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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 trucks1

• 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 4'81!2" 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 NOx 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 gmlbhp-hr of NOx 
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 NOx 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 (Bl.\1EP), 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 

2 
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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 funher 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 frredeck. 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 Transponation 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 

Manufacturers 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, Vl2, V16 same as EMD 

Cost (approx.) $1-$2M " 

Life 500,000 to 1,000,000 miles " 

4 
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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 frrst 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-bum technology. This lean-bum 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. 

5 
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TABLE 2. ESTIMATED PERFORMANCE AND EMISSIONS 
DATA FOR DDC 8V-149TI DIESEL ENGINE 

Power Rating: 
Rated Speed: 

Emissions 
(gm/hp-hr) 

NOx' 

co· 
HC' 

PM' 

BSFC' 
(lb.Jbhp-hr) 

780 horsepower 
1,800 rpm 

0 25 

11.0 10.4 

10.2 2.1 

3.2 0.9 

0.4 0.2 

0.56 0.39 

Load Factor(%) 

so 75 

9.5 9.0 

0.7 0.6 

0.6 0.5 

0.1 0.1 

0.35 0.33 

100 

9.4 

0.8 

0.4 

0.2 

0.33 

• Data not available for DDC 8V-149TI. 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 F59PH 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. 
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TABLE 3. BASELINE DIESEL EMISSIONS AND PERFORMANCE DATA 

Engine Model: EMD 12-710G3A 

Emissions (gm/bhp-hr) Fuel 
Consumption 

Notch RPM Bhp co NOx HC PM 
BSFC 

(lbm/bhp-hr) 

8 903 3196 1.23 9.51 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 10.93 0.12 0.21 0.36 

4 566 1053 0.29 12.01 0.13 0.23 0.36 

3 489 717 0.26 13.88 0.17 0.3 0.37 

2 342 372 0.34 15.04 0.22 0.31 0.38 

1 342 209 0.54 15.94 0.40 0.17 .5 

Idle 197 7.8 6.94 114.03 7.02 4 7 

DB6 728 64.3 5.02 56.22 3.95 4 3 

DB4 566 24.8 9.21 112.96 7.69 4 3 

DB1 343 12.3 7.71 114.88 5.72 4 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 researchersc2

•
15>. 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 enginesc16>. 
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. 
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Five techniques are discussed that could be used to convert diesel locomotives to 
natural gas fuel. 

1. 
2. 
3. 
4. 
5. 

Dual-Fuel 

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

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.(17

> No 
written reports are available that give details. This option will increase fuel consumption by 
approximately 10 percent. NOx 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 NOx to only 20 percent of the 
current diesel version (i.e. from 12 g/bhp-hr NOx 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 
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reducing the compression ratio and using a natural gas flame as the source of combustion, 
the NOx 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 NOx. 

Higher power levels can be produced with this approach, but a trade-off in NOx 
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 NOx reduction in large stationary gas 
engines and SwRI has successfully applied this technology to urban bus and trucks for 
emission reductions.c2.ls.ts) Unfortunately, this technology has not been demonstrated in 
locomotives and is not directly transferrable to locomotive engines due to their higher Bl\1EP 
levels. However, with the proper combustion development, this conversion could hold the 
greatest long term potential for NDx 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. NDx reductions of 40 percent of diesel have been 
reported. Reductions in compression ratio are necessary to achieve 40 percent NDx 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 

Tore-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 
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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 NOx 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 

NOx 75 percent 

PM 80 percent 

Fuel Economy (5 percent)" 

• Increase in fuel economy for gas engine assumed to be 5 percent 
of diesel baseline. 
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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 -14911 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 diesel DDC SV-14911 are shown below: 

TABLE 5. ASSUMPTIONS FOR GAS AUXll..IARY ENGINE 
COMPARED WITH BASELINE DIESEL DDC 8V-149TI ENGINE 

Emissions Reduction with Gas 

NOx 75 percent 

PM 80 percent 

Fuel Economy (5 percent}* 

• Increase in fuel economy for gas engine 
assumed to be 5 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 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 

LNG Fuel tender 

The following describes these scenarios in regard to tankage, compressors, and LNG 
liquefaction. 
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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 F59PH passenger locomotive, each commuter train operating according to a specific 
notch schedule will use between 60 and 500 gallons of diesel fuel for the daily round trip. 
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 

Route 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 Technologks 

Compressed Natural Gas 

One method for storing the fuel on the train is as a compressed gas. 
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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<19
> (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 batteries. 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 trip. 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 
location 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. 

Liquijied 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 truck 
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 automobile. 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 transpon 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-Rel4ted 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.<20

> 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 g~s. 

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 METRO, 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.<211 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, ftre 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 

Route• Service Length 
(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 retrofitted 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 to two reasons: 1) the higher load factor and 
the resulting higher NOx 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 NOx 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 NOx emissions. HC and CO 
emissions are not discussed any further due to the small difference between natural gas and 
diesel locomotives. 

Figure 4 shows the cumulative NOx emissions for the diesel and gas scenarios 
according to the implementation schedule described above for the nine commuter routes. This 
figure illustrates identical NOx 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 NOx by the year 
2000 compared with only 2000 tons NOx 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 

NOx 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 (lo4.6) 

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) 

Does not include 5 percent emissions reduction per year beginning 
in 1996. 

Emission Reductions 

Figure 4 illustrates that gas locomotives can eliminate as much as 7,500 tons of NOx 
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 NOx emissions and 
near-term implementation capability. Although clean diesel can be implemented immediately, 
its relatively low effectiveness (i.e., 25 percent NOx 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 NOx 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 NOx reduction when compared 
on a ton per passenger-mile basis. 
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TABLE 12. DAll.. Y AND ANNUAL NOx EMISSION REDUCTIONS FOR 
INDIVIDUAL COMMUTER ROUTES AT INTERMEDIATE SERVICE LEVEL 

NOx Emissions Reduction 

Route 
Tons/Year 

[$/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 

NOx Emissions Reduction • 

Route Tons/Passenger • Mile) Xl0-6 

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 
. 

Assumes 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 significantly 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 initially 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 oq1itted 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 natural 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 NOx 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-bum, 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 natural 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 and 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 
each 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 natural 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 

I Component I Unit I Unit Cost I 
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 operaqng costs on AMTRAK due to the need to maintain two different operating 
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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 mstall 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 Locom otive Refueling 

(track mile) (eac h) (per Route) 

Electric $2M $4 M n/a 

Diesel n/a $2 M n/a 

Gas· n/a $2.5 M 
$1.1M (LNG) 

$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 (O&M) 

Diesel 

Diesel locomotives have three major operating costs. The flrst 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 flgures in the overall operating cost is important as a comparison 
between each of the three fuels is made. 

CAL TRAIN 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. CAL TRAIN officials indicate that their annual maintenance costs are 
approximately $37,500 per locomotive. On average, each of these locomotives travel35,000 
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 

Mfr/Model EMD/GP40, F40 

Power Output 3,000 horsepower 

Average Maintenance $17,600/month 
Costs • 

Annual Mileage 
. 

160,000 miles 

Average Cost per Mile $1.32/mile 

• Based on 12 month period ending September 1991. 
u 

Electric Locomotive 

GM, ABB/AEM 7 

7,000 horsepower 

$23,400/month 

160,000 miles 

$1.76/mile 

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 CAL1RAIN'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 (i.e., 
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 ftrm 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 artiftcially 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 NOx ton per year, the extent to which electric trains reduce NOx 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 
Fuel Cost 

Annual Maintenance 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. 

35 



I 
I 
I 
I 
I 
I 
I 

, I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

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 fmancial 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. 
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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 O.D11 
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 4.52 0.188 

Average Diesel 0.98 0.013 
Gas 1.27 O.Q17 
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 

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 0.49 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 0.21 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 
Cost per Gallon 

(Diesel Equivalent) 

Diesel $0.75 $0.75 

Gas (LNG) $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 lbu/bhp-hr for 
the diesel engine and a diesel fuel cost of $0.75/gallon yields: 

and, 

or 

-:l~b~hp~-h_r x 
0.40 lb, 

0.7457 kW-hr 
lbhp 

= 1.86 kW-hr 

Ibm 

1.86 kW-hr 7.3 Ibm gallon 
----,,....-- X X = 

Ibm gallon $0.75 

18.14 kW-hr 
$ 

$0.055/kW -hr using a diesel locomotive 

Since electric power is expected to cost $0.075/kW-hr from the utility 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 electric 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 NOx emissions 
from commuter trains by more than 700 tons per year at an additional cost of about $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 NOx emissions reduction cost of about $6,500/ NOx ton/year. If electricity 
were capable of achieving the same level of implementation by the year 1997, it would be 
expected to reduce NOx emissions by almost 950 tons per year at an additional cost of about 
$125M. These numbers yield an NOx emissions reduction cost of over $131,000/NOx 
ton/year. 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 fmal 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 NOx 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. 
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CLEAN DIESEL 

Technology 

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

a. 
b. 
c. 
d. 
e. 
f. 

Low Temperature lntercooling 
Injection Retard 
Reoptimized Combustion 
Exhaust Gas Recirculation 
Intake Charge Chilling 
Emulsions of Water and Water Injection 

Low Temperature lntercooling 

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 NOx to reduced combustion air temperature 
may not be as significant on the locomotive engines.<22> This is because the emissions plotted 
here are cycle averaged with 50 percent weighting for idle. Idle NOx 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 tlie 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 NOx, but unless it is 
accompanied by counter measures then particulates, fuel consumption and hydrocarbon 
emissions will also increase.<22l 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. 

Oil 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. 

Exlulust Gas Recirculation (EGR) 

The effect of recirculating spent combustion gases back into the intake system to 
reduce NOx 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 NOx 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 NOx formed. 

With spark-ignition (SI) engines, a substantial reduction in NOx emissions can be 
achieved with 10 to 25 percent EGR.<23l The amount of EGR any engine will tolerate is 
dependent upon the combustion characteristics, the speed and load, and the equivalence ratio. 
EGR is used for part-throttle conditions where economy and not power is the principal 
concern. 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 misftre. 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 C02 emissions. 

The concept of employing EGR in diesel engines is now being used with some light
duty diesel engines.<22

> 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 NOx 
levels, then exhaust gas recirculation is the next most effective technology to apply. 

Intake Cluzrge 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, NOx, 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 NOx emissions is modeled in 
Figure 8. NOx 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 NOx emissions. Therefore, SwRI suspects there may be an optimum 
manifold temperature for lowest NOx 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 NOx-particulate ttadeoff. Currently, no engine models can 
predict particulate emissions. Reducing manifold temperature will affect spray penettation, 
fuel-air mixing, and thus particulate formation. Engine tests will be required to determine 
the correlation between manifold temperature, NOx, 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 turbine, so the charge 
is cooled to 6"C in the case shown in FigureS 9 and 10. Temperatures less than o•c are 
possible with this arrangement However, there are several questions concerning the viability 
of this scheme such as the condensation and icing of the water vapor in the air, the fuel 
consumption penalty and the ttansient response of the device. 
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Emulsions and Water Injection 

Water injection in diesel and gasoline engines has been examined several timesC23•24.2Sl 

as a method of reducing NOx 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 NOx 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 convened 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: 

(1) 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 
corrosive. 

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 NOx 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, 

51 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

even when the water injected was 80 percent of the fuel mass. If the combustion bowl 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<26

• ···
3
'l 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 trucks 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 fllter 
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 

RAPRENOx 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 NOx 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 ammonia and NOx, even in the 
presence of oxygen, to reduce NOx to N2• 

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 Cll!l 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 NOx, because under such conditions 0 2 would 
preferentially react with NO giving N02• 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 NOx 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 

Percent Change in Emissions 

Emissions Reduction Techniques Relative to Diesel Baseline 

NOx 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 +5 percent 

Intake Charge Chilling -10 percent -2 percent 

Emulsions and Water Injection n/a n/a 

Low Aromatic Diesel Fuel 0 percent -6 percent 

Catalytic Aftertreatment 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 

It 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 !!Q! produce a 40 percent reduction in NC>,c. 
Instead, we estimate the combination of each of the applicable technologies listed above 
represents the potential for a 25 percent reduction in NOx compared with the baseline diesel 
data shown in Table 3: This improvement in NOx 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 NOx 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 NOx and particulate matter emissions further than the numbers included in this report. 
However, the size and cost of catalytic aftertreatment 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, selective 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 

Capilcll 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 NOx 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 NOx and 
particulate emissions by converting diesel locomotives to alternative fuels. natural gas has 
been estimated to provide approximately 75 percent reduction in NOx 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 NOx 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 

Passenger occupancy: 

Head-end power requirements: 

7 cars per train for intermediate service 

70% of capacity for start-up 
100% of capacity for intermediate 

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 Capacitv: 

SCFM utilization correction factor .85 hp 20 hr 2545 btu 
1 1 X -=s-=CF=:M:":' X -day- X day 

1 SCF 260 day 1 MCF MCF $ $ 
* * --·--= 1000btu yr 

Electric Energy Consumption: 

bhp min 
* -- * 1 day 
260 day 

yr 

1000 SCF yr MCF yr 

hr 

60 min 
1 

*- = 0.9 

* 
.7457 kWhr 

bhp-hr 
kWhr 

yr 

* 
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Fuel Consumption: 

Emissions Rate: 

gallons = bhp x lb, gallon 
HR 1 7bh-;-p--,-h-;-r x -=1 .-::-3 -:-:lb:-,. 

tons bhp gm lb,. ton 
-- = - X -;--:-'~- X -:-=-::--- X --~-
HR 1 bhp-hr 454 gm 2000 lb,. 
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Source: 

APPENDIX B 

LOCOMOTIVE SPECIFICATIONS 

The Car and Locomotive Cyclopedia, Simmons - Boardman Publishing 
Corp., 1980 
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ceneral Motors Model F40PH 

SPEED • TAA.CTI'VE &!=FORT 

JCliO HP MODEL FOH LOCOMOTIVE 
WITH 500 KW AUXILIARY TRAIN POWEA I.OAO 

70,000 ---,l'""----c-------.,-------. ' . - ._, - -----'-----:-----:--- -~ -----
~ j 

60000~~--~~~~~--------------~ 

! ~~Moll13 E .. rne 
-------"--1-·--.,-r~ 

1!1116. . ~ 4.: 017Tt-Maata 
! r 40""cn.,..._.. 5Q,OOO -"'-"" _________ _,_ __ ....,._ __ _;. __ _ 

_ S9 re . . . . . - --------- ~--------'----1 - 58·19 
~000--~-~r----'~-----_;. _____ _ 

S6- 21 

------ - ---·---- ---

----- _,. ___ _ 
.. 80 1011 "" 

774 

General Charactertstlcs, Weights and Dimensions 

Model . F40PH !000 HP FOur Motor Diesel-Electric Locomotive 
Type: 

AAR DISICNATION .. . . .. .. . . .. . B·B 
common DesignatiOn . . . . . . . . . . . . . . . 0440 

Arrangement . . . . . . . . . . The Locomotive conSists of one unit 
complete With engine, generator, trucks and all acces
sories tor Single unit operation, with a control cab between 
the long and short hOOds. 

NOminal dimensiOns: 
Distance pulling face of couPler to 
centerline of truck 

Distance between bolster cente" .. 
Truck·rtglct Wheel base .... 
Distance pulling face front coupler 
to rear coupler . .. . .. . .. .. . 

Wlelth over cab sheeting .... 
Height over cooling fan hatch ... 

Drive 
Driving moto" .. .. .. .. .. . . .. .. . .. . .. 
Driving WheelS .. . . .. . .. .. . .. . . . 
Diameter wheelS . . . . . . . . . . . 

wetgnts anct supplies: 
Totalloacteel wetght on ralls 
<approximately I ............. . 

FUel <baSIC! .. . .. .. .. . ... 
Fuel capacity optton ...... . 
Sanct. .. .. . ..... .. 
COOling water 
LubriCating 011 .... 

11'7" 
33'0" 

. . 9'0" 

. 56'2" 
10'0" 
15'7" 

FOur 
4Palr 

40" 

259,00011 =5500 
1.sooga1. 
1.eoo gal. 
26 cu. ft. 
254 gal. 
245 gal 

THE CAR AND LOCOMOTIVE CYCLOPEDIA 
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APPENDIX C 

COMMUTER ROUTE CHARACTERISTICS 
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I 
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I 
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Route 2 San Bernardino - LA 

Time at Notch Position (minutes) 

Notch EastbounH~ Westb 

idle 18.8 20.6 

1 3.7 8.1 

I 
Length: 56.5 Miles 
Start-up Date: 1992 
Number of Trains: Start-up: 5 

2 6.4 6.5 

3 5.7 9 

I In termed: 8 

I 
I 

I 4 II 6.1 11.9 I 
Is 6Ij 4.4 I 

E8 ~:~ 6.4 I 
1.3 I 

I 8 II 30.9 23.8 I 
I Tota1J 95.0 92.0 I 

I 
I 
I 
I 

Time at Notch Position (minutes) NO Eastbound Westbound 

I idl 15.5 12.3 

1 6.1 5.4 
Route 3 Ventura- LA 

I Length: 47 Miles 
Start-up Date: 1992 

2 12.2 4.8 

1 7.1 6.6 
Number of Trains: Start-up: 4 

I In termed: 8 
4 2.3 12.2 

5 2.7 4.4 

! I 
6 6.0 v.~ 

7 1.2 3.5 

I 
8 16.9 17.4 

Total 72.0 73.0 

I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

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 
Interrned: 4 

Oceanside - LA 
87.2 Miles 
1993 
Start-up: 8 
lnterrned: 8 

I 
I 
I 
I 

Time at Notch Position (minutes) 

Notch Northbound Southbound 

idle 9.4 15.2 

1 2.1 5.8 

2 2.5 5.7 

3 6.0 7.0 

4 5.3 3.7 

5 6.1 2.8 

6 5.0 2.6 

7 3.9 1.6 

8 21.7 I 13.6 I 
Total 62.0 58.0 

Time at Notch Position (minutes) Jl 
Notch Eastbound' Westbound' 

idle 27.5 30.3 

1 7.5 9.0 

2 13.3 10.7 

3 11.8 14.2 

4 8.6 17.5 

;:J 11.2 7.3 

6 11.8 9.7 

7 8.7 4.0 

8 43.8 34.5 

Total 144.2 137.2 
• CF = 0.63, from mileage weighted 
composite 
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Route 6 
Length: 
Start-up Date: 
Number of Trains: 

Route 7 

Length: 
Start-up Date: 
Number of Trains: 

Riverside - LA (Ontario) 
58.8 Miles 
1993 
Start-up: 3 
Intermed: 5 

Riverside - LA 
(Fullerton) 
62.8 Miles 
1995 
St!Ut-up: 2 
Intermed: 4 

Time at Notch Position (minutes) 

Notch Eastbound' Westbound' 

idle 19.6 21.4 

1 3.9 8.4 

2 6.7 6.8 

3 6.0 9.4 

4 6.3 12.4 

5 9.4 4.7 

6 8.0 6.7 

7 7.0 1.4 

32.1 24.8 

Total 99.0 96.0 
• CF = 1.04, from Route 3 

Time at Notch Position (minutes) 

Notch Eastbound.:" ... rest:bm_m_d' 

idle 20.9 22.9 

~~F~ ===4.=1~p====9.=0~~~ 
~~ 7.21 
I 3 lc=JI]11===1o=.o=ll1 

4 I 6.8 II 13.2 I 
5 w.o 1 4.9 1 

IP==6==~F====8.5~~ 
7 7.4 ~ 
8 34.3 1 26.4 1 

Total 105.4 102.1 

• CF = 1.11, from Route 3 
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Route 8 
Length: 
Start-up Date: 
Number of Trains: 

Route 9 

Length: 
Start-up Date: 
N urn ber of Trains: 

Hemet - Riverside 
39.6 
1995 
Start-up: 2 
lntermed: 4 

San Bernardino/Riverside 
- Irvine 
59 Miles 
1995 
Start-up: 4 
lntermed: 8 

Time at Notch Position (minutes) 

Notch Eastbound• Westbound· 

idle 13.2 14.4 

1 2.6 :J. I 

2 4.5 4.6 

3 4.0 6.3 

4 4.3 8.3 

5 6.3 I 3.1 I 
I 6 I 5.4 BE ffi 4.7 9 

21.6 I 16.7 I 
Total 66.6 II 64.5 

• CF = 0. 70, from Route 3 

Time at Notch Position (minutes) 

1o.T- h Eastbound" Westbound· 

idle I 19.6 8B 1 I 3.9 4 

2 I 6.7 6.8 I 
3 6.0 9.4 

4 6.3 12.4 

5 9.4 4.7 

6 8.0 6.7 

7 7.0 I 1.4 I 
8 32.1 24.8 

Total 99.0 96.0 

• CF = 1.04, from Route 3 
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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) 

I Notch I Eastbound· I Westbound· I 
I idle I 3.9 I 4.3 I 

1 0.8 1.7 

2 1.3 1.4 

rn 1.2 1.9 

1.3 2.5 

5 1.9 0. 

6 1.6 1.3 

7 1.4 0.3 

8 6.5 I 5.0 I 
Total 19.9 19.3 

• CF = 0.21, from Route 3 
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I 
I Mileage Weighted Composite for Routes 

2, 3, 4 

I Total Miles: 138.5 

I 

Total Time at Notch Position (minutes) 

I Notch I Eastbound I Westbound I 
idle 43.7 I 48.1 I 

1 11.9 14.3 

I 2 21.1 17 

I 
3 18.8 I 22.6 I 
4 13.7 27.8 

I 5 17.8 11.6 

6 18.7 15.4 

I 7 I 13.8 I 6.4 

8 69.5 54.8 

I Total 229.0 218.0 

I 
I 
I 
I 
I 
I 
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. . 
'CI Products 

Diesel-Electric Locomotive Tests on Engines 
Fuelled With Ignition-Improved Methanol <Methanol/AVOCET> 

1.0 summary 

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

1. 1 GE SGl OB: a low compression ratio VB four stroke 
turbocharged locomotive. 

1. 2 GM SW1002: 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. 

2.0 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. A~ optimization program would need to be established 
for conversion methodology to achieve maximum cost 
effectiveness and component reliability. 

2.2 £missions 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 carcinogenic smoke component, and NOx would 
be cut by one-half to one-third. Organics (such as co, 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. 

3.0 Test Conditions and Results 

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

[ l ) 
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e ICI Products 

traces, injector needle lift, various temperatures and 
pressures during operation, fuel consumption, and power 
measurements. 

3.1 GM SGlOB 

3.2 

3 .1.1 

3 .l. 2 

3 .l. 3 

Engine 

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

Fuel System Modifications 

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

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. 

Thermal efficiency at Notch 5 was 34.2%. No 
exhaust emissions were tested; no visible smoke 
was observed. 

GM SW1002 

3.2.1 

3.2.2 

3.2.3 

Engine 

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

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. 

Other Modifications 

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

[ 2 ] 
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3.2.4 

Glyn D. Short 

Low Idle 
Notch 8 
Notch 8 

Fuel Dlvy 

standard 
(mm) 

44-5 
21-1 

630 p.l/stroke 

ICI Products 

Methanol/Avocet 
(mm) 

45-8 . 
Max 15 (Notch 7) 

Max 1162 p.ljstroke 

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

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 
wj,th 7 degree retardation from standard, and 
38.2% at 9 degree retardation. 

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

Business Development Manager 

11059102.GDS 

[ 3 ] 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

APPENDIX 

conditions/Data for SGlOB Tests 

Throttle Setting 
Engine Speed, rpm 
Turbo Speed, rpm 
Generator Output V 
Generator Output A 
Generator HP (uncorrected) 
Generator HP (kw) 
Fuel Rate kg/min 
Fuel Lower HV, MJ/kg 
Thermodynamic Efficiency, % 
Exhaust Gas Temp ac 

Before Turbo 
After Turbo 

Diesel 

Notch 8 
1062 

16320 
487.9 

1622 
1130 

843 
3,51 
42,3 
33,8 

578 
461 

ICI Products 

Methanol/Avocet 

Notch 8 
1062 

17340 
510.3 

1717 
1251 

934 
8,25 
19,8 
34,3 

567 
425 

NB: Difference in power at Notch 8 mainly because modified 
governor linkage ov.er 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 load. 

• Locomotive SG10B: Full comparison data only at Notch a. 

• 

• 
• 

• 

• 

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

Avocet Concentration 5,0% by volume in fuel • 

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

Exhaust temperatures SGlOB 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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~w lQ02 LOC~ - ~D SE-64~ EDdiie 

I 
Max. Max Rate Ignition Exhaust Corrected Engine Thermal 

I Cylinder of Pressure Delay Gas Brake Speed Efficiency 
Pressure Rise Degree Temp Power Temp Power 

I I<Pa I<Pajdeg ~ 

I 
Diesel Fuel 

BaseliiJe 

I Idle 2900 400 6 91 318 
Notch 1 2900 539 6 106 29 312 22,6 

I 
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 

I 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 

I Methanol/Avocet 

I 
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 

I 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 

I 
7 6020 270 14 363 650 828 35,6 

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

I 
I 
I ! 5 1 

I 
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(standard injection) 

40 

................ •'• ..... . 
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I I 4 • • 7 I ·-
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Methanol/ Avocet 
{7 de_B;. !:~t~rded) 

NB: Injectors for Methanol had insufficient capacity to reacQ Notch B. 
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STATEl\1ENT FROM THE HEI BOARD OF DIRECfORS 

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 em1ssions will not pose an ''unreasonable risk to the 
public health:· (Section 202 (a] ( 4 ]}. EPA has been requesting 
the Health Effects Institute (HEll since 1983 to undertake a 
research program to determme what emissions-related health 
problems. if any. would emerge if methanol were to become 
more widely used as an automotive fuel. 

Methanol-fueled vehicles emit both formaldehyde and 
methanol vapors. In 1985. HEI began to fund a research 
program to investigate the potential health effects of aldehydes. 
including formaldehyde. The HE! Health Research Commit· 
tee. w1th our approval. decided to undertake additional anal
ysis before proceeding with research on methanol vapors. This 
report contains the Committee's assessment. We are publish
ing it because we believe it will pfOVlde considerable guidance 
to government and industry. as policies relating to methanol 
fuel are considered. 

The report focuses on the potential health 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
dental 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. however. 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 completed in japan. The 
summary report of that study, although rather slcetchy. indi
cates the possibility of biological effects at exposure le1111ls 
toward the upper end 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 motor vehicle fuel in the foreseeable future. the 
weight of available scientific evidence indicates that exposure 
to 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 
methanol's use. The results of those inquiries will become 
avai !able 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 rislcs 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 gallons are introduced annu
ally. It seems wise to ensure now that the possibility of adverse 
health consequences is minimized.lt 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. 

In addition to thanking the entire HEIHealth Research Com
mittee for its efforts in shaping this document, we would par
ticularly like to thank Dr. Walter Rnsenblith. Chairmen of the 
Committee. who directed this effort. Dr. Robert I<avet, who 
was the primary author of this report when he served as Senior 
Staff Scientist at HEI. and Dr. Roger McClellan. who gave 
generously of his time to ensure the quality of this effort. 

Archibald Cox. Chairman 
William a 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 

:\!!ethanol has the potential to become a ma1or 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 result in ambient concen
trations of cr1ter1a pollutants that are no greater than and. quite 
likely. lower than those that result from gasoline or diesel 
emiss10ns. However. the introduction 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 techn1cally evaluating these relevant health issues. The 
Health Effects Inslltute (HEll shares the EPA's concern and 
already has imtiated laboratory research to mvestigate 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 w hetheror not methanol's 
known effects might be expected at the anticipated low levels 
of intermittent exposure associated with increased use of 
methanol 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 

Date that estimate the range of potential exposure concen
trations of methanol 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 wriety of scenarios. These 
include (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 take into account both the driv
ing conditions and the vehicle operating mode. as well as the 
contribution to emissions of vehicles that ara not operating 
according to certification standards. 

The highest l!lqlosures 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. In most cases. howevar, personal garage 
exposures are unlikely to last mora than several minutes. The 
EPA projects that worst-case (i.e., hot-soak) personal garage 
exposure levels (those from a malfunctioning vehicle in an 

unventilated garage) may be as high as approximately 240 mil
ligrams per cubic meter {mglm3) of methanol. but that. under 
more realistic conditions (normal ventilation), levels are 
unlikely to exceed 130 mglm3. For the traffic situations eval
uated. methanol concentrations are projected to be much lower 
(less than 6 mglm3). even if the fleet IS 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 methanol-fueled vehicles into the fleet. 
As a point reference. the American Congress of Governmen
tal Industrial Hygienists' (ACGlli) threshold limit value (TLV) 
for occupational exposure is 260 mglm3 (200 ppm); this stan
dard is a time-weighted average for an 8-hour period. 

Toxicity of Methanol 

Nearly all of the available information on methanol taxi
city in humans is related to the consequences of acute. rather 
than chronic, exposures. Acute methanol toxicity evolves in 
a fairly well-defined pattern. A toxic dose results from intake 
of a large quantity of methano I in a short period of time, and 
initially producas a transient. mild depression of the central 
nervous system. An asymptomatic latent period follows. and 
may last from several hours to two days or mora. The latent 
period gives way to the onset of a syndrome that consists of 
an uncompensated metabolic acidosis with superimposed 
tCDcicity to the visual system. The physical symptoms. in SIMire 

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 bydrogen ion), and not to methanol i1Self. 

The minimum lethal dose of methanol (in the absence of 
medical treatment) ranges between 0.3 and 1.0 grams per kilo
gram of body weight (g/kg). The maximal dose of methanol 
expected in the EPNs exposure scenarios, by comparison, is 
under 1 milligram par 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 detenninants of susceptibility 
ara {1)CO-eJCposureto 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 formate, the key 
toxic metabolite of methanol. 
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Until the 1950s. a major obstacle to understanding and treat
mg methanol poisomng was the lack of understanding of some 
of the mechanisms of methanol toxicity. This Situation mnsted 
because of the lack of appreciation that non-primate species 
are not sUitable models of acute human methanol toxic1ty. 
Gilger and Potts. m 1955, demonstrated that. of all common 
laboratory species tested. only non-human primates experi· 
ence methanol toxic1ty, including ocular pathology. which 
is charactenstic 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 methanol vapors are scarce and not well-developed. 
The epidemiologic literature provides weak suggestive evi
dence that prolonged occupational exposure to methanol 
vapors at levels above the TLV (260 mg~m3) may produce 
symptoms 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 generally inadequate. 

In human clinical expenments, two separate Russian 
studies reported effects of low-level. short-duration methanol 
exposures (less than 10 mgtml, 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 
the results. Upon close examination. the results from the two 
studies are not consistent. and they are not entirely plausible. 

In acute and chronic animal 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 levels discussed earlier. In Japan, the Insti
tute for Applied Energy, with sponsorship of the New Energy 
Development Organization (NEDQ), conducted an extensive 
research program in which rodents and non-human primates 
were exposed to methanol vapors eitherbrieflyorforextended 
penods of time. Although the report issued by NEDO indicates 
potential effects to the central nervtJus system of non-human 
primates exposed to 13 mglm3 for extended periods of time, 
the details available in that document are insufficient to permit 
cntical evaluation. Further evaluation of these studies will 
be necessary. 

Finally, in people, both methanol and its toxic metabolite, 
formate, are present at background levels that result from 
normal dietary intake and natural metabolic processes. A 
major contributor to the body burden of methanol in mmy 
people is the artificial sweetener, aspartame, now found in 
many foods. Fbllowing 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 imtial 
body burden assumes total absorption of the mhaled vapor. 
A iO kg person breathing at a ventilation rate of 20 mJ/day 
(twice resting), who is exposed to 200 mg;mJ methanol vapor 
for 15 minutes (as m a worst-case hot-soak garage scenario), 
accumulates a methanol body burden of 0.0006 gJkg- at least 
500 times lower than doses of acute clinical significance. 

Following its uptake and distribution. methanol clears from 
the human body with half-times of a day or more for high doses 
(greater than 1 gJkg), and about three hours for the low doses 
of relewnce to this report's objectives (less than 0.1 g/kg). Meth
anol is either excreted unchanged, mainly in unne 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, accountmg for over 90% of methanol's clearance. 
This is a key point because methanol's toxic properties are 
linked to intermediate metabolites. not to the alcohol itself. 

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 -+C02 +H20 

(+H•J 

The toxic 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 3). In short, the toxic syndrome sets in if formate 
generation continues at a rate that exceeds its rate of metabo
lism to carbon dioxide (C02). 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 associated 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 (TiiF). 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 methanol toxicity. 

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

Although formate possesses toxic potential, the levels it Will 
achiew in people following worst-case envtronmental expo-

4---------------------------------------------------------------------
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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 unne 
of adult humans following etther occupational exposure to 
methanol vapors or expenmental admmistrat10n of aspartame 
reflect normally operatmg metabolic pathways. The blood 
levels of formate that fallow worst-case (i.e .. hot-soak. personal 
garage) envtronmental exposure to methanol vapor wtll. in 
all likelihood. not be dtscrtminated from the background level 

of blood formate. 

Evaluation and Recommendations 

• Discussion 

The implementation of methanol as a vehicle fuelts likely 
to increase the exposure of the general public to methanol 
vapors. EPA analyses predict that the highest exposure levels 
wi II occur m personal garages during engine hot-soak. at the 
self-servtce pump during refueling, and. with increasmg 
penetratiOn of methanol technology into the fleet. m public 
parking garages. By compartson. exposure concentrations m 
traffic situations. even with 100% penetration of methanol
fueled vehicles. will be very low. 

The health effects of methanol are best recognized and 
studied for cases in which subjects have orally ingested large 
single doses. The clinical 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 
toxicity. 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 charactemtics of methanol's chronic effects. on the 
other hand. are not well known. The literature from studies 
of non-human primates is oflittle value in evaluating 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 
to methanol. exposure levels exceed the ACGIH TLV of 260 
mglm3 . 

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

w1ll be approximately equtvalent to the pre-existing back
ground levels of methanol (0.0005 g1kg) for a brief penod of 
time followmg exposure. For self-servtce refuehng. the con
tribution will be roughly 10 times less. The average datly 
intake of methanol from aspartame m the diet (approxtmately 
0.0003 to 0.0015 g1 kg) is on the same order of magnitude as 
uptake from a single worst-case exposure m 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 capac1ty to oxidize formate. Furthermore. 
the increase expected in blood formate following worst-case 
exposure will be negligible in comparison to the background 
levels of blood formate. 

• Conclusion 

Based on the foregoing evidence. tf methanol produces 
health effects in normal subjects at ornear the exposure !eve Is 
of concern. these effects would not likely be attributable to 
the generation of formate. However. the effects of low-level 
formate accumulation in potentially susceptible subjects has 
not been exammed. 

A firm conclusion about the potential health effects from 
chronic exposures cannot be drawn yet. To date. no human 
epidemiologic studies have reported effects that could be 
linked to chronic methanol exposures below the TLV of Z60 
mgim3• 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 or from spillage. 

Although ad verse effects have not been indicated in this 
analysis, further resean:h 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 to 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. 

-----------------------------------------------------5 
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SO liTH COAST AIR QUALI1Y MANAGEMENT DISTRICf 

OFFICE OF DISTRICf 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 Ph 
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 Coast Air Basin. . 

0 

0 

0 

0 

0 

CONCLUSIONS 

Under state law, the District and the California Air Resources Board 
("CARB") have authority to establish emission limitations applicable to 
locomotives. 

State law prohibits the District from specifying the "design of equipment, type 
of construction. or particular method to be Used" in redu~ the release of 
air contaminants from locomotives. The District thus co not explicitly 
mandate a t~~cular control technology such as electrification. CARB is not 
subject to · limitation and, under ~te law, JYcely could mandate specific 
control 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 low mass emissions cap applicable to rail systems. 

Under the 1990 amendments to the federal Oean 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 :{>rohibition has not been defined 
by the courts, there is a reasonable bastS 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 Oean Air Act, the federal EPA 
must provide authorization before California may enforce standards or other 

031 
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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 

AOMP 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 Agency ("EPA") and the Federal Railway Administration conduct a 
feasibility s~df of railroad electrification. It is proposed that EPA and the Federal 
Railway Admmistration direct installation ·bY 2010 of overhead or third rail 
electrical distribution systems applicable to 90 percent of rail operations in the 
basin, totalin~ approximately 57f route miles •. lt is. projected tliat this measure 
would result m a 90% reduction in railroad emissions as long as new power needed 
is generated outside of the basin.~ 1991 AQMP, AppendiX IV-E, p. 1-197. 

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

i posed to take no action to approve Measure 14 for inclusion in the State 
lementation Plan when Califorma submitted the measure to EPA as part of the 
9 AQMP. 55 Fed.Reg. 36490 (Sept. 5, 1990). EPA's stated reason for proposing 

to deny approval of Measure 14 was that the description of the measure required 
additional detaiL Jd. To date, EPA has taken no £mal action on the 1989 AQMP, 
primarily due to extensions of planning deadlines and changes in SIP approval 
criteria made by the 1990 Amendments to the Clean Air Act, and it is not known 
when or to what extent EPA will approve the 1991 revision to the AQMP. The lack 
of a federally~proved SIP whicli desigoates responsibilities for federal agencies 
limits the ability of the District to coaipel the federal government to implement 
controls such as Measure 14. These ciraunstances, coupled with the importance of 
the emission reductions achievable throug!! raDroad electrification, un<ferscore the 
need to determine whether or not the District and/or state have authority to 
implement Measure 14. . 

District AuthoritY Under $tate Law to Replate £missions from J,momotjyes. 

