate Russian
studies reported effects of low-level, short-duration methanol
exposures (less than 10 mg/m?®. approximately 5-minute
exposures) on neurobehavioral endpoints, specifically, dark
adaptation and EEG-conditioned thresholds. These reports,
however. fail to provide descriptions of critical methodological
and analytical procedures, as well as complete descriptions
of study subjects. and provide only limited data that describes
theresults. Uponclose examination. the results from the two
studies are not consistent, and they are not entirely plausibie.

In acute and chronic 2nimal experiments published to date
in the peer-reviewed scientific literature. there are no indica-
tions that adverse health effects are expected at the potential
methanol exposure ievels discussed earlier. In Japan, the Insti-
tute for Applied Energy, with sponsorship of the New Energy
Development Organization (NEDO), conducted an extensive
research program in which rodents and non-human primates
were exposed to methanol vapors either briefly or for extended
periods of time. Although the report issued by NEDO indicates
potential effects to the central nervous system of non-human
primates expased to 13 mg/m? for extended periods of time,
the details available in that document are insufficient to permit
critical evaluation. Further evaluation of these studies will
be necessary.

Finally. in people, both methanol and its taxic metabolite,
formate, are present at background leveis that result from
normai dietary intake and natural metabolic processes. A
amajor contributor to the bedy burden of methanol in many
people is the artificial sweetener, aspartame, now found in
many foods. Following ingestion, 10% of the aspartame mole-
cule enters the circulation as methanol.

Metabolism of Methanol and Mechanisms of Toxicity
Methanol distributes readily and uniformly to all organs

and tissues in direct relation to their water content. For short-
term inhalation exposures. an upper-bound estimate of initial
bodv burden assumes total absorption of the inhaled vapar.
A 70 kg person breathing at a ventilation rate of 20 m3/day
{twice resting), who is exposed to 200 mg/m? methanol vapor
for 15 minutes (as in a worst-case hot-soak garage scenario),
accumuiates a methanol bodv burden of 0.0006 g/kg — at least
500 times lower than doses of acute clinical significance.

Following its uptake and distribution. methanoi clears from
the human body with half-times of a day or more for high doses
(greater than 1 g/kg), and about three hours for the low doses
of relevance to this report’s objectives (less than 0.1 g'kg). Meth-
anol is either excreted unchanged. mainly in urne and
exhaled breath. or enters a metabolic pathway (in the liver)
whose ultimate products are carbon dioxide (which is exhaled
harmlessly) and water. For the body burdens of methanol that
follow a worst-case exposure. metabolism is the dominant
pathway, accounting for over 90% of methanol's clearance.
This is a key point because methanol's toxic properties are
linked to intermediate metabalites. not to the alcohol itseif.

In all mammalian species studied. the sequence of meta-
bolic intermediates leading from methanol to its end products
is the same:

1 2 3
Methanol — Formaldehyde — Formate —*CO, +H,0
(+H*)

The taxic properties of methanol, and the basis of species
susceptibility, are rooted in the factors that govern the relative
rates of formic acid generation (steps 1 and 2} and formate oxi-
dation (step J). In short, the toxic syndrome sets in if formate
generation continues at a rats that exceeds its rate of metabo-
lism to carbon dioxide (CQ,). This imbalance, if protracted,
leads to an accumulation of formate coupled. eventually, to
an uncompensated metabolic acidosis. The acidosis. if
untreated, can prove lethal; formate. even at physiologic pH,
is associatad with ocular toxicity. In both rats, which are
methanol-resistant, and in non-human primates, which are
susceptible. the folate pathway in the liver mediates formate
metabolism to carbon dioxide, The efficiency of this process
is linked to the availability of tetrahydrofolate (THF), the mole-
cule that initially complexes with formate. Non-primate
species dispose of formate efficiently at any dose and, thus,
escape toxicity, whereas, at sufficiently high doses. humans
and non-human primates accumulate toxic metabolites and,
thus, are at risk to adverse consequences. As an aside, formal-
dehyde is not believed to play a role in methanal toxicity.

The mechanisms responsible for injury to the visual system
in acute methanaol poisonings are not yet understood, but
several investigators have postulated that formate, at suffici-
ently high blood levels, may inhibit cellular respiration inthe
praximal portion of the optic netve, leading to a compression
type of injury to the nerve's axons that uitimately affects vision.
An acidotic state may accelerate such an injury.

Although formate possesses toxic potential, the levels it will
achieve in people following worst-case enviranmental expo-
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sures to methanol will not come close to challenging the meta-
bolic capacity of the folate pathway. The small increases of
formate levels that have been observed in the blood and urine
of adult humans following either occupational exposure to
methanol vapors or experimental administration of aspartame
reflect normally operating metabolic pathways. The blood
levels of formate that follow worst-case (i.e., hot-soak. personal
garage} environmental exposure to methanol vapor will. in
all likelihood. not be discriminated from the background level
of blood formate.

Evaluation and Recommendations
¢ Discussion

The implementation of methanol as a vehicle fuel 1s likelv
to increase the exposure of the general public to methanol
vapors. EPA analyses predict that the highest exposure levels
will occur in personal garages during engine hot-soak. at the
self-service pump during refueling, and. with increasing
penetration of methanol technology into the fleet. 1n public
parking garages. Bv comparison, exposure concentrations in
traffic situations, even with 100% penetration of methanol-
fueled vehicles, will be verv low.

The health effects of methanol are best recognized and
studied for cases in which subjects have orally ingested large
single doses. Theclinical literature documents many case his-
tories of methanol poisoning; its course, which consists of
metabolic acidosis and visual disturbance that follow a
symptomless latent period, is well characterized. Methanol's
toxicitv. in these cases, is attributable to its metabolite. formate.
Methanol as an unmetabolized substance is not considered
toxic unless it is taken in narcotic doses. The discovery, in
the 1950s, of the non-human primate as a model of acute
human toxicity was perhaps the single most important event
to lead to our current understanding of methanol’s acute
toxicity.

The charactenstics of methanol's chronic effects, on the
other hand. are not well known. The literature from studies
of non-human primates is of little value in evaiuating the dose-
and time-effect characteristics for protracted exposures of
people. The limited evidence from epidemiologic studies and
case reports suggests that chronic effects, if they appear. are
similar to those described for acute toxicity (e.g., headache,
blurred vision}. but are less severe. Thus, acute and chronic
effects may share common pathways of action. In the small
number of instances that report chronic effects attributable
1o methanol. exposure levels exceed the ACGIH TLV of 260
mg/m’,

In the waorst-case exposure scenario (hot-soak, personal
garage), the inhaled body burden of methanol (0.0006 g/kg)

will be approximately equivalent to the pre-existing back-
ground levels of methanol {0.0005 g/kg) for a brief period of
time following exposure. For self-service refueling. the con-
tribution will be roughly 10 times less. The average daily
intake of methanol from aspartame 1n the diet {approximately
0.0003 to 0.0015 g/kg) is on the same order of magnitude as
uptake from a single worst-case exposure 1n the hot-soak
garage. Even more importantly. however, worst-case methanol
exposures will not lead to blood formate levels that challenge
the folate pathway's capacity to oxidize formate. Furthermore.
the increase expected in blood formate fallowing worst-case
exposure will be negligible in comparison to the background
levels of blood formate.

= Concjusion

Based on the foregoing evidence. if methanol produces
health effects in notmal subjects at or near the exposure levels
of concern. these effects would not likelv be attributable to
the generation of formate. However. the effects of low-level
formate accumulation in potentially susceptible subjects has
not been examined.

A firm conclusion about the potential heaith effects from
chronic exposures cannot be drawn vet. To date. no human
epidemiologic studies have reported effects that could be
linked to chronic methanol exposures below the TLV of 260
mg/m3. However. careful investigations of people exposed
chronically to levels below the TLV are not available, and
would, no doubt, prove very useful if the levels of exposure
were rigorously quantitated.

An analysis of the available peer-reviewed literature
produces no evidence upon which to base a conclusion that
exposure to methanol vapors will result in adverse health
effects. This conclusion applies only to exposures that will
occur as a result of methanol’s normal use as a vehicular fuel,
and not to exposure that may occur either from ingesting meth-
anol fuels ar from spillage.

Although adverse effects have not been indicated in this
analysis, further research targeted to answer specific questions
would help in further reducing the uncertainties of estimating
the health effects of protracted or repeated low-level exposures,
and would serve o reinforce the certainty of conclusions about
the public’s health. Such research should attempt to elucidate
the potential consequences of protracted or repeated low-level
exposure, using human epidemiologic approaches and ani-
mal experimentation. In the latter. further work could be con-
ducted that would more completely describe the dose- and
time-effect relationships between formate concentrations in
the body and effects to the visual system. Achieving these
objectives would lead to a better understanding of metabolic
processes in suspected target tissue.




RPT/SCRE - 01

APPENDIX 9-1




(pmgronroad)

i é

SOUTH COAST AIR QUALITY MANAGEMENT DISTRICT
OFFICE OF DISTRICT COUNSEL
MEMORANDUM

DATE: September 10, 1991
TO: Hank Wedaa, Vice Chairman

Larry Berg, Member

South Coast Air Quality Management District Governing Board
FROM:  Peter M. Greenwald, District Counsel < 4

SUBJECT: District's Authority to Regulate Emissions from Locomotives

Pursuant to your request, this memorandum analyzes the authority of the South
Coast Air Quality Management District ("District”) to regulate emissions from
locomotives. Specifically addressed is the authority of the District to adopt

regulations implementing AQMP Measure 14, which proposes electrification of rail -

operations in the South t Air Basin.
CONCLUSIONS

° Under state law, the District and the California Air Resources Board
f"CARB"‘) have authority to establish emission limitations applicable to
ocomotives.

° State law prohibits the District from specifying the "design of equipment, type
of construction, or particular metho? t0 be used” in reducing the release of
air contaminants from locomotives. The District thus could not explicitly
mandate a particular control technology such as electrification. is not
subject to this limitation and, under state law, likely could mandate specific
cclmtrql. technologies, including use of locomotives powered solely by
electricity.

° Under state law, the District could encourage, or potentially even mandate,
electrification by establishing a low emissions limit applicable to locomotives
or a Jow mass emissions cap applicable to rail systems,

° Under the 1990 amendments to the federal Clean Air Act, neither the
District nor CARB may establish "any standard or other requirement relating
to the control of emissions from" new locomotives or new engines used in
locomotives. While the exact impact of this prohibition has not been defined
by the courts, there is a reasonable basis to conclude that a District
regulation imposing a mass emissions cap applicable to a rail system would
be permissible.

° Under the 1990 Amendments to the federal Clean Air Act, the federal EPA
must provide authorization before California may enforce standards or other
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requirements relating to the control of emissions from locomotives (other
than state regulations applicable to new locomotives, which regulations are
prohibited). ~ Such authorization should be obtainable if the District
demonstrates a need for locomotive emission limitations and coordinates its
rulemaking actions with other local jurisdictions and the state to prevent
conflicting locomotive emission control requirements.

° Under the United States Constitution, any regulation of locomotives must be
crafted so as to avoid an undue interference with interstate commerce. EPA
authorization for District locomotive regulations should help in
demonstrating compliance with this requirement.

DISCUSSION
AQMP Measure 14

AQMP Measure 14 proposes electrification of rail operations in the South Coast
Air Basin. The measure proposes that by 1995 the federal Environmental
Protection Asgen ("EPA") and the Federal Railway Administration conduct a
feasibility stu ‘

Railway Administration direct installation by 2010 of overhead or third rail
electrical distribution systems a7.pplicable to 90 percent of rail operations in the
basin, totaling approximately 571 route miles. - It is. projected that this measure
would result in a 90% reduction in railroad emissions as long as new power needed
is generated outside of the basin. See 1991 AQMP, Appendix IV-E, p. I-197.

Measure 14 is;airoposed to be implemented by federal agencies. EPA, however,

roposed to take no action to approve Measure 14 for inclusion in the State
Emglementaﬁon Plan when Califorma submitted the measure to EPA as part of the
1989 AQMP. 55 Fed.Reg. 36490 (Sept. 5, 1990). EPA's stated reason for proposi
to deny approval of Measure 14 was that the description of the measure recg.i:e
additio $ tail. Jd. To date,fBPA has taken no ﬁn:llldaction on the éggi) Al bgl,
primarily due to extensions of planning deadlines changes in appro
criteria made by the 1990Amendmentstotheaean4£rAct,anditisnotpgmwn
when or to what extent EPA will approve the 1991 revision to the AQMP. The lack
of a federally-approved SIP which designates responsibilities for federal agencies
limits the ability of the District to compel the federal mment to impiement
controls such as Measure 14. These circumstances, coupled with the rtance of
the emission reductions achievable through railroad electrification, underscore the
need to determine whether or not the District and/or state have authority to
implement Measure 14. -

The District was established by the California Legislature and derives its authority
from state law. The California Health and Safety Code provides that local and
regional authorities such as the District have the "primary responsibility for control
of air pollution from all sources, other than emissions from motor vehicles.” Health
& Saf. Code Sec. 40000, see also Secs. 39002, 39060. The control of emissions from
motor vehicles is generally the responsibility of the CARB. Id. The term "motor
vehicle,” is defined in Section 415 of the Vehicle Code, which does not reference
locomotives. See, Health & Saf. Code Sec. 39039. The District thus has general

ly of railroad electrification. It is proposed that EPA and the Federal -
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statutory authority under state law to regulate emissions from locomotives. The
District has a longstanding practice of exercising this authority by, for example,
requiring locomotives to comply with the emissions opacity limits of District
Rule 401.

The conclusion that the districts have authority to establish emissions limitations
applicable to locomotives is buttressed, and limited, by Health and Safety Code
Section 40702. This section provides that:

"No cgdcr, ctl-ule, orfregulation of any gisuict shall . . .
specify the design of equipment, type of construction, or
particular method to be used in reducing the release of
air contaminants from railroad locomotives."

‘While Section 40702 prohibits the districts from specifying the type of equipment to
be used in controlling emissions from locomotives, it evidences an intent on the part
of the state legislature that the districts have authority to adopt regulations limiting
locomotive emissions.

Other state statutes which govern regulation of emissions from locomotives relate
lmman]‘ ily to CARB and do pot limit the districts’ general rulemaking aumxacrgykcgzer
ocomotives. For example, the Health and Safe;y Code generally requires to
"endeavor to achieve the maximum degree of emission reduction possible from
vehicular and other mobile sources in order to accomplish the attainment of the
state standards at the earliest practicable date." Heaith & Saf. Code Sec. 43018(a).
Section 43013(b) of the code authorizes CARB to adogltn"standards and re%;ulaﬁons"
for offroad and nonvehicle engine categories, including locomotives. The code
requires CARB to conduct hearings to consider adoption of rcegiaﬁons applicable
to several types of offroad and nonvehicular sources, a which includes
locomotives, not later than November 15, 1991,

The code provides that CARB may not adopt any standard or regulation affecting
locomotives until a final study, required by AB 234 adopted in 1987, has been
completed and submitted to the Governor and the Legislature, Health & Saf. Code
Sec. 43013(d). The study required by AB 234 must review locomotive emissions and
technology available to reduce those emissions, evaluate the economic impact on
the railroad industry of utilizing present and proposed control technologies, and
public and employee safety issues that may result from the use of these
technologies. - This study, which was directed by a locomotive -emission adviso
gggmlmittee ("LEAC"), has been completed and was approved by CARB on August

The above-described mEvrmrisicms do not preempt local air quality districts from
exercising their general rulemaking authority to rcﬁu.late locomotive emissions. In
feneral, preemption of local authority will be found if legislative intent to preempt
ocal regulation is explicitly stated or is implied from the statutory scheme.!

1 The California Supreme Court has described the test for implied preemption
as follows:

"In determining whether the Legislature has preempted
by implication to the exclusion of local regulation we
must look to the whole purpose and scope of the
legislativé scheme. There are three tests: ‘(1) the
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However, with the exception of Section 40702, which prohibits district rules that
specify particular types of control equipment, no explicit preemption of local
authority to regulate locomotives is stated in the Health and Safety Code. In
addition, based on a recent California Supreme Court case, the doctrine of implied
preemption likely does not apply to the authon'?r of air quality management districts
to regulate locomotive emissions. In the case of Western Qil iation v.
nt B ified Air Pollution Control District, 49 Cal.3d 408, 261 Cal.Rptr.
384 (1989), the Court was faced with a claim of preemption by the Tanner Act,
which, like the statutory provisions governing CARB's authority to regulate
locomotive emissions, specifies requirements and procedures for CARB to adopt
toxic air contaminant control measures. The Court ruled that the Tanner Act does
not preempt or repeal by implication pre-existing district authority to regulate toxic
emissions. Moreover, in discussing the doctrine of implied preemption, the Court
noted that Health and Safety Code Section 41508 states that "[e]xcept as otherwise
specifically provided in this division . . . any local or regional authority may establish
additional stricter standards than those set forth by law or by the state board for
nonvehicular sources.” The Court therefore questioned whether an implicit
restriction on district authority would ever be effective in light of this statutory
reservation of local authority. Id. at 419, note 15, 261 Cal.Rptr. at 390, note 185.

In view of the above provisions and case law, the code provisions applicable to
CARB should be interpreted only as an authorization (Section 43013(b)) and
mandate (Section 43018(d)(3)) for CARB to take certain actions to control
locomotive emissions. Those code provisions should not be interpreted to preempt
or repeal the authority of the District to regulate locomotive emissions.

Under the statutory provisions described above, both the District and CARB have
authority to establish emission limitations applicable to locomotives. The LEAC
study identified several emission control techniques which could be applied to
locomotives to meet such regulatory emission limitations. These techniques include
operations-related changes such as reducing idling time, relativelg near-term
technology-based actions including retarded injection timing and retrofittable high-
rate injectors which are capable of being made during normal maintenance and
rebnil%ng of existing locomotives, and intermediate and longer term technology
development. strategies,. including increased. after-cooling, selective. catalytic

subject matter has been so and completely covered
by cT,eneral law as to clearlyfqlggicate that it has become
exclusively a matter of state concern; (2) the subject
matter has been partially covered by general law
couched in such terms as to indicate clearly that a
paramount state concern will not tolerate further or
additional local action; or (3) the subject matter has
been partially covered by tﬁeneml law, and the subject is
of such a nature that the adverse effect of a local
ordinance on the transient citizens of the state
gutwcighs the possible benefit to the mlmicipaljtys.;
1 jian v. Ing,
Cal.3d 476, 485, 204 CalRptr. 897, 683 P.2d 1150
(1984).
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An alternative means by which the District could regulate locomotive emissions
would be to establish a mass emissions cap for the entire rail system or portions
thereof. Included within the cap could be all emission sources associated with the
rail system. The regulation could provide that the cap would decline over time.
Such a regulation would be authorized as an exercise of the District's general
rulemaking authority or, possibly, as an indirect source control measure.’

The chief legal question under state law regarding a District rule mandating a low or
zero emission limitation for locomotives or rail systems would be whether or not
such an emission limitation would be tantamount to a prohibited specification of a
particular control method since electrification would likely be the only technology
which could be used to achieve compliance. The District regulation should be
upheld, however, because it would meet the letter of Health and Safety Code
Section 40702 by not sg:cifying the "design of equipment, type of construction, or
particular method" to be used in reducingslocomonvc emissions. Moreover, there
would likely be several "particular methods" which could be employed to electrify a
railroad in order to co:l:lply with a District emission limit (e.g., overhead
transmission lines, third rail transmission, diesel electric retrofits, or new electric

locomotives). Finally, it should be noted that virtually all regulatory emission
limitations are based upon contemplation of a particular control technology or
technologies.

f New ives. The federal Clean Air Act as

p , s Regulati New]
adopted in 1970 and amended in 1977, imposed no limitations on the authori%qg

the state or its political subdivisions to regulate emissions from locomotives.
situation changed with adoption of the 1990 Amendments to the Clean Air Act.
The 1990 Amendments added paragraph 209(e)(1) to the Act, which prohibits states
and their political subdivisions from adopting or attempting to enforce

are diesel electric. This design involves a diesel engine which drives a
generator that provides electncitL for the operation of traction motors
mounted on the locomotive wheels. In theory, such locomotives could be
retrofitted to receive electricity from overhead wires or a third rail

ing to District and staff, a transformer would be required to
convert alternating current from transmission lines into the direct current
used by locomotive traction motors. If space for a transformer is not
available on a locomotive to be retrofitted, it may be possible for a rail car
containing the transformer and electricity pick up to be connected behind the
locomotive when in the District. Alternatively, all-electric locomotives could
be acquired for use in the District.

$ The Health and Safety Code authorizes the District to adopt regulations to
control emissions from indirect and area-wide sources. Health & Saf. Code
Secs. 40440(a)(3), 40716(a)(1), 40462, 40918(a)(4). The terms "indirect
source” and "area-wide source” are not defined in the Health and Safety
Code. The term "indirect source is generally understood, however, to include
facilities such as highways and housing developments which do not emit air
contaminants but which attract sources of air contaminants, such as motor
vehicles. This definition could ¢conceivably include railway systems.
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5} ndard or other requirement relatin th
ot f emission m either of the following new
nonroad engines or nonroad vehicles subject to
regulation under this Act ~ (A) New engines which are
used in construction equipment or vehicles or used in
farm equipment or vehicles and which are smaller than
175 horsepower. (B) New 1 tiv w engi

' ives. Subsection (b) shall not apply for
purposes of this paragraph.” (Emphasis added.)

Subsection (b) of Section 209 is the "California waiver” from preemption of state
motor vehicle emissions standards. Thus, unlike the law applicable to motor
vehicles, the preemption of state authority to regulate emissions from new
locomotives applies even to California. ..

With regard to federal control of emissions from locomotives, new Section 213 of
the Act requires that by November 15, 1995, EPA shall promulgate regulations
containing standards applicable to emissions from new locomotives and new engines
used in locomotives. Such standards must achieve

"the greatest degree of emission reduction achievable
through the application of techmology which the
Administrator determines will be available for the
locomotives or engines to which such standards a{:ply.
giving appropriate consideration to the cost of applying
of such technology within the period of time available to
manufacturers and to noise, energy, and safety factors
associated with the application of such technology.”
Sec. 213(a)(5).

Standards under this section are required to take effect at the "earliest possible date
considering the lead time necessary to permit the development and agplimtion of
the requisite technology, giving appropnate consideration to the cost of compliance
within such period and energy and safety.” Sec. 213! g). This language provides
EPA with considerable discretion to consider cost, t logy and other factors in
estahﬁsh%p;l;ﬁons and compliance deadlines. There certainly is no assurance
under this e that EPA would mandate railroad electrification.

The ion provision in Section 209(¢)(1) would preclude the states, includi
Calixgmm ado'Pting "any standard or other requirement relating to the mm
of emissions” from "new” locomotives or "new” engines used in locomotives. The
exact impact of this language is not clear. The legislative history regarding this
rovision does not clearly indicate how it should be interpreted but it ars 1o
ve been an effort to preclude numerous different state standards applicable to the
manufacture of new locomotives, construction and farm equipment.

The preemption provision had its genesis in the "Waxman/Dingell compromise”
regarding tailpipe emission standards for motor vehicles. t compromise
included a preemption provision applicable to all "nonroad vehicles and engines.”
Such vehicles and engines were, and currently are, defined extremely broadly and
could include virtually any nonstationary source employing an internal combustion
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engine, except automobiles and trucks.é The House/Senate conference committee
agreed to scale back this preemption to construction and farm equipment of less
than 175 horsepower and new locomotives. In explaining the reduced scope of
preemption, Senator Baucus, chairman of the conference committee, said that the
states retain their ability to regulate nonroad vehicles other than those in the three
specified categories (locomotives, construction, and farm equipment) and may
regulate emissions from all types of existing or in-use nonroad vehicles. Senator

Baucus said:

"As the members know, it was with great reluctance that
the Senate conferees agreed to the partial preemption
of state authority to control emissions from some new
nonroad engines and vehicles, We did so only after the
preemption was strictly limited to (sic) that it applied
only to new enFines in three distinct categories,
locomotives, new farm eguipmem with engines smaller
than 176 horsepower and new construction equipment
with engines smaller than 176 horsepower. The
preempuon is limited only to these categories of
nonroad vehicles; states retain all of their existing
authority to fully regulate all other types of new
nonroad equipment.

"States also fully retain existing authority to regulate
emissions from all 'jypes of existing or in-use nonroad
engines or vehicles by ifyi fuel quality
specifications, operational modes or characteristics or
measures that limit the use of nonroad engines or
equipment.” Congressional Record, October 27, 1990,
p. $16976. -

6 Section 216(a)(10) of the Clean Air Act defines "nonroad engines” as:

"an internal combustion engine (including the fuel
system) that is not used in a motor vehicle or a vehicie
used solely for competition, or that is not subject to

- S promulgated under section 111 or section

Section 216(a)(11) of the Clean Air Act defines "nonroad vehicle” as:

“a vehicle that is powered by a nonroad engine and that
is not a motor vehicle or a vehicle used solely for

competition."
Section 111(2)(3) of the Clean Air Act states in part:

"Nothing in Title Il of this Act relating to nonroad
engines shall be construed to apply to stationary
internal combustion engines.”
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Senator Chafee made a similar statement:

"States retain their existing authority to regulate all
remaining new nonroad engines or vehicles. In
addition, because the preemption is limited to new
engine standards only, States can continue to require
existing and in-use nonroad engines to reduce emissions
by setting fuel requirements, operational conditions or
limits on the use of such equipment.” Congressional
‘Record, October 26, 1990, p. %Li%.?ﬂ

Several points may be gleaned from these statements. First, the statements
evidence an intent that the preemption provisions of Section 209 should be narrowly
construed. This is consistent with case law under which the courts are encouraged
to avoid statutory interpretations leading to preemption unless congressional intent
to preciude local regulation is clear. Jonesv. i , 430 U.S. 519,
525, 97 S.Ct. 1305, 1309, 51 L.Ed.2d 604 (1977) (a2 law may be interpreted to
interfere with state and local police power only to the extent congressional intent is
“clear and manifest"); Rice v. 331 U.S. 218, 230, 67 S.CL
1146, 1152, 91 L.Ed. 1447 (1947) (it is presumed that Congress did not intend
preemption in areas traditionally subject to the police power),

Second, the statements evidence an intent to allow the states to regulate existing
and in-use locomotives. This is consistent with the statutory language limiting
preemption to "new” locomotives. While the statements of both Senator Baucus and
Chafee refer to fuel specifications and operational restrictions as regulations which
could be imposed by the states, nothing in the statutory language explicitly limits
permissible state action to fuel and operational requirements. State requirements
mandating retrofit of existing locomotives would also comport with the statutog
langg?ge. Consistent with this interpretation, CARB has evalnated certain retrofit
techniques as part of its LEAC Study and Plan for the Control of Locomotive
Exhaust Emissions.”

Finally, because the congressional statements recognize the ability of the states to
regulate in-use locomotives, they, and the statutory language, indicate an intent to
reempt only state regulation which may impact the manufacture of new
motives. This is a logical interpretation since only regulations which specify
requirements for new locomotives coming off the assembly line would create the
specter of numerous potentially conflicting state requirements which could make

7 As stated by CARB staff in its notice of hearing to consider the LEAC study,
“the 1990 Amendments to the federal Clean Air Act preempted California’s
authority to regulate new locomotives and new locomotive engines.
Therefore any locomotive emissions control regulations to be considered by

the Board must focus on the existing locomotive fleet." In recognition of

these limitations CARB, in its regulatory plan for the control of locomotive
emissions, only proposed to consider regulatory options affecting in-use
engines. Such options include mandating specfic retrofit fuel injectors,
injection retard, reduced idle time, clean diesel fuel, well as market-based
control strategies such as a system-wide mass emission cap.
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manufacturing difficult, if not impossible.®# Thus, if a state or local locomotive
regulation could be complied with through means other than the manufacture of a
particular type of new locomotive, such regulation should be consistent with the
terms and intent of Section 209. A District regulation which could be complied with
through retrofitting of existing locomotives should therefore stand a reasonable

chance of being upheld.

A District locomotive regulation would be most likely to be upheld if it were in the
form of a system-wide mass emissions cap rather than an emission limit applicable
to locomotives. Because a system-wide mass emission cap would provide flexibili

to the railroad to utilize fuels, operational constraints, or equipment modification, it
is least likely to be found to be prohibited regulation of new locomotives. Of course,
if the system-wide mass emission cap were set very low, it could be claimed that the
regulation is tantamount to a requirement that locomotives be manufactured in a
form which is compatible with an electrified srstcm. However, if the regulation did
not impose any explicit requirement applicable to new locomotives, and if it could
be shown that retrofitting existing locomotives to be compatible with an electrified
system is possible (whether or not the railroads chose to retrofit), the District would
have a reasonable position in claiming that the regulation does not impose
prohibited requirements applicable to new locomotives. -

Requirement for EPA Authorization of Locomotive Regulations. The final
provision of the 1990 Amendments to the Clean Air Act which would affect the
ability of the District to adopt regulations applicable to locomotives is
Section 209(e)(2). That section governs state regulation of nonroad vehicles other
than those subject to the preemption described above. Section 209(e)(2) requires
EPA to "authorize" California to adopt standards relating to the control of emissions
from such nonroad vehicles if the state finds that such "California standards" will be
at least as protective of public health as the applicable federal standards. However,
authorization may not be granted by EPA if that agency finds, among other things,
that California does not need such California standards to meet "compelling and
extraordinary conditions.” Sec. 209(e)(2)(ii). The section goes on to provide that
any state other than California may adopt and enforce standards relating to control
of emissions from nonroad vehicles or engines (other than those for which the
preemption described above applies) if such standards are identical to the
(California standards authorized by EPA. Sec. 209(e)(2)(B).

“This provision has two potential negative impacts on District rulemaking authority.
First, California must obtain EPA authorization in order to regulate emissions from
locomotives. The state should, however, be able to demonstrate that its standards
are at least as protective of public health as applicable federal standards, and that
they are needed to meet compelling and extraordinary conditions, and thereby
obtain EPA authorization. cond, and more significantly, by referring to
"California standards,” and by authorizing other states to adopt standards which are

8 State regulations requiring retrofit create the gotcntial for other problems,
specifically inconsistent requirements applicable to locomotives traveling
from state to state. However, this is also the case for state fuel specifications
which were stated to be permissible by both Senators Baucus and Chafee.
The provisions of Section 209(e)(2), which authorize California to adopt
locomotive standards and require that any locomotive standards adopted by
other states be identical to the California standards, should mitigate this
potential problem. (See discussion, infra.)
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identical to "the California standards,” this section may indicate congressional intent
to require that California may only have a single set of standards applicable to
locomotives, which in turn could be argued to preclude regluslation of locomotives by

olitical subdivisions such as the District. In support of this interpretation, it could
ge argued that Congress intended to avoid a multiplicity of standards applicable to
nonroad vehicles and engines and therefore authorized only two sets of standards,
i.e., federal standards and California standards.

On the other hand, the provision does not exfliciﬂy prohibit regulation by political
subdivisions of the state and, like the rest ol the Act, does not require a state to
apply all emissions regulations statewide. Moreover, the federal Clean Air Act
generally does not specify the rights or obligations of political subdivisions of any
state. Rather, the Act leaves it to each state to determine which state and local
entities will be responsible for implementing the requirements of the Act. (See,e.g.,
Section 174 authorizing state to designate appropriate planning and implementation
agencies.) Thus, if éa]ifomia sees fit to assign some responsibility to develop
"éaliform’a standards” for locomotives to the District, this would be a matter
legitimately within the authority of the state.

There appears to be a reasonable basis to conclude that under state law a District
locomotive regulation could be part of the "California standards" rauthorized by
Section 209(e)(2) and would not, as a matter of law, be preempted./ CARB, as the
state entity responsible for compiling the SIP required by federal law, would
resumably be the entity requesting authorization for any state or local regulation of
ocomotives. SIP revisions adopted by any district in California must be approved
by CARB before submission to EPA. See, e.g, Health & Saf. Code Sec. 40469.
CARB must determine that any SIP revision submitted by a district meets
applicable federal requirements. Id. Thus, CARB would have the right to
determine whether or not locomotive regulations adopted by any district in
California are necessary to meet "compelling and emaordina&io;diﬁons" as
required by Section 209(e)(2). This authority should enable to play a
coordinating role to ensure that the districts adopt only those locomotive regulations
that are necessary, and would give CARB some authority to avoid inconsistent of
conflicting requirements througfztext the state. Even absent such a role for CARB,
the District could coordinate its rulemaking action with other local jurisdictions and
the state to prevent inconsistent re ions. If inconsistent regulations are avoided,
then a reasonable argument could be made that a locomotive regulation adopted by
the District and approved by CARB for submission to EPA as part of the SIP would
be part of the "California standards" authorized by Section 209. .

A final effect of Section 209(e)(2) could be positive for the District. Because
Section 209(e) provides that EPA shall "authorize” adoption of California
locomotive standards, it may be argued that such state standards are adopted
ursuant to congressional authorization. Such authorization should bolster the
istrict’s position against any claim of federal statutory &reemption or any claim
that a District locomotive regulation unduly interferes with interstate commerce in
violation of the U.S. Constitution. (See, infra.)

nstitytj ibition on Interf wi m
Assuming that the state and federal statutory hurdles can be overcome, a final issue

presented by District or state regulation of locomotives is the constitutional
prohibition on state and local interference with interstate commerce. Article L,

P
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Section 8 of the United States Constitution grants Congress authority to "regulate
commerce . . . among the states.” From this grant of authority the Supreme Court
has read self-executing limits on state legisiation even where Congress has not acted.
The Court has consistently rebuffed attempts by states to advance local interests ina
manner which unreasonably interferes with national concerns, including the free-
flow of interstate commerce, eag., Kassel v. Consolidated Freightways Corp,, 450
U.S. 662, 101 S.Ct. 1309, 67 L.Ed.2d 580 (1981) (alleged safety justification for state
regulation of trucks deemed insufficient to outweigh burden on interstate

commerce).

The line between permissible state regulation and a prohibited interference with
interstate commerce is not clearly defined in precedent, but rather must be
determined on a case-by-case basis through a careful examination of the impacts of
the state legislation, and a balancing of competing state and national interests. The
Supreme Court has summarized the factors which are considered in determining the
validity of a state statute affecting interstate commerce as follows:

"Where the (state) statute regulates even-handedly to
effectuate a legitimate local public interest, and its
effects on interstate commerce are only incidental, it
will be upheld unless the burden imposed on such
commerce is clearly excessive in relation to the putative
local benefits.” Pike v. Bruce Church. Inc,, 397 U.S. 137,
142, 90 S.Ct. 844, 847, 25 L.Ed.2d 174 (1970); see also,
Minnesota v. Clover Leaf Creamery Co,, 449 U.S. 456,
472, 101 S.Ct. 715, 728, 66 L.Ed.2d 659 (1981) (test
articulated in Pike i appropriate for evaluating
environmental statutes imposing incidental burdens on
interstate commerce).

The District stands a good chance of prevailing on this issue if an adequate
evidentiary record is created. Air pollution is clearly a legitimate local interest.
Moreover, the regulation would affect interstate commerce even-bandedly — ie., not

iscriminate against out-of-state locomotives, producers or individuals, and the
effects on commerce would be only incidental -- the purg%se of the regulation would
be to control air pollution, not to affect commerce. The fact that electrification
appears to be technically feasible and may even result in long-term cost savings
would aid the District's position. The case would likely turn upon the conclusion
reached by the court after a balancing of the air quality benefits of the locomotive
regulation afmst its impact on interstate commerce, e.g., the need for trains
entgun%g the basin to switch to locomotive equipment which is compatible with an
electrified system.

The District's position could be bolstered by the Clean Air Act Section 209(e)(2)
which requires the state of California to receive authorization from EPA prior to
adopting regulations applicable to locomotives. If such authorization is granted, it
would appear that the federal government had consented to a local regulation
affecting interstate commerce. The courts have held that congress may redefine the
distribution of power over interstate commerce by clearly consenting to state
regulation which would otherwise be impermissible under the Commerce Clause.

k . v. Oberly, 822 F.2d 388, 392-393 (3d Cir. 1987) (quoting

- r Development, In¢, v. Wuanicke, 467 U.S. 82, 87-88, 104 S.Ct.
2237, 2240, 81 L.Ed.2d 71 (1984)). Moreover, because Section 209(e) prohibits any
state other than California from adopting regulations applicable to nonroad vehicles
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such as locomotives unless such regulations are identical to California's standards,
the potential for a multiplicity of state and local locomotive standards which might
impair interstate commerce has been minimized. These factors, if joined by an
appropriate rulemaking record, should enable the District to establish a reasonably
strong position if presented with a challenge under the Commerce Clause.

PMG:je
cc:  All Governing Board Members
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Data Sheet
Southern California Regional Rail Electrification Program
13 Routes

Track Ownership

1. SP/UP cCorridor

61l- Yermo-Daggett..........cn.0acn.
60- Daggett- Barstow.........c.oee0..
59- Barstow- Victorville...........
58-= Victorville - Summit......ccc0
57~ Summit - Keenbrook.......... e
66— Keenbrook - Dike.....vvvvevsons
63—~ Keenbrook/Dike - N. Bridge.....
62- N. Bridge - W, ColtOnN.....s04..
42- W. Colton - 8. Montclair...... .
41=- S. Montclair - Pomona......«...
40- Pomona - Industry.......coceeee.
49- Industry - Puente Jct..........
51~ 8. Montclair - Montclair.......
34— Montclair- Spadra....ceeeescece
50- Spadra-PoOmONa....ccceeessosesses
33- Spadra- Puente Jct........00...
32- Puente Jct. - Bartolo.....ceee
31- Bartolo - East Yard.....eceeves
30- East Yard - Soto St. Jct. .....
46— East Yard - Hobart....oeeeveean
29- 8Soto St. Jet. - J ¥Yard ........
28=- J Yard.- DOlOYeS..ceveacesnsons

OWNER ROUTE
MILEAGE

...... UPivrrrnrneenenab.2
PR . ) A B
SRR . ) R T P -
“ev e ATSF..vvvvvnns..19.5
v et ATSF....vuvee...14.5
«eATSF/SP.....00veee...0.1
R -} - T B -
e SP.vveeeenensesa5.8
ceeeesSPiiiiiiine...19.9
veseeeSPiiiiiiieereas 3.5
ceeveeeaSPiiiiiiieee...13.3
...... SPuieiaerensnas 1.6
cev..SP/UP......eeu...0.1
cee..UP...... ceeeee. 7.2
eeee UP/SP..evivuen.. 0.1
SRR 1 J SR 1 I
veeeesUPireveveneeee. 6.4
ceeeesUPuuivienanana. 8.4
e UPi i iiiiie . 1.0
S {1« I
ceesesUPiiiieveneerer1.5
veveeeSPiiu.... ceee..15.1

28- Dolores-(ICTF)- Port of Long Beach.. UP.....vcceness.d4.3

28~ Dolores-(ICTF) - Port of L. A.
43— W. Colton - ColtonN...cveecaeannn
44— Colton = INAiO.eeeceeenecanoenns
45= IN3io = YUMA ... ceeeeoncaanaanes

Use~ Freight traffic only.

13RTES/SEGS 2

tasee BPiiiisirieeeesasb O
ceese SPeceeiinn S R
ceee e 8Pt 72.2
...... SP.....c.one. 124.0

393.5

Jan. 18, 1992



Data Sheet
Southern California Regional Rail Electrification Program
13 Routes

Track Ownership

Route
Route Name Ownership Mileage
2. Baldwin Park Branch (SCRRA)
Alt. Rt.-Bench (Rialto)-
ATSF Jct. Claremont.........SCRRA..... ceesse24,3%
9_ San Bernardinﬂ— Claremonto * 2 0 0 0 e an -ATSF ------- TR 23 M 2
7- SCRRA Conn. — N POmMONA «eeeeseses ee s ATSF .ttt et e annasnsele
6= N. Pomona ~ Bassett.....v.veeeeve.83CRRA. .. vt veesrl?7.2
5= Bassett= E1l Monte...v.veeeeeenceces SCRRA. .. .vevesnsss 2.7
4- El Monte-state StreetlIll.ll..ll.‘scRRA'lll...llli.l11l6
3- State Street - EaSt Jct- o b B b s e s usw SCRRA ------ R EEEREN] 0 . 2
2- East Jct. - Mission Tover.........SCRRA. .+ v eeronnsss 0.3
1- Mission Tower - LAUPT...........Catellus............ 0.6
57.0

Use~ Commuter Rail Only.

Total Route mileage if electrified separately = §7.0.
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Data Sheet
Southern California Regional Rail Electrification Program
13 Routes

Track Ownership

ROUTE OWNER ROUTE
MILEAGE
3. Moorpark Line
15- Moorpark - Gemco..... = 1 casace +:29.0%%
14- Gemco- Burbank Jct. cevesseee  SCRRA/SP....9.5.....7.3
12= Burbank Jct.~ Commuter Rail Int....SP.svevrnrvnaasss D, 1%%
10~ Commuter Rail Int.-East Jct..... .SCRRA....vvseeeeassl.2**
2- East Jct. - Mission Tower......... SCRRA......0.30.00uu..
1- Mission Twr- LAUPT...............Catellus....0.6.000....
12/10Burbank Jct.- Mission Tower......SCRRA......10.6........
46.6

*% Note: The track from Gemco to Burbank Jct, 9.5 miles , is
SCRRA owned and is parallel to the SP, therefore not counted as
route mileage. Similarly, a second track from Burbank Jct. to
Mission Tower (10.6 miles), is parallel to the SP with each
railroad sharing the other's track and therefore not counted in the
route mileage.