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 Sees. 39002, 39060. The control of emissions from 
motor vehicles is generally the responsibility of the CARB. .ld. The term "motor 
vehicle," is defined in Section 415 of the Vehicle Code, w.hich does not reference 
locomotives. ~. Health & Saf. Code Sec. 39039. The District thus has general 
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statutory authority under state law to regulate emissions from locomotives. The 
District has a lon¥standing 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 order, rule, or regulation of any district 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 
primaril:y to CARB and do not limit the districts' general rulemaking authority over 
locomotiVes. For example, the Health and Safety Code generally requires CARB to 
"endeavor to achieve the maximum degree o( emission reduction possible from 
vehicular and other mobile sources in order to accomplish ·the attaiDIDent of the 
state standards at the earliest practicable date." Health & Saf. Code Sec. 43018(a). 
Section 43013(b) of the code authorizes CARB to adopt "standards and reJnl}ations" 
for offroad and nonvehicle engine categories, including locomotives. the code 
requires CARB to conduct hearings to consider adoption of reJnl}ations applicable 
to several types of offroad and nonvehicular sources. a class which mcludes 
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 indusuy of utilizing present and proposed control technologies. and 
analyze plblic and employee wety issues that may result from the use of these 
technologies. · This stuCly, which was directed by a locomotive· emission a<Msory 
committee ("LEAC'), has been completed and was approved by CARBon August 8, 
1991. . . 

The above-described provisions do not preempt local air quality districts from 
exercising their general rnJemaking authority to reJnllatc locomotive emissions. In 
general, preemption of local authority will be fauna if legislative intent to preempt 
local regulation is explicitly stated or is implied from the statutory scheme.1 

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

"In determining whether the Legislature bas preempted 
by implication to the exclusion of local regUlation we 
must look to the whole purpose and scope of the 
legislative 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 authority of air quality management districts 
to regulate locomotive emiss1ons. In the case of Western Oil and Gas Association v. 
Monterey Bay Unified 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 
emissioOSI. 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. _w. at 419, note 15, 261 Cal.Rptr. at 390, note 15. 

~ -

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. 

District Authority Under State Law to Mandate Railroad ElectriDcation. _ 

Under the statutory provisions described above, both the District and CARB have 
authority to establisli emission limitations applicable to locomotives. The LEAC 
study identified several emission control teamiques which could be applied to 
locomotives to meet such regulatory emission limitations. These techniques include 
operations-related changes such as redu~ idling time, relatively near-term 
technology-based actions including retarded inJection. timing and retrofittable high
rate ~:Ors which are capable of being made during normal maintenance and 
rebuil · of existing locomotives, and intermediate aDd longer term tcchnolo2f 
development. strategies,. including increased. after-cooling,.. selective. catalytic 

subject matter bas been so fully and completely covered 
by general law as to clearly indicate that it bas become 
exclusively a matter of state concern; (2) the subject 
matter bas 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 bas 
been partially covered by general law, and the subject is 
of suCh a nature that the adverse effect of a local 
ordinance on the transient citizens of the state 
outweighs the possible benefit to the municipality."' 
People ex rei. Deu!qnejian v. County of Mendocino, 86 
Cal.3d 476, 485, 204 Cal.Rptr. 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 
rulemak:ing authority or, possibly, as an indirect source control measure.5 

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 specifying the "design of equipment, type of construction, or 
particular method" to be used in reducing locomonve emissions. Moreover, there 
would likely be several "particular methods" which could be employed to electrify a 
railroad in order to comply 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. 

Umitations on District Authority Imposed by the federal Clean Air Act. 

Preemption of State Rewlation of New Locomotiyes. The federal Oean Air Act as 
adopted in 1970 and amended in 1977, imp4?5Cd no limitations on the authority of 
the state or its political subdivisions to reiulate emissions from locomotives. This 
situation changed with adoption of the 1~ Amendments to the Oean Air Act. 
The 1990 Amendments added paragraph 209(e)(l) to the Act, which prohibits states 
and their political subdivisions from adopting or attempting to enforce 

s 

are diesel electric. This desi~ involves a diesel en~ which drives a 
generator that provides electncity for the operation of traction motors 
mounted on the locomotive wheels. In theory, such locomotives could be 
retrofitted to receive electricity from overllead wires or a third rail. 
.Accordin& to District and CARB staff, a transformer would be required to 
convert alternating current from transmiuion lines into the direct current 
used by locomotive traction motors. If space for a transformer is not 
available on a locomotive to be retrofitted, 1t 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, 811-electric lOCOmC?tiVes 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 
Sees. 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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"any standard or other re~uirement relatjn~ to the 
control of emissions from 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 locomotives or new eniines 
used in locomotives. 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 eDUSSions 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 technology which the 
Administrator determines will be available for the 
locomotives or engines to whi~h such standards apply, 
giving appropriate consideration to the cost of applying 
of such techri.ology 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 
considetin_g the lead time necessary to permit the development and application of 
the requistte technology, giving appropnate consideration to the cost of compliance 
within such period arid energy and safety: Sec:. 213(b). 'Ibis language provides 
EPA with considerable discretion to consider cost, teclmology and other factors in 
establishin~~=tions and compliance deadlines, Th~re certainly is no assurance 
under this e that EPA would mandate railroad ·electrification. 

The preemption provision in Section 209( e){l) would preclude the states, including 
California, from ido£ting "any standard or other requirement relating to the control 
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 
provision does not clearly indicate how it should be interpreted but it appears to 
have 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 "WaxmanfDingell compromise" 
regarding tailpipe emission standards for motor vehicles. That 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.6 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 re~ate nonroad vehicles other than those in the three 
specified cate~ories (locomotives, construction, and farm equipment) and may 
regulate emiss10ns from all types of existing or in-use nonroad vehicles. Senator 
Baucus said: 

6 

"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 
nomoad engines and vehicles. We did so only after the 
preemption was strictly limited to (sic) that it applied 
only to new engines in three distinct categories, 
locomotives, new farm equipment with engines sinal.ler 
than 176 horsepower and new construction equipment 
with engines smaller than 176 horsepower. The 
preemption is limited only to these categories of 
nomoad vehicles; states retain all of ·their. existing 
authority to. fully regulate all other types of new 
nonroad eqwpment. 

"States also fully retain existing authority to regulate 
emissions from all types of exisM' or in-use nomoad 
engines or vehicles by spe · · fuel q_uality 
specifications, operational modes or aracteristtcs or 
measures that limit the use of nonroad engines or 
equipment." Congressional Record, October 27, 1990, 
p. S16976. 

Section 216(a)(l0) of the Oean Air Act defines "nonroad engines" as: 

"an internal combustion engine (including the fuel 
system) that is not used in a motor vehicle or a vehicle 
Used solely for competition, or that is not subject to 
standards promulgated under section 111 or section 
202." 

Section 216(a)(ll) of the Oean Air Act defines "nomoad vehicle" as: 

"a vehicle that is powered by a nomoad engine and that 
is not a motor vehicle or a vehicle used solely for 
competition." 

Section lll(a}(3) of the Oean Air Act states in part: 

"Nothing in Title II of this Act relating to nomoad 
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 
existin~ and in-use nonroad engines to reduce emissions 
by setung fuel requirements, operational conditions or 
llinits on the use of such eqwpment." Congressional 
Record, October 26, 1990, p. S17237. 

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 statuto~ interpretations leading to preemption unless congressional intent 
to preclude local regulation is clear. ~ v. Ratbhckin~ Company, 430 U.S. 519, 
525, 97 S.Ct. 1305, 1309, 51 LEd.2d 604 (1977) (a law may be interpreted to 
interfere with state and local police power only to the extent congressional intent is 
"clear and manifest");~ v. Santa Fe Elevator Co[p" 331 U.S. 218, 230, 67 S.Ct. 
1146, 1152, 91 LEd. 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 Bauc:us 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 existin~ locomotives would ai.so comport with the statutory 
language. Consistent with this interpretation, CARB has eValuated certain retrofit 
techniques as .Part of its l.EAC Study and Plan for the Control of Locomotive 
Exhaust Emisstons.7 

Finally, because the congressional statements recognize the abili~ of the states to 
regulate in-use locomotives, they, and the statutoiy language, indicate an intent to 
preempt only state reaulation which may impact the manufacture of new 
locomotives. This is a fogical 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 hearin~ to consider the LEAC study, 
•the 1990 Amendments to the federal Oean Air Act preempted California's 
authority to regulate new locomotives and new locomotive engines. 
Therefore any locomotive emissions control re~ations to be considered b)' 
the Board must focus on the existing locomottve fleeL • 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 specific 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.8 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 
tf:rms 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 eiillSsion limit applicable 
to locomotives. Because a system-wide mass emission cap would provide flexibility 
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 reqwrement that locomotives be manufactured in a 
form which is compatible with an electrified system. 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 
prohlbited requirements applicable to new locomotives. __ _ __ _ _ __ . ____ . . . 

ReQ,Uirement for EPA Authorization of Locomotive Reit!lations. The final 
provision of the 1990 Amendments to the Qean Air Act which would affect the 
a.bility 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 thibgs, 
that California does not need such California standards to meet "compelling and 
c~xtraordinary 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 extraor~ conditions, and thereby 
obtain EPA authorization. Second, and more significantly, by referring to 
"California standards, • and by authorizing other states to adopt standards which are 

State regulations requiring retrofit create the potential 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 Cbafee. 
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 tum could be ar~ed to preclude regulation of locomotives by 
political subdivisions such as the Distnct. In support of this interpretation, it could 
be 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 explicitly prohibit regulation by political 
subdivisions of the state and, like the rest of 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. ~. e.g., 
Section 174 authorizin&j!f:te to designate appropriate planning and implementation 
agencies.) Thus, if · omia sees fit to asSlgn some responsibility to develop 
"California standards" for locomotives to the District, this would be a matter 
legitimately within the authority of the state. 

. . 
There ~pears to be a reasonable basis to conclude that under state law a District 
locomotive regulation could be part of the "California standards" ~thorized by 
Section 209(e)(2) and would not, as a matter of law, be preempted.LCARB, as the ; 
state entity responsible for compiling the SIP required by federal law, would ; t:. -
presumably be the entity requesting authorization for any state or local regulation of .J 
locomotives. SIP revisions adopted by any district in California must be approved 
by CARB before submission to EPA. ~. e.g., Health & Saf. Code Sec. 40469. 
CARB must determine that any SIP revision submitted by a district meets 
applicable federal require~nts. ]d. Thus, CARB would have the right to 
determine whether or not locomotive repiations adopted by any district in 
California are necessary to meet "compeffing and extraordinary conditions" as 
required by Section 209(e){2). This authority should enable CARB to play a 
coordinating role to ensure that the districts adopt only those locomotive regulations 
that are necessary, and would give CARS some audiority to avoid inconsistent of 
conflicting requirements throughout 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 relUlations. H inconsistent regulations are avoided, 
then a reasonable argument could be made that a locomotive regulation adopted by 
the District an~roved by CARB for submission to EPA as part of the SIP would 
be part of the " ornia 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 
pursuant to congressional authorization. Such authorization should bolster the 
District's position against any claim of federal statutory preemption or any claim 
that a District locomotive regulation unduly interferes with interstate commerce in 
violation of the U.S. Constitution. ~ • .infia.) 

Constitutional Prohibition on Interference with Interstate Commerce. 

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 
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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 legislation even where Congress has not acted. 
The Court has consistently rebuffed attempts by states to advance local interests in a 
manner which unreasonably interferes With national concerns, including the free
flow of interstate commerce, e.g., Kassel v. Consolidated Frei~htwa,ys 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 bas 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." .fiG v. Bruce Cburcb. Inc., 397 U.S. 137, 
142, 90 S.Cl 844, 847, 2S LEd.2d 174 (1970);~.alm. 
Minnesota v. Cloyer l&af Creamery Co., 449 U.S. 456, 
472, 101 S.Ct. 715, 728, 66 LEd.2d 659 (1981) (test 
articulated in .fiG is 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 re~ation would affect interstate commerce even-handedly- i.e., not 
discriminate agamst out-of-state locomotives, producers or individuals, and the 
effects on commerce would be only incidental- the purpose 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 against its impact on interstate commerce, e.g., the need for trains 
entering the basin to switch to locomotive equipment which is compatible with an 
electrified system. 

The District's position could be bolstered by the Oean 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 mterstate 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 Cause. 
Norfolk Southern Co~ v. OberlY, 822 F.2d 388, 392-393 (3d Cir. 1987) (quoting 
South-Central Timber evel~ent Inc. v. Wunnicke, 467 U.S. 82, 87-88, 104 S.Cl 
2237, 2240, 81 LEd.2d 71 (19 )). Moreover, because Section 209(e) prohibits any 
state other than California from adopting regulations applicable to nonroad vehicles 
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- 13-

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 Corridor 

OWNER ROUTE 
MILEAGE 

61- Yermo-Daggett •....................... UP .............. 5. 2 
60- Daggett- Barstow .................... ATSF ...••........ 7.2 
59- Barstow- Victorville ................ ATSF ............ 36.9 
58- Victorville- Summit ................ ATSF ....•..•.... 19.5 
57- Summit - Keenbrook .••............... ATSF .......•.•.. 14 . 5 
66- Keenbrook- Dike ................. ATSF/SP ......•...... O.l 
63- Keenbrook/Dike- N. Bridge ........... SP ............• 7.8 
62- N. Bridge- w. Colton ................ SP ........•..... 5.8 
42- W. Colton-s. Montclair ............. SP ............. 19.9 
41- s. Montclair- Pomona ................ SP ....•..••.... 3.5 
4 0- Pomona - Industry ....•..........•.... SP ........•.... 13 . 3 
49- Industry- Puente Jct ••.............. SP ............. 1.6 
51- s. Montclair- Montclair ..••........ SP/UP .......•.... O.l 
34- Montclair- Spadra ......•.•........... UP .......•..... 7.2 
50- Spadra-Pomona . ...................... UP 1 SP. . . . . . . . . . . 0.1 
33- Spadra- Puente Jct ................... UP .......•....• l1.7 
32- Puente Jet.- Bartolo ................ UP ............. 6.4 
31- Bartolo- East Yard .................. UP ............. 8.4 
30- East Yard- Soto St. Jet .•.......... UP .............. l.O 
4 6- East Yard - Hobart . .................. UP . ............. 0. 2 
29- Soto St. Jet. - J Yard .............. UP .............. 1.5 
28- J Yard.- Dolores . .................... SP . ............ 15.1 
28- Dolores-(ICTF)- Port of Long Beach .. UP .............. 4.3 
28- Dolores-(ICTF) -Port of L.A ...... SP •...........•. 5.0 
43- W. Colton- Colton ..............•... SP .............. l.O 
44- Colton- Indio ....................... SP ............. 72.2 
45- Indio - Yuma ................••....... SP ........... 124.0 

393.5 
Use- Freight traffic only. 

13RTES/SEGS 2 Jan. 18, 1992 
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Data Sheet 

southern California Regional Rail Electrification Program 

13 Routes 

Track OWnership 

Route OWnership 

2. Baldwin Park Branch (SeRRA} 

Alt. Rt.-Bench (Rialto)-

Route 
Mileage 

ATSF Jet. Claremont .......•. SCRRA ............ 24.3* 

9- San Bernardino- Claremont .......... ATSF ..........•.. 23.2 
7- SCRRA Conn. - N Pomona ........... ATSF ....•..•.•.•.. 1.2 
6- N. Pomona- Bassett ............... SCRRA ............. 17.2 
5- Bassett- El Monte ................. SCRRA. . . . . . . • • . . . . 2. 7 
4- El Monte-State Street ............. SCRRA ............. 11.6 
3- state street- East Jet .......... SCRRA ........•..•.. 0.2 
2- East Jet. - Mission Tower ......... SCRRA .•........... 0.3 
1- Mission Tower- LAUPT ........... Catellus ............ 0.6 

57.0 

Use- Commuter Rail Only. 

Total Route mileage if electrified separately = 57.0. 

13RTES/SEGS 3 Jan. 18, 1992 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Data Sheet 

Southern California Regional Rail Electrification Proqram 

ROUTE 

3. Moorpark Line 

13 Routes 

Track ownership 

OWNER ROUTE 
MILEAGE 

15- Moorpark- Gemco ................••. SP .............. 29.0** 
14- Gemco- Burbank Jet. . ......... SCRRA/ SP .... 9. 5 ..... 7. 3 
12- Burbank Jet.- Commuter Rail Int .... SP ..............• 9.1** 
10- commuter Rail Int.-East Jet ...... SCRRA .............. 1.2** 
2- East Jet.- Mission Tower ......... SCRRA .....• 0.3 ....... . 
1- Mission Twr- LAUPT ............... Catellus .... 0.6 ....... . 
12/10Burbank Jet.- Mission Tower ...... SCRRA ...... 10.6 .... ~ 

46.6 
** Note: The track from Gemco to Burbank Jet, 9.5 miles , is 
SCRRA owned and is parallel to the SP, therefore not counted as 
route mileage. Similarly, a second track from Burbank Jet. 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 Jct ......... SP ..............• 23.7** 
2/12/10Burbank Jet.- Mission Tower .... SCRRA ..... 10.6 ......... ** 
1- Mission Tower- LAUPT ........... Catellus ..... 0.6 ..... ~ 

23.7 
Note **-Only the outer 23.7 miles is counted as route mileage 

because the trackage between Burbank Jet. and LAUPT was covered 
under "3" above. Also note that Burbank Jet. 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 
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Data Sheet 

Southern California Regional Rail Electrification Program 

13 Routes 

Track ownership 

Route ownership Mileage 

5. LOSSAN Corridor 

25- National City- San Diego ......... ATSF ................ 5.6 
24- San Diego- Oceanside ............ ATSF ............... 41.1 
23- Oceanside- San Juan Capistrano .. ATSF .......•....... 29.2 
72- San Juan Capistrano- Irvine ..... ATSF ............... 18.1 
22- Irvine- Olive Jct ................ ATSF ............... 6.2 
21- Olive Jet. - Fullerton ........... ATSF ..............• 7. 9 
20- Fullerton- DT Jet .............. ATSF ............... 12.9 
19- DT Jet. - Hobart ................... ATSF. . . . . . . . . . . . . . . 7. 6 
18- Hobart - Redondo Jet ............. ATSF. . . . . . . . . . . . . . . 1. 3 
17- Redondo Jet. -Mission Tower ..... ATSF ..............• 3.2 
1- Mission Tower - LAUPT .......... catellus .... 0.6 .........• 

133.1 
Note: The .6 miles·from Mission Tower to LAUPT was covered 

under "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. 

13RTES/SEGS 5 Jan. 18, 1992 
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Data Sheet 

Southern California Regional Rail Electrification Program 

13 Routes 

Track OWnership 

Route OWnership 

6. Riverside Line (via UP) 

Route 
Mileage 

71- Riverside-w. Riverside ....•....•. ATSF ................ 0.8 
35- W. Riverside- Montclair ......... UP ..............•.. 19.9 
34- Montclair - Spadra ................ UP ........ 7. 2. * ....... . 
33- Spadra- Puente Jct ............... UP ....... 11.7.* ....... . 
32- Puente Jet. - Bartolo ............. UP ........ 6.4.*········ 
31- Bartolo- East Los Angeles Yard ... UP ...•.... 8.4.* ....... . 
30- East Yard- Soto St ............... UP ........ l.O.* .......• 
37- Soto Street- East Jct .......... SCRRA ............•.... 2.8 
2- East Jet.- Mission Tower ....... SCRRA ....... 0.3 .•....••.. 
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. 

13RTES/SEGS 6 Jan. 18, 1992 
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Data Sheet 

Southern California Reqional Rail Electrification Program 

13 Routes 

Track OWnership 

ROUTE OWNER 

7. Riverside - LAUPT via Fullerton 

ROUTE 
MILEAGE 

71- Riverside- West Riverside ...... ATSF ..... 0.8.*·········· 
27- West Riverside- Atwood ........ ATSF ................ 30.0 
26- Atwood- Fullerton .............. ATSF ................ 5.4 
20- Fullerton- DT JCT .............. ATSF .... 12.9.**········· 
19- DT JCT. -Hobart ............... ATSF .... 7.6.**········· 
18- Hobart- Redondo Jet ........... ATSF .... 1.3.**········· 
17- Redondo Jet.- Mission Tower ..... ATSF .... 3.2.**········· 
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. 

B.Hemet - Riverside 

69- Hemet- Highgrove Jct .•.•........ ATSF .........••..•. 36.0 
52- Highgrove Jet. - Riverside ....... ATSF ......••.••...• 3.1 

39.1 

Use- Commuter Rail Only. 

13RTES/SEGS 7 Jan. 18, 1992 
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Data Sheet 

Southern California Regional Rail Electrification Program 

Route 

9. San Bernardino 

13 Routes 

Track OWnership 

OWner 

Irvine 

Route 
Mileage 

55- San Bernardino- B Yard .......... ATSF ........•...... 1.0 
54- B Yard - Colton .................. ATSF ............... 2. 7 
53- Colton- Highgrove Jct ........... ATSF ..........•.... 3.5 
52- Highgrove Jet. - Riverside ....... ATSF .... 3.1.*·········· 
71- Riverside- W. Riverside ......... ATSF .... 0.8.**········· 
27- W. Riverside- Atwood ........... ATSF ... 30.0.***········ 
48- Atwood- Olive Jet .............. ATSF ........•....... 5.5 
22- Olive Jet. -Irvine ............. ATSF ... 6.2.****········ 

12.7 * 
Previously covered under Route 8 - Hemet - Riverside. 
** Previously 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 Bernardino ........ ATSF ............•.. 12.0 
12.0 

Use- Commuter Rail Only. 

13RTES/SEGS 8 Jan. 18, 1992 
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Data Sheet 

Southern California Regional Rail Electrification Program 

13 Routes 

Track OWnership 

Route OWnership 

11- southern Pacific Rts. 
Port to Yuma 

Route 
Mileage 

28- Port of Los Angeles- Dolores ..... SP ......... 5.0.* ...•.. 
28- Dolores (ICTF) - J Yard ........... SP ......•. 15.1.*······ 
29- J Yard- Soto St. Jet ............ SP ......... 1.5.*······ 
37- Soto St. Jet. - East Jet ........ SCRRA ......• 2. 8. ** .... . 
38- East Jet.- Alhambra ............. SP ................. 5.8 
39- Alhambra- El Monte ............... SP ...............• 6.9 
5- El Monte- Bassett ............... SP ......... 2.7***····· 
7 0- Bassett - Industry . ............... SP . ................ 3 . 7 
40- Industry- Pomona ................ SP ........ 13.3.* ..... . 
41- Pomona- s. Montclair .............. SP ........ 3.5.* ..... . 
42- s. Montclair- W. Colton Yd ....... SP ........ 19.9.* ....•. 
43- W. Colton - Colton ................ SP ......... 1. 0 * ...•.. 
44- Colton- Indio .................... SP ........ 72.2 *······ 
45- Indio - Yuma ........................ SP ....... 124. 0 * ..... . 

16.4 

* Previously covered under Route 1 - UP/SP Corridor. 
** Previously covered under Route 6 - Riverside via Ontario. 
*** 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. 

13RTES/SEGS 9 Jan. 18, 1992 
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Data Sheet 

Southern California Regional Rail Electrification Program 

Route 

12- Santa Fe Railroad 
Barstow to Ports 

13 Routes 

Track ownership 

ownership 
Route 

Mileage 

28- Dolores (ICTF) - J Yard .......... SP ...... 24.4.* .......... . 
3 6- J Yard - Redondo Jet . ............. SP . .................. 0. 6 
18- Redondo Jet. -Hobart ........... ATSF .... 1.3.**········· 
19- Hobart- DT Jct .................. ATSF ..... 7.6.**········· 
20- DT Jet. - Fullerton .............. ATSF ..... 12.9.**········· 
26- Fullerton- Atwood ............... ATSF ..... 5.4.***········ 
27- Atwood- W. Riverside ............ ATSF ..... 30.0.***········ 
52- w. Riverside- Riverside ......... ATSF ..... 0.8.****······· 
71- Riverside- Highgrove Jet ....... ATSF ..... 3.1.*****······ 
53- Highgrove Jet. - Colton .......... ATSF ..... 3.5.******····· 
54- Colton- BYard ................. ATSF ..... 2.7.******····· 
55- BYard.- San Bernardino ......... ATSF ..... 1.0.******····· 
56- San Bernardino- Keenbrook ........ ATSF ................. 11.9 
57- Keenbrook- Summit .............. ATSF ..... 14.5.*·········· 
58- summit- Victorville ............ ATSF ..... 19.5.* •......... 
59- Victorville- Barstow ............ ATSF .•... 36.9.*······~ 

12.5 
* Previously covered under Route 1 UP/SP corridor. 
** Previously covered under Route 5 LOSSAN Corridor. 
*** Previously covered under Route 7 Riverside via Fullerton. 
**** Previously covered under Route 6 Riverside via Ontario. 
***** Previously covered under Route 8 Hemet. 
****** Previously covered under Route 9 San Bernardino - Irvine. 

Total Mileage for Route 12 if electrified separately = 176.1 

Use- Freight only. 

If Redondo Jet. to LAUPT 
used by Amtrak ( 4 trains 
7 Riverside to LAUPT via 
Miles ) 

13RTES/SEGS 

were added (3.8 miles), Route could be 
per day Barstow to Los Angeles) plus Route 
Fullerton Commuter Trains.(61.8 Route 

10 Jan. 18, 1992 
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Data Sheet 

Southern California Regional Rail Electrification Program 

Route 

13- Union Pacific 
Ports to Yermo 

13 Routes 

Track OWnership 

OWnership 
Route 

Mileage 

(Previously 
Covered 

Under) 
28- Port of Long Beach- Dolores ... UP ...... 24.4 ...... (1) ..•.. 
29- J Yard- Soto St. Jet .......... UP ....... 1.5 ...... (1) .... . 
30- Soto st. Jet. -E. LA Yard ...... UP ...... 1.0 ...... (1) (6). 
31- E. LA Yard - Bartolo ............ UP ...... 8. 4 ...... (1). (6). 
32- Bartolo- Puente Jet ........... UP ...... 6.4 ...... (1). (6). 
33- Puente Jet.- Spadra ............. UP ..... 11.7 ...... (1).(6). 
34- Spadra- Montclair ............... UP ..... 7.2 ...... (1).(6). 
35- Montclair- W. Riverside ........ UP ..... 19.9 ...... (6) .... . 
52- W. Riverside- Riverside ....... ATSF ..... 0.8 .. (6).(7).(9).(12) 
71- Riverside- Highgrove Jet ..... ATSF ..... 3.1. ..... (8). (9). (12) 
53- Highgrove Jet.- Colton ........ ATSF ..... 3.5 ...... (9).(12) 
54- Colton- B Yard ................ ATSF ..... 2.7 ...... (9).(12) 
55- B Yard- San Bernardino ......... ATSF ..... 1.0 ...... (9). (12) 
56- San Bernardino- Keenbrook ...... ATSF ..... 11.9 ..•... (12) ... . 
57- Keenbrook- summit •............ ATSF ..... 14.5 ...... (1) .(12) 
58- Summit - Victorville .......... ATSF ...•. 19.5 ...... (1). (12) 
59- Victorville- Barstow .......... ATSF ..... 36.9 ..••.• (1). (12) 
60- Barstow- Daggett ............. ATSF ..... 7.2 ...... (1) .... . 
61- Daggett- Yermo ................ UP ....... 5.2 ...... (1).~ 

0.0 
Total Route Mileage of Route 13- Union Pacific, Ports to Yermo if 
electrified separately = 186.8. 

Use- 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 

A. Purpose and Need Statement 

B. Project Description 
1. Project Location 

a. Track Information 

(1) Route map of rail line 

(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 

DRAFf VERSION I 
2/10/92 

Explanation 

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. 

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. 

10-1 
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Information Needed 

2. Electrical System Information 

a. Commuter 

(1) Train schedules for initial 
and ultimate operation 

(2) Operation Plans 

(3) Electrical load 
requirements, peak demand 
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 

a. Locomotives 

(1) Commuter 

Electrical rating 

Characteristics of electric 
drive motors and 
conversion equipment 

DRAFT VERSION l 
2/10/92 

Explanation 

10-2 RPT/SCRB • 01 
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ENVIRONMENTAL IMPACT ASSESSMENT SUMMARY 

LAND-USE IMPACTS. 

1. 

2. 

3. 

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? 

4. occupy or affect any prime farmland? 

Impact Significance 
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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? 

16. Expose sensitive receptors to 
increased pollutant concentrations? 

Impact Significance 
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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? 

Impact Significance 
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21. Affect existing water quality condition? 

22. Affect any public water supply? 

23. Affect the quantity or quality of 
ground waters? 

24. Alter or affect existing drainage 
patterns? 

Impact Significance 
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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? 

Impact Significance 
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29. Alter the diversity of species, or 
numbers of any species of plant or 
animal? 

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

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

32. Affect any relatively undisturbed or 
unique vegetation communities? 

Impact Significance 
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33. Affect any areas of low vegetation 
potential? 

34. Reduce the acreage of any agricultural 
crop? 

35. Cause the removal of any mature trees 
from urban locations? 

SONIC IMPACTS. 
Will the project either directly or 
indirectly: 

36. 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 IMPACTS 
Will the project either directly or 
indirectly: 

38. Affect any resources or unique scenic 
value, or result in the obstruction of 
any scenic vista? 

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

40. 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? 

Impact 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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I 49. Affect other utility services? 
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50. Affect existing transportation 
systems? 

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

52. General additional traffic? 

53. Increase traffic hazards to motor 
vehicles, bicyclists or pedestrians? 

Impact Significance 
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54. Increase or promote the use of 
off-the-road vehicles? 

55. Increase or decrease access to 
areas? 

PUBLIC HEALTH AND SAFETY IMPACTS. 
Will the project either directly 
or indirectly: 

56. Affect public health or expose 
people to potential health hazards? 

II 57. Increase any public safety risks? 

I 
I 
I 
I 
I 
I 

Impact Significance 
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Background 

Appendix I 

Environmental Checklist Form 
(To be completed by Lead Agency) 

1. Name of Proponent·-----------------------------------------------------
2. Address and Phone Number of Proponent ______________________________ __ 

3. Date of Checklist Submitted ______________________________________ __ 

4. Agency Requiring Checklist ________________________________________ _ 

5. Name of Proposal, if applicable ____________________________________ __ 

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

Earth. Will the proposal result in: 

a. Unstable earth conditions or in changes in 
geologic substructures 

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

c. Change in topography or ground surface 
relief features? 

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

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

f. Changes in deposition or erosion 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? 

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

2. Air. Will the proposal result in: 

a. Substantial emissions or deterioration of 
ambient air quality? 

Yes 

m 
m 
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m 
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Maybe 
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Ho 
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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 unique, 
rare or endangered species of animals? 

c. 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 produce 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? 

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. Possible interference with an emergency 
response 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? 

Yes Maybe No 

... m m 
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14. 

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? 

e. Alterations to waterborne, rail or 
air traffic? 

f. Increase in traffic hazards to motor 
vehicles, bicyclist 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. Schools? 

d. Parks or other recreational facilities? 

e. 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? 

Yes 

!!! 
m 
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Maybe 

m 
m 

!!! 
!!! 

m 
m 

!!! 
!!! 

::: 
m 

!!! 
!!! 

!!! ::: 

m 
m 

!!! 
!!! 

!!! 
::: 

NO 
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b. Communications systems? 

c. Water? 

d. Sewer or septic tanks? 

e. Storm water drainage? 

f. Solid waste and disposal? 

17. Human Health. Will the proposal result in: 

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

b. Exposure of people to potential health 
hazards? 

18. Aesthetics. 

Will the proposal result in the obstruction 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 public 
view? 

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

20. Cultural Resources. 

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

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

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

d. will the proposal restrict existing 
religious or sacred uses within the potential 
impact area7 

21. Mandatory Findings of Significance. 

a. Does the project have the potential to 
degrade the quality of the environment, 
substantially reduce the habitat of a fish 
or wildlife species, cause of fish or 
wildlife population to drop below self 
sustaining levels, threaten to eliminate 
a plant or animal community, reduce the 

Yes Maybe No 

::: m m !!! m 
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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 
considerable? (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. 

d. Does the project have environmental 
effects which will cause substantial 
adverse effects on human beings, either 
directly or indirectly. 

Yes 

::: 
m 

Maybe No 

::: 
m 

III. Discussion of Environmental Evaluation 

IV. Determination 
(to be completed by the Lead Agency) 

On the basis of this initial evaluation: 

D 

D 

D 

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

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. 

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

DATE------------------------------~~~~~~---------------------------------(Sl.gnature) 

For ______________________________________________ __ 
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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. 

II. 

CEQA.TA 

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: 

ENVIRONMENTAL IMPACTS 
(Explanations of all "yes" and "maybe" answers are required on attached 
sheets.) 

l.Earth. Will the proposal result in: 

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

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

c. Disruptions, displacements, 
compaction or overcovering of 

the soil? 

d. Change in topography or ground 
surface relief features? 

Yes Maybe 
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No 
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1. Earth. /Con'tl 

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

or physical features? 

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 Geology 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? 

2. Air. 

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

b. Substantial emissions in an area 
where state of federal ambient air 
quality standards have been greatly 
or frequently exceeded? 

c. The creation of objectionable 
odors or the discharge of smoke, 

dust or chemicals? 

2. Air Con't 

d. Alteration of air movement, 
moisture or temperature, or any 
water body? 

Yes 

m 
m 

m m 

Maybe 
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California Environmental 
Quality Act 

Initial Study 

CEQA.TA 

3. Water. will the proposal result in 

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? 

c. 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 into 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? 

Yes Maybe No 

m m m m m 
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Initial Study 

CBQA.TA 

4. 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, oak wood
lands, wetlands or coastal chaparral? 

c. Effects on distinctive stands of 
mature trees? 

d. Creation of a barrier to dispersion 
of a plant species or to the normal 
replenishment of existing species? 

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? 

s. 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.s. fish and Wild
life Service or other responsible 
organizations (including birds, Land 
animals, reptiles, shellfish, amphi
bi~s, 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 dispersion of an animal 
species? 

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

Yes 

::: 
m 

!!! 
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Maybe 
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m 
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No 
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5. Animal Life - Con't 

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

f. Deterioration of an existing fish 
or wildlife habitat? 

6. 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 
Airport? 

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

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

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

a. New Light or glare 

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

c. 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? 

Yes Maybe No 

m m m ... 
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Initial Study 

III. 

IV. 

DISCUSSION OF ENVIRONMENTAL EVALUATION 

See attached 

DETERMINATION 
(To be completed by the Lead Agency) 

On the basis of this initial evaluation: 

I 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 
environment, 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. 

Date: __________________________ _ 

C'EQA.TA 

Rl.Ck Pruetz 
City Planner 
For: City of Burbank 
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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 

2. 

3. 

4. 

5. 

Address of project: 

Legal description: 

Assessor's Parcel Number: 

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

Division: Telephone: ~<~B=l~s.> ________ _ 

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: 
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6. 

7. 

8. 

Are federal, state andjor county funds involved in this 
project, __ _ 

If so, specify: ______________________________________________ _ 

Existing zoning district: 

a) Proposed useof site (project for which this 
form is 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. square footage of building(s): ____________________________ __ 

11. Number of floors of construction: 

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

Existing: ____________ __ New: ______________ __ Total: ______ _ 

b) Number of spaces required by coded: 

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

19. a) 

b) 

c) 

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

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

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). 

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

2 3. Change in scenic views or vistas 
from existing residential areas or 
public lands or roads. 
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24. 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. 

25. Significant amounts of solid waste or litter. 

2 6 . Change in dust, ash, smoke, fumes or odors in 
vicinity. 

27. Change in ground water quality or quantity, or 
alteration of existing drainage patterns. 

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

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

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

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

32. substantial increase fossil fuel consumption 
(electricity, oil, natural gas, etc.). 

33. 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, historical or scenic aspectts. Describe an 
existing 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: 
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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 andjor 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 information presented are 
true and correct to the best of my 
knowledge and belief. 

Date: 
(Signature) 

(Name) 

For City of Burbank 
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ADDENDUM TO INITIAL STUDY 

(Address - centered) 

The following contains discussion of all "yes" and 
responses in the Environmental Impacts section (Part II) 
Discussion of Environmental Evaluation (Part III) of the 
study. 

ITEM # RESPONSE 

''maybe" 
and the 
Initial 
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ITEM, # RESPONSE 

SUMMARY OF MITIGATION MEASURES 

(Address - Centered) 
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APPENDIX 10-3 
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APPENDIX 10-3 

GUIDELINES FOR PROPONENT'S ENVIRONMENTAL ASSESSMENT 

I 1.0 SUMMARY 
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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. 

1.4 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 
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b. 

c. 

d. 

AUematives to the PJQl!osed Action - 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. 

The Growth-Inducin~ Impact of the ProJx>sed Action - Discuss the ways in which 
the proposed project could foster economic or population 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. 

Or~anizations 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. 

DRAFr VERSION 1 
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Environmental Assessment Committee 

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 
KenKoss 
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 Uhlar 
GregVlasek 
Bill West 
Wayne Williams 

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 
Del..euw 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 
(Number of Trains) 

Route Start Up lntermed. Mature 

1 Ventura to LA 4 (0) 8 (4) 9 (10) 

2 Santa Clarita to LA 3 (0) 4 (0) 6 (6) 

3 San Bernardino to LA 5 (0) 8 (6) 9 (10) 

4 Riverside to LA (Ontario) 3 (0) 5 (2) 6 (6) 

5 Oceanside to LA 8 (0) 8 (4) 10 (10) 

6 Riverside to LA (Fullerton) 2 (0) 4 (3) 5 (14) 

7 San Bern.fRiverside to Irvine 4 (0) 8 (3) 10 (14) 

8 Hemet to Riverside 2 (0) 4 (0) 5 (0) 

9 Redlands to San Bernardino 2 (0) 4 (2) 5 (5) 

NQte:~: 
~ 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

Off peak levels of service are in parentheses. 

Unless noted otherwise, service levels included in this analysis are referenced 
from the Southern California Commuter Rail1991 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 
is consiStent with levels for the other routes, as specified in the Regional System 
Plan. 

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

Ventura to LA 15.5 6.1 12.2 7.1 2.3 2.7 6 3.2 16.9 12.3 5.4 4.8 6.6 12.2 4.4 6.4 3.5 17.4 

2 Santa Clarita to LA 15.2 5.8 5.7 7 3.7 2.8 2.6 1.6 13.6 9.4 2.1 2.5 6 5.3 6.1 5 3.9 21.7 

3 SBtoLA 20.6 8.1 6.5 9 11.9 4.4 6.4 1.3 23.8 18.8 3.7 6.4 5.7 6.1 (> 9 1.7 6.7 30.9 

4 Riverside to LA (Ontario) 21.4 8.4 6.8 9.4 12.4 4.6 6.7 1.4 24.8 19.6 3.9 6.7 5.9 6.3 9.4 1.8 7.0 32.2 

5 Oceanside to LA 32.3 12.6 15.4 14.5 11.3 6.2 9.4 3.8 34.2 25.5 7.1 8.6 11.5 14.9 12.3 8.2 8.9 44.1 

6 Riverside to LA (Fullerton) 22.9 9.0 7.2 10.0 13.2 4.9 7.1 1.4 26.5 20.9 4.1 7.1 6.3 6.8 10.0 1.9 7.4 34.3 

7 SB/Riverslde to Irvine 21.5 8.5 6.8 9.4 12.4 4.6 6.7 1.4 24.9 19.6 3.9 6.7 6.0 6.4 9.4 1.8 7.0 32.3 

8 Hemet to Riverside 14.4 5.7 4.6 6.3 8.3 3.1 4.5 0.9 16.7 13.2 2.6 4.5 4.0 4.3 6.3 1.2 4.7 21.7 

9 Redlands to SB 4.4 1.7 1.4 1.9 2.5 0.9 1.4 0.3 5.1 4.0 0.8 1.4 1.2 1.3 1.9 0.4 1.4 6.6 

Note: Minutes In throttle notch data available only for routes 1 through 3. 
Values for routes 4, 6, 7, 8, and 9 are based on those lor route 3, weighted by mileage. 
Route 5 time In throttle notch data Is based on a composite of the values for routes 1 through 3, weighted by mileage. 
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TABLE B-3 

HORSEPOWER BYTHROTILE NOTCH- DIESEL LOCOMOTIVE ENGINE MODEL EMD 12-710G3A 

Diesel Prime Mover Horsepower by Throttle Notch 

Route Idle 1 2 3 4 5 6 7 8 

1 Ventura to LA 7.8 209.4 372.2 716.9 1052.8 1401.5 1695.9 2533.7 3195.5 
2 Santa Clarita to LA 7.8 209.4 372.2 716.9 1052.8 1401.5 1695.9 2533.7 3195.5 
3 SBtoLA 7.8 209.4 372.2 716.9 1052.8 1401.5 1695.9 2533.7 3195.5 
4 Riverside to LA (Ontario) 7.8 209.4 372.2 716.9 1052.8 1401.5 1695.9 2533.7 3195.5 
5 Oceanside to LA 7.8 209.4 372.2 716.9 1052.8 1401.5 1695.9 2533.7 3195.5 
6 Riverside to LA (Fullerton) 7.8 209.4 372.2 716.9 1052.8 1401.5 1695.9 2533.7 3195.5 
7 SB/Riverslde to Irvine 7.8 209.4 372.2 716.9 1052.8 1401.5 1695.9 2533.7 3195.5 
8 Hemet to Riverside 7.8 209.4 372.2 716.9 1052.8 1401.5 1695.9 2533.7 3195.5 
9 Redlands to SB 7.8 209.4 372.2 716.9 1052.8 1401.5 1695.9 2533.7 3195.5 

~ 
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TABLE B-4 

COMMUTER RAIL DIESEL SCENARIO- PEAK SERVICE- NOx 

Emission Start to Destination 
Una Dieaal Prime Mover 1992 Loco Conversion Daatination to Start 
Start Number of Traina NOx Emissions par ThroHia Notch (glhr) Emission Factor Emissions Emissions Total Emissions (ton/yr) 

Route Year Milas Start Inter. Mature Idle 1 2 3 4 5 6 7 8 Factor (7 to 4 car) (grams) (grams) Start Inter. Mature 

1 Ventura to LA 1992 47 4 8 9 889 3338 5598 9951 12644 15318 18163 23715 30389 0.75 1.00 11n4.61 13389.72 28.19 56.38 63.42 
2 Santa Clarita to LA 1992 35 3 4 6 889 3338 5598 9951 12844 15318 18163 23715 30389 0.75 1.00 9032.13 13853.32 1906 2541 38.12 
3 SBtoLA 1992 56.5 5 8 9 889 3338 5598 9951 12844 15318 18163 23715 30389 0.75 1.00 15743.84 18317.37 47.69 76.31 85.84 
4 Riverside to LA (Ontario) 1993 58.8 3 5 6 889 3338 5598 9951 12844 15318 18163 23715 M389 0.75 1.00 16384.53 19063.04 29.78 49.63 59.56 

5 Oceanside to LA 1993 87.2 8 8 10 889 3338 5598 9951 12844 15318 18163 23715 30389 0.75 1.00 23012.22 28559.04 115.53 115.53 144.42 
6 Riverside to LA (Fullerton) 111115 62.8 2 4 5 889 3338 5598 9951 12644 15318 18163 23715 30389 0.75 1.00 17499.12 20359.84 21.20 42.41 53.01 
7 ·.sBJRiverelda to Irvine 1995 59 4 8 10 889 3338 5598 9951 12844 15318 ·18163 23715 30389 0.75 1.00 18440.28 19127.88 39.84 79.68 9960 
8 Hemet to Rlvaralda 1995 39.8 2 4 5 889 3338 5598 9951 12844 15318 18163 23715 30389 0.75 1.00 11034.48 12838 37 13 37 26.74 33.43 

9 Redlands to SB 1995 12 2 4 5 889 3338 5598 9951 12844 15318 18163 23715 30389 0.75 1.00 3343.78 3890.42 4.05 8.10 10.13 

Notes: 1. Emission factors are lor EMD engine modal 12-710-G3A wlth aaven pasaanger compartments. 
2. This ecenarlo assumes the uaa of locomotives with 25 percent lass NOx than current commuter rail locomotives. 

Improvements are due to retarded Injection timing, 0.02 percent sulfur fuel, and operational improvements. 
3. The start-up laval of aarvlce will conslet of lour pasaanger cars per train. 
4. The Intermediate and mature lavela of aarvlce will consist of trains with aaven pasaangar cars par train. 
5. Trains are assumed to operata five days per week, leas six holidays per year. 
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TABLE B-5 

COMMUTER RAIL DIESEL SCENARIO- PEAK SERVICE- PM 

Emission Start to Destination 

Line Diesel Prime Mover Conversion Destination to Start 

Start Number of Trains PM Emissions per Throttle Notch (glhr) Factor Emissions Emissions Total EmiBBions (ton/yr) 

Route Year Miles Start Inter. Mature Idle 1 2 3 4 5 8 7 8 (7 to 4 car) (grams) (grams) Start Inter. Mature 

1 Ventura to LA 1992 47 4 8 9 20 33 133 290 305 384 853 747 944 1.00 469.89 526.78 1.12 2.23 2.51 

2 Santa Clarita to LA 1992 35 3 4 8 20 33 133 290 305 384 653 747 944 1.00 353.64 549.20 0.76 1.01 1.52 

3 SBto LA 1992 58.5 5 8 9 20 33 133 290 305 384 853 747 944 1.00 818.17 726.72 1.88 3.01 3.39 

4 Riverside to LA (Ontario) 1993 58.8 3 5 6 20 33 133 290 305 384 853 747 944 1.00 643.34 756.31 1.18 1.98 2.35 

5 Oceanoide to LA 1993 87.2 8 8 10 20 33 133 290 305 384 853 747 944 1.00 907.70 1134.98 4.58 4.58 5.72 

8 Riverside to LA (Fullerton) 1995 62.8 2 4 5 20 33 133 290 305 384 653 747 944 1.00 687.10 807.76 0.84 1.67 2.09 

7 SB/Riveroide to Irvine 1995 59 4 a 10 20 33 133 290 305 384 653 747 944 1.00 645.53 758.88 1.57 3.15 3.83 

8 Hemet to Riverside 1995 38.6 2 4 5 20 33 133 290 305 384 853 747 944 1.00 433.27 509.35 0.53 1.08 1.32 

9 Redlands to SB 1995 12 2 4 5 20 33 133 290 305 384 853 747 944 100 131.29 154.35 0.16 0.32 0.40 

Notes: 1. PM emission fact oro lor EMD engine model 12-71 OG3A with aeven pesaenger compartments ware not available. 
lnatead, PM factor& for EMD engine modei18-710G3 have been uaed. 

2. This scenario assumes the use of locomotives incorporating retarded Injection timing and .02 percent sulfur fuel. 

It is assumed that PM increases with injection retard. However, the use allow sulfur fuel will oftaet this factor to eome 
extant. Aleo,lt is assumed that the EMD 18-710G3 amieoion factors give higher PM than would be expected from the 12-710G3A. 

3. The start-up level of aervice will conoiet of four paeaenger cars per train. 
4. The Intermediate and mature levels of service will consist of trains with aeven passenger cars per train. 
5. Trains are aseumed to operate five days per week, lass oix holidays per year. 

(> 
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TABLE B-6 

COMMUTER RAIL DIESEL SCENARIO- PEAK SERVICE - HC (l 

Emission Start to Deotination 

Une Diesel Prime Mover Converaion Destination to Start 

Start Number of Trains HC Emissions per Throttle Notch (glhr) Factor Emissiona Emissions Total Emissions (ton/yr) 

Route Year Miles Start Inter. Mature Idle 1 2 3 4 6 6 7 8 (7to 4 car) (grams) (grams) Start Inter. Mature 

1 Ventura to LA 1992 47 4 8 9 56 84 82 122 137 168 1F 228 362 1.00 196.68 214.32 0.46 0.92 1.04 

2 Santa Clarita to LA 1992 36 3 4 6 56 84 82 122 137 168 187 228 352 1.00 154.34 214.07 0.31 0.41 0.62 
3 SBtoLA 1992 66.5 5 8 9 55 84 82 122 137 168 187 228 352 1.00 261.41 293.92 0.78 1.24 1.40 

4 Riverside to LA (Ontario) 1993 58.8 3 5 6 55 84 82 122 137 168 187 228 352 1.00 272.05 30588 0.49 0.81 0.97 

5 Oceanside to LA 1993 87.2 8 8 10 56 84 82 122 137 168 187 228 352 1.00 385.58 454.76 1.88 1.88 2.36 

8 Riverside to LA (Fullerton) 1995 82.8 2 4 5 56 84 82 122 137 168 187 228 352 1.00 290.58 326.69 0.35 0.69 0.88 

7 SB/Riverside to Irvine 1995 59 4 8 10 55 84 82 122 137 168 187 228 352 1.00 272.98 306.92 0.65 1.30 1.62 

8 Hemet to Riverside 1995 39.6 2 4 5 56 84 82 122 137 168 187 228 352 1.00 183.22 20600 0.22 0.44 0.54 

9 Redlands to SB 1995 12 2 4 5 55 84 82 122 137 168 187 228 362 1.00 55.52 62.42 0.07 0.13 0.17 

Notes: 1. Emission lectors are lor EMD engine modei12-710G3Awith oeven paaoenger compartments. 
2. The start-up level of oervice will conslot of low passenger cars par train. 
3. The intermediate and mature levels oloervice will consiot of trains with oeven passenger cars per train. 

4. Traina are assumed to operate five days per week,less six holidays par year. 
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TABLE B-7 

COMMUTER RAIL DIESEL SCENARIO - PEAK SERVICE -CO 

Emission Start to Destination 

Une Diesel Prime Mover Conversion Destination to Start 

Start Number of Trains CO Emieeione per Throttle Notch (g/hr) Factor Emioaions Emissions Total Emiasiona (ton/yr) 

Route Yeer Miles Start Inter. Mature Idle 1 2 3 4 5 8 7 8 (7to4 car) (grams) (gram e) Start Inter. Mature 

Ventura to LA 1992 47 4 8 9 54 113 127 179 305 855 1408 4333 3930 1.00 1801.45 1718.45 3.72 7.44 8.37 

2 Santa Clarita to LA 1992 35 3 4 8 54 113 127 179 305 855 1408 4333 3930 1.00 1183.82 1989.80 2.65 3.53 5.30 

3 SB to LA 1992 58.5 5 a 9 54 113 127 179 305 855 1408 4333 3930 1.00 2000.58 2781.39 6.67 10.87 12.00 

4 Riverside to LA (Ontario) 1993 58.8 3 5 6 54 113 127 179 305 855 1408 4333 3930 1.00 2082.00 2873.80 4.16 6.94 8.33 

5 Oceanside to LA 1993 87.2 8 a 10 54 113 127 179 305 855 1408 4333 3930 1.00 3013.05 4060.72 15.85 15.85 19.81 

B Riverside to LA (Fullerton) 1995 62.8 2 4 5 54 113 127 179 305 855 1408 4333 3930 1.00 2223.63 3069.30 2.98 5.93 ' 7.41 

7 SB/Riverslde to Irvine 1995 59 4 8 10 54 113 127 179 305 855 1408 4333 3930 1.00 2089.08 2883.58 5.57 11.14 13.93 

8 Hemet to Riverside 1995 396 2 4 5 54 113 127 179 305 855 1408 4333 3930 1.00 1402.18 1935.42 1.87 3.74 4.67 

9 Redlands to SB 1995 12 2 4 5 54 113 127 179 305 855 1408 4333 3930 1.00 424.90 588.49 0.57 1.13 1.42 

Notes: 1. Emission factors are for EMD engine modei12-710G3Awlth seven passenger compartments. 
2. The stert-up level of service will consist of four passenger care per train. 
3. The Intermediate and mature levels of service will conaist of trains with seven passenger cars per train. 
4. Traina are asaumed to operate five days per week, lese six holidays per year. 

~ 
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TABLE B-8 

COMMUTER RAIL DIESEL SCENARIO- PEAK SERVICE- SOx 
p 

Emloalon Start to Destination 

Line Dleoel Prima Mover Conversion Destination to Start 

Start Number of Traina SOx Emission a per Throttle Notch (g/hr)' Factor Emlsslono Emissions Total Emissions (tonlyr) 

Route Year Miles Start Inter. Mature Idle t 2 3 4 5 6 7 8 (7 to 4 car) (grams) (grams) Start Inter. Mature 

Ventura to LA t992 41 4 8 9 34 t85 253 468 674 897 t068 1546 t949 1.00 936.57 10115.46 2.24 4.49 5.05 

2 Santa Clarita to LA 1992 35 3 4 6 34 185 253 468 674 897 1068 1546 t949 1.00 7t5.67 1113.35 t.54 2.05 3.07 

3 SStoLA t992 56.6 6 8 9 34 185 253 468 674 897 t068 1546 t949 1.00 t25t.23 150t.79 3.85 6.t7 6.94 

4 Rlveroide to LA (Ontario) t993 56.8 3 5 6 34 185 253 468 674 897 t068 t546 t949 1.00 1302.17 1562.92 2.4t 4.01 4.81 

5 Oceanside to LA 1993 87.2 8 8 10 34 185 253 468 874 897 1088 t548 1949 1.00 1828.03 2317.32 11.211 11.211 1t.61 

6 Rlw.-.lde to LA (Fullerton) 1995 62.8 2 4 5 34 185 253 466 874 897 1068 t546 11149 1.00 t390.75 16811.25 1.71 343 4.28 

7 SS/Riverslde to Irvine 1995 59 4 8 10 34 185 253 468 874 8117 1088 1546 1949 1.00 1306.60 1568.24 3.22 6.44 8.05 

8 Hemet to Rlwrolde 1995 39.8 2 4 5 34 185 253 466 874 8117 1088 1546 1949 1.00 876.97 1052.58 1.08 2.18 2.70 

9 Redlands to SB 1995 12 2 4 5 34 165 253 468 874 897 1088 1546 19411 1.00 285.75 318.98 0.33 0.85 0.82 

Notes: t. Emission factors are for EMD engine modelt2-710G3Awlth sewn passenger compartments. 
2. The start-up level of service will consist of four pao8enger cars par train. 
3. The Intermediate and mature levels of service will consist of trains with seven passenger cars per train. 
4. Trains are aosumed to operate five daye per week, less olx holidays par year. 

h 
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COMMUTER RAIL ELECTRIFICATION SCENARIO- PEAK SERVICE - START UP LEVEL - NOx 

Routto 

Line 
Stert 
Year 

1 Venturatol.A 1992 

2 llanta Clorlta to LA 111112 
3 SBtoLA 111112 
4 Rlvoraldo to LA (Ontorlo) 1993 

& Oolanltdt 10 LA 1993 
8 Rlvoraldo to LA (Fullerton) 1095 
7 SBIRivtraldt ta lrvlnt 1996 
IS Hemet to Riverside 1995 
t Re<llondo to 88 1095 

Start/ Dtet./ 
O.tt Slart 

II of Power Power 
MHoo Tralno (KW-HR) (KW-HR) 

47 
36 

611.6 

611.8 
87.2 

82.8 

6t 
31.8 

12 

• t112.11 
3 847.71 
5 1488.72 

3 t647.24 
• 2170.32 

2 1862.60 
4 1662.&1 
2 t042.02 

2 3t6.78 

1281.87 
13a7.01 
1802.42 

1876.71 
2776.36 
2003.40 
1882.17 
1283.21 
382.82 

Train 
PwrAeq 

(MW-HAI 
day) 

8.63 
8.66 

18.46 

10.27 
31.57 

7.91 
13.74 
4.8t 
1.40 

Total 
PwrAeq 

(MW-HAI 
day) 

t2.34 
8.48 

21.31 
13.30 

5t.28 
U7 

17.80 
5.87 
1.81 

TABLE B-9 

1992 NOx (1/vr) 

100~ 40~ 

Basin Basin 

1.43 

0.88 
2.48 
1.64 
5.82 
1.08 
2.08 

0.88 
0.2t 

0.67 
0.38 
0.98 
0.82 
2.37 

o ... 
0.82 
0.28 
0.08 

1993 NOx (!!yr) 

100~ 40~ 

Balin Baln 

1.20 

0.88 
2.22 
1.38 

6.34 

0.88 
1.85 
0.82 
O.te 

0 51 
0.36 
0.89 
0.66 
2.14 

0.31 
0.74 

0.25 
0.08 

No .. 1: 1. Flrlt ytar of et.clrlo service Ia Utumed to bt 11013. Thue, 1y.t.m etart up lor all routet ueumed to be dtesel operation. 
2. Tht etart-up level of etrvlce will oontill of four pu .. nger care per train. 
a Llnelonet ol 1evt1n percent and catenary emcft:ncy of 83 perc.nt usumed 
.e.. Traina are Utumtd to operate ftv. d&)'l per wnk, ~•• tlx hoUday1 per year. 
6. Hoft.tpower by throttle notch II lor EUD engine modti12-71003A with •even putenaer can. 
e. Two tctnarkJe are ueumed fOf' this analytls-100 percent and 40 percenlln-Balln power generation. 

COMMUTER RAIL ELECTRIFICATION SCENARIO- PEAK SERIIICE - INTERMEDIATE LEVEL - NOx 

Start/ Dootl 
Line Doet. Start 

Train 

Pwt Aeq 

(MW-HAI 
day) 

Total 

PwrAeq 
(MW-HAI 

day) 

1992 NOx (tlyr) 1993 NOx (1/yt} 

Start II of Power Power 
Routto Vo01 Miles Tralno (KW-HR) (KW-HR) 

1 Ventura to lA 1892 
2 Santa ClarHa to LA 1992: 
S SBtoLA 111112 
4 Rlveralde to LA (Ontario) 1993 
6 Oceanelde to LA 1993 
e Riverside to LA (Fullerton) 1996 

7 SBIRIYereld• to Irvine 1996 
e Hemet to Rlveralde 1996 
9 AedlandotoSB t995 

47 
35 

68.6 
58.8 
87.2 
82.8 

59 

39.6 
12 

t112.81 
4 847.79 
a 1486.72 

5 1547.24 

2t70.32 
4 1852.60 
8 t552.51 

4 t042.02 
4 315.76 

1288.87 
1337.0t 
1802.42 

1876.79 

2776.36 
2003.40 
1882.17 
1263.28 
382.82 

18.05 
8.74 

28.31 
17.12 

39.67 
14.82 
27 ... 8 
822 

2.71 

24.8! 

11.32 
34.08 
22.17 

51.26 
18.14 
35.80 

11.85 

3.82 

Not": 1. The Intermediate level of Hrvlcl wRI conellt of "ven passenger oars per train. 
2. Une toeeee of uwn percent and catenary efficiency ol83 percent assumed. 
3. Train• are asaumed to operate ftve daye per week, 1111 alx holldaye per year. 

100~ 40~ 1001Mt 40~ 

Basin Ballin Buln Basin 

2.85 
t.3t 

3.14 
2.68 

5.82 
2.19 
4.11 
1.38 

0.42 

1.14 2.67 
0.62 1.18 
1.58 3.56 
1.03 2.31 
2.37 6.34 
0.88 1.97 

1.86 3.71 
0.66 1.24 

0.17 0.38 

1.03 
0.47 

1.42 
0.82 
2.14 

0.71 
1.48 
0.60 

0.16 

4. Horsepower by throttle notch l1lor EMDenglne modei12-71DG3Awlth •even paaeenger carl. 
5. Two ecenarloe are assumed for this analysis-tOO pt~rcenl and 40 percenlln-Basln power generation. 

1- NOx (!!yrl 1996 NOx Wyrl 
1001Mt 40~ 100% .(()% 

Basin Buln Basin Basin 

1.13 

0.78 
1.85 
1.22 
489 

0.17 
1.83 
0.55 

O.t7 

0.45 

0.31 

0.78 
0.49 
1.87 
0.36 
0.86 
0.22 
007 

088 

0.88 
1.70 

t.o8 
4.10 

0.76 

t.42 
0.48 
0.14 

p 

0.39 
0.27 
0.88 

0.43 
1.84 

0.30 

0.57 
0.19 

0.08 

1994 NOx (1/yr) 1885 NOx Q()!r) 
100~ 40~ 100% 40'Mio 

Basin Basin Basin Basin 

2.28 
1.04 

3.12 
2.03 ...... 
1.73 
3.26 
1.09 

033 

0.90 1.97 
0.41 0.91 

1.25 2.73 
o.e1 1.n 
1.87 4.10 
0 89 1.62 

t.30 2.85 
o... 0.96 

0.13 0.28 

0.79 
0.38 
1.09 

0.71 
t.84 
0.81 
1.14 
0.38 
0.12 

-
t898NOx!t{)!r) 

100~ 40'Mo 
Basin Balin 

0.83 
0.57 
1.43 

0.00 
3.46 

0.84 
1.20 
0.40 
0.12 

0.33 
0.23 
0.67 

0.38 
t.36 
028 
048 
0.18 
0.06 

t898N0•1!{)!!1 

tOO~ 40~ 

Buln Balin 

t.88 
0.78 

2.28 
1.48 
3.45 
1.28 

2.40 

0.80 
0.24 

0.88 
0.30 
0.82 
0.80 

1.38 
0.61 
0.98 

0.32 
0.10 

- --- - -
1887 NO. (!!yr) 

100~ 40~ 

Baeln Basin 

0.89 
0.47 
1.18 
0.74 
2.88 
0.63 

0.88 
0.33 
0.10 

028 
0.19 
0.48 
0.30 

t.t5 

0.21 

0.40 

0.13 
0.04 

t887 NO. !!{)!r) 

tOO~ 40~ 

Ba:eln Balin 

t.36 
0.83 
1.00 
t.24 
2.86 
1.06 
1.99 

0.87 
0.20 

0.66 
0.25 

0.78 

0.50 

1.15 
0.42 

0.80 

0.27 
0.08 

1898 NOx Mtr) 1998 NO• ftlyrl 2000+ NOx ft/yr) 

100'Mo 40~ too~ 40~ 100~ 40~ 

Basin Buln Buln Balin Buln Buln 

0.63 
0.37 

r/:82 
0.67 

2.21 
0.41 

0.77 

0.28 
0.08 

0.2t 
0.16 
037 

0.23 

0.88 
D. US 

0.31 
0.10 
0.03 

0.38 
0.27 
0.88 

0.42 
t.83 
0.30 

0.67 
O.tll 
0.08 

o.te 
0.11 
0.27 
0.17 
0.86 
0.12 
0.23 

0.88 
0.02 

0.24 
0.18 
0.41 

0.25 
088 
0.18 
0.34 

0.11 
0.03 

0.09 
0.08 
0 ,. 

0.10 

038 
0.07 

0.14 

0.05 
0.01 

1898 NOx Mtrl 1998NO>c!t{)!!l 2000+ NOx Q()!r) 

100~ 40~ 10011b 40% 100% 40'Ka 

Basin Baaln Balin Buln Balin Balin 

1.07 
0.48 
1,47 
0.96 

2.21 
0.82 

1.64 
0.52 

0.18 

0.43 0.78 

0.20 0.38 
0.69 1.08 

0.38 0.70 

0.88 1.83 
0.33 0.80 
0.81 1.13 

0.21 0.38 
0.06 0.11 

0.31 0.47 

0.14 0.22 
0.43 0.85 
0.28 0.42 
0.66 0.98 
0.24 0.36 

0.45 0.88 
0.16 0.23 

0.05 0 07 

0.18 

0.09 

0.26 
0 17 
0 •• 

0.14 

0 27 
0.08 
0 03 
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l'i 

COMMUTER RAIL ElECTRIFICATION SCENARIO- PEAK SERVICE- MATURE LEVEl- NOx 

Slafl/ O.et./ Train Tolal 

line Doll Slart Pwr Roq PwrReq 1992 NOx {!b!r} 1993N0xl~r) 1-NOx!!!l!!) 1996 NOx l~•l 1995NOx~r} 1997 NOx't~r) 1998N0x~r) 1999NOx~r} 2000+ NOx '![::tr) 
Start ... Powor Power (MW-HRI (MW-HRI 100'Mo ..O'Mo 100'Mo 40'Mo 100~ 40'Mo 100'10 -40'10 100'10 ..O'Mo 100'Mo 40'Mo 100'10 ..O'Mo 100'Mo -40'Mo 100'Mo -40'10 

Route Year Mlln T rain• (KW-HR) (KW-HR) day) day} Baa In Baa In Baln Baa In Basin Baa In llaeln Baa In Baaln Baaln Baaln Buln Baa In Baeln Baaln Baaln Baa In Baa In 

Ventura to LA 1992 47 9 1112.81 1268.87 21.43 27.78 3.21 1.28 2.89 1.18 2.54 1.02 222 0 89 1.87 0.75 1.55 0.112 1.20 0.48 0.88 0.36 0.63 0 21 

2 Santa Clarita to LA 1992 36 8 847.78 1337.01 13.11 HUM 1.96 0.79 1.77 0.71 1.55 0.112 1.38 0.54 1.14 0.48 0.05 0.38 0.73 0.29 054 022 0.32 0 13 

3 SBioLA 1992 66.5 9 1-138.72 1802.42 29.80 38.35 4.43 1.77 3.99 1.80 3.51 1.40 3.07 1.23 2.66 1.03 2.1 .. o.a8 1.88 0.68 1.22 0.49 0.73 0.29 

4 Flmroldo to LA (Ontario) 1993 68.8 8 1547.24 1175.79 20.54 28.81 s.oe 1.23 2.77 1.11 243 0.97 2.13 0.85 1.79 0.72 1..9 069 1.16 0.48 0.84 0.34 0.51 020 

5 Ocean11de to LA 1993 87.2 10 2170.32 2776.35 49.46 84.07 7.-40 2.96 8.87 2.87 6.88 234 6.13 2.05 431 1.73 3.58 143 2.77 1.11 2.03 0.81 1.22 0 •• 

8 Rivertldt 10 LA (Fullerton) 1995 112.8 6 1862.50 2003.40 18.28 23.88 2.74 1.09 2.47 0.99 217 0.87 1.89 0.16 1.69 0.84 1.32 0.53 1.02 0.41 0.75 0.30 0.45 0.18 

7 SBIRIYeNkll to Irvine 1905 69 10 1552.51 1182.17 34.36 44.50 6.14 2.08 4.83 1.85 4.07 1.83 3.58 1.42 300 1.20 2.49 0.90 1.92 0.77 1.41 0.57 0.15 0.34 

8 HtrM110 Rlvtl'81de 1905 30.8 6 1042.02 12§.28 11.53 14.93 1.73 0.89 1.66 0.82 1.37 0.55 1.19 0.48 1.01 0.40 0.83 0.33 0.84 0.28 0.47 0.18 0.28 0.11 

8 RadW\do to SB 1905 12 6 316.78 382.12 3.48 4.53 0.62 0.21 0.47 0.19 0.41 0.17 038 0.14 0.30 0.12 0.26 0.10 0.20 0.01 0.14 o.os 0.09 0 03 

Note1: 1. The m.Wre l1vel of ••rvlcl will oon1llt of 1even pu1enger 011• per train. 
2. Line loMn of •even percent and catenary efficiency ot 83 percent u1umed. 
S. Traina are UIUmed to operate five daY' per w.ek. leal ala~ holiday• per year. 
4. Hoteepower by thront. notch lllor EMD lnSJine model12-7100i3A with .. ven paseng" catl. 

5. Two eoenarto. are uaumed tor lhll analyell-100 percent and 40 percent ln-BMin power generation. 

.~ 
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TABLE B-11 

COMMUTER RAil ElECTRIFICATION SCENARIO- PEAK SERVICE- HC 

Start/ Dee I./ 
Uno o .. ~ StArt 

Stort Number ol Traint Power Power Troln Pwr Req (MW-HRfday) Tolol Pwr Roq (MW-HR/doy) 

2 
3 

• 
5 
a 
7 
I 
9 

Routt You Mlln StArt Inter. Mature (KW-HR) (KW-HR) Stort Inter. Mature Start 

Ventura lo LA 11182 47 • I 8 1112.81 1268.157 9.63 18.06 21.49 12.34 

Santa Clarita to LA 11182 35 3 4 8 847.79 1337.01 8.55 8.74 13.11 8.49 

SBIOLA 11182 55.5 6 8 9 1488.72 1802.42 18.45 26.31 29.80 21.31 

Rlvoreldo to LA (Onwto) 1993 55.1 3 5 • 1547.24 1875.78 10.27 17.12 20.54 13.30 

Ootan•lde to LA 1993 87.2 8 8 10 2170.32 2776.35 39.57 39.67 49.48 51.28 

Rlvoroldo to LA (Fullerton) 1896 82.1 2 4 6 1862.60 2003 . .0 7.31 14.12 13.28 9.47 

SB/RiverskJe to Irvine 1- 59 4 I 10 1552.51 1882.17 13.74 27.48 34.36 17.80 

Hemel to Rlve,.lde 1- 39.8 2 4 5 1042.02 1263.29 4.81 8.22 11.63 5.97 

Redlands to S8 1895 12 2 4 6 315.78 382.82 1.40 2.79 3.48 1.81 

NoiH: 1. Fln:t year of e'-ctrlc atrvlce 11 as1umed 10 be 1998. Thus, aya:tem atan up lor all routee assumed to be diesel operation. 

2. Tht ttart-up lwtl of aervJce will coneltt of four pueenger cen per traJn. 

3. The Intermediate and mature levtll ol prvloe will conelat of etven pupnger carl. 

4. Line loseet of etven percent and catenary eftlclency of 83 percent usumed 

6. Traina are u1umed 10 operate fiw daye per week, Ieee elx holldayt ptr year. 
e.. Honepow.r by throttle notch II for EMD engine model 12-710G3A wUh 11ven puaenger care. 
7. Two aotnarlol are uaumed lor thlt analyalt-100 percent and .0 percent ln-Buln power generallon. 

Inter Mature 

24.88 27.78 
11.32 18.98 

34.09 35.35 
22.17 28.81 
51.26 84,07 

18.84 23.55 

35.80 44.60 
11.95 14.93 

3.82 4.53 

-

Pwr.Pinl 
HCEmln. 

Factot 

0.084 
0.084 
0.084 

0.084 
0.084 

0.084 

0.084 
0.084 

0.084 

e. Powerplanl HC eminlon lew-els are from Joe 'Nhlttater and Marty Kay of SCAOMD'• EnglnHrlng Dtvlslon and Offloe of Planning and Rulee, respeetlvefy. 

-·-·· - - -

Stall HC (tlyr) Inter. HC (tlyr! Mature HC (tlyr) 
100% 40% 100% .0% 100'10 .0'10 

Buln Buln Buln Buln Buln Buln 

0.13 0.05 0.26 0.11 0.30 0.12 
0.09 0.04 0.12 0.05 0.18 0.07 

0.23 0.09 0.38 0.16 O . .t1 011 
0.14 o.oe 0.24 0.09 0.21 0.11 

0.55 0.22 0.55 0.22 0.88 0.27 

0.10 0.04 0.20 0.08 0.25 0.10 

0.19 0.08 0.38 0.15 0.47 0.19 

0.08 0.03 0.13 0.05 0.18 o.oe 
0.02 0.01 0.04 0.02 0.05 0 02 

II 
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TABLE B-12 

COMMUTER RAIL ElECTRIFICATION SCENARIO- PEAK SERVICE- CO 

StarU Des I./ 
Line O.at. Start Pwr.Pint Start CO (t/y•) Inter. CO (1/yr) Uaturt CO (t/yr) 

Stott Number ol Tr-'n• Power Power Tnoln Pw• Req (UW-HR/day) Tatal Pwr Req (MW-HRlday) COEml11. 100'14> 40'1b 100'1b 40'111 IOO'Ib 40'1b 
Route Voar Mllee Start Inter. Mature (KW-HR) (KW-HR) Start Inter. Mature Start Inter Mature Factor Basin Buln Basin Basin Basin Basin 

1 Ventura lo LA 1992 47 4 a • 1112.81 1268.87 8.63 19.05 21.43 12.34 24.88 27.76 0.143 0.22 0.09 o.•s 0.18 0.60 0.20 

2 Santa Clarita to LA 1992 35 3 4 8 U7.79 1337.01 8.65 8.74 13.11 8.49 11.32 18.98 0.143 0.15 0.08 0.21 0.08 0.31 0.12 
3 SB lOLA 1992 58.5 5 8 8 1418.72 1-802.42 18.45 26.31 28.110 21.31 34.09 38.35 0.143 0.38 0.15 0.82 0.25 0.70 0.21 
4 R:Narwlde to LA (Onlarlo) 1883 58.8 3 5 8 1547.24 1875.78 10.27 17.12 20.54 13.30 22.17 28.81 0.143 0.24 0.10 0.40 0.18 0.41 0.19 

6 Oceanside to LA 1883 87.2 8 • 10 2170.32 2775.35 38.57 38.57 48.41 51.26 51.~ &4.07 0.143 0.83 0.37 0,83 0.37 1.16 0.'7 

8 Rlw~ld• to LA (Fullerton) 1995 82.8 2 4 5 1662.60 2003 40 7.31 14.82 18.28 9.47 18.94 23.88 0.143 0.17 0.07 0.34 0.14 0.43 0 17 

7 SBIFUvaralde to Irvine 1885 58 4 8 10 1552.51 1882.17 13 74 27.41 34.36 17.80 35.110 44.60 0.143 0.32 0.13 0.85 0.28 0.81 0.32 

a Hemet to Rlve,.lde 1995 38.8 2 • 5 1042.02 t263.29 4.81 8.22 11.63 5.87 11.95 14.83 0.143 011 004 022 0.09 0.27 O.t1 

• f\8dlande to 88 1885 12 2 4 6 315.78 382.82 1.40 2.78 a.48 1.81 3.82 4.63 0.143 0.03 0.01 0.07 0.03 0.08 0.03 

Nolee: 1. Firat year of el.c:trlc eervlctll1 auumed to be 1996.. Thus, eyelem atart up lor all routee assumed to be dltoeel operation. 

2. The elart-up level of eervlce will conellt of tour pauenger cara per train. 

3. Theln1ermedlate and mature level• of eervlce will conslll of aeven passenger cars. 

4. Line tonee of eev.n perc:ent and eatenary efficfency of 83 percent aeaumed 

5. TraJnt are utumad to operate tlve daya per WHk,ltlll 1lx holldaya per year. 

6. Hor .. power by lhroltt. notch lefor EUD engine model12-71003A with •even pusanger cars, 
7. Two acenarkJI ar1 ueumed for lhlt analylle-100 percent and 40 percenlln-Basln power generation. 
8. Powerplant CO emlealon ltvell are from Joe Whittaker and Marty Kay of SCAQMD'e Engineering Division and Ofliot of P1annlng and Rulee, respectively. 
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TABLE B-13 

COMMUTER RAIL ELECTRIFICATION SCENARIO- PEAK SERVICE- SOx 

S1artl Dell. I 
Llno Delt. Sian 

Slut Number of Traina Power Po- Troln Pwt Roq (MW-HRiday) Tolal Pwt Roq (MW-HRiday) 

1 

2 
3 

• 
5 

• 
7 

8 

9 

-.. v • ., Mlln Slort Inter. Mature (KW-HR) (KW-HR) Slut Inter. Mature Start 

Ventura to LA 111112 •7 • a 8 1112.81 1288.157 8.63 18.05 21.43 12.34 

Santa Clartta 10 LA 111112 35 3 • • 847.78 1337.01 8.66 8.74 13.11 8.40 

SBtolA 18112 58.6 8 8 ' IU8.72 1802.~ 10.46 25.31 2880 21.31 
Rhroroldo to lA (Ontario) 111113 68.8 3 5 • 1647.24 1876.78 10.27 17.12 20.84 13.30 
Octanakle 10 LA 111113 87.2 8 8 10 2170.32 2776.36 38.57 38.57 49.48 51.20 

Rhroroldo to lA (Fullonon) 1896 81!.8 2 4 6 1852.60 2003.40 7.31 1482 18.28 9.47 

SB/Riftrelde 10 Irvine 1896 58 • a 10 1662.61 1882.17 13.74 27.48 34.35 17.80 

Hemtot to Rtver~lde 1995 39.8 2 4 6 1042.02 1283.29 4.81 9.22 11.53 6.87 

Rtdland• to 98 
~--

12 2 • 6 316.78 382.82 1.40 2.78 3.4e 1.81 

Notea: 1. Flrwt ,,., of electric ttrvlo. It utumed to be 1996. Thue, ayetem atart up for all routiiB ueume:d to be dleael operadon. 
2. The e1arl-up ~Mal of HIVIce will oonelat ollour puaenger cart per train. 
3. The Intermediate and mature .. vela of urvlctl will consist ol eeven pusenger cart. 