Use~ Commuter Rail Only. Amtrak and Freight would remain diesel.

Addition of electrification to Santa Barbara from Moorpark (55
miles) would allow electrification of Amtrak 6 trains per day).

Total Route Mileage if electrified separately = 47.5.
Total Route Mileage if electrified to Santa Barbara = 102.5.

4. Saugus Line

13- Santa Clarita~ Burbank Jot..... e8P i iieninnnneaaas eI Thh

2/12/10Burbank Jct.- Mission Tower....SCRRA.....10.6..00000..%%

1- Mission Tower- LAUPT...........Catellus..... 0.600cn. ss s
23.7

Note #**- Only the outer 23.7 miles is counted as route mileage
because the trackage between Burbank Jct. and LAUPT was covered
under "3" above. Also note that Burbank Jct. has three Milepost
designations in the SP timetables. There is a 0.5 mile gap on the
Saugus line.

Use- Commuter Rail only. Freights would remain diesel operated.

Total Route Mileage if electrified separately = 34.9.

13RTES/SEGS 4 Jan. 18, 1992



Data Sheet
Southern California Regional Rail Electrification Program
13 Routes

Track Ownership

Route Ownership Mileaqge
5. LOSSAN Corridor

25- National City- San Diego.........ATSF......covvuna.. 5.6
24— San Diego - Oceanside............ ATSF...ciceennnn. ..41.1
23— Oceanside - San Juan Capistrano..ATSF.......ce0c0e0. 29.2
72- San Juan Capistrano - Irvine.....ATSF........ ceesse.18.1
22= Irvine- Qlive Jct..iieeccerannses ATSF...0v.u ces e .. 6.2
21~ Olive Jct. = FullertonN..ccceeeeeAT8F it inrenncneces 7.9
20- Fullerton = DT JCL. ceversvreves e ATSF . et vnnneeesneaedal2.9
19- DT Jct. = Hobart ...iciccceerceee e ATSFi i et oveeacaae 1.6
18- Hobart - Redondo Jct. .o vveeeee s ATSF. et i i nnenaase 1.3
17- Redondo Jct. - Mission Tower.....ATSF.....cv00. saaee 3.2
1- Mission Tower - LAUPT..........Catellus....0.6..000ses..

133.1

Note: The .6 miles - from Mission Tower to LAUPT was covered
undexr "3" above and not duplicated here.

Use- Amtrak San Diegans, San Diego County Commuter Rail, Orange
County Commuter Rail, SCRRA Commuter Rail. Freight trains would
remain diesel.

Total Route Mileage if electrified separately = 133.7.
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Data Sheet
Southern California Regional Rail Electrification Program
13 Routes

Track Ownership

Route
Route Ownership Mileage

6. Riverside Line (via UP)

71— Riverside-W- Riverside........I..ATSFII'.II..Ill....l 0.8
35- W. Riverside -~ Montclair......:...UP.i.iisivreucanesseesal.9

34- Montclair - Spadra........... veeedUP i inaa?7.20% 00,
33- Spadra - Puente Jct..........c o UP o 1170 % Lo, ..,
32- Puente Ject. - Bartolo........ ceeeUP. ... R D I
31- Bartoclo - East Los Angeles Yard...UP........8.4.%........
30- East Yard — Soto 8t..cevriencrennsn UP...... vel O F Ll

37- Soto Street-East Jct......DDOOSCRRADIIIIOIIIIIl.llllz.s

2~ East Jct. - Mission Tower.......SCRRA.......0.3. 000t uunn

1- Mission Tower - LAUPT......... Catellus .....0.6.%%,  , . ...
23.5

* Previously covered under Route 1 UP/SP Corridor.

** Previously covered under Route 3 Moorpark.

Total Mileage for route 6 if electrified separately = 59.1

Use~ Commuter Rail only.
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Data Sheet
Southern California Regional Rail Electrification Program
13 Routes

Track Ownership

ROUTE OWNER ROUTE

7. Riverside - LAUPT via Fullerton

71- Riverside- West Riverside ......ATSF.....0.8.%...00cuunn
27- West Riverside - Atwood ........ ATSF........ reereees30.0
26— Atwood - Fullerton...eevceeceessBTSF e ervsvoveense 5.4
20~ Fullerton = DT JCT. . v v vvesesses BTSF....12.9.%%,, . ,... .
19- DT JCT. - Hobart ....... veevasan ATSF.... 7.6.%%, ., . .....
18- Hobart - Redondo Jet. ..cvvecens ATSF.... 1.3.%%, .. ......
17- Redondo Jct.- Mission Tower.....ATSF.... 3.2.%%, . ...000..
1~ Mission Tower - LAUPT ......Catellus ....0.6.%%%_ _ .. ....

35.4
* Covered under Route 6- Riverside via Ontario.
** Covered under Route 5- Lossan Corridor.
*** Covered under Route 2- Baldwin Park Commuter.
Total Mileage for Route 7 if electrified separately = 61.8

Use- Commuter Rail only.

8 .Hemet — Riverside

69- Hemet - Highgrove Jct............ATSF....civvseee.e..36.0
52- Highgrove Jct. - Riverside.......ATSF.....v0eveneees 3.1
39.1

Use- Commuter Rail Only.
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Data Sheet
Southern California Regional Rail Electrification Program
13 Routes

Track Ownership

Route Owner Route
Mileage
9. San Bernardino - Irvine
55=- San Bernardino - B Yard....... .. ATSF...... vereeeees 1.0
S4= B Yard = COltONusssesvscsvsesessBATSFecerrersnonvnee 247
53~ Colton - Highgrove Jct....eeee e ATSF. vt vvesensnes 3.5
52- Highgrove Jct. - Riverside.......ATSF....3.1l.%. .. .0uuuun
71- Riverside - W. Riverside.........ATSF....0.8.%%_ . .,......
27- W. Riverside - Atwood ......004.. ATSF...30.0.%%%x_____ ., .,
48—~ Atwood - 0Olive JCt. .eeavvesaea ATSF. . nenn P -
22=- 0Olive Jct, = Irvine ....cceeeses ATSF... 6,2, %%k*x, ., ,..,.
12.7 *

Previously covered under Route 8 - Hemet - Riverside.

*k Previocusly covered under Route 6 - Riverside via Ontario.
*%% Previously covered under Route 7 - Riverside via Fullerton.
*%%% Previously covered under Route 5 - LOSSAN Corridor

Total Route mileage for Route 9« San Bernardino - Irvine if
electrified separately = 52.8.

Use- Commuter Rail Only.

If electrified in conjunction with Routes 12 and 5 could serve
freight trains, Barstow to San Diego.

10- Redlands Commuter Line

68= Mentone - San BernardinNO........ATSF...civessaaseaal2.0

12.0
Use~ Commuter Rail Only.

13RTES/SEGS 8 Jan. 18, 1992



11-

28~
28-
29—
37-
38~-
39-
5=

70~
40-
41-
42-
43—~
44~
45«

*

Data Sheet
Southern California Regional Rail Electrification Program
13 Routes

Track Ownership

Route
Route Ownership Mileage
Southern Pacific Rts.
Port to Yuma
Port of Los Angeles - Dolores.....SP......... 5.0.%......
Dolores (ICTF) - J Yard...........8P...s.....18.1.%,,....
J Yard - Soto St. Jct. ... e8P 1.50%, ...,
Soto St. Jct. -~ East Ject........ SCRRA.......2.8.%% ...
East Jct. - Alhambra ...ececeeeseesSOPiirvrerncs sasse:5,.8
Alhambra =~ E1 Monte....ceveeeerveeSPerivrnsenenaness 6.9
El Monte - Bassett ....cciviviian SP.viveeenns 2.7%*%, .,

Bassett - Industry..cieceeeceesessSBPiriinnneevenasseeld.?
Industry - POMONA ...cceeoeeseeeseSPoee.13.3.%......
Pomona- S. Montclair...ciieieeeseeSPiieennns 3.5.%. 0000,
S. Montclair - W. Colton Y¥d.......SP........ 19.9.%
W. Colton - Colton..euiveevanseesesSPerieeeecl.0 % L ..,
Colton - INdi0...eeeeesaassaesseeeSPecersss .72.2 *
Indio = YUMA.:seasosesonsccssssseeeaSPicee.se.124.0 *

Previously covered under Route 1 - UP/SP Corridor.

¥% Previously covered under Route 6 — Riverside via Ontario.

¥ % Je

Segment 5 is not double counted. It appears on Route 2 as

a parallel track owned by SCRRA.

Total Route Mileage if electrified separately = 281.7

Use- Freight Only.
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Data Sheet
Southern California Regional Rail Electrification Program
13 Routes

Track Ownership

Route
Route Ownership Mileage
12- Santa Fe Railroad
Barstow to Ports
28- Dolores (ICTF) - J Yard .veeeeeeeSP. ... 24.4.%,. i ireceaaas
36— J Yard - Redondo JCt. .. veeeeeassSP it nnnneesnsa0.6
18- Redondo Jct., - Hobart ...........ATSF.... 1.3.%%, . .......
19- Hobart = DT JCt....eerecneorasas ATSF. ... T.6.%%, ... .....
20- DT Jct. - Fullerteon.............. ATSF.....12.9.%%, .. ......
26=- Fullerton - Atwood............ e+ ATSF..... 5.4.%%%x . ., ..
27- Atwood - W. Riverside....ceeeeves ATSF.....30,0.%%%__ ...,
52~ W. Riverside - Riverside.........ATSF..... 0,8.%%xx____ .,
71- Riverside - Highgrove Jct. ......ATSF..... 3.1.%%%%%x_ _ .
53- Highgrove Jct. - Colton..........ATSF..... 3.5.%%%%%%, .,
54— Colton - B Yard ........cc.0n... «JATSF..oue 2.7 k%kk%k%, .,
$5- B Yard.- San Bernardino .........ATSF..... 1.0 kkdkkkh, ., .,
56- San Bernardino- Keenbrook........ ATSF. v vvrereennnnnsnn 11.9
57- Keenbrook - Summit ..............ATSF..... 14.5.%. c0iinnens
58- Summit - Victorville .......... ««ATSF..... 19.5. %, .0 enas
59~ Victorville -~ Barstow..eeeeeeess ATSF,....36.9.%,,, ...
12.5
* Previocusly covered under Route 1 UP/SP Corridor.
*% Previously covered under Route 5 LOSSAN Corridor.
%k Previously covered under Route 7 Riverside via Fullerton.
*kkk Previocusly covered under Route 6 Riverside via Ontario.
*%k%%% Previously covered under Route 8 Hemet.
kkkkk* Previously covered under Route 9 San Bernardino - Irvine.

Total Mileage for Route 12 if electrified separately = 176.1

Use- Freight only.

If Redondo Jct. to LAUPT were added (3.8 miles), Route could be
used by Amtrak (4 trains per day Barstow to Los Angeles) plus Route

7 Riverside to LAUPT via Fullerton Commuter Trains.(61.8 Route
Miles )

13RTES/SEGS 10 Jan. 18, 1992



13-

28—
29~
30-
31-
32-
33-
34-
35-
52-
71~
53-
54-
55-
56-
57-
58~
59~
60-
61~

Data Sheet

Southern California Regional Rail Electrification Program

13 Routes

Track Ownership

Route Ownership

Union Pacific
Ports to Yermo

Route
Mileage

(Previously
Covered
Under)

Port of Long Beach - Dolores ...UP......24.4......(1)0....
J Yard - Soto St. Jct. ......... UP....
Soto St. Jct. - E. LA Yard......UP......

E. LA Yard - Bartolo...veeveee...UP...
Bartoclo = Puente Ject. .......... UP...
Puente Jct.- Spadra..cceceessss s UP ..
Spadra- Montclair....... ceeeaaaUP L.
Montclair - W. Riverside........UP ..
W. Riverside - Riverside.......ATSF..

Riverside - Highgrove Jct. ....ATSF...
Highgrove Jct. - Colton........ ATSF.....
Colton - B Yard....+.eeveees....ATSF,..

B Yard- San Bernardino.........ATSF..
San Bernardino- Keenbrook......ATSF..

.

Keenbrook - Summit............. ATSF...

Summit - Victorville ..........ATSF..
Victorville- Barstow .......... ATSF..
Barstow - Daggett .............ATSF..

.

...1.5“'...(1).""

1'
8.
6.

0vevena (1) (6).
4......(1).(86).
4...ve.(2).(6).

ce11.7.00 e (1) . (6).

.

7.

2......(1).(86).

«e19.9......(6)0 0.

.

.

0.
3.
3.
2.
1.

8..(6).(7).(92).(12)
1ove...(8).(9).(12)
5......(9).(12)
Zeveees(9).(12)
0ueve..(9).(12)

ce11.9.0 00 (12) ...
co14.5......(1). (12)
..19.5......(1).(12)
36.9......(1).(12)

.

7.

SN & ) S

Daggett - Yermo .....ccevvveeeeUP 50200 (l)ununs

0.0

Total Route Mileage of Route 13- Union Pacific, Ports to Yermo if

elec

Use-

trified separately = 186.8.

Freight Only.

If Soto Street to LAUPT were added (3.7 miles), could also be used
by Route 6 Riverside - LAUPT via Ontario commuter trains. (190.5
miles).

13RTES/SEGS 11 Jan.

18,

1992
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APPENDIX 10-1

Proposed Rail Electrification Project
Information Requirements

Information Needed Explanation

Purpose and Need Statement An explanation of the objective or objectives of
the project, accompanied by an analysis of the
reason(s) why attainment of these objectives is
necessary or desirable.

Project Description
1. Project Location
a.  Track Information

(1) Route map of rail line A map of suitable scale of the purposed routing
showing details of the right-of-way in the vicinity
of settled areas, parks recreational areas, scenic
areas, and existing electrical transmission lines
within one mile of the proposed route.

(2) Track ownership

(3) Locations and lengths of
new track and new existing
track on existing right-of-
way

(4) Locations and lengths of
new rights-of-way and new
track

(5) Width of right-of-ways,
both existing and new

(6) Track grades, location and
length

(7) Other parallel and crossing
facilities both above ground
and below ground

DRAFT VERSION 1 10-1 RPT/5CRE - 01
2/10/92



Information Needed

Explanation

2.  Electrical System Information

a. Commuter

(1) Train schedules for initial
and ultimate operation

(2) Operation Plans

(3) Electrical load
requirements, peak demand

f and energy use

(4) System Operating

Characteristics
b. Freight

(1) Train schedules for initial
and ultimate operation

(2) Operation plans

(3) Electrical load
requirements, peak demand
and energy use

(4) System Operation
Characteristics

3.  Project Facilities

(D

a. Locomotives

Commuter
Electrical rating
Characteristics of electric

drive motors and
conversion equipment

DRAFT VERSION 1 10-2

" 2/10/92
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ENVIRONMENTAL IMPACT ASSESSMENT SUMMARY

Impact Significance

LAND-USE IMPACTS.

Will the project either directly or
indirectly:

Conflict with the present land use of the
area in which it will be located?

Conflict with any elements of adopted
environmental plans, policies, or goals
of the communities affected?

Conflict with established recreational,
educational, religious or scientific
uses of the area?

Occupy or affect any prime farmland?




OoII 22 /ai

9. Alter or modify any unique geologic
or physical features such as beaches,
marshes or tidelands?

10. Contribute to the erosion potential
of the site?

11. Cause or result in unstable earth or
exposure of people or property to
seismic or geologic hazards such
as earthquakes, landslides, mudslides,
or ground failure?

12. Affect soil productivity?

Impact = Significant
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ATMOSPHERIC IMPACTS.
Will the project either directly or
indirectly:

13. Violate or cause a violation of any

federal, state or local air quality
standard?

14. Result in substantial emissions of
any air pollutant?

15. Affect ambient air quality?

l6. Expose sensitive receptors to
increased pollutant concentrations?

Impact Significance




OII 22 /ai
Impact Significance

17. Change prevailing air circulation
patterns, moisture, temperature,
or any other climatic condition?

18. Cause objectionable odors?

HYDROLOGIC IMPACTS.
Will the project either directly or
indirectly:

19. Violate or cause a violation of any
federal, state or local water quality
standard?

20. Result in the release of substantial
effluent?
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21.

22.

23.

24.

Affect existing water quality condition?

Affect any public water supply?

Affect the quantity or quality of
ground waters?

Alter or affect existing drainage
patterns?

Impact Significance
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Impact Significance

25. Alter or affect any ocean, lake, river
or stream or any bed, channel, or
shore?

26, Affect any flood-prone area?

27. Affect any water oriented recreation
area?

BIOLOGICAL IMPACTS.
Will the project either directly or
indirectly:

28. Affect any rare or endangered species
or habitat thereof?




0II 22 Jai

29.

30.

31.

32.

Alter the diversity of species, or
numbers of any species of plant or
animal?

Create or remove a barrier to the
migration or movement of any fish
or wildlife species?

Affect any highly productive habitat
of wildlife species or sport,
spectator, commercial, or educational
value?

Affect any relatively undisturbed or
unique vegetation communities?

Impact Significance
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33.

34.

35.

Affect any areas of low vegetation
potential?

Reduce the acreage of any agricultural
crop?

Cause the removal of any mature trees
from urban locations?

SONIC IMPACTS.

36.

Will the project either directly or
indirectly:

violate or cause a violation of any
federal, state or local noise
standard?

Impact Significance
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37.

Increase existing noise levels in
the area?

VISUAL TIMPACTS

38.

39.

40.

Will the project either directly or
indirectly:

Affect any resources or unigque scenic
value, or result in the obstruction of
any scenic vista?

Affect the view from any public
recreation areas, parklands, or
residential areas?

Affect the setting of any feature of
unusual architectural significance?

Impact Significance
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SOCIOECONOMIC IMPACTS.
Will the project wither directly or
indirectly:

41. Divide or disrupt present population
patterns?

42. Alter migrational trends, including
migrational trends of different socio-
economic groups into and out of the
area?

43, Affect neighborhood character or
stability?

44, Affect property values or the local
tax base?

Inpact Significance
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45. Affect local industry or commerce?

46. Affect existing housing or housing
demand?

47. Affect any community facilities such
as medical, educational, scientific,
or recreational?

48. Affect community services such as
police, fire, emergency, etc.?

Impact Significance
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49,

50.

51I

52.

53.

Affect other utility services?

Affect existing transportation
systems?

Alter present patterns of
circulation for movement of
people or goods?

General additional traffic?

Increase traffic hazards to motor
vehicles, bicyclists or pedestrians?

Impact Significance
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54‘

55.

Increase or promote the use of
off-the-road vehicles?

Increase or decrease access to
areas?

PUBLIC HEALTH AND SAFETY IMPACTS.

56.

57.

Will the project either directly
or indirectly:

Affect public health or expose
people to potential health hazards?

Increase any public safety risks?

Impact Significance







II.

Appendix I

Environmental Checklist Form
(To be completed by Lead Agency)

Background

1.

2.

Name of Proponent

Address and Phone Number of Proponent

3.
4.

5.

Date of Checklist Submitted

Agency Requiring Checklist

Name of Proposal, if applicable

Environmental Impacts

(Explanation of all "yes" and "maybe" answers are required on attached sheets.)

Yes Maybe No

Earth. Will the proposal result in:

a.

b.

Unstable earth conditions or in changes in
geologic substructures

Disruptions, displacements, compaction or
overcovering of the soil?

Change in topography or ground surface . "
relief features? i i

The destruction, covering or modification
of any unique geologic or physical features?

Any increase in wind or water erosion of
soils, either on or off the site?

Changes in deposition or eroeion of beach
sands, or changes in siltation, deposition
or erosion which may modify the channel

of a river or stream or the bed of the
ocean or any bay, inlet or lake?

Exposure of people or property to geologic
hazards such as earthquakes, landslides,
mudslides, ground failure, or similar
hazards?

Air. Will the proposal result in:

Substantial emissiona or deterioration of
ambient air quality?



Yes
The creation of objectiocnal odors

Alteration of air movement, moisture or
temperature, or any change in climate,
either locally or regicnally?

Water. Will the proposal result in:

Changes in currents, or the course or
direction of water movements, in either
marine or fresh waters?

Changes in absorption rates, drainage
patterns or the rate and amount of surface
water runoff?

Alterations to the course or flow of flood
waters?

Change in the amount of surface water in
any water body?

Discharge into surface waters, or in any
alteration of surface water quality,
including but not limited to temperature,
dissolved oxygen or turbidity?

Alteration of the direction or rate of
flow of ground waters?

Change in the gquantity of ground waters,
either through direct additions or with-
drawals, or through interception of an .
aquifer by cuts or excavations? i

Substantial reduction in the amount of
water otherwise available for public
water supplies?

Exposure of people or property to water
related hazards such as flooding or tidal
waves?

Plant Life. Will the proposal result in:

Change in the diversity of speties, or
number of any species of plants (including
trees, shrubs, grass, crops, and aguatic
plants.

Reduction of the number of any unique,
rare or endangered species of plants?

Introduction of new species of plants
into an area, or in a barrier to the
normal replenishment of existing species.

Mayba

No



Eavironmental Checldist
for Municipal Applications

Yes Maybe No
d. Reduction in acreage of any agricultural
crop?

S. Animal Life. With the proposal result in
a. Change in the diversity of species, or
any species of animals (birds, land animals
including reptiles, fish and shellfish,
benthis organisms or insects)?

b. Reduction of the numbers of any unigue,
rare or endangered species of animals?

¢. Introduction of new species of animals
into an area, or result in a barrier to the
migration or movement of animals

d. Deterioration to existing fish or wildlife
habitat?

6. Noise. Will the proposal result in:
a. Increases in existing noise levels?

b. Exposure of people to severe noise levels?
7. Light or Glare.

Will the proposal preoduce new light or glare?
8. Land Use.

Will the proposal result in a substantial
alteration of the present or planned land

use of an area?

9. Natural Resources. Will the proposal
result in:

a. Increase in the rate of use of any
natural resources?

b. Substantial depletion of any nonrenewable . -
natural resource? i i

10. Risk of Upset. Will the proposal involve:

a. A risk of an explosion or the release of
hazardous substance (including, but not limited
to , oil, pesticides, chemical or radiation) in
the event of an accident or upset conditions?

b. Poseible interference with an emergency
responge plan or an emergency evacuation plan?

11. Population.
Will the proposal alter the location,

distribution, density, or growth rate
of the human population of an area?



Eavironmental Checklist
for Municipal Applications

14.

Yes Maybe
12. Housing.

Will the proposal affect existing housing
or create a demand for additional housing?

13. Transforation/Circulation. Will the
proposal result in:

a. Generation of substantial additional
vehicular movement?

b. Effects on existing parking facilities,
or demand for new parking?

c. Substantial impact upon existing trans-
portation systems?

d. Alterations to present patterns of
circulation or movement of people and/or -
goods? i

e. Alterations to waterborne, rail or
air traffic?

f. Increase in traffic hazards to motor
vehicles, bicycliat or pedestrians?

Public Services. will the proposal have an
effect upon, or result in a need for new or
altered governmental services in any of the
following areas:

a. Fire protection? #
b. Police protection

c. Schoola?

d. Parks or other recreational facilities?

€. Maintenance of public facilities, including
roads?

f. Other government services?

15. Energy. Will the proposal result in:

a. use of substantial amounts of fuel or energy %
b. Substantial increase in demand upon existing
sources of energy, or require the development of

new sources of energy?

16. Utilities. Will the proposal result in

a need for new systems, or substantial

alterations to the following utilities:

a. Power or natural gas?

NO



BEavironmcntal Checklist
for Municipat Applications

Yes Maybe
b, Communications systems?
¢. Water?

d. Sewer or septic tanks?

e, Storm water drainage?
f. Solid waste and dispoeal?
17. Human Health. Will the proposal result in:

a, Creation of any health hagzard or potential
health hazard (excluding mental health)?

b. Exposure of people to potential health
hazards?

18. aesthetics.

Will the propesal result in the ohstruction of
any scenic vista or view open to the public,
or will the proposal result in the creation of
an aesthetically offensive site open to pubklic
view?

19. Recreation.

Will the proposal result in an impact upon the
quality or quantity of existing recreational
opportunities?

20. Cultural Rescurces.

a. Will the proposal result in the alteration of
or the destruction or a prehistoric or historic
archaeological site?

b. Will the propoeal result in adverse physical
or aesthetic effects to a prehistoric or
historic building, structure or object?

¢. Does the proposal have the potential to
cause a physical change which would affect
unigue ethnic cultural values?

d. will the proposal restrict existing
religious or sacred uses within the potential - -
impact area? & i

21. Mandatory Findings of Significance.

a. Does the project have the potential to
degrade the quality of the environment,
subetantially reduce the habitat of a fish
or wildlife species, cause of fish or
wildlife population to drop below seif
sustaining levels, threaten to eliminate

a plant or animal community, reduce the

No



Eavironmenta] Checklist
for Municipal Applications

Yeasz Maybe No

number or restrict the range of a rare or
endangered plant or animal or eliminate
important examples of the major periods
of California history or prehistory?

b. Does the project have the potential to
achieve short term, to the disadvantage of
long=term, environmental goals? (a Short-term
impact on the environment is one which occurs
in a relatively brief, definitive period of
time which long-term impact will endure well
into the future.}

c. Does the project have impacts which are
individually limited, but cumulatively

considerakle? (A project may impact on two

or more separate resources where the impact

on each resource is relatively small, but

where the effect of the total impacts on’ .
the environment is significant. i

d. Does the project have environmental

effects which will cause substantial

adverse effects on human beings, either . .
directly or indirectly. i i

III. Discussion of Environmental Evaluation

Iv. Determination
{(to be completed by the Lead Agency)

On the basis of this initial evaluation:

0 I find the proposed project COULD NOT have a significant effect on the environ-
ment, and a NEGATIVE DECLARATION will be prepared.

D I find that although the proposed project could have a significant effect on the envi-
ronment, there will not be a significant effect in this case because the mitigation
measures described on an attached sheet have been added to the project. A
NEGATIVE DECLARATION WILL BE PREPARED.

D I find the proposed project MAY have a significant effect on the environment, and an
ENVIRONMENTAL IMPACT REPORT is reguired.

DATE

(Signature)

For




CALIFORNIA ENVIRONMENTAL QUALITY ACT

INITIAL STUDY

(As required by Section 15080(f) of the Public Resources Code)

To be complete by the lead agency.

I. BACKGROUND
1. Name of applicant .
2. Address and Phone Number of Applicant
3. Project Address
4. Date of Checklist Submitted

5. Agency Requiring Checklist - City of Burbank

6. Name of Proposal, If applicable

7. Project Description:

II. ENVIRONMENTAL IMPACTS
{Explanations of all "yes" and "maybe" answers are required on attached

sheets.)
Yes Maybe No

l.Barth. Will the proposal result in:

a. Development of a site that evidence
indicates has unstable geologic or
goil conditions?

b. Unstable soil conditions or in
changes in geclogic substructures?

c. Disruptions, displacements,
compaction or overcovering of
the soil?

d. Change in topography or ground
surface relief features?

CEQA.TA



CEQA.TA

1.

Earth. (Con't)

e. The destruction, covering or
modification of any unique geologic
or physical features?

Yes

f. Any increase in wind or water
erosion of soils, either on or off
the site?

g. Changes in siltation, deposition
or erosion which may modify the
channel of a river, stream, wash,
or other natural drainage course

or the bed of a body of similar

h. Exposure of people or property to
geologic hazards such a earth-
quakes, landslides, mudslides,
ground failure, or similar hazards?

i. Proposed or probable grading,
excavation or fill in areas
designated by the California State
Mining and Gecology Board as contain
designated mineral deposits of
statewide or regional significance?

j. Proposed or probable grading,
excavation or £fill in areas
classified MRZ-2 or MRZ-3 by

the California State Mining and
Geology Board?

Air,

2.

a. Exposure of residential or
institutional project occupants to
carbon monoxide concentrations
vehicle emissiong, or hazardous
substances, in excess of any
state of federal ambient air

quality standards?

b. Substantial emissions in an area

where sgstate of federal ambient air
quality standards have been greatly
or frequently exceeded?

c. The creation of objectiocnable
odors or the discharge of smoke,
dust or chemicals?

Air Con’'t
d. Alteration of air movement,

moisture or temperature, or any
water body?

Maybe



California Environmental
Quality Act
Initial Study

CEQA.TA

3.

Water. will the proposal result in

v
(1]
o

a. Changes in absorption rates,
drainage patterns, or the rate and
amount of surface water runoff?

b. Alterations to the course or flow
of flood waters or flood control
channels?

¢. Changes in currents or the course
of direction of water movements?

d. Change in the amount of surface
water in any water body?

e. Discharge intc surface waters, or
in any alteration of surface water
quality, including but not limited to
temperature, dissolved oxygen or
turbidity?

f. Alteration of the direction or rate
of flow of ground waters?

g. Change in the quantity of ground
waters, either through direct
additions or withdrawals, or through
interception of an aquifer by cuts or
excavations?

h. Change in the quantity of ground
waters, either through direct
additions or withdrawals, or through
interception of an aquifer by cuts
or excavations?

i. Substantial reduction in the
amount of water otherwise available
for public water supplies?

j. Exposure of people or property to
flood related hazards?



California Environmental
Quality Act
Initial Study

CEQA.TA

Yes Maybe

Plant Life. Will the proposal result in:

a. Alteration or elimination of the
habitat utilized by a threatened, rare,
or endangered plant species, as identi-
fied by the U.S. Fish Wildlife Service
or the California Department of Fish and
Game?

b. Effects on a sensitive habitat
including but not limited to stream-
side (riparian) vegetation, ocak wood-
lands, wetlands or coastal chaparral?

c. Effects on distinctive stands of
mature trees?

d. Creation of a karrier to dispersion
of a plant species or to the normal o "
replenishment of existing species? i i

e. Change or diminution in the
diversity of species or number of
any species of plants (including
tress, shrubs, grass, crops, micro-
flora and aquatic plantlife}?

f. Introduction of a non-native
species plant into a natural area?

5. Animal Life. Will the proposal result in:

a. Alteration or elimination of the
habitat utilized by a threatened, rare,
or endangered plant species, as identi-
fied by the California Department of
Fish and Game, the U.S8. fish and Wild-
life Service or other responsible
organizations (including birds, Land
animals, reptiles, shellfish, amphi-
biams, benthic organisms, insect, or
microfauna)?

b. Alteration or elimination of the
habitat utilized by a unique, sensitive
fully protected species as identified
by the California Department of Fish
and Game or other responsible organi-
zations?

c. Creation of a barrier to migration
movement or dispereion of an animal
species?

d. Change or reducticn in the diversity
of an animal species or number of any
species of animals

No



California Environmental
Quality Act
Initial Study

CEQA.TA

5.

Animal Life - Con‘t

Yes
e. Introduction of a new species of
animal(s) into an area?

f. Deterioration of an existing fish
or wildlife habitat?

Noise Will the proposal result in:

a. Current or future noise levels that
will exceed standards specified in the
City’'s Noise Element of the General Plan
or in the BMC?

b. General of noise incompatible with
nearby land uses according to the City’'s
General Plan Noise Element, the BMC or
within the 65 CNEL/Aviation easement
area of the Burbank/Glendale/Pasadena
Ajirport?

c. Incompatibility with noise levels
estabhlished for Burbank/Glendale/
Pasadena Airport?

d. Increases in short-term or long-
term existing noise levels?

7. Light and Glare. Will the propesal result in:

a. New Light or glare

b. Reduced access to sunlight by
adjacent properties due to shade
and shadow?

¢. Current or future light and
glare incompatible with nearby
land uses?

d. current or future light and glare
levels from an external source that

exceed standards recommended in the

IES lighting handbook?

Maybe

No



california Environmental

Quality Act
Initial Study

I1I.

Iv.

environment,

Date:

DISCUSSION OF ENVIRONMENTAL EVALUATION
See attached

DETERMINATION
(To be completed by the Lead Agency)

on the basis of this initial evaluation:

1 find that the proposed project DOES NOT have any significant
impacts that have not been address in a previous Environmental
Impact Report.

I find the proposed project COULD NOT have a significant effect on the
and a NEGATIVE DECLARATION will be prepared.

I find that although the proposed project could have a
significant effect on the environment, there will not be a
significant effect in this case because the mitigation measure described o
the attached sheet have been added to the project. A NEGATIVE DECLARATION
WILL BE PREPARED.

I find the proposed project MAY have a significant effect on the
environment, and an ENVIRONMENTAL IMPACT REPORT is required.

CEQA.TA

Rick Pruetz
City Planner
For: City of Burbank



CALIFORNIA ENVIRONMENTAL QUALITY ACT
ENVIRONMENTAL INFORMATION FORM

(As required by Section 15063 (e) of the CEQA Guidelines)

To be complete by the applicant

Date files:

GENERAL INFORMATION:

1.

Name and address of the applicant

Address of project:

Legal description:

Assessor’s Parcel Number:

Name, address, and telephone number of person to be contacted
concerning this project

Division: Telephone: (818)

Indicate permit application number or the project wo which
this form pertains:

List and describe an other related permits and other public
approvals required for this project, including those required
by city, regional, state and federal agencies:




6. Are federal, state and/or county funds involved in this
project

R

I1f so, specify:

7. Existing zoning district:
8. a) Proposed useof site (project for which this
form 1is filed). If project involves

demolition and new construction, describe
total project, e.g. demolition, grading,
excavation, construction, include age of
building(s) to be demolished:

PROJECT DESCRIPTION

9. Site size:

10. Sqguare footage of building(s):

11. HNumber of floors of construction:

12. a) Amount of off-street parking provided:

Existing: New: Total:

b) Number of spaces required by coded:

¢) Does the off-street parking to be provided meet the City
code requiements?

13. Attach plans:

a) Do plans show parking? Yes No

14. Proposed scheduling:

15. Associated projects:

16. Anticipated phasing of development:

17. If residential, include the number of units, schedule of
unit range of sale prices or rents, and type of house
household size expected.




18. If commercial, indicate the type, whether neighborhood-
city-or regionally-oriented, sguare footage of sales
area, square footage of office area, loading facilities,
and number of employees.

19. a) If industrial, indicate type, estimated
employment per shift, number of shifts and
loading facilities.

b) Will paints, solvents, asbestos, pressurized
gas, cleaning fluids, acids or other chemical
be used in the business?

c) Do you have a hazardous materials list on file
with Burbank Fire Department? Yes No

20. If institutional, indicate the major function, estimated
employment per shifts, estimated occupancy, loading
facilities, and community benefits to be derived from the
project.

21. If the project involves a variance, conditiona use
permit, street vacation or rezoning application, state
this and indicate clearly why the application is
required.

Are the following items applicable to the project or its effects?
Discuss below all items checked yes (attach additiona sheets as
necessary).

YES NO

22. Change in existing features of any
hills, or substantial alteration of
ground contours: grading, cut, fill.

23. Change in scenic views or vistas
from existing residential areas or
public lands or roads.



24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Change in pattern, scall or character of general
area or project. If new construction alters land use
from existing patterns, requies a variance or
condition use permit, or increases size or bulk of
existing uses, discuss in #36 below.

Significant amounts of solid waste or litter.
Change in dust, ash, smoke, fumes or odors in
vicinity.

Change in ground water gquality or quantity, or

alteration of existing drainage patterns.

Substantial change in existing noise or vibration
levels in the vicinity.

Site on filled land or on slope of 10 percent or
more.

Use of disposal of potentially hazardous materials,
such as toxic substance, flammables or explosives.

Substantial change in demand for municipal services
(police, fire, water, electricity, sewage, etc.).

Substantial increase fossil fuel consumption
(electricity, o0il, natural gas, etc.).

Relationship to a larger project or series of
projects. If new construction or expansion of
present facilities will take place after demolition,
the action is part of a large project.

ENVIRONMENTAL SETTING

34,

Describe the project site as it exists befor the project,
including information on topography, soil stability,
plants (including mature trees) and animals, and any

cultural,
existing

historical or scenic aspectts. Describe an
structures on the site, the use of the

structures and the year(s) in which hte structures were

built. attach photographs of the site. Snapshots or
poloaroid photos will be accepted. (Use attachment if
necessary).

Year(s) built:




35. Describe the surrounding proerties, including information
on plants (including mature trees) and animals and any
cultural, historical or scenic aspects. Indicate the
type of land use (residential, commercial, etc.),
intensity of land use (one-family, apartment houses,
shops, department stores, etc.), and scale and
approximate age of development (height, frontage, set-
back, rear yard, etc.). Attach

36. Describe the effects of the project as it will alter
existing patterns of land use, require discretionary
approval and/or increase size and bulk existing uses.

CERTIFICATION: I hereby certify that the statements

furnished above and in the attached
exhibits present the data and information
required for this initial evaluation to the
best of may ability, and that the facts,
statements, and informaticn presented are
true and correct to the best of my
knowledge and belief.

Date:

{Signature)

(Name)

For City of Burbank



ADDENDUM TO INITIAL BTUDY
(Address - Centered)

The following contains discussion of all "yes" and "maybe"
responses in the Environmental Impacts Section (Part II) and the
Discussion of Environmental Evaluation (Part III) of the Initial

Study.

ITEM # RESPONSE




|l Bl

SUMMARY OF MITIGATION MEASURES

(Address - Centered)

ITEM #

RESPONSE
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APPENDIX 10-3

GUIDELINES FOR PROPONENT'S ENVIRONMENTAL ASSESSMENT

1.0 SUMMARY
1.2 Project Purpose And Need

All PEAS shall contain an explanation of the objective or objectives of the project. This
shall be accompanied by an analysis of the reason why attainment of these objectives is
necessary or desirable. The analysis should normally not exceed a page or two in length except
where significant or potentially significant project impacts have been identified in the
Environmental Impact Assessment Summary required by Section V, 13. Where such impacts
have been identified, the analysis of project purpose and need must be sufficiently detailed to
permit the Commission to independently evaluate the project need and benefits in order to
accurately consider them in light of the potential environmental costs. This requirement may be
satisfied by reference to specific portions of the project application which address this issue.

1.3 Project Description

The description of the project shall contain the following information, but should not
supply extensive detail beyond that needed for evaluation and review of the environmental
impact.

a. The precise location and boundaries of the project shall be shown on a detailed
map, preferably topographic. The location shall also be shown on a regional map.
b. A general description of the project's technical, economic, and environmental

characteristics considering the principal engineering proposals and supporting
public service facilities.

The requirements of this section may be satisfied by reference to specific portions of the
project application which address these issues and include this information.

14 Environmental Setting

The PEA must include a description of the environment in the vicinity of the project and
within the potential range of impact as it exists before commencement of the project. Both local
(site-specific) and regional perspectives must be provided. The description should include some
discussion of the topography, land use patterns, and general biological environment. Detailed
descriptions should be limited to those elements of the environment which may be subject to a
potentially significant impact. The setting must, however, be sufficiently described to permit an
independent evaluation by the Commission of elements which could be impacted by the project.

All elements of the environmental setting necessary to fully understand impacts identified
as significant or potentially significant in the Environmental Impact Assessment Summary
required by Section V, 13 shall be described in detail.

DRAFT VERSION 1 10-6 RPT/SCRE - 01
2/10/92
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— Describe all reasonable alternatives to the
project, or to the location of the project, which could feasibly attain the basic
objectives of the project, and why they are rejected in favor of the ultimate choice.
The specific alternative of "no project” must also always be evaluated, along with
the impact. The discussion of alternatives shall include alternatives capable of
substantially reducing or eliminating any significant environmental effects, even
if these alternatives substantially impede the attainment of the project objectives,
and are more costly.

— Discuss the ways in which
the proposcd project could foster economic or populauon growth, either directly
or indirectly, in the surrounding environment. Included are projects which would
remove obstacles to population growth (a major expansion of a waste water
treatment plant might, for example, allow for more construction in service areas).
Increases in the population may further tax existing community service facilities
so consideration must be given to this impact. Also, discuss the characteristics of
some projects which may encourage and facilitate other activities that could
significantly affect the environment, either individually or cumulatively. It must
not be assumed that growth in any area is necessarily beneficial, detrimental, or of
little significance to the environment.

Organizations and Persons Consulted — The PEA shall include a list of persons,
and their qualifications, responsible for compiling the detailed information for
each area of environmental concern, and a discussion of the methods used to
produce such information.

DRAFT VERSION 1 10-8 RPT/SCRE - 01
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ENVIRONMENTAL ASSESSMENT COMMITTEE MEMBERS
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Name

Mike Nazemi
Chris Abe
Marijke Bekken
Charles Chang
Paul Clanon
Dave Coel
Mike Davis

Bill Dennison
Myra Frank
Royce Green
Andrew Hirsch
Bob Huddy
Tom Kardos
Ken Koss

Lee Lisecki
Kirk Marckwald
Larry Marigold
Bryan Morrison
Calvin Naito
Deepak Nanda
Jim Ortner
Mark Reimers
David Rice
Mike San Miguel
Joel Schwartz
Celia Shih
Robert Shipley
Glyn Short
Mark P. Stehly
John Tandy
Frank Turpin
Daniel ar
Greg Vlasek
Bill West
Wayne Williams

Environmental Assessment Committee

Organization

SCAQMD

SCAQMD -

ARB

LADWP

CPUC

SCAQMD
RCTC/Bechtel
Dennison & Asso.