•· llntloiHt olaev.n peroenl and catenary efflcltncy ol83 percent anumed 
6. Traina are aaumed 10 aperale ftvt days ptr w .. k, leta abc holldaye par year. 
e. Horstpowtr by throttle notch ill lor EUO engine modei12-71003A wUh eavan paaaenger cars. 
7. Two tCI'nariol are uaumed tor thle an.alytls-100 percent and .0 perotnl ln-Baeln power generalk2n. 

lnler Mature 

24.88 27.78 

11.32 1888 

34.08 38.36 
22.17 20.61 
61.26 84.07 

,8,94 23.88 
35.80 44.60 
11.96 14.83 

3.82 463 

• 

Pwr.Pint 

SOxEmlu. 
FOCIOr 

o.ooa 
0.008 

o.ooa 
0 008 

0.008 
0.008 

0.008 

0.008 

0.008 

8. Powt~rplant SOx emlaalon levalt .,, from Joe Whittaker and Marty Kay of SCAQMD'e Engineering Dlvltlon and Office of Planning and Rulea. respectlvety. 

p 

- - - - ... 

SloriSOx(l/yr) lnter.SOx~r) Malure SOJC (l}yr 
IOO'Mo 40'Mo 100'11o 40'11o 100'11o 40'11o 
Balin Eluln Balin Eluln Eluln Eluln 

0.01 0.01 0.03 0.01 0.03 0.01 

0.01 000 0.01 0.00 0.02 0.01 
0.02 0.01 0.03 0.01 0.04 0.02 
0.01 001 0.02 0.01 0.03 001 

0.05 0.02 0.05 0.02 0.07 0,03 

0.01 0.00 0.02 001 0.02 O.Ot 
0.02 0.01 0.04 0.01 0.06 0.02 
0.01 0.00 0.01 0.00 0.02 0.01 

0.00 0.00 o.oo 0.00 0.00 0.00 



... - - - ... • • • 
TABLE B-16 (Continued) 

COMMUTER RAIL VEHICLE EMISSIONS AVOIDED- PEAK SERVICE- MATURE LEVEL- ROG 

Put. Round 1-Way Dally 

Roo to tol I ol Per Trip VUT VUT Predicted Buln Passenger Car ROG Emlaelona (lblmlle) ROO Emleatone Avoided (tonalyr) 

Route Leng1h Trains Cart Car Pa ... A~told. Avoid. 1992 1893 1994 1995 1998 1997 11198 1989 2000 2010 1992 19113 1994 1995 1996 1997 1998 1999 2000 2010 

1 Ven1ura to LA 47 • 7 200 12800 1?.09 430Me.OO 0.0027 0.0025 0.0023 00021 0.0019 0.0017 0.0018 0.0014 0.0013 0.0004 147.22 134.92 123.34 112.55 103.32 94.32 88.28 n.sa 8V.42 2255 

2 Santa Ctarlta to LA 35 8 1 200 8400 13.97 234698.00 0.0027 0.0025 0.0023 00021 0.0018 0.0017 0.0018 0.0014 0.0013 0.0004 10.23 73.53 87.22 81.33 66.30 51.118 47.02 4225 37.83 12.29 

• SB1oLA 66.6 • 7 200 12800 38.32 916264.00 0.0027 0.0026 0.0023 0.0021 0.0019 0.0017 0.0018 0.0014 0.0013 0 0004 312.87 288.7.& 282.13 239.19 219.67 201.62 183.97 184.78 147.54 .&7.91 

4 Rlveroldo 1o LA (On.-) 66.8 8 7 200 8400 20.40 443456.89 0.0027 0.0025 0.0023 0.0021 0.0018 0.0017 0.0018 0.0014 0.0013 0.0004 151.59 138.83 127.00 115.89 108.38 07.114 88.86 78.83 71.49 23.22 

5 Ooeantklt lo LA 87.2 10 7 200 1«100 :13.94 1160320.00 0.0027 0.0025 0.0023 0.0021 0.0018 0.0017 0.0018 0.0014 0.0013 00004 32U5 297.72 272.17 248.35 227.98 209.24 190.30 171.07 153.18 49.75 

e Avtrwklt to LA (Fullerton) 82.8 5 7 200 7000 :28.18 394&15.82 0.0027 0.0025 0.0023 0.0021 0.0019 0.0017 0.0018 0.0014 0.0013 0.0004 134.92 123.tl5 113.04 103.14 94.89 88.90 78.07 71.05 .... 83.152 200<1 

7 SB/Rtvtlrwlde to Irvin• .. 10 7 200 1«100 20.49 741808.73 0.0027 0.0025 0.0023 0.0021 0.0011' 0.0017 0.0018 0.0014 0.0013 00004 253.51 232.33 212.39 193.81 177.91 1153.:29 141.68 133.60 119.65 ae 82 

8 Hemet 10 RlveNide 30.8 5 7 200 7000 17.78 248878.19 0.0027 0.0025 0.0023 0.0021 0.0018 0.0017 0.0018 0.0014 0.0013 0.0004 86.07 n.&7 71.28 85.04 50.71 suo 49.88 44.110 40.12 13.03 

9 Redland• to S8 12 5 T 200 7000 6.30 76417.63 0.0027 0.0025 0.0023 0.0021 0.0019 0.0017 0.0018 0.0014 0.0013 00004 25.78 23.83 21.80 19.71 18.09 18.81 15.11 13.66 12.18 3.95 

Not .. : 1. h le •eumed that each carle tu5ed to oapaclty (200 patengere). 
2. One-way VUT avokted lor routet 1, 2, 3, and 6 le baed on data eupplied by SCAB. 

For tht other routH, a mUeage weighted campoelte baled on BCA<J data and tht length of routet 1, 2, 3., and 6 has been ueed. 

3. Tralnt are anumed to operate flve daye per week. IHa alx holidays per year. 

•· Vehlcte eml .. lon& avoided art bued on pasMnpr car emission factors u contained In the ARB'• EUFAC7EIBURDEN7Cemlselon Inventory. 
Eml11ion lactort for 198ol and eubeequent ye.,. have bnn adjusted 10 account fot ARB v.Mcla regulations. (I 



- - - - - - - -) - - - ... 
TABLE B-17 

COMMUTER RAIL VEHICLE EMISSIONS AVOIDED- PEAK SERVICE- START UP LEVEL - CO ~ 

Pus. Round t-Way Dally 
Route I ol #of Per Trip Vt.IT VMT Predicted Basin Passenger Car CO Emissions (lblmlle) 

Route engt Tralne Care Car Pass. Avoid. Avoid. 1992 1993 1994 1995 1998 1997 1998 1999 2000 2010 

Ventura lo LA 47 

2 Santa Clarita to LA 35 
3 S8toLA 58.6 

4 Rlvlr11d1 to LA (Ontario) 58.8 

6 Oceanside to LA 87.2 

e Riverside to LA (Fullerton) 62.8 
7 SBIRiverslde to Irvine 59 
a Hemet to Rlvertlde 3&.6 
8 Redlands to sa 12 

• 
3 
5 
3 

8 

2 

• 
2 

2 

4 119'2 

4 119.2 

4 110.2 

4 119.2 
4 118.2 

4 119.2 
4 118.2 
4 119.2 

4 119.2 

1907 
1430 

23&4 
1430 

381C 

96C 
1907 -954 

17.09 85188.10 0.0219 0.0208 0.0192 0.0178 0.0184 0.0152 0.0140 0.0129 0.0119 0.0060 
13.97 39986.38 0.0218 0.0206 0.0192 0 0178 0.0184 0.0162 0.0140 0.0129 0.0119 0.0060 

38.32 173173.78 0.0219 0.0206 0.0192 0.017.8 0.0164 0.0162 0.0140 0.0129 0.0119 0.0060 

:!e.-40 75514.17 0.0219 0.0206 0.0192 0.0178 0.0184 0.0152 0.0140 0.0129 o.o119 o.ooeo 
33.94 258921.47 o.o21e o o20e o.019:2 o.o11a o.ot64 o.ot52 o.0140 o.ot29 o.0119 o.ooeo 
28.18 63787.48 0.0218 0.0206 0.01lJ2 0.0178 0.0184 0.0162 0.0140 0.0129 0 0119 0.0060 

26.49 101028.03 0.0210 0.0206 0.0192 0.0178 0.0184 0.0152 0.0140 00129 0.0119 0.0060 

17.78 33904.32 0.0219 0.0206 0.0192 0.0178 0.0184 0.0152 0.0140 0.0129 0.0119 0.0060 
6.39 10274.04 0.0218 0 0206 0.0192 0.0178 0.0164 0.0162 0.0140 0.0129 0.0119 0.0060 

Notes: 1.1tla usumed lhat 119.2paaeengera areln each car. This value It: a composite ofesllmaled ridership dala from SCAG. 

2. One-way VMT avoided tor routes 1, 2, :3, and 6 Ia butd on dala supplied by SCAG. 
For the olher roul .. , a mlle.aQt! weighted compoelte ba"d on the SCAO data and lhelength af route• 1, 2, 3, and Shu been used. 

:3. Traina are asaumed to operate live days per week, less e.lx holidays per year. 

4. Vehicle emissions avoided are bued on passenger car emltslon taclora u contained In the ARB'• EMFAC7EIBURDEN7C emission Inventory. 

Emission factors lor 1994 and subsequent yeare have been adjusled to accounllor ARB Yth~$e regulations. 

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

Route 
Route I of il of 
engt Trains Care 

Pass. 

Per 
OM 

Round 

Trip 

Pus. 

1-Way 
VMT 

Avoid. 

Dally 
VMT 

Avoid. 1992 

Predlcted Basin Passenger Car CO Emtsslone (lblmlte) 

1993 1~ 1995 1998 1997 1998 1999 2000 2010 

- - - - - - -
CO Emiaslone Avoided (tonelyr) 

1992 1993 1994 1995 1996 1997 1998 1999 2000 2010 

181.18 170.25 158.78 147.02 135.95 12572 115.96 107.13 
111.08 104.38 97.34 90.14 83.35 77.07 71.09 85.88 

98.84 49.48 

80.59 30.32 
481.31 462.28 421.79 390.67 381.16 333.97 308.04 284.68 262.68 131.3Q 

209.88 197.22 18393 170.31 157.48 146.63 134.32 124.10 114.49 67.29 

719.63 678.23 630.65 583.97 539.98 499.30 o460.58 425.51 392.57 19U5 
149.44 140.-tS 130.96 121.27 112.13 103.69 95.64 88.38 81.62 40.79 
280.79 263.86 246.07 227.88 210 69 194.84 179.71 186.03 153.18 78 85 

94.23 88.55 82.58 78.47 70.71 65.39 60 31 65.72 61.40 25 72 
28.58 2e.83 25.02 23.17 21.43 19.81 18.28 18.88 15.58 7.80 

CO Emllslons Avoided (tons,Yr) 

1992 1993 1994 1995 1996 1997 1998 ·- 2000 2010 

1 Vtntura to LA 47 

2 Santa Clarita to LA 35 

3 SB10LA 56.5 
4 Rhrerektt to LA (Ontario) 58 8 

5 Oceanside to LA 87.2 

8 Rlvertlde 10 LA (Fullerton) 82 a 

7 SBIRfvtralde to lrvlnt 69 

e Hernetlo Riverside 39.8 

9 Redlands to 88 12 

8 
4 

8 

5 
8 
4 

8 

4 

4 

7 118.2 8875 

1 119.2 3338 
7 119.2 6676 

7 118.2 4172 

7 119.2 8675 

7 119.2 3338 

7 119.2 5675 
7 119.2 3338 

7 119.2 3336 

17.09 228158.34 0.0219 00208 0.0192 0.0178 0.0184 0.0152 0.0140 0.0129 0.0119 0.0080 834.13 695.89 655.72 614.69 475.82 440.01 405.84 374.95 345.93 17311 

13.97 93262.64 0.0219 0.0208 0.0192 0.0178 0.0184 00152 0.0140 0.0129 0.0119 0 0060 259.18 243.66 227.13 210 32 194.48 17984 165.8! 153.25 141.39 70.75 

:36.32 484888.53 0.0219 0.0208 0.0192 0.0178 O.OUS4 0.0152 0.0140 0.0129 0.0119 0.0060 1347.87 1268.39 1181 02 1093 81 1011.22 935.12 862.61 796.85 735.17 367.89 

26.40 220249.66 0.0218 0.0208 0.0182 0.0178 0.0164 0.0152 0.0140 0.0128 0.0119 0 0080 812.15 675.23 538.46 498.75 459.33 424.78 391.78 381.95 333 93 187.11 

33.94 453112.58 0.0219 0.0208 0.0192 0.0178 0.0184 0.0152 0.0140 0.0129 0.0119 0.0060 1258.36 1183.41 1103 83 1021.94 944 98 873 84 805 99 744.64 886.99 343.79 

28.19 188186.10 0.0218 0.0208 0.01Q2 0.0178 0.0184 0.0152 0.0140 0.0129 0.0119 0.0080 523.04 491.49 458.30 424.43 392.46 382.02 334.74 309.2e 286.32 142.78 

26.49 353598 oa o.o21o o.o20e 0.0102 o o118 o.o1M o.o152 o.o14o o.o120 o.o11& o.ooao 982.n 923 so 881.25 797.60 737.42 681.93 62a.&7 sa1.10 538.11 288.28 

17.78 118865.12 0.0219 0.0208 0.0192 0.0178 0.0184 0.0152 0.0140 0.0129 0.0119 0.0060 32981 30992 28903 267.~84 247.47 228.85 211.08 195.01 179.92 80.03 

5.39 35959 13 o o219 o.o208 o.0192 o.0178 o.0184 o.o152 o.o14o o.0129 o.o119 o.ooeo 99.94 93.92 87.58 et:1o 74 99 89.35 83.1111 se.oe M.52 27.28 

Notea: 1.1t II a"umed tha1119.2 pu .. ngera areln each car. This value Is a composite olestlmated ridership datalrom SCAG. 

2. One-way VMT avoided for routea 1, 2, 3, and 5 Is based on data supplied by SCAGI. 
For the other routlll, a mileage weighted composite bued on the SCAG data and the length of routes 1, 2. 3, and 5 has been ueed. 

3. TraJna are assumed to operate five days per week, less six hoUdaya per year. 

4. Vehicle eml11lone avoided are band on passenger car emission factore ae contained In lhe ARB'• EUFAC7E/BURDEN7C emission Inventory. 

Emission factors for 1~ and eubsequent yews have been adjusted to account for ARB v•hlcle reguladons. 
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TABLE B-17 (Continued) 

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

Pao. Round 1-WOy Dally 

Route tot tot Por Trip VMT VMT Predlctlld Balin Pu .. nger Car CO EmiJSionl {lb/mllt) CO Eml01lon1 AYoldod (tono/yr) 

Rout• engt Train• Carl Cor Pue. Avoid. Avoid. 1002 1993 1- 11195 1996 1997 1- 1999 2000 2010 1002 1993 1- 1995 1996 11197 1998 1999 2000 2010 

1 Ventura 10 LA 47 9 7 200 12800 17.ot 4308e8.00 0.0219 0.02De 0.01~ 0.0178 0.0164 0.0152 0.0140 0.0129 0.0119 0.0060 1196.98 1124.79 1048.97 971.32 898.15 830.50 758.Ge 707.76 662.96 328.75 

2 Santa Clarfta to LA 36 8 7 200 8400 13.87 234896.00 0.0218 0.0206 0.0192 0.0178 0.0184 0.0152 0.0140 0.0129 0.0118 0.0080 652.30 812.96 571.84. 529.33 f.a8.45 452.8:2 4117.47 386.70 355.8<' 178.07 

3 SBtoLA 58.6 9 7 200 12800 38.32 816264.00 0.0219 0.0208 0.0192 0.0178 0.0184 0.0152 O.Ot«J 0.0129 0.0119 0.0060 2643.84 2390.42 2229.28 2084.27 teoa.n t785.t2 1828.06 t504.t3 t387.89 1184.43 

4 Rlvotoldo to LA (Ontario) 58.8 5 7 200 8400 28.40 443456.89 0.0219 0.02De 0.01~ 0.0178 0.0164 0 0152 0.0140 0.0129 0.0119 0.0060 1232.52 1158.18 1080.11 1000.18 924.82 856.22 788.81 728.77 572.36 335.45 

IS Ooean1k11 lo LA t;".2 10 7 200 14000 33.8' 860320.00 o.o218 o.o208 o.ot8:2 o.o11e o.ot64 o.ot52 o.ot40 o.ot29 o.ott& o.ooeo 2641.27 2481.97 2314.87 2143.34 1981.88 1832.72 1890.41 1501.74 1440.84 721.03 

8 RNenkfl to LA (Fullerton) 82.8 6 7 200 7000 28.18 394885.82 0.0219 0.0208 0.0192 0.0178 0.0164 0.0152 0.0140 0.0129 0.01 19 0.0080 1096.97 1030.81 981.33 890.17 823.11 781.18 702.Ge 648.52 598.41 299.48 

7 SBIRiveralde to Irvine 59 10 7 200 14000 2U8 741606.73 0.0219 0.0208 0.0192 0.0178 0.0164 0.0152 0.0140 0.0129 0.0119 0.0060 2081.19 1938.87 1806.31 1872.81 1648.81 1430.21 1319.16 1218.74 1124.40 582.87 

a Hama110 Riverside 39.8 6 7 200 7000 17.71 248878.19 0.0219 0.0208 0.01~ 0.0178 0.0164 0.0152 0.0140 0.0129 0.0119 0.0060 891.72 850.00 608.18 681.32 619.03 479 97 442.70 409.00 377.34 188.83 

e flodlond' to sa 12 6 7 200 7000 6.39 76417.83 0.0219 0.0208 0.0192 0.0178 0.0164 0.0152 0.0140 0.0129 0.0119 0.0080 209.81 198.97 183.89 170.10 157.24 145.45 134.15 123.94 11 .... 35 67.22 

Notee: 1. H II ueumed thaleaoh cat illllled 1o capacity (200 paeMngats). 
2. One-way VMT avoided for rout .. 1. 2. 3, and 5 II bued on data auppliad by SCAO. 

For the o1har rou'IH. a mileage weighted com~ha bued on the SCAGI data and the length ol route• 1, 2, 3, and 5 hu bHn used. p 
3. Tralne are .. sumad 10 operata five dayt per wet, teee she holidayt per year. 
4. Vehlole emfa1ion1 avoided ar• baled on pastenger car emllllon factort. .. contained In lhe ARB'e EUFAC7E/BURDEN7C emission lnv.nlory. 

Emllslon facto.-. for 1994 and eubsequenl yeare h...,.e been adjusted to account for ARB vehicle regulatlona. 



- - - - - - - - - - - - - - - - - - -TABLE B-18 
COMMUTER RAIL VEHICLE EMISSIONS AVOIDED- PEAK SERVICE - START UP LEVEL - SOx 

Pus. -nd 1-Way Dally 
Route #of #of Per Trip VUT VMT -.. Lenglh Tralnl Carl Car Pus. Av.,.d. Avoid. 

1 Vtnwra to LA ~7 

2 Santa Clarlla to LA 96 
3 SBIOLA 611.5 

4 Rlvsroldo 10 LA (Ontatlo) 68.8 

5 OceanoldoiOLA 87.2 

e Rlver•lde to LA (FuUenon) 82.8 
7 SBIRiwrwkle to Irvine 58 
a Hemet to Rlvertlde 39.8 
e Aedlande10 sa 12 

4 

3 
5 
3 

8 

2 
4 

2 
2 

• 11&.2 

4 119.2 

4 119.2 

4 118.2 

4 118.2 

4 119.2 
• 118.2 

4 118.2 

4 1192 

1907 

1430 

2384 
1430 
3814 

954 
1907 

954 
954 

17.09 65188.10 

13.97 38966.38 
315.32 173173.78 
26.40 76514.17 

33.94 258921.47 

28.18 53787.46 

26.49 101028.03 

17.78 33904.32 
6.39 10274.04 

Predicted Balin Pusengar Car SOx EmJealon1 (lb/mlle) 

1992 1993 1994 1996 1998 1997 1988 1999 2000 2010 

0.0001 0 0001 0.0001 0.0001 0.0001 0 0001 0.0001 0.0001 0 0001 0 0001 
0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 
0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 

0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0,0001 0 0001 
0.0001 0 0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 
0.0001 0.0001 0.0001 0 0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 
0.0001 0.0001 0.0001 0.0001 0 0001 0.0001 0.0001 0.0001 0.0001 0.0001 

0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 
0.0001 0.0001 0.0001 0.0001 0 0001 0.0001 0.0001 0.0001 0.0001 0.0001 

Notte: 1. h 5I uaumtd that119.2 puaengere are In each car. Thla valuella compotlte of eatlmated rkltrthlp dala from SCAG. 

2. One-way VUT IIYOkfed lor routes 1, 2, 3, and 5 II bued on data aupplled by SCAB. 
For1he other routee, amlltagewtlghled compoeh• based on th• SCAB data and the tengthl ol routtl 1, 2, 3, and 6 have been uaed. 

3. Tralne are anumed to operate five dayt per week, leas alx holld• per y.ar. 
4. Vehicle tmhlaJona avoided are baled on paeaenger car amlaalon tactora u contained In the ARB'a EMFAC7EIBURDEN7C emlaslon invenlory. 

COMMUTER IWL VEHICLE EMISSIONS AVOIDED- PEAK SERVICE -INTERIIEOIATE LEVEL- SOx 

Pasa. Round 1-Way 
Route II of f of Per Trip VMT 

Dally 
VIIT 

Avoid. -·· Length Trains Care Car Paes. Avoid. 

Ventura to LA 47 

2 Santa Clarita to LA 35 
3 SB 10 LA 611.6 
4 Rlvoroklo 10 LA (Onwlo) 58.8 

6 Oceanakle to LA 87.2 

8 Rt<.roldo 10 LA (Fullerton) 82.8 

7 SBIRivertkte to Irvine 69 
a Htmtt to Rlveraldt 39.8 
9 Rldianda to SB 12 

8 

4 

8 
5 

• 
4 

4 

4 

7 119.2 

7 119.2 

7 119.2 

7 119.2 

7 119.2 

7 119.2 
7 119.2 

7 119.2 

7 119.2 

6675 

3338 

6675 

4172 

6675 

3338 

6675 

3338 
3338 

17.09 228158.34 

13.97 93252.64 

38.32 484888 63 

28.40 220249.66 

33.94 .t631 12 68 

28.19 188188.10 

28.49 353588.09 
17.78 118665.12 

5.39 35959.13 

Predicted Basin Passenger Car SOx Emlaeiona (lblmile) 
1992 1993 1994 1995 1996 1997 199& 1999 2000 2010 

0.0001 0.0001 0.0001 0.0001 0.0001 0 0001 0 0001 0.0001 0.0001 0.0001 

0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0 0001 0.0001 0.0001 0.0001 
0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 

0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 

0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0 0001 0.0001 0.0001 0.0001 

0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0 0001 0.9001 0.0001 0.0001 

0.0001 o.ooo1 o.ooo1 o.ooot o.ooot o ooo1 o.ooot o OOo1 0.0001 o.ooo1 

0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0 0001 0.0001 0.0001 

0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 

Notet: 1. It II utumtd that119.2 putengera are in eaeh car. Thll value hi a composite oleetlmated rlderahlp data from SCA.G. 
2. One-way VUT avoided for routte t, 2, 3, and 5 It bued on data aupplled by SCAO. 

For lhe other routes. a mileage weigh led compoalle bastd on the SCA.O data and theltngtha ol routte 1. 2, 3, and 5 have been used. 

3. Traina are anumed to operate five daye per week, ieae the hoUdayt per year. 
4. V.hlele amlaakma av<Mded are baaed on pueenger cat tmleslon factors as contained In lhe ARB'• EMFAC7EJBURDEN1C tml11lon Inventory. 

SOx Emltelont Avoided (tonahlr) 

1992 1993 1994 1995 1996 1897 1998 1999 2000 2010 

1.07 

o.66 

2.88 

1.24 

4.27 

0.89 
1.87 

0.58 

0.17 

1.04 

0.83 

2.76 

1.20 
4.11 

0.85 

1.80 

0.64 
0.18 

1.00 

0.81 

2.66 
1.18 

397 

0.83 

1.55 
0.52 

0.18 

0.98 
0.68 

2.55 
1.11 

3.81 

0.79 

1.49 

0.50 

0.15 

0.03 

0.57 

2.48 
1.08 
3.71 

0.77 

1.46 

0.49 

015 

o.sn 
0.68 

2.41 

1.06 
3.81 

0.76 

1.41 

0.47 

0.14 

088 

0.64 
2.35 
1.02 

3.51 

0.73 

1.37 
0.48 

0.14 

SOx Emltelont Avoided (tontlyr) 

0.88 

0.53 

2.29 
1.00 
3.42 

0.71 

1.34 

O • .t5 

0.14 

0.85 

0.52 

2.25 
0.98 
3.38 

0 70 

1.31 

0.44 
0.13 

0.77 
047 

2.08 
0.90 
3 08 

084 

1.20 
0.40 

0.12 

1992 1993 1994 1Sil96 1998 1997 1998 1899 2000 2010 

3 78 

1.64 

799 

3.63 

1 . .t1 

3.10 

5.83 

1.98 

0.68 

382 

1.48 

770 
3.50 

7.19 

2.00 
6.61 

1.88 

0 57 

3.50 
1.43 

7.44 
3.38 

6.95 

2.89 
6.43 

1.82 

0.55 

3.35 

1.37 

7.14 

3.24 

8.87 

2.77 
5.21 

1.75 

0.53 

3.27 

1.33 

894 

3.15 

848 

2.89 
6.08 
1.70 

0.61 

3.18 

1.30 

8 75 

3.07 

8.31 

2.82 
4.93 
1.85 
0.50 

3.10 3.02 
1.27 1.23 
8.68 e . .t1 

2 99 2.91 
8.16 6.99 

2 65 . 2.49 

4 80 4.87 

1.81 1.67 
0.49 0.48 

2.98 
1.21 

8.29 

2.88 

6.88 

2.44 
4.68 

1.54 

0.47 

2.71 

1.11 

5.78 

282 

5.39 
2.2-4 

4.20 
1.41 

0.43 
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COMMUTER RAIL VEHICLE EMISSIONS AVOIDED- PEAK SERVICE- MATURE LEVEL- SOx 

Pa11. Round 1-Way Daily 

Roule ••• lot Per T~p VMT VMT Predicted Buln Pu .. nger Car SOx Emission• (lblmlle) SO• Emlnlono Avoided (lonolyr) -·· Lenglh Trains Can Car Pue. Avoid. Avoid. 11192 19113 ·- 1995 1996 1997 1998 1999 2000 2010 1992 19113 11194 1995 18911 1997 1998 1999 2000 2010 

Ventura to LA 47 9 7 200 121100 17.09 430668.00 0.0001 0.0001 0.0001 0.0001 0.0001 0 0001 0.0001 0.0001 0.0001 0.0001 7.10 .... 8.81 .... 8.18 8.00 5.85 5.89 6.68 6.12 
2 Santa Clulta to LA 36 • 7 200 8400 13.87 234698 00 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 3.87 3.73 3.60 ue 338 3.27 3.18 3.10 3.06 2.78 
3 S810LA 68.6 9 7 200 121100 38.32 915264.00 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 15.09 14.63 14.04 13 . .a 13.10 12.76 1242 12.10 11.81 10.88 
4 Rlvoroklo to LA (Ontario) 68.8 • 1 200 8400 28.40 443456.89 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 7.31 7.04 8.80 • 8.63 8.36 8.18 8.02 6.88 6.76 6.27 
5 Ocean•ld• to LA 87.2 10 7 200 14000 33.94 960320.00 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0 0001 15.87 16.09 114.68 13.99 13.60 13.24 12.80 12.66 12.33 11.28 
e Rivlroklo 10 LA (Fullerton) 82.8 5 7 200 1000 28.10 394885.82 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 8.51 8.27 8.08 5.81 6.85 5.50 5.38 6.22 6.12 4.89 
7 S81Afversld• to Irvine 68 tO 7 200 14000 28.49 741608.73 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 o.ooot 0.0001 0.0001 12.23 11.78 11.38 10.92 10.61 1D.33 10.07 9.80 8.82 8.81 
e Hemet to Rtvt,.ldt 39.8 5 7 200 1000 17.78 248878.19 0.0001 0.0001 0.0001 0.0001 0.0001 0,0001 0.0001 0.0001 0.0001 0 0001 ... 10 3.96 3.82 3.88 3.58 3.47 3.38 3.29 3.23 2.98 
9 Radtandlto sa 12 5 1 200 1000 5.39 75417.83 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 1.24 1.20 1.16 1.11 1.08 1.05 1.02 1,00 0.98 0.90 

No1t1: 1. h .. Ulumed lhat tach car Ia tllltd to capacity (200 pultnger~). 
2. Ont-way van avoided for route• 1, 2, 3, and &Ia baled on data supplied by SCAGI. 

For th• other route•. • mlleap w.lghttd oompoeh• bued on the 9CAO data and the lenglhl of routee 1, 2, 3. and 6 have been uaed. 
3. Traina .,. uaumed to operate fin dayt per wwk, "" 11x holldayw. per year. 
4. Vehlcllemfn.Jone avoldtd .,. based on pas .. ngar car tmlaalon faotora as contained In the AAB't EMFAC7EIBURDEN7C emlselon Inventory. 
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TABLE B-19 

COMMUTER RAIL DIESEL SCENARIO- OFF-PEAK SERVICE- NOx 

Une Dleeel Prime Mover 

Slart Number of Trains NOx Em188ions per Throttle Notch (glhr) 

Route Year Miles Slart Inter. Mature Idle 2 3 4 5 6 7 a 

1 Ventura to LA 1992 47 0 4 10 889 3338 5598 9951 12644 15318 18163 23715 30389 

2 Santa Clarita to LA 1992 35 0 0 6 889 3338 5598 9951 12644 15318 18163 23715 30389 

3 SBtoLA 1992 56.5 0 6 10 889 3338 5598 9951 12644 15318 18163 23715 30389 

4 Riverside to LA (Ontario) 1993 58.8 0 2 6 889 3338 5598 9951 12644 15318 18163 23715 30389 

5 Oceanside to LA 1993 87.2 0 4 10 889 3338 5598 9951 12644 15318 18163 23715 30389 

8 RlversldetoLA(Fullerton) 1995 62.8 0 3 14 889 3338 5598 9951 12644 15318 18163 23715 30389 

7 SB/Riverslde to Irvine 1995 59 0 3 14 889 3338 5598 9951 12644 15318 18163 23715 30389 

8 Hemet to Rlwrolde 1995 39.8 0 0 0 889 3338 5598 9951 12644 15318 18163 23715 30389 

9 Redlands to SB 1995 12 0 2 5 889 3338 5598 9951 12644 15318 18163 23715 30389 

Notes: 1. Emission faclors are for EMD engine model 12-71 O-G3A with eewn paseenger compartments. 
2. This ecenarlo assumes the use of locomotives with 25 percent less NOx than current commuter rail locomotives. 

Improvements are due to retarded Injection timing, 0.02 percent sulfur fuel, and operational improvements. 
3. The etart-up level of service will conslet of lour paeeenger care per train. 
4. The Intermediate and mature levels of service will conslet of trains with 88Y8n paeeenger cars per lraln. 
5. Trains are assumed to operate five days per week, Ieee elx holidays per year. 

-

1992 Loco 
Emission 

Factor 

0.75 
0.75 
0.75 
0.75 
0.75 
0.75 
0.75 
0.75 
0.75 

- -

Emission Slart lo 
Conversion Deetination 

Factor Emissions 
(7 to 4 car) (grams) 

1.00 11774.61 
1.00 9032.13 
1.00 15743.64 
1.00 16334.53 
1.00 23012.22 
1.00 17499.12 
1.00 18440.28 
1.00 11034.48 
1.00 3343.78 

~ 

- - - -

Oestinallon 
to Slart 

Emissions Tolal Emissions (lon/yr) 
(grams) Slart Inter. Mature 

13389.72 0.00 28.19 70.47 
13853.32 0.00 0.00' 38.12 
18317.37 0.00 57.23 95.38 
19063.04 0.00 19.85 59.56 
2855904 0.00 57.77 144.42 
20359.84 0.00 31.81 148.43 
19127.88 000 29.88 139.44 
12838.37 000 0.00 0.00 
3890.42 0.00 4.05 10.13 
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TABLE B-20 

(> 

COMMUTER RAIL DIESEL SCENARIO- OFF-PEAK SERVICE- PM 

Eml11ion Start to Destination 
Une Diesel Prime Mover Conversion Destination to Start 
Start Number of Traina PM Emissions per Throttle Notch (glhr) Factor Emlaaions Emission a Total Emiooiono (ton/yr) 

Route Year Mlleo Start Inter. Mature Idle 1 2 3 4 5 6 7 8 (7 to 4 car) (grams) (grams) Start Inter. Mature . 
Ventura to LA 1992 47 0 4 10 20 33 133 290 305 384 653 747 944 1.00 469.89 526.78 0.00 1.12 2.79 

2 Santa Clarita to LA 1992 35 0 0 6 20 33 133 290 305 384 653 747 944 1.00 353.64 549.20 000 0.00 1.62 
3 SBtoLA 1992 56.6 0 8 10 20 33 133 290 305 384 853 747 944 1.00 818.17 726.72 0.00 2.28 3.77 
4 Riverside to LA (Ontario) 1993 58.8 0 2 8 20 33 133 290 305 384 853 747 944 1.00 643.34 756.31 0.00 0.78 2.35 
5 Oceanside to LA 1993 87.2 0 4 10 20 33 133 290 305 384 853 747 944 1.00 907.70 1134.98 0.00 2.29 5.72 
8 Riverside to LA (Fullerton) 1995 82.8 0 3 14 20 33 133 290 305 384 653 747 944 1.00 887.10 807.78 0.00 1.28 5.88 
7 SB/Riverslde to Irvine 1995 59 0 3 14 20 33 133 290 305 384 853 747 944 1.00 645.53 758.88 0.00 1.18 5.51 
8 Hemet to Riverside 1995 39.8 0 0 0 20 33 133 290 305 384 653 747 944 1.00 433.27 609.35 0.00 0.00 0.00 
9 Redlands to SB 1995 12 0 2 5 20 33 133 290 305 384 853 747 944 1.00 131.29 154.35 0.00 0.18 0.40 

Notes: 1. PM emieelon factoro for EMD engine modei12-710G3A with seven paosenger compartment& were not available. 
Instead, PM factoro for EMD engine modei18-710G3 have been used. 

2. Thlo ecenarlo aeaumea the use of locomotives incorporating retarded Injection timing and .02 parcent oulfur fuel. 
It Ia aeoumed that PM Increases with Injection retard. However, the use of low sulfur fuel will offset thle factor to some 
extent. AI eo, II lo aeaumed that the EMD 18-710G3emlsslon factors give higher PM than would be expected from the 12-710G3A. 

3. The start-up level of service will consist ol four passenger care per train. 
4. The Intermediate and mature levels of service will consist of trains with seven paseenger cars par train. 
5. Traina are assumed to operate five days per week, lees elx holidays par ysar. 

,; 
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TABLE B-21 

COMMUTER RAIL DIESEL SCENARIO- OFF-PEAK SERVICE- HC 

Emlulon Start to DeBtlnatlon 

Une Diesel Prime Mover Conversion Deetlnatlon to Start 

Start Number of Trains HC Emissions per Throttle Notch (glhr) Factor Em I solons Eml11iona Total Emlasions(tonlyr) 

Route Year Miles Start Inter. Mature Idle 1 2 3 4 5 8 7 8 (7 to 4 car) (grams) (gram e) Start Inter. Mature 

1 Ventura to LA 1882 47 0 4 10 55 84 82 122 137 188 187 228 352 1.00 198.88 214.32 0.00 0.40 1.15 

2 Santa Clarita to LA 1882 35 0 0 e 55 84 82 122 137 188 187 228 352 1.00 154.34 214.07 0.00 0.00 0.02 

3 SBtoLA 1882 50.5 0 8 10 55 84 82 122 137 188 187 228 352 1.00 281.41 293.92 0.00 0.93 1.50 

4 Riverside to LA (Ontario) 1883 58.8 0 2 II 55 84 82 122 137 188 187 228 352 1.00 272.05 305.88 0.00 0.32 0.97 

5 Oceanalde to LA 1883 87.2 0 4 10 55 84 82 122 137 188 187 228 352 1.00 385.58 454.78 0.00 0.94 2.35 

8 Riverside to LA (Fullerton) 1885 82.8 0 3 14 55 84 82 122 137 188 187 228 352 1.00 290.58 328.88 0.00 0.52 2.42 

7 SBIRiverelde to Irvine 1885 59 0 3 14 55 84 82 122 137 188 187 228 352 1.00 272.98 308.92 0.00 0.411 2.27 

8 Hemet to Riverakle 1885 39.11 0 0 0 55 84 82 122 137 188 187 228 352 1.00 183.22 208.00 000 0.00 0.00 

9 Redlanda to SB 1885 12 0 2 5 55 84 82 122 137 188 187 228 352 1.00 55.52 82.42 0.00 0.07 0.17 

Notee: 1. Emlealon factore are for EMD engine modei12-710G3A with seven passenger compartments. 
2. The etart-up level of service will conalet of four paBBengercare per train. 
3. The Intermediate and mature levels of service will consist oftralns wilh seven passenger cars per train. 
4. Trains are assumed to operata five days per week, less six holldaye per year. 

{> 
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TABLE B-22 

COMMUTER RAIL DIESEL SCENARIO -OFF-PEAK SERVICE- CO 

Emission Start to Deatination 
Line Dieael Prime Mover coriver8ion Deatination to Start 
Start Number ot Traina CO Emiaaiona per Throttle Notch (glhr) Factor Emissions Emiaoiona Total Emissions (lon/yr) 

Route Year Miles Start Inter. Mature Idle 1 2 3 4 5 6 7 8 (7 to 4 car) (grama) (grama) Start Inter. Mature 

Ventura to LA 1992 47 0 4 10 54 113 127 179 305 855 1408 4333 3930 1,00 1601.45 1718.45 0.00 3.72 9.30 
2 Santa Clarita to LA 1992 35 0 0 6 54 113 127 179 305 855 1408 4333 3930 1.00 1111f.82 1969.80 0.00 0.00 5.30 
3 SBIDLA 1992 58.5 0 6 10 54 113 127 179 305 855 1408 4333 3930 1.00 2000.58 2761.39 0.00 8.00 13.34 
4 Rivereide to LA (Ontario) 1993 58.8 0 2 6 54 113 127 179 305 855 1408 4333 3930 1.00 2082.00 2873.80 0.00 2.78 8.33 
5 Ocean aide to LA 1993 87.2 0 4 10 54 113 127 179 305 855 1408 4333 3930 1.00 3013.05 4060.72 0.00 7.92 19.81 
6 Riverside to LA (Fullerton) 1995 62.8 0 3 14 54 113 127 179 305 855 1408 4333 3930 1.00 2223.63 3069.30 0.00 4.45 20.75 
7 SB/Riverslde to Irvine 1995 59 0 3 14 54 113 127 179 305 855 1408 4333 3930 1.00 2089.08 2883.58 0.00 4.18 19.50 
8 Hemet to Riveroide 1995 39.6 0 0 0 54 113 127 179 305 855 1408 4333 3930 1.00 1402.16 1935.42 0.00 0.00 0.00 
9 Redlands to SB 1995 12 0 2 5 54 113 127 179 305 855 1408 4333 3930 1.00 424.90 586.49 0.00 057 1.42 

Notes: 1. Emission factors are lor EMD engine model 12-71 OG3A willa oeven peoaenger compartments. 
2. The atart-up level of aervlce will conalat of lour pasaenger care per train. 
3. The intermediate and mature levels of aervlce will conolot oltrains with aeven pasaenger cars per train. 
4. Trains are assumed to operate five days per week,le88 six holidays per year. 
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TABLE B-23 

COMMUTER RAIL DIESEL SCENARIO- OFF-PEAK SERVICE- SOx 

Emiaalon Start to Deatlnation 

Una Dieeel Prime Mover Conversion Deatlnallon to Start 

Start Number of Traina SOx Emiaalona par Throttle Notch (glhr) Factor Emioalona Emioalona Total Emiaalono (ton/yr) 

Route Year Miles Start Inter. Mature Idle I 2 3 4 5 6 7 8 (7 to 4 car) (grams) (grams) Start Inter. Mature 

Ventura to LA 1992 47 0 4 10 34 165 253 486 674 897 1088 1548 1949 1.00 938.57 1065.48 0.00 2.24 5.111 

2 Santa Clarita to LA 1992 35 0 0 8 34 165 253 486 674 897 1088 1548 1949 1.00 715.67 1113.35 0.00 0.00 307 

3 SBto LA 1992 58.5 0 8 10 34 165 253 486 674 897 1088 1548 1949 1.00 1251.23 1501.79 0.00 4.83 7.71 

4 Rlveraide to LA (Ontario) 1993 58.8 0 2 II 34 165 253 486 674 897 1088 1548 1949 1.00 1302.17 1582.92 0.00 1.80 4.81 

5 Ocean aide to LA 1993 87.2 0 4 10 34 165 253 486 674 897 1088 15411 1949 1.00 1828.03 2317.32 0.00 4.84 11.111 

8 Rlveralde to LA (Fullerton) 1995 82.8 0 3 14 34 165 253 486 674 897 1088 1548 1949 1.00 1390.75 1889.25 0.00 2.57 12.00 

7 SB/Riveralde to Irvine 1995 59 0 3 14 34 165 253 486 674 897 1088 1548 1949 1.00 1308.80 1588.24 0.00 2.42 11.27 

8 Hemet to Riverside 1995 39.8 0 0 0 34 165 253 486 874 897 1088 1548 1949 1.00 8711.97 1052.58 0.00 0.00 000 

9 Redlandato SB 1995 12 0 2 5 34 165 253 486 674 897 1088 1548 1949 1.00 265.75 318.98 0.00 0.33 0.82 

Notes: 1. Emloalon factors are for EMD engine modei12-710G3A with eeven paoeenger compartments. 
2. The Btart-up level of eervlce will conslet of four paseenger cara par train. 
3. The Intermediate and mature levels of eervice will consilii of traina with eeven paaeenger care per train. 
4. Trains are assumed to operate five days par week, le88 aJx holldaya per year. 

0 
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TABLE B-24 

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

Start/ Dettl 
Line Dtet. Start 
Start I of Powtt Power 

Route Yur Mlleo Tralno (KW-HR) (KW-HR) 

Ventura to LA 1882 
2 SantaCiarltaiOLA 1092 
3 SBIOLA 1092 
4 Rlvtrtldt to LA (Ontario) 1883 
6 OceaneldttoLA 1883 
8 Rlvoraldo!O LA (Fuller!On) 11185 

7 SBIRIYereklt to bvlnt 1 096 
I Hemet to RIMrtlde 1885 
8 Radlondo 10 SB 1995 

•7 
35 

56.5 

58.8 
87.2 
82.8 

58 

38.8 

12 

0 1112.81 
0 807.79 
0 1086.72 
0 1507.:14 
0 2170.32 

0 1852.50 
0 1552.51 

0 1002.02 

0 315.78 

1288.87 
1337.01 

1802 .• 2 
1875.78 

2775.35 

2003.00 
1882.17 

1283.28 
352.32 

Train 
Pwrllaq 

(MW-HRI 
day) 

0.00 
0.00 

0.00 
0.00 
0.00 

0.00 
0.00 
0.00 

0.00 

Total 

Pwrllaq 
(MW-HRI 

day) 

0.00 
0.00 

0.00 
0.00 
0.00 

0.00 
0.00 
0.00 

0.00 

1992NOx(!lyr) 

100'Mo OO'Mo 
Balin Balin 

o.oo 
o.oo 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
o.oo 

0.00 

000 

0.00 
0.00 
0.00 
0.00 

0.00 
0.00 

0.00 

1883 NOx (!lyr) 

IOO'Mo OO'Mo 
Buln 8uJn 

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 

Notee: t. flrwt year of eleetr5o ttrvfce It MtUmed to be 1888. Thut, t)'tittm ttart up for aH route& Mtumed 101M dl1111 operation. 
2. Tht ttan-up level of tervk:e will contllt of four PMitnpr care per train. 
3. Llneloe:na of lfiYtn percent and cattnaty efftollncy of 83 percent Utumed 

•· Tralnt are ueumed to oporaltl ttve daya per WHt, lett tlx hollda~e per year. 
5. HOfHpower by throttle notch II for EMD engine model 12-710G3A with sewn pMsenger care. 

e. Two acenarta. are Mtumed tor thlt analyllt-100 percent and -40 JMrcent ln-Baeln power generation. 

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

SW1I Deot/ 
Line Oeet. Stan 

Train 

PwrRoq 
(MW-HRI 

day) 

Total 

PwrRoq 
(MW-HRI 

day) 

1992 NOx (tlyr} 1983 NOx «<yrl 

Start I ot Power Power 

Route Yoor Mlln Tralno (KW-HR) (KW-HR) 

1 Ventura to LA 1992 
2 Santa Clarita to LA 1992 
3 SBIOLA 1092 
4 Rlveralde to LA (Ontario) 1893 

5 Oceaneldo to LA 1993 
IS Rlverekfe to LA (Fullerton) 1895 
7 SB/Riverelde to IJYine 1995 

8 Hemet to FUve~ldo 1895 

8 Radlondo!OSB 1995 

.7 
35 

56.5 

58.8 
87.2 

82.8 

68 

38.8 
12 

.. 1112.81 

0 807.79 
8 1088.72 
2 1507.24 
.. 2170.32 
3 1652.50 

3 1552.51 
0 1002.02 

2 315.78 

1288.87 
1337.01 

1802.42 
1875.79 
2775 35 

2003.00 

1882.17 
1283.;!9 

352.82 

8.53 
0.00 

19.73 

8.85 
19.78 
10.97 

10.30 

0.00 

1.00 

12.30 
0.00 

25.57 
8.87 

25.83 
14.21 

13.35 
0.00 

1.81 

Noto1: 1. The Intermediate level of ••rvtoo will con•'-• of "ven p.auenger care per train. 

2. Unelol1e1 of .. "" ptrcent and catenary efficiency ol 83 percent aeumed. 
3. Traln1 are ueumed to operate five day~ per week, len 1bc hollday1 per year. 

100'Mo OO'Mo 100'Mo OO'Mo 
BMin Baaln Basin Buln 

U3 
0.00 

2.85 
1.03 
2.80 
1.80 
1.50 

0.00 
0.21 

0.57 1.29 
0.00 0.00 
1.18 2.88 
0.41 0.92 
1.18 2.87 
0.66 1.48 

0.82 1.39 

0.00 0.00 
0.08 0.19 

0,61 

0.00 
1.07 
0.37 

1.07 
058 

0.58 
0.00 

0.08 

4. Hon:epower by throttle notch II lor EMD engine modei12-710G3A with 1even pusenger can. 

6. Two 10enarlot. are a1u~ for lhle analytls-100 percent and 40 peroenlln-Baeln power generation. 

1994 NOx (tlyr) 

100'Mo .O'Mo 
BMin Basin 

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 

1994 NOx (tlyr) 

100'Mo OO'Mo 
Basin Baaln 

1.13 

0.00 
2.30 
0.81 

2.30 
1.30 

1.22 

0.00 
0.17 

0.05 
0.00 
0.84 
0.32 

0.84 
0,52 

0.49 

0.00 
0.07 

1995 NOx C!/yr) 1998 NOx Wyrl 
100'Mo .O'Mo 100'Mo OO'Mo 
Basin Basin Balin Baaln 

0.00 
0.00 

0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 

p 

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 
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 

1995 NOx (1/yr) 1998 NOx (tlyr) 
tOO'Ib 40% 100~ 40% 

Balin Basin Buln Ba.ln 

0.89 
0.00 
?.OS 

0 I o 

2.oo 
1.14 

1.07 
0.00 
0.14 

0.39 0.83 
0.00 0.00 
0.82 1.72 
0.28 0 80 

0.62 1.73 

0.45 0.80 
0.03 0.80 

0.00 0.00 
o.oe 0.12 

0.33 
0.00 
0.811 
0.24 

0.69 

0.35 
0.38 

0.00 
0.05 

1997 NOx lt/yr) 

100'Mo 00'111 
Buln Balin 

0.00 
0.00 
0.00 

0.00 
0.00 
0.00 

0.00 
0.00 
o.oo 

0.00 
0.00 
0.00 

0.00 

0.00 
0.00 

0.00 
0.00 
0.00 

1998 NOx(l/yr) 

100'Mo OO'Mo 
Booln Booln 

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 

1 .... NOx !!/yr) 
100'Mo OO'Mo 

Batln Buln 

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 

2000+ NOx (!!yr) 

100'Mo 00'111 

Buln Balin 

0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 

0.00 
0.00 

000 
000 
0.00 

0.00 
000 
0.00 
000 

0.00 
0.00 

1997 NOx WVrl 1998NOwWyr) 1999 NOx (tlyrl 2000+ NOx Wyrl 

100'MI .tOIIA:» 100'Mo OO'Mo 100%. 40% 100~ 40'M. 

BMin Basin Basin Basin Ba&ln Buln Basin Basin 

0.69 
0.00 
1.03 
0.50 

1.03 

0.79 
0.76 

0.00 
0.10 

0.28 0.53 
0.00 0.00 
0.57 1.10 
0.20 0.38 
0.67 1.11 
0.32 0.81 
0.30 0.58 

0.00 0.00 
0.00 0.08 

0.21 039 
0.00 0.00 
o... 0.81 
0.15 0 28 
0.44 0.81 

0.25 0.05 

0.23 0.42 

0.00 0.00 

o.03 o.oe 

0.18 

0.00 
0.32 
0.11 
0.33 

0.18 
0.17 
0.00 

0.02 

0.:14 

0.00 

o.•e 
0.17 

o.•8 
0.27 
0.25 
0.00 

0.03 

000 
000 
0.19 

0.07 
0.20 
0.11 

0.10 
0 00 

0 01 



·- - ·- - - - - ·- - - - - - - - - - - -TABLE B-24 ( Continued) 
COMMUTER RAIL ELECTRIFICATION SCENARIO- OFF-PEAK SERVICE- MATURE LEVEL- NOx 

Start/ Deal. I Train Tot.! 

Llno DooL Stllll Pwr Roq PwrRoq t992NO•!!!l:r) 1993 NO•!!!l:r) 1994 NOx (!{l!} 1995 NO•(!!lr) 1996NO•(!!lr) t9117 NO• !!b:r) 1998 NO•(!{lr) 1999NOx~rl 2000+ NOx (!lr:r) 
Start #of Power Power (MW-HRI (MW-HR/ tOO'Mo 40'Mo tOO'Mo 40'Mo tOO'Mo 40'11. tOO% 40'11. tOO% 40'Mo tOO% 40'11. tOO% 40'11. tOO'Mo 40'11. tOO'Mo 40'Mo 

Roo to Year Mlteo Trolno (KW-HA) (KW-HA) day) day) Buln Buln Buln Baoln Baoln llaoln Baeln llaoln Buln Buln llaoln Buln Baoln llaoln Baoln Baoln Buln Buln 

t Ventura to lA t992 47 10 1112.81 1268.87 23.81 30.15 3.57 1.43 3.21 t.29 2.82 1.13 2.47 0.911 2.08 0.83 t.12 0.89 1.33 0.53 0.88 0.311 0.58 024 
2 Santa Clarlta to LA 19112 35 8 147.79 1337.01 13.11 18.88 1.98 0.79 t.n 0.71 1.55 0.82 1.38 0.64 1.14 0.48 0.85 0.38 0.73 0.29 0.64 022 0.32 0.13 
3 881oLA 19112 61.5 10 1488.72 1802.42 32.88 42.61 4.82 1.87 4.44 1.71 3.80 t.61 341 1.38 2.87 1.15 2.38 0.85 1.14 0.74 1.35 0.54 0.11 0.32 
4 Rlvoroldo IO LA (Ontario) 1993 158.8 8 1647.24 1175.79 20.64 28.81 3.01 1.23 2.n 1.11 2.43 0.97 2.13 0.85 1.79 0.72 1.49 0.58 1.15 0.48 0.14 0.34 0.61 020 
5 Ootanelda to LA 1993 87.2 10 2170.:12 2n5.35 49.48 84.07 7.40 2.88 8.87 2.87 5.88 2.34 6.13 2.05 4.31 1.73 3.58 1.43 2.n 1.1t 2.03 0.11 1.22 0.49 
8 Rlv•rtkla to LA (Fulterton) 19$6 82.8 14 1852.50 2003.40 61.18 88.31 7.88 3.07 8.91 2.78 8.08 2.43 5.31 2.12 4.48 1.79 3.71 1.48 2.88 1.15 2.11 0.14 1.28 0.51 
7 SBIAtvar~lda to Irvine 1995 58 14 1552.51 1812.17 48.09 82.30 7.20 2.88 8.49 2.69 6.70 2.28 4.88 1.99 4.19 1.88 3.48 1.311 2.89 1.08 1.88 0.79 1.19 0.47 
I Hemet to Rlveralda 1995 39.8 0 1042.02 1283.29 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 

' Rodlendo to 88 1995 12 5 315.78 382.82 3.48 4.63 0.52 0.21 0.47 0.19 0 41 0.17 0.38 014 030 0.12 0.25 0.10 0.20 0.08 0.14 0.06 0.09 0.03 

No1t11: 1. The mature tevel of eervlce will coneltl of eeven pu11nger care per train. 
2. Une louH ol eeqn percent and calenary efflcMncy of 83 percent aaaumed. 
3. Train• are ueumed 10 operaw ftve dayt per week, .... abc hoUda)'l per y•ar. 
4. Hor .. ponr by throttle notch It for EMO engine modei12-71003A wllh aeven pueenger car.. 
6. Two ecenarloa are ueumed for thll analyall-100 percenl and 40 percent ln-Buln power generation. 

p 
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TABLE B-25 

OOMMUTER RAIL ELECTRIFICATION SCENARIO- OFF-PEAK SEAl/ICE- PM 

Starll Deall 0 
Une o .. t. Start Pwr.P1nt Start PM (tiyr) In lor. PM (t/yr) Maluro PU (tlyr) 

Start Number ofTralne Power Power Train Pwr Req (MW-HR/day) Total Pwr Raq (MW-HRid!J!) COEmls1. 100'111 -40'111 100'111 .CO'Mo 100'111 40'111 
Routo Yov Mileo Start Inter. Ualure (KW-HR) (KW-HR) Start Inter. Mature Start lnler Mature Foc:tor Basin Basin Basin Baoin Baa in Basin 

1 Ventura to LA 1902 47 0 4 10 1!12.81 1288.87 0.00 9.53 23.81 0.00 12.34 30.85 0.024 0.00 0.00 0.04 0.02 0.08 004 

2 Bania Ctarlta lo LA 1902 35 D D e 847.79 1337.01 D.OO 0.00 13.11 0.00 D.OO 18.98 0.024 0.00 0.00 0.00 0.00 0.05 0.02 
s S8toLA 1902 58.5 0 8 tO 1488.72 1802 ... 2 D.OO 19.73 32.88 D.OO 25.67 42.61 0.024 0.00 0.00 0.08 o.os 0.13 0.06 
4 RIYoraldo to LA (Ontario) 1993 58.8 0 2 e 1547.24 1875.79 0.00 6.86 20.54 D.OO 8.87 28.81 0.024 0.00 0.00 0.03 0.01 0.08 0.03 

5 ()ct,anekle to LA 1993 87.2 0 4 10 2170.S2 2776.35 0.00 19.78 49.48 0.00 25.83 84.07 O.D24 0.00 O.DO 0.08 0.03 D.20 D.08 

8 Rtwrwlde to LA (Fullerton) 1895 82.8 0 3 14 1852.60 2003.40 0.00 10.91 61.18 0.00 14.21 88.31 0.024 0.00 0.00 0.04 002 0.20 0.08 

7 SB/Rivetlkfe to Irvine 1995 59 0 3 14 1652.51 18.s2.17 D.OO 10.30 48.08 D.OO 13.36 82.30 0.024 0.00 0.00 0.04 0.02 0.19 0.08 

8 tt.met to Rlvertkte 1995 38.8 0 0 0 1042.02 12e3.29 0.00 0.00 0.00 0.00 0.00 0.00 O.D24 0.00 0.00 D.OO 0.00 0.00 0.00 

8 Redlanda to sa 1995 12 D 2 5 316.78 382.82 0.00 1.40 3.48 0.00 1.81 4.53 0.024 0.00 000 0.01 0.00 0.01 DDt 

Notee: 1. Firat year olelectrlc 1ervlce lt MIUmed to be 1908. Thua, system elart up for all routes .. eurqd to be dlnel operation. 
2. The atatt-up level of aeNice will conailt of four pu11nger cara per train. 

3. The lntermedlale and malurelevata of eetvlce will consilt of seven pueenger cara. 

4. Unelolan of •even percent and catenary efficiency oi1S3 percent assumed 

5. Traina are auumed to operate live day~ perweek,le111lxholldaye per year. 
e. Horeepower by throtl&e notch II tor EMD engine mod6112-710GSA with .. ven pu1enger ca11. 

7. Two ~tcenarloe: are a11umed lor thll analya6t-100 percent and .0 percentln-Buln power pneratlon. 
8. Powerplant PM emfl1lon Ieveii are from Joe 'Whittaker and Marty Kay of SCAOMO'a Engineering Olvl1lon and Office of Planning and Rut ... respectively. 
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TABLE B-26 

COMMUTER RAIL ELECTRIFICATION SCENARIO- OFF-PEAK SERVICE- HC 

start/ Deal./ 

Line Diet. Stan 
Start Number ot Traina Power Power Train Pwr Roq (MW-HR/day) Total Pwr Roq (MW-HR/day) 

t 

2 
3 
4 

5 

e 
7 

8 

9 

Route Year Mlloo Slart lntor. Maturo (KW-HR) (KW-HR) start lnler. Mature Start 

Ventura to LA ttl82 47 0 • 10 1112.81 1288.87 0.00 9.53 23.81 0.00 
5anla Clarita to LA 1992 36 0 0 8 847.79 1337.01 0.00 0.00 13.11 0.00 
SBtoLA 1992 68.6 0 e 10 1.88.72 1802.42 0.00 19.73 32.89 0.00 
Rlv.roldo to LA (Onwlo) 11193 68.8 0 2 8 1647.24 1875.78 0.00 8.86 20.64 0.00 

Oceaneldeto LA 11193 87.2 0 4 10 2170.32 2775.36 0.00 Uil.78 49.48 0.00 
Rlve,.lde to LA (FuiJtrton) 199& 82.8 0 3 1. 1852.60 2003.40 0.00 t0.97 61.18 0.00 
SBJFUveralde to Irvine 1996 69 0 3 14 1662.61 1882.17 0.00 t0.30 48.09 0.00 
Hemet to Rfve,.lde 1- 39.8 0 0 0 1042.02 12113.29 0.00 0.00 0.00 0.00 
Redlands to SB 1996 12 0 2 5 315.78 382.82 0.00 1.40 3.49 0.00 

Notu: 1. First yeAI' of eleclr5c service It ueumed to be 1998, Thua, aptem &lart up for llll routfle assumed to be dletel operation. 

2. The etart-up level of •ervloe will coneltt ol four pueenger OWl per lraln. 

3. The lnt.rmediat. and mature Ieveii of HNice will conelet of eeven panenger care. 

4. Line Ja.an olaeven percent and catenary elflclency of 83 percent u1urned 
6. Traina..,. uaumed 10 operale ftve days per weet, ltta alx holldaya per y .. r. 

6.. HorMpower by lhrottle notoh le lor EUO engine modelt2-71003A wUh .. ven passenger cart. 

7. Two tcenariols are ueumed for thtl analyelt:-100 percent and 40 percent ln-Batln power generation. 

Inter Mature 

12.34 30.86 

0.00 18.118 
26.57 •2.81 

8.87 21181 

26.63 84.07 
14.21 88.31 
19.35 82.30 

0.00 0.00 
1.81 •• 53 

Pwr.Pinl 

COEmlsa. 

Faetot 

O.OM 

0.084 
0.084 
0.084 

0.084 

0.084 
0.084 

0.084 

0.084 

I. Powerplant HC emlallon levels..,. from Joe Whlltall:er and Marty Kay of SCAOMD'e Engineering Dlvlalon and Office of Planning and Rulea, rea~cltvely. 

Start HC (t/yr) 

100% 40'\lo 
Baoln Baoln 

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 

(I 

- - - -

lnler. HC (tlyr) Malure HC (1/yr) 

100'\lo 40'\lo 100'\lo •o"Mo 
Baoln Baoln Baoln Buln 

0.13 0.06 0.33 0.13 
0.00 0.00 0.18 0.07 
0.27 0.11 0.46 0.18 

0.09 0.04 0.28 0.11 

0.27 0.11 o.ea 0.27 
O.t5 0.08 0.71 0.28 
0.14 0.08 0.88 0.27 

0.00 0.00 0.00 0.00 
0.02 0.01 0.05 0.02 
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TABLE B-27 

OOVMUTER FWL ELECTRIFICATION SCENAAO - OFF-P£AK SERVICE - CO 

Start! Des I./ 
Line Oeet. Stan 
Stan Number ol Trlline Power Power Troln Pwr Roq (UW-HR/day) Total Pwr Roq (UW-HR/day} 

2 
3 

• • e 
7 

8 
9 

Route Year MIIH Statt Inter. Mature (KW-HR) (KW-HR} Statt Inter. Mature Start 

Ventura to LA 1882 .7 0 • 10 1112.81 1288.87 0.00 9.53 23.81 0.00 

Sanla Clarita to LA 1882 36 0 0 6 8-47.79 1337.01 o.oo 0.00 13.11 0.00 

SStolA 1882 68.6 0 6 10 1-484.72 1802.42 0.00 19.73 32.69 0.00 
FUverelde 10 LA (Ontario) 1893 sa.e 0 2 8 1547.24 1875.79 o.oo 8.85 20.M 0.00 

Oceanalde to LA 1893 67.2 0 4 10 2170.32 2775.35 0.00 19.78 40.48 0,00 

Rlvertlde to LA (Fullenon) 1996 62.8 0 3 14 1652.60 2003.40 o.oo 10.97 61.18 0.00 

SSIRNeralde to Irvine 1995 69 0 3 14 1552.51 1682.17 0.00 10.30 48.09 0.00 

Hemtt to Rlver.lde 1996 39.8 0 0 0 1042.02 1283.29 o.oo 0.00 0.00 0.00 

Redlande lo SB 1995 12 0 2 5 315.78 382.82 0.00 1.40 340 000 

Notes: 1. Aret year of et.mrlc service II utumed lobe 1998. Thus, syatem etart up lor all rout .. assumed 10 be diesel operation. 
2. The etart-up level of tervlot wOI oonsltt of tour puaenger cars per train. 
3. The Intermediate and mature lewis ol .. rvloe wiU conslet of seven pusenger cart. 
4. Une touee of eeven percent and catenary eflk:lency of 83 pereenl anumed 
6. Tr•n• art usumed tooperatt ltwdaya per week, lets sbcholklaya ~ry.ar. 

e. Hortepower by throttle nolch It fot EMO engine model 12-71003A with eeven paesenger cars. 
7. Two ec.nar~ are usumtd for thlt analyelt-100 percent and 40 percent In-Basin power generation. 

Inter Mature 

12.34 30.85 

0.00 18.98 
25.57 42.81 

8.87 26 61 

26~ 84.07 

14.21 66.31 
13.36 62.30 
0.00 0.00 
1.81 •. 53 

PwrPinl 

COEml ... 
Foetor 

0.143 

0.143 
0.143 
0.143 

0.143 

0.143 

0.1.0 
0.143 

0.143 

a. PO'drplant CO emltslon Ieveli are from Joe Vlftllttaker and Many Kay of SCAOUD'e EnglnHrlng DMslon and Office of Planning and Rules, rnpectlvely. 

Statt CO (1/yr) Inter. CO (tlyr) 

100'10 .0'10 tOO'Mo .O'Mo 
Baeln Baeln Balin Baeln 

0.00 0.00 0.22 0.09 
0.00 0.00 0.00 0.00 
0.00 0.00 0.~ 0.19 
0.00 0.00 0.18 0.06 
0.00 0.00 0 47 0.18 

0.00 0.00 0.26 0.10 

0.00 0.00 0.24 0.10 
0.00 0.00 0.00 0.00 
0.00 0.00 0.03 0.01 

- -

Mature CO (tlyr) 

100'10 40'Mo 
Baeln Baeln 

0.68 022 
0.31 0.12 
0.77 0.31 
0.48 0.19 
1.16 0 . .&7 

1.20 0~ 

1.13 o .•• 
o.oo 0.00 

0.08 0.03 
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TABLE B-28 

COMMUTER RAil ElECTRIRCAT10N SCENARIO- OFF-PEAK SERVICE - SOx 

SWtl Doot./ 
Line O.tt. Start Pwr.Pint Start SOK (t/yr) Inter. SOle (tlyr) Mature SOx (tlyr 
Start Number ol Tralnt Power Pow.r Train Pwr Roq (MW-HR/day) Total Pwr Roq (MW-HR/dai'l CO Emloo. 100'Mo oiO'Mo 100'Mo oiO'Mo 100'Mo oiO'Mo 

Route v ... Mlloo Start Inter. Maturo (Kw-HR) (KW-HR) 5tart Inter. Mature 5tart Inter Mature Factor Baoln Baoln Baoln Baoln Booln Baoln 

1 Ventura 10 LA 1892 47 0 4 10 1112.81 1281.$7 0.00 8.63 23.81 0.00 12.34 30.86 0.008 0.00 0.00 0.01 0.01 0.03 0.01 

2 Santa Clarita to LA 1892 38 0 0 8 847.79 1337.01 0.00 0.00 tau 0.00 0.00 18.98 0 008 0.00 o.oo 0.00 0.00 0.02 0.01 

3 88toLA 1892 158.6 0 • 10 14818.72 1802.42 0.00 19.73 32.88 0.00 26.57 ...2.61 0.008 0.00 0.00 0.03 0.01 0.04 0.02 

• Rlvoroldo to LA (Onterlo) 198<1 158.8 0 2 8 1847.24 1876.78 0.00 8.86 20.84 0.00 8.87 26.81 0.008 0.00 0.00 0.01 0.00 0.03 0.01 

5 Oolanakla to LA 1m 87.2 0 • 10 2170.32 2775.35 0.00 18.78 49.48 0.00 25.63 84.07 0.008 0.00 0.00 0.03 0.01 0.07 0.03 

• Rlvoroldo to LA (Fullerton) 1995 82.8 0 3 14 1652.60 2003.-10 0.00 10.87 51.18 0.00 14.21 68.31 0.008 0.00 0.00 0.01 0.01 0.07 0.03 

7 88IAivtlraklt to Irvine 1895 58 0 3 14 1662.61 1882.17 0.00 10.30 48.08 0.00 13.35 62.30 0.008 0.00 0.00 0.01 0.01 008 0.03 

a Hemet to RIYtrelde 1895 38.8 0 0 0 1042.02 1283.28 0.00 0.00 0.00 0.00 o.oo 0.00 0.008 0.00 0.00 0.00 0.00 0.00 0.00 

8 Redlands to S8 1995 12 0 2 5 315.78 382.82 0.00 1.40 3.49 0.00 1.81 4.53 0.008 0.00 0.00 0.00 0.00 0.00 0.00 

Notn: 1. Flrtty .. r of aS.ctrlc .. rvlce It uturntd to be 1998. Thus, tyetam ttarl up for all routu utumed to bt diesel operation. 
2. The etart-up level of tarvlce will contltl of four puaenger care per train. 
3. Thelntermedlate and mature Ieveii oleervk:e will COMiet of eeven pMten~r cars. 
4. Une toene of eeven percent and catenary efllc~ncy of 83 percent Meumed 
6. Tralnl ar• MIUmed to operate ffv• daye per week, lese elx holldaya per y.ar. 
0. Hor .. power by throHie not<=h t. for EMO en gin• model12-71 OG3A with 1even puaenger cars. 
7. Two scenarloe are usumed for thll analyela-100 percent and 40 percent ln-Balln power generation. 
8. Powerplant SOx emile ion levels are from Joe \Nhltlaker and Marty Kay of SCAOMD'e Englnetrlng Divis~ and Offk:e of Planning and Rules, reepeotlvety. 

{> 
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TABLE B-29 

COM MUTER RAIL VEHICLE EMISSIONS AVOIDED - OFF-PEAK SERVICE - START UP LEVEL - NOx 

Route 

Roule I ol I of 

Length Trains Can 

Ventura to LA 47 
2 Santa Clarita to LA 35 
3 SBtoLA 68.6 
4 Riverside to LA (Ontario) 68.8 

6 Oceanelde to LA 87.2 
e Riverside to LA (FuUenon) 82.8 
7 SBIRIYert;lde to lrvlne 69 
8 HeiMIIO Rlvet~lde 39.8 
9 Rldlande to SB 12 

0 
0 

0 
0 

0 

0 

0 

0 

0 

4 

4 

4 
4 

4 

4 
4 
4 

4 

Pus. Round 1-Way 
Per Trip VUT 

Car Pass.. Avoid. 

36 
36 

36 
36 
36 

36 
36 
36 
36 

0 17.09 
0 13.97 

0 38.32 

0 26.40 
0 33.94 

0 28.18 
0 26.49 
D 17.78 
0 6.39 

Dally 

VMT 
Avoid. 1992 

Predlc1ed Basin Pu .. nger Cw NOx Emlselone (lblmUe) 
1993 1994 1995 1996 1997 1998 1999 2000 20t0 

0.00 0.0026 0.0023 0.0021 0.0019 0.0018 0.0016 0.0015 0.0014 0.0013 0.0006 
0.00 0.0026 0.0023 0.0021 0.0019 0.0018 O.OOUJ 0.0015 0.0014 0.0013 0 0006 

o.oo o.o02s o.o023 o 0021 o.oots o.oota o.oote o.oots o oo14 o.oo13 o oooe. 
0.00 0.0025 0 0023 0 0021 0.0019 0.0018 0.0018 0.0015 0.0014 0.0013 0.0006 

0.00 0.0026 0.0023 0.0021 0 0019 0.0018 0.0016 0.0015 0.0014 0 0013 0.0008 

0.00 0.0026 0.0023 0.0021 0.0019 0.0018 0.0016 0.0016 0.001-4 0.0013 0.0006 
0.00 0.0025 0.0023 0.0021 0.0019 0.0016 0.0016 0.0015 0.0014 0.0013 0.0006 
0.00 0.0025 0.0023 0.0021 0 0019 0.0016 0.0016 0.0015 0 0014 0.0013 0 0006 
0.00 0.0025 0.0023 0.0021 0.0019 0.0018 0.0018 0.0016 0.0014 0.0013 0.0006 

Notes: 1.1111: assumed that 36 pusengera areln each car. 
2. One-way VUT avoided tor routH 1, 2. 3, and 611 baled on data supplied by SCAG. 

For the other rout ... a mileage weighted composite bued on the SCAO data and the length ol routn 1, 2. 3, and 5, has boen uoed. 
3. Traina are asumed to ()~Mrate five days per week, Ills elx holldaye per year. 

"· Veh~le ..,..ll1lon1 avoided are based on passenger car emi'tslon factor• as contained In theARB'e EMFAC7EIBUROEN7C emission Inventory. 
Erntealon factore tor 1994 and eubaequent y.ar. have been adjusted to acx:ount for ARB vehicle regulatlone. 

COMMUTER RAIL VEHICLE EMISSIONS AVOIDED- OFF-PEAK SERVICE - INTERMEDIATE LEVEL- NOx 

Paso. Round 1-Way Dally 

Route lof lol Per Trip VUT VMT 

lloulo Length Tralne Car~ Car Pua. Avoid. Avoid. 

Ventura to LA 47 

2 Santa Clarita to LA 35 
3 88 to LA 68.6 
4 Rlvorokto 10 LA (Ontario) 68.8 

6 Ocuntolde 10 LA 87.2 
8 Rlvertlde to LA (Fullerton) 82.8 
7 SBIRtvenkfe to lrvtne 59 
8 Hemet to Rlnralde 38 6 
9 Redlandlto sa 12 

4 

0 

6 
2 

4 
3 
3 
0 

2 

7 

7 

7 
7 

7 

7 
7 

7 

7 

36 980 
36 0 

35 1470 
35 490 
35 980 

35 736 
36 736 
36 0 
36 490 

Notet: 1. II le utumtd that36 pusongert areln each car. 

17.09 33498.40 
13.97 000 
36.32 106780.80 

26.40 2688S.25 
33.94 66522.40 

28.19 "1441.89 
26.49 38934.36 
17.78 0.00 
5.39 5279.23 

Predicted Balin Paatonger Car NOx Emlstlont (lblmlle) 
1992 1993 1994 1995 1996 1997 1998 1999 2000 2010 

0.0026 0.0023 0 0021 0.0019 0 0018 0.0016 0.0016 0.0014 0.0013 0.0006 
0.0026 0.0023 0.0021 0.0019 0 0018 0 0016 0.0015 0.0014 0.0013 0.0008 
0.0026 0.0023 0.0021 0.0019 0 0018 0.0016 0.0015 0.0014 0.0013 0 0008 

0.0025 0.0023 0.0021 0.0019 0.0018 0.0018 0.0016 0.0014 0.0013 0.0008 
0.0026 0.0023 0.0021 0.0019 0.0018 0.0016 0.0016 0.0014 0 0013 0.0006 

0.0026 0.0023 0 002t 0.00t9 0.0018 0 0016 0.0016 0.0014 0.0013 0.0008 
0.0025 0.0023 0 0021 0 0019 0.0018 0.0018 0.0016 0.0014 0.0013 0.0008 
0.0025 0.0023 0.0021 0.0019 0.00t8 0.0018 0.0016 0.0014 0.0013 0.0008 
0.0026 0.0023 0.0021 0 0019 0.0018 0.0018 0.0015 0.0014 0.0013 0.0008 

2. One-way VIAT avoided lor roul*l 1, 2, 3, and 61s based on data supplied by SCAG. 

For the oth•r rout••· a mll.age weighted composhe bal6d on the SCAQ data and the length ol routes 1, 2, 3, and 6, hu boon uaed. 

3. Train• are anumed to operate live dayt per weok,le18 elx holidays per year. 

4. Vehic .. emleslont avoided are bued on putenger ear emlteion factofl Ill contained In the ARB'e EMFAC7E/8UROEN7C emlulon Inventory. 
Emlt~ion lactoralor 1894 and subaequent yeAIS have been adJusted to account fOJ ARB vehicle regulation• 

- - - - - -
1992 1993 

NOx Emllelons Avokftd (tonalyr) 
1994 1995 1998 1997 1998 1999 

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 
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 o.oc 0.00 0.00 0.00 

/j 

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 o.oo 
0.00 0.00 

NOx Emlulona Avokled (tonslyr) 

2000 2010 

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 

1992 1993 1994 1886 1988 1997 1998 t999 2000 2010 

10.47 9.81 8.86 8.16 7.54 0.99 6 47 5.95 6.43 2.67 
0 00 0 00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

33.39 30.82 28.22 26.01 24.03 22.28 20 82 18 98 17.32 8.21 
8.09 7.42 6.84 8.30 5.82 6.40 6 00 4.80 4.20 .... 