Myra Frank & Asso.
Southern Pacific Rail

So. Cal. Gas Co.

SCAG

Morrison Knudsen Corp.
CPUC

Myra Frank & Asso.

Cal. Environnmental Asso.
AMI

Santa Fe Railway

Myra Frank & Asso.
SCE

LACTC

Union Pacific Railroad
LADWP

SCE

Coalition for Clean Air
SCAQMD

Deleuw Cather & Co.
ICI/AMI

Santa Fe Railway
SCRRA

Morrison Knudsen Corp.
Ventura County APCD
So. Cal. Gas Co.
Southern Ca. Edison
Morrison Knudsen Corp.
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TABLE B-1: COMMUTER RAIL ANALYSIS SERVICE LEVEL ASSUMPTIONS

W0 N o AW N e

(Number of Trains)

Route Start Up Intermed.  Mature
Ventura to LA 4 (0) 8(4) 9 (10)
Santa Clarita to LA 3(0) 4 (0) 6 (6)
San Bernardino to LA 5(0) 8 (6) 9 (10)
Riverside to LA (Ontario) 3(0) 52 6 (6)
Oceanside to LA 8(0) 8(4) 10 (10)
Riverside to LA (Fullerton) 2(0) 4(3) 5(14)
San Bern./Riverside to Irvine 4 (0) 8(3) 10 (14)
Hemet to Riverside 2(0) 4 (0) 5(0)
Redlands to San Bernardino 2(0) 4(2) 50

.
&

Notes:

1
2.

Off peak levels of service are in parentheses.

Unless noted otherwise, service levels included in this analysis are referenced
from the Southern California Commuter Rail 1991 Regional System Plan.

Start up peak service levels for routes 4 and 9 and intermediate peak level
service levels for routes 4, 5, and 9 have been supplied by Jim Ortner, LACTC,
in December 1991.

Start up off-peak service levels for routes 4, 5, 7, and 9 are assumed to be 0. This

iIE.lconswtent with levels for the other routes, as specified in the Regional System
an.

Intermediate off-peak service levels for routes 4, 5, and 9 have been estimated

by District staff by addin%intermediate off-peak levels for routes 1, 2, 3, 6, 7, and

8 and dividing the sum by the intermediate peak total for these routes. This

factor has been multiplied by the intermediate peak levels for these routes.

High peak service levels for routes 4, 5, and 9 have been estimated by District
staff by adding peak high levels for routes 1, 2, 3, 6, 7, and 8 and dividing the sum
by the intermediate peak total for these routes. This factor has been multiplied
by the intermediate peak levels for these routes. .

High off-peak service levels for routes 4, 5, and 9 have been estimated by
District staff by adding high off-peak levels for routes 1, 2, 3, 6, 7, and 8 and
dividing the sum by the high peak total for these routes. This factor has been
multiplied by the intermediate peak levels for these routes.



TABLE B-~2

TIME IN THROTTLE NOTCH BY ROUTE

Minutes in Throttle Notch Minutes in Throttle Notch

Starting Point to Destination Destination to Starting Point

Route Idla 1 2 3 4 5 6 7 8 Idle 1 2 3 4 5 6 7

1 VenturatoLA 15,5 61 122 71 23 27 6 3.2 169 123 54 48 66 122 44 64 35 174
2 SantaClaritato LA 15.2 58 5.7 7 37 28 26 1.6 136 94 21 25 6 53 6.1 5 39 2.7
3 SBloLA 2068 81 65 9 119 44 64 1.3 238 188 37 64 57 61, 9 1.7 67 309
4 Riverside to LA (Ontaric) 214 B84 68 94 124 46 67 1.4 248 196 39 67 59 63 94 1.8 7.0 322
5 OceansidetoLA 323 126 154 145 11.3 62 94 38 W2 255 71 86 115 149 123 8.2 89 441
6 Rivarside to LA (Fuilerton) 229 90 72 100 132 49 71t 14 265 209 41 71 63 68 100 19 74 343
7 SB/Riverside {0 Irvine 215 B5 68 94 124 46 67 14 249 196 39 67 60 64 94 18 7.0 323
8 Hemat to Rivarside 144 57 46 63 83 31 45 09 167 13.2 26 45 40 43 63 1.2 47 2.7
9 HRedlandsto SB 44 17 14 19 25 09 14 03 541 40 08 14 12 13 19 04 14 686

Note: Minutes in throttle notch data available only for routes 1 through 3.
Values far routes 4, 6, 7, 8, and 9 are based on those for route 3, waighted by mileage.
Routas 5 tima in throttle notch data is based on a composite of the values for routes 1 through 3, weighted by mileage.



TABLE B-3

HORSEPOWER BY THROTTLE NOTCH - DIESEL LOCOMOTIVE ENGINE MODEL EMD 12-710G3A

WONDO MW

Route

Venturato LA

Santa Claritato LA

SBto LA

Riversida to LA (Ontario)
Oceanside to LA
Riverside to LA (Fullerion)
SB/Riverside to Irvine
Hemat to Riverside
Redlands to SB

Diesel Prime Mover Horsepowsr by Throttle Notch

ldie

7.8
7.8
7.8
7.8
1.8
7.8
7.8
7.8
7.8

1

209.4
200.4
209.4
209.4
209.4
209.4
209.4
209.4
209.4

2

3rz2.2
372.2
3rz2.2
372.2
372.2
372.2
372.2
372.2
372.2

3

716.9
716.9
716.9
716.9
716.9
716.9
716.9
716.9
716.9

4

1052.8
1052.8
1052.8
1052.8
1052.8
1052.8
1052.8
1052.8
1052.8

5

1401.5
1401.5
1401.5
1401.5
1401.5
1401.5
1401.5
1401.5
1401.5

6

1695.9
1695.9
1695.9
1695.9
1685.9
1695.9
1695.9
1695.9
1695.9

2533.7
2533.7
2533.7
2533.7
2533.7
2533.7
2533.7
2533.7
2633.7

3195.5
3195.5
3195.5
3195.5
3195.5
3195.5
31955
3195.5
3195.5
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] TABLE B-4
H
i COMMUTER RAIL DIESEL SCENARIOQ - PEAK SERVICE - NOx
. Emission Startto  Destination
Line Diesal Prime Mover 1992 Loco Conversion Destination 1o Slart
Start Number of Trains NOx Emissions per Throttle Notch (g/ht) Emission Factor Emissions Emisgions Total Emigsions (tonfyr)
Route Year Miles Start Inter. Mature Idle 1 2 3 4 5 ] 7 8 Factor (7 to 4 car) {gramg) {grams) Start Inter. Mature
1 Venturato LA 1802 47 4 8 9 889 3338 5598 9951 126844 15318 18163 237%5 30389 0.75 1.00 1177481 13380.72 2819 58.38 63.42
!. 2 Santa Claritato LA 1982 as 3 4 -] 889 3338 5598 0951 12844 15318 181683 23745 30339 0.76 1.00 8032.13 13853.32 1808 2541 38.12
v 3 SBrolA 1902 585 5 8 9 B89 3338 550B 6951 12644 15318 18163 23715 30389 0.75 1.00 15743.84 18317.37 4789 7631 8584
4 Riverside to LA (Ontario) 1983 58.8 3 5 ] 889 3338 5508 0951 126844 15316 18163 23715 3$339 0.75 100 18384.53 18063.04 29.78 49.83 5958
5 Oceansidelo LA 1903 87.2 8 ] 10 B89 3338 5598 9951 126844 15318 18163 23715 30389 0.75 .00 23012.22 28550.04 11553 11553 144.42
8 Riverside to LA {Fullerton) 1995 62.8 2 4 5 889 3338 5598 9951 12644 15318 18163 23715 30389 0.75 1.00 17489.12 20358.84 21.20 4241 53.01
7 ..SBIlersIdo to Irvine 1985 &9 4 8 10 B89 3338 5508 9951 126844 15318 - 18163 23715 30389 0.75 100 18440.28 10127.88 3084 7968 8980
B8 Hemet to Riverside 1965 398 2 4 889 2338 5508 0951 12644 15318 181683 23715 30389 0.75 1.00 11034.48 12838 37 1337 26.74 33.43
8 Redlandsto SB 1965 12 2 4 5 889 3338 5598 B951 12844 15318 18163 23715 30389 0.75 1.00 3343.78 3890.42 4.05 8.10 1013

Notes: 1. Emission factors are for EMD engine model 12-710-G3A with seven passenger compariments.
2. This scenario assumes the usa of locomatives with 25 percant lags NOx than current commuter rait locomotives.
Improvemants are dus to retarded injaction timing, 0.02 percent sulfur fuel, and operationat improvements.
3. The start-up level of sarvice will consist of four passenger cars per train.
4. Tha intermediate and mature levals of sarvice witl consist of trains with seven passenger cars per train.
5. Trains are assumed to operate five days per weok, less six holidays per year.

i



TABLE B-5
COMMUTER RAIL DIESEL SCENARIO ~ PEAK SERVICE - PM
Emission Start to Dastination

Line Diesel Prime Mover Conversion Destination to Start
Start Number of Trains PM Emissions per Throttle Notch (g/hr) Factor Emissions  Emissions Totat Emissions {tonfyt)
Route Yoar Miles Start Inter. Mature Idle t 2 3 4 5 -} 7 8 (Ttodcar) (grams) {grams) Start Inter. Mature
1 VenturaiolLA 1992 47 4 8 9 20 33 133 290 305 384 653 747 944 1.00 4€0.89 626.78 1.12 2.23 2.61
2 Santa Clarita to LA 1092 as 3 4 a8 20 33 133 290 305 384 853 747 944 1.00 as53.e4 549.20 0.78 1.01 1.52
3 SBiolA 1992 5§65 5 8 9 20 33 133 200 305 384 €53 V47 944 1.00 6818.17 720.72 188 301 3.39
4 Riverside to LA (Ontarlo) 1892 58.8 3 5 a8 20 33 133 290 305 384 853 747 944 1.00 843.34 756.31 118 188 23§
5 Oceansideto LA 1993 8ar.z2 8 8 10 20 33 133 290 305 384 853 747 944 1.00 907.70 1134.68 4,53 4.58 6.72
6 Riverside o LA (Fullerton) 1895 62.8 2 4 ] 20 33 133 290 305 384 @853 747 944 1.00 887.10 807.78 0B84 187 200
7 SB/Riverside to irvine 1935 59 4 8 10 20 33 133 290 305 384 853 747 944 1.00 845.53 758.88 1.67 3.15 3083
8 Hemet to Riverside 1095 396 2 4 5 20 33 133 290 305 384 853 747 844 1.00 433.27 500.35 0.53 1.08 1.32
o Redlandsto SB 1095 12 2 4 5 20 33 133 200 305 384 863 747 944 100 131.29 154.35 016 032 040

Notes: 1. PM emission factors for EMD engine modal 12-710G3A with seven passanger compartments were not available.
Instead, PM factors for EMD engine model 16-710G3 have been used.
2. This scanario assumes tha use of locomotives incorporating retarded injection timing and .02 percent sulfur fuel.
It is assumed that PM increases with injection retard. However, the use of low sulfur fuel will ofiset this factor to some
extent. Also, it is assumed that the EMD 18-710G3 emission factors give higher PM than would ha expected from the 12-710G3A.
3. The start-up level of service wilt consist of four passenger cars per train.
4, The intermeadiate and mature levels of servica will consist of tralns with seven passenger cara paer train.
5. Traine are assumed to operate five days per week, loss six holidays per year.
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TABLE B-G
COMMUTER RAIL DIESEL SCENARIO - PEAK SERVICE - HC 8
Emission Start to Dastination

Line Diesel Prime Mover Conversion Destination to Start
Stant Number of Trains HC Emissions per Throttie Notch {g/hr) Factor Emissions Emissions Total Emissions (tonfyr)
Route Year Miles Start Inter. Mature Idie 1 2 3 4 5 ] 7 8 (7todcan {grames) {grams) Start Inter. Mature
1 Veniurato LA 1992 47 4 8 9 56 84 82 122 137 188 187 228 862 1.00 19€.88 214.32 046 092 1.04
2 Sania Clarita to LA 1992 a5 3 4 8 55 84 82 122 137 168 187 228 352 1.00 154.34 214.07 0.31 0.41 0.62
3 SBtolA 1982 58.5 5 8 ] 556 84 82 122 137 168 187 228 362 1.00 28t .41 28392 0.78 1.24 1.40
4 Riverside to LA (Ontario) 1993 58.8 3 5 -3 55 84 82 122 137 168 187 228 352 1.00 272.05 305 88 0.49 0.81 0.87
§ Oceansideto LA 1903 87.2 8 8 10 656 84 82 122 137 168 187 228 362 1.00 385.58 454.78 1.88 188 235
8 Riverside to LA (Fullerion) 1995 62.8 2 4 5 55 84 82 122 137 168 187 228 352 1.00 290.58 328.69 0.35 0.69 0.86
7 SB/Riverside to Irnvine 1995 69 4 8 10 65 84 82 122 137 168 137 228 862 100 27298 308.92 085 1.30 1.62
8 Hemet to Riverside 1995 390.6 2 4 5 55 84 82 122 137 188 187 228 352 1.00 183.22 208 00 0.22 0.44 0.54
8 Redlandsto SB 1905 12 2 4 5 56 84 82 122 137 188 187 228 352 1.00 55.52 82.42 007 013 017

Motes: 1. Emiselon factors are for EMD engine madel 12-710G3A with seven passenger compartments.
2. The start-up level of service will consist of fows passanger cars per train.
3. The intermediate and mature levels of sarvice will consist of traing with seven passenger cars per train.
4. Traina are agsumed 1o operate five days per week, less six holidays per year.




.

TABLE B-7
COMMUTER RAIL DIESEL SCENARIO - PEAK SERVICE - CO
Emission Start to Destination
Line Diesat Prime Mover Conversion Dastination to Start
Start Number of Trains CO Emissions per Throttle Notch {g/hr) Factor Emissions Emissions  Total Emissions (ton/yr)
Route Year Miles Start Inter. Mature Idle 1 2 3 4 5 (-] 7 8 {7Ttodcar) (grams) {grams) Stan Inter. Mature
1 Venturato LA 1962 ) 47 4 :) 9 54 113 127 179 305 B55 1408 4333 3930 1.00 16801.45 1718.45 372 7.44 8.37
2 Santa Claritato LA 1992 a5 3 4 [ 84 113 127 179 305 855 1408 4332 3930 1.00 1183.62 1969.80 2.65 3.53 5.30
3 SBtolA 1692 585 3 8 9 54 113 127 179 305 855 1408 4333 3930 1.00 2000.56 2761.39 8467 10487 1200
4 Riverside to LA {Ontario} 1993 58.8 3 [ [} 54 113 127 179 305 B55 1408 4332 3930 1.00 2082.00 2873.80 4.16 6.94 8.33
& Oceansideto LA 1993 87.2 8 ] 10 54 113 127 179 305 855 1408 4333 3930 1.00 3013.06 408072 1545 1585 19.81
8 Rivarside to LA (Fulterton) 1995 62.8 2 4 5 84 113 127 179 305 BSS 1408 4333 3830 1.00 222363 3060.30 296 583 ~ 7.41
7 SB/Riverside 1o Irvine 1995 58 4 8 10 54 113 127 179 305 855 1408 4333 3930 1.00 2089.08 2883.58 557 1114 1393
8 Hemet to Riverside 1965 306 2 4 5 84 113 127 179 305 855 1408 4333 3530 1.00 1402.18 1935.42 1.7 3.74 4.67
8 Rediandsto SB 1895 12 2 4 5 54 113 127 179 305 855 1408 4333 3930 1.00 424.90 588.49 057 1.13 1.42

Notes: 1. Emission factors are for EMD engine model 12-710G3A with seven paseenger compartments.
2. The start-up level of sarvice will consist of four passenger cara per train. .
3. The intermediate and mature levels of service will consist of traine with seven passenger cars per train.
4. Trains are assumed to operala five days per week, laes six holidays per year.



TABLE B-8
COMMUTER RAIL DIESEL SCENARIO - PEAK SERVICE -~ SOx o
Emission Start 1o Destination
Line Diesel Prime Mover Conversion Destination to Start
Start Number of Traing 80x Emissions per Throttle Notch {g/hr) ' Factor Emissions Emissions Total Emiasions (ton/yr)
Route Year Milos Start Inter. Mature Idie 1 2 3 4 5 ] 7 8 (7Ttodcarn) {grams) {grams} Start Inter. Mature
1 Venturato LA 1992 47 4 8 ] 34 165 253 468 874 897 1088 1546 1949 1.00 838.57 1065.48 224 4.49 505
2 Santa Clarita to LA 1992 35 3 4 8 34 185 253 4688 674 897 1088 1546 1949 1.00 715.67 1113.35 154 205 307
3 SBtolA 1962 56.6 8 8 9 34 185 253 466 674 897 1088 1546 1949 1.00 1251.23 1501.79 385 617 694
4 Riverside to LA (Ontario) 1993 58.8 3 5 8 34 185 253 466 a7 897 1088 1548 13849 1.00 1302.17 1562.92 241 4.01 481
§ Oceansideto LA 1993 87.2 8 8 10 34 165 253 466 674 897 1088 1546 1949 1.00 1828.03 2317.32 2020 620 11.61
8 Riverside to LA (Fullerton) 1995 62.8 2 4 5 34 185 253 4866 ar4 897 1088 1546 1948 1.00 1390.76 1669.25 1.7 343 428
7 SB/Riverside to Irvine 1995 5@ 4 8 10 34 165 253 466 674 697 1088 1546 1949 1.00 1206.60 1568.24 322 844 805
8 Hemet to Riverside 1895 39.6 2 4 ) a4 185 253 466 ar4 897 1088 1546 1948 1.00 876.97 1062.58 1.08 2.16 2.70
8 Redlandsto SB 1996 12 2 4 5 34 185 263 466 674 897 1083 1546 1949 1.00 265.75 318.98 033 085 0482

Notes: 1. Emission factora are for EMD engine model 12-710G3A with seven passenger compartments.
2. The start-up level of service will consist of four pasgenger cars per train.
3. The intermediate and mature levels of service will consist of traing with seven passenger cars per irain.
4, Trains are assumed to operate five daye per week, lees six holidays per year.




TABLE B-9
COMMUTER RAIL ELECTRIFICATION SCENARIO - PEAK SERVICE - START UP LEVEL - NOx
Start/ Dest./ Train Taotal
Line Dest. Start PwiReq PwrReq 1992 NOx (ifyr) 1993 NOx(thr] 1994 NOx {thr)
Siart #ol Power Power {(MW-HRV (MW-HR/ 100% 40% 100% 40% 100%  40%
Route Year Mles Tralns (KW-HR) (KW-HR) day} day) Basin Basin BDBasin  Basin Basin  Basin
1 VenturateLA 1962 47 4 111281 1268.67 2.63 12.34 143 0.67 129 o5 1.13 0.456
2 SantaClaritato LA 1962 35 3 842.79 1337.01 8.85 8.49 0.98 0.30 Q.88 0.35 0.78 0.3
3 SBuwlAa 1962 B3.6 5 1488.72 1802.42 18.45 21.3 248 0.68 222 089 195 0.78
4  Riverside 10 LA (Ontario) 1083 69.8 3 1547.24 1876.79 10.27 13.30 1.54 0.62 138 0.55 .22 0.49
& Oceanside to LA 1993 87.2 8 2170.32 2776.35 36.857 51.28 5.92 237 634 214 489 1.87
8 Riversids to LA (Fullerton) 1996  62.8 2 1852.50 2003.40 3 947 1.09 044 099 039 087 0.35
7 SB/Rivarside 1o lrvine 1996 &9 4 1562.61 1882.17 13.74 17.80 2.08 082 185 074 1683 0.65
8 Hemet 1o Riverside 1995 089.6 2 1042.02 1283.20 414 5.97 0.89 b.28 082 0.25 0.65 0.22
¢ Redlands to 5B 1885 12 2 A& 382.82 1.40 1.81 o 008 0.19 0.08 0.7 oa?
Noles: 1. Firet year of slectric sarvice in assumed to be 1898. Thus, sysiem start up for all routes assumed to be diesal cperation,
2. The slart-up level of sarvice will consist of four passanger cars per train.
3. Line losses of neven percent and catenary sfficiency of 83 percent assumed
4, Traing are assumad ta operate five days per waek, lese alx holidays per year,
6. Hersepower by throttls notch is for EMD angine medel 12-710G3A with seven paasengor care.
6. Two ios are d for this analysis—100 p 1and 40 p 1 in-Baaln power genersation.
COMMUTER RAIL ELECTRIFICATION SCENARIO - PEAK SERVICE - INTERMEDIATE LEVEL - NOx
Start/ Dest./ Train Tatal
Line Dost, Start Pwt Req PwrRaq 1992 NOx (thyr) 1983 NOx (s} 1994 NOx (1fyr)
Start #of Power Power  (MW-HRY (MW-HR/ 100% 40% 100% 40% 100%  40%
Route Year Miles Tralns (KW-HR) (KW-HR) day) day) Basin DBasin Basin  Buasin  Basin @ Basin
1 VenturatoLA 1992 47 8 111201 1268.87 10.05 24.68 2.85 114 257 1.03 228 0.80
2 SantaClarHato LA 1992 as 4 A47.70 1337.01 8.74 11.32 1.31 0.62 1.18 047 104 0.41
3 SBrolA 1992 58.5 3 1488.72 1802.42 28.31 34.00 . 1.58 A58 142 312 1.26
4 Rivarside to LA (Ontarlo) 1993 €8.8 5 1547.24 1875.79 17.12 2217 2.5 1.03 2.3t 092 203 0.8
5 Qcsanside to LA 1963 87.2 8 2170.32 2775.35 20.67 51.28 5.92 237 634 214 460 1.87
& Rivarside to LA (Fullerton) 1995  62.8 4 1852.50 2003.40 14,62 19.64 219 0.8 197 are 173 069
7 SBiRiverside to Irvine 1998 59 & 1882.61 1882.17 27.48 35.80 4.11 1.6 3.7 1.48 328 1.30
8  Hemst o Rivesside 1996 239.6 4 104202 1263.29 P22 11.85 1.36 0.65 1.24 0.80 1.09 0.44
9 FRediandsto SB 1695 12 4 31576 a32.82 2.79 3.62 0.42 0.17 0.28 016 033 .13

Notes: 1, The intermadIiate level of service whl consiet of seven passenger cars poar train.
2. Ling loanes of navan perceni and catenary efficlancy of 83 percont assumad.
3. Tralne are assumed (o operate five days par weak, lase aix holideys per ysar.
4. Horsepower by throttle notch Is for EMD engine model 12-710G3A with saven pasasngar cara.
5. Two acenasios are d for this y 100 p and 40 p In-Baain powar generation,

1805 NOx (tyr)
100%  40%
Basin  Basin
[+ 3° ] 0.39
0.88 0.2¥
1.70 068
1.08 043
4.10 1.84
0.78 0.30
1.42 0.57
0.48 0.19
0.14 0.08
f=]
1895 NOx (ifyr}
100%  40%
Basin  Basin
1.97 0.79
0.9 0.38
2.73 1.09
1.77 .7
4.10 1.84
1.62 0.81
2,85 1.4
0.98 Q.28
0.29 0.12

1998 NOx [thyr)
100%  40%
Basin  Basin
0.83 0.33
0.7 0.23
143 0.57
0.90 0.28
345 1.38
0.84 028
1.20 048
0.40 0.18
0.12 0,05
1996 NOx {t/yr)
100%  40%
Basin  Bawin
1.88 0.88
0.78 0.30
.29 0.92
1.49 0.80
345 1.38
1.28 0.51
2.40 0.96
0.80 0.32
0.24 0.10

1967 NOx (Uyr)
100%  40%
Basin  Basin
0.89 028
0.47 0.19
1.19 D.48
0.74 0.30
2.868 1.156
0.53 021
0.09 0.40
0.33 0.13
0.10 0.04
1957 NOx {tiyr)
100%  40%
Basin  Basin
1.08 0.85
0.63 0.25
1.80 0.78
1.24 0.60
2.88 1.16
1.08 0.42
1.99 0.50
0.67 0.27
0.20 0.08

1998 NOx (Uyr)
100% 40%
Basin  Basin
0,53 0.21
0.a7 0.16
[ X 7] 037
0.57 0.22
a2 0.89
a4 0.18
0.77 0.3
0.28 0.10
Q.08 0.03
1698 NOx (i/yr)
100% 40%
Basin  Basin
1.07 0.43
0.48 0.20
147 0.69
0.98 0.28
2.21 0.80
0.82 0.33
1.54 a.81
0.62 a.21
0.18 0.08

1990 NOx {th) 2000+ NOx (tyr)

100% 40%
Basin  Basin
0.9 .16
0.27 0.11
Q.e8 0.27
0.42 047
1.63 065
0.30 0.12
0.57 0.23
0.19 0.08
0.08 0.02
3999 NOx {thr)
100% 40%
Basin  Basin
0.78 [ A<}
0.38 0.14
1.08 0.43
0.70 0.28
1.63 0.65
0.80 024
1.1 0.45
0.33 0.18
on 0.05

100%  40%
Basin  Basin
0.24 0.08
0.10 0.08
0.41 018
0.25 8.10
088 039
0.18 0.07
0.34 0.14
0.11 0.05
0.03 0.01
2000+ NOx friyr}
100%  40%
Basin  Basin
0.47 0.19
0.22 0.09
0.85 0.28
042 017
0.98 039
0.36 4.14
0.68 027
023 0.09
007 ooa
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TABLE B-9 (Continued)

.3
COMMUTER RAIL ELECTRIFICATHON SCENARIO — PEAK SERVICE - MATURE LEVEL - NOx N .
Start} Dest./ Traln Total
Line Dest. Start Pwr AReq  Pwr Req 1992 NOx (Vyr) 1993 NOx (thyr) 1994 NOx (tfyr) 1996 NOx {thyr) 1998 NOx(Uyr) 1997 NOx(tiyr) 1968 NOx (tiyr] 1999 NOx(Uyr) 2000+ NOx (thyr)
Start #of Pawer Powar MW-HR! MW-HR! 100%  40%  100% 40% 100% 40%  100% 40%  100% 40% 100% 40% 100% 40% 100% 40% 100% 40%
Routa Year Miles Trains KW-HR) (KW-HR) day) day} Basin Basln Basin  Basin Basin  Basin Basin  Basin Basln Basin Basin Basin Basin  Basin Basin  Basin Basin  Basin

1 VenturatoLA 1992 47 9 1M12.81 1268.87 2143 27.76 .21 1,28 2.89 1.18  2.54 .02 222 089 1.87 0.75 1.55 082 120 048 0.88 036 053 a2
2 SantaClarita to LA 1962 3s 6 B4r7e $337.01 13.11 16.88 1.86 0.7 177 0.71 1.55 062 138 52 114 048 085 0.3 073 023 054 022 o0.32 013
3 SBriolA 1902 565 9 1486872 1802.42 29.80 38.36 4.43 1.77 399 1.60 3.5% 1.40 307 129 258 1.03 2.4 0.86 1.86 088 1.22 0490 073 0.29
4 PRiverside to LA {(Ontarlo) 1903  58.8 6 1547.24 1875.79 20.54 28.81 3.08 123 277 .11 243 0.97 248 085 1.7¢ 0.72 149 0&R 118 048 084 0.34 051 020
5 Oceanside to LA 1993 &r2 10 2170.32 2715.38 49.48 84.07 7.40 296 6.487 2687 546 23 513 208 43 1.73  0.68 143 277 111 203 081 122 O4p
8 Riverskie to LA (Fulierton) 1996 62,8 § 1852.50 2003.40 18.28 23.62 214 1.09 247 098 217 087 1.89 0.78 168 084 132 0.53 1.02 041 075 0.30 045 018
7 SB/Riversids to lrvine 1996 59 10 1552.51 1882.17 34.35 44.50 5.14 208 483 1.856 4.07 1483 3.56 142 3N .20 249 089 1,92 07?7 14 0.57 0.85 0.34 |
8 Hamet 10 Riverside 1606 308 5 1042.02 1283.26 11.53 14.93 1.73 089 1.56 0.82 137 0.86 1.19 048 1.4 0.40 0.83 0.33 064 026 047 0.19 0.28 0.1
@ Redlands 10388 1995 12 5 S8 382.82 349 4.53 0.562 0.21 047 0.19 0.41 0.17 D038 0.14  0.30 0.12 0.26 0.10  0.20 008 0.14 0.08 0.08 003
Notes: 1. The mature lsvel of service will ist ol seven p ger cars per train.

2. Line losses of ssven perceni and catenary sfficiancy of 83 parcent assumed.

8. Traina are assumed to operals five days par week, less six holldays per year.

4, Hotsepawer by throttle notch i for EMD angine model 12-710Q3A with sevén passengss car.

6. Two ios are d for this lysls—100 p and 40 percent in—Basin powar generation.

ra
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COMMUTER RAIL ELECTRIFICATION SCENARIO - PEAK SERVICE - HC

0N s N -

Line

Start

Route Your

Ventura fo LA 1902
Santa Clarita to LA 1962
SB1LA 1992
Riverside to LA (Ontarlo) 1993
Ocaanside to LA 1963

Rivarnida ta LA {Fullerton) 1995
SB/Riverside to lrvine 1965
Hemsi to Rivarside 1965
Radiands to S8 1905

Start!
Dest.
Power

tnter. Mature (KW-HR)

Number of Trains
Miles Start
47 4 8 ]
35 8 4 (]
58.5 [ 8 ]
5a.8 3 5 8
a7.2 L) -] 0
62.8 2 4 3
69 4 ] 10
9.8 2 4 5
12 2 4 5

1m12.8

847.79
14590.72
1647.28
2170.32
1852.50
15862.51
1042.02

56.78

Dest./
Stan
Power
KW-HR)

1284.87
1337.01
1802.42
1875.79
2775.35
2003.40
1882.17
1269.29

382.82

Train Pwr Req (MW-HR/day)

TABLE B-11

Total Pwr Req (MW-HR/day)

Start

a.53
8.E5
18.45
10.27
39.67
7.
13.74
4.81
1.40

Inter.

19,06
a.74
28.31
.12
39.57
14.82
27.48
9.22
2.7

Mature

21,43
1344
20.90
20.54
49,40
18.28
34.36
.53

3.49

Start

12.34
3,49
2.3
13.30
51.24
2.47
17.80
597
1.8t

Notes: 1. First year of slectric service ls assumed to be 1996, Thus, aystem start up lor all routes assumed to be dissel operation.
2. The slart-up leval of service will conaist of fous passenger cars per traln.
3. The Intermediate and mature leveis of service will consiat of ssven passenger cars.
4. Line lonaen of seven percant and catenary stliclency of 83 percent assumed

E. Tralns are assumed 10 operate five days per week, lssa alx halidaya par year.

8. Horaspowser by throttls notch Is for EMD engine model 12-710Q3A with seven passonger cars.
7. Two soanarloa are assumad for this analysis—100 parcent and 40 parcent in-Basin power ganeralion.
8. Powsrplani HC emission levels are frorm Jos Whittaker and Marty Kay of SCAQMD's Engineering Divislon and Office of Planning and Rulas, respectively,

Inter

24.88
1132
34.09
2217
51.26
18.94
35.60
11.95

3.82

Mature

27.78

‘18.98

28,35
26.61
64,07
2388
44.60
1493

4.53

Pwr.Pim
HC Emiss.
Factor

0.084
a.0a4
0.084
0.084
a.084
0.084
0.084
0.084
0.084

Start HC (thyn) Inter. HC {tlyr) Mature HC (uyr}
100% 40% 100% 40% 100% 40%
Basin  Basin Basin  Basin Basin  Basin

.13 0.06 0.26 0.1 0.30 0.12
0.09 0.04 0.12 0.05 0.18 n.07
0.23 0.09 0.38 0.18 0.4 D18
0.14 0.06 0.24 0.08 0.28 0.11
0.55 0.22 0.55 p.22 0.83 .27
g.10 0.04 0.20 0.08 0.25 0.10
0.19 0.08 0.38 0.18 047 0.18
0.06 0.03 0.13 0.06 o.18 0.08
0.02 0.01 0.04 0.02 0.05 a02



TABLE B-12
COMMUTER RAIL ELECTRIFICATION SCENARK) - PEAK SERVICE - CO
Start/ Dast./
Line Dast. Stanl Pwr_Pint Start GO (tiyr) Inter. CO (Uyr) Mature CO {tiyr)
Start Number of Trains Power Power  Train Pwr Req (MW-HR/day) Teotal Pwr Raq (MW-HR/day) CO Emins. 100%  40% 100%  40% 100%  40%
Route Year Miles Start Inter. Maturs (KW-HR) (KW-HR) Start Inter.  Mature Start Inter Malure Factor Basin  Basin Basin  Baaln Basin  Basin
1 Venturalo LA 1992 A7 4 ] # 1128 1268.67 863 19.06 2143 12,34 24,88 27.76 0.143 0.22 Q.09 045 0.18 0.50 a.20
2 Santa Claritato LA 1902 as <] 4 8 B47.76 1337.01 0.65 8.74 13.M 8.49 11.32 16.96 0.143 316 0.08 9.21 0.08 0.3 0.42
& SBwlA W92 665 5 ] & 1488.72 1802.42 1645 2637 2060 21.3 34.08 38.35 0.143 0.39 0.15 .62 0.26 0.70 0.2¢
4 Riverside ta LA {Ontarlo} 1903 58.8 a 5 ¢ 1647.24 . 1875.76 1027 1712 20.54 13.30 22.1; 26.61 0,143 0.24 0.10 044 0.18 0.48 0.19
& Ocsanside to LA 1993 82.2 8 8 10 2170.832 277635 39.67 J39.567 4948 51.26 51.26' 84 .07 0,143 0.83 0.37 0.82 0.27 1.18 047
€ Riversits tc LA (Fullerton) 1995 62,8 2 4 6 1852.50 2003 40 791 482 1828 8.47 15.64 23.86 0.143 047 0.07 0.54 0.14 0.43 017
7 SBiRlvarside 1o irvine 1996 59 4 8 10 1652.61 1882.17 1374 2748 3436 17.80 35.80 44,50 0.143 4.32 0.13 0.85 0.26 0.81 0.32
8 Hemst 10 Riverside 19685 388 2 4 & 1042.02 1263.20 4.81 9.22 1183 6.97 11.05 14.93 0.143 on 004 022 0.09 o.27 an
2 Redlands to 58 1995 12 2 4 E 31578 J82.82 1.40 2.7 3.49 1.81 a.62 4.53 0.143 0.03 o Q.07 0.03 0.08 9.03
Noles: 1, Firat ysar of elaciric ssrvics In d to be 1936, Thus, system utart up for all routes assumed to be dlessl cperation.

2. The slart-up lavel of service will conaist of four passanger cars per train.

3. The intermadiale and mature levels of service wilt consisl of seven passenger cars.

4. Line losses of seven parcent and catenary sificiency of 83 percent assumed

6, Trainw asre asaumad 10 operate five days per week, lasa aix holidays per year.

6, Horsepawsr by throltle notch is lor EMD engine modal 12-710Q3A with saven passangar cars,

7. Two scenarios are d for this lysis—100 p t and 40 p in-Basin power generation.

8. Powarplant CO smigaion avels are from Joe Whiltaker and Marty Kay ol SCAQMD's Engineering Division and Oflice of Flanning and Rules, respectively.




TABLE B-13
COMMUTER RAIL ELECTRIFICATION SCENARIO - PEAK SERVICE - SOx
Stant} Desl.!
Lins Dest. Stanl " Pwr.Pint Start 30x (thyr) inter, SOx {thyn Malure SOx (thye
Start Numbar of Tralns Power Power  Train Pur Req (MW-HR/day) Totel Pwr Req (MW-HR/day)  SOx Emiss. 100%  40% 100%  40% 100%  40%
Route Yaar Milen Start Inter. Mature KW-HR) KW-HR) Start Inter. Maturs Start Inter Mature Factor Basin  Basin Basin  Basin Basin  Basin
1 Venturato LA 1992 47 4 8 9 1281 1268.87 .63 19.05 2143 12.34 24.68 21.78 0.008 0.01 am 0.03 0.01 0.03 0.01
2 Santa Clwitato LA 1992 35 3 4 8 M7 137.01 8.66 ara At 8.49 11.32 16 98 0.008 0.01 o000 0.01 a.00 0.42 0.01
3 SBwlA 1992 586 1] 8 9 148072 1802.42 1846 2631 2980 21.31 34.09 35.35 0.008 0.02 0.01 0.03 0.0 0.04 0.02
4 Rbivarelde 1o LA (Ontario) 1963  E8.2 3 5 & 1647.24 1875.79 10,27 1712 20.64 13.20 2217 20.64 0008 0.01 oo 0.02 0.01 0.03 aot
&  Oceanside 10 LA 1993 872 8 8 10 2170.32 2775.35 39.67 30.57 40.48 51.28 51.26 84.07 0.008 0.05 0.02 0.05 0.02 0.07 0.03
8 Riverside 1o LA (Fullerton) 1905  82.8 2 4 6 1852.50 2003.40 5 1482 1828 0.47 18.94 23.88 0.008 0.01 0.00 0.02 001 0.02 0.01
7 SB/Riversids to livine 1995 &0 4 ] 10 1662.61 184217 13.74 2748 3435 17.80 36.680 44.50 0.008 0.02 0.01 0.04 0.01 0.06 0.02
8 Hems! 1o Riverslds 1965 29.8 2 4 6 1042.02 1283.29 4.481 022 1153 5.97 11.85 14.93 0.008 0.0t 0.00 o.m 0.00 0.02 201
@ Redlands to 88 1996, 12 2 4 6 316.78 382.82 1.40 .79 3.49 1.81 3.8 453 0.008 0.00 0.00 0.00 0.00 0.00 0.00

Notes: 1. First year of electric sarvics Is assumed to be 1998. Thus, systam start up for all routas assumed to be dissel opsration.
2. The star-up level of service will oonsist of lour passenger cars per train,
2. The Intermadiate and mature levets of sarvice will It of weven p 9
4, Line losses of seven psrceni and catenary efficiency of 83 percent essumed
6. Tralne are assumad 1o aparaie fiva days per waek, less six holidays par year.
8. Horespowar by throitie notch ia for EMD engine model 12-710Q3A with ssvan passanger cars.
7. Two scenasios are assumed fof this analysis——100 percont and 40 percent in-Banin power generation.
8. Powsrplant SOx emiasion levels are from Jos Whiltaker and Marty Kay of SCAQMD's Enginesring Division and Office of Planning and Rules, respectively.

cars.
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COMMUTER RAIL. VEHICLE EMISSIONS AVOIDED - PEAK SERVICE - MATURE LEVEL - RCG

CEBNO A EON =

Pass. Round 1-Way Dalty

Route #ol #ol Per Trip VMT vMT

Aouts Length Trains Cars  Car  Pass. Avald. Avoid.
Ventura to LA 47 9 7 200 12000 1709 430668.00
Sania Clarlta to LA 35 ] 7 200 8400 13.807 234696.00
S8BioLA 64.5 9 7 200 12600 38.32 915264.00
Rivaraide to LA {Ontario) B3.8 [} 7 200 8400 26.40 443455.65
Coeanide to LA 872 10 7 200 14000 33.94 950320.00
Riverside 1o LA (Fullerton) 52.8 ] 7 200 7000 20.19 254885.82
SB/Riverside to lrvine 50 10 7 200 14000 2649 741806.73
Hemet 10 Riverside a6 5 T 200 7000 1778 248878.1%
Rediands to S8 12 3 7 200 7000 530 756417.83

Notes: 1. it is assumaed that aach car is fllled io capacity (200 p gers).

1992

0.0027
0.0027
0.0027
0.0027
0.0027
0.0027
0.0027
0.0027
0.0027

2. One-way VMT avolded lor toutes 1, 2, 3, and 5 s baned on data supplied by SCAG.

n 1ahtad

For the other routes, & o g

3. Tralns are assumed to oparate five days per wesk, leas six hi

4, Vehicle smiasions avolded are based on p

P

TABLE B-16

(Continued)

Predicted Basin Passenger Car ROG Emliasions (Ib/mile)

1993

0.0026
0.0025
0.c026
0.0028
0.0025
€.0025
0.0025
0.0025
0.0025

1994

0.0023
0.0023
0.0023
0.0022
0.0022
0.0023
00022
0.0023
0.0023

19956

20021
00021
0.0021
D.0021
0.0021
0.0021
0.0021
0.0021
0.0021

1998

0.0018
0.0019
0.0019
0.0018
0.0010
0.0010
0.001%
0.0010
0.0019

1897

0.0017
0.0017
0.0017
0.0017
0.0017
0.0017
0.0017
0.0017
0.0017

Ite based on SCAG data and the length of routes 1, 2, 3, and 5 has been usad.
clidays per year.

1998

0.0018
0.0018
0.0018
0.0018
0.0018
0.0018
0.0018
0.0018
0.0018

1899

0.0014
0.0014
0.0014
0.0014
0.0014
0.0014
0.0014
0.0014
0.0014

fi as contalned In the ARB's EMFAC7TE/BURDENTZC emissicn Inventory.