20 80 19.08 17.68 18.20 14.97 13.88 12.85 11.82 10.7$ 6.11 
12.98 11.88 10.96 10.09 9.33 U6 8.00 7.37 8.72 3.19 
12.17 11.18 10.28 9.-48 8.70 8.13 7.52 8.82 8 32 2.89 
0 00 0.00 0 00 0.00 0 00 0.00 0.00 0.00 0.00 0.00 

1.65 1.51 1.40 1.2e 1. Ull 1.10 1.02 0.94 0.88 0.41 
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TABLE B-29 (Continued) 

COMMUTER RAIL VEHICLE EMISSIONS AVOIDED- OFF-PEAK SERVICE- MATURE LEVEL- NOx 

Pus. Round 1-Way Dally 

Route lot lot Per Trip VMT VMT Predicted Basin Pueenger Car NOx Emissions (tblmlte) NOx Emlt:e~a Avoided (tonalyr) 
Route Length Trains Cafe Car Pus. Avoid. Avokl. 1992 190<1 1994 1995 1996 1997 19911 1998 2000 2010 1992 1993 1994 11195 11198 11197 19911 1998 2000 2010 

v.ntur• to LA 47 10 7 35 ~ 17.09 83741.00 0.0025 0.0023 0.0021 0.0019 0.0018 o.oou:s 0 0015 0.0014 0.0013 0.0008 26.18 24.01 22.13 20.39 18.84 t7.-48 16.17 14.89 13.69 8.44 
2 Santa Cfarlta to LA 35 8 7 35 t470 13.97 41071.80 0.0025 0.0023 0.0021 0.0019 0.0018 0.0016 0.0016 0.0014 0.0013 0.0008 12.84 11.78 10.88 10.00 9.24 8.57 7.93 7.30 8.88 3.16 

3 SBtoLA 58.5 10 7 35 ~ 38.32 177988.00 0.0026 0.0023 0.0021 0.0019 0.0018 0.0016 0.0016 0.0014 0.0013 0.0008 65.85 61.03 47.04 43.34 40.05 37.14 34.37 31.83 28.87 13.68 
t Rlvonldo to LA(On1arlo) 58.8 8 7 35 1470 28.40 n804.7S 0.0025 0.0023 0.0021 0.0018 0.0018 0.0016 0.0015 0.0014 0.0013 0.0006 24.28 22.26 20.51 18.90 17.46 18.20 14.119 13.79 12.59 6.97 
6 Ootan1lde lo LA 87.2 10 7 35 2460 33.94 188306.00 0.0025 0.0023 0.0021 0.0019 0.0018 0.001fl 0.0015 0.0014 0.0013 0.0006 62.00 47.69 43.98 .. a. so 37.42 34.71 32.12 29.56 28.98 12.78 
e Rlvenlde 10 LA (Fulltrlon) 82.8 14 7 35 3430 28.18 193396.96 0.0025 0.0023 0.0021 0.0019 0.0018 0.0018 0.0016 0.0014 0.0013 0.0008 80.47 65.46 61.12 47.10 43.62 40.38 37.35 34.38 31.38 14.87 
7 88/Riverelde to lrvlne 59 14 7 35 3430 28.4St 181693.65 0.0026 0.0023 0.0021 0.0019 0.0018 0.0018 0.0016 0.0014 0.0013 0.0008 68.81 52.10 48.02 44.25 40.89 37.92 35.08 32.30 29.-48 13.97 
8 Hemet to Rlveralde 39.8 0 7 35 0 17.78 0.00 0.0026 00023 0.0021 0.0019 0.0018 0.0016 0.0016 0.0014 0.0013 0.0008 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
8 Rlldlande to SB 12 5 7 35 1225 6.39 13198.09 0.0025 0.0023 0.0021 0.0018 0.0018 0.0018 0.0016 0.0014 0.0013 0.0008 4.13 3.78 3 ... 9 3.21 297 2.76 265 2.35 2.1 .. 1.01 

Notet: 1.11111 anumed that35 pueengera areln eaoh oar. 
2. One-way WT avoided for roulet 11 2, 3, and &II baHd on data tupplltd by SCAO. 

For tht olher routet, a ml .. age weighted compoelte bated on lhe SCAB data and the length of routet 1, 2, 3, and 5, hu been u11d. 

3. Train• art usumed to operate nv. dayt: per .. ,t, '"' tbc holldayt ptt year. 
4. Vehicle emlttlona avoided are bued on paaenger cu emlnlon factore u contained In the ARB•s EMFAC7E/BURDEN7C emlaslon Inventory. 

Emllsion tactore lor 1894 and eublequent ytare have b11n adlutled to aecounl for ARB vehicle regulallons. 

ll 
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TABLE B-30 

COMMUTER RAIL VEHICLE EMISSIONS AVOIDED- OFF-PEAK SERVICE- START UP LEVEL- PM 

Pus. Round 1-Way Dally 
Route I of # of Per Trip VMT VMT 

Roulo length Traina Cats Car Pus. Avoid. Avoid. 

Ventura to LA 47 
2 Santa Clarlla to LA :35 
3 SBtolA " 685 
• Alve,.lde to LA (Ontario) 68.8 
6 Ocoanolde to LA 87.2 
e Riverside to LA (Fulltnon) 62.8 
7 SBIRtwrelde to Irvine 59 

a Hemet to RiYif'llde 39.6 
9 Redlands to SB 12 

0 
0 
0 
0 

0 

0 
0 

0 
0 

4 

• • 
• 
4 

4 

4 
4 

4 

35 
35 
35 

35 

35 
35 
35 

35 
35 

Nolee: 1.1t 11 u1umed lhat 35 panengere are in each car. 

0 17.09 

0 13.97 

0 36.32 
0 26.40 

0 33.94 
0 28.18 

0 26.49 

0 17.78 
0 6.39 

0.00 

0.00 
0.00 

0.00 

0.00 
0.00 

0.00 

0.00 

0 00 

Pred~ted Basin Puaenger Car PM Eml&~bna (lb/mlle) 

1992 1993 1994 1995 1996 1997 1998 1999 2000 2010 

0 0005 0.0005 0.0005 0 0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 

0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0006 0.0005 0.0005 0.0005 

0 0005 0.0005 0.0005 0 0005 0 0005 0.0005 0.0005 0 0006 0.0005 0.0006 

0.0005 0.0005 0.0005 0.0005 0.0005 0,0005 0.0006 0 0005 0.0005 0.0005 

0.0006 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 
0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 

0.0005 0.0005 0.0005 0.0006 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 

0.0006 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0 0005 

0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0 0005 0 0006 0.0005 0 0005 
(• 

2. One-way VMT avoided for route1 1, 2, 3. and &Is bued on data supplied bySCAG. 

For the olher routet, a mileage weigh led composite baled on lhe SCAG data and the lengths of routes 1, 2, 3, and 5 has been used. 

3.. Traina are ueumed lo operate five days per week, I"' elx holldaye. per year. 

4. Vehicle emJselone avoided are based on pusenger car emlealon lactore u eontalned In the ARB'1 EMFAC7EIBURDEN7C emission Inventory. 

COMMUTER RAIL VEHICLE EMISSIONS AVOIDED -OFF-PEAK SERVICE- INTERMEDIATE LEVEL- PM 

Pue. Round 1-Way Dalty 
Route I of I of Per Trip VMT VMT 

Roulo Length Tralne Carl Car Pase. Avoid. Avoid. 

1 Venltua to LA 47 

2 Santa Clarita to LA 35 

3 SB to LA 58.5 
tt. Rlverelde to LA (Ontario) 68.8 

6 OceanekletolA 87.2 

e Rlvortldo to LA (Fullerlon} 82.8 

7 S81Riverelde 10 Irvine 59 

8 Hemet to Rlven:lde 39.6 

8 Rtdland110S8 12 

• 
0 

6 
2 

• 
3 
3 

0 

2 

7 

7 

7 
7 

7 

7 
7 

7 

7 

35 8110 
35 0 

35 1470 

35 490 

35 980 

35 735 
35 735 
35 0 
35 490 

Notea: 1. It 11 ueumed that 35 pueengere are In each car. 

17.09 51736.50 

13 97 0.00 

36.32 108780.80 

26.40 25888.25 

33.94 66522.40 

28.19 41441.99 
28.49 38934.35 

17.78 0.00 

6.39 6279.23 

Predicted Basin Paleenger Car PM Emlnlone (lb/mlle) 

1992 1993 1994 1995 1996 1997 1998 1999 2000 2010 

0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0 0005 0.0006 0 0006 

0.0005 0.0005 0.0005 D 0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 

0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 

0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0006 0.0005 

0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 

0.0006 0.0006 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 
o.ooos o.ooo5 o.ooo5 o.ooos o.o<ios o.ooos o.ooo5 o ooos o.ooo5 o.ooos 
0 0005 0.0005 0.0005 0.0006 0 0005 0.0005 0.0006 0.0005 0.0005 0.0005 

0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 

!--

2. One-way VMT avoided fof routee 1, 2, 3. and 511 baaed on dataeupplled by SCAQ. 

For the otherroutee, a mileage weighted oompoelte based on the SCAG da1aand thelengthe of routes 1, 2, 3, and 6 hu been Ul8d. 

3. Traina are assumed to ope-rate fl'le daye per WHt, Ieee ahc hoUdaye per vear. 

4.. Vehicle emlaelona avoided ate baaed on panenger car emltelon factor~ as contained In the ARB'a EMFAC7E/8URDEN7C emlsalon lnventOf)'. 

- - - - - -
PU Emlselone Avoided (tonslyr) 

1992 1993 1994 1996 1998 1997 1998 1999 2000 2010 

0.00 0.00 
0.00 o DO 

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 O.IMI 

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 
O.DO 0 00 

0.00 o.oo 
0.00 0.00 

0.00 0.00 

0.00 0.00 

0.00 0.00 
0.00 0.00 

0.00 0 DO 

PM Emlselons Avoided (1one/yr) 

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 

1992 1993 1994 1996 1996 1897 1998 1999 2000 2010 

3.18 3.14 

0.00 0.00 

6.53 8.49 

1.68 1.67 

4.07 4.04 

2.53 2.62 
2.38 2.37 

0.00 0.00 

0.32 0.32 

313 

0.00 

8.45 

1.58 

4.02 

2.50 
2.35 
0.00 

0.32 

3.11 

0.00 
e.42 
1.68 

4.00 

2.48 

2.34 
0.00 
0.32 

3.10 

0.00 

8:111 

1.55 

3.811 
2.48 
2.33 

0.00 

0.32 

3.08 3 07 3.06 3.06 3.04 

0.00 0.00 0 00 0.00 0.00 

8.36 8.34 8.32 6.31 6.27 

1 . .64 1.54 1.63 1.53 1.52 

3.97 3.95 3.94 3.93 3.91 

2.47 2 48 2.46 2.45 2.44 
2.32 2 31 2 31 2.30 2 28 

0.00 0.00 0.00 0.00 0 00 

0.31 0.31 0.31 0.31 0 31 
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TABLE B-30 (Continued) 

COMMUTER IWL VEHICLE EMISSIONS AVOIDED- OFF-PEAK SERVICE - MATURE LEVEL - PM 

Put. Round 1-Way Dally 

Route tor fol Per Trip VMT VMT Predlcled Saeln Puaenger Car PU Emilalont (lblmlle) PM Eml .. lono Avoldl<l (tonll/yr) 

Route length Traina Can Cor Put. Avofd. Avoid. 1982 1993 1994 1985 1111NI 111117 111118 111119 2000 2010 1982 111113 1994 1985 111118 111117 111118 111119 2000 2010 

1 Vtntura 10 LA 47 10 7 36 2460 17.09 129341.24 0.0006 0.0006 0.0006 0.0006 0.0006 0.0005 0.0005 0.0006 0.0006 0.0006 7.91 7.88 7.82 7.71 7.74 7.71 7.68 7.68 7.54 7.80 
2 San1aetarhatol.A 36 e 7 36 1470 13.97 41071.80 0.0006 0.00015 0.0005 0.0005 0.0005 0.0006 0.0005 0.0006 0.0005 0 0006 2.61 260 2.48 2.U 2.48 2.46 2.44 2.43 2.43 2.41 

3 8BtoLA 68.6 10 7 36 2460 :!8.32 1771188.00 0.0005 0.0006 0.0006 0.0006 0.0006 0.0006 0.0006 0.0005 0.0006 0.0005 10.815 10.82 10.78 10.70 10.86 10.81 10.57 10.54 10.52 10.48 

4 Alvoroldo to LA (Ontorlo) 68.1 e 7 36 1470 28.40 n8o4.75 0.0006 0.0006 0.0006 0.0006 0.0006 0.0006 0.0005 0.0006 0.0006 0.0005 4.76 4.72 4.89 4.87 4.86 4.113 4.81 4.80 4.69 4.68 
6 Ooeantlde ID LA 17.2 10 7 311 2460 33.84 1-.00 0.0006 0.0006 0.0006 0.0006 0.0006 0.0005 0.0005 0.0005 0.0005 0.0005 10.17 10.11 10.06 10.00 9.80 8.81 ua 8.15 9.83 9.n 
e RlvaNide to LA (Futlerton) au 14 7 36 :M30 21.19 193396.95 0.0006 0.0006 0.0006 0.0006 0.0005 0.0005 0.0005 0.0005 0.0006 0.0005 11.83 11.78 11.81it 11.83 11.68 11.&3 11.-ut 11.46 11.43 11.38 

7 88/RN41relde to Irvin• 69 14 7 36 3430 28.49 181893.85 0.0006 0.0006 0.0006 0.0006 0.0006 0.0006 0.0005 0.0005 0.0005 0.0005 11.11 11.04 10.98 10 93 10.88 1G.I3 10.78 10.76 10.74 10.68 

a HerMt to Rtwr.kle 39.8 0 7 35 0 17.78 0.00 0.0006 0.0006 0.0005 0.0005 0.0005 0.0005 0.0005 0.0006 0.0005 0.0006 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
9 Rodlando to sa 12 5 7 36 1226 5.39 13198.08 0.0005 0.0005 0.0006 0.0005 0.0005 0.0005 0.0005 o.ooos o.ooo5 a ooas D 81 0.80 0.80 0.79 0.79 0.79 0.78 0.78 0.78 0.78 

Notn: 1. It It Mtumed that 36 p.uHngt~rt ate In each car. 
2. One-way VMT avokted tor rouM 1. 2. a. and 6 .. baud on data eupplled by SCAB. 

For the other routee, a mileage weighted c:ompotlte baled on lhe SCAG dala and the tengtht of route• 1, 2, 3, and 5 hu been u1ed. 
3. Traln1 are uaumed to operate ttva daya pe-r week, leu alx holiday• per year. 
4.. Veh~ emtttlonl avoided are bued on pu11nger car eml11lon laclore u contained In the ARB'e EMFAC7E/8URDEN7C emlaakln lnventQIY. 

" 
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TABLE B-31 
COMMUTER RAIL VEHICLE EMISSIONS AVOIDED - OFF-PEAK SERVICE - START UP LEVEL - ROO 

Pus. Round 1-Way 
Route II ot I of Per Trip VMT 

Dally 
VMT 

Avoid. 
Predicted Basin Passenger Car ROO Emlaslone (lb/mlle) 

Roulo Length Trains Cars Car Pass. Avoid. 1992 1993 1994 1995 1996 1997 1998 1999 2000 2010 

1 V•ntura lo LA "'7 
2 Santa Clarita to LA 35 

3 sa 10 LA 66.6 
• Rtvtrreideto LA(Ontarlo) 68.8 
5 Oceanalde to LA 87.2 
8 Rtver11d1 lo LA. (Fullerton) 82.6 
7 SBIRiverekle to Irvine 69 
IS Htmello Rlverelde 39.8 
e Redlande to sa 12 

0 

0 

0 
0 

0 

0 
0 

0 

0 

4 

4 

4 
4 
4 

4 
4 

4 

4 

"35 
36 

35 
36 

36 

36 

36 

36 

36 

0 17.09 

0 13.97 

0 38.32 
0 26.40 
0 33.1M 

0 28.18 

0 26.49 
D 17.78 

0 5.39 

0.00 0.0027 0.0026 0.0023 0.0021 0.0019 0.0017 0.0018 0.0014 0.0013 0.0004 
0.00 0 0027 0.0025 0.0023 0 0021 0.0019 0.0017 0.0018 0.001-4 0.0013 0.0004 

0.00 0.0027 0.0025 0 0023 0.0021 0.0018 0.0017 0.0018 0.0014 0 0013 0 DO<M 

0.00 0.0027 0.0026 0.0023 0.0021 0 0019 0.0017 0.0018 0.0014 0.0013 0.0004 
0.00 0.0027 0.0025 0.0023 0 0021 0.0019 0.0017 0.0018 0.0014 0.0013 0.0004 
0.00 0.0027 0.0026 0.0023 0.0021 0.0018 0.0017 0.0016 0.0014 0.0013 0 0004 

0.00 0.0027 0.0026 0.0023 0.0021 0.0019 0.0017 0.0018 0.0014 0.0013 0.0004 
0.00 0.0027 0.0025 0.0023 0 0021 0.0018 0.0017 0.0018 0.0014 0 0013 0.0004 
0.00 0.0027 0.0025 0.0023 0.0021 0.0018 0.0017 0.0016 0.0014 0.0013 0 0004 

Not .. : 1.1t II uaumed lhat 35 putengen;areln each car. 
2. One-way VMT avoided for routes 1, 2. 3, and 6 II baled on datatupplled by SCAG. 

For the olher roule•, a mileage weighted composite baaed on SCAB data and the length of rou1 .. 1, 2, 3, and 6 hu betn uaed. 

3. Traln1 are u1umed to operate five daya per w .. k, lee• ''"holidays per year. 

4. Vehicle emlselone avoldtd are bued on pusenger ear emleslon laetore as eontalned In ltte ARB' I EMFAC7EJBURDEN7C emlsalon Inventory. 

Emission tactore lor 1894 and eubeequenl yeart have been adjusted to acoounllor ARB vehicle regulallons. 

COMMUTER RAIL VEHICLE EMISSIONS AVOIDED- OFF-PEAK SERVICE -INTERMEDIATE LEVEL- ROO 

Paso. Round 1-Way Dally 
Roule I of I of Per Trip VUT VMT 

Rout• Length Trains Cars Car Paas. Avoid. Avoid. 

1 Venlura to LA 47 

2 Sanla ctarlta to LA 35 
3 SB 10 LA 68.5 

• Rlwnkle to LA (Ontario) 58.8 
5 Ocoanolde 1o LA 87.2 
8 Rtwrekleto LA (Fullerlon) 62.8 

7 SBJRJyertkJe lo Irvine 68 

I Hemet to RJvertlde 39.8 

8 Redland• 1o sa 12 

4 

0 

8 
2 

4 

3 
3 
0 

2 

7 
7 

7 
7 

7 

7 
7 

7 

7 

35 
36 

36 

35 
36 

36 
36 
36 

36 

980 

0 

1470 
490 

980 

736 
736 

0 

490 

Notee: 1. h le ... umed 1hat36pusengereareln each ear. 

17.09 33496.40 
13.87 0.00 
36.32 106780.80 

26.40 25888.25 

33.94 66522.40 

28.19 41441.99 
28 49 38934.36 
17.78 0 00 

5.39 5279.23 

Predicted Balin Punng., Car ROO Emlaslon1 (lblmlle) 

1992 1993 1984 1995 1998 1997 1998 1999 2000 2010 

0.0027 0.0026 0.0023 0.0021 0.0019 0.0017 0.0018 0 0014 0 0013 0.0004 
0.0027 0.0026 0.0023 0.0021 0.0019 0.0017 0.0018 0.0014 0.0013 0.0004 
0.0027 0.0025 0.0023 0.0021 0.0019 0.0017 0.0016 0 0014 0.0013 0.0004 

0.0027 0.0026 0.0023 0.0021 0.0019 0.0017 0.0018 0.0014 0.0013 0.0004 
0.0027 0.0026 0.0023 0.0021 0.001(1 0.0017 0.0016 0 0014 0 0013 0.0004 

0.0027 0.0025 0.0023 0.0021 0.0019 0.0017 0.0018 0.0014 0 0013 0.0004 
0.0027 0.0026 0.0023 0.0021 0.0019 0.0017 0.0018 0.0014 0.0013 0 0004 
0.0027 0.0026 0.0023 0.0021 0.0019 0.0017 0.0016 0.0014 0.0013 0.0004 

0 0027 0.0025 0.0023 0 0021 0.0019 0.0017 0.0016 0 0014 0.0013 0.0004 

2. One-way VUT avoided lor roulea 1, 2, 3, and 6 le baaed on data supplied b)l SCAB. 
For the other routee, a mlleag• w•lghled compoelle based on SCAa data and the length ol routes 1, 2, 3, and 6 has been ueed. 

3. Tralne are ueumed to operate live days per week, leae elx holiday• per year. 

4. Vehicle emleslon1 avoided are based on paseenger car emission factors u contaJned In the AAB'e EMFAC7E/BUADEN7C emlaelon Inventory. 

Eml .. lon faolore lor 1994 and aubaequent years ha11e been adjusted lo account for ARB vehlcfe regulations. 

.I I I • I -
AOQ Emlealona Avoided (tons/yr) 

1992 1993 1994 1995 1996 1997 1998 1999 2000 2010 

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 r.-0.00 0.00 
0.00 0.00 0.00 0.00 
0 DO 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 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 0.00 0.00 0.0() 
0.00 0.00 0 00 0.00 0 00 0.00 

ROO Eml11lone Avoided (tonslyr) 

1~ 1993 1894 HISS 1996 1997 1998 1999 2000 2010 

1U5 10 49 9.59 8.76 8.04 7.38 6.71 8.03 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

36.60 33 46 30.58 27.91 25.62 23.61 21 39 19.22 
8.84 8.10 7.41 8.78 8.21 6.70 5.18 4.66 

22 74 20 84 19.06 17.38 16.96 14.85 1:1.33 11.98 

14.17 12.95 11.87 10.83 0.94 812 8 30 7.48 
13.31 12.20 11.16 10.17 9.34 8.67 7 80 7 01 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
1.80 1.65 1.51 1.38 1.27 1.18 1.08 0.95 

5.40 

0.00 
17.21 

4.17 

10.72 
8.66 
8 26 
0.00 
0 66 

1.76 

0.00 
669 
1.36 

3.48 
2.17 
2.04 
0.00 
026 
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TABLE B-32 

COMMUTER RAIL VEHICLE EMISSIONS AVOIDED - OFF-PEAK SERVICE - START UP LEVEL -CO 

Pan. Round 1-Way 
Route I ol I of Per Trip VMT 

Dally 

VMT 

Avoid. 

P,.dlcted Basin Puunger Cat CO Emlulona (lb/mlle) -·· engt Traina Care Car Pua. Avoid. 1992 1993 1994 1996 1998 1997 1998 1999 2000 2010 

Ventura to LA 47 
2 Sanra Clarita to LA 35 
3 SB lo LA 56.5 

4 Alvoroldo to LA (Ontario) 68.8 
5 Oceanakle to LA 87.2 
8 RNereldetoLA(Fullenon) 82.8 
7 SBIRiv•nkle to Irvine 69 
8 Hemet to RlYe,.lde 39.8 
8 Redland1 to SB 12 

0 
0 
0 
0 

0 
0 
0 

0 
0 

• 
4 

4 

• • • • • • 

35 
35 
35 
35 
35 
35 
35 
35 

35 

0 17.08 

0 13.97 

0 38.32 
0 28.40 
0 33.94 
0 28.18 
0 28.48 
0 17.78 
0 5.38 

0.00 0 0219 0.0206 0.0192 0.0178 0.0164 0.0162 0.0140 0.0129 0.0119 0.0080 
0.00 0 0219 0.0206 0.0182 0.0178 0.0184 0.0152 0.0140 0.0129 0 0119 0.0080 

0.00 0.0219 0.0206 0.0192 0.0178 0.0184 0.0162 0.0140 0.0129 0.0119 0.0060 
o.oo o.o219 o.o206 o.0182 o.otra o.0164 o.0152 o.0140 o.0128 o.0119 o.ooeo 
0,00 0 0219 0.0206 0.0192 0.0178 O.OUM 0.0162 0.0140 0.0129 0.0119 0.0060 
0.00 0.0219 0.0208 0.0192 0.0178 0 0164 0 0162 0.0140 0.0129 0.0118 0.0060 

o.oo o.0218 o.0208 0.0182 o.0178 o.0164 o.o152 o.0140 o.0128 o.0118 o.ooeo 
0.00 0.0219 0.0208 0.0192 0.0178 0.0164 0 0152 0.0140 0.0129 0.0119 0.0060 
0.00 0.0219 0.0208 0.0192 0.0178 0.0164 0.0162 0.0140 0 0128 0.0118 0.0060 

-· Not .. : 1. hIt assumed that 35 passenge,. are In each car. 

2. One-way VUT avoided for routee 1, 2, 3, and 5 It baaed on data 1uppUed by SCAG. 
For the other routee, a mileage weighted compoe.lte bued on the SCAG data and the length of routes 1, 2, 3, and 5 hu been used. 

3. Train• are ataumed to operate ftw days per week, lees elx holldaye per year. 

4. Vehlcle emissions a>Jolded are baaed on pusenger car emleslon factor. at contained In lhe ARB's Et.IFAC7EIBUROEN7C emleslon Inventory. 

Emfl:elon factors for 1994 and subsequent yeare have been adjusted 10 account for ARB vehicle regulations. 

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

Pus. Round 1-Way 
Route I of I of Per Trip VUT 

Dally 

VMT 

Avdd. 
Predicted Buln Panenger Car CO Emissions (lb/mlle) 

llou1o engl Trains Cat1 Car Pue. Avoid. 1982 1993 1- 1995 1996 1997 1998 1999 2000 2010 

1 Ventura to LA 47 

2 Santa Clarlla lo ~ 35 

3 SB to LA 58.5 
4 Riverside to LA (Ontario) 58.8 

6 Oeeantlde to LA e7 .2 
IS Rlvtralde to LA (Fullanon) 62.8 
7 89/Riverslde 10 Irvine 69 

8 Hemet to AJvel'llde 39.6 
9 Redlands to SB 12 

4 

0 

e 
2 

• 
3 
3 

0 
2 

7 
7 

7 
7 

7 

7 
7 

7 
7 

35 1180 
35 0 

35 1•70 
35 490 
35 1180 

35 735 
35 735 
35 0 
35 490 

Notes: 1.1111 utumed that 35 panengere areln each car. 

17.09 33496.•o 0.0210 o.o20e o.o182 o.0178 o.0184 o.o162 o.o1.a o 0129 o.o11e o oOBO 
13.97 o.oo 0.0210 o.o20e o.o182 o.0178 o.0164 o.0152 o.0140 o.0128 o.0119 o ooeo 
36.32 106780.80 0.0219 0.0208 0.0192 0.0178 0.0184 0.0152 0.0140 0.0129 0.0118 0 0080 

26.40 26866.25 0.0219 0.0208 0.0182 0.0178 0.0184 0.0162 0.0140 0.0129 0.0119 0.0080 
33.&4 eo522.4o o o21o o.o206 o.o182 o.o178 o.o164 o.o1s2 o.o14o o.o128 o.o118 o.ooeo 
28.19 41 .. 1.99 oo219 o.0208 o.o192 o.o11e o.0184 o.o1s2 o.0140 o.o129 o.o119 o.ooeo 
26.49 38934.35 o.o219 o 0206 o.o192 o.o118 o.o1s. o.o1s2 o.o1•o o 0129 o.o11e o.ooeo 
17.78 o.oo o.021o o.o206 o.o182 o.o178 o.0164 o.0152 o.o14o o.0128 o.o119 o.ooeo 
5.39 5279 23 0.0219 0.0206 0.0192 0.0178 0.0184 0.0152 0.0140 0.0129 0.0119 0 0080 

2. One-way VNT avoided for routet 1, 2, 3, and 61s baeed on dala eupplled by SCAO.. 
For the other routea, a mileage wtlghted com.,a.lte based on lhe SCAG data and the length of routee 1, 2, 3, and 5 hu been used. 

a Tralnt are aseumtd lo operate five dayt per week, ~•• elx holidays per year. 
4. Vehicle emissions avoided are based on passtnger oar •mltslon factoreas contained In the ARB' I EMFAC7EISURDEN7C emlttlon Inventory. 

Emission factors lor 1994 and eubeequenl yeare have been adlutled to account tor ARB vehicle regulallons. 

- - - - -
1992 1993 

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 

1992 1993 

CO Emlt~lont Avoided (lonelyr) 
1994 1995 1996 1997 1998 

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 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

CO Emlsslone A>Jolded (1onelyr) 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

1- 1995 1996 1997 1998 

1999 

0 00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

1999 

- -
2000 2010 

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 

2000 2010 

93.10 87.48 81.59 75 55 69.88 84.80 69.68 55.05 60.79 25.41 
0.00 0.00 D 00 0 00 D.OD 0.00 0.00 0.00 0.00 0.00 

296.78 278.88 260.08 240.83 222.119 205.93 188.94 175.48 181 90 81.02 
71.90 67.56 63.01 68.34. 63.96 49.88 48.01 42.51 

194.89 173.74 162.03 150.03 138.73 128.28 118.33 109 32 
116.18 108.24 100.94 93.47 88.43 79.92 73.72 88.11 

toe 21 101.69 
0.00 0.00 

14.67 13.79 

94.83 

0 00 
12.86 

87.81 
0.00 

11.91 

81 20 

0.00 
11.01 

75.08 

000 
10.18 

119.28 ..... 
0.00 0.00 
a.38 8 aa 

351.22 18.83 

100.88 60.U 
82.83 31.44 
58.03 :29.54 
0.00 0.00 
8.00 ol.Ot 
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TABLE B-32 (Continued) 

COMMUTER RAIL VEHICLE EMISSIONS AVOIDED- OFF-PEAK SERVICE- MATURE LEVEL- CO 

Pue. Round 1-way Dally 

Route fol fol Per Trip VMT VMT Predlc1ed Baeln Pueenger Car CO Emltelone (lblmlle) 

Route engt Trains car. Car Pue. Avoid. Avokl. 1892 11193 1- 1995 1998 1997 1998 1- 2000 2010 

Ventura to LA 47 10 7 M 2460 17.09 83741.00 0.0210 0.020(1 0.0192 0.0178 0.0164 0.0162 0.0140 0 0129 0.0118 0.0060 

2 Santa Clarita 10 LA as 8 7 as 1470 13.97 41071.80 0.0218 o.o208 0.0102 o.o118 o.0184 o.o162 o.o1oo O.D128 0.0119 o.ooeo 

3 S81oLA 6<1.6 10 7 as 2460 aa.S2 t71888.oo o.o218 o.o20e o.ot82 o.ot78 o.ot64 o.ot52 o.ot4o o.ot29 o.on& o.ooeo 
4 Rlvoroklo 1o LA (Onwlo) 6<1.8 e 7 as 1470 a . .u 77fJ04.7s o.021e o.o20e o.ot82 o.otn o.ot&& o ot52 o.Ot40 o.ot29 o.one o.ooeo 
15 OoeMikfl to LA 87.2 10 7 as 2460 33.84 1811308.00 o.0219 0.0208 0.0102 o.0178 o.0184 o.o152 o 0100 0.0128 o.OI19 o.ooeo 

8 Rlvorokl01o LA (Fullor1on) 82.8 14 7 as 3430 28.18 1&00a6.85 0.0218 0.0208 0.0192 0.0178 0.0184 0.0152 0.0140 0.0129 0.0118 0.0060 

T 881Rtvt,.lda to lfvlnt 611 14 7 as 3430 28 ... 181883.85 0.0218 0.0208 0.0182 0.0118 0.01&1 0.0162 0.0140 0.0129 0.0119 0.0080 

I Hlrnet to Rlvtralda 38.8 0 7 as 0 17.78 o.oo o.0218 o.o208 0.0102 o.0178 o.0184 o.o152 o.0140 o.0128 o.0119 o.ooeo 

8 Rodlondo to 98 12 6 7 35 1225 5.38 13198.09 0.0218 0.0208 0.0192 0,0118 0.0184 0.0152 0.0140 0.0129 0.0118 0.0060 

Notta: 1.1111 ueumed that 35 p•••nge,. are In aach cat. • 
2. One-way VMT avoided for routn 1, 2, 3, and 6 .. b ... d on data auppUed by SCAfl. 

Forth• ather rautu, a mileage weighted compotltt baed on the SCAO data and thtlangth of routtt 1, 2, 3. and 5 hu bean uaed. 
3. Traina are MIUITMid to opera .. fNa day& ~r weat, leu elx halldayt per y .. r. 
"·Vehicle tmOione avolct.d are b ... d on paseangar cat emlaalon facto,. u contained In tha ARB'• EUFAC7E/8URDEN7C emlttlon lnvenlory. 

ernt.alon tactcn far 1994 and aubaaqutnt ya.,. h.va betn adjutted to aecount far ARB Yahicll regulatlona. 

p 

CO Emleslonl Avoided (10ne/yr) 

1892 11193 1- 1995 1998 1997 1998 1- 2000 2010 

232.75 218.71 203.97 188.87 174.54 181.60 148.88 137.82 126.$117 83..64 

114.16 107.27 100.04 02.03 85.116 79 21 73.08 87.60 02.27 31.18 
494.84 --80 433.47 401.38 371.15 343.22 3UI.57 282.47 288.83 135.03 
216 89 202.88 189.02 176..03 181.84 t4lill.ee 138.04 127.53 111 .ea M.ae 
482.22 -.as 405.07 375.08 348.83 320.73 285.82 273.30 262.16 128.18 
637.52 606.10 4t71.05 438.18 403.32 372.97 344.01 317.82 283.22 144.13 

604.99 474.63 442.65 --79 378.02 S6040 323.18 2SB.68 276.<18 137.88 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
36.68 34.4t7 32.15 Zl.n 27.62 25.46 23.08 21.89 20.01 10.01 
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TABLE B-33 

COMMUTER RAIL VEHICLE EMISSIONS AVOIDED- OFF-PEAK SERVICE - STAAT UP LEVEL - SOx 

Rou10 

Route II of II ot 

Length Trains Care 

Ventura to LA 47 
2 Santa Cla~lla to LA 35 
3 SO 10 LA 68.5 
4 Rfverslde to LA (Ontario) 68.8 
6i Oceanald• to LA 87.2 
8 Rlverekle to LA (Fullerton) 62.8 
7 SB/Riverslde to Irvine 59 

8 Hem•t to Rlverelde 39.8 
8 Redlanda to SB 12 

0 

0 

0 
0 

0 

0 

0 

0 

0 

• • • • • • • • 
• 

Pus. Round 1-Way 
Per Trip VMT 
Car Pue. Avoid. 

36 

35 
35 
35 

35 
35 
35 
35 
35 

0 17.09 
0 13.97 

0 34.32 
0 28.40 
0 33.94 
0 28.19 

0 26.49 
0 17.78 

0 639 

Dally 
VMT 

Avoid. 1992 

Predicted Basin Paasenger Car SOx Emissions (lblmlle) 

1993 1994 1995 1996 1997 1998 1999 2000 2010 

0.00 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 
0.00 0.0001 0,0001 0 0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 

0.00 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0 0001 0.0001 0.0001 

0.00 0.0001 0.0001 0.0001 0 0001 0.0001 0.0001 0.0001 0.0001 0.0001 0 0001 
0.00 0,0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 
0.00 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 

0.00 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 
0.00 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0 0001 
0 00 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 

Notes: 1.1t Is usumed that35pusengere areln eacttcar. 
2. One-wayVMT avokted lor roulet 1, 2. a, and 61s baled on da1asupplled by SCAO. 

For lh• other routea. a mUeage weighted composite based on 1he SCAGI data and thalengthaaf rou1e1 1, 2, 3, and 5 have been used. 
3. Train• are uaumad to operale live days por week. teas six holidays per year. 
4. Vehicle emissions avoided are based on pusanger car emlsalon lactor& u contained In the ARB'• EMFAC7E/8UROEN7C emission Inventory. 

COMMUTER RAIL VEHICLE EMISSIONS AVOIDED- OFF-PEAK SERVICE -INTERMEDIATE LEVEL- SO• 

Pu1. Round 1-Way 
Roult t1 ol I ot Per Trip VUT 

Dally 

VMT 
Avoid. Rou1o lenplh Traint Care Car Paaa. Avoid. 

1 Ventura 10 LA 47 

2 Santa Clarita to LA 35 
3 SB1olA 68.6 
4 Riverside 10 LA (Ontario) 58.8 

6 Oceanside 10 LA 87.2 
e Riverside 10 LA (Fullerlon) 82.8 

7 88/Rivtrslde to Irvine 69 
a Hemet to Riverside 39.8 

e Redlands to sa 12 

4 
0 

6 
2 

• 
3 
3 

0 

2 

7 

7 

7 

7 

7 

7 
7 

7 
7 

35 980 
35 0 

35 1470 

35 490 
35 1180 

35 735 
35 735 
35 0 
35 490 

Notea: 1.1111 auumed tha135 puaenger. areln eaeh ear. 

17.09 33496.40 
13.97 0.00 

38.32 106780.80 

26.40 25868.25 
33.94 86522.40 

28.19 41441.99 
28.49 3&934.35 
17.78 0.00 

6 39 6279 23 

Predicted Buln Palsanger Car SOx Emission• (lb/mlle) 
1992 1993 1994 1995 1998 1997 1998 1999 2000 2010 

0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0 0001 0.0001 0.0001 
0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 

0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 

0.0001 0.0001 0.0001 0.0001 0.0001 0 0001 0 0001 0.0001 0.0001 0 0001 
0.0001 0.0001 0.0001 0 0001 0.0001 0.0001 0.0001 0 0001 0.0001 0.0001 

0.0001 0.0001 0.0001 0 0001 0.0001 0.0001 0.0001 0 OOOt 0.0001 0.0001 
0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 
0.0001 0.0001 0.0001 0.0001 0.0001 0 0001 0.0001 0.0001 0.0001 0.0001 
0.0001 0.0001 0.0001 0.0001 0.0001 0 0001 0.0001 0.0001 0.0001 0.0001 

2. One-way VMT avokted for routee 1, 2, 3, and 6 Is based on data aupplled by SCAG. 
For thl other routee, a mnaage weighted compoelte balled on lhe SCAB data and lhe tengthl of routes 1, 2, 3, and 5 have bean used. 

3. Tralne are u1umed to operate five day$ per Wllk, lese •tx holiday• per yeat. 
4, Vehicle emlaelons avoided are baled on pusenger car emission faetora as contained In the ARB"• EMFAC7EIBUROEN7C emission Inventory. 

.. -'- - - -
1992 11193 

SOx Emlaalone Avoldsd (tonllyr) 
1994 1995 1996 11197 1998 1999 

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 
o.oo o.oo oo.oo o.oo 
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 D 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 

SOx Emllalons Avoided (tonalyr) 

2000 2010 

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 

000 000 
0 00 0.00 

1992 1993 1994 1996 1998 1997 1998 1999 2000 2010 

055 
0.00 
1.78 

0.43 

1.10 
0.88 

084 
0.00 
0.09 

0.53 0.61 

0.00 0.00 
1.70 1.84 

041 0 . .0 
1.08 1.02 
0.68 0.84 
0.62 0.00 

0.00 0.00 
O.Oil 0.08 

0.411 

0.00 
1.67 

0.38 

0.118 

0.81 
0.57 
0.00 
0.08 

048 

0.00 
1.53 

0.37 
0.86 

058 

0.68 
000 
0 08 

0.47 0.46 0.44 

0.00 0.00 0.00 
1.49 1.45 1..41 
0.36 0.35 0.34 

0.93 0.90 0.88 
0 58 0.68 0.55 
0.54 0.63 0.61 

0.00 0.00 0.00 
0.07 0.07 0.07 

0.43 0.40 
0.00 0.00 

1.311 1.27 
0.34 0.31 
0.88 0.79 

0.54 0.411 
0.61 0.-48 

0.00 0.00 
oot ooe 
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TABLE B-33 (Continued) 

COMMUTER RAIL VEHICLE EMISSIONS AVOIDED- OFF-PEAK SERVICE- MATURE LEVEL- SOx 

Pasa. Round 1-Way Dally 

Route #of '"' Per Trlp VMT VMT Predlcted Batln Puaenger Car SOx Emlnlon1 (lb/mlle) SOx Emll•lone Avoided (tons/yr) 

Roulo Length Tralne Care Car Pus. Avoid. Avoid. 1992 1993 1994 1995 1996 1997 1998 1999 2COO 2010 1992 1993 1994 1995 1996 1997 1998 1999 2000 2010 

Ventura to LA 47 10 7 '35 2450 17.09 1)3741.00 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 1.38 1.33 1.28 1.23 1.20 117 t.u. 1.11 1.09 1.00 
2 SantaCfarUatolA 35 • 7 35 1470 13.97 41071.80 0.0001 0.0001 0.0001 00001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.88 0.115 0.63 0.80 0.611 0.67 0.68 0.64 0.63 0.49 
3 SBtol.A 68.6 10 7 35 2460 311.32 1~.00 0.0001 0.0001 0.0001 0.0001 0.0001 0 0001 0.0001 0.0001 0.0001 0.0001 2.83 2.83 2.73 2.82 2.66 2.48 2.42 2.35 2.31 2.12 
4 AlvoraldoiOLA(Onlario) 68.8 8 7 35 1470 2<!1.40 71804.76 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 1.28 1.23 1.18 1.14 1.11 1.08 1.015 1.03 1.01 0.92 
5 Ocoonoldotol.A 87.2 10 7 35 2460 33.114 186308 00 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 2.74 2.84 2.66 2.46 2.38 2.32 2.2<!1 2.20 2.18 1.98 
e Rlnralde to LA (Ful .. r1on) 82.8 14 7 35 3430 28.18 183395."6 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 3.18 3.07 2.st7 2.85 2.n 2.811 2.82 2.68 2.51 2.30 
7 SBIRiftl"'ldl to INine 611 14 7 38 3430 2<!1.49 1811583.8& 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 3.00 2.88 2.79 2.88 2.80 2.63 2.•t7 2.40 2311 2.18 
1 Hf,mt~t to Rtv~tn~Sde 39.6 0 7 35 0 17.78 0.00 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
D Rodlondo lo SB 12 6 7 35 1225 6.39 13198.09 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0,0001 0.0001 0.0001 00001 022 0.21 0.20 0.19 0.19 0.18 0.18 0.17 0.17 0.16 

Notn: 1.1111 usumed thal36 puHngen .,.In each car. 
2. One-wayWT avoided for rouln 1, 2, 3, and 6 ll baed on datatupplled by SCAG. 

For the other routee, a millage welghled compo~lle baaed on the SCNl data and the lenglhe of routes 1, 2, 3, and 6 ha\IIJ been ueed. 
3. Tralne.,. ueumed to operate five: dayt plf week. IMiebc holiday• per year . 
... Vehicle emllslont avoided are balled on pas11nger car emission factore as contained In the ARB'• EMFAC7EIBURDEN7C emission Inventory. 

0 



- - --- -

I 
I 
I 
I 
.I 
I APPENDIX 11-3 

I 
I 
I 
I 
I 
I 
I 

~ I 

:I 
I 

' , .... 

I I 
' 

I 
I 

RPT/ SCRE - 01 

I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

APPENDIX 11-3 

FREIGHT RAIL AND AMTRAK 

RPT/SCRE- 01 



.............. a.> ...... - .. ------ ....... --

TABLE C-1 
Emission Factors & HP Data used for AEP (Based on 50o/o 16-710 and 50% 16-645E3 Engines) 

Category Source Notch 8 Notch 7 Notch6 Notch 5 Notch 4 Notch 3 Notch 2 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 11 46 

NOx 710 41686 38661 27684 18466 14657 11079 6486 3732 1064 3810 
645E3 36933 31188 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 33 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 964 675 467 363 275 187 135 124 331 

co 710 1574 1678 2531 1127 513 312 129 103 80 330 
645E3 5908 5029 1912 760 435 (> 329 292 267 564 655 

Combined 3741 3354 2222 944 474 321 211 185 322 493 

802 710 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 71 308 
(EFHPAEP.WK1) 
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TABLE C·2: FREIGHT RAIL ·· BASELINE BASIN CASE (Year 1991) 

fl of fl of Proposed 
Tral ns Loco Route 

24 3.60 Coast Line 
60 4.50 
84 

832 4.05 Saugus Line 
456 3.60 

12 5.39 
408 3.60 
960 3.82 

2668 

Seg· Current Rail Systems 
mentDir From To 

L E LA/ChatsworthBeaumont 
L II Beaumont 

E E Acton 
E E Acton 
E E Acton 
E II LA 
E II LA 

LA/Chatswort 

LA 
LA 
LA 
Acton 
Acton 

1,648 
180 
24 

D 3.78 Alhambra/Yuma 
5.39 /Barstow Line D 

E Long Beach llest Colton 
E Long Beach llest Colton 
II llest Colton Long Beach 
II West Colton Long Beach 
II West Calton Lang Beach 

2.25 
1,236 4.50 

96 2.70 
892 3.96 
484 3.37 
288 4.50 
216 4.05 

2,356 3.60 
1,720 3.93 

636 1.35 
324 3.60 

1,644 3.87 
1,860 4.12 

384 4.50 
480 3.15 
336' 1.80 
324 4.50 
264 3.60 

1,824 3.90 
196 3.60 
96 1.80 

852 3.90 
18360 

21112 

D 
D 
D 

A 

A 

B 

c 
c 
c 
G 

G 

H 

H 
H 

I 

E Beaumont llest Calton 
II West Calton Beaumont 
E West Calton LA 

J 

J 

J 

E Slllllli t 

E Slllllli t 

II \lest Calton 
II LA 
II LA 
E Long Beach 
II Beaumont 
II Beaumont 
E Cajon 
E Cajon 
II Beaumont 
II Beaumont 
E Beaumont 
E Beaumont 
II LA 

J II LA 

Year 1991 Total for SP: 
Year 1991 40X of TOTAL: 
Year 2000/2010 Total for SP: 
Year 2000/2010 40% of TOTAL: 

West Calton 
West Calton 
Slllllli t 

Long Beach 
Long Beach 
Beaumont 
Long Beach 
Lang Beach 
Beaumont 
Beaumont 
Cajon 
Cajon 
LA 
LA 
Beaumont 
Beaumont 

•· Diesel Emissions (Tons/Year) •• Power ·Elect Emissions (Tans/Year)· 
a 

Miles 
110 
110 
220 

NOx PM HC CO 502 (MIIhr/Yr) NOx PM HC CO S02 
4.63 0.10 0.17 0.42 0.32 304.33 0.138 0.004 0.013 0.022 0.001 

20.46 0.43 0.72 1.76 1.42 1348.58 0.614 0.016 0.057 0.096 0.005 
25.09 0.53 0.89 2.18 1.74 1652.9 0.752 0.020 0.069 0.118 0.007 

51 116.67 2.55 6.11 14.02 8.25 6076.72 2.765 0.073 0.255 0.434 0.024 
51 59.24 1.30 3.05 7.06 4.19 3152.77 1.435 0.038 0.132 0.225 0.013 
51 2.34 0.05 0.12 0.28 0.17 124.45 0.057 0.001 0.005 0.009 0.000 
51 87.93 1.86 2.96 8.07 6.10 6093.28 2.772 0.073 0.256 0.436 0.024 
51 219.83 4.64 7.41 20.18 15.25 15233.20 6.931 0.183 0.640 1.089 0.061 

255 486.01 10.39 19.65 49.60 33.96 30680.4 13.960 0.368 1.289 2.194 0.123 

68 330.55 
68 51.58 
68 2.31 
68 237.54 
68 11.07 
25 108.60 
25 23.16 
52 71.26 
24 9.58 
24 92.85 
24 384.09 
18 16.06 
18 21.82 
94 452.43 
94 437.00 
94 98.42 
44 78.32 
44 31.33 
44 98.45 
44 64.17 

7.14 12.39 31.94 23.11 22337.18 10.163 0.268 0.938 1.597 0.089 
1.11 1.93 4.98 3.61 3485.34 1.586 0.042 0.146 0.249 0.014 
0.05 0.10 0.24 0.16 131.64 0.060 0.002 0.006 0.009 0.001 
5.01 10.54 24.40 16.46 13558.64 6.169 0.163 0.569 0.969 0.054 
0.23 0.49 1.14 0.77 631.86 0.287 0.008 0.027 0.045 0.003 
2.37 4.53 12.36 7.51 7129.46 3.244 0.086 0.299 0.510 0.029 
0.47 1.30 3.06 1.47 982.08 0.447 0.012 0.041 0.070 0.004 
1.56 2.66 7.29 5.03 5031.95 2.290 0.060 0.211 0.360 0.020 
0.20 0.78 1.63 0.62 140.31 0.064 0.002 0.006 0.010 0.001 
1.93 7.58 15.80 6.02 1360.41 0.619 0.016 0.057 0.097 0.005 
8.48 14.03 40.65 27.20 27941.27 12.713 0.335 1.174 1.998 0.112 
0.34 0.77 2.00 
0.46 1.05 2.72 
9.79 16.28 41.98 

1.07 895.75 0.408 0.011 0.038 0.064 0.004 
1.45 1216.87 0.554 0.015 0~051 0.087 0.005 

31.84 31328.96 14.255 0.376 1.316 2.240 0.125 
9.23 18.74 42.93 30.53 25618.78 11.657 0.307 1.076 1.832 0.102 
2.08 4.22 9.67 6.88 5769.86 2.625 0.069 0.242 0.413 0.023 
1.73 3.27 8.39 5.55 5078.61 2.311 0.061 0.213 0.363 0.020 
0.69 1.31 3.35 2.22 2031.44 0.924 0.024 0.085 0.145 0.008 
2.16 3.58 9.93 6.97 7044.12 3.205 0.085 0.296 0.504 0.028 
1.41 2.33 6.48 4.54 4591.72 2.089 0.055 0.193 0.328 0.018 

78 577.45 12.73 20.49 56.69 41.09 42076.45 19.145 0.505 1.767 3.008 0.168 
78 57.28 1.26 2.03 5.62 4.08 4173.57 1.899 0.050 0.175 0.298 0.017 
78 5.71 0.12 0.25 0.55 0.38 308.53 0.140 0.004 0.013 0.022 0.001 
78 109.77 2.28 4.89 10.65 7.38 5932.80 2.699 0.071 0.249 0.424 0.024 

1320 3370.79 72.83 135.58 344.46 235.92 218797.6 99.553 2.626 9.190 15.644 0.875 

1795 3881.9 83.7 156.1 396.2 271.6 251130.9 114.3 
100452.4 45.7 

2717.3 83.7 156.1 396.2 271.6 251130.9 18.8 
100452.4 7.5 

·, 

3.0 10.5 18.0 
1.2 4.2 7.2 
3.0 10.5 18.0 
1.2 4.2 7.2 

1.0 
0.4 
1.0 
0.4 

- -·-
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TABLE C·2 (Continued): FREIGHT RAIL •• BASELINE BASIN CASE (Year 1991) 

I# of I# of 
Trains Loco 

Proposed Seg· Current Rail Systems 
Route mentDir From To 

1,564 3.60 San Bernardino SFH E Hobart s Bernardino 
2,202 4.44 Subdivision SFI E Hobart S Bernardino 

182 4.84 SFJ E Hobart S Bernardino 
1,351 4.32 SFA W s Bernardino Hobart 

756 3.96 SFB W S Bernardino Hobart 
12 6.27 
38 3.99 

1,274 4.09 
1,361 3.91 

80 4.00 
1,981 4.15 
3,845 4.20 

2 3.06 
3,163 4.39 
2,165 3.89 

13 6.39 
19989 

SFC W s Bernardino Hobart 
SFD W s Bernardino Hobart 
SFE W s Bernardino Hobart 
SFF W s Bernardino Hobart 
SFG W s Bernardino Hobart 
SFN E S Bernardino Cajon 
SFO E s Bernardino Cajon 
SFP E S Bernardino Cajon 
SFK W Cajon S Bernardino 
SFL W Cajon S Bernardino 
SFN W Cajon S Bernardino 

388 4.46 Watson Sub. 
349 4.47 

SFS E Watson 
SFQ W Hobart 
SFR W Hobart 

Hobart 
Watson 
Watson 4 4.04 

741 

431 4.08 San Diego Sub. SFU E San Clemente Hobart 
198 4.15 SFT W Hobart San Clemente 
6~ 

21359 Year 1991 Total for SF: 
Year 1991 40X of TOTAL: 
Year 2000/2010 Total for SF: 
Year 2000/2010 40X of TOTAL: 

•• Diesel Emissions (Tons/Year) •• Power ·Elect Emissions (Tons/Year)· 
Miles NOx PH HC CO 502 (MWhr/Yr) NOX PM HC CO 502 

63 253.92 
63 413.57 
63 ~.20 

63 173.29 
63 77.89 
63 2.60 

5.38 9.oo 23.69 17.54 17348.66 7.894 o.2o8 o.~ 1.240 o.o69 
8.77 14.91 39.16 28.55 28047.56 12.762 0.337 1.178 2.005 0.112 
0.61 1.10 2.70 1.98 1867.74 0.850 0.022 0.078 0.134 0.007 
3.58 7.51 17.13 11.71 9784.65 4.452 0.117 0.411 0.700 0.039 
1.61 3.52 8.03 5.24 4249.60 1.934 0.051 0.178 0.304 0.017 
0.05 0.11 0.26 0.18 153.43 0.070 0.002 0.006 0.011 0.001 

63 3.23 0.07 0.15 0.34 0.21 165.25 0.075 0.002 0.007 0.012 0.001 
63 157.50 3.35 7.08 16.77 10.87 9084.80 4.134 0.109 0.382 0.650 0.036 
63 147.03 3.13 6.74 16.09 10.12 8385.91 3.816 0.101 0.352 0.600 0.034 
63 7.95 0.17 0.37 0.86 0.54 437.12 0.199 0.005 0.018 0.031 0.002 
20 394.38 8.68 14.45 41.83 27.90 28595.80 13.011 0.343 1.201 2.045 0.114 
20 668.39 14.62 24.97 72.07 46.99 47618.07 21.666 0.571 2.000 3.405 0.190 
20 0.36 0.01 0.01 0.04 0.03 26.90 0.012 0.000 0.001 0.002 0.000 
20 126.59 2.64 10.59 22.02 8.18 1588.45 0.723 0.019 0.067 0.114 0.006 
20 74.08 1.54 6.18 12.98 4.74 950.98 0.433 0.011 0.040 0.068 0.004 
20 0.71 0.01 0.06 0.12 0.05 9.64 0.004 0.000 0.000 0.001 0.000 

750 2530.70 54.22 106.75 274.09 174.84 158314.6 72.033 1.900 6.649 11.319 0.633 

19 33.22 
19 38.90 
19 0.48 

0.68 1.61 
0.78 1.82 
0.01 0.02 

3.05 
3.51 
0.05 

0 
2.10 1485.12 0.676 0.018 0.062 0.106 0.006 
2.57 1872.28 0.852 0.022 0.079 0.134 0.007 
0.03 26.50 0.012 0.000 0.001 0.002 o.ooo 

57 72.59 1.47 3.46 6.60 4.71 3383.9 1.540 0.041 0.142 0.242 0.014 

42 30.28 0.62 1.37 3.31 1.96 1632.15 0.743 0.020 0.069 0.117 0.007 
42 14.15 0.~ 0.64 1.54 0.91 762.59 0.347 0.009 0.032 0.055 0.003 
84 44.42 0.91 2.02 4.85 2.87 2394.7 1.090 0.029 0.101 0.171 0.010 

891 2647.7 56.6 112.2 285.5 182.4 164093.2 74.7 2.0 6.9 11.7 0.7 
65637.3 ~.9 0.8 2.8 4.7 0.3 

1853.4 56.6 112.2 285.5 182.4 164093.2 12.3 2.0 6.9 11.7 0.7 
65637.3 4.9 0.8 2.8 4. 7 0.3 

- ~ .. 
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TABLE C·2 (Continued): F~EIGHT RAIL •• BASELINE BASIN CASE (Year 1991) 

I# of I# of 
Trains Loco 

Proposed Seg- current Rail Systems 
Route mentDir From To 

82 2.31 Union Pacific UAA E LA SUnnit 
SUnnit 
Slmlli t 
Slmllit 
Slmllit 

533 3.12 Line UAA E LA 
299 5.81 UAA E LA 

1,045 3.32 
51 3.05 
86 2.58 
53 1.64 

106 2.58 
105 1.81 
557 3.45 
272 5.20 
867 3.56 

4056 

4056 

UAA E LA 
UBB E Long Beach 
UBB E Long Beach Summit 
UOD W Summit LA 
UOD W Summit LA 
UCC W Summit LA 
UCC W Summit LA 
UCC W Summit LA 
UCC W Summit LA 

Year 1991 Total for UP: 
Year 1991 40X of TOTAL: 
Year 2000/2010 Total for UP: 
Year 2000/2010 40X of TOTAL: 

46527 Year 1991 TOTAL: 
Year 1991 40X of TOTAL: 
Year 2000/2010 TOTAL: 

(base1.wk1l Year 2000/2010 40X of TOTAL: 

-- Diesel Emissions CTons/Yearl -- Power ·Elect Emissions (Tons/Year)-
Miles NOx PM HC CO 502 (h~r/Yr) NOx PM HC CO S02 

80.3 7.22 
80.3 120.52 
80.3 158.85 
80.3 255.27 

101 7.21 

0.16 
2.68 
3.55 
5.60 
0.16 

101 20.21 0.44 
80.3 11.76 0.26 
80.3 9.89 0.22 
80.3 20.69 0.46 
80.3 49.00 1.06 
80.3 41.41 0.90 

0.35 0.83 0.52 412.90 0.188 0.005 0.017 0.030 0.002 
4.29 12.09 8.61 8853.63 4.028 0.106 0.372 0.633 0.035 
5.51 15.70 11.40 11916.91 5.422 0.143 0.501 0.852 0.048 
8.94 25.40 18.16 18634.68 8.479 0.224 0.783 1.332 0.075 
0.34 0.81 0.52 420.30 0.191 0.005 0.018 0.030 0.002 
0.69 1.97 1.44 1491.70 0.679 0.018 0.063 0.107 0.006 
0.40 1.14 0.85 901.51 0.410 0.011 0.038 0.064 0.004 
0.50 1.14 0.70 540.31 0.246 0.006 0.023 0.039 0.002 
0.71 2.04 1.49 1575.15 0.717 0.019 0.066 0.113 0.006 
2.55 5.77 3.40 2471.45 1.125 0.030 0.104 0.177 0.010 
2.11 4.83 2.91 2197.77 1.000 0.026 0.092 0.157 0.009 

80.3 92.39 2.02 4.74 10.99 6.52 4926.06 2.241 0.059 0.207 0.352 0.020 
1005 794.43 17.52 31.12 82.72 56.53 54342.4 24.726 0.652 2.282 3.885 0.217 

1005.0 794.4 17.5 31.1 82.7 56.5 54342.4 24.7 0.7 2.3 3.9 0.2 
21736.9 9.9 0.3 0.9 1.6 0.1 

1005.0 556.1 17.5 31.1 82.7 56.5 54342.4 4.1 0.7 2.3 3.9 0.2 
21736.9 1.6 

3691 7324 158 299 765 511 469567 214 
187827 85 

3691 5127 158 299 765 511 469567 35 
187827 14 

0.3 

6 

2 
6 

2 

0.9 

20 
8 

20 
8 

e 

1.6 

34 

13 

34 
13 

o. 1 

2 
1 

2 

- ... 
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TABLE C-3: SEGMENT CORRElATIONS 

LEAC ELECTRIFICATION TASK FORCE STUPY 

Passenger Service 

AA 1,2,3,4,5,70,40,41,42,43,44(0.333) 
AB Reverse of AA 
AC 1,17,18,19,20,26,27,71,52,53,54,55,56,57(0.7241) 
AD Reverse of AC 
AI 1,2,10,12,14,15 
AP Reverse of AI 
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 1,2,10,12,14,15 "' 
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 

A 43;44(0.333) 
B 42,41,40,70,5,39,38 
c 62,63,64 
D 28,29,37, + 38,39,6,70,40,41,42 
E 10,12,13 
F 10,12,14,15 
G 37,29,28 
H 28,29,37 ,38,39,5,70,40,41,42,43,44(0.333) 
I 64,63,62,43,44(0.333) 
J 38,39,5,70,40,41,42,43,44(0.333) 
K .38,39,5,70,40,41,42,62,63,64 
L 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 
SFI 
SFJ 
SFf 
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 t 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 I ENERGY I ELECTRICITY POLLUTAfoJTS 
Notch, Time (in minutes per engine) tpy.[S(Tn • g/h)J' (1 h/60mln) • (1/Englnes)l(g/ton) I I tpy.[(MWh)'(lbiMWh)l(20001blton}) 

.§!g # Engines 1! 1 § ~ .4 ~ _g 1 Brake NOx co CH2 802 PM bhp-hrlyr MWh/yr NOx co CH2 802 PM 

AR 312 29 15 14 11 11 12 20 18 0 11.97 1.25 0.14 0.72 0.36 1,046,401 1,011 0.076 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 0.033 0.019 0.002 0.005 
AX 364 10 4 5 5 6 3 3 4 5 4.78 0.48 0.06 0.29 0.14 413,277 399 0.030 0.029 0.017 0.002 0.005 

AY 364 8 4 6 10 8 5 5 4 0 5.29 0.47 0.06 0.31 0.15 452,541 437 0.033 0.031 0.018 0.002 0.005 
AI 416 8 4 6 10 8 5 5 4 0 6.05 0.54 0.07 0.36 0.18 517,190 500 0.037 0.036 0.021 0.002 0.006 

AT 2856 32 0 4 0 3 0 0 0 2 57.07 6.96 0.67 3.62 1.78 5,342,986 5,162 0.387 0.369 0.217 0.021 0.062 
M 312 18 4 1 1 7 12 14 15 33 6.32 0.60 0.11 0.37 0.18 498,648 482 0.036 0.034 0.020 0.002 0.006 
AS 2856 30 2 1 2 3 6 0 0 0 57.96 6.90 0.66 3.63 1.78 5,373,616 5,191 0.389 0.371 0.218 0.021 0.062 
AB 312 49 13 1 1 7 7 11 11 0 11.95 1.47 0.14 0.75 0.36 1,099,283 1,062 0.080 0.076 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 0.046 0.044 0.026 0.002 0.007 
AD 520 65 14 11 13 15 12 9 13 6 29.84 3.37 0.35 1.84 0.90 2,692,467 2,601 0.195 0.186 0.109 0.010 0.031 
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 

-------- ------- ------- ------- ------- ---------- ------- ------- ------- ------- ------- --------
211.52 23.87 2.64 13.05 6.415 18,958,078 18,315 1.374 1.309 0.769 0.073 

% Reductions: 99.4% 94.5% 70.9% 99.4% 
Emission Reductions (tpy): 210 23 2 13 

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 12-71 OG3A; 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 1123/92. 

The EXCEPTIONS are DIESEL PM EMISSIONS, which are calculated using Engine Modei16-710G3 from the 

0.220 
96.6% 

6 
0.059 

"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 n.2% 

ELECTRICITY-GENERATION EMISSIONS are calculated from equivalent electrical energy using the following rates: Pollutant lb/MWh 

NOx 0.150 
co 0.143 

CH2 0.084 
S02 0.008 

PM 0.024 
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TABLE C-4 (Continued) 

Engine Modei12-710G3A for Locomotive Models GP59, F59PH; 31-0ct-90. 

Fuel sulfur content = 0.20% 

jgrams per brake horsepower-hour! 1-----grams per hour ------1 
T/N BHP NOx co CH2 802 NOx co CH2 802 

8 3195.5 9.51 1.23 0.11 0.61 30389 3930 352 1949 
7 2533.7 9.36 1.71 0.09 0.61 23715 4333 228 1546 
6 1695.9 10.71 0.83 0.11 0.63 18163 1408 187 1068 
5 1401.5 10.93 0.61 0.12 0.64 15318 855 168 897 
4 1052.8 12.01 0.29 0.13 0.64 12644 305 137 674 
3 716.9 13.88 0.25 0.17 0.65 9951 179 122 466 
2 372.2 15.04 0.34 0.22 0.68 5598 127 82 253 
1 209.4 15.94 0.54 0.4 0.79 3338 113 84 165 

Brk 24.8 112.96 9.21 7.69 6.21 2801 228 191 154 

Engine Modei16-710G3 for Locomotive Models GP60, 8060. 

Fuel sulfur content= 0.27% 

g/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 ETF 

Segmenl I Trains I Train• Mlktqee 

1 

2 
3 
4 
5 
8 
7 
8 
9 

10 
11 

12 
13 

14 
15 

18 
17 
18 
19 

20 
21 
22 
23 
24 

25 
28 
27 
28 

29 
30 
31 

32 
33 

34 
35 
38 
37 

35 
39 
40 
41 
42 
43 

44 

45 
48 
47 
48 

49 
50 
51 

52 
53 
54 
55 
56 

57 
58 

59 
80 
81 

82 
83 
84 

85 
88 
87 
88 

89 
70 
71 
72 

To1al ~ono/yoor) 

0 

0 
0 
0 

55 
0 
0 
0 
0 

18 
0 

18 

7 
10 

0 

0 
18 
38 

38 
0 
4 
4 

4 

4 

38 
40 
73 

35 
0 

37 

37 
37 
37 
37 

18 
38 
55 
55 
83 
83 
83 

53 

53 
53 

0 
0 
4 

0 
0 

0 
77 
77 
79 
79 

83 
73 
73 
73 
39 
39 

0 
0 
0 
0 
0 
0 
0 
0 

65 

77 
4 

0 
0 
0 
0 

20 
9 
0 
0 
0 

8 
0 
8 

7 
0 
0 
0 

0 

2 
28 
28 

2 
2 
2 
0 
0 

24 
24 
24 
22 

0 
11 

11 

11 
11 

11 

2 
22 
29 
29 
29 
29 
29 
27 
27 

0 

0 

0 
0 
0 

0 
0 

35 

35 
35 
35 
42 
42 

0 
0 
0 
0 

18 
18 
18 
0 
0 

0 
0 
0 

29 
35 

0 

0.8 

0.3 
0.2 

11.4 
2.7 

17.2 

1.2 
19.8 
23.2 

1.2 

1.2 
9.1 

23.7 
7.3 

0.0 
58.3 

2.8 
1.3 
7.8 

12.9 
7.9 
8.2 
9.7 

41.1 

5.8 

5.4 
30.0 
24.4 

1.5 
1.0 
8.4 

8.4 

11.7 
7.2 

18.8 
0.8 
2.8 
&.a 

••• 
13.3 
3.5 

11il1.8 
1.0 

24.1 
124.0 

0.2 
3.2 
5.5 
1.8 

0.1 
0.0 
3.1 
3.5 
2.7 
1.0 

11.9 

10.5 
19.5 

38.9 

7.2 
5.2 
5.8 
7.8 

18.0 
0.5 
0.1 

2.9 

12.0 
30.0 

3.7 

0.8 
18.1 

TABLE C-5: DIESEL FREIGHT EMISSIONS BY ETF SEGMENT 

lEAC 
NOx 

0.00 
0.00 
0.00 
0.00 

63.61 
109.88 

0.00 
0.00 

0.00 
17.48 

0.00 
132.40 

338.78 

1.88 

0.00 

0.00 
0.00 

3.59 
150.88 
258.10 

7.92 
8.22 
9.78 
0.00 
0.00 

101.79 
586.50 
.S1.38 

25.45 
0.24 

71.44 
54.43 
99.50 
61.2a 

188.39 
1.88 

48.84 
152.03 
180.87 
348.83 

91.74 
521.83 

28.77 

892.28 
0.00 

0.00 

0.00 
0.00 

0.00 

0.00 
0.00 

84.80 
95.74 
73.88 
27.35 

772.97 
882.00 

0.00 
o.oo 
0.00 
0.00 

124.20 

187.03 
342.82 

0.00 
0.00 
0.00 

0.00 
0.00 

98.99 
21.88 

0.00 

7271.72 

lEAC 
PM 

0.00 

0.00 
0.00 
0.00 
1.18 
2.35 
0.00 
o.oo 
0.00 
0.37 

0.00 
2.83 
7.24 

0.04 

0.00 

0.00 
0.00 

0.07 
3.18 
6.40 
0.16 
0.13 
0.20 
0.00 
0.00 

2.15 
11.93 

10.21 

0.54 

0.01 
1.58 

1.20 
2.19 
1.35 
3.71 
0.03 
1.00 
3.28 
3.90 
7.52 
1.98 

11.25 
0.82 

15.00 
0.00 

0.00 

0.00 
0.00 

0.00 

0.00 
o.ao 
1.81 

2.05 
1.58 
0.59 

18.84 
14.88 
0.00 
0.00 
0.00 

0.00 
2.71 
3.85 

7.49 
0.00 
0.00 

0.00 
0.00 
o.oo 

2.09 
0.47 
0.00 

158.72 

LEAC 
HC 

o.oo 
0.00 
0.00 
0.00 
2.04 
... 42 
0.00 
o.oo 

0.00 
0.70 

0.00 
5.34 

13.70 

0.07 

0.00 

0.00 
0.00 
0.17 
8.08 

10.28 

0.30 
0.28 
0.44 
0.00 
o.oo 
4.08 

22.54 
19.;a 

1.03 
0.01 
2.75 

2.10 
3.83 
2.38 

8.49 
0.08 
1.90 
5.88 
8.99 

13.48 

3.55 
20.17 

1.13 

27.27 
0.00 

0.00 

0.00 
0.00 

0.00 

0.00 
0.00 

3.34 
3.78 
2.91 
1.08 

33.79 
29.81 

0.00 
0.00 

0.00 
0.00 
5.50 
7.40 

15.17 

0.00 
0.00 
o.oo 
0.00 
0.00 
3.75 

0.88 
0.00 

298.84 

lEAC 
co 

0.00 
0.00 
0.00 
0.00 
5.20 

10.88 
0.00 
0.00 

0.00 
1.78 

0.00 
13.48 

34.57 

0.18 

0.00 

0.00 
0.00 
0.33 

14.98 
25.42 

0.86 
0.88 
1.07 
0.00 
o.oo 

10.05 
55.83 
47.25 

2.53 

0.02 
7.38 

5.83 
10.28 
8.33 

17.40 

0.15 
4.85 

14.83 

17.85 
34.02 

8.95 
50.00 

2.92 

70.33 
0.00 

0.00 

0.00 
0.00 

0.00 

0.00 
0.00 

8.49 
9.59 
7.40 
2.7 .. 

89.85 
79.10 

0.00 
0.00 
o.oo 
o.oo 

14.37 
19.32 

39.83 
0.00 
0.00 
o.oo 
0.00 
0.00 

9.48 
2.19 
0.00 

758.48 

LEAC ETF NOx ETF NOx ETF PM 
SOx w/o30'14o 

0.00 
0.00 
0.00 
0.00 
3.7B 
7.88 
0.00 
0.00 
0.00 
1.22 

0.00 
9.25 

23.87 

0.13 
0.00 

0.00 
0.00 

0.23 
10.33 
17.53 
0.61 
0.40 
0.83 
0.00 
0.00 

8.99 
38.83 
33.21 

1.77 
0.02 

0.00 
0.00 
0.00 
0.00 

148.8:2 
0.00 
0.00 
0.00 
0.00 

37.05 

0.00 
280.98 
324.43 

80.80 
0.00 

0.00 
0.00 

28.28 
222.37 
377.45 

o.oo 
14.43 

22.88 
0.00 
o.oo 

180.78 
940.14 

1439.55 
40.94 

0.00 
5.09 237.88 

3.87 181.23 
7.08 331.30 
4.38 203.88 

11.99 580.87 
0.11 13.05 
3.28 78.82 

10.67 29:3.13 
12.8Siil 348.73 
24.48 789.95 
8.44 202.82 

36.61 1152.03 
2.01 57.28 

48.47 1377.80 
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 

6.88 186.84 
8.85 209.80 
5.13 185.89 
1.90 81 ...... 