Emilsaion laclors for 1954 and subsequent years have been

4.

4

tor ARB vehl

1o

2000

0.0043
0.0013
0.0013
0.0013
0.0012
0.0013
0.0012
0.0012
0.0013

2010

0.0004
D.0004
0 0004
0.0004
0 0004
0.0004
0 0004
0.0004
0 0004

ROQ Emissions Avolded (tons/yr)
1992 1593 1984 1695 1998 1607 1908

147.22 134.92 123.34 112,55 102.32 p4.82 88.28
280.23 T73.53 87.22 01.30 56.30 61.68 47.02
312,87 236,74 262.13 239.19 219.57 201.52 183.37
151.50 138.89 127.00 1156.89 106,30 07.84 BB.86
324,85 207.72 2T2.17 248.35 227.98 200.24 190.39
13£.62 123.85 113.04 103.14 $4.60 8200 70.07
253.5% 232.33 212.39 193.81 177.91 183.28 148,58
85,07 77.07 71.28 6504 50.71 54.60 40.88
2578 2363 21.60 19.71 18.09 1661 16.%1

1009 2000

77.55 69.42
4225 3783
184,70 147.54
79.83 7149
171,07 163.19
71.058™ 63.82
133.60 119.65
4480 40.12
1368 1218

2010

22 55
12,20
4791
22
40.75
20 88
a8 p2
13.03

3.85




- EE W A O G R A A W WS S am WE B SN B a8 am

TABLE B-17
COMMUTER RANL VEHICLE EMISSIONS AVOIDED ~ PEAK SERVICE ~ START UP LEVEL - CO e
Pass. Round 1-Way Dally B
Route #of #of Per TrAp VMT VMT Pradicted Basin Passanger Car CO Emissions (b/mile) , CO Emissions Avoided (tonsiyc)
Route engt Trains Cars  Car Pass. Avold.  Avold. 1902 1963 1994 1995 1996 1907 1998 1889 2000 2010 1992 1993 1994 1905 1996 1997 1998 1999 2000 2010
1 Vanturato LA 47 4 4 182 1807 17.09 £5188.10 0.0210 0.0208 0.0182 0.0178 0.0184 0.01562 0.0140 0.0129 0.0119 C.0060 181,18 170.25 15876 147.02 13585 12572 11696 107.13 9884 4848
2 SantaClaritatoLA 35 3 4 1182 1430 13,67 30966.38 0.0219 0.0206 0.0152 D 0178 0.0184 0.0152 0.0140 0.0120 0.0119 0.0060 111.08 104.38 9734 60.14 83.36 7707 7100 6568 60.690 30.32
3 SBiolA 56.6 & 4 1192 2384 3832 173173.76 0.0210 0.0208 0.0182 0.0178 0.0164 0.0162 0.0140 0.0129 0.0119 0.0080 481.31 462,28 421.79 390.67 36116 333.97 J08.04 284.68 262.66 131.39
4 Rivergide to LA {Ontario) 88.8 3 4 1182 1430 2840 7551417 0.0219 0.0208 0.01%2 C.0178 0.0184 0.0152 0.0140 0.0120 0.0119 C.0080 200.88 197.22 18393 170.31 15748 14663 13432 12410 11445 67.28
5 Ocaanside to LA 87.2 a 4 1192 3814 33,64 25892147 0.0218 00208 0.0182 0.0178 0.0184 0.0152 0.0140 0.0120 0.04t9 00060 719,63 076,23 830.65 583,97 B530.98 490.34 400.56 42551 352.57 19645
@ Rivarside to LA {Fullerton) 62.8 2 4 1182 854 2819 B3767.4E 0.0219 0.0208 0.0182 0.0178 0.0184 0.0152 0.0140 0.0129 0 0119 D.O080 149.44 14043 13096 121.27 112,43 10360 9564 68838 8162 40.79
7 SB/Riverside tofrvine 59 4 4 ¥1R2 1807 26.49 101020.03 0.0210 0.0208 0.0162 0.0178 0.0184 0.0152 0.0140 00129 0.0119 G.0080 280.79 283.88 248.07 22738 21069 194.84 179.71 188.03 15318 T8 &S
3 Hemet to Riverside 36.6 2 4 119.2 664 17.78 3390432 0.0218 0.0206 0.0152 0.0178 0.0164 0.0162 0.0140 0.0120 0.0119 0.0080 9423 8855 8258 7847 TOT1 65390 6031 B572 GE140 2572
$ Redlandsto SB 12 2 4 1192 54 5.39 10274.04 0.0219 0 0208 0.0162 0.0178 0.0164 0.0162 0.0140 0.0129 0.0119 0.0060 28.56 26.83 2502 23.17 2143 1881 1828 1688 1568 7.80
Notes: 1. ltis assumad that 119.2 pagsengars ars In sach car. This valueisa p of esii d ridership data from SCAQ.
2. Ons-way VMT avcided for routea 1, 2, 3, and & is basad on daia supplied by SCAG.
For the olher routes, & miteag ighted posite based on the SCAG data and the length of routes 1, 2, 3, and 5 has been used.

3. Traine are assumad to cperale five days per woek, leas six holidays per yaar,
4. Vehicls amissions avoided are based on passenger car smission tactors &s contained In the ARB's EMFACTE/BURDEN?ZC emission Inventory.
Emission factors for 1984 and subssquent years have been adjusied to account far ARB vehicle regulations.

COMMUTER RAIL VEHICLE EMISSIONS AVOIDED ~ PEAK SERVICE - INTERMEDIATE LEVEL - CO

Pass. Round 1-Way Dally

Route #of #of Per Tip VMT vMT Predicted Basin P. ger Car CO Emissions (Ibimile) CO Emissians Avolded (tonaiyr)

Route angt Tralns Cars Car FPass. Avold. Avold. 16082 1993 1684 1965 1968 1997 1968 1999 2000 2010 1992 1963 1954 1665 1968 1997 1998 1969 2000 201D
1 Venturato LA 47 8 7 119.2 6875 17.09 228158.24 0.0219 00208 0.0192 0.0178 0.0184 £.0152 0.0140 0.0120 0.0119 0.0060 634.13 658580 65572 614.60 47582 440.01 40684 374956 34563 173 11
2 SantaChritat LA 85 4 7 119.2 3338 1397 93252.64 0.0219 0.020¢ 0.0192 0.0178 0.0184 © 0152 0.0140 C.0120 00119 O QUSO 250.18 243,56 227.13 21032 16448 178384 16588 15325 141.38 720.78
3 SBtolA 64.6 8 7 119.2 £8756 38.32 484886.63 0.0218 0.020¢ 09,0192 0.0178 0.0184 £.0152 0.0140 0.0120 00119 06080 1347.67 1268.39 118102 1053 81 1011.22 93512 £62.51 768.85 735.17 367.86
4 Rivarside to LA (Onlario) &8 8 5 7 118.2 4172 28.40 220249.88 0.0219 0.0208 0.0192 0.0176 0.0184 0.0152 0.0140 0.0129 0.0119 0 0060 61216 67623 53848 400.76 450.33 42476 381.78 381.65 33393 167.11
5 Oceanside to LA a7.2 8 7 118.2 8076 33.94 453112.68 0.0219 0.0208 0,0192 0.0178 0.0184 0.0152 0.0140 0.0120 0.0119 0.0080 1259.38 1183.41 110383 1021.04 64468 E73 84 BO5 744.84 886,99 342.79
4 Riversids lo LA (Fullerton) 828 4 7 119.2 3338 28,19 188186.30 0.0219 0.0208 0,0192 0.0178 0.0184 0.0152 0.0140 0.0128 0.0110 0.0060 £23.04 401.40 453.38 42443 30248 362,02 33474 309.26 285.32 142,78
7 S8iRivarside ta Irvine &9 8 7 118.2 6875 26.49 353598 09 0.021¢ 0.0208 0.0192 0 0178 0.07164 0.0152 0.0140 0.0128 C.0119 0.0060 ©82.77 92350 861.25 797.50 737.42 £81.93 62867 631.10 536.11 268.28
8 Hemael 1o Riverside 39.8 4 7 118.2 3338 17.78 118865.12 0.0219 0.0208 0.0192 0.0178 0.0184 0.0152 0.0140 0.0129 0.0119 0.006) 32981 30952 28803 287.84 24747 220.86 211.08 195.01 17892 90.03
9 Raediands to B 12 4 7 118.2 3338 536 35859 13 00219 0.0208 0.0192 0.0178 0.0184 0.0152 0.0140 0.0129 0.0119 0,0080 59.54 95392 B755 51190 T499 6935 8188 5009 5452 2728

Noles: 1.1t ls assumed that 116.2 passengers are in each car. Thisvalue s a posite of asti d ridershlp data from SCAG.

2. Ons-way VMT avolded for routes 1, 2, 3, and 5 is based on data supplied by SCAG.
For tha ather rautes, a mlleags weighted composits based on the SCAG data and the length of rautes 1, 2, 3, and 5 has been ussd.
3. Trains are ansumad to operate five days per week, lesa nix holidaya par year.
4, Vehicle emissions avolded are based on passenger car amission factors as contained In the ARB"s EMFACTE/RURDENTC smission inventory.

hiat 2o ol

Emisslon factors for 1964 and subsequent ysars have bean adjusted to for ARB rag na
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Route #of wof

Route angt Traine Cars
Vanturafo LA 47
Santa Clarita to LA 35
8B to LA 8.5
Riverskis 10 LA (Onlarle) 58.8
Oceanside to LA Er.2
Riverside fo LA (Fullerton) £2.8
SB/Rivarside ta Irvine ()
Hamaet 1o Rivarside age
Raedlands to 5B 12

Notes: 1. It ls assumed that sach car ia lilled to

]
g
-
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COMMUTER RAIL VEHICLE EMISSIONS AVOIDED - PEAK SERVICE - MATURE LEVEL - CO

Pradicted Basln Passengar Car CO Emisslona {Ib/mifa)
1999 2000 2010

1982 1993 1994 1985

0.0219 0.0208 0.0192 0.017¢
0.021@ 0.0208 0.0192 0.0178
0.0218 0.0208 0.0192 0.0178
0.0219 0.0208 0.0192 0.0178
0.0219 0.0208 0.0192 0.0178
0.021¢ 0.0208 0.0182 0.0178
0.0219 0.0208 0.0192 0.0178
0.0219 0.0208 0.0192 0.0178
0.0218 0.0208 0.0192 0.9178

2. Ons-way VMT avolded for routas 1, 2, 3, and 5 s based on data supplisd by SCAQ.

Fot tha othsr routes, a miisage welghted composita based on the SCAQ data and the length of routss 1, 2, 3, and 5 has been used.

3. Trains are assumaed 10 operate five days per week, leaa aix holidayn par year.

4. Vehicls emissions avoided are based on p
Ernlaslon factors for 1994 and subsequent years have besn
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TABLE B-~17

1998 1997 1998

0.0184 0.0152 0.0140
0.0184 0.0152 0.0140
0.0184 0.0152 0.0140
0.0184 0 0152 0.0140
0.0164 0.0152 0.0140
0.0164 0.0152 0.0140
0.0184 0.0152 0.0140
0.0164 0.0152 0.0140
0.0184 0.0152 0.0140

as conlained in the ARB's EMFACTE/BURDENZC emission inventory.

for ARB ragulations.

(Continued)

€O Emisslons Avoided (icnslyr)
1999 2000 2010

0.0129 0.0119 0.0060
0.0128 0.0118 0.0063
0.0129 0.0119 0.0080
0.0128 0.0118 0.0080
0.0129 0.0119 0.0060
0.0128 0.011% 0.0080
0.0128 0.0119 0.0060
0.0129 0.0119 0.0060
0.0123 0.0115 0.0080

112479 1048.97 971,32
41296 571.84 529.33
2390.42 222928 2004.27
1158.18 1080.11 1000.18
2481.97 2014.67 2143.34

1938.87 1806.31 1872.81
850.00 606.19 561,32
196.97 183.49 170.10



TABLE B-18
COMMUTER RAIL VEHICLE EMISSIONS AVOIDED - PEAK SERVICE - START UP LEVEL - S0x
Pass. Round 1-Way Dally
Routs #of #ol Per Trip VMT VMT Pradicted Baain P ger Car SOx Emissions (Ibimile) SOx Emlsalons Avelded {tensiyr)

Route Length Trains Care Car  Pass. Avoid.  Aveid, 1992 1903 1994 1995 1908 1967 1988 1899 2000 2010 1992 1993 1994 1996 1096 1997 1998 19989 2000 2010
1 VanturatolA A7 4 4 1182 1907 1709 €5183.10 0.0001 00001 0.0001 0.0001 0.0001 00001 0.0001 0.0001 00003 0 0001 .07 104 100 098 083 081 088 ¢CB8 085 077
2 SantClarliatoLA a5 3 4 1192 1430 1397 3996538 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 068 0483 061 069 057 056 064 053 062 047
3 SBtolA 8.6 5 4 119.2 2334 3632 1717378 0.0001 90.0001 0.0001 0.0001 0.0001 00001 0.000%1 0.0001 0.0001 0.0001 286 276 288 285 248 241 235 229 225 208
4 Riverside to LA {Ontario) k8.8 3 4 119.2 1430 2640 7551447 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0007 0.0001 0,0001 00001 124 120 L1811 108 105 102 100 088 080
§ Oceanside to LA 87.2 3 4 1192 3814 3394 253921.47 00001 Q0001 0.000% 0.0001 0.0001 00001 00001 0.0001 0.0001 0.0001 427 417 3957 38 371 341 351 342 338 008
€ Riverside 1o LA (Fullertion) 828 2 4 1192 054 2019 53787.48 0.0001 0.0001 0.0001 00001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0,80 085 083 079 077 075 073 071 O OB4
7 SBiRiverside 10 irvine ] 4 4 1182 1807 2649 101028.03 0.0001 0.0001 0.0001 0.0001 00001 0.0001 0.0001 0.0007 0,000t 0.0001 1.67 160 156 149 145 14t 1.7 134 131 120
8 Hemet 1o Riverside 39.6 2 4 1B2 854 17.78 33204.32 0.0001 0.0001 ©.000% 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 056 0648 052 050 049 047 048 045 044 04D
@ Rediands 10 8B 12 2 4 1192 054 539 10274.04 0.0007 0.0001 0.0001 00001 00001 0.0001 0.0001 0.0001 0.0001 0.0001 017 0.16 0.18 0.156 015 0.14 014 014 013 0.12

Notes: 1. His assumed that 119.2 passengars are In aach cas. Thia value is 3 composite of estimated ridership dala from SCAQ.
2. One-way VIMT avoided lor routes 1, 2, 3, and & is based on data supplied by SCAG.
For the other routes, » mitaage weighted posite based on the SCAG data and the langths of routes 1, 2, 2, and 5 have been used.
3. Tralns sra assumad to apaiate five days per wesk, less six holidays per year.
4. Vahicle smiaslons avolded are based on pasaenger cas amission factors as contalned In the ARS"s EMFACZE/BURDENZC smiaslon invenlory.

COMMUTER RAIL VEHICLE EMISSIONS AVOIDED - PEAK SERVICE - INTERMEDIATE LEVEL - SOx

Pass. Round 1-Way Daily

Route #of #of Per Trp VMT MT Predicted Basin P, ger Car 8Ox Emleslons {ib/mile) SOx Emissiona Avolded (tanshyr)

Routa Length Trains Cars  Car  Pass. Avold, Avald. 1992 1993 1994 19956 1996 1997 1998 1969 2000 2010 1902 1993 1694 1965 1996 1967 1058 1986 2000 2010
1 Venturate LA A7 8 7 119.2 6675 17.08 228153.34 0.000% 0.0001 0.0001 0.0001 0.0001 00001 O0001 4.0001 0.0009 0.0001 a78 362 3.5 338 327 318 310 202 288 2N
2 SantaClaritato LA 35 4 7 1182 3338 13.97 83262.64 0.0001 0.0001 0.0001 0.0001 0.000% 0.6001 0000t 0.0001 0.008% 0.0001 1.64 148 143 137 1.33 1.30 127 1.23 1.2% 1.1
3 SBtolA 58.5 8 7 1182 86875 3532 484B8853 D.0007 D.0001 0.0001 0.0001 0.0001 0©0.0001 0.0001 0.0001 0.0007 0.0001 700 TT70 744 7.4 Q004 4675 658 441 820 676
4 Riverside to LA (Ontario) 58.86 5 7 1192 4172 2640 220249.68 0.0001 00001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0000t 0.0001 .63 360 338 324 348 07 209 261 288 2862
5 Oceanside lo LA 87.2 8 7 1182 66875 32684 453112568 0.0001 0.0001 0.0001 0.000% 0.0001 0.0001 00001 0.0001 ©0001 0©.0001 747 719 685 687 448 411 415 690 588 8.39
6 Riverside 1o LA (Fuilsrton) 62.8 4 7 1192 3338 28.19 188188.10 0.0007 D.0001 0.0007 00001 0.000t 0.0001 0O 0001 0.9001 0.0001 0.0001 3.10 299 2689 277 269 262 265 . 249 244 2224
7 SBiRiversids to kvine 1] B 7 119.2 6675 20.49 35350808 0.0001 00001 0.0001 0.0001 0.0001 00001 0.0007 00001 0.0001 0.6001 882 B.81 6543 621 508 403 480 467 459 420
8 Hsmat 1o Riversids 39.8 . 7 119.2 38338  17.78 118665.12 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.000% 00001 0.0001 0.0001 1B 188 182 17§ 170 186 161 157 154 141
9 Radlands to SB 12 4 7 119.2 3338 5639 35959.13 0.0001 0.0001 0.0001 0.000t 0.0001 0.0001 0.000t 0.0001 0.0001 0.0001 060 057 O55 053 061 0650 048 048 047 043

Motes: 1, It s ansumed that 119.2 passangers are in sach car, This valye s & composite ol estimated ridarship data from SCAG.
2. Ono-way VMT avolded for routas 1, 2, 3, and 5 Ja based on data supplied by SCAQ.
For the other routes, a mileag ighted posite basad cn the SCAQ data and the lengthe of rautes 1, 2, 3, and & have been usad.

3. Tralns are agsurned 10 operate five days per wesk, lesa aix holidays per year. -
4. Vehicle smissions avoided are based on passenger cir smission faciors as contained in the ARB's EMFACTE/BURDENTC emisaion inventory.




TABLE B-18 (Continued)}

COMMUTER RAIL VEHICLE EMISSIONS AVCIDED - PEAK SERVICE - MATURE LEVEL - SOx -~

-
E
-

. Round 1-Way Daily

Route #ol #ol Per Trp VMT VMT Predicted Basin Passanger Car SOx Emissicns {Ib/mile) SOx Emisslona Avolded {tonsiyi)

Raute Length Tealns Care  Car  Pass.  Avold, Avoid, 1992 1853 1694 1995 1996 1997 1998 1909 2000 2010 1682 1993 1994 1605 1068 1997 1868 19090 2000 2010
1 VenturatoLA 4 -] 7 200 12600 17.09 430868.00 0.0001 0.0001 0.0001 0.0001 0.0001 0000t 0.0001 0.0001 0.0001 0.0001 7.10 @884 681 634 816 B00 585 569 669 6.12
2 SantaClaritato LA 35 [ ] 7 200 8400 13.97 23466600 0.0007 0.0007 0.,0007 0.0001 0.0001 0.0001 0.0001 0.0001 00001 0.0001 3487 373 2360 J48 338 327 319 310 308 2.9
3 SBlA 58.6 ] 7 200 12600 38.32 615284.00 0.0007 0.0007 0.0001 0.0001 0.000t 0.0001 0.0001 0.0001 0.0001 0.0001 15,08 14.63 14.04 1343 1310 1275 1242 1210 11.88 10.88
4 Riverside to LA (Ontarlo) 6a.8 ] 7 200 8400 28040 44346669 0.000t 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 7.91 204 @80 653 835 818 802 588 6578 8527
5 Ocsanside to LA ar.2 10 7 200 14000 33.94 950320.00 0.0001 0.0001 0.0001 0.0001 0.0001 00007 0.000t 0.0001 00001 00001 15.87 16509 04.58 13.908 13260 1324 1290 12,66 1233 11.29
8 Riversids to LA (Fullarton) 62.8 5 7 200 7000 28.10 384685.62 0.0007 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.000% 0.0001 661 627 608 6581 565 650 638 622 612 4.69
7 SB/Riverside 10 lrvine &9 10 7 200 14000 26.40 741806.73 0.0001 0.0001 0.0001 0.0001 0.0001 0,0007 0.0001 0.0001 0.0¢01 0.0001 1223 1176 11.38 1092 10.61 10.33 1007 980 9.62 3.31
& Hemet to Riverside 3.8 5 7 200 7000 17.78 248878.19% 0.6001 0.0001 0.0001 0.0001 0.0001 00001 0.0001 0.000t 0.000% 0 DOO1 410 385 382 31688 356 347 338 320 323 208
9 Radlands to SB 12 5 7 200 7000 538 75417.63 0.0001 0.0001 0.0001 0.0001 D.0001 0.0001 0.0001 0.0001 0.000t 0.0001 124 120 t18 111 108 105 102 1.00 088 0.80

Notes: 1. It ks assumad that each car Is filled to capacity (200 passengers).
2. One-way VMT avolded for routes 1, 2, 3, and G Is based on data supplled by SCAQ.
Fot the cthar routes, & mileag Ighted posits bassd on the SCAG data and tha lengihs of routea 1, 2, 3, and & have been usad.

L d
3. Traina xre assumad to operate five days por week, less six holidays per year,
4. Vehicle emissions avolded are bassd on pasesnger car emisaion faciors as contalned in the ARB's EMFAC7E/BURDENTYC smission inventory.




TABLE B-19
COMMUTER RAIL DIESEL SCENARIO - OFF-PEAK SERVICE - NOx
Emission Startto  Destination
Line Dieset Prime Mover 1092 Loco Conversion Destination to Start
Start Number of Trains NOx Emissions per Throttle Notch {g/hr) Emlission Factor Emisglons Emissions Total Emissions (tonfyr)
Route Year Miles Start Inter. Matura Idle 1 2 3 4 -] ] 7 B Factor (7 to 4 car) {grams) {grams) Start intar. Mature
1 Venturato LA 1992 47 rD 4 10 830 3338 5508 9051 12644 15318 18183 23715 30388 0.75 1.00 1177461 13389.72 000 28.19 T70.47
2 SantaClaritatoLA 1992 35 0 Q0 6 880 3338 5508 9051 12644 14318 18163 23715 30388 Q75 1.00 8032.13 13653.32 0.00 000 3812 °
3 SBtolA 1692 585 0 8 10 880 3338 5508 9051 12844 15318 18183 23715 30389 0.75 100 15743684 18317.37 000 5723 9538
4 Aiverside to LA (Ontarlo) 1893 58.8 0 2 a8 880 3338 5508 9951 12644 15318 18163 23715 30389 Q.75 1.00 1833453 18063.04 0.00 1985 59.50
5 Oceansideto LA 1802 87.2 0 4 10 880 33338 5508 9951 12644 15318 18183 23715 30369 0.75 1.00 2301222 28550 04 0.00 657.77 14442
& Riverside to LA {Fullerton) 1895 62.8 0 3 14 880 3338 5508 9951 12844 15318 13183 23715 30389 a.75 1.00 174980.12 20359.64 0.00 3181 148.43
7 SB/Riverside 1o Irvine 1995 58 a 3 14 880 3338 5698 9951 12844 15318 181683 23715 30389 0.75 1.00 16440.26 19127.88 D00 2988 139.44
8 Hemet to Riverside 1995 306 (1] 0 0 880 3338 5598 9951 12644 15318 18163 23715 30389 0.75 1.00 11034.48 12838.37 000 0.00 0.00
@ Rediandsto SB 1085 12 [} 2 [ 889 3338 5598 9OS1 126844 15318 18163 23715 30389 0.75 1.00 3343.78 3890.42 0.00 405 10.13

Notes: 1. Emission factors are for EMD engine model 12-710-G3A with seven passenger compartments.
2. This scenario assumes the usa of locomatives with 25 percent less NOx than current commuter rail locomofives. 5
Impravements are due to retarded injection timing, 0.02 percent sulfur fuel, and operational improvements.
3. The start-up level of service will consist of four pagsenger care per traln.
4. The Intermediate and mature levels of sarvice will consist of traine with seven passanger cars per train.
5. Tralns are assumed to operata five days per week, less six holldays per year.



‘ COMMUTER RAIL DIESEL SCENARIO - OFF-PEAK SERVICE - PM

©C OO h hH WO -

Line

Start

Route Year
Ventura to LA 1992
Santa Claritato LA 1982
SBro LA 1992
Riverside to LA (Ontario) 1993
Oceanelde to LA 1993

Riverside to LA {Fullarton) 1995
SB/Riverside to Irvine 1995
Hemet to Riverside 1895
Redlandsto SB 10956

Miles Start

47
35
58.6
58.8
87.2
828
59
308
12

Number of Trains

LB =T - - - - I Y - ]

Inter.

N O OWHaENDO M

Mature

10
6
10
68
10
14
14
(]
5

TABLE B-20

Diesel Prime Mover
PM Emissions par Throltte Notch (gir)

Emiasion
Conversion
Factor

Idle

20
20
20
20
20
20
20
20
20

-

- - ]

2

133
133
133
133
133
133
133
133
133

3

290
200
290
290
290
200
290
290
290

4

305
305
305
305
305
308
305
305
306

5

384
as4
384
84
384
a4
384
384
384

853
853
as3
853
853
853
6853
853
a53

>

747
747
747
47
747
747
747
747
747

Notes: 1. PM emission factora for EMD engine model 12-710G3A with seven passenger compartments were not avaitable.

Instead, PM factors for EMD engine model 18-710G3 have been usad.

2. Thie scanario assurnea the use of locomotives incorporating retarded injection timing and .02 percent sulfur fuel.
it is assumed that PM increases with injection retard. Howaver, the usa of low sulfur fuel will offset this factor to some
axtent. Aleo, it is assumed that the EMD 18-710G3 emission factors give higher PM than would be expectaed from the 12-7 10G3A.

3. The start-up level of service will consliet of four passenger cars par train,

4. The lntermadiate and mature leveals of sarvice will consist of tralns with seven passaenger cars per traln.

5. Trains are assumed to operate five days per week, less eix holidays per year.

8

844
844
944
944
844
944

244
944
944

(7 1o 4 car)

1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00

Start {o
Destination
Emiesicns

{grame)

469.89
353.64
618.17
843.34
B8a7.70
6837.10
845.53
433.27
131.28

Daestinalion
to Start
Emlssione
{grams)

526.78
549.20
728.72
756.31
1134.98
807.76
758.88
509.36
154.35

Total Emissions {tonfyr}

Stant

0.00
000
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Inter.

1.12
0.00
2.26
0.78
2.29
1.26
1.18
0.00
0.16

Mature

2.79
1.62
3.77
235
5.72
5868
5.81
0.00
0.40
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TABLE B-21
COMMUTER RAIL DIESEL SCENARIO - OFF-PEAK SEAVICE - HC
Emlssion Start to Dastination

Line Diegel Prime Mover Conversion Destination to Stant
Start Number of Trains HC Emiasions per Throttle Noich {g/hr) Factor Emiesions  Emissions Total Emissions (tonfyr)
Route Year Milese Start Inter. Mature Idle 1 2 3 4 5 8 7 8 (7todcar) {grams) {grams) Start inter. Mature
1 VenturatoLA 1992 47 0 4 10 &85 [-1] 82 122 137 168 187 228 352 1.00 198.83 214,32 0.00 0.40 1.15
2 SantaClaritato LA 1962 35 0 0 8 55 B4 B2 122 137 168 187 228 as2 1.00 154.34 214.07 0.00 0.00 0.62
3 SBtolLA 1902 565 [+ 8 10 &5 84 B2 122 137 168 187 228 352 1.00 261.41 293.92 0.00 092 1.56
4 Riverside to LA (Ontario) 1983 588 [ 2 [} 55 B4 B2 122 137 168 187 228 352 1.00 272.05 305.88 0.00 0.32 0.07
§ Oceanside to LA 1983 87.2 [+] 4 10 55 84 82 122 137 168 187 228 352 1.00 335.58 454.76 0.00 0.84 2.35
8 Biverside to LA (Fullerton) 1985 62.8 ] 3 14 55 B4 B2 122 137 188 187 228 352 1.00 290.56 326.69 0.00 0.52 2.42
7 SBiRiverside to Irvine 1995 59 [¢] 3 14 56 84 B2 122 137 168 187 228 352 1.00 272,08 3068.92 0.00 0.49 2.27
8 Hemetto Rivesside 1965 396 [¢] 0 0 55 84 g2 122 137 168 187 228 a52 1.00 183.22 208.00 (X0} 0.00 0.00
9 Redlandsio S8 1905 12 ¢ 2 5 55 84 g2 122 137 168 187 228 352 1.00 55.52 62.42 0.00 047 0.17

Notes: 1. Emiselon factore are for EMD engine model 12-710G3A with seven passenger compariments.
2. The start-up lavel of service will consist of four passenger cars per train.
4. The intermediate and mature fovels of service will consist of trains with saven passengaer cars per train.
4, Traing are assumad to operate five days per week, less six holidays per year.



TABRLE B-22
COMMUTER RAIL DIESEL SCENARIO - OFF-PEAK SERVICE - CO
Emission Start to Destination
Line Diese! Prime Mover Conversion Destination to Start
Start Number of Trains CO Emisslons per Throttie Notch {g/hr) Factor Emiasions  Emissions  Total Emissions (ton/yr)
Route Yoar Miles Start  Inter. Matura fdle 1 2 3 4 5 8 7 8 (Ttodcar) (grams) {grams) Start  Inter. Mature
1 Venturato LA 1992° 47 0 4 10 54 113 127 170 305 8556 1408 4333 3930 1.00 1601.45 1716.45 000 372 930
2 Santa Clasita to LA 1092 35 0 L] [} 54 13 127 179 305 855 1408 4333 3930 1.00 1 1%3.62 1969.80 0.00 0.00 5.30
3 SBtolA 1992 58.5 4] 8 10 54 113 127 179 305 855 1408 4333 3930 1.00 2000.56 2761.39 000 8.00 13.34
4 Riverside to LA {Ontario) 1993 SB8.8 0 2 8 54 113 127 17 305 B55 1408 4333 3930 1.00 2082.00 2873.80 a.00 2.78 8.33
& Oceansidetio LA 1993 872 0 4 10 54 113 127 179 305 855 1403 4333 3930 1.00 3013.06 4080.72 0.00 702 1981
6 Riverside to LA {Fullerton) 1995 €2.8 o 3 14 84 113 127 179 305 855 1408 4333 39830 1.00 2223.63 3060.30 a.00 445 2075
7 S§B/Riverside to Irvine 1896 58 o 3 14 54 113 127 179 305 855 1408 4333 3930 1.00 2089.08 2883.58 000 418 19.50
8 Hemel to Riverside 1995 39.8 ] 0 0 54 113 127 179 305 B55 1408 4333 3930 1.00 1402.16 1835.42 0.00 0.00 0.00
® Redlandsto SB 1995 12 0 2 5 54 113 127 179 305 855 1408 4333 3930 1.00 424.90 586.49 006 057 142

Notes: 1. Emission factors are for EMD engine model 12-710G3A with seven passenger compartments,
2. The start-up level of service will consist of four passenges cars per train.
3. The intermediate and mature levels of sarvice will conslst of traine with seven passenger cars per train.
4. Trains are assumed to operate five daye per week, tass six holidays per year.
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TABLE B-23
COMMUTER RAIL DIESEL SCENARIO - OFF-PEAK SERVICE - SOx
Emission Start to Destination
Line Diesei Prime Mover Conversion  Destination to Start
Start Number of Trains SOx Emissions par Throttle Notch (g/hr) Factor Emisslons  Emisslons Total Emissions {tonfyr)
Route Year Mlles Start Inter. Mature Idie 1 2 3 4 5 8 7 & (Ttodcar) (grams) {grams) Start Inter. Matuse
1 Venturato LA 1092 ' 47 0 4 10 34 1685 253 466 674 897 10868 1548 1949 1.00 838.57 1085.46 0.00 2.24 501
2 Santa Claritato LA 1892 35 [+] o [} 34 165 253 466 674 BO7 1068 1548 1949 1.00 716.87 1113.35 0.00 0.00 307
3 SBtolLA 1992 585 Q ] 10 34 165 253 468 B74 B97 1068 1548 1949 1.00 1251.23 1501.79 0.00 4.63 .n
4 Riverside to LA {Ontario) 1993 58.8 0 2 [} 34 185 263 466 674 897 1068 1548 1949 1.00 1302.17 1682.02 0.00 1.60 431
6 Oceansideto LA 1993 87.2 v 4 10 34 185 253 468 674 B97 1068 1548 1849 1.00 1828.03 2317.32 0.00 464 1181
8 Riverside to LA {Fullerton) 1995 628 0 3 14 34 1865 253 468 674 BOT7 1068 1548 1949 1.00 1380.75 18806.25 0.00 257 1200
7 SB/Riverside to Irvine 1895 59 0 3 14 34 1685 253 4668 674 887 1088 1548 1948 100 1308.80 1588.24 0.00 242 1127
g Hemet to Riverside 1095 30.6 0 [ 0 34 185 253 468 674 887 1063 1548 1949 1.00 ara.97 1052.58 0.00 0.00 0 a0
® Redlandsto SB 1985 12 0 2 5 34 185 253 486 674 897 1068 1548 1048 1.00 28575 318.88 0.00 0.33 0.82

Notes: 1. Emission factors are for EMD engine model 12-710G3A with soven passenger compartments.
2. The start-up lovel of sarvica will consist of four passenger cars per train.
3. The intermadiate and mature levels of service witl consist of trains with seven passenger cars pef traln.
4. Traing are assumed to operate five days per week, lass six halldays per year,




COMMUTER RAIL ELECTRIFICATION SCENARIO - OFF-FEAX SERVICE - START UP LEVEL - NOx

Do YO NN -

Line

Start

Routs Year

Ventura to LA 1992
Santa Clarita o LA 1092
SB1o LA 1992
Riverside to LA (Ontaric) 1983
QOceanside toLA 1643
Rivarside 1o LA (Fullerton) 1995
SB/Riverside 10 Irvine 1985
Hemet to Riverside 1905
Redlanda 10 SB 1095

»ot

Start/
Daat.
Powser

Dest.!

Train

Stan Pwr Regq
(MW-HR!  (MW-HR/

Power

Miles Traing (KW-HR) (KW-HR}

a7
35
8.6
&8.8
87.2
a8
[
39.8
12

4]
)
0
0
0
0
]
o
0

meae

847.79
1488.72
1547.24
2170.52
1652.60
1652.51
1042.02

315.76

1288.87
1337.01
1802.42
1876,79
2776.36
2003.40
1882.17
1262.29

Je2.82

day)

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Total
Pwr Raq

day)

0.00
.00
.00
0.00
0.00
0.00
0.00
0.00
0.00

Notes: 1. Firsl year of elactiic service ks assumed to be 1998, Thus, system slart up for all routas assumad to be diesel operation.

2. The stasi-up level of service will conuist of faur passenger cars per train,

3. Line lossas of saven percent and catenary efilclency of 83 percent assumed
4, Trains aro assumed 10 oporate iive days per weal, less six holidays par year.

5. Horsepower by throtile notch ks for EMD engine maodel 12-710G3A with seven passenger cars,

4. Two scenarics are assumad lor this analysis—100 percent and 40 percent In-Basin power generalion.

COMMUTER RAIL ELECTRIFICATION SCENARIO - OFF-PEAK SERVICE ~ INTERMEDIATE LEVEL - NOx

© 0 NOOADR -

Route

Ventura to LA
SsniaClasliato LA
SB1olA

Lins
Start
Yoar

1992
1992
1992

Riversicde to LA {Ontario} 1993

Ocsanside to LA

1893

Riverside to LA {Fullerton) 1995

SB/Riverside 1o Irvine
Hemet to Riverside
Readiands to 8B

Notes: 1. The intermediate level of service wilt

1995
1996
1996

@
35
56.5
58.3
87.2
828
59
390
12

4ot

4
]
[}
2
4
3
3
0
2

Start/ Dest./ Train Tota!
Dest. Start PwrReq PwrReqg
Power Powsr  (MW-HR/ (MW-HR/
Miles Trains (KW-HR) (KW-HR) day} day)
111281 1284.67 2.53 12.34
847.70 1337.01 0.00 0.00
1484.72 1802.42 18.73 25.67
1647.24 1875.79 6.86 3.87
2170.32 2775 35 19.78 25.63
1852.50 2003.40 10.97 4.2
1652.51 18682.17 10.30 13.35
1042.02 120020 0.00 a.00
315.78 352.82 1.40 1.81
ist of seven p gar cars per train.

2. Line lossss of sevan parcent and catenary sfficlency ol 83 percent assumed.,
3. Trains are assumad 1o operate fiva days per week, lsas eix halidays per year.

4, Horsepowst by threitls notch la for EMD snglne mods] 12-710Q3A with seven passengsr cars.

E. Two

for this

low are

ysis—100 p

and 40 p

TABLE B-24

1992 NOx (Vyr} 1993 NOx (tlyr) 1994 NOx(thyr) 1995 NOx{iyr) 1898 NOx (tyr] 1997 NOx {tyr) 1988 NOx{tlyr) 1069 NOx(tyr) 2000+ NOx (ityr)

1008 40% 100%  40% 100%  40% 100%  40% 100%  40% 100% @ 40% 100%  40% 100%  40% 100%  40%

Basin  Basin Basln Basin Basin  Besin Basin  Basin Basin  Basin Basin Basin Basin  Basin Basin  Basin Basin  Basin
0.00 000 000 000 0.00 0.00 0.00 0.00 0.00 .00 0.00 0.00 0.00 0.00 0.00 000 0.00 000
a.00 000 0.00 0.00 0.00 0.00 0.00 o0 0.00 0.00 0.00 0.0 0.00 0.00 000 0.00 0.00 900
C.00 0.00 0.0 000  0.00 0.00 0.0 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000 0.00 6.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 ¢.00 0.00 0.00 0.00 ooo 0 D.00 0.00 e 0.00 Q.00
0.00 0.0 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 g.00 0.00 000 0.00 .00 0.00 0 60
Q.00 0.00 0.00 0.00 0.00 0.00 0.00 oo .00 0.00 0.00 a6.00 0.00 0.00 0.00 0.00 0.00 0.00
9.00 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000 000 0.00 0.00 0.00 090 000 D00 apo
0.00 0.0 0.00 000 0.00 0.00 0.00 0.00 0.0 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00 0.00
0.0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.60 0.00 0.00 0.00 000 0.00 0.00 0.00 0.00

]

1992 NOx {1 1993 NOx (tyr) 1684 NOx (tyr) 1996 NOx(ifyr) 1996 NOx (ifyr) 1997 NOx (thyr) 1988 NOx{tiyr) 1899 NOx (tyr] 2000+ NOx {tyr}

100% 40%  100% 40%  100% 40% 100% 40%  100% 40%  100% 40% 100% 40% 100% 40% 100% 40%

Banin  Basin Basin  Basin Basin Basin Basin Basin Basin Basin Basin  Basin Basin Basin Basin Basin Basin  Baain
1.43 057 129 0.51 1.13 048 099 0.38 o082 0.3 089 022 083 021 038 018 0.24 0039
0.00 000 0.00 000 0.00 0.00 600 0.00 0.00 0.00 0.00 0.00 0.0 000 0.00 000 Q.00 00
2.65 t.18 2464 1.07 2.3 094 208 0.82 172 0.860 143 0.57 1.10 044 0.8 0.32 049 0.19
1.03 041 092 0.37 .81 032 0/ 0.2a 060 0.24 0.60 0.20 0.38 D.16 D28 0.1 0.17 0.07
2.08 118 247 107 234 0.4 205 082 173 088 143 0.57 L1 044 D81 0.33 049 0.20
1.84 0.66 1.43 069 130 062 1.4 045 0.68 038 0.7¢ 032 0.8 028 045 0.18 027 0.11
1.64 082 139 068 122 04% 107 043 099 038 0.7 0.30 0.58 023 042 0.17 0.26 0.10
0.00 0.00 0.00 0.00 0.00 000 0.00 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 a oo
0.2 0.08 0.19 0.08 0.7 0.07 0.14 008 0.12 0.05 Q.10 D04 0.08 0.03 0.08 002 003 on

In-Basin powsr gensration.
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TABLE B-24 { Continued)
COMMUTER RAIL ELECTRIFICATION SCENARIO - OFF-PEAK SERVICE - MATURE LEVEL - NOx

Start/ Dest./ Train Total

Line Dest. Stant Pwr Reg  Pwr Req 1692 NOx (thyr) 1963 NOx (tyr) 1994 NOx (tiyr) 1995 NOx (tiyr) 1996 NOx (tiyr) 1907 NOx {tfyr) 1996 NOx (tiyr) 1996 NOx{thy) 2000+ NOx (tfyr)
Start #aof  Power Power  (MW-HR/ (MW-HR/ 100% 40% 100% 40% 100% 40% 100%  40% 100% 40% 100% 40% 100% 40% 100% 40% 100% 40%
Route Vear Miles Tralns KW-HR} (KW-HR) day} day) Basin Basin Basin Basin Basin  Basin  Basin  Basin Basin Basin Basin Basin Basin Basin Basin  Basin Basin  Basin
1 VanwuratotA 1992 AT 10 1112.81 1283.87 23.81 30.85 3.57 143 321 128 282 .13 247 098 2.08 043 172 043 133 053 0.08 038 0.59 024
2 SantaCisritato LA 1992 36 a4 4779 1337.01 13.11 16.98 190 0.7 177 071 155 0.82 138 054 1.14 048 095 038 0.7 020 0.54 022 0492 0.13
3 8BtolA 1992 686 10 148872 1602.42 32.80 42.81 4.92 197 444 1.78 380 1.5 341 1.3 2.67 115 238 095 104 0.74 135 0.54 0.5t 0.32
4 Riverside (0 LA (Ontarlo) 1993 ©58.8 8 1547.24 1875.79 20.54 28.51 3.08 128 277 1.1 243 007 213 0.85 179 0.72 149 050 1.15 046 0.84 0.34 0.51 020 |
& Oosanside ta LA 1993 87.2 10 217032 2718.35 4b.48 84.07 7.40 296 6.47 267 588 234 513 205 am 1.73 3.58 143 277 1.1t 2.0 0.81 1.22 0.49 \
& Riversiie to LA (Fullerton) 19956  62.8 14 1852.50 2003.40 51.18 88,31 7.00 .07 & 278 B8.08 24 5 212 448 .79 an 148 288 11§ 21 084 1.28 0.61
7 SBiRiverside to Irvine 1995 59 14 1552.51 1832.17 48.08 82.30 7.20 288 G409 2658 G6.70 228 4.68 1.9 419 168 348 1.39 289 .08 188 cre 1.19 0.47
8 Hamet to Rivarside 1995 306 0 104202 1263.29 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0 000 0.00 000 000 0,00 000 0.0 0.00 0.00 0.00 0.00
9 Radlande to 8B 1985 12 & Js78 382.82 348 4.53 0.52 521 04T 0168 041 017 0.28 014 0™ 012 025 0.10 0.20 0.08 014 0.06 0.00 0.03
Noten: 1. The mature lavel of ssrvice wilt Ist of seven p ger cars per traln.

2. Line lossea of sevan percant and calenary afficiency of 83 percent assumed.

3. Trains are assumaed o oparate five days pss wesk, lesa six hofidaye par year.

4. Horwepower by ihreitle netch le for EMD engine moedel 12-71083A with seven passsnger cars.

6. Twa scanarioa ars asaumad for this analysis—100 parcani and 40 percant in—Baslin power generation.




TABLE B-25
COMMUTER RAIL ELECTRIFICATION SCENARIO - OFF-PEAX SERVICE - PM
Starl! Dest.} ]
Line Dest. Start Pwt.Pint Start PM {tlyr) Inter, PM {tiyr) Malure PM (tyr)
Start Number of Tralns Power Powar  Train Pwr Req (MW-HR/day) Total Pwr Req (MW-HRiday) CO Emiss. 100%  40% 100%  40% 100% 40%
Route Year Miles Slart Inter. Malure KW-HR} (KW-HR) Start Inter.  Mature Start Intar Mature Factor Basin  Basin Basin  Basin Basin  Basin
T VenturatoLA 1892 47 o 4 10 111281 1288.67 0.00 9.53 28861 0.00 12.34 30.85 0.02¢4 0.00 [ 0.04 0.02 0.09 004
2 BantaClaritato LA 1992 35 0 1] 8 84770 1337.01 0.00 000 1311 0.00 0.00 14.68 0.024 0.00 0.00 0.00 9.0 0.06 0.02
4 SBtolA 1992 56.5 0 8 10 1488.72 1802.42 0.00 15.73 328§ 0.00 25.57 42.61 0.024 0.00 .00 0.08 0.03 0.13 0.08
4 FRiverside to LA (Ontaric) 1693 588 [} 2 8 1547.24 1875.79 0.00 6.85 20.54 0.00 a.87 26.81 0.024 0.00 0.00 .03 a.01 0.08 0.03
& Ocsanside toLA 1983 87.2 1] 4 10 2170.32 2776.35 000 1078 4048 0.00 25.63 84.07 0.024 0.00 0.00 o.08 0.03 0.20 0.08
9 Riverside lo LA (Fullerton) 1885 82,8 ] 3 4 1852.50 2003.40 000 1097 6148 0.00 14.21 648,31 0.024 0.00 0.00 0.04 002 0.20 0.08
7 SB/Riveraide o Irvine 1695 69 [ 3 14 1552.51 1832.17 000 1030 48.00 0.00 13.36 62.30 0.024 0.00 0.00 0.04 a.02 0.19 0.08
8 Hemat to Riverskie 1985 39.8 ] ] 0 1042.02 1263.20 0.00 0.00 .00 0.00 £.00 0.00 0.024 c.00 0.00 o.00 0.00 0.0D 0.00
9 Redlands 1o 8B 1985 12 o 2 5 31678 382.82 0.00 1.40 340 0.00 181 4,83 0.024 0.00 400 .01 0.00 o.M oo
Notes: 1. First year of stactric service Is d to be 1968. Thus, systemn start up for all routes assumed to be dlese! cperation.
2. The stast-up level of sarvice will conaist of four pasasnger cara pas train.
3. The intermediate and mature lovels of eervice will st of seven care,

4. Line 'ossss of ssven percent and catenary efficiency of 83 parcant assumed

5. Trains ara assumed to oparats five days per week, less six holidays per year,

8. Horespower by throtile notch Is for EMD engine modsl 12-710G3A with seven passenger cars.

7. Two los are d for this analysis—100 percent and 40 percent In—Basin power genaration.

4. Powsrplant PM emissicn levais are from Joe Whittaker and Marty Kay of SCACQMD's Enginsering Division and Office of Planning and Rules, respeciivaly.




COMMUTER RAIL ELECTRIFICATION SCENARIO - OFF-PEAK SERVICE - HC

O P NN N -

Line
Start Number of Trains
Route Year Miles Start

Vantura to LA 1082 47 ] 4 10
Sania Clarita 1o LA 1892 as 5] [} 8
SBoltA 1992 565 ¢ [} 0
Riverside 1o LA (Ontaria) 1993  58.8 0 2 []
Oceanside 10 LA 1903 87.2 [} 4 10
Alvarside to LA (Fulfsrton) 1605 62.8 3 14
SB/Riverside 16 lvine 1935 59 0 3 "
Hemat to Riverside 19856 30.8 ] Q ]
Rediands to 5B 1898 12 0 2 5
Notas: 1, First year of alaciric sarvics Is

Start/
Daat.

Dasl.i
Stan

Power Power
Inter. Mature (KW-HR} KW-HR)

1241

B847.79
1486.72
1547.24
2170.32
1852.50
1652,51
1042.02

316.7¢

1288.87
1337.0%
1802.42
1875.79
2775.36
2003.40
1882.17
1263.29

342.52

2. The start~up lavel of service will consist of four passenger cars per train.

3. The intermediate and mature levels of service will

Trein Pwr Paq (MW-HR/day)

TABLE B-26

Tolal Pwr Req (MW-HR/day)

of seven p g

4. Line losaes of seven percent and catenary eificlancy of 83 percent assumad

6, Trains are assumed o operale five days per week, inss six holldays per year.

Start

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

cars,

Inter.

9.53
0.00
19.73
8.86
19.78
10.97
10.30
0.00
1.40

6. Horsepower by throttle notoh is for EMD engine modet 12-710G3A with seven passenger cars.

for this

ral

7. Two o8 are

td

100 p

and 40 p

Mature

.81
12.11
2.0
20.54
4948
81.18
48.09

0.00

3.48

In-Basin power generation.

Start

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

d to be 1968, Thus, system start up for all routes assumed 1o be dlean| oparation.

Inter

12.34
0.00
25.67
887
2563
14.21
13.38
0.00
1.81

Mature

30.85
18.63
42.61
24 81
4.07
6.3
62.30

0.00

4.563

Pwr.Plni
CO Emiss.
Factor

0.0a2
0.084
0.084
0.084
0.084
0.084
0.084
0.082
0.084

8. Powsrplant HC amission lavels are from Jos Whittaker and Marty Kay of SCAQMD's Enginesring Division and Gifics of Planning and Rules, respectively.

Start HC (tlyr) Inter, HC (tlyr) Malure H (tiyr)
100%  40% 100%  40% 100%  40%
Basin  Basin Basin  Basin Basin  Basin

0.00 0.00 0.13 0.05 0.33 8.13
0.00 0.00 0.00 0.00 0.8 0.07
0.00 0.00 0.27 .11 0.45 o0.18
0.0 0.00 0.09 Q.04 0.28 o1
0.0D 0.00 0.27 0.1 0.48 0.27
0.00 0.00 0.16 0.08 6.7 a.28
0.00 0.00 0.14 .08 0.68 a.27
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.02 0.0 0.08 0.02



TABLE B-27

COMMUTER RAIL ELECTRIFICATION SCENARK) - OFF-PEAK, SERVICE - CO

Start/ DesL{

Lins Dest. Stan Pwi Pini Start CO (yr) Inter. CO {thyr) Mature CO (tiyr)

Start Number ol Trains Power Power  Traln Pwr Req (MW-HR/day) Tolal Pwr Reg (MW-HR/day) CO Emiss. 100%  40% 100%  40% 00%  40%

Route Year Miwe Start Inter. Mature KW-HR) KW-HR) Start inter. Maturs Start Inter Mature Factor 8asin  Basin Basin  Basin Basin  Basin
1 VenturatoLA 1962 47 0 L 10 11128 12€8.87 0.00 .63 2381 0.00 12.34 3.e5 0.143 0.00 0.00 g.22 0.09 0.68 022
2 SantaClarita to LA 1992 36 0 1} 4 847,70 1337.01 0.00 0.00 13.11 0.00 0.00 18.68 0.143 0.00 0.00 0.00 0.00 031 0.12
3 SBilolA 1992 E8.6 o [ ] 10 1486.72 1802.42 0.00 1973 3289 0.00 25.57 42.61 0.143 0.00 0.00 0.48 0.19 0.7 0.31
4 Riverside to LA (Ontaric) 1963 £a.8 ] 2 a 154724 1875.79 0.00 6485 20654 0.00 8.87 26 81 9.143 0.00 a.00 0.1 0.08 0.48 0.19
5 Oceanslds to LA 1960 87.2 ] 4 10 2170.32 2775.35 000 1978 4946 0.00 %56 84.07 0.143 0.00 .00 047 0.19 1.16 047
8 FRiverside to LA (Fullerton) 1985 62.8 0 3 14 1452.50 2003.40 0.00 1097 &1.18 0.00 14.21 £4.31 0.143 0.00 2.00 0.2¢8 0.19 1.20 048
7 SB/Riversida lo Irvine 1965 58 o 3 W 1552.51 1882.17 0.00 1030 48.09 0.00 13.3% 62.30 0.143 ©.00 g.00 0.24 0.10 113 0.45
& Hemet to Riverside 1966 39.8 ] ] a 104202 1283.29 0.00 0.00 0.00 0.00 0.00 a.60 0.143 D.00 ‘.00 .00 Q.60 0,00 a.00
9 Redlands to 5B 1965 12 [ 2 § 31676 382.82 0.00 1.40 349 040 181 4.83 0.143 0.00 0.00 0.02 0.0t .08 a.03

Nates: 1. First year of electric service ia d 16 bs 1998. Thus, syatem start up for all routes assumed to be dissel operation.

2. The start-up level of service will consiet of four passanger cars per train,

3. The Intermedlats and mature fsvels ol service will coneist of seven passenger care.

4. Lins loases of saven percent and caienary efliciency of 83 percent assumed

5. Tralns are assumed to oparate five days per waek, leas shx holldays par year.

8. Horsepowaer by throttls roich Is for EMD engine model 12-710Q3A with seven passanger cars.

7. Two scenarios are d for this analysis—100 p and 40 percant in-Basin power generation.

8. Powerplant CO emiasion levals are fram Jos Whittaker and Marty Kay of SCAQMD's Enginsering Divislon and Office of Planning and Ruies, respectivaly.




TABLE B-28
COMMUTER RAIL ELECTRIFICATION SCENARIO - OFF-PEAK, SERVICE - SOx
Start/ Dest./
Line Dast, Sart Pwr.Pint Start SO« (tlyr) Inter, SOx (thyr) Mature SOx {tfyr
Start Number of Tralns Power Powsr  Train Pwr Req (MW-HR/day) Total Pwr Raq (MW-HR/day) CO Emiss. 100%  40% 100%  40% 100%  40%
Route Year Miles Start Inter. Mature (KW-HR) KW-HR} Start Inter. Mature Start Inter Mature Faotor Basin  Basin Basin  Basin Basin  Basin
t Venturato LA 1992 4T 1] 4 10 1112.81 1268.87 0.00 9.5 234 0.00 1234 20.86 0.008 0.00 .00 0.01 0.01 0.03 0.01
2 Santa Clariato LA e as 0 0 & MM7.79 1337.01 0.00 0.00 131 a.00 0.00 18.98 anas 0.00 .00 0.00 0.00 0.02 0.01
3 8BtelA 1982 68.6 ] L] 10 1486.72 1802.42 0.6 19.739 289 0.00 25.57 42.61 0.008 0.00 0.00 0.03 0.01 0.04 0.02
4 Riversids to LA{Ontarlo) 1983 588 ] 2 8 1547.24 1576.78 4.00 8.5 20.54 0.00 8.87 26.61 0.008 0.00 000 0.01 0.00 o.02 0401t
5 Oceansids toLA 1903 7.2 0 4 10 2170.32 2775.36 0.00 19.73 4946 .00 25.63 64.07 Q.008 0.00 0.00 0.0 0.01 0.07 06.03
8 Riverside 1o LA {Fullerton) 1995 s2.8 [+] a 14 185260 2003.40 0.00 1067 5148 0.00 4.2 68.31 0.068 0.00 0.00 a.01 0.01 0.07 0.03
7 GBMRivenside to lrving 19986 59 ] 3 14 1652.51 1382.17 4.00 10.30 48.09 0.00 13.35 62.30 0.008 0.00 0.00 0.01 0.01 008 0.03
8 Hams1 io Riverside 1996 34.6 [+] Q0 0 104202 1262.20 0.00 0.00 0.00 .00 0.00 0.00 0.008 0.00 0.00 0.00 0.00 0.00 0.00
¢ Radiands 10 SB 1986 12 ] 2 8 315.78 38262 0.00 1.40 349 0.00 1.8 4.63 4.008 0.00 0.00 0.00 0.00 0.00 0.00

Hoten: 1. First year of electric service is assumed to be 1598, Thus, sysiem sian up for alf routes aseumed to be diesel operation,
2. The slart-up favel of sarvice will conslet of four passanger cars per train,
3. The intermadiate and maturs levsls of service will lat of seven p ger cars. N
4, Line oases of seven parcant and catenary stficlency of 83 psrcant assumed
6. Trainy are sasumad lo operate five daye par weak, lean alx holidays per year.
6. Horsapowar by throltie notch is for EMD sngine modsl 12-T10033A with seven pasasnger cars.
7. Two scanarlos ars d for this analysls--100 p and 40 p { in-Basin power gensration, |
8. Powerplant SOx emisaion levels ara from Jos Whitiakar and Marty Kay of SCAQMD’y Enginesring Divislon and Office of Planning and Rules, res pectively, i




TABLE B-29
COMMUTER RAIL VEHICLE EMISSIONS AVOIDED - OFF-PEAK SERVICE - START UP LEVEL - NOx
Pass. Round 1-Wsy Dally
FRoule #of #af Par Trp VMT VMT Predicted Basin P, ger Car NOx Emissions (b/mlle) NOx Emlsslons Avcided (tonsiyr) h
Route Length Trains Cars  Car  Pass. Avoid. Avoid. 199‘2 1983 1984 1995 1990 1697 1908 1999 2000 2010 1982 1993 1984 1965 1998 1997 1998 1699 2000 2010
1 VenturatoLA 47 [ 4 a5 0 17.09 0.00 0.0026 0.0023 0.0021 ©.0019 0.0018 0.0018 00015 0.0014 0.0013 0.0008 000 0.00 000 000 000 000 000 000 000 000
2 Santa Clarita to LA as [} 4 as o 1387 0.00 0.0026 0.0023 0.0021 0.0019 0.0018 00018 00015 0.0014 0.0013 00008 900 000 GO0 000 000 000 000 000 000 000
3 SBwlA 50.6 0 4 a5 0 23832 C.00 0.0025 0.0023 00021 0.0019 0.0018 0.0018 0.0015 00034 0.0013 00008 000 €00 0O Q000 0G0 D00 200 DOOC 000 0.00
4 Riverside to LA (Ontarlc) 64.8 0 4 a5 0 2640 000 00025 00023 00021 0.0019 0.0018 0.0018 0.0015 0.0014 0.0013 0.0008 000 000 000 000 000 000 000 Q.00 000 000
5§ Ocsanside 1o LA 87.2 0 4 36 0 3354 6.00 0.0026 0.0023 0.0021 00019 00018 0.0018 0.0015 0.0014 COC13 0.0008 000 0.00 0.00 000 000 000 000 000 000 0.00
6 Rivarside to LA (Fullerton) 62.3 0 4 35 0 2819 0.00 0.0025 0.0023 0.0021 0.0018 0.0016 0.0016 0.0015 0.0014 0.0013 0.0008 0.00 000 000 000 000 D00 0.00 000 000 0.00
7 SB/Riverside to trvine 59 0 4 35 0 2649 0.00 00025 0.0023 0.0021 0.0019 0.0018 0.0016 0.0015 0.0014 0.0013 0.0008 000 000 000 000 000 ©000 000 000 0.00 000
8 Hemaet to Riverside 388 0 4 36 0o 17.7¢ 0.00 0.0026 0.0023 0.0021 00019 0.0016 0.0018 0.0016 00014 00013 {0008 0.00 000 000 000 000 000 000 000 0.00 000
9 Raedlands to SB 12 Q 4 35 0 6.39 0.00 0.0025 0.0023 0.0021 0.0019 0.00186 00016 0.0016 0.0014 0,0013 0.0008 0.00 0.00 s 00 000 000 000 000 000 000 000
Notes: 1. ltls dthat3&p gers arg in sach car,
2. One-way VMT avaided for reutea 1, 2, 3, and B ls based on data supplied by SCAQ.
For the other routes, a mileag ightad composite based on the SCAQ data and the longth of routes 1, 2, 3, and 5, has besn used.
3. Tralne are assumed to operate five days per waek, less slx holldays per yaar,
4, Vehicle arnissions avolded ere based on p gor car smission | as ined in the ARB'a EMFAC7EBURDEN?C ernission Inventory.
Emisslon factors for 1984 and subseguani years hava besn adjusted to t for ARB vehicle regulations
COMMUTER RAIL VEHICLE EMISSIONS AVOIDED ~ OFF-PEAK SERVICE - INTERMEDIATE LEVEL — NOx
Pass. Round 1-Way Dally
Route #of #of Per Trp VMT YMT Predicted Basin Passenger Car NOx Emisstons {ib/milis) MHOx Emisslona Avalded (tonslyr)
Route Length Tralns Cars  Car Pasa, Avoid. Avoid, 1692 1993 1994 1965 1998 1997 1964 1699 2000 2010 1992 1963 1904 1995 1008 1967 1998 1989 2000 2010
1 Venturato LA 47 4 7 35 860 17.09 3349640 0.0025 0.0023 00021 0.0019 0008 00018 00016 0.0014 0.0013 0.0004 1047 9.81 885 B8.18 754 690 647 505 542 267
2 SantaClarita to LA 35 a 7 35 0 1397 000 0.0026 0.0023 0.0021 0.001% 00018 00016 0.0015 0.0014 0.0013 0.0008 000 000 000 D00 000 000 000 0.00 000 0.00
3 SBtolA 56.6 [ 7 35 1470 3832 106780.80 0.0026 0.0023 0.0021 0.0018 00018 0.0016 0.0016 0©.0014 0.0013 00008 33.39 050.62 28.22 26.01 24.03 2229 2082 1868 17.32 6.21
4 Riverside to LA {Ontario) 58.8 2 ? 35 400 2640 25868.25 0.0025 0.0023 00021 0.0018 0.0018 00018 0.0016 0.0014 0.0013 0.0008 800 742 484 830 662 6540 500 480 420 1.9
6 Oceansids tolLA 87.2 4 7 as 980 33.94 8652240 0.0026 0.0023 0.0021 0.0019 0.0018 00018 0.0016 0.0014 0013 0.0008 2080 19.08 17.68 1820 1487 1388 1235 1182 10.7¢ 6.1
8 Riverside 1o LA (Fullerton] 62.8 3 7 as 736 28.19 4144158 0.0025 0.0023 00021 0.00%19 00018 00016 0.0016 0.0014 0.0013 0.0006 1266 1180 1096 1009 933 885 B8.00 7.37 872 2319
7 SB/Rverside 10 lrvine 59 3 7 a5 735 2849 3893435 0.0025 0.0023 00021 00019 0.007@ 0.0016 0.0016 0.0014 0.0013 0.0006 1217 11186 1020 048 878 813 752 692 832 299
8 Hamst to Riverskie 398 [} 7 36 o 17278 0.00 0.0026 0.0023 0.0021 0.00i9 0.0018 00016 0.0016 0.0014 0.0013 D.O0OS 000 000 QDO 000 00O 0.00 000 0.00 000 000
9 Redlands to SB 12 2 7 35 490 5.39 5279.23 0.0025 0.0023 0.0021 00019 0.0018 00018 0.0016 0.0014 00013 00008 18 151 140 1.29 119 1,10 102 0.4 0.88 0.41

Notes: 1. Il i assumed that 35 passengers ars in sach car.
2. One-way VMT avoided for routes 1,2, 3, and 6 is based on daia supplisd by SCAG.

For the other roules, a mileage welghted posita based on the SCAQ data and the length o routas 1, 2, 3, and 6, has besn used.
3. Trains are assumed to oparate flve days per wesk, Jess six holldays par year,
4. Vohicle aminsions avoided ars based on p ger car emission f: a8 contained in the ARD's EMFACTE/BURDEN?C emission Invantory.

Emission lactors for 1984 and subssqueni years havs besn adjusted ta account for ARB vehicle regutations




TABLE B-29 (Continued)

COMMUTER RAILL VEHICLE EMISSIONS AVOIDED ~ OFF-PEAK SERVICE — MATURE LEVEL - NOx

Pass. Round 1-Way Dally

I Route #of #of Per Tip VMT VMT Pradicted Basin Passenger Car NOx Emissions (b/mile) NOx Emiesions Avolded (tonslyr}
' Route Length Tralns Cars  Car  Fass, Aveld, Avoid. 1992 1069 1964 1965 1608 1697 1998 1998 2000 2010 1902 1993 1694 19685 1996 1997 19898 1999 2000 2010
|
. 1 Venturaio LA 47 10 7 35 2450 17.08 BIT41.00 0.0026 0.0023 0,0021 0.0018 0.0018 0.0018 00015 0.0014 0.0013 0.0008 28,18 24.01 22,13 20.39 18.84 17.48 1847 14.80 13.60 0644
' 2 Santa Clasiiato LA as 8 7 356 1470 13.97 41071.80 0.0026 0.0023 0.0021 0.0018¢ 0.0018 0.0016 0.0015 0.0014 0.0013 0.0008 1284 1178 1088 1000 924 467 7191 230 888 3.18
' 3 SBtolA 8.5 10 7 35 2450 06.32 177966,00 0.0026 0.0023 0.0021 0.0018 0.0018 0.0018 0.0015 0.0014 0.0013 0.0008 B565 51.03 47.04 4334 40.058 37.14 437 31.83 2887 13488
4 Riverskie 1o LA (Ontarlo)  53.8 B 7 35 1470 2640 T760475 0.0025 0.0023 0.0021 0.0019 0.0018 0.0018 0.0015 0.0014 0.0013 0.0006 2426 2226 20.61 1890 1748 1620 149 1370 1260 697
6 Oceansids to LA 872 10 7 35 2450 33.04 16630800 0.0025 0.0023 0.0021 0.0018 0.0018 C.0018 A.0015 0.0014 0.0013 0.0008 E2.00 47.80 43.96 40.50 37.42 3471 3212 20.56 26.88 1278
i 8 Riveraide 10 LA (Fullsrion) 82.8 14 7 35 430 28.1% 16339596 00026 00023 0.0021 0.0019 0.0018 0.0018 0.0016 0.0014 0.0013 0.0008 6047 E546 51.12 47.10 43,52 40.38 37.35 34.38 31.38 1487
7 SB/Riverside to Irvine 8 14 7 35 3430 2640 18169365 0.0025 0.0023 00021 0.0019 00018 0.0016 0.0016 0.0014 0.0013 0.0008 66.81 52.10 48,02 4425 40890 37.02 3500 3230 2048 1397
8 Hamst to Riverside 39.8 [ 7 a5 ¢ 17.78 000 00025 00023 00021 0.0019 0.0018 0.0016 0.0016 0.0014 0.0013 0.0008 000 Q00 000 000 0.00 0.00 0.00 000 0.00 000
@ Radiands 1o 88 12 6 7 a5 12256 5.3 1319800 00025 0.0023 0.0021 0.001¢ 0.0018 0.0018 0.0016 0.0014 0.0013 0.0008 413 378 349 321 297 275 265 235 214 1.01
Notsa: 1. lth dthat 36 p gers are In sach onr.
. 2. One—way VMT woldod for routas l 2,3, and 5 is based on data supplisd by SCAG.
For the other routas, & mileag d lte basad on tha S5CAG data and the isngth of routes 1, 2, 3, and §, has been used.
3. Tralns are assumed to operats ﬂvo days par wesk, less six l'lolidayl per year,
4, Vahicte amissions avolded are based on p ger car ae Ined In the ARB’s EMFACTE/BURDEN7C emission inventory,

' Emission factors for 1084 and subsaquent years have baen adlusted to account for ARB vehicle regulations.



TABLE B-30
COMMUTER RAIL VEHICLE EMISSIONS AVOIDED - OFF-PEAK SERVICE - START UP LEVEL - PM
. Pass. Round 1-Way Dally
Route #of #of Per Trp VMY YNT Predicted Basin P ger Car PM Emissions {ib/mlie) PM Emissions Avalded {tonsiyr)
Route Length Traina Cars Car Pass. Avold. Avold. 1982 1983 1994 1995 1998 1997 1998 1999 2000 2010 1982 1663 1994 1996 1968 1997 1968 1969 2000 2010
1 Venturato LA 47 0 4 k<13 o 17.09 0.00 00005 0.0005 0.0005 00005 0.0005 0.0005 0.0006 00006 0.0005 0.0005 000 0.00 000 000 000 0.0 000 000 000 000
2 SantaClaritato LA a5 (] 4 35 0 1397 0.00 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0006 0.0005 0.0006 0.0005 000 000 000 000 008 000 040 000 000 000
3 SBiolA - 686 Q 4 as 0 3832 000 Q0005 0.0005 0.0005 Q0005 Q0005 0.0005 0.0006 00006 0.0005 0.0005 000 000 000 000 000 00X 000 000 000 000
4 FAivarside to LA {Ontarlo) 588 0 4 as 0 2640 0.00 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0006 00005 0.0065 0.0005 000 000 000 000 000 000 000 000 000 000
§ Ocsanside tolA 8r.2 0 4 a5 0 33354 0.00 0.0005 0.0005 0.0005 0.0005 0.0005 0.00056 0.0006 0.0005 0.0005 0.0005 000 000 000 000 000 Q00 000 000 D00 000
& Rivesside 1o LA {Fullerton) 62.8 a 4 T3 0 28.19 0.00 0.0008 0.0005 0.0005 40005 0.0005 0.0005 0.0006 0.0005 0.0005 D0.0DC5 000 000 000 000 000 000 000 000 000 000
7 SBiRiverside to Irvine 59 a 4 s 0 2649 000 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 00005 00005 0.0005 0.0005 000 000 000 000 000 000 000 000 000 000
4 Hsmet to Riverside 39.6 0 4 a5 0 17.78 0.00 0.0005 0.0005 0.0005 0.0005 0.0006 0.0005 0.0005 0.0005 0.0005 0 0005 000 000 000 000 O0.00 403 000 000 J00 0.00
9 Radlands 10 SB 12 a 4 35 ] 5.39 040 0.0006 00005 0.0005 0.0005 00005 0.0005 040005 OQODE ©0.0005 O O0OS 000 000 000 000 000 OO0 000 0.00 000 000
o
Notes: 1.1tls d that 36 p gers are in each car.
2. Ons~way VMT avolded for routes 1, 2, 3, and 6 Is basad on data supplled by SCAG.
For the other routes, a milaag ighted poalte based on the SCAQ dala and the langths of routes 1, 2, 3, and 5 has been used,

3. Traine are assumed to operate five dayes per weak, |ess six holidays per year.
4. Vehlcle smissions avoided are based on passenger car emiaslon lactors as containad in the ARD's EMFAC?E/BURDENT?C emission Inventory.

COMMUTER RAH. VEHICLE EMISSIONS AVOIDED - OFF-PEAK SERVICE - INTERMEDIATE LEVEL - PM

Pass. Round 1-Way Dally

Route #of #ol Per Trp VMT VMT Pradicied Basin P; ger Car PM E ne {Ib/mile) PM Emissions Avolded (1onalys}

Routa Length Trains Carse Car Pass. Avold. Avold. 1992 1683 1064 1605 1498 1897 1998 1999 2000 2010 1992 1993 1964 1995 1886 1887 1998 1899 2000 2010
1 VenturatoLA 47 4 7 35 580 17.09 5173450 0.0005 D.0O00S D0.0006 D.00O5 0.0005 0.0006 0.0005 00005 0.0005 00005 318 3.4 313 I 240 208 307 3068 308 304
2 SantaClaritato LA a5 [} T a5 0 1397 0.00 0.0005 0.0005 0.0005 CO0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.00 000 000 000 000 000 000 0600 000 000
3 SBultA 88.6 [} 7 a5 1470 3682 106780.80  0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0008 0.0005 653 649 645 842 8235 838 634 632 631 827
4 Riverside to LA {Ontaziq) £8.8 2 7 as 480 2640 26888.25 0.0005 0.0005 00005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0006 0.0005 1.58 167 1656 158 +585 154 1684 153 1.53 .82
6 Oceanside ioLA er.e 4 7 35 980 3J3.94 6652240 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 4.07 404 402 400 308 397 365 304 393 391
& HRiverside to LA (Fullarton) 62.8 3 7 35 75  28.19 41441.89 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0006 0.0005 0.0006 0.0005 253 282 250 249 248 247 248 245 245 244
7 SB/Rivenside to Irvine 59 a 7 35 735 2840 3803435 00005 00005 00005 00006 0.0005 00005 0.0006 00005 0.0005 0.0006 238 237 235 23 233 282 2231 237 230 W
8 Hemet to Riverside 39.6 0 7 35 o 177 0.00 00005 0.0005 0.0006 0.0006 00005 0.0005 0.0005 0.0005 0.0005 0.0005 000 0.00 000 000 000 0.00 000 000 000 000
9 Redlands to 8B 12 2 7 35 490 6.39 627023 0.0005 0.0005 0.0005 0.0006 0.0006 0.0006 0.0006 0.0006 0.000§ 0.0005 032 032 032 032 032 031 037 O3 031 03N

Notes: 1. Itis assumned that 35 paasengers are In each car,
2. Ons-way VMT avoided for routes 1, 2, 3, and 5 ls based on data supplied by SCAQ.
For the other routles, a milsage weighied posite based on the SCAQ data and the lengths of routes 1, 2, 3, and § has been used.
3. Trainn are assumad 1o operate fiva days per waek, [asa alx holidays par year,
4. Vehicle emisaions avoided are hased on passenger car emisaion factors as conlalned in the ARB's EMFACTE/BURDEN7C emlsaion inventory.




TABLE B-30 (Continued)
COMMUTER RAIL VEHICLE EMISSIONS AVOIDED - OFF-PEAK SERVICE ~ MATURE LEVEL - PM

Pass, Round 1-Way Daily

, Routs #of W#of Per Trp VMT VT . Predicted Basin Passenger Car PM Emissions (Ib/mils) PM Emisslons Avoided (tonslyr)

' Route Length Traine Cara Car Pass. Avoid. Avold. 1902 1963 1964 1905 1996 1067 1668 1999 2000 2010 1992 1963 1984 1995 1904 1997 1904 1999 2000 2010

, 1 Vanturato LA 47 10 7 a5 2450 17.09 120341.24 00006 0.0005 0.0006 0.0006 0.0006 00005 0.0006 00005 0.0005 0.0005 791 7488 T82 7278 T4 TN 768 108 T84 T80
2 SanaClarhatolA a5 ] 7 a6 1470 1397 4107130 0.00056 0.0008 0.0005 0.0006 0.0005 0.0005 0.0005 0.0005 0.0005 000056 2561 280 248 247 248 245 244 243 243 241
3 8BiolA 58.5 10 7 35 2450 3832 177968.00 0.0006 0.0005 00005 0.0006 0.0006 0.0005 0.0006 0.0005 0.0005 0.0005 1008 1082 10.78 1.7¢ 1086 1081 1057 10.54 10.52 10.48
4 Riverside to LA (Ontwrio) s8.8 [ 7 3 1470 2040 77680476 00006 0.0005 0.0006 0.0006 0.0006 0.0005 0.0005 0.0005 0.0005 0.0005 476 472 4069 487 4085 403 401 480 459 458
E Cceanslde toLA 872 10 7 S5 2450 3394 I65308.00 0.0006 0.0008 0.0005 0.0006 0.0006 0.0005 0.0005 0.0005 0.0005 0.0005 10,17 10,11 1005 10.00 008 0401 0488 0485 083 9.77
& Riverside to LA (Fulierton) 62,8 14 7 35 3430 2819 19338565 0.0005 0.0006 00006 0.0006 0.0005 0.0005 0.0005 0.0005 0.0006 0.0005 1183 11,78 1169 1163 1158 11.63 11,49 1145 1143 1138
7 SB8/Riverside to krvine 59 "* ? 35 3430 2849 131653.85 0.0005 0.0006 0.0006 0.0005 0.0006 0.0005 0.0005 0.0005 0.0005 0.0005 11,411 1104 1085 108 1038 1083 10.79 10.76 10.74 10.88
8 Hemet ta Riverskle 388 Q0 7 & 0 1778 000 000058 0.0006 00005 0.0006 0.0006 0.0005 0.0005 G.0005 0.0005 0.00056 000 000 000 000 000 000 000 000 000 0.00
& Redlands 10 8B 12 5 7 a6 1226 639 1319809 0.0005 0.0008 0.0008 0.0006 0.0005 0.00058 0.0005 0.0005 0.0005 0DOOS 081 D0a0 080 070 o7 07 078 08 0.78 0.78

Notes: 1. Itis d that3&p pers are In oach car,

2. One-way VT avokied for routes 1, 2, 3, and 6 i» based on daia supplled by SCAG.
For the other routes, a milsage weighted composite based on the SCAG data and the longths of routes 1, 2, 3, and 5 has been used.
3. Trains are assumed to cperate five days per waak, less six holldays per yaar.
4. Vehich L ided are based on p per car emission | as Ined in the ARR s EMFACTE/BURDEN?C emisaton inventory.




COMMUTER RAIL VEHICLE EMISSIONS AVOIDED - OFF-PEAK SERVICE - START UP LEVEL - ROG

DA wNOeMmeERDRD -

COMMUTER RAIL VEHICLE EMISSIONS AVOIDED - OFF-PEAK SERVICE - INTERMEDIATE LEVEL - ROQ

O ENRD AN -

Route

Ventura lo LA
Santa Clwitato LA
SBtoLA

Route #ol

47
as
66.6

Riverside ta LA {Ontarlo} B4.8

Oceanside to LA -

ar.2

Riveralde ta LA (Fullerton) 62.8

SA/MRiverside 1o Irvine
Hamel 10 Riverside
Radiands to 58

39.6
12

Notes: 1. itis assumaed that 35 passangers are in each car.

TABLE B-31

1689 2000 2010

Pass. Round 1-Way Dally
#ol Per Trp VMT VMT Pradictad Basin Passenger Car ROG Emisslons (Ib/mlle)
Length Trains Gars Car Pass. Avold. Avold. 1992 1993 1994 1995 1998 1997 1968
L] 4 38 o 17.09 0.00 00027 0.0026 0.0023 0.0021 0.0019 0.0017 0,0016 0.0014
1] 4 38 o 13.97 0.00 006327 0.0025 0.0023 00021 0.0018 0.0017 0.0016 0.0014
0 4 85 0 3632 0.00 0.0027 0.0025 00023 0.0021 0.001% 0.0017 0.0016 0.0014
o 4 a5 0 26840 0.00 0.0027 0.0025 0.0023 0.0021 00019 0.0017 0.0016 0.0014
0 4 38 0 3394 000 0.0027 00025 0.0023 00021 0.0019 00017 0.0016 0.0014
0 4 35 o 28.18 0.00 0.0027 0.0026 0.0023 0.0021 0.0016 00017 0.0016 0.0014
1] 4 35 0 2849 0.00 0.0027 0.0026 0.0023 0.0021 0,0018 0.0017 0.0018 0.0014
0 4 35 o 1778 0,00 Q.0027 0.0026 0.0023 00021 0.0019 0.0017 0.0018 0.0014
0 4 35 1] 6.39 0.00 0.0027 0.0026 0.0023 0.0021 0.0019 0.0017 0.0018 0.0014
2. One-way VMT avolded for routes 1, 2, 3, and 6 Is baned on data supplisd by SCAQ.
Ighted Ite based on SCAQ data and the length af roules 1, 2, 3, and 5 has bean used.

For the olher roules, a

3. Tralns are assumad to operate five days per week, lass six holideys per year.
lon lactors s o

tained in the ARB's EMFAC7E/BURDENT7C emission Inventory.

4. Vahicie emissicns avolded ase basad on p ger car
Emilssion factors for 1994 and subsequent years have bean adjusted to account for ARB vehicle regulations.

0.0013
0.0013
00013
©.0013
0.0013
0.0013
0.0013
80013
0.0013

0.0004
0.0004
G 004
0.0004
0.0004
a 0004
0.0004
0.0004
Q0004

1889 2000 2010

Pass. Aound 1-Way Dally
Route #of #of Per Tip VMT VMT Predicted Baain Passenger Car ROG Emissiona (ib/mile)
Routs Length Trains Cars  Car  Pass. Avold. Avoid, 1992 1983 1904 1985 1904 1997 1996
Venturato LA 47 4 7 as 980 17.09 30840 0.0027 00025 00023 00021 00019 00097 95001 00014
Santa Clarita to LA 35 0 7 a5 a  3.67 0.00 0.0027 00026 0.0023 0.0027 0.00189 0.0017 0.0018 0.0014
SBralA 56.5 8 7 35 1470 3832 106780.80 0.0027 0.0025 0.0023 0.0021 0.0018 0.0017 0.0018 00014
Riverside 10 LA (Ontaric)  58.8 2 7 a5 400 2640 25868.25 0.0027 0.0026 0.0023 0.002% 0.0019 9.0017 0.0016 0.0014
Oceannids fo LA §7.2 4 7 25 580 3394 5652240 0.0027 0.00256 0.0023 0.0021 0.0018 0.0017 0.0018 00014
Riverside 1o LA (Fullsrion) 62.8 3 7 a5 738 28118 M441.689  0.0027 0.0025 0.0023 0.0021 00018 00017 0.0018 0.0014
SB/Riverside to Irvine 58 3 7 a5 735 2849 38834.35 0.0027 0.0025 0.0023 0.0021 0.0018 0.0017 0.0018 0.0014
Hemet to Riverside 399 0 7 <13 o0 1778 000 0.0027 D.0025 0.0023 0.0021 0.0019 0.0017 0.0016 0.0014
Redlands ta SB 12 2 7 a6 490 5.39 §279.23 00027 0.0025 0.0023 00021 0.0099 0.0017 0.0016 00014
Notes: 1. Hia d that 36 p gors are in each car.
2. One-way VMT avoided 1or routes 1, 2, 3, and & la basad on data supplied by SCAQG.
For the othar routss, & g ighted posile based on SCAQ data and the length ol routas 1, 2, 3, and 6 has been used.

3. Traine ars assumed to opsrate five days per wesk, less six holidays per year.

4. Vehicle amissions avolded are based on passenger car ernission fectors as contained In the ARB's EMFACTE/BURDENTC emission Inventory.
Emission taotors for 1984 and subsaquent yoars have besn adjusted to account for ARB vehicle ragulations.

00013
0.0013
a.ca13
0.0013
a 0013
00013
0.0012
0.0013
0.0013

0.0004
0.0004
0.0004
0.0004
0.0004
0.0004
00004
0.0004
0.0004

1992

0.00
0.00
0.00
0.00

oca
Q00
0.00
0.00

1962

11.45
0.00
38.50
8.84
2274
14.17
13.3t
0.00
1.80

ROG Emissions Avoided (tonalyr)

1995

0.00
0.00
Q.00
0.00
0.00
0.00
0.00
0.00
a.00

1968

0.90
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

1997

0.00
0.00
0.00
0.00
0.00
000
0.00
0.00
0.00

1608

0.00
0.00
0.00
000
0.00
0.00
0.00
0.00
000

ROQ Emiaslans Avcided (tonsiyr)

1983 1994
0.00 000
0.00 0.00
apo  D.00
0.00 5000
0.00  0.00
a.00 0.00
000 0.00
0.00  0.00
cop  0.00
1903 1964
1040 959
000  0.00
3346 3058
s10 741
2084 19.0
12.68 1167
1220 11.16
0.00 0.00
1.85 151

1995

8.76
Q.00
27.9
a.7é
17.38
10.83
10.17
0.00
1,38

1698

8.04
0.00
25.62
e.21
16.96
0.94
8.24
0.00
1.27

1997

7.38
0.00
23.61
5.70
14.65
e12
8.67
0.00
118

[
0.00
2138
E.18
13.23
830
7680
0.00
1.08

1999

0.00
0.80
0.00
0.00
0.00
0.00
0.00
0.00
0.00

1999

8.03
0.00
18.22
4.68
11.68
748
70
0.00
0.95

0.00
0.00
0.00
000
0.00
0.60
0.00
0.60
00a

5.40
0.00
7.2t
4.17
10.72
s.es
828
0.00
o085

2010

0.00
0.00
.00
0.00
0.00
000
0.00
0.00
0.c0

2010

175
0.00
659
135
3.48
217
2.04
0.00
028




TABLE B-32
COMMUTER RAIL VEHICLE EMISSIONS AVOIDED - OFF-PEAK SERVICE ~ START UP LEVEL - CO
Pass. Round 1-Way Daily
Route #of #ol Per Trip VMT VMT Prediciad Basin Passanger Car CO Emissions (Ib/mlie) CO Emlsalons Avoided (tonsfyr)
Routa engt Trains Cars Car Pass. Avold.  Avold. 1892 1953 1984 1006 1008 1607 1908 1988 2000 2010 1992 1963 1964 1985 1996 1987 1958 1908 2000 2010
1 VenluratoLA 47 0 a4 5 o 17.09 0.00 00219 0.020€ 0.0192 0.0178 0.0184 0.0152 0.0140 0.0129 0.0118 0.0080 0.00 0.00 000 000 0.00 0.00 .00 0 00 0.00 0.00
2 Banta Clarlta to LA 36 ] 4 as o0 1397 Q.00 Q0219 0.0208 D.0192 0.0178 0.0164 0.0152 0.0140 £.0129 00119 0.0080 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3 SBolA 54.5 0 4 36 6 3832 0.00 0.0219 0.0208 0.0182 0.0178 0.0164 0.0152 0.0140 ¢.0129 0.0119 0.0080 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000 000
4 Riverside to LA (Dntarlo} E8.8 ] 4 <L 0 2840 0.00 0.0219 0.0208 0.0192 0.0178 0.0184 0.0152 0.0140 0.0129 0.0119 0.0060 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
& Oceanside lo LA 7.2 Q 4 a5 0 3o 0.00 Q0219 0.0204 0.0192 0.0178 0.0164 0.0152 0.0140 0.0129 0.0119 0.0080 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
& Riverside to LA (Fullerion) 62.8 0 4 35 0 28.19 0.00 0.02%9 0.0208 0.0192 0.0178 0 0184 0 0152 0.0140 0.0129 0.0119 0.0080 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 a.00 0.00
7 SB/Riversids to Irvine 6§ 0 4 35 0 2648 0.00 0.0219 0.0208 0.0192 0.0178 0.0184 0.0152 0.0140 0.0129 0.0119 0.0060 0.00 0.00 0.00 0.00 0.00 0.00 .00 0.00 000 0.00
8 Hemet to Riverside 39.8 [} 4 a5 o 17.78 0.00 Q.0219 0.0204 0.0192 0.0178 0.0164 0 0152 0.0140 0.0129 0.0119 0.0060 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 aod  0.00
¢ Redlands ta SB 12 [] 4 35 [ 6.39 0.00 0.0219 0.0208 0.0182 0.0178 0.0164 0.0152 0.0140 0 0129 0.0118 0.0080 0.00 0.00 0.00 0.00 0.00 0.00 0.00 ©.00 oo 0.00
Notes: i.0lis d that 35 p gers are In sach car.
2. One-way VMT avolded for routes 1, 2, 3, and § ls based on data aupplied by SCAG.
For the ather routes, amileag ighted posite baged an the SCAG data and the length of routes 1, 2, 3, and § has besn usad.
4. Trains are assumed tc operate five days per week, lesa aix holldaye par year,
4. Vehicta amissions avolded are based on p ger car smisslon factors as d In the ARB's EMFACZE/BURDENTG emiaslon invenlory.

Emission factors for 1994 and subsequant years have bean adjusted to account for ARB vehicls raguiations,

COMMUTER RAIL VEHIGLE EMISSIONS AVOIDED - OFF-PEAK SERVICE - INTERMEDIATE LEVEL - CO

Pass. Round 1-Way Daity

FAoute #of #of Pa  Trp VMT VMT Pradicted Basin P ger Car CO Emissions {db/mile) CAQ Emissions Avoided (tonaiyr)

Route angl Traing Cars Car Pass. Avold,  Avold. 1992 1989 1994 1995 V998 1997 1698 1963 2000 2010 1992 1903 1904 1985 1966 1997 1998 1969 2000 2010
1 Venturato LA 47 4 7 35 G80 17.09 3349640 0.0219 0.0208 0.0182 0.0178 0.0184 0.0152 0.0140 00129 0.0139 D ONSO 93.10 8748 8159 7555 6088 B460 6558 E606 BO.7Z9 254
2 SantaClarita to LA as [} 7 35 o 1367 0.00 0.0219 0.0206 0.0102 0.0178 0.0164 0.0152 0.0140 0.0129 0.0119 0 000 0.00 0.0¢ o oo 000 0.00 0.00 0.00 0.00 0.00 0.00
3 SHiolA 8.6 [} 7 35 1470 36.32 108780.80 0.021% 0.0206 0.0182 0.0178 0.0184 0.0162 0.0140 0.0129 0.0119 00080 296.78 278.68 260.08 240.83 222.60 20593 180.94 17548 16160 81.02
4 Rivorsids 1o LA (Ontaric) 58.8 2 7 35 490 20.40 25868.25 00219 0.0206 0.0192 0.0178 £.0164 0.0152 0.3140 0.0129 0.0119 0.0680 71.90 8758 €301 6834 BI96 4989 4801 4251 39.22 19.82
5 Oceanside to LA ar.2 4 7 35 B8O 334 8852240 00219 0.0208 0.0192 0.0173 0.0164 0.0152 0.0140 0.0120 0.0119 0.0080 184,80 172,74 16202 15003 12873 12326 114.33 10932 100.88 650.47
8 Rivarside to LA {Fullertcn) 62.8 3 7 35 7356 2819 4144199 00219 0.0208 0.0192 0.0176 0.0184 0.0152 0.0340 0.0120 0.0119 0.0060 116.18 108,24 100.94 6347 8843 7392 7472 6811 82483 144
7 SBiRiverside toIrvine &9 a 7 a5 735 2649 338934.35 0.0210 0 0208 0.0192 0.0178 0.0184 0.0152 0.0140 00129 0.0119 0.0080 10821 10168 5483 B781 6120 7500 6528 63.98 68.03 29.54
8 Hemet to Riverside V.6 Q 7 35 o 17.78 0.00 0.0218 0.0208 0.0192 0.0973 0.0164 0.0162 0.0140 0.0129 0.0119 0.0060 0.00 0.00 000 0.60 0.00 a 00 0.00 0.00 000 0.00
9 Radiands to 8B 12 2 7 a8 490 539 527923 0.0219 0.020€ 4.0192 0.0178 0.0184 £.0152 0.0140 0.0126 0.0119 0 0060 14.67 13.79 288 11.61 .01 10.18 9.9 888 800 4.01

Notes: 1. Itis d that 35 p gers ars in sach car,

2. One-way VMT avolded for routes 1, 2, 3, and 6§ is based on daia supplied by SCAQ,
For the cther routes, a mileage walghted composite based on the SCAG dala and the length of routesa 1, 2, 3, and 5 haa been used.
3. Trains aze assumed ta operate five days per week, laas six holldays per year. .

4, Vshicle emissions avoided are based on p ger car taclors as ined in the ARB's EMFACTE/BURDENTC emission Inventory.

Aok 1l

Emisslon factors for 1994 and subsequent years have been adjusted to t tor ARB 8.




TABLE B-32 {Continued)

COMMUTER RAIL VEHICLE EMISSIONS AVOIDED ~ CFF-PEAK SERVICE ~ MATURE LEVEL - CO

S W YA N -

Pass.
Routs #cl #cl Per Tiip

Route sngt Trains Cars Car Pass.
Venturato LA 47 10 7 a5 2450
Santa Clarita to LA 35 [ ] 7 35 1470
8B to LA 686 10 7 35 2460
Riverside to LA (Onlarlo) 53.8 ] T 35 1470
Oceanside ta LA 7.2 10 7 35 2480
Riverslde to LA (Fullerton) 82.8 14 7 35 2430
88/Riverside to Irvine 6 14 7 35 3430
Hama1 1o Rivarside 30.8 [ 7 a5 0
Redlands to 88 12 [ 7 a5 1226
Naotes: 1.ltis d thal 35 p gers are In each car,

Round 1-Way  Dally

Va7 T
Avcld.  Avold.

17.00 8374100
13.97 41071.80
38.32 177068.00
2040 T7804.75
33.94 16£306.00
28.10 193396.95
20.49 181863.85
17.78 0.00
539 13198.09

Predicted Basin Passenger Car GO Emlasions (fo/mile)
1992 1963 1994 18995 1698 1687 19898 1000 2000 2010

0.0219 9.0204 0.0192 0.0178 0.0184 0.0152 0.0140 0 012¢ 0.0118 0.0060
0.0219 0.0200 0.0102 0.0178 0.0184 0.0162 0.0140 0.0129 0.0119 0.0060
0.0219 0.0204 0.0192 0.0178 0.0184 0.0162 0.0140 0.0128 0.0119 0.0060
0.0219 0.0200 0.0192 0.0178 0.0184 QD152 0.0740 £0.0129 0.0119 0.0080
0.0219 0.0204 00192 0.0178 0.0184 0.0152 0 0140 0.0129 0.0119 0.0060
0.0219 0.0204 0.0182 0.0178 0.0184 0.0152 0.0140 0.0128 C.0118 0.0060
0.0219 0.0204 0.0192 0.0178 0.0164 0.0152 0.0140 0.0128 £0.0119 0.0080
0.0219 0.02040 0.0102 0.0178 0.0134 0.0152 0.0140 0.0129 0.0119 0.0060
0.0219 0.0206 0,0162 00178 0.0184 0.0152 0.0140 0.0129 0.0119 0.0060

2. One—way VMT avolded lorroutes 1,2, 3, and 5 ls bm‘d on data supplisd by SCAQ.
For tha athsr routss, a mileage welghted composits based on the SCAG data and the length of routes 1, 2, 3, and 5 has been used.
3. Tralns are sasumad 10 operate five daye par weak, leas six holidays par year.
4. Vehicls smisaions avolded ars based on p -
Emission factors for 1964 and subsequant years have been adj d to

car amlssion ¢

" Ined In the ARB’s EMFACTE/BURDEN?C emisslon invenlory.
t for ARB vehi h

1892

232.75
114,16
454.84
21589
462.22
537.52
504.99
0.00
36.88

1993

218.71
107.27
464.80
202488
434.35
506.10
A4T4.53
£.00
AT

CO Emissions Avoided (tonelyr)

1994

202.97
100,04
433.47
189.02
406.07
A71.06
442.58
0.00
2

1906

182.87
92.03
401.39
176.03
376.08
436.13
400.79
0.00
20.77

1099

174.88
85.65
371.15
161.04
344.83
403.32
37892
0.00
27.62

1697

181,50
naA
343,22
149.08
320.73
ara.e7
350 40
0.00
25.45

1998

148,95
73.08
316.57
13804
295.52
344.01
323.19
0.00
2348

1999

127.62
67.60
20247
127.63
273.30
317.82
200.50
0.00
21.69

2000

126,97
e2.27
260.83
11788
262.16
203.22
278.48
0.00
20.01

2010

3.54
a8
135.03
5822
126.18
148.73
137.88
0.00
10.01
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- TABLE B-33
COMMUTER RAIL VEHICLE EMISSIONS AVOIDED - OFF-PEAK SERVICE - START UP LEVEL - SOx
-
Pass. Round 1-Way Daily
Route #of #of Per Trdp VMT VMT Predicted Basin Pagsengar Car SOx Emissions {Ibimils) SOx Emisions Avoldad (tonslyr)
Route Length Trains Care  Car Pass. Avold. Avoid. 1982 1993 1904 1995 1998 1997 1998 1989 2000 2010 1992 1983 19084 1995 1996 1007 1998 1990 2000 2010
1 Venturato LA a7 [ 4 35 o 17.09 0.00 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0,0001 0.0001 000 000 000 000 OO0 000 OCO0 000 O0.00 000
2 SantaClaritatoLA a5 0 4 as 0 1397 0.00 0.0001 0.0001 00001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 000 000 000 000 000 000 000 000 0.00 000
3 SAtlA 56.5 [} 4 as 0 23832 0.00 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 000G1 0.0001 0.0001 000 000 000 000 000 000 000 000 000 000
4 Riverside to LA (Ontarla) 52.8 [} 4 a5 0 2640 0.00 0.0001 0.0001 00001 00001 0.0001 0.0001 0.0001 0.0001 0,0001 00001 000 000 000 000 DOD 000 OO0 OO0 000 000
5§ Oceanside to LA Br.2 [} 4 35 0D 33.94 0.00 00001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.000% 0.0001 0.0001 00 000 000 000 000 000 000 000 0.00 0.00
4 Rivarside to LA (Fullarton) 62.8 Q 4 35 0 2819 0.00 0.0001 9.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.000% 0.0001 0.0001 000 000 000 000 000 000 000 000 0.00 0.00
7 SB/Riverside 1o irvine &9 [] 4 35 0 2849 0.00 0.0001 0.0001 0.6001 0.0001 0.0001 00001 0.0001 0.0001 0.0001 0.0001 0.00 000 7000 000 000 000 D0DO0O 000 000 Q.00
8 Hemet to Riverside 388 0 4 35 0 17,78 0.00 0.0001 0.0001 0.0001 0.0001 C€.0001 0.0007 00001 0000t 0.0001 00001 Q00 000 000 000 DOD ©O0 OO0 000 OGO 000
¥ Redlands to SB 12 [ 4 35 0 539 000 0.0001 0.0001 06001 0.0001 0€.0001 00001 0.0007 C.0001 0.0801 0.0001 000 000 000 000 000 000 GO0 000 000 000
Motss: 1. itls assumed that 35 passengars ars in sach car.
2. Ons-~way VMT avoided for routes 1, 2, 3, and & Is based on data supplied by SCAG.
For the othet routes, a mileag ighted Ite based on the SCAQ data and the lengths of routea 1, 2, 3, and S have bsen used.
3. Trains wre assumed to operate five days per week, less six holidays per year,
4. Vahicle emissions avolded ara based on p ger car emisglon lactars &s o« d in tha ARB's EMFAC7E/BURDENTC emission Inventory.
COMMUTER RAIL VEHICLE EMISSIONS AVOIDED ~ OFF-PEAK SERVICE - INTERMEDIATE LEVEL - SOx
Pass. Round 1-Way Daily
Route wol #eol Per Tip VMT VMT Predicled Basin Py ger Car SOx Emisalons (Ibimile) S0x Emisslons Avolded (lonelyr)
Raute Lenglh Traine Cars  Car  Pass. Avoid, Aveld. 1992 1963 19684 1985 1686 1087 1688 1809 2000 2010 1992 1999 1984 1906 1096 1997 1698 1699 2000 2070
1 VenturatoLA 47 4 7 a5 980 17.08 3349640 0.0001 0.0001 0©.0001 D0.0001 0.06001 0.0001 00001 00001 0.0001 0.0001 066 053 051 049 048 047 045 0O4Ad4 043 040
2 Santa Clarita to LA 35 [] 7 as a 1387 0.00 00001 0.0001 0.000t 0.0001 0.0001 0.000¢ 0.0007 0.06007 0.0001 0.0001 000 000 000 0.00 000 000 000 000 000 000
3 SBwlA 58.6 ] 7 35 1470 34.32 106780.80 0.0001 00001 0.0007 0.0001 0.0007 0.0001 0.0001 0.0001 0.0001 0.0001 1.78 170 1.84 167 163 149 145 141 1.3 uZ7
4 Riverside o LA (Oatario) 58.8 2 7 as 460 20.40 25868.26 0.0001 0.0001 0.000t D0.000t 006001 00001 00001 0.000t 0.0001 00001 043 041 040 038 037 036 035 03¢ 0M 0%
& Ocsansids to LA 87.2 4 7 35 980 33.84 8452240 0.0001 0.0001 0.0001 00001 0.0001 0.0001 0.0601 00001 0.0001 0.0001 .10 106 102 088 005 093 090 088 088 079
6 Riverside to LA (Fullerion) 62.3 3 7 35 735 28.19 4144100  0.0001 0.0001 00001 0000V 0.C001 0.0001 0.000F 00001 0.0001 0.0001 088 068 084 081 060 058 068 0568 0564 049
7 8B/Riversids to Irvine 59 3 7 35 735 2649 38934.35 0.0001 0.0001 0.0001 0.0001 0.0007 0.0001 0.0001 0.0001 0.0067 0.0001 084 082 000 0657 066 054 063 051 D051 046
8 Heme1 to Riverside 39.8 [] 7 35 0 .78 Q.00 00007 0.000% 0.0001 0.0001 0.0001 00001 0.0001 0.0001 0.000% 0©.000% 0.00 000 000 000 000 000 000 000 0DOO 0.00
¢ Radlands 10 88 12 2 7 as 490 539 627923 0.0001 00007 000017 0.0001 0.0001 Q40001 0.0000 Q.0001 0.000% C.0001 009 O0.08 008 008 o008 007 007 007 007 008

Motes: 1. It in aasumed that 36 passengers are in sach car.
2. One-way VMT avoided for routes 1, 2, 3, and 5 |s based on data supplled by SCAG.
For the olher routes, a mil ighted Ite based on the SCARQ data and the lengtha of routes 1, 2, 3, and 5 have bean used.

3. Tralns ars sssumad to opserats five days par week, lese six hotldays per year.
4, Vehicle smissions avolded are based on p car emisslon as Ined In the ARB’s EMFACZE/BURDENTC smission lnveniory.
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TABLE B-33 (Continued)

COMMUTER RAIL VEHICLE EMISSIONS AVOIDED - OFF-PEAK SERVICE ~ MATURE LEVEL - SOx

W N R G-

Pass. Round 1-Way
Routa #of Hol Per Tidp VMT

Routle Longth Trains Cars Car Pass. Avold.

Ventura to LA 47 10 7 “36 2450 17.09

Santa Clarlla to LA as 8 7 35 1470 13.97

SBiolA 58.5 10 7 356 2450 38.32

Riverside 10 LA (Ontaric) 58.8 8 7 35 w70 2640

Ocensnside 1o LA 872 10 7 a5 2450 2a.04

Riverside to LA (Fullerion) 62.8 14 7 35 3430 2819

SH/Riveraidas 1o Irvine 59 4 7 35 3430 2649

Hemet to Riversids 398 0 7 a8 0 {1778

Redlands 10 58 12 6 7 35 1228 §.29
Notes: LIt d that 35 p gors are in sach car.

Dalty
VMY Predicted Basin Passenger Car SOx Emissions (b/mite)
Avold. 1962 1693 1954 1995 1906 1997 1968 1999
4374100 0.0001 0.0001 0.0001 0.0001 Q.0001 0.0001 0.0001 0.0001
41071.80 0.0001 0.0007 0.0001 00001 0.000% 0.0001 0.0001 0.0001
1779680.00 0.0001 0.0001 0.0001 00001 0.0001 00001 0.0007 0.0001
7780476 0.0001 D.0001 0.0001 0.0001 0.0007 0.0001 0.0001 0.0001
18830600 0.0001 0.0001 0.0001 0.0001 0.0001 00001 Q.0001 0.0001
193396.95 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.000t 0.0001
181693.85 0,0001 D0.0001 0.0001 0.0001 0.0001 0.000t 0.0001 0.0001
4,00 00001 0.0001 00001 0.0001 0.0001 0.000% €.0001 0.0001
13168.09  0.0001 0.0001 0.0001 0,0001 0.000% 0.000% ©.0007 0.0001

2. One-way VMT avolded (or routes 1, 2, 3, and 5 is based on data supplisd by SCAG.

For the other routes, & mileage weighted compoaite basad on the SCAG data und the lengths of routes 1, 2, 3, and 6 have baen used.
4. Tralns are assurned 10 operate five days per week, less six holldayn per yaar.
4, Vahicle amissions avolded are baned on p [

o

§ a3 contained in the ARB's EMFAC7E/BURDENTC emiasion Inventory.

2000

0.0001
0.0001
0.0001
0.0001
0.0001
0.0001
0.0001
0.0001
0.0001

2010

0.0001
0.0001
0.0001
0.0001
0.0001
0.0001
0.0001
0.0001
0 0001

1892

1.38
0.88
293
1.28
274
3.18
3.00
0.00
022

1.33
0.85
2.83
1.23
264
07
2.88

o1

§Ox Emissione Avolded (tonsiyr)

1994 1995 1966 1907 1598 1090 2000 2010
1.28 129 120 117 .14 1N 1.0 1.00
063 080 069 057 056 054 053 049
273 262 28656 248 242 235 231 2.2
1.9 114 1.1 1.08 1,06 1.03 1.0t 082
255 245 238 232 220 220 218 188
297 286 277 289 262 25 251 2
279 288 260 253 247 240 238 218
000 000 000 000 0.00 000 0.00 0.00
0.20 G190 0.9 018 018 0.7 017 0.18
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APPENDIX 11-3
FREIGHT RAIL AND AMTRAK
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TABLE C-1
Emission Factors & HP Data used for AEP (Based on 50% 16-710 and 50% 16-645E3 Engines)

Category Source Notch8 Notch7 Notch6& Notch5 Notch4 Notch3  Notch2  Notch 1 Idle Brake
HP 710 4035 3496 2637 1817 1351 975 430 198 5 23
645E3 3159 2661 1971 1461 1034 686 395 105 17 69
Combined 3597 3079 2304 1639 1193 831 413 152 1" 46
NOx 710 41686 38661 27684 18466 14657 11079 6486 3732 1064 3810
645E3 36933 a1ies 25568 20899 15416 10179 6040 2810 1635 4104
Combined - 39310 34925 26626 . 19683 15037 10629 6263 3271 1350 3957
PM 710 944 747 653 384 305 290 133 a3 20 93
645E3 837 648 545 336 258 227 133 24 34 80
Combined 891 698 599 360 282 259 133 29 27 87
HC 710 1332 1049 738 509 405 302 172 113 63 369
645E3 1169 878 611 424 321 247 201 156 185 293
Combined 1251 964 875 467 363 275 187 135 124 33t
CcoO 710 1574 1678 2531 1127 513 312 129 103 80 330
645E3 5908 5029 1912 760 435 ° 329 292 267 564 655
Combined 7M1 3354 2222 944 474 321 211 185 322 493
s02 710 3228 2796 2162 1563 1175 857 408 216 56 330
645E3 2528 2129 1597 1198 869 590 359 137 86 285
Combined 2878 2463 1880 1381 1022 724 384 177 7 308

(EFHPAEP.WK1)




TABLE C-2: FREIGHT RAIL -- BASELINE BASIN CASE (Year 199%)

¥ of # of Proposed Seg- Current Rail Systems ~- Diesel Emissions (Tons/Year} -- Power -Elect Emissions (Tons/Year)-
Trains Loco Route mentDir From To Miles NOx PN HC €0 5§02 (MWhr/Yr) NOX PM e = co so2
24 3.60 Coast Line L  E LA/ChatsworthBeaumont 110 4,63 0.10 0.17 0.42 0,32 304.33 0.138 0,004 0.013 0.022 0.001
60 4.50 L W Beaumont LA/Chatswort 110 20.46 0.43 0.72 1.76 1.42 1348.58 0.614 0,016 0.057 0.096 0.005
84 220 25.09 0,53 0.89 2.18 1.74 1652.9 0.752 0,020 0.059 0.118 0.007
B32 4,05 Saugus Line E E Acton LA 51 116,67 2.5 6.1 14.02 8.25 6076.72 2.765 0.073 0.255 0.434 0.024
456 3.60 E E Acton LA 51 59.24 1.30 3.05 7.06 4.19 3152.77 1.435 0,038 0.132 0,225 0.013
12 5.3%9 E E Acton LA 51 2.34 0.05 0.12 0.28 0.17 124,45 0.057 0,001 0.005 0.009 0.000
408 3.40 E WLlA Acton 51 B87.93 1.86 2.96 B.07 6.10 6093.28 2.772 0.073 0.256 0.436 0,024
950 3.82 E WLA Acton 51 219.83 4.64 T.41 20.18 15.25 15233.20 6.931 90.183 0.640 1.089 0.061
2668 255 486.01 10.39 19.65 49.40 33.956 30680.4 13.960 0.368 1.289 2.194 0.123
1,648 3.78 Alhambra/Yuma D E Long Beach West Colton 68 330.55 7.14 12.39 31.94 23.11 22337.18 10.163 0.268 0.938 1.597 0.089
180 5.39 /Barstow Line D E Long Beach West Colton 68 51.58 1.1 1.93 4.98 3.61 3485.34 1.586 0.042 0,146 0,249 0.014
26 2,25 D W West Colton Long Beach 68 2.31 0.05 0.10 0.24% 0.16 131.66 0.060 0.002 0.006 0©.009 0,001
1,236 4.50 D W West Colton Long Beach 68 237.54 5.01 10.56 24.40 16.46 13558.64 6.169 0,163 0.569 0.969 0.054
96 2.70 D W West Colton Long Beach 68 11.07 0.23 0.49 1.14 0.77 631.86 0.287 0.008 0.027 0.045 0.003
892 3.96 A E Bepumont West Colton 25 108.60 2.37 4.53 12.36 7.5 T129.46 3.244 0.086 0.299 0,510 0.029
484 3.37 A W West Colton Beaumont 25 23.16 0.47 1.30 3.06 1.47 982.08 0.447 0.012 0.041 0.070 0.004
288 4.50 B E West Colton LA 52 T1.26 1.56 2.66 T7.29 5.03 5031.95 2.290 0.060 0.211 0.360 0.020
216 4.05 C E Summit West Colton 24 9.58 0.20 0.78 1.43 0.62 140.31 0.0 0.002 0.006 0.010 0.001
2,356 3.40 C E Sumnit West Colteon 24 92,85 1.93 7T.58 15.80 6.02 1360.41 0.67% 0.016 0.057 0.097 0.005
1,720 3.93 C W West Colton Summit 24 384.09 B.48 14.03 40.65 27.20 27941.27 12.773 0.335 1.1764 1.998 0.112
636 1.35 G VLA Long Beach 18 %6.06 034 0,77 2.00 1.07 &895.7% 0.408 0.011 0,038 0,064 0.004
3264 3.60 G WLA Long Beach 18 21.82 0.46 1.05 2.72 1.45 1216.87 0.554 0.015 0.051 0.087 0.005
1,644 3.87 H E Long Beach Beaumont 94 452.43 9.79 16.28 41.98 31.84 31328.96 14.255 0.376 1.316 2.240 0.125
1,860 4.12 H W Beaumont Long Beach Q4 437.00 9.23 18.74 42.93 30.53 25618.78 11.657 0.307 1.676 1.832 0.102
384 4.50 H W Beaumcnt Long Beach 9% 9B.42 2.08 4.22 9.67 6.B8 5769.86 2.625 0.069 0.242 0.413 0.023
480 3.15 I E Cajon Beaumont 4 T78.32 1.73 3.27 B.39 5.55 5078.6t 2.311 0.081 0.213 0.363 0.020
336 1.80 I E Cajon Beaumont 44 31.33 0.9 131 3.35 2.22 2031.44 0.924 0.024 0.085 0.145 0.008
324 4.50 I ¥ Beaumont Cajon 44 98.45 2.16 3.58 9.93 46.97 7044.12 3.205 0.085 0.296 0.504 0.028
266 3.60 I W Beaumont Cajon 44 6417 141 2,33 6.48  4.54 4591.72 2.089 0.055 0.193 0.328 0.018
1,824 3.90 J E Beaumont LA 7B S77.45 12.73 20.49 56.69 41.09 42076.45 19.145 0,505 1.767 3.008 0,168
196 3.60 J E Beaumont LA 78 57.28 1.26 2.03 5.62 4.08 4173.57 1.899 0.050 0.175 0.298 0.017
92 1.80 J WA Beaumont 75 .71 0.12 0.25 0.55 0.38 308.53 0.140 0.004 0.013 0.022 0.001
852 3.9 J WHLA Beaumont 78 109.77 2.28 4.89 10.65 7.38 5932.80 2.699 0.071 0.24%9 0.42% 0.024
18350 1320 3370.79 72.83 135.58 344.46 235.92 218797.6 99.553 2.626 9.190 15.644 0.875
21112 Year 1991 Total for $P: 1795 3881.9 83.7 156.1 396.2 271.6 251130.9 114.3 3.0 105 1a.0 1.0
Year 1991 40X of TOTAL: 100452.4  45.7 1.2 4.2 7.2 0.4
Year 200072010 Total for SP: 2717.3 837 156.1 3%6.2 271.6 251130.9 18.8 3.0 10.5 18.0 1.0
Year 200072010 40% of TOTAL: 100452.4 7.5 1.2 4.2 7.2 0.4

"



TABLE C-2 (Continued): FREIGHT RAIL -- BASELINE BASIN CASE {Year 1991)

# of # of Proposed Seg- Current Rail Systems -- Diesel Emissions (Tons/Year) -- Power -Elect Emissions (Tons/Year)-
Trains Loco Route mentDir From To Miles NOx PN HC co 802 (Mwhr/Yr) NOX PM HC co so2
1,564 3.60 San Bernardino SFH E Hobart S Bernardino 63 253,92 5.38 9.00 23.69 17.54 17348.66 7.894 0,208 0.729 1.240 0.069
2,202 4.44 Subdivision SF1 E Hobart $ Bernardino 63 413.57 8.77 14.91 39.16 2B.55 28047.56 12.762 0.337 1,178 2.005 0.112

182 4.8 SFf4 E Hobart $ Bernardino 63 29,20 0.1 1.10 2.70 1.98 1867.74 0.850 0.022 0.078 0.134 0.007
1,351 4.32 SFA W 8 Bernardino Hobart 63 173.29 3.58 7.5 17.13 11.71 9784.65 4.452 0,117 0.411 0.700 0,039
756 3.9 SFB W S Bernardino Hobart 63 7T7.89 1.61 3.52 B8.03 5.24 4249.60 1.934 0.051 0.178 0.304 0.017
12 6.27 SFC W S Bernardino Hobart 63 2,60 0.05 0.11 0.26 0.18 153.43 0.070 0.002 0.006 0.011 0.001
38 3.99 SFD W S Bernardino Hobart 63 3.23 0.07 0.15 0.34 0.21 165,25 0.075 0.002 0,007 0.012 0.001

1,274 4.09 SFE W 5 Bernardino Hobart 63 157.50 3.35 7.08 16.77 10.87 9084.80 4.134 0.109 0.382 0.650 0.036

1,361 3.9 SFF W S Bernardino Hobart 63 147.03 3.13 6.74 16.09 10.12 8385.91 3.816 0.%101 0.352 0.600 0.034 .
80 4.00 SFG W S Bernardino Hobart 63 7.9 0.17 0.37 0.8 0.54 437.12 0.199 0.005 0.018 0.031 0.002

1,981 4.15 SFN E S Bernardino Cajon 20 394.38 B.68 14.45 41.83 27.90 28595.80 13.011 0.343 1.20% 2.045 0.114

3,845 4.20 SFO E S Bernardino Cajon 20 668.39 14.62 24.97 T2.07 46.99 4T618.07 21.666 0.571 2.000 3.405 0.19%0

2 3.06 SFP E 5 Bernardino Cajon 20 0.36 0.01 0.01 0,04 0.03 24.90 0.¢12 0.000 0.001 0.002 0.000
3,163 4.39 SFK W cajon S Bernardino 20 126.59 2.64 10.59 22.02 B8.18 1588.45 0.723 0.019 0.067 0.114 0.006
2,165 3.89 SFL. W cajon $ Bernardino 20 74,08 1.54 6.18 12,98 4.T4 950.98 0.433 0.011 0.04C 0.048 0.004
13 6.39 SFM W Cajon S Bernardino 20 0.71 0.01 0.06 0.12 0.05 9.64 0.004 0.000 0.000 0,001 0.000
19989 750 2530.70 54.22 106.75 274.09 174.86 158314.6 72.033 1.900 6.649 11.319 0.633
388 4.46 Watson Sub. SFS E ¥Matson Kobart 19 33.22 0.68 1.61 3.05 2.10 1485.12 0.876 0.018 0.0626 0.106 0.006
349 44T SFQ W Hobart Watson ¢ 38.90 0.78 1.8 3.51 2.57 1872.28 0.852 0.022 0.079 0.134 0.007
4 4.04 SFR W Hobart Watson 19 0.48 0.01 0.02 0.05 0.03 26.50 0.012 0.000 0.001 0.002 0.000

741 57 72,59 1.47 3.46 6.60 4.71 33839 1.540 0.041 0.142 0.262 0.014
431 4.08 San Diego Sub. SFU E San Clemente Hobart 42 30.28 90.62 1.37 3.31 1.96 1632,15 0.743 0.020 0.069 0.117 0.007
198 4.15 SFT W Hobart San Clemente 42 14.15 0.29 0.66 1.54 0.91 752.59 0.347 0.009 0.032 0.055 0.003
629 B4 4642 091 2,02 4.85 2.87 2394.7 1.090 0.029 0.101 0.171 0.010
21359 Year 1991 Total for SF: 891 2647.7 56.6 112.2 285.5 182.4 164093,.2 74.7 2.0 6.9 1.7 0.7
Year 1991 40X of TOTAL: 65637.3 29.9 0.8 2.8 6.7 0.3

Year 2000/2010 Total for SF: 1853.4 56.6 112.2 285.5 182.4 164093,2 12.3 2.0 6.9 1.7 0.7

Year 200072010 40X of TOTAL: 65637.3 4.9 0.8 2.8 4.7 0.3




TABLE C-2 (Continued): FREIGHT RAIL -- BASELINE BASIN CASE (Year 1991)

¥ of # of Proposed Seg- Current Rail Systems -- Diesel Emissions (Tons/Year) -- Power -Elect Emissions (Tons/Year)-

Yrains Loco Route mentDir From To Miles NOx PM HC co $02 (MNWhr/Yr) NOx PM HC co s02
82 2.31 Union Pacific UAA E LA Sumi t 80.3 7.22 0.1 0.35 0.83 0,52 412.90 0.188 0.005 0.017 0.030 0.002
533 3.12 Line UAA E LA Summi t 80.3 120.52 2.68 4.29 12.09 8.61 8853.63 4.028 0.106 0.372 0.633 0.035
299 5.8 UAA E LA Sumit 80.3 158.85 3.5% 5.51 15,70 11.40 11M6.91 5.422 0.143 0.501 0,852 0.048
1,045 3.32 UAA E LA Sunmit 80.3 255,27 5.60 B.94 25.40 18.16 18634.68 8,479 0.224 0.783 1.332 0.075
51 3.05 UBB E Long Beach Summit 101 7.21 0.16 0.34 0.81 0.52 420.30 0.191 0.005 0.018 0.03¢ 0.002
8 2.58 UBB E Long Beach Summit 101 20.21 0.44 0.69 1.97 1.44 1491.70 0.679 0.018 0.063 0.307 0.006
S3 1.64 UoD W Sumit LA 20.3 11.76 0.26 0.40 1.14 0.8 901.51 0.410 0.011 0.038 0.064 0.004
106 2.58 uphD W Summit LA 80.3 9.89 0.22 0.50 1.14 0.70 540.31 0.266 0.006 0.023 0.039 0.002
105 1.81 ucc W summit LA 80.3 20.69 0.46 0.71 2.04 1.4% 1575.,15 0,717 0,019 0.066 0.113 0.005
557 3.45 ucc W Summit LA 80.3 49.00 1.06 2.55 5.77 3.40 2471.45 1.12§8 0.030 0.104 0.177 0.010
272 5.20 ucC W Ssumit - LA 80.3 41.41 0.90 2,11 4.83 2.91 2i97.77 1.000 0.026 0.092 0.157 0.009
B&67 3.56 ucc W Sumit LA 80.3 92,390 2.02 4.74 10.99 6.52 4926.06 2.241 0.05¢ 0.207 0.352 0.020
4036 1005 794.43 17.52 31.12 B2.72 56.53 54342.4 24,726 0.652 2.282 3.885 0.217
4056 Year 1991 Total for UP: 1005.0 794.4 17.5 31.1 82.7 56.5 54342.4 24.7 0.7 2.3 3.9 0.2
Year 1991 40% of TOTAL: 2i736.9 9.9 0.3 0.9 1.6 ¢.1

Year 2000/2010 Total for UP: 1005.0 556.1 17.5 31.1 82.7 56.5 54342.4 4.1 0.7 2.3 3.9 0.2

Year 200072010 40X of TOTAL: 21736.9 1.6 0.3 0.9 1.6 0.1

46527 Year 1991 TOTAL: 369 7324 158 299 765 511 469567 214 6 20 34 2
Year 1991 40% of TOTAL: 187827 85 2 8 13 1

Year 2000,2010 TOTAL: 36 5127 158 299 765 511 469567 35 6 20 34 2

(basel.wk1) Year 200072010 40X of TOTAL: 187827 14 2 8 13 §
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TABLE C-3: SEGMENT CORRELATIONS

LEAC ELECTRIFICATION TASK FORCE STUDY
Passenger Service
AA  1234570,40,41,42,43,44(0.333)

AB Reverse of

AC 1,17,18,19,20,26,27,71,52,53,54,55,56,57(0.7241)
AD Reverse of AC

Al 1,2,10,12,14,15

AP  Reverse of Al

AQ 28,29,30,31,32,33,34,35,71,52,53,54,55,56,57
AR Reverse of AQ

AS  1,17,18,19,20,21,22,23(0.333),72

AT Reverse of AS

AY 12,10,12,14,15 a
AX Reverse of AY

UP Freight

UAA 31,32,33,34,35,71,52,53,54,55,56,57

UBB 28,29,30,31,32,33,34,35,71,52,53,54,55,56,57
UCC Reverse of UAA

UDD 31,32,33,34,35,71,52,53,54,55,56,57

SP Freight

rRETImQTMEmIOOw>

43,44(0.333)

42,41,40,70,5,39,38

62,63,64

28.29.37, + 38,39,6,70,40,41,42

10,12,13

10,12,14,15

37,29,28
28.29.37,38,39,5,70,40,41,42,43,44(0.333)
64,63,62,43,44(0.333)
38,39.5,70,40,41,42,43,44(0.333)
38,39,5,70,40,41,42,62,63,64
44(0.333),43,42,41,40,70,5,39,38,10,12,14,15
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TABLE C-3 (Continued): SEGMENT CORRELATIONS

SF Freight

SFA
SFB
SFC
SFE
SFF
SFG
SFH
SF1
SFJ
SFT
SFU
SFK
SFL
SFM
SFN
SFO
SFP
SFQ
SFR
SFS

55,54,53,52,71,27,26,20,19
55.54,53,52,71,27,26,20,19
55,54,53,52,71,27,26.20,19
55.54.53.52,71,27,26,.20,19
55.54.53.52,71.27.26.20,19
55,54,53,52,71,27.26,20,19
19,20,26,27,71,52,53,54,55
19.20,26,27.71,52,53,54,55
19,20,26,27.71,52,53,54,55
19.20,21,22,23(0.333
19.20.21.22,23(0.333
57.56

57,56

57,56

57.56

57,56

57,56

18,36,28

18,36,28

18,36,28
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TABLE C-4: AMTRAK Emissions by LEAC Segment

DIESEL POLLUTANTS | ENERGY | ELECTRICITY POLLUTAMTS
Notch, Time {in minutes per engine) tpy=[S({Tn* g/h)} *(1h/60min)* (#Engines)/(g/on) | | tpy=[(MWh)" ({b/MWh){2000IbAon)]

Seg #Engines 8 7 & 5 4 3 2 1Bake NOx CO CH2 SO2 PM bhp-hryr MWhiyr NOx €O CH2  SO2 M
AR 32 29 15 14 11 11 12 20 18 1] 11.97 1.25 0.14 0.72 0.36 1,046,401 1,011 0076 0.072 0.042 0.004 0.012
AP 416 10 4 &5 5 6 3 3 4 5 5.47 0.55 0.07 0.33 0.16 472,316 456 0.034 0033 0019 0.002 0.005
AX 364 10 4 5 5 6 3 3 4 5 4.78 0.48 0.06 0.29 0.14 413,277 393 0030 0029 0.017 0.002 0.005
AY 364 8 4 6 10 B8 5 5 4 0 5.29 0.47 0.06 0.3 0.15 452,541 437 0.033 0031 0018 0.002 0.005
Al 416 8 4 6 10 8 5 5 4 0 6.05 0.54 0.07 0.36 c.18 517,190 506 0037 0.03 0021 0.002 0.006
AT 2856 32 0 4 0 3 00 0 O 2 57.07 6.96 0.67 . 3.62 1.78 5342986 5,162 0.387 0.369 0.217 0.021 0.062
AA 312 18 4 1 1 T 12 14 15 33 6.32 0.60 0.11 0.37 0.18 498,648 482 0036 0034 0020 0002 0.006
AS 2856 30 2 t 2 3 6 0 O 0 57.96 6.90 0.66 3.63 1.78 5373616 5191 0389 0371 0218 0.021 0.062
AB 312 49 13 1 1 7 7 11 N 0 11.95 1.47 0.14 0.75 0.36 1,099,283 1,062 0©0.080 0076 0.045 0.004 0.013
AC 520 12 3 2 2 8 7 12 12 59 9.03 0.81 0.20 0.52 0.26 641,550 620 0046 0044 0.026 0.002 0.007
AD §20 65 14 11 13 15 12 9 13 6 29.84 3.537 0.35 1.84 090 2692467 2601 0.195 0.186 0.109 0.010 0.021
AQ 312 10 3 3 3 6 13 23 20 48 5.79 0.45 0.12 0.32 0.16 407,804 394 0.030 0.028 0.017 0.002 0.005

21152 2387 264 13.05 6.415 18,958,078 18,315 1374 1309 0769 0.073 0.220
% Reductions: 99.4% 94.5% 70.9% 99.4% 96.6%

Emission Reductions (tpy): 210 23 2 13 6

0.059

Throttle notch times per engine and number of engines for each segment are provided by the’
"CARB Locomotive Emission Study-~Appendices”, p B-15--for passenger trains in the South Coast Basin,

DIESEL EMISSIONS are calculated using grams-per-hour data from Engine Model 12-710G3A; and the diesel energy (bhp-hr/yr) for each segment

is calculated using data from the same Engine Model. This input data, given on the next page, was obtained from LACTC on 12/18/91.
The Engine Model used is the one recommended by Bob McCulloch of Booz, Allen, and Hamilton on 1/23/92,
The EXCEPTIONS are DIESEL PM EMISSIONS, which are calculated using Engine Model 16-710G3 from the
*CARB Locomotive Emission Study--Appendices”, p B-6 (for lack of data on other Engine Model). This input data also is given on the next page.

Equivalent electrical energy (MWh/yr) generation is calculated using a power distribution efficiency of 93% and a catenary efficiency of 83%,
for a combined efficiency of 77.2%

ELECTRICITY-GENERATION EMISSIONS are calculated from equivalent electrical energy using the following rates: Pollutant Ib/MWh

NOx 0.150

(o0] 0.143
CH2 0.084
§502 0.008

PM 0.024
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TABLE C-4 (Continued)

Engine Model 12-710G3A for Locomotive Madels GP59, FE9PH; 31-Oct-90.
Fuel sulfur content = 0.20%

|grams per brake horsepower-hour | |====--grams per hour—-————|
T/IN BHP NOx CO CH2 S0O2 NOx CO CH2 802
8 3195.5 9.51 1.23 0.11 0.61 30389 3930 352 1949
7 2833.7 9.36 1.71 0.09 0.61 23715 4333 228 1546
6 16985.9 10.71 0.83 0.11 0.63 18163 1408 187 1068
5 14015 10.93 0.61 0.12 0.64 156318 855 168 897
4
3
2

1062.8 12.01 0.29 0.13 0.64 12644 305 137 674
716.9 13.88 0.25 0.17 0.65 9951 179 122 466
372.2 15.04 0.34 0.22 0.68 5598 127 82 253

1 2094 16.94 0.54 0.4 0.79 3338 113 84 165
Brk 248 112.98 9.21 7.69 6.21 2801 228 19 154

Engine Model 16-710G3 for Locomotive Models GP&0, SDE0.

Fuel sulfur content = 0.27%

a/hr
T/N BHP PM
8 4035 944
7 3496 747
6 2637 653
5 1817 384
4 1351 305
3 975 290
2 430 133
1 198 33

Brk 23 93
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ETF 2010 ETF LEAC ETF
Sagment  # Trains #Trains  Mileages
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0.6
0.3
0.2
11.4
27
7.2
1.2
19.8
23.2
1.2
1.2
2.1
23.7
7.3
0.¢
58.3
2.8
1.3

_._.
T3 cvewoanraon -
.

Ooccoogoooo

- o mt kb b
m N e DN
-
-]

=

58898828098 RNRNYBRYY

13.3
3.5
19.9
1.0
24.1
124.0
0.2
3.2
6.5
1.8
0.1
0.0
3.1
3.5
2.7
1.0
1.8
10.5
19.5

7.2
5.2
548
7.8
18.0
9.5
0.1
29
12.0
80
27
0.8
18.1

23l ocoocoocoalB8ddd8dddlooorccl 8BB8883008848Y9 88088 annnoiBliomas~

cBBcoamoadmscoccomdi bl oococoo0oo0ooNYBBBEERN

NY32R2Q3RE2RA2BBLTURLLBR2BELLEEREAE

Total {tonalysar)

0.00

3.50
150.88
258.10
7.92
8.22
9.76
0.00
0.00
101.79
586.50
481.38
26,45
0.24
71.44
54,43
99.50
61.23
188.29

1.88

152.03
180.87
348.83
91.74
521.63
28.77
e92.28
0.00
0.00
0.00
0.00
0.00
0.00
0.00
8480
85.74
n.e8
27.35
77297
68200
0.00
Q.00
Q.00
0.00
124,20
167.03
34262
0.00
0.00
0.00
0.00
0.00

21.88
0.00

727172

TABLE C-6: DIESEL FREKAHT EMISSIONS BY ETF SEGMENT

0.00
.00
0.00
0.00
1.18
2.28
a.00
0.00
0.00
0.37
9.00
283
7.24
0.04
.06
0.00
6.00
c.07
3.18
5.40
0.18
0.13
0.20
0.00
0.00
215
11,93
10.21
0,54
o.01
1.58
1.20
2.19
1.35
an
0,03
1.00
3.28
3.90
7.52
183
11.25
0.2
15.00
0.00
0.00
0.00
0.0
0.C0
0.00
0.00
.81
208
1.58
Q.58
19,84
14.86
0.00
0.00
9.00
Q.00
an
2.86
749
©.00
0.00
0.00
0.00
0.00
2.08
0.47
0.00

158.72

13.70
0.07

0.08
1.90
5.88
8.98
13.48
3.55
20.17
112
27.27
0.00
0.00
0.00
0.00
0.00
0.00
0.0¢
M
.78
9
1.08
33.79
20.81
0.00
0.00
0.00
0.00
6.50
740
15.17
0.00
0.00
0.00
0.00
0.00
375
0.88
0.00

298.84

1.78
0.00
13.48
34.57
0.16
0.00
0.00
0,00
0.33
14.98
25.42
0.56
0.58
1.07
0.00
0.00
10.06
56.83
47.26
253
002
2.38
583
10.28
833
17.40
0.15
4.65
14.83
17.85
34.02
8.05
50.80
202
70.33
0.00
0.00
0.00
0.00
o.00
0.00
0.00
8.49
9.59
7.40
2.74
89,85
79.10
0.00
0.00
0.00
0.00
14.37
19.22
39.83
0.00
0.00

0.00
0.00
9.45
219
0.00

758.48

LEAC

10,33
t7.53
0.51
0.40
0.83
0.00
0.00
6.89
33.83
33.21
77
0.02
5.09
387
7.08
4.38
11.88
Q.11
3.28
10.67
12.89
24.48
.44
34.61
am
43.47
0.00
0.00
0.00
Q.00
.00
0.00
¢.00
639
8,45
6.13
1.90
53,90
47.56
0.00
0.00
0.00
0.00
8.68
11.67
23.93
0.00
0.00

0.00
0.00
an
t.52
0.00

ETF NOx
wic 30%

0.00
.00
160.78
040,14
1429 55
40.54
0.00
237.88
12.22
331,30
203.88
680.67
13.08
78.62
283.13
348.73
769.95
202.62
1152.03
E7.2¢
$377.80
0.00
0.0¢
0.00
0.00
0.00
0.00
0.00
186,684
200,80
185.89
81.44
1538.08
1193.58
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
187.00
47.91
0.00

13513.89

ETF NOx
wi30%

19.80
156.88
284.21

0.60
10.10
16.58

0.00

0.00

112.53
658.10
1047.69

28 88

0.00

168.50
126.88
231
142.72
392.47

.14

53.64
205.18
244.11
£38.07
141,82
808.42

40.08

0.00
0.00
Q.00
0.00
0.00
0.00
0.00
129.95
148.72
1168.12
43.01
1076.85
335.49
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
130.80
33.54
0.00

9458.57

ETFPM

0.00
0.00
0.00
0.00
N
0.00
0.00
0.00
0.00
0.79
0.00
8.01
8.94
1.71

12.37

18.60
437
24.84
1.24
20.84
0.00
0.00
0.00
0.00
0.00
0.00
0.00
3.97
449
3.55
1.2

20.01
0.00
0.00
0.09
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
.00
4.03
1.03
¢.00

1.0

ETF HC

0.00
0.00
0.00
0.00
5687
0.00
0.00
0.00
0.00
148
9.0
11,24
1312
2.87
Q.08
0.00
0.08
1.24
3.¢2
15.15
a.00
Q.65
1.02
.00
Q.00
8.4
3747
56.74
1.68
0.00
8.16
898
12.76
7.86
21.80
0.82
3.1
11.34
13.49
2878
7.84
44.56
2.25
54.26
0.00

0.00
0.00
0.00
0.00
0.c0
7.32
8.27
8.54
242
87.23
62.17
0.0
0.00
0.00
0.00
0.0
Q.00
0.00
0.00
0.00
.00
£.00
g.00
T
139
0.00

ETF CO

0.00
0.00
.00
0.00
14.43
0.60
0.00
.00
0.00
177
0.00
28.60
3311
7.02
0.00
0.00
0.00
2.88
22.07
37.48
Q.00
1.58
2.47
a.00
0.00
15.87
g2.82
141.30
407
0.00
24,58
18.73

2107
57.95
1.19
7.81
28.80
34.03
75.13
18.77
112.41
582
139,93
0.00

0.00
0.00
0.00
0.00
0.00
18.82
20.08
168.82
a.15
173.38
138.43
0.00
0.00
0.00
0.00
0.00
0.00
0.0¢
0.00
0.00

0.00
0.00
1828
4.80
0.00

1380.47

ETF SOx

0.00
0.00
0.00
0.00
10.45

0.00
0.00
0.00
2.68
0.00
19.83

5,60
0.00
0.00
0.00
183
1623
26.84
0.00
0.93
1.48
Q.00
0.00
11.04
64.56
99.32
285
0.00
18.93
12.90
23.59
14.51
30.92
0.86
5.34
20.57
24.47
54.03
14.22
80.84
4.01
96.48
0.00

0.00
0.00
0.00
0.00
0.00
1238
14,56
11.62
4.27
107.24

0.00
000
0.00
0.00
0.0¢
0.00
0.00
0.00
0.00
0.00
0.00
0.00
1312
3.33
0.00

942,31
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TABLE C-5 {Continuad): DIESEL FRENGHT EMISSIONS BY LEAC SEGMENT

LEAC Numbaer of Traing {Yearly)
Segments Mixed Inter. Bulk
Ad 0 o 0
AB 0 o 0
AC L] [} [}
AD 0 -} [}
A 0 0 Q
AP [ 0 0
AQ [ 0 0
AR [+ 0 ]
AS 1] -] 0
AT ] 0 0
AY ] ] o
AX ] 0 Q
UAA 1046 832 82
ues 88 0 51
UcG 867 L] 105
uno 108 0 53
A 1376 4] L]
B 288 ] ]
(] 4076 0 218
D 2884 24 278
E 12 1418 1240
F ) 0 ]
a 24 638 0
H 384 3504 0
[} 880 744 Q
J 292 2878 Q
K 0 0 0
L 24 &0 0
SFA 1351 Q [}
8FB [4 758 [}
SFC [i] 0 12
SFE 1274 [ 4
SFF [} 1361 0
SFQ 0 &0 ]
SFH 1564 [+] [}
SFi 0 2202 4
SFJ 0 182 ]
SFT 198 0 [
SFU 4 -] [}
SFK 3163 1] 0
SFL 0 2188 0
SFM 1] 0 13
SFN 1981 0 ]
SFO [ 3845 0
SFP [ ) 2
SFQ 9 0 0
SFR [} ] 4
SFS 388 0 0
Total (fonalyear)

Total

O 000D QQ0000

..
"
g8
)

1801
180
1376

4202

1361
758

1274
1381

1564

182
188

B L]
2185
13
1981
345
2
349
4
388

Dally
# Tralns

0.00
0.00
0.00
0.00
Q.00
0,00
0.00
0.00
0.00
0.00
0.00
0.00
B.37
0.38
493
0.44
3.77
0.79
11.7¢

7.31
0.00
283
10.85
3.a8
8.13
0.00
023
un
.07
0.03
.48
n
0.22
4.28
a.02
0.50
0.64
1.18
a.87
593
0.04
543
10.53
0.01
0.96
o.n
1.08

NOx

PM

HC

cO

SOx

LEAC

Emissions Emissions Emissions Emissions Emissions Mileage

£

3
ksﬂﬂoﬂﬂoaﬂﬂﬂcﬂ

3
&

21.85
131.78
71.28

37.88
087.85
272.2¢
750.21

17.29
77.89
2.6
157.56
147.03

412.67

7320.81

00O 000QG0000

~mos =
gErES %o

10.81
13.54
10.38

0.8
21.1
5.99

18,39

0.53
3.58
1.81
0.06
3.35
3.13
Q.17
£.28
8.77
0.8
0.29
0.82
284
1.54
0.01
LX. ]
4.82
9.01
0.73
0.01
Q.68

162.79

oo OoOODOOoODDODDOAOQ

—
L4
o
o

1.03
0.1
0.9
6.83
2.68

25.45
19.85

t.82
29.24
10.48
27.88

0.8%
7.51
a.s2
0.11
7.08
e.74
0.37

4.9
11
.64
137
10.59
&.18
0.06
14.46
24.97
0.01
1.82
0.02
1.81

299.27

oo 0ocoo00CO

pdpf
88338

15.42
7.29
58.08

49.4

4.72
04.68
28.15
73.51

2.18
17.13
LX)
0.26
18.77
16,08
0.8
23.69
39.18
27
1.54
3.31
22,02
t2.98
0.12
41.83
72.07
0.04
3.5
.05
3.05

764,15

8000UUODGQOOO

&

1.98
1432
1.56
a.98
6.03
33,34
44,11
33.68

2.52
89.26
19.28

1.74
11.71
5.24
0.18
10.87
10.12
0.54
17.64
28.55
1.98
0.1
1.98
5.18
4.74
0.06
27.9
48.99
0.03
2.57
0.03
21

510.35

o000 OCOODOODOOO

..
=

Lol
o~

1139
87
26.1
£6.8
2.8

7.8
28.7
1008

80.8
54

a333323885
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ETF 2010 ETF
Ssgment  # Trains

- -
-+ 0O 0 G NS WUN -
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SELLE 620NN BRYBBLEBUNNRBRRYRRESS

2qERRERE

sldgaszaran2ey

Total (tonsiyesr)

43
14

O 000 800

-
[t

LEAGC

ETF

#Tralns  Milwages

~N
-

OO0 WOoOL 0O a o 4duwas

N O OO 000000000 NNRLNMUNMMNMDGOGEDOEO O D - - v o o 00 0 O - - b wi b ab b ok va o OO

-
o

0.8
0.3
0.2
11.4
2.7
17.2
1.2
18.8
2.2
1.2
1.2
8.1
237
73
2.0
583

13.3
3.5
19.9
1.0
241
124.0
0.2
32
5.5
1.8
0.1
0.0
ad
5
2.7
1.0
1.9
10.8
10.6
8.9
72
8.2
E.8
7.8
18.0
0.5
0.1
2.9
120
38.0
3.7
0.3
18.1

LEAC
NOx

212
042
0.06
2.58
0.81
0.00
0.00
0.00
0.00
1.40
0.00
10.82

1621

0.00
0.00

©.00
0.00
177
1.99

0.57
.78
588
0.00

0.00
0.090
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.48
81.12

210.73

TABLE C-8: DIESEL AMTRAK EMISSIONS BY ETF SEGMENT

LEAC
PM

0.06
0.01
0.00
0.08
0.02

0.00

0.00
0.07
0.37
A R}
0.01
0.00

0.03
0.05
0.03
0.08
0.00
.09
0.00
0.00
0.ce
e.02
c.13
c.o1
g.1e

0.00
0.00
0.0¢
c.00
0.00
0.00
0.05

0.05
0.02
0.20
c.12
0.00
. .00
0.00
0.00
0.00
0.0¢
0.00
0.00

0.00
0.00
0.00
0.00
Q.01
0.563

4.79

LEAC
HC

0.03
.01
0.00
0.04
0.01

0.00
0.00
0.00
0.02
0.00
0.13
0.00
0.10

0.00
0.07
0.03
0.20
0.33
0.14
0.12
0.19
0.00
0.00
0.03
0.18
0.08
0.00
Q.00
0.02
0.01
0.03
0.02
0.05
0.00
Q.00

0.01
0.96

2,64

cQ

0.23
0.04
2.0
0.29
0.07
0.00
0.00
0.00
0.00
0.13
0.00
1.00
0.00
0.80
6.00
0.00
0.85
0.33
1891
3.26
1.84
1.28
202
9.00

0.24
1.34
0.36
002
0.01
0.13
0.10
0.17
Q.11
0.30
Q.00
0.00
0.00

0.34

c.08
0.51

0.00

0.00
0.08
3.75

22.78

LEAC
80x

0.13
Q.03
oo
0.18
0.04
0.00
0.00
g o0
0.00
0.08
0.00
0.63
0.00
0.51

0.00
0.00
0.00
.00
0.00
0.00
0.00
0.03
1.08

12.01

32.62

1.68
1.76
270
1.00
11.90
10.50
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
Q.00
0.00
0.00
0.40
2.98

377.04

ETF NOx
w/30%

3.38
1.03
0.00
0.00
2.00
0.00

0.00
0.00
3.75
0.00
28.48
0.00
22.33
0.00
0.00
773
3.87

38.38
18.23
14,31

0.00

1.39

8.33
7356
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
Q.28
278

263.93

ETF PM

0.1
0.04
0.00
0.00
0.09
0.00
0.00
9.00
0.00
(R 1}
0.08
1.20
0.00
0.8
0.00
Q.00
0.22
on
0.63
1.07
0.44
0.38
0.58
0.00
0.00
0.09
0.52
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.42
0.1%
0.63
0.03
0.38
0.00
0.00
0.20
.00
0.00
0.00
2.00
0.05
0.05
o.ce
0.63
0.38
0.31
0.0
Q.00
a.co
0.00
0.00
0.00
0.00
0.00
0.00
Q.00
0.00
0.00
0.00
0.01
0.97

ETF HC

0.08
0.02
0.00
0.00
0.04
a.00
0.00
0.00
9.00
0.08
0.00
0.49
0.00
0.39

0.13

0.00
Q.80

ETFCO

Q.00
0.00
Q.00
0.00
0.00
0.18
e.13
0.23
0.10
1.24
10
0.00
0.0
a.00
0.00

0.00
o.co
0.00
0.00
0.00
0.00
0.00
0.00
0.04
0.43

41.89

ETF 80x

0.30
0.08
0.00
0.00
0.18
0.00
0.00
0.00
0.00
0.32
0.00
2,43
0.00

000
0.00
0.68
0.35
2.02

0.00
0.00
2.00
0.00
0.00
a.ca
0.00
0.00

0.02
0.25

3.2
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TABLE C-8 (Continued): DIESEL AMTRAK EMISSIONS BY LEAC SEGMENT

LEAC Yearty Oally HNOx ol '] HC o SOx
Segments #Traine #Traine  Emissl E Emi Emiesk
AA 158 0.43 8.32 0.18 0.1 0.80 0.97
A 168 043 11.96 Q.38 0.14 1.47 0.76
AC 260 0.7 9.493 .20 ¢.2¢ 0.31 0.52
AD 200 0.7 20.34 0.90 0.38 37 1.84
N 208 0.67 8.056 0.18 0.07 0.54 0.38
AP 208 0.57 5,47 .18 0.07 0.55 0.33
AQ 15¢ 043 579 cas 0.12 0.45 0.32
AR 168 0.43 11.67 0.38 0.14 1.25 Q.72
A8 28566 T7.82 5T.08 1.78 0.98 4.90 3.63
AT 2856 7.82 5§7.07 0.18 0.87 .58 3.62
AY e 1,00 5.29 0.16 0.08 047 0.31
AX 384 1.00 4.78 0.14 0.08 0.48 0.29
UAA 0 0.00 0.0 0.00 0.90 0.00 0.00
ues 0 0.00 0.00 0.00 0.00 0.00 0.00
uce 0 0.00 0.00 0.00 0.00 .00 0.00
[Vi0.1] o 0.00 C.00 0.00 0.00 6.00 0.00
A Q0 Q.00 a.00 0.00 0.00 0.00 0.00
B 0 0.00 0.00 0.00 .00 0.00 0.00
c 0 0.00 0.00 .00 0.00 Q.00 0.00
o -} .60 0.00 0.50 0.00 0.0¢ 0.00
E a 0.00 0.00 0.00 0.00 0.00 0.00
F a (R~ 0.00 0.00 Q.00 0.00 0.00
G 0 0.09 0.00 0.00 0.90 0.00 0.00
H ] 0.00 0.00 0.00 0.00 0.00 0.00
1 ] 0.00 0.00 0.060 0.00 0.00 0.00
J ] 0.00 0.00 0.00 Q.00 0.00 0.00
K 0 0.00 0.00 0.00 0.00 0.00 0.00
L ] 0.00 0.00 0.00 0.00 0.00 0.00
SFA 0 0.00 2.00 .00 0.00 0.00 0.00
SFB . ] 0.00 0.00 9.00 0.00 0.00 0.00
SFC 0 0.00 0.00 0.00 0.00 0.00 0.00
SFE o 0.00 0.00 .00 0.00 0.00 0.0¢
SFF 0 0.00 0.00 0.00 0.00 0.00 0.00
SFa 0 0.00 0.00 0.00 0.00 0.00 0.00
SFH 0 0.00 0.00 0.00 0.00 0.00 0.00
&Fl 0 .00 0.00 0.00 0.00 0.00 0.00
SFI 0 0.00 0.00 0.00 0.00 o.00 0.00
SFT 0 0.00 ¢.00 0.00 0.00 0.00 0.00
SFU 0 0.00 0.00 0.00 0.00 0.00 0.00
SFK 0 0.0 0.00 0.00 0.00 0.00 0.00
SFL ] 0.00 0.00 0.00 0.00 400 0.00
SFM 0 0.00 0.00 0.00 0.00 0.00 0.00
SFN 0 0.00 0.00 0.00 0.00 0.00 0.00
SFO ] 0.00 0.00 0.00 0.00 0,00 0.60
SFP a 0.00 0.00 0.00 0.00 0.00 0.00
SFQ [ 6.00 0.00 a.00 0.00 0.00 0.00
SFR [} 0.00 0.00 0.00 ¢.00 0.00 0.00
3F8 ] 0.00 0.00 0.00 0.00 0.00 0.00
Total (tonslysar} 211.52 4.82 2.85 23.86 12.08
P AT R TS NP S ONYE ORI Sea SgT O SpBEERr T G0 LT R TSR AR oy pmerany ro T oemess o

Mileage
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ETF 2010 ETF LEAC ETF
Segment  # Trains # Trains  Mileages

0.8
0.3
0.2
1.4
a7
17.2
1.2
19.8
3.2
1.2
1.2
91
29.7
7.8
0.5
64.3
2.8
1.3
7.6
12.9
79
82
8.7
41.1
5.6
54
30.0
24.4
1.5
1.0

oW NRT RN -

-
(-]
-
oooaaogeaao

- .
N -
-
-]

OB?E?OONNMRRNOQJ’D&IG0000&089990

" 8.4
n" 1.7
1 7.2
11 19.8
0.8
28
5.8
8.9
13.3
3.5
10.8
1.0
24.1
124.0
0.2
3.2
55
1.8
e.1

180
0.5
0.1
2.9

120

38.0
az
0.8

184

2dBococcnoocoB8dddBddddcoorocl i8R RRARRa Y9988 ranroB8icmwod

HYE2RARRPRAR22TLRIRERBRLBEENEELLNL58EYRERE

Total {lonalysar}

TABLE C-7: ELECTRIFIED FREMAHT EMISSIONS BY ETF SEGMENT

LEAG  LEAC

0.00
2.00
0.00
0.08
4.28
T
0.19
0.16
0.24
0.00

9
16,18
13.29

.73

0.1

2.26

.72

.14

1.83

8.31

Q.04

1.34

4.57

E44
149

278
16.70

o

0.00
0.00
0.00
0.00
0.00
0.00
0.00
2.50
2.82
218
0.3
9.8
0.00
0.00
0.00
0.00
.8
5.12
10.50
0.00

Q.00
0.00
0.00
292
0.65
0.00

214.98

0.00
000
0.00

0.04
0.08
.00
0.00
Q.00
0.01
0.00
0.10

0.02
0.00
0.08
0.05
0.08
0.08
0.14
0.00
0.04
Q.12
0.14
c.2¢
0.07
0.41
0.02
0.58
€.00
0.00
0.00
0.00
0.00
©.00
0.00
007
0.07
0.08
0.02
0.58
0.51
0.00
0.00

' 0.00

0,00
0.09
0.13
0.28
0.00
0.00
£.00
0.00
0.00
0.08
0.02
0.00

5.81

LEAC
HC

0.00
0.00
.00
0.00
0.16
0.29
0.00
0.00

0.08
0.00
0.36
0.90
0.01
0.00
0.00
0.00
0.01
0.40
0.87
0.92
0.01
0.02
2.00

0.27
1.50
.23
0.07
a.0e
0.21
Q.18

0.00

0.00

19.81

LEAC

0.00
c.00
0.00
0.00
0.26
0.60
0.00
0.00
0.00
0.08
0.00
0.80
1.53
0.01
0.00
.00
0.00
0.0¢
0.67
1.14
0.03
0.03
0.04
0.00
Q.00
0.48
254
2.09
0.1
0.00
0.35
0.27

0.20
0.83
0.01
.21

0.88
1.85
0.43
247
0.14
3.28
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.29
0.44
0.34
2.13

309
0.00
0.00
0.00
.00
0.58
0.76
1.53
2.00
0.00
0.00
0.00
0.00
0.48
0.10
0.00

LEAC ETFNOx

S0x

0.00
c.00
0.00
0.00
0.01

0.02
0.14
0.01
0.18
0.00

0.00
050
0.00
0.00
0.00
0.02
0.03
Q.02
2.0

0.19
0.17
0.0
0.00
0.00
0.00
0.03
0.04
0.00
0.00
0.00
0.00
0.00
0.00
0.03
0.01

0.00

wic 30%

0.00
0.00
0.00
0.00

28.37
39.74
1.17
0.00
7.50
5.7
10,44
8.43
17.68
0.28
2.19
8.82
10.49
2.7
.10
34.67
1.82

0.00
0.00
0.00
0.00
0.¢0
0.00
Q.00
5.43
a.18
4.88
1.83%

34.33
0.00
8.00
0.00
0.00
9.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
6.63
1.4
0.00

390,35

ETF NOx
wi3n%

0.00
0.00
0.00
0.00
3.7
0.00
0.00

Q.00
0.76
0.00
565
8.62
1.68
0.08
0.00

0.42
4.42
7.50
0.00
0.28
0.39
0.00
0.00
322
18.81
27.82
082
0.00

4.00
7.31
4.50
12.37
0.19
1.83
8.17
7.35
18.22
4.27
24.27
1.27
30.64

Q.00
0.00
0.00
0.00
0.00
0.00
38
433
342
.27

24.03
a.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
3,94
0.99
2.00

279.58

ETF PM

0.00
0.00
0.00
¢.00
.12
.00
0.00
0.00
0.00
0.03
0.00
0.21
.26
0.08
0.00
0.00
0.00
0.02
0.17

0.16
c.18
0.13
0.08
1.18
0.90
0.00
0.00
€.00
0.00
C.00
0.00
0.00
0.00
©.00
0.00
0.00
0.00
0.15
0.04
0.00

10.49

ETF HC

0.00
0.00
9.00
c.00
D.42
0.00
0.00
0.00
0.00
0.1¢

0.76
0.86
0.23
¢.00
¢.00
e.00
0.08
0.58
0.9%
0.00
0.03
0.05
0.00
0.00
0.43
2.49
.87
0.1t
0.00
0.69
0.53
0.96
0.69
1.8
2.03
0.20
0.81
0.57
214
0.58
10
Q.18

0.00
0.00
0.0
Q.00
0.62
0.13
Q.00

38.64

ETF CO

0.00
0.00
a.00
0.00
.71
0.00
0.00
0.00
0.00
0.17
0.0¢
127
1.48
0.39
0.00
0.00
0.00
0.09
0.99
1.60
0.00
0.08
0.08
0.00
0.00
0.72
4.22
8.24
0.18
0.00
1.18
¢.90
1.54
1.01
278
Qo4
0.04
1.3
1.85
J.64
0.98
5.45
0.27
8.62
0.00
0.00
0.00
0.00
0.co
.0.00
0.00
c.es
c.97

ETF SOx

0.00
Q.00
0.00
000

0.00
0.00
0.00
0.00
0.01
0.00
0.07
0.08
0.03
0.00
0.00
coo
0.01
]
0.10
2.00
0.0
0.01
0.00
eo0
0.04
0.24
©.37
0.01
0.00
0.07
008
0.10
0.06
0.18
0.00
0.02
0.08
0.09

0.05
0.21
0.01
0.38
0.00
0.00
0.00

0.00
Q.00
0.c0
c.06
0.08
0.04
0.02
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TABLE C-7 (Continued): ELECTRIFIED FREIGHT EMISSIONS BY LEAC SEOMENT

LEAGC

Segmenis Mixed
AA 0
AB -]
AG 0
AD Q
A 0
AP ]
AQ o
AR 0
AS 0
AT Q
AY 0
AX [
UAA 1045
UR8 8
uce aa7
uoo 106
A 1378
B 288
[+] 49768
[»] 2884
E 12
F 0
<] 24
H 284
| 80
J 292
K ]
L 24
SFA 1364
SFB 0
SFC 0
SFE 1274
SFF o
SFG 0
SFH 1664
SFl | 0
SFJ 0
SFT 108
SFU 431
SFK 3183
SFL 0
SFM 0
SFN 1981
SFC ¢
SFP [
SFQ 349
SFR -]
5FS 3se
Total (tonslyear)

Number of Trains (Yearly)
inter. Bulk
0 ]
0 0
] e
-] [}
0 0
(] /]
-] o
0 ']
0 ']
) /]
0 ]
0 ]
a2 82
0 51
229 105
Q 53
0 0
0 0
0 218
24 278
1418 1240
0 ']
638 0
3604 0
744 0
2678 ]
] 0
80 )
0 0
7854 0
0 12
0 0
1381 0
80 [}
[ [}
2202 [}
182 [}
'] 0
[} ]
] [
2166 o
o 13
o o
3845 ]
0 2
0 )
+} <
0 ]

Daity

Total # Trane
] 0.00
0 0.00
0 0.00
0 2.00
0 0.00
0 0.00
1] 0.00
[+] 0.0
0 0.00
0 0.00
0 0.00
0 0.00
1868 5.37
137 0.38
1801 4.93
158 Q.44
1378 3.77
288 0.79
4292 1n.7s
3184 .72
2688 7.5t
Q 0.00
960 2.63
3888 10,86
1404 3.85
2968 8.13
[} 0.00
84 0.23
1351 3.70
756 207
12 0.03
1274 3.49
1381 .73
B0 0.22
1564 4.28
2202 6.03
182 0.50
198 0.54
431 1.18
3183 8.87
2185 X<
13 0.04
1681 .43
3848 10.63
2 0.01
39 0.96
4 a.01
388 1.08

NOx

HGC

<o

B0x

LEAC

Emissions Emisaicns Emiaslona Emissions Emissions Milsage

oo ooCcOoOacoOo oo

13.4
18.27
13.96

0.98
20.54
11.16

0.756
4.45
1.8
0.07
4.13
.82
0.2
7.88
12.78
0.85
0.35
0.74
.72
0.43

13.01
21.67
oo
0.86
0.01
0,88

218.19

oo oOoGCoOoOO0ODOOOQ

o
%o

0.02
0.13
0.02

0.1
0.08
036
0.43
0.37
0.03
0.75
0.23
0.63

o.n2
g.12
0.06

c.1

0.1
0.01
a.21
0.34
0.02
o.01
0.02
0.02
0.01

0.34
0.57

0.02
0.02

5.64

aouaoooaanuoo

9-‘-
8

047
0.08
0.
.21
124
1.69
1.29

0.09
283
0.79

22

8.07
0.41
0.18
.01

0.35
0.02

19.72

00000 OoO0DDDO O

2.3%
0.14

0.8

0.1
0.58
0.368
21
2.57
2.19

0.15
4.49
1.34
3.76

0.12
0.7
0.3

om

0.6
003
1.24
2.0
0.13
o006
0.12
o1
007

206
3.4

0.13

0.11

3oonooooaaooo

e

001
0.05
0.0t
0.03
0.02
0.12
0.18
0.12

am
0.26
0.07
0.21

0.01
0.04
0.02

0.04
0.03

0.07
o
on
Q.01
0.01
o1
0.19

o

0.01

~NooOocoOoOoOOoOOOOQCOBO

1139
139
87
26.1
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ETF
Segmant

-
-0 0D 0 N O s R -

12

BEEUTRTSRTBEENESL N2 RR8KEERIEBAYY

dr3ggggaaean2

Total (tonsfyear)

2010 ETF
# Trains

MNNOOOOOOOQN#&b‘h&ANNOOGODOMI\)Lhb-bl&DOOOOOOOOOMMOS8882?2250505050000#00::

LEAC
# Trains

N
-

OO WOWOROOO O = = = &

AN O COOODDOCODOOORNNMNNNOG ODOCO 0 = @ oo <0000 3 = v bk tomt Ps s OO D

ETF
Milsages

0.8
6.3
.2
114
7
17.2
1.2
18.8

129
7.9
8.2
8.7

411
83
6.4

30.0

244
1.5
1.0
8.4
6.4

1.7
1.2

198
0.8
2.8
6.8
8.9

133
3.5

19.9
1.9

244

124.Q
0.2
3.2
&6
1.8
0.1

31
36
27
1.0
19
10.5
18.5
»®.9
7.2
8.2
58
7.8
18.0
.5
0.1
29
12.0
38.0
87
0.8
18.1

TABLE C-8: ELECTRIFIED AMTRAK EMISSIONS BY ETF SEGMENT

0.01

.00
Q.02
0.00

0.01
0.01
0.00
0.04
0.04

0.00
0.00
0.00
0.060
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
a1

1.97

LEAC

0.01
2.00
0.00
0.00
0.00
0.00
0,00

0.00
0.00
0.00
0.00
0.01
0.04

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.60
0.00
0.00
.63

0.2

0.00
0.01
0.04
0.01
0.00

0.co
0.00
0.01
0.00
2.01
0.00
0.00
0.00
0.00
0.01
0.00
0.02
0.00
0.02
0.06
0.00
0.00
0.00
0.00
0.00

0.01

0.01

0.0t

0.c0
0.02
0.02
0.00
0.00
0.00
0.00
0.00
0.00
0.00
.00
0.0
0.00
0.00
0.00
9.00
a.0¢
.12

LEAC
[re]

0.01
0.00
0.00
a.02
0.00
0.00
0,00
0.00

0.01
0.00
0.08
0.00
0.05
0.00
0.00
0.04
0.02
0.10
0.17
a.e8
0.07
0.11
a.ca
0.0
0.01
0.07
.02
0.00
0.00
0.01
a.e1
0.01
a.01
.02
0.00
0.00
0.00
2.00
0.c2
0.¢c0
0.03
0.00
0.03
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.m
0.01
0.01
0.00
0.04
0.03
0,00

0.00
0.00
0.00
0.00
.00
0.00
0.00
0.00
0.00
0.00
0.00
Q.00
¢.20

LEAC
S0x

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.c0
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.0
0.01
0.00
0.00
0.01
0.00
0.00

0.00
0.00
0.00
0.00
Q.00
0.00
0.00
0.00
[l 0]
0.c0
0.00
0,00
0.00
0.00
0.00
0.00
0.00
0.60

0.1

0.07

ETF NOx
wio 30%

0.03
0.01
0.00
0.00
0.02
0.00
0.00
0.00

0.03
0.00
0.25
0.00
0.20
0.00
0.00
0.07
0.04
.21
0.38
0.18
0.14
0.22
0.0a
0.00

a.11
0.00
0.00
0.00
Q.00
0.00

0.00
0.00
0.00
0.00
000
0.00
0.09
0.02
0.13
0.01
o.c8
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.01

0.01
0.07
0.08
0,00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
9.00
0.00
0.00
Q.03

2.4

ETF NOx
wi30%

0.02
0.01
0.00
0.00
0.0
0.00
0.00
000
0.00
0.02
0.00
0.18
0.00
0.14
0.00
0.00
0.05
0.03
0.15
0.25
.12
0.10
0.18
Q.00
0.0
0.0t
Q.08
0.00
Q.00
0.00
Q.00
0.00
0.060
Q.00
0.00
Q.00
0.00
.00
0.00
0.08
0.02
0.09
0.00
Q.08
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.01
0.01
0.00
0.06
0.05
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
.00
0.00
0.00
0.02

.1

ETF PM

0.00
.00
0.¢0
.00
0.00
0.00
0.08
0.00
0.00
0.0
Q.00
0.04
.00
0.03
0.00
.00
a.01
0.01
0.03
doe
.02
0.02
.03
0.00
g.00
Q.00
0.02
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.00
0.02
0.00
0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.0
0.01
0.1
0.00
Q.00
9.00
0.00
0.00
0.00
2.00
0.00
9.00
9.00
.00
0.06
0.00
.00
0.00

0.30

ETF HC

0.02
0.01
0.00
o)
0.01
a.00
0.00
0.00

6.02
0.00
0.14
0.00
Q.11
0.00
.00
g.c4
0.02
0.12
0.20
6.10
0.08
0.12
0.00
0.00
0.01
0.08
0.00

ETF CO

0.03
0.01
0.0
0.00
a.02
6.00
0.00
0.00

0.03
0.0
0.24
goa
0.19
2.0
0.00
0.07
0.03
2.20
0.36
017
0.13
.21
0.00
0.00
e.02
0.10
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.08
0.02
0.13
0.01

ETF 80x

0.00
0.00
0.00
0.00
a.00
eoo
©.00
0.00
c.00
c.00
.00
.02
0.00
.01

a.0a
0.00
0.00
0.00
oot
.02
c.01
.01
0.0t

0.00
0.00
0.00
0.00
0.00
000
0.00
0.00

Q.00
0.00
0.00
0.00
0.00
o oo
0.00
0.00
0.00
0.00
0.00
.00
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TABLE C-8 {Continued): ELECTRIFIED AMTRAK EMISSIONS BY LEAC SEGMENT

LEAC
Ssgments # Traine

SESXXZBIBETEEAS

3

FRS=TIOTMNQOO»>C

838490838

&
RE.... 5 -

S8898835%2%

Totat (tonslyear)

Yearly Daily NOx
# Traine

0.43
0.43
Q.7
on
0.57
0.57
0.4
0.43
7.82
7.82
1.00
1.00
0.90
0.0
Q.00
ana
0.00
0.00
0.00
0.00
0.00
0.00
0.60
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Q.00
0.00
0.00

0.00
0.90
0.00
Q.00
0.00
0.09
0.00
0.00
0.00

0.00
0.00

tons £ " .
0.04 0.01 0.02
0.08 0.01 0.05
005 0.01 0.03
0.2¢ 0.03 o.Nn
0.04 0.01 0.02
0.03 0.01 0.02
.03 0.01 0.02
0.08 0.01 0.04
0.3 0.08 0.22
0.39 0.08 0.2
0.03 o.m 0.02
0.03 0.01 0.02
0.00 0.00 a.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 6.00
0.00 0.00 0.00
©.00 0.00 0.00
0.00 0.00 0.00
0.00 .00 0.00
0.00 Q.00 0.00
0.00 0.00 0.00
0.00 Q.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 000 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.09
0.00 0.00 0.00
©.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 an B.00
1.7 0.22 0.77

0.03
0.08
0.04
Q.19
.04
0.03
0.03
0,07
0.37
0.37

0.00

0.00

.34

0.00
0.00
0.00
0.01
0.00
0.00
0.060
Q.00
0.02
0.02
0.00
0.00
0.00
0.00
9,00
0.00
0.00
0.00
0.00
Q.00
2.00
0.00
0.0
a.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.0
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.0

Q.00
9.09
Q.00

0.07

LEAC
Emissions Emissions Mileage

80.7
80.7
93.9
3.9
18.8
1.8
13.9
113.9

D 00D 0000000000000 0C0O00000O00C0OO0R00CGCUO0D 00O
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ETF
Sag.  Freight
1 0.00
2 0.00
3 0.00
4 0,00
5 104.02
8 0.00
T 2.00
) 0.00
9 0.00
10 2583
1 0.00
12 184.67
18 2710

58.58

FEALEBRURREBRUEBRYBRNPINNBIZIaaR
8
8

0.00

©.00
0.00
0.00
0.00

0.00
130.80

NY32822R22R2BELILERBR2BEELEN
3

0.00

Total S459.57

.87
22.80
38.28
13.23
14.21
22,48

0.00

9.00

220
12.20

Q.00

0.00

0.00

0.00

0.c0

0.00
0.00
0.00
0.00
0.00

.86
2.60
.78
0.74
8.82
0,00

0.00
0.00
0,00
0.00
0.00
1.09
1.29
1.83
0.7
8.33
7.35
0.00
0.00
0.00
Q.00
0.00
0.00
0.00
0.00
.00

0.00
0.00
0.00
0.28
278

263.93

TABLE G-8: DIESEL FREIGHT AND AMTRAK EMISSIONS SUMMARY - TONS PER YEAR

Total

3.08
1.03
0.00
0.00

0.00
0.00
0.00
0.00
29.89
0.00
226.13
227.10

0.00
0.00
114.73
£70.30
1007.69
28.68
0.00
186.50
120.88
231.1
142.72
V247
9.14
63.84
205.1%
244.11
540.83
144,43
821,18
40.82
973.30
0.00
0.00
o.00
0.00
0.00
0.00
0.00
131.03
147.94
118.01
amn
105498
842.54
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
130.80
33.82
a7

§723.50

Fraight

0.00
0.00
0.00
0.00
A
0.00
0.00
0.00
0.00
0.79
0.00
4.0t
8.84
wn
0.0
0.00
.00
0.67
4.69
7.58
o.co
0.30
0.48
0.00
0.00
3.36
10.84
30.52
0.87
0.00
5.25
400
7.3
4.50
12.37
0.2¢8
1.84
8.32
7.52
16.80
427

Q.00
0.00
0.00
.97
4.49
.55
1.3t
.51
28.01
0.00
.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
.00
0.00
4,03
1.02
0.00

291.20

042
a.11
0.63
0.03
0.38
0.00
0.00
g.co
e.oe
0.00

0.00
0.08
.06
0.08
0.03
0.35
0.1
0.00
_0.00
0.00
0.00
.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.07

.05

Towd

o1
0.04
0.00
oco
30
0.00
0.00
0.00
0.00
Q.08
a.0a
7.2
9.04
2.87
0.00
0.00
0.22
0.e8
5.31
8.02
0.44
0.64
1.01
g9.00
0.0
3.48
20.36
30.82
0.87
0.00
6.25
4,00
3
4.50
1237

Q.00

0.00
0.00
4.02
4.54
383
1.34
33.87
28.32
0.00
.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
4,02
1.04
0.07

300.26

Freight

0.00
0.00
Q.00
a.00
5.67
0.00
0.00
0.00
0.00
1.49
0.00
11.24
1342
287

12.76
7.85
21.80
0.82
3.11
11.34
13.49
29.73
7.84
44 65
.25
64.26
0.00
[ X ]
0.00
.00
6.00
0.00
0.00
raz
827
B.54
242
52.17
0.00
0.00
¢.00
.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
7.3
1.89
0.00

B4E.62

Amtrak

0.08
0.02
0.00
0.00

0.00
0.00
0.00
0.00
0.08
0.00

0.00

0.19
0.06
0.29
0.01
0.17
0.00
0.00
0.00
0,00
0.00
0.00

0.02
0.02
0.04
om
0.17
0.15
0.00
Q.00
0.00
0.0
0.00

a.00
0.00
0.00
0.60
0.00
0.00

0.0
0.06

4N

Total

0.08
a.02
.00
9.00
[-%4)
0.00
Q.00
0.00
0.00
1.58
e.00
11.82
12.12
3.28
0.00
0.00
013
141
8.31
16.81

c.8e

Freight

0.00
0.00
0.00
0.00
14.43
0.00
0.00
0.00
0.00
arr
0.00
28.60
33.14
7.02
000
0.00
0.00
258
207
3748
0.00
1.88
247
0.00
0.00
15.87
5282
141.30
4.07
0.00
24.58
18.73
3s.24
21.07

1.19
1.61
28.80
34,02
75.13
10.77
11241
682
139,98
0.00
0.00
0.00

0.00
0.00
0.00
18.80
20.99
16.62
8.15
178.38
133.43
0.00

0.00
0.00
0.00
0.0
0.00
0.00
0.00
Q.00
0.00
0.00
18.26
4.80
0.00

1390.47

Co

Amtrak Total
0.53 0.53
0.14 0.14
0.00 9.00
¢.00 0.00
.32 14.75
0.00 0.00
0.00 0.00
0.00 Q.00
0.00 0.00
0.51 428
0.00 £.00
3.84 3244
0.00 321
3.08 10.10
c.00 0.00
0.00 0.00
1.30 1.30
0.85 fch-<3
3.81 26.88
847 43.92
3.14 314
248 4,04
3.87 8.34
0.00 0.00
¢.00 ¢.00
0.34 18.21
1.87 94.69
0.00 14130
0.00 4.07
0.00 0.00
0.00 24.58
0.00 18.73
.00 34.24
0.00 21.07
0.00 §7.96
0.00 1.18
0.00 7.681
.00 28.60
0.00 34,02
1.80 78.72
0.42 20.19
238 11480
0.12 5.94
144 14142
0.00 0.00
0.00 0.00
.00 Q.00
0.00 0.0
c.00 ]
0.00 Q.00
0.00 0.00
0.18 14.78
0.18 21.18
0.28 16.90
e.i0 8.28
124 176.62
116 139.52
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
€.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
©.00 0.00
0.00 0.00
0.00 0.00
6.00 18.25
0.04 4.34
0.43 0.48
41.89 1432.37

Freight

.00
0.00
o oo
0.00
10.45
0.00
0.00
0.00
0.00

11.04
84.56
£9.32

2.85

0.00
18.63
12.90
23.59
14.51
38.92

0.86

20.87
24.47
54,03
14.22
40.84

4.01

0.00
0.00
0.00
0.00
0.00
0.00
0.00
12.89
14.58
11,52
4.27
W7.24
83.22
Q.00
0.00
9.00
0.00
0.00
0.00
0.00
0.0
0.00
0.00
.00
0.00
13.12
333
0.00

842.81

SOx
Amtrak

0.20
0.08
0.00
0.00
0.18
0.00
0.00
0.00
0.00
0.32
.00
243
0.00
1.96
0.00
0.00

0.35
2.02
343
1.64
1.2¢
202
0.00
0.00
0.19
1.0
0.00
0.00

0.00
0.c0
0.00
0.00
¢.00
o0
0.00

0.00
0.88
0.23
1.28
0.08
Q.78

Q.00
0.00
0.00
a.00
0.co
0.00
0.09
.11
0.1¢
0.08
8.72
0.63
0.00
ooo
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
Q.00
0.00
0.00
0.02
0.25

23.22

Towd

0.30
0.08
0.00

10,63
0.00
©.00
0.00

2.91

0.00
0.69
218
17.25
2.27
.84
222
349
0.00
0.00
1.23
85.82
9432
285
Q.00
18.83
12.80
23.59
14.51
38.92
0.85
534
20.57
24,47
54.90
14.46
82,14
407

0.0
132
3.35
.26

966,02
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Freight

0.00
0.00

0.00
0.00
0.42
4.42
7.50
0.00
0.26
0.39
0.00

3.2
18.81
v.e2
.82
0.00
626
4.00
7.31
4.50
12.37
a.19
1.53
617
7.38
18.22
4.27
24.27
127
30.64
0.00
0.00
0.00
0.00
0.00
C.00
0.00
3.83
433
343
1.27

24.03
0.00
0.00
0.00
0.00
0.00
0.00
0.0¢
0.00
0.00
0.00
0.00
0.00
3.04
0.08
0.00

279.65

TABLE C-10: ELECTRIFIED FREIGHT AND AMTRAR EMISSIONS SUMMARY - TONS PER YEAR

Amtrak

0.02
0.01

0.00
0.01

a.08

Q.15
Q.25
Q.12
0.10
0.16

Total

0.02
¢.01
0.00
0.00
3.8
0,00

0.00
0.00
0.77
0.00
643
8.52
1.83
0.00
0.00
0.05
0.45
4.57
7.76
0.12
0,34
0.54
0.00
0.00
33
18.89
27.82
.82

at.02
24.07
0.00
0.00
0.60
0.00
0.00
0.09
0.00
0.00
0.00
0.00
0.00
0.00
3.64
0.99
0.02

281.26

Freight

0.156

0.17
0.47
0.01
0.08
0.23
0.28
0.61
0.18

0.00

10.48

0.03
0.00
0.00
0.01
0.01
0.03

0.01
.00
0.00
e.co
0.00
0.00
0.00
0.00
0.00
0.00
.00
0.00
0.01
0.01

.00
0.00
0.00
0.00
.00
0.00
0.00
0.00
0.00
0.00
.00
.00
.00
0.00

0.38

Totai

£.00
0.00
0.00
0.00
.12
0.00
0.00
0.00
0.00
0.03
0.00
0.25
0.25
0.10
0.6
0.00
0.01
e.02
0.20
0.34
0.0
0.03
0.08

0.00
0.13
0.73
1.08
0.03
0.00
0.20
0.16
0.28
0.17
047
0.01
0.08
0.23
0.28
0.62
0.18
0.9
0.08
112
0.00
0.00
0.00
0.00
0.0
0.00
0.00
0.1&
017
.13
0.08
1.17
091
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
.00
.00
0.15
0.04
0.00

10.87

Freight

0.00
0.00
0.00
000
c.42
0.00
0,00
0.00
0,00
0.10
0.00
0.76
038
023
0.00
0.00
0.00
0.06
0.58
.99
0.00
.03
0.05
0.00
0.00
0,43
249
3.47
0,11
0.00
0.89
0.83
0.98
0.59
1.63
0.03
(R}
0.81
097
2.14
0.58
3.20
t.18
3.83
0.00

0.00
©.00
0.00
0.00
0.00
0.51
0.57
045
.17
4.08
37
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
9.00
0.62
0.13
0.00

36.64

012
0.20
0.10
008
0.12
0.00

Q.01
0.08
0.00
0.00
0.00
0.00

0.00
0.00

1.37

Total

6.02
.01
0.00
0.00
04
0.00
0.0¢
0.00
0.00
0.12

0.1
0.00
.09
.53
0.98
.59
1.89
0.09
0.20
0.81
0.07
2.18
0.58
az7
0.18
287
0.00
£.00
0.00
"0.00
0.00
0.00
0.00
0.51
0.58
0.46
0.17
413
a
c.o0
0.00
0.00
0.00
0.00
0.00
6.00
0.00
0.00
0.00
0.00
0.00
0.52
0.13
0.02

34.00

Freight

0.00
0.00
0.00
0,00
0.7
0.00
0.00
0.00
0.00
0.17
0.00
1.27
1.48
0.39
0.00
0.00
0.00
0.09
0.99
1.80
0.00
0.08
0.09
0.00
0.00
0.72
4.2
68.24
0.18
0.00
1.18
Q.90
1.64
1.01
278
0.04
0.34
1.39
1,86
3.84
0.98
5.45
0.27
8.52

0.00
0.00
0.00
0.00
0.00
0.00

0.97
0.77
0.28
6.98
540
0.00
0.00
0.00
0.00
.00
0.c0
0.00
0.00
0.0
0.00
Q.00
0.00
o.88
0.22
0.00

82.41

0.07
8.03
6.20
0.38
0.17
0.13
2.21
0.00
.00
0.02
0.10

0.01
0.01
c.02
0.01
0.07
0.08

0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.03

23

0.07
0.13
1.20
203
9.17
0.1%
0.30
0.00
0.00
Q.74
4.32
8.24
.18

1.18
Q.80
1.64
1.01
2,78
0.04.
0.4
1.39
1.85
3.73
0.98
5.58
0.28
8.0
0.00
0.00
0.00
0.00
0.00
0.00
0.00
.87

Q.78
0.29
7.03
5.48

0.00
Q.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.88
o2
C.03

84.74

Freight

0.00
Q.00
0.00
0.00
0.04
0.00
0.00
0.00
0.00
0.01
0.00
0.07
0.08
0.03
0.00
0.00
0.00
0.01
0.08
0.0
0.00
0.00
0.01

0.00
0.00
0.00
0.00

0.05
0.08
0.04
0.02
0.39
0.00
0.00
Q.00
0.00
0.00
0.0
0.00
0.00
0.00
0.00
0.00
Q.00
0.00
0.05
0.01
0.0

3.54

S0x
Amtrak

g.o1
0.02
2.01
2.01
0.01
0.00
0.00

0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
2.01

Tomwl

0.00
.00
0.00
0.00
0.04
0.00
.00
0.00
0.00
0.01
0.00
0.09
0.03
0.04
0.00
0.00
0.00
.0
0.07
o.n
0.0
0.01
0.02
0.00
0.00
0.04
0.24
0.37
Q.04
0.00
a.07
0.05
0.10
0.c8
218
0.0
0.02
.08

021
0.08
031

0.00

0.00
.00
Q.00
0.00
0.00
0.00
0.00
0.00
0.00
0.6
2.01

3.8



TABLE C-11: EMISSIONS BENEFIT - FREIGQHT AND AMTRAK EMISSIONS SUMMARY - TONS PER YEAR

. ETF NOx NOx PM M HC HC co co SOx SOx NOx PM HC co SO% ETF
Sag Diessi  Elect.  Diesal  Eiect. Diesel Elsct. Diesel Elect. Disssi  Elsot Ben. Ben. Ben, Ben. Ben. Seg
L4
1 3.38 0.02 0.11 0.00 0.08 0,02 0.53 4.03 0.30 0.00 336 a.1% 0.04 0.50 0.30 1
2 1.03 0.01 0.04 0.00 0.02 0.014 .14 0.01 0.09 0.00 1.02 0.04 0.01 0.13 0.09 2
3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 c.00 0.00 0.00 0.00 0.00 9.00 0.00 0.00 3
4 0.00 0.00 0.00 0.00 0.80 0.0¢ 0.50 0.00 0.00 0.00 0.00 0.00 6.00 0.00 0.00 4
3 106.03 a.18 3.30 0.12 &7 043 1475 073 10.83 0.04 102.85 3.18 520 1403 10.58 5
. 6 0.00 0.00 0.00 0.00 0.00 .00 0.00 0.00 0.00 0.00 &.00 0.00 Q.00 0.00 0.00 8
7 0.00 0.00 0.00 0.00 0.00 .00 .00 0.00 0.00 0.00 o.00 0.00 0.00 0.00 0.00 7
8 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.9 0.00 0.00 0.00 0.00 0.00 0.00 8
9 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 Q.00 0.00 ]
10 20.89 0.77 0.95 0.03 1.58 0.12 428 0.20 M 0.01 28.92 092 1.44 4.08 2.9 10
l 1" 0.00 0.00 0.00 6.00 0.00 0.09 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1
12 225.13 5.83 7.2 0.26 11.82 0.26 22,44 1.51 22.08 0.09 218,30 8.85 10.94 30.93 21.97 12
13 227.10 8.52 8.94 0.26 13,12 o.2e 3.1t 1,48 22.87 0.08 220.58 4.88 12.28 31.85 22.59 13
14 79.39 1.83 2.67 0.10 2.29 0.34 10.10 0.58 7.85 0.0¢ 77.66 257 2.2 852 7.51 14
18 0.20 0.00 0.90 .00 0.00 0.00 0.00 0.00 a.pa 0.00 0.00 0.00 0.00 £.00 0.00 18
18 0.00 ¢.0c 0.00 0.00 2.00 0.00 Q.00 0.00 0.00 0.00 0.00 Q.00 0.00 6.00 0.00 18
1? 7.7 0.08 0.22 0.01 0.13 0.04 1.30 0.07 0.69 0.00 7.68 0.20 008 1.22 0.89 17
18 22.68 0.48 0.68 0.02 1.41 0.08 E ] 0.13 2.18 0.01 2322 0.68 1.34 a1e 217 18
19 17824 4.57 531 0.20 9.31 0.7¢ 25.88 1.20 17.28 0.07 173.69 81 8.8 24.68 17.18 19
20 302.67 778 9.02 0.34 15.814 1,18 49 203 28.27 0.1% 204.82 8.88 14.61 41.00 29.16 20
3l 13.23 0.12 044 0.03 0.30 .10 J.14 0.17 1.84 0.01 18.10 0.41 0.2¢ 297 1.8% 3
22 28 41 0.34 0.64 0.03 - X-1] o1 4,04 0.19 2.22 0.01 24.0¢ 0.81 0.78 3.88 221 22
23 38,32 0.54 1.4 0.06 1.40 0.17 8.24 0.30 3.49 0.02 37.77 0.68 1.22 8.04 3.47 23
24 0.00 ©.00 Q.00 0.00 0.00 0.00 a.co 0.00 0.0d 0.00 0.00 0.00 0.00 0.00 0.00 24
25 0.00 .00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 9.00 0.00 0.0 0.00 25
28 114.73 323 3.40 0.13 8.45 0.44 18.21 0.74 11.23 0.04 111.5¢ 3,34 6.02 16.47 1.19 28
27 €70.30 18,88 20.38 0.73 8r7.72 2.55 64,60 4,32 65.62 0.24 851.41 19.63 35.17 90.37 85,28 -1
9 28 1007.69 7.52 30.62 1.05 63.74 3.47 14130 6.24 99.32 0.37 979.87 29.47 58.08 135.08 88 86 28
20 25.68 0.32 4.87 0.03 1.68 ' on 4.07 0.18 2.86 0.01 27.34 Q.84 1.58 388 2.54 ]
20 0.0 0.00 .00 0.00 0.co0 G.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 k]
N 188.50 6.25 5.26 0.20 9.18 0.69 24,58 1.18 1€.99 0.07 181.25 5.08 8.47 2341 18,58 31
a2 126.86 4.00 4.00 0.18 898 0.53 18.73 0.90 12.90 0.05 122,868 3.88 8.45 17.83 12.85 32
33 231.91 AN 7.3 0.28 12.78 0.58 34.24 1.84 23.59 Q.10 224.80 7.03 11.80 32.60 23.49 33
142.72 4.50 4,50 0.97 7.88 Q.59 21.07 .M 14.51 0.08 138.22 4.33 7.28 20.08 14.48 34
<0 392.47 1297 12.37 0.47 21.60 1.83 £7.96 278 39.92 0.18 330,10 11.90 19.97 §6.17 39.76 35
.14 0.19 Q.26 0.01 0.62 0.03 1.18 0.04 .85 Q.00 8.894 0.26 0.80 1.18 0.84 38
37 £5.64 1.53 1.64 0.08 3.1 0.20 7.81 0.24 5,34 .02 5210 1.58 29 7.28 5.3z 37
38 206,19 8.17 832 0.23 11.34 0.81 28.80 1.39 20.57 0.08 1689.02 6.09 10.52 7.2 20.49 38
39 244.11 7.35 7.52 0.28 13.49 0.57 34.03 1.86 24.47 Q.09 23a.7¢ 7.24 12.82 32,38 24.38 39
40 548.83 18.28 17.02 0.62 29.97 2.18 78.72 a7 54.39 0.21 £32.55 16.40 27.78 73.00 54 89 40
41 144.43 4.28 4.48 0.16 7.89 0.58 20.19 0.98 14.45 0.06 140,14 4,32 7.31 19.21 14.39 41
42 821.18 24,38 25.47 0.83 44,84 .27 11480 5.58 82,14 e.31 704.82 24.54 4157 109.22 81.62 42
43 40.82 1.28 1.27 0.05 227 ¢.18 584 028 407 0.02 36.54 1.z 11 5.88 4.08 43
44 §73.39 30.70 30.22 112 64,44 387 14142 8.80 97.24 0.38 s42.68 28.11 60.57 124,33 98,88 Al
45 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 45
46 0.00 .00 0.00 Q.00 0.00 a.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 .00 2.00 48
47 0.00 0.00 0.00 g.00 0.00 0.00 0.00 .00 0.00 0.00 ©.00 0.00 0.0 0.00 .00 AT
43 0.00 0.09 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 43
' 49 0.00 9.0 .00 0.00 0.00 0.00 0.00 0.00 Q.00 0.00 0.00 0.00 0.00 0.00 0.0¢ 49
50 0.00 0.00 0.00 c.00 0.0 0.00 0.00 0.0¢ 0.00 0.00 0.00 0.0 0.00 0.00 ©.00 &0
51 0.00 0.00 0.00 0.00 Q.00 .00 0.00 0.00 0.00 0.00 ©.00 0.50 0.00 Q.00 0.00 51
52 131,03 3.84 4.02 0.16 7.04 6.51 18.78 0.87 12.69 0.05 127.19 .87 6.83 17.89 12,94 52
' 53 147.94 4.34 4.54 0.7 829 0.58 21.18 .33 14.68 0.08 143.81 4,37 7.7 20.20 14.81 B3
54 118.01 3.44 363 0,13 .58 0.48 14.80 0.78 11.68 0.04 114.57 .50 6.12 &1 1.8 54
55 43.71 127 1.4 0.06 2.44 0.17 a.28 0.29 4.33 0.02 42.43 1.20 2.7 5.97 4.1 E5
56 1084.98 31.02 33.97 147 87.40 412 1789.82 7.03 107.98 0.39 1053.97 32.89 63.27 17280 107.57 58
57 842,84 24.07 24.32 0.91 62.32 821 139.52 646 83.86 0.30 318,77 25.41 49,11 134,08 83.56 &7
58 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 .00 0.00 ]
59 0.00 0.00 0.00 0.00 0.00 Q.00 a.cd 0.00 0.00 0.00 0.00 a.00 0.00 0.00 0.00 58
80 0.00 0.00 0.0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.00 0.00 -]
813 0.00 0.00 0.0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3]
ez 0.00 €.00 a.00 0.00 0.00 0.00 .00 0.00 2.00 0.00 0.00 0.00 0.00 0.00 0.00 -]
&3 0.00 ©.00 0.00 ©.00 0.c0 0.00 a.00 0.00 LX) 0.00 0.00 a.00 0.80 0.00 0.00 83
84 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.c0 0.00 0.00 9.00 B84
85 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.60 0.00 0.00 0.00 es
[ Q.00 0.00 Q.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 68
' 67 0.co 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -4
8 0.00 0.00 .00 2.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 00e 0.00 L]
-] 0.00 0.00 0.0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 Q.00 0.00 0.00 0.00 69
70 1320.80 3.94 4.03 0.16 7.3 0.52 18.26 0.88 1312 0.05 128.96 3.88 ar 17.38 12.07 n
n 33.82 0.599 1.04 0.04 1.90 0.13 4.84 0.22 3.38 0.01 32,82 1.00 1.7¢8 462 3.3 71
- 72 278 0.02 0.07 0.00 0.05 0.02 0.48 0.03 0.26 0.00 2.7 o.08 0.03 0.45 025 72
- Total $723.50 2:1.268 300.25 10,87 550.23 3200 1432.37 6474  068.02 3.68 44226 20938 51222 1367.42 96235
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Cost Effectiveness Calculation Methodology

The methodology used to calculate rail electrification cost effectiveness for the
air quality impact analysis was developed by the Environmental Assessment
Committee with the assistance of the Rail Electrification Task Force's Funding
Committee and the District's Socio-Economic Section. Following is a summary
of assumptions used in the analysis, as well as the cost calculations.

- A 30 year equipment life is assumed.

- The Discounted Cash Flow (DCF) method has been used. This is
consistent with the District's 1991 Air Quality Management Plan revision.

- Capital costs associated with rail electrification have been incorporated
into the cost analysis. This is also consistent with the methodology used
in the 1991 Air Quality Management Plan revision.

- Cost effectiveness has been calculated by dividing capital cost by the total
anticipated project emissions reduction. .



TABLE D-1
Cost Effectiveness Per Route based d6n HOx Emission Reductions (DCF Method)

. Total NOx (tpy) Cost ‘ #i4, #72,

Route tpd NOX /Route Effectiveness L #2 3 1A s #7900 M2 N3 (15) M7 ¥18 M9 #20 H21  #22 (23)
2 Baldwin Park 0.66 107.23 $32,619.04 3.35 1.02 (] 0 102.9 0 0 0 9 0 0 0 0 0 0 o] 0 0 0
3 Moorpark t 1.06 330.16 $11,184.76 3.35 1.02 0 0 0 0 0 0 28.92 219.3 0 77.56 0 0 0 a 0 0 0
4 Senta Clarita 1.37 473.18 $9,453.82 3.35 1.02 0 0 0 0 0 0 28,92 219.3 220.6 0 0 0 0 0 0 0 0
5 Lossan Corridor 1.84 585.48 $13,457.22 3.35 0 0 0 /] 0 0 0 0 0 0 0 7.68 23.22 173.6 294.8 18.1 24.06 40,54
6 Riverside via Ontario 3.51  1210.M $6,235.15 3.35 1.02 0 0 o 0 0 0 0 0 ] 0 0 0 0 0 0 0 0
7 Riverside-LAUPT via Full, 4,02 1392.86 $5,689.25 3.35 1} 0 o 0 0 0 0 o 0 1] 0 7.68 23,22 173.6 294.8 0 o 0
8 Hemmet-Riverside 0.16 32.83 $88,953,49 0 0 0 0 0 0 0 0 1] 0 0 0 0 0 0 0 0 4] 0
9 San Bern.-Irvine 3.41 1N3.11 $5,726.50 0 0 0 1] 0 0 0 0 0 0 0 1] 0 0 a 0 024,06 0
10 Redlands 0.03 0.00 $134,439.83 0 0 0 0 o 0 0 0 0 0 0 0 0 0 o 0 0 0 0
11 5P W, Colton to Ports .44 4177.16 $3,538.89 0 0 0 0 102.9 0 0 0 0 ] 0 1] 0 0 0 0 0 0 (i
12 ATASF Barstow to Ports 12.56 4576.81 $3,530,73 0 0 0 0 o 0 0 i] 0 0 0 0 0 23.22 173.6 294.8 0 0 0
13 UP Yermo to Ports 11.97 4368.10 $3,6456,.89 0 0 0 0 0 0 0 (] 0 i) 0 0 [ 0 o 0 0 0 0

OVERALL: $4,290.96



TABLE D-1 (Continued)

#43

#62 -(44)

i
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Route

2 Baldwin Park

3 Moorpark

& Santa Clarita

5 Lossan Corridor

6 Riverside via Ontario
7 Riverside-LAUPT via Full
& Hemmet-Riverside

9 San Bern.-Irvine

10 Redlands

11 SP W, Colton to Ports
12 ATASF Berstouw to Ports
13 UP Yermo to Ports

Diesel NOx by Segment
Electric NOx by Segment

Type

C/F

()
~
-

m MO0 00

Emission Reductions by Segment

from freight and Amtrak

Mileage by Segment per Route

Route

2 Balduin Perk

3 Moorpark

4 Santa Clarita

5 Lossan Corridor

6 Riverside via Ontario
7 Riverside-LAUPT via Futl
8 Hemmet-Riverside

9 Sen Bern.-Irvine

10 Redlands

11 $P W. Colton to Ports
12 ATASF Barstow to Ports
13 UP Yermo to Ports

Type

C/F
C/F

" T OO0 0NN D0n

TOTAL:

TOTAL:
Mileage

HOx {tpy)
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SOx

Route
Mites

57.9
47.5
34.9
133.7
59.1
61.8
39.1
52.8
12
281.7
176.1
184.8
1143.4

Total TPY NOx
from Commuters

132.4
56.08
25.19
86.65
48.89
73.59
26.51
108.63
12.05

o

0

0
589.99
467.50
9723.51
281.24
442,27
289.39
517.79
”1373.18
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Hiles
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32
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#4 #5
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0 o
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0 0
] 0
0 0
0 0
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o 1
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0 0
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0 3.18
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TABLE D-2 (Continued)

#43
#26  #27 W28  #29 N30 #31 #¥32 #33 434 W35 #36 W37 #3B w39 HA0  #AY1 W42 -(44)  WLB #52  #53  #54 W55 WSS WST  MGB M9 KTD #T
0 0 0 0 0 0 0 0 0 0 0 0 0 0 6 0 0 4] 0 0 ¢ 0 0 0 0 1) 0 0 0
0 0 0 0 0 0 o 0 g 0 0 0 0 0 Q 0 a 0 0 0 0 0 0 0 0 o 0 0 0
0 0 0 o 0 0 0 0 4] 0 0 0 0 0 0 0 0 0 0 a 0 0 0 0 0 0 0 0 0
0 - 0 ] o ,0 0 ] 0 0 0 0 0 0 0 ¢ 0 0 1] 0 0 0 ] 0 0 0 0 0 0 0
0 0 0 0 1 1 1 1 1 1 1] 1 0 0 0 0 0 0 0 1 0 o 0 o 0 0 0 0 0
1 1 0 0 D 0 0 0 0 0 1] 0 /] 0 0 0 a 0 0 1 0 0 0 0 0 0 0 1) 0
0 0 0 0 0 0 o 0 0 o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 0 0 0 0 0 1
0 0 0 0 0 0 Q 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0
0 0 1 1 0 0 0 0 0 0 0 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 1 0
1 1 1 0 0- 0 0 0 0 0 1 0 0 0 0 0 0 4] 0 1 1 1 1 1 1 0 0 0 i
0 0 1 1 1 1 1 1 1 1 Q 0 0 0 0 0 0 0 0 1 1 1 1 1 1 0 0 0 1

5.4 30 244 15 1 8.4 6.4 M7 7.2 199 0.6 2.8 5.8 6.9 13.3 3.5 19.¢9 25 5.5 0.8 35 2.7 1 1.9 1458 12 3 3.7 3.4
111.5 651.4 979.9 27.864 0.00 161.3 122.9 224.6 138.2 380.1 8.94 52.10 199.0 236.8 532.5 140.1 794.8 982 0.00 127.2 143.6 114.6 42.43 1054 818.8 0.00 0.00 127.0 32.82
3.36 19.63 29.47 0.84 0,00 5,05 3.85 7.03 4.33 11.90 0.26 1.58 4,09 7.24 16.40 4.32 24,56 30.33 0,00 3.87 4.37 3.50 1.30 32.6% 25.41 0.00 0.00 3.88 1.00
6.15 35.90 56.08 1.55 0.00 B.47 &6.45 11.80 7.26 19.97 0.60 2.91 10.52 12.52 28.16 7.41 42,13 53.05 0.00 6.90 7.79 6.23 2.31 &63.76 49.55 0.00 0.00 6.71 1.78
15.60 91.09 135.1 3.88 0.00 23.41 17.83 32.60 20.04 55.17 1.15 7.26 27.22 32.368 73.38 19.31 109.8 140.9 0.00 17.95 20.27 16.22 6.01 173.1 134.5 0.00 0.00 17.36 4.6}
11.32 66.11 98.95 2.84 0.00 16.86 12,85 25.49 14.44 39.75 0.84 5.32 20.49 24.38 55.07 14.49 82.39 101.3 0.00 13.00 14.68 11.75 4.35 108.1 83.99 0.00 0.00 13.07 3.36

#43
#26 W27 #28 #290 ¥30 #3171 #32 W33 #3435 #3536 W3T  W3B W39 HA0 MLl A2 -(44) W48 W52  NS3  #54 NS5 #56  WST  #5B RS9 NTO N
0 ¢ 0 0 0 0 0 a 0 0 0 o 0 0 0 0 0 0 0 0 ] 0 0 0 0 0 0 0 0
0 3] 0 i) 0 0 0 0 0 0 0 g 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1] 0 0 0 0
0 0 0 0 1 8.4 6.4 N7 7.2 19.9 0 2.8 1) 0 0 0 0 0 0 0.8 ¢ 0 o 0 0 0 0 0 0
5.4 30 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.8 o 0 0 0 0 0 ] 0 0
0 0 0 0 0 0 0 i} o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 36 0 3.1
0 30 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1] 0 5.5 0.8 3% 2.7 1 0 0 0 0 6 3.1
0 0 0 0 1} 0 0 0 0 [V} 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 12 0 0 0
0 0 24.4 1.5 0 0 0 0 0 ] 0 2.8 58 4.9 133 15 19.9 25 0 0 0 0 0 /] 0 0 0 3.7 ¢
5.4 30 24.4 0 0 0 0 0 0 0 0.6 0 0 1} 0 0 0 H 0 0.8 35 2.7 1 1.9 14.5 0 0 0 3.1
(4] 0 24.4 1.5 1 8.4 6.4 1.7 7.2 19.9 0 0 0 ] 0 0 o .0 0 0.8 35 2.7 1 1.9 14.5 H 0 0 3.t

.
5



Table D-3

within --- freight/Amtrak --- = ----- Commuters ----- Total Total Cost Effectiv

Route Basin Diesel Electric Tatal Dieset Electric Total tpy NOx tpd NOx (hased on $4.

Route Type Miles Miles tpy NOx tpy NOx Reduction tpy NOX tpy NOX ReductionReductionsReductions DCF Method

- i
2 Baldwin Park c 57.9 57.9  110.44 3.2 107.23  133.54 1.14 132.4 239_63 0.45 $32,619.04
3 Moorpark C/F 47.5 32 338.82 8.46 330.16 56.56 ' 0.48 56.08 385.24 1.06 $11,184.76
4 Santa Clarita C/F 34.9 34.9 AB6.33 13.15 473.18 25.41 0.22 25.19 498.37 1.37 $9,453.82
5 Lossan Corridor c 133.7 67 599.34 13.86 585.48 87.39 0.74 B4.65 672.13 1.86 $13,457.22
6 Riverside via Ontario c 59.1 50.1 1249.54 38.83 1210.71 69.48 0.5¢  68.89 1279.6 35 $6,235.15
7 Riverside-LAUPT via Full c 61.8 61.8 1431.66 38.8 1392.86 74.22 0.63 73.59 1466.45 4.02 $5,689.25
B Hemmet-Riverside c 39 39.1 33.82 0.99 32.83 26.74 0.23 26.51 59.34 0.16 $88,953.49
9 San Bern.-lrvine c 52.8 52.8 1169.22 3311 136N 109,56 0.93  108.63 1244.74 3.41 $5,726.50
10 Redlands c 12 12 0 0 0.00 12.15 0.1 12.05 12.05 0.03  $134,439.83
11 SP W. Colton to Ports F 281.7 109.5 4304.87 127.71 4177.16 0 0 0 4177.16 11.44 $3,538.89
12 ATASF Barstow to Ports F e 119.7 4708.68 131.87 4576.81 0 0 0 4576.81 12.54 $3,530.73
13 UP Yermo to Ports F 186.8 118 4499.14  131.04  4368.10 0 0 0 4368.1 11.97 $3,646.89
Total: 1143.4 763.8 $95.05 5.06 589.99

Overall: 467.5 9723.51 2B1.24 9442.27 10032.26 27.49 $6,290.96
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APPENDIX 11-5
Summary of Analyses of the Health Effects of EMFs Performed
by Various Agencies and Institutions

1. California Department of Health Services. 1990. Electric and Magnetic Fields:
Measurements and Possible Effects on Human Health; What We Know, What We
Don't Know in 1990. Special Epidemiological Studies Program, 1990.

"The public concern about possible health hazards from the delivery and usage of electric
power is based on suggestive data which, at this time, is both incomplete and inconclusive. With
the scientific information now available, it is not possible to set a standard or say that any given
level is safe or dangerous. At this time, no one knows the relative importance of average long
term exposure, exposure to sudden intensities, exposure to different frequencies, or various
combinations of all these with other factors. Stronger fields may not always pose a greater risk
than weaker fields. A reasonable public policy at this time is to inform people about what is
known and unknown about this matter, and to intensify and expand the efforts to gain the
necessary knowledge. Until we have the necessary information, concerned individuals may wish
to consider adopting a "prudent avosdance" strategy. The Department of Health Services is
involved in research of these questions.”

2 Congress of the United States, Office of Technology Assessment. Carnegie Melon
University. Department of Engineering and Public Policy. Biological Effects of
Power Frequency Electric and Magnetic Fields. May 1989.

"There is now a very large volume of scientific findings based on experiments at the
cellular level and from studies with animals and people which clearly establish that low
frequency magnetic fields can interact with, and produce changes in, biological systems. While
most of this work is of very high quality, the results are complex. Current scientific
understanding does not yet allow us to interpret the evidence in a single coherent framework.
Even more frustrating, it does not yet allow us to draw definite conclusions about questions of
possible risk or to offer clear science-based advice on strategies to minimize or avoid potential
risks. In the long run, better scientific understanding is the only way to resolve problems posed
by power frequency fields."

3. National Cancer Institute. 1990,
ExmmndﬁhﬂdhmﬂLsnk:mm.Mardl 1990.

The National Cancer Institute (NCI) and the Children's Cancer Study Group (CCSG) are
collaborating on a 4-year large-scale investigation to determine if low-frequency electromagnetic
field (EMF) exposure contributes to the development of acute lymphocytic leukemia. Results of
the study should be available in early 1995.

4. Peters, J., S. London, D. Thomas, J. Bowman, E. Sobel, and T. Cheng, 1991.
"Exposure to Residential Electric and Magnetic Fields and Risk of Childhood

Leukemia", American Journal of Epidemiology. November 1991.

"The relation between exposure to electric and magnetic fields in the home, as assessed
by measurements, wiring configuration, and self-reported appliance use, and risk of leukemia
was investigated in a case-control study among children from birth to age 10 years in Los
Angeles county, California. Cases were ascertained through a population-based tumor registry

I' 1 DOCUMENT NAME



from 1980 to 1987. No clear association between leukemia risk and measured magnetic or
electric fields were seen. The reports support an association between childhood leukemia and
wiring configuration.”

S. Public Utilities Commission. 1991. Administrative Law Judge's Ruling
Announcing the California EMF Consensus Group. September 1991.

Pursuant to the PUC's Order Instituting Investigation (OII) on the Commission's, own
motion to develop policies and procedure for addressing the potential health effects of electric
and magnetic fields of utility facilities, dated January 15, 1991, the California EMF Consensus
Group has been established. The goal of this Consensus Group, which consists of
representatives from the PUC, CEC, DHS, utility companies, and environmental organizations, is
to propose near-term priorities for utility-funded EMF research as well as interim procedures to
guide utility activities in the following areas:

a. Providing information and performing field measurements for members of the
public;

b. Constructing new transmission and distribution lines, substations, and other
facilities, and modifying existing facilities;

C. Responding to concerns raised by those living, working, or spending recreational

time close to existing facilities (including responding to the discovery of a
potential cancer cluster).

6. Public Utilities Commission. 1989. Potential Health Effects of Electric and
i lectri jlitics. Report to the California State

Magnetic Fields From Electric Power Facilities
Legislature by the California Public Utilities Commission in Cooperation with the
California Department of Health Services under SB 2519. September 1989.

Under SB 2519, adopted on September 29, 1988, the CPUC and the DHS were required
to conduct a study of the potential health effects associated with exposure to electric and
magnetic fields from electric utility facilities. This Bill requires the state's larger utilities to fund
research projects on the biological effects of EMFs.

"Taken together, the body of scientific evidence for electric and magnetic fields posing a
significant health risk is not yet compelling, but it is worrisome. It is recommended that
California take no action at the present to regulate electric and magnetic fields around electric
power facilities. Any current actions are premature given current scientific understanding of this
public health issue. Too little is known presently to be able to determine whether or what rules
}vould provide useful protection.” Three high-priority research projects have been selected for
unding.

7. U.S. Environmental Protection Agency. 1991. A Research Strategy for Electric
and Magnetic Fields: Research Needs and Priorities, Review Draft. June 1991

This document describes a strategic framework which identifies the major research topics
and their relative priorities in the following areas:

. Animal and human studies to determine if adverse health effects (cancer and
reproductive, nervous, and immune system effects) might result from EMF.
. Investigation of biophysical mechanisms, including both physical and biclogical

interactions, that underline any effects which may occur from exposure to EMF.
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. Improved assessment of human exposure to EMF, including source identification
and characterization, instrumentation development, exposure measurement and
modeling, EMF coupling to biological objects and laboratory exposure systems.

. Determining what type of control technology, if any, may be needed to prevent
and reduce human exposure to EMF.

8. U.S. Environmental Protection Agency. 1990.

Evaluation of the Potential
Carcinogenicity of Electromagnetic Fields, Review Draft. October 1990,

"While there are epidemiological studies that indicate an association between EM fields
or their surrogates and certain types of cancer, other epidemiological studies do not substantiate
this association. There are insufficient data to determine whether or not a cause and effect
relationship exists.”

"With our current understanding, we can identify 60-HZ magnetic fields from power lines
and perhaps other sources in the home as a possible, but not proven, cause of cancer in humans.
The absence of key information makes it difficult to make quantitative estimates of risk. Such
quantitative estimates are necessary before judgements about the degree of safety or hazard of a
given exposure can be made. This situation indicates the need to continue to evaluate the
information from ongoing studies and to further evaluate the mechanisms of carcinogenic action
and the characteristics of exposure that lead to these effects.”
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