63.90 1538.08 
47.56 1193.5e 

0.00 0.00 
0.00 0.00 
0.00 o.oo 

0.00 0.00 
8.88 0.00 

11.tfl o.oo 
23.93 0.00 

0.00 0.00 
0.00 0.00 
0.00 0.00 

0.00 0.00 
0.00 0.00 
8.81 187.00 
1.52 47.&1 
0.00 0.00 

508.00 13513.88 

0.00 
o.oo 
0.00 
0.00 

10..03 
0.00 
0.00 
0.00 
0.00 

25.93 
0.00 

1Q8.87 

227.10 

58.58 
0.00 

0.00 
0.00 

18.80 
155.88 
264.21 

0.00 
10.10 
15.88 
0.00 
0.00 

112.53 
658.10 

1007.89 

2888 
o.oo 

188.50 
126.86 
231.&1 
142.72 
382.U 

8.14 
53.84 

205.1& 
2<M.11 

538.07 
141.83 
808.42 
40.08 

984.48 
0.00 

0.00 

0.00 
0.00 

0.00 

0.00 
0.00 

129.96 
148.72 
118.12 
"3.01 

1076.66 
835.49 

0.00 
0.00 
0.00 
0.00 
0.00 
o.oo 

0.00 
0.00 
0.00 
0.00 

0.00 
0.00 

130.90 
33.54 

0.00 

9459.57 

0.00 

0.00 
0.00 
0.00 
3.21 
0.00 
0.00 
0.00 
0.00 

0.79 
0.00 
8.01 

8.94 

1.71 
0.00 

0.00 
0.00 

0.57 
489 
7.95 
o.oo 
0.30 
0.48 
0.00 
0.00 
3.39 

1&.84 
30.52 

0.87 

0.00 
5.25 
400 
7.31 
4.50 

12.37 
0.28 
1.84 
8.32 
7.52 

15.60 
4.37 

24.&.4 

1.24 
29.84 

0.00 

0.00 

0.00 
0.00 
0.00 

0.00 
0.00 
3.&7 
4.49 
3.55 
1.31 

33.51 
28.01 
0.00 

0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
o.oo 
4.03 

1.03 
0.00 

291.20 

ETF HC ETF CO ETF SOx 

0.00 

0.00 
0.00 
0.00 
5.87 
0.00 
0.00 
0.00 
0.00 

1.49 

0.00 
11.34 
13.12 

2.87 

0.00 
0.00 
0.00 

1.34 
8.92 

16.16 
0.00 

0.65 
1.02 
0.00 
0.00 
8.41 

37.47 
58.74 

1.88 

0.00 
9.16 

898 

12.78 
7.86 

21.80 
0.82 
3.11 

11.34 

13.49 

29.78 
7.84 

44.55 

2.25 
64.28 

o.oo 
0.00 

0.00 
0.00 
0.00 

0.00 
0.00 
7.32 
8.27 
8.54 
2.42 

87.23 
52.17 

0.00 
o.oo 
o.oo 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 

0.00 
0.00 
0.00 
7.23 

1.8& 

0.00 

545.52 

o.oo 

0.00 
0.00 
0.00 

14 . .c3 
0.00 
0.00 
0.00 

0.00 
3.77 
0.00 

28.80 
33.11 

7.02 

0.00 
0.00 
0.00 

2.58 
22.07 
37.48 

0.00 

1.58 
2.47 
0.00 
0.00 

15.87 
92.82 

141.30 
407 

0.00 
24.58 

18.73 
34.24 
21.07 

57.95 
1.19 
7.81 

28.80 
34.03 
75.13 
19.77 

112.41 

6.82 

139.98 
o.oo 
0.00 

0.00 
0.00 
o.oo 
0.00 
0.00 

18.80 

20.99 
18.82 

8.15 
178.38 
138.43 

0.00 

0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 

0.00 
0.00 

18.26 
4.80 
0.00 

1380.47 

0.00 

0.00 
0.00 

0.00 
10.45 
0.00 
0.00 

0.00 
0.00 
2.59 
0.00 

18.83 
22.87 

6.80 
0.00 
0.00 
0.00 

1.83 
15.23 
25.&.4 

0.00 
0.93 
1.48 
0.00 

0.00 
11.04 
84.58 

99.32 

2.85 
0.00 

18.93 

12.90 
23.59 
14.61 

39.92 
0.85 
5.34 

20.57 
24.47 

54.03 
14.22 
80.84 

4.01 

98.48 
0.00 

0.00 
0.00 
0.00 
0.00 

0.00 
0.00 

12 89 
14.58 
11.52 

4.27 
107.24 

83.22 
0.00 
0.00 
0.00 

0.00 
0.00 

0.00 
0.00 

0.00 
0.00 

0.00 
0.00 
0.00 

13.12 

3.33 
0.00 

942.81 
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TABLE C-5 (Contlnuod): DIESEL FREIGHT EMISSIONS BV LEAC SEOMENT 

Number of Train• (Yearly) Dally NOx HC co LEAC 
Sogmonto Mixed Inter. Bulk Total I Tralne Emiealone Emiwlone Emln6ona Emilelon• Emltelon1 Mllea;e 

M 
AS 
N; 

AD 

AI 
AP 
AQ 

AR 
AS 
AT 
AY 

/>¥. 
UM 
UB8 
ucc 
UDO 
A 

8 
c 
D 
E 
F 

a 
H 

J 
K 

L 
BFA 
SFB 
SFC 
SFE 
SFF 
SFG 

SFH 
SFI 
SFJ 
SFT 
SFU 
SFK 

SFL 
SFM 

SFN 
SFO 
SFP 
8FO 
SFR 
SFS 

0 

0 
0 
0 

0 

0 
0 

0 

0 

0 

0 

0 

1046 
88 

887 

108 
1378 

288 
4078 
2884 

12 
0 

324 

384 ... 
292 

0 
24 

1361 

0 
0 

1274 

0 
0 

1684 

0 

0 
188 
431 

3183 

0 
0 

1981 
0 

0 

3411 
0 

388 

Total (tone/year) 

0 

0 

0 
0 

0 
0 

0 

0 

0 
0 
0 

0 

832 
0 

829 

0 
0 
0 
0 

24 
1418 

0 

eae 
:!604 

740 
2878 

0 
eo 

0 

768 

0 

0 
1381 

eo 
0 

2202 
182 

0 

0 

0 

2186 
0 

0 

3846 
0 
0 
0 

0 

0 

0 
0 

0 
0 
0 
0 
0 

0 

0 
0 

0 
82 
51 

106 
53 
0 

0 
218 
278 

1240 

0 
0 
0 

0 

0 

0 

0 

0 

0 

12 
0 

0 

0 
0 
0 

0 

0 
0 

0 

0 

13 
0 

0 
2 
0 
4 

0 

0 

0 
0 
0 
0 
0 

0 
0 

0 
0 

0 

0 

1-
137 

1801 

158 
1378 

288 
4292 

3184 
2888 

0 
980 

3888 
1404 

2988 

0 

84 
1361 

758 
12 

1274 

1381 
eo 

1684 

2202 

182 
198 
431 

3183 
2186 

13 
1881 

3846 
2 

3411 
4 

388 

0.00 

0.00 

0 

0 
0.00 0 
0.00 0 
0.00 0 
a.oa o 
0.00 0 
0.00 0 

0.00 0 
0.00 0 
0.00 0 
0.00 0 

6.37 541.88 
0.38 27.42 
4.9G 203.08 

0.40 21.86 
3.77 131.76 
0.78 71.28 

11.78 488.52 
8.72 833.05 
7.31 .t88..01 
0.00 0 
2.83 37.88 

10.86 887.86 
:1.86 272.27 
8.13 750.21 

0.00 0 

0.23 25.09 
3.70 173.29 

2.07 77.88 

0.03 2.8 
3.49 157.5 

3.73 .. 7.03 
0.22 7.11!1 
4.28 253.92 
8.03 413.67 
0.50 29.2 
0.64 14.15 
1.18 S0.21 
8.87 128.58 
5.83 74.08 

0.04 0.71 
6.43 384.38 

10.63 888.38 
0.01 0.38 
0.98 38.9 

0.01 D.48 
1.08 33.22 

7320.81 

0 

0 
0 

0 
0 
0 
0 
0 

0 

0 

0 

0 

11.88 
0.8 

4.40 

0.48 

2.84 
1.68 

10.81 
13.64 
10.38 

0 

0.8 
21.1 
6.88 

18.38 

0 

0.63 
3.58 
1.81 

0.06 
3.36 
3.13 
0.17 
6.38 
8.77 
0.81 
0.28 
0.112 
2.64 
1.54 

0.01 
8.86 

, ... 82 

0.01 
0.78 
0.01 

0.88 

0 

0 
0 

0 

0 
0 

0 
0 

0 

0 
0 

0 

19.08 
1.03 

10.11 

0.9 
6.83 
2.08 

22.39 
26.46 
19.85 

0 

1.82 
39.24 
10.49 

27.08 

0 

0.89 
7.61 

3.52 
0.11 
7.08 
8.74 
0.37 

• 
14.91 

1.1 

0.64 
1.37 

10.58 
8.18 

0.08 
14.46 

24.87 
0.01 
1.82 
0.02 

1.81 

0 

0 
0 

0 
0 

0 
0 
0 

0 
0 
0 

0 

54.02 
2.78 

23.83 
2.28 

15.42 
7.29 

58.08 
82.7 
48.8 

0 

4.72 
94.66 
28.16 

73.61 

0 

2.18 
17.13 

8.03 

0.28 
18.77 
18.09 
0.88 

23.88 

38.18 
2.7 

1.64 
3.31 

22.02 
12.88 

0.12 
.. ,.83 
72.07 

0.04 
3.51 

0.06 

3.05 

167.79 299.27 764,16 

0 
0 
0 
0 

0 

0 

0 

0 

0 

0 

0 

0 

!18.88 

1.88 
, .... 32 

1.55 

1.98 
6.03 

33.84 
40.11 
33.88 

0 
2.52 

88.25 
19.:28 
52.83 

0 
1.74 

11.71 

5.24 
0.18 

10.87 
10.12 
0.64 

17.64 
28.56 

1.88 

0.81 
1.88 
8.18 
... 7 .. 

0.05 
27.~ 

48.99 

0.03 
2.57 
0.03 

2.1 

510.36 

0 
0 
0 

0 

0 
0 

0 
0 

0 

0 

0 

0 

87 
113.8 

113.9 
87 

25.1 

56.8 

29.8 

88 
34 

17.8 
28.7 

109.8 
54.7 

80.9 

86.4 

98.5 
87 
87 
87 
87 

87 
87 
87 
87 
87 

40.3 
40.3 
22.4 

22.4 
22.4 

22.4 

22.4 

22.4 
28.3 
28.3 

28.3 



I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

ETF 2010 ETF LEAC 

S.gmenl I Traina 

<18 
2 14 
3 0 

4 0 
5 4 

6 0 
7 0 

8 0 
g 0 

10 12 

11 0 

12 12 

13 0 

14 12 
15 0 
18 12 
17 34 
18 34 

1& 34 
20 34 

21 30 

22 30 

23 30 
24 30 

25 0 
25 2 
27 2 
25 0 
29 0 

30 0 
31 0 

32 0 

33 0 
34 0 
36 0 
38 0 
'IT 0 
38 4 

3Q 4 

40 4 

41 4 
42 4 
43 4 

44 2 

4S 2 
46 0 

47 0 
<18 0 
49 0 

50 0 
51 0 
52 2 
53 2 
54 4 
55 4 
5S 4 
57 4 
5S 4 

5S 4 

eo 4 

81 2 
82 0 

"" 0 
84 0 
S5 0 
88 0 

S7 0 

ss 0 

s 0 
70 2 
71 2 
72 2 

To1al (tont/yeor) 

ETF 

21 0.8 
4 0.3 

0.2 
11.4 

2.7 
0 17.2 
0 1.2 
0 19.8 
0 23.2 

3 1.2 
0 1.2 
3 9.1 
0 23.7 

3 7.3 

0 29.0 
0 58.3 

17 2.8 
17 1.3 

17 7.6 
17 12.9 
16 7.9 
16 8.2 
18 9.7 
0 41.1 

0 6.6 
6.4 

30.0 
24.4 

1.5 
1.0 

8.4 
8.4 

11.7 
7.2 

1$11.8 

0 0.8 
0 2.8 
0 5.8 
0 e.g 

13.3 
3.5 

19.9 
1.0 

24.1 
0 124.0 

0 0.2 
0 3.2 
0 5.5 
Q 1.8 
0 0.1 
0 0.0 
2 3.1 

2 3.5 
2 2.7 
2 1.0 
2 11.9 
2 10.5 
0 19.5 

0 38.9 
0 7.2 

0 15.2 
0 6.8 
D 7.8 
0 18.0 
0 0.5 
0 0.1 
0 2.9 

0 12.0 
0 38.0 
0 3.7 
2 0.8 

16 18.1 

TABLE C-« DIESEL AMTRAK EUISSIONS BY ETF SEGIAENT 

lEAC 
NOx 

2.12 

0.02 
0.05 
2.58 
0.61 
o.oo 
0.00 

0.00 
0.00 
1.40 

0.00 
10.02 

0.00 

8.52 
0.00 

0.00 

15.55 
2.77 

18.21 

27.52 
13.58 
10.66 

16.73 

0.00 
0.00 
2.24 

12.42 
3.80 ... 

0.23 

0.16 

1.31 
1.00 
1.82 
1.12 
3.09 
0.00 
0.00 
0.00 
0.00 
3.01 
0.79 
4.51 
0.23 

6.45 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
1.77 
1.99 
1.54 
0.57 
8.78 
5.98 

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 

0.46 

31.12 

210.73 

lEAC 

PIA 

0.06 
0.01 
0.00 
0.05 
0.02 
0.00 

0.00 
0.00 
o.oo 
0.04 

0.00 
0.31 
0.00 

0.25 
0.00 
o.oo 
0.11 
0.05 
0.32 

0.54 
0.23 
0.18 
0.28 
0.00 
0.00 
0.07 
0.37 
0.11 
0.01 

0.00 
0.04 
0.03 
0.05 

0.03 
0.09 
0.00 
0.00 
o.oo 
0.00 
0.09 

0.02 

0.13 

0.01 
0.18 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.05 
0.06 
0.05 

0.02 
0.20 

0.18 

0.00 
0.00 
0.00 
0.00 
0.00 
o.oo 
0.00 
0.00 
d.oo 
0.00 
0.00 

0.00 
0.00 

0.01 

0.53 

4.79 

LEAC 

HC 

0.03 
0.01 
o.oo 
0.04 
0.01 
0.00 
0.00 

0.00 
0.00 

0.02 
0.00 
0.13 
0.00 

0.10 
0.00 
0.00 

0.07 

0.03 
0.20 

0.33 
0.18 
0.12 
0.19 
0.00 
0.00 
0.03 

0.18 
0.08 
0.00 
0.00 
0.02 

0.01 
0.03 
0.02 

0.05 
0.00 
0.00 

0.00 
0.00 
0.04 
0.01 

0.06 
0.00 

0.07 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
o.oo 
0.03 
0.03 
0.02 
0.01 

0.10 
o.09 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
o.oo 
0.00 

0.01 
0.38 

2.84 

lEAC 

co 

0.23 
0.04 
0.01 

0.29 
0.07 
0.00 
0.00 

0.00 
0.00 
0.13 
0.00 
1.00 
0.00 

0.80 
0.00 
0.00 
0.86 
0.33 
1.91 

3.25 
1.84 
1.28 
2.02 
o.oo 
0.00 
0.24 

1.34 
0.38 
0.02 
0.01 
0.13 
0.10 
0.17 
0.11 

0.30 
o.oo 
0.00 
o.oo 
0.00 
0.34 
0.09 

0.51 
0.03 

0.82 

0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.18 
0.21 

0.18 
0.06 
0.71 
0.82 

0.00 
0.00 
0.00 

0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 

0.00 
o.oo 
0.00 

0.06 

3.75 

23.78 

LEAC ETF NOx ETF NOx ETF PIA 

SOx 

0.13 
0.03 
000 
0.18 

0.04 
0.00 
0.00 

000 
0.00 
0.05 

0.00 
0.53 
0.00 
0.51 
0.00 
0.00 
0.36 
0.17 
1.01 

1.72 

0.88 
0.67 
1.05 

0.00 

0.00 
0.14 
0.75 

0.22 
0.01 

0.01 
0.08 
0.08 
0.11 

0.07 
0.18 
0.00 
0.00 

0.00 
0.00 
0.18 

0.05 

0.25 
0.01 
0.33 

0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 

0.11 
0.12 

0.09 
0.03 
0.41 

0.36 

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 

0.03 
1.96 

13.01 

w/o30~ 

4.82 
1.47 

0.00 
o.oo 
2.88 
0.00 
0.00 

0.00 
0.00 
6.36 

0.00 
40.88 

0.00 

32.82 

0.00 
0.00 

11.05 
6.52 

32.29 

54.80 

2604 
20.44 

32.08 
o.oo 
0.00 
3.14 

17.43 

0.00 
o.oo 
0.00 
0.00 
0.00 
d.oo 
0.00 

0.00 
0.00 
0.00 

0.00 
0.00 

14.09 

3.71 
21.08 

1.08 
12.75 
0.00 
0.00 
o.oo 
0.00 

0.00 
0.00 
0.00 

1.55 
1.76 
2.70 
1.00 

11.90 
10.50 

0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
o.oo 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.40 

3.96 

377.04 

w/30'111 

3.36 
1.03 
0.00 
o.oo 
2.00 
0.00 
0.00 
0.00 

0.00 
3.76 

0.00 
28.46 
0.00 

22.83 
0.00 
0.00 

7.73 
3.87 

22.80 
36.38 

18.23 
14.31 
22.46 
o.co 
0.00 
2.20 

12.20 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 

o.oo 
0.00 
0.00 

0.00 
0.00 
9.88 

2.80 

14.78 
0.74 

8.92 
0.00 
o.oo 
0.00 
0.00 
0.00 
0.00 
0.00 

1.09 
1.23 
1.89 
0.70 
8.33 

7.36 
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 
0.28 

2.78 

253.93 

0.11 
0.04 
0.00 
o.oo 
0.09 
o.oo 
o.oo 
0.00 
o.oo 
0.16 
o.oo 
1.20 
o.oo 
0.98 
0.00 
0.00 
0.22 

011 
0.53 
1.07 
0.44 

0.35 
0.55 
o.oo 
0.00 
0.09 

0.52 
0.00 
o.oo 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 

0.00 
0.00 
0.42 
0.11 
0.53 
0.03 
0.36 

o.oo 
o.oo 
0.00 
o.oo 
0.00 
0.00 
0.00 

0.05 
0.05 

0.08 
0.03 
0.36 
0.31 
o.oo 
o.oo 
o.oo 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 

o.oo 
0.00 
0.00 
0.01 
0.07 

9.05 

ETF HC ETF CO ETF SOx 

0.06 
0.02 

0.00 
o.oo 
0.04 
0.00 
0.00 

0.00 
0.00 

0.08 
0.00 
0.49 
0.00 

0.3Q 

0.00 
0.00 

0.13 

0.07 
0.39 
0.68 
0.30 
0.24 

0.37 

0.00 
0.00 
0.04 

0.25 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 

0.00 
0.00 
0.00 
0.19 
0.06 
0.29 
0.01 
0.17 
0.00 
o.oo 
0.00 
0.00 
0.00 
0.00 
0.00 

0.02 
0.02 

0.04 
0.01 
0.17 
0.16 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 

0.00 

0.00 
0.00 
o.qo 
0.00 
0.00 
0.00 
0.01 

0.05 

4.71 

0.63 

0.14 

0.00 
0.00 
0.32 
0.00 
0.00 

0.00 
0.00 
0.61 

0.00 
38o< 

0.00 

3.08 
0.00 

0.00 
1.30 
0.86 
3.81 

6.47 
3.14 
2.46 
3.87 

0.00 
o.oo 
0.34 
1.87 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 

0.00 
0.00 
0.00 
1.80 

0.42 
2.3Q 

0.12 

1.44 

0.00 
0.00 
o.oo 
0.00 
0.00 

0.00 
0.00 
0.16 
0.18 
0.28 

0.10 
1.24 

1.10 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
o.oo 
0.00 
0.00 
0.00 

0.04 
0.<18 

41.89 

0.30 
0.09 
0.00 
0.00 
0.18 

0.00 

0.00 
0.00 

0.00 

0.32 
0.00 
2.43 

0.00 

1.96 
000 
0.00 

0.89 

0.35 
2.02 

3.43 

1.84 
1.29 

2.02 

0.00 
0.00 
0.19 

1.08 
0.00 
0.00 

0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

000 
0.00 
0.88 
0.23 
1.29 

0.06 
0.78 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.0& 

0.11 

0.16 

0.06 
0.72 

0.53 
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 
0.02 

0.26 

23.22 
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TABLE~ (Continued~ DIEBEL AMTAAK EMISSIONS BY LEAC SEGMENT 

LEAC Yearly Dolly NOx HC co SOx 
S.gmenta f Tralnl I Tralne EmiMione Emlnlonl Em1Mion1 Emlealon• Em6ulonl Mlhlage 

M 
AS 

AC 
AD 
H 
N' 
N:l 
AA 

M 
AT 
AY 
AX 
UM 
UB8 
ucc 
UOD 

A 

B 
c 
D 
E 
F 
G 
H 

J 
K 

L 
SFA 
SFB· 
SFC 
SFE 
SFF 
SFG 
SFH 
SFI 
SFJ 
SFT 
SFU 
SFK 
SFL 
SFM 

SFN 
SFO 

SFP 
SFQ 
SFR 
SFS 

16<1 
16<1 
280 
280 

208 
208 
16<1 
16<1 

2868 

2868 

3&1 
3&1 

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 

ToUd (1ontl/yoor) 

0.<13 

0.<13 
0.71 
0.71 
0.61 
0.67 

0.<13 
0.<13 
7.82 

7.82 
1.00 

1.00 
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 
o.oo 
o.oo 
0.00 

0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
o.oo 
0.00 
0.00 
o.oo 
0.00 
0.00 

0.32 
11.86 
9.03 

29.114 
11.05 
U7 

6.711 
11.97 
67.11<1 

61.07 
5.29 

4.78 

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 
o.oo 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
o.oo 
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 

211.52 

0.18 
0.3e 
0.20 
0.110 
0.11 
0.18 
0.18 
0.38 
1.71 

0.11 

0.15 
0.14 

0.00 
o.oo 
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 
o.oo 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 

0.00 
o.oo 
0.00 

0.00 

0.00 
0.00 

0.00 
0.00 

4.82 

0.11 
0.1 .. 
0.20 
0.36 
0.07 
0.07 
0.12 
0.14 
0.88 
0.07 

0.00 
0.00 

0.00 
0.00 
0.00 
0.00 

0.00 
o.oo 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
o.oo 
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 
o.oo 

2.85 

o.eo 
1.47 
0.81 

3.37 
0.54 
0.55 
0.45 

1.26 

11.110 
11.118 
0.47 

0.48 

o.oo 
0.00 
o.oo 
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 
o.oo 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 

0.00 
0.00 
0.00 

23.85 

0.37 
0.75 
0.52 
1.84 
0.38 
0.33 
0.32 
0.72 

3.03 
3.82 

0.31 
0.29 
0.00 

0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
o.oo 
0.00 
o.oo 
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 
o.oo 
0.00 
0.00 

o.oo 
0.00 

0.00 

0.00 
o.oo 
o.oo 

13.00 

80.7 
80.7 
gag 

gag 

18.5 
18.5 

113.a 
113.8 
ee.s 
88.9 

18.5 
18.5 

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 



I 
ETF 2010 ETF ETF 

I 
Segment I Train• 

, 0 

2 0 

I Tratns MUeage1 

o o.e 
0 0.3 

3 0 0 0.2 

I 
4 0 
5 55 
8 0 
7 0 

0 11.4 

20 2.7 
g 17.2 

0 1.2 

8 0 0 19.1 

I 
9 0 

10 18 
, 0 

0 23.2 
8 1.2 
0 1.2 

12 18 8 8.1 

13 7 7 23.7 

I 14 10 

15 0 
18 8 

0 7.3 

"'I 0.0 
0 58.3 

17 0 0 2.8 

18 18 2 1.3 

I 19 38 
20 38 
21 0 

28 7.8 
28 12.9 

2 7.9 

22 4 2 8.2 

I 
23 4 
24 4 

25 4 

2 8.7 
0 •4.1.1 

0 6.8 

28 38 24 5.4 
27 40 24 30.0 

1 28 73 
29 36 
30 0 

24 24.4 
22 1.5 
0 1.0 

31 37 , 8.4 

32 37 ,, 8.4 

33 37 11 11.7 

34 37 , 7.2 

35 37 11 19.8 
36 ,. 2 0.8 

I 
37 36 
38 55 
39 55 
40 83 

22 u 
29 6.8 
29 8.9 
29 13.3 

41 83 29 3.5 

I 
42 83 
43 63 
44 63 

29 1St9 
21 1.0 

27 ~.1 

45 63 0 124.0 

48 0 0 0.2 

I 47 0 
48 4 
49 0 

0 3.2 
0 5.5 
0 1.8 

50 0 0 0.1 

I 
51 0 
52 77 
63 77 
54 79 

0 0.0 
36 3.1 

36 3.6 

36 2.7 
56 79 36 1.0 

I 
58 83 

57 73 
58 73 

42 11.9 
-12 10.5 

0 19.5 
59 73 0 36.9 

eo 39 0 7.2 

I 81 39 
82 0 
83 0 

0 6.2 
18 5.8 
18 7.8 

84 0 18 18.0 

I 
85 0 
1111 0 
87 0 

88 0 

0 0.5 
0 0.1 
0 2.8 

0 12.0 
89 0 0 36.0 

I 
70 56 
71 77 
72 4 

29 3.7 

36 0.8 
0 18.1 

To1al Oono/yoar) 

I 
I 

TAIII.E C-7: El.ECTRIFIED FfiElGKT aiiSSIONS BY ETF SEGMENT 

LEAC 
NOx 

0.00 

0.00 
0.00 
0.00 
1.83 
3.17 

0.00 
0.00 
0.00 
0.50 
0.00 
3.81 

9.73 

0.08 
0.00 

0.00 
0.00 
0.08 
4.28 

7.27 
0.19 
0.15 
0.24 
0.00 
0.00 
2.81 

18.18 
13.2i 

0.73 
0.01 

2.25 
1.72 
3.14 

1.93 

5.31 
0.04 

1.34 
4.67 
6.44 

10.41 
2.78 

15.70 
0.91 

22.00 

0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 

2.50 
2.82 
2.18 

0.81 
22.23 

18.11 
0.00 
0.00 
0.00 
0.00 
3.81 
5.12 

10.50 

0.00 
0.00 
0.00 

0.00 

0.00 
2.112 
0.86 
0.00 

214.98 

LEAC 
PM 

0.00 
000 
0.00 
0.00 
0.04 
0.08 

0.00 

0.00 
o.oo 
0.01 

o.oo 
0.10 

0.28 

0.00 
0.00 
0.00 

0.00 
0.00 
0.11 

0.19 

0.01 
0.00 

0.01 
0.00 

0.00 
0.08 
0.43 
0.36 
0.02 
0.00 
0.08 
0.06 
0.08 
0.06 
0.14 
0.00 

0.04 
0.12 
0.14 
0.28 

0.07 
0.41 
0.02 

0.56 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 

0.07 
0.07 
0.08 

0.02 
0.58 
0.61 

0.00 
0.00 
0.00 

0.00 
0.08 
0.13 
0.28 

o.oo 
0.00 
0.00 

0.00 
0.00 
0.08 

0.02 
0.00 

6.81 

LEAC 
HC 

0.00 

0.00 
0.00 
0.00 
0.16 
0.28 
0.00 

0.00 
0.00 
0.06 

0.00 
0.36 
0.90 

0.01 
0.00 
0.00 
o.oo 
0.01 
0.40 
0.87 

0.02 
0.01 
0.02 

0.00 
0.00 
0.27 
1.50 
1.23 
0.07 
0.00 
0.21 
0.18 
0.29 
0.18 

0.49 
0.00 
0.12 
0.42 
0.50 
0.97 
0.25 
1.45 
0.08 
1.92 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
o.oo 
0.23 
0.28 

0.20 
0.07 
2.05 
1.11 
o.oo 
0.00 
0.00 
0.00 

0.33 
0.44 
0.90 
0.00 
0.00 
0.00 
0.00 

0.00 
0.27 
0.08 

0.00 

18.11 

LEAC 
co 

0.00 
0.00 
0.00 
0.00 
0.28 
0.50 
0.00 

0.00 
0.00 
0.08 

0.00 
o.eo 
1.53 

0.01 

0.00 
0.00 
0.00 
0.01 
0.87 
1.14 

0.03 

0.03 
0.04 

0.00 

0.00 
0.48 

2.64 
2.08 
0.11 
0.00 
0.35 
0.27 
0.49 
0.30 
0.83 

0.01 
0.21 

0.72 
0.88 
1.85 

0.43 
2.47 
0.14 
3.28 

0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 

0.39 
0.44 
0.34 

0.13 
3.50 
3.08 

0.00 
0.00 
0.00 
0.00 
0.58 
0.75 
1.63 
0.00 
0.00 
0.00 
0.00 
0.00 

0.48 
0.10 

0.00 

33.39 

LEAC ETF NOx ETF NOx ETF PM 
SOx w/o30!M, 

0.00 0.00 
0.00 0.00 
0.00 o.oo 
0.00 0.00 
0.01 .... 53 

0.03 0.00 
0.00 0.00 

0.00 0.00 
0.00 0.00 
0.00 1.08 

0.00 0.00 
0.03 8.08 
0.08 9.32 
0.00 2.42 
o.oo 0.00 
0.00 0.00 
o.oo 0.00 
o.oo o.eo 
0.04 8.31 
o.oe 10.11 

0.00 0.00 
0.00 0.36 
0.00 0.68 

0.00 0.00 
0.00 0.00 
0.03 4.80 
0.14 28.87 
0.12 3&.74 

0.01 1.17 
0.00 0.00 
0.02 7.50 
0.02 5.71 
0.03 10.44 
0.02 8.43 

0.06 17.88 
0.00 0.28 
0.01 2.19 
0.04 8.82 
0.05 10.49 
0.09 23.17 
0.02 8.10 
0.14 34.87 
0-01 1.82 
0.18 43.78 
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 
0.02 6.48 

0.03 8.18 
0.02 4.89 
0.01 1.81 
0.18 44.23 
0.17 34.33 
0.00 0.00 
0.00 o.oo 
0.00 0.00 
0.00 0.00 

0.03 0.00 
0.04 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 
0.03 5.83 
0.01 1.41 

0.00 0.00 

1.88 399.36 

0.00 
0.00 
o.oo 
0.00 
3.17 

0.00 
0.00 
0.00 
0.00 

0.76 
o.oo 
5.86 
8.62 
1.89 

0.00 
0.00 
0.00 
0.42 
4.42 
7.50 
0.00 

0.25 
0.39 
0.00 

0.00 
3.22 

18.81 

27.82 

0 82 
0.00 
5.25 
4.00 

7.31 
4.60 

12.37 

0.19 
1.53 
8.17 
7.36 

18.22 
4.27 

24.27 
1.27 

30.84 
0.00 

0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
3.83 

4.33 
3.43 
1.27 

30.98 
24.03 
o.oo 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
o.oo 
0.00 
0.00 
0.00 
3.94 

0.88 
0.00 

279.55 

0.00 
0.00 
0.00 
o.oo 
0.12 
0.00 

0.00 
o.oo 
o.oo 
0.03 
0.00 

0.21 
0.26 
0.08 

0.00 
0.00 
0.00 
0.02 
0.17 
0.29 
0.00 

0.01 
0.02 
0.00 

0.00 
0.12 
0.71 
1.06 
0.03 
0.00 
0.20 
0.16 
0.28 
0.17 
0.47 
0.01 
0.~ 

0.23 
0.28 

0.81 
0.18 
0.81 
0.05 
1.10 
o.oo 
0.00 

0.00 
0.00 
0.00 

0.00 
0.00 
0.16 

0.18 
0.13 
0.06 
1.18 

0.90 
o.oo 
0.00 
0.00 
0.00 
o.oo 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
o.oo 
0.15 

0.04 
0.00 

10.49 

ETF HC ETF CO ETF SOx 

0.00 
0.00 
0.00 
0.00 
0.42 
0.00 
0.00 
0.00 

0.00 
0.10 
0.00 
0.75 
0.88 
0.23 

0.00 
0.00 
0.00 
0.05 
0.58 
0.88 
0.00 
0.03 

0.05 
0.00 

0.00 
0.43 
2.48 
3.87 
0.11 
0.00 
0.89 
0.63 

0.98 
0.59 
1.83 

0.03 
0.20 
0.81 

0.97 
2.14 
0.68 
3.20 

0.18 
3.83 
0.00 
0.00 
0.00 
0.00 
000 

0.00 
0.00 
0.51 

0.57 
0.45 
0.17 
4.08 

3.17 
o.oo 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.62 
0.13 
0.00 

36.84 

0.00 
o.oo 
0.00 

0.00 
0.71 
0.00 
0.00 

0.00 

0.00 
0.17 

0.00 
1.21 
1.48 

0.39 
0.00 
0.00 
0.00 
0.08 
0.99 
1.89 
0.00 

0.08 
0.09 

0.00 
0.00 
0.72 
4.22 

8.24 

0.18 
0.00 
1.18 
0.90 
1.84 
1.01 
2.78 
004 

0.34 
1.39 

1.85 

3.84 
0.98 
5.45 

0.27 
8.62 
0.00 
0.00 
0.00 
0.00 

0.00 
.o.oo 
0.00 
0.88 

0.97 
0.77 
0.28 

8.98 
5.40 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
o.aa 
0.22 
0.00 

82.41 

0.00 
0.00 
0.00 
000 
0.04 
0.00 
0.00 

0.00 
0.00 
0.01 
0.00 
0.07 
0.08 
0.03 
o.oo 
0.00 
000 
0.01 
008 
0.10 

0.00 
0.00 
0.01 

0.00 
000 
0.04 
0.24 
0.37 
0.01 
0.00 
0.07 
0.05 

0.10 
0.08 
0.18 
o.oo 
0.02 
0.08 
0.09 
0.20 
0.06 
0.31 

0.01 
0.36 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.06 
0.08 
0.04 
0.02 

0.39 

0.30 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.06 

0.01 
0.00 

3.64 
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TABLE C-7 (Condnuod~ ELECTRIFIED FfiEIQHT EMISSIONS BY LEIIC SEGMENT 

Numb•r of Tralns (Yearly) Dally 
Mixed tnrer. Bulk Total I Traina 

AA 
All 
N; 

NJ 
I>J 
AP 
AQ 

All 
Nl 
AT 
AY 
AX 
UAA 
UBB 
ucc 
UDO 

" 8 
c 
0 
E 
F 
Q 

H 

J 
K 

L 
SFA 
SFB 
SFC 
SFE 
SFF 
SFG 
SFH 
SFI 
SFJ 
SFT 
SFU 
SFK 
SFL 
SFM 
SFN 
SFO 
SFP 
SFQ 
SFR 
SFS 

0 
0 
0 
0 
0 
0 
0 
0 

0 
0 

0 

0 

1G&S 

118 
1187 

108 
1378 

288 
4075 
2884 

12 

0 

324 

384 -292 

0 

24 
1351 

0 

0 
1274 

0 

0 
1664 

0 

0 
1118 
<31 

3183 
0 

0 
11181 

0 
0 

349 
0 

388 

Total (tons/year) 

0 
0 
0 

0 

0 

0 
0 
0 

0 
0 
0 
0 

832 
0 

a~ 

0 

0 
0 

0 
24 

1418 

0 
836 

3504 

744 
2878 

0 
so 
0 

7511 
0 
0 

1381 

80 
0 

2202 

182 
0 
0 

0 

2166 
0 
0 

3845 
0 

0 
0 

0 

0 

0 
0 

0 
0 

0 
0 

0 

0 
0 

0 

0 
82 
51 

105 

53 
0 
0 

216 
276 

1240 

0 
0 
0 
0 
0 

0 
0 
0 
0 

12 

0 
0 
0 

0 
0 
0 

0 
0 

0 
0 

13 
0 

0 

2 
0 
4 

0 

0 

0 
0 
0 
0 

0 
0 
0 

0 
0 
0 
0 

1968 

137 
1801 
159 

1378 
288 

4292 

3184 
2868 

0 -3883 
1404 
~ 

0 

84 
1351 
758 

12 
1274 
1381 

80 
1584 
2202 

182 
1118 
<31 

3183 

2166 
13 

11181 
3845 

2 

349 
4 

388 

o.oo 
0.00 
0.00 

0.00 
0.00 

0.00 

0.00 
o.oo 
o.oo 
0.00 

0.00 

0.00 

6.37 
0.38 
4.113 
0.44 

3.77 
o.ra 

11.78 
8.72 
7.31 
0.00 

2.83 
10.66 
3.85 
8.13 
0.00 

0.23 
3.70 

2.07 

0.03 
3.49 

3.73 
0.22 
4.28 

8.03 

0.50 

0.84 
1.18 
8.57 

5.113 
0.04 

5.43 
10.53 

0.01 
0.118 
0.01 
1.08 

0 

0 
0 
0 

0 

0 

0 
0 

0 
0 
0 

0 

18.11!' 
0.87 
6.08 
0.88 
3.611 

2.211 
13.4 

18.27 
13.a& 

0 
0.901 

28.84 

11.15 
23.88 

0 
0.75 
4.45 

1.113 
0.07 
4.13 
3.82 

0.2 
7.89 

12.78 
0.1!5 

0.38 
0.74 
0.72 
0.<3 

0 

13.01 
21.57 

0.01 

0.85 
0.01 

0.88 

218.19 

0 
0 

0 
0 
0 
0 
0 
0 

0 
0 
0 

0 

0.48 
0.02 
0.13 
0.02 

0.1 
0.08 
0.35 
0.48 
0.37 

0 
0.03 
0.75 
0.23 
0.83 

0 

0.02 
0.12 
0.05 

0 

0.11 
0.1 

0.01 
0.21 
0.34 
0.02 
0.01 

0.02 
0.02 
0.01 

0 

0.34 
0.57 

0 

0.02 
0 

0.02 

5.84 

0 

0 
0 

0 
0 

0 

0 
0 

0 

0 
0 

0 

1.87 
0.08 
0.47 
0.08 
0.34 
0.21 
1.24 

1.69 
1.~ 

0 

0.011 
2.83 
O.N 

2.2 
0 

0.07 
0.41 

0.18 
0.01 

0.38 
0.35 
0.02 
0.73 
1.18 
0.08 
0.03 
0.07 
0.07 
0.04 

0 

1.2 
2 
0 

0.08 
0 

0.08 

19.72 

0 

0 
0 
0 

0 

0 

0 
0 

0 
0 
0 
0 

2.8i 
0.14 

0.8 
0.1 

0.58 
0.38 
2.11 

2.87 
2.19 

0 

0.15 
4.49 
1.34 
3.75 

0 

0.12 
0.7 

0.3 
0.01 

0.66 

0.8 
003 
1.24 

2.01 
0.13 
0.08 
0.12 
0.11 
0.07 

0 
2.06 
3.41 

0 
0.13 

0 
0.11 

33.58 

0 
0 
0 
0 

0 
0 

0 

0 

0 

0 
0 

0 

0.15 
0.01 
0.05 
0.01 
0.03 

0.02 
0.12 

0.18 
0.12 

0 

0.01 

0.28 
0.07 

0.21 
0 

0.01 

0.04 

0.02 
0 

0.04 

0.03 
0 

0.07 

0.11 
0.01 

0 

0.01 
0.01 

0 
0 

0.11 
0.19 

0 

0.01 

0 
0.01 

1.89 

0 

0 

0 

0 
0 
0 
0 
0 

0 
0 
0 
0 

87 
113.9 
113.9 

87 
28.1 

55.8 
~.8 

99 

34 
17.6 
28.7 

108.8 

84.7 

80.9 
85.4 

98.5 

87 
87 
ts7 
87 
87 
87 

87 
57 
ts7 

44.3 
44.3 
22.4 
22.4 
22.4 
22.4 
22.4 
22.4 
28.3 

28.3 

28.3 
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ETF 2010 ETF LEAC ETF 
Segment I Trains I Trains Mlleagee 

2 
3 
4 
6 
8 

7 

9 

10 

11 
12 

13 
14 
15 

16 
17 
18 
19 

20 
21 
22 

23 
24 
25 
26 
27 

28 
29 
30 
31 

32 
33 
34 

35 
36 
37 

38 
39 
40 
41 

42 

43 .. 
46 

48 
07 

48 
49 
60 

61 

62 
63 
64 

66 

66 
67 

68 

69 
80 
61 

62 
83 
64 .. 
66 
~ 

68 
69 

70 
71 

72 

Total (1cnolyeat) 

48 
14 

0 
0 

• 
0 

0 
0 
0 

12 

0 
12 
0 

12 
0 

12 

34 
34 
34 
34 
30 
30 
30 
30 

0 
2 
2 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 

• 
4 

• • • • 
2 
2 

0 
0 

0 
0 
0 
0 
2 

2 

• • 
4 

• • 
4 

• 
2 

0 
0 
0 

0 
0 
0 
0 

0 

2 
2 
2 

21 

• 

0 
0 
0 

0 
3 

0 

3 
0 

3 

0 
0 

17 
17 
17 
17 

16 
18 
18 

0 
0 

1 
') 

1 

0 
0 
0 
0 

1 

0 
0 
0 
0 
0 

0 
0 

2 
2 
2 

2 
2 
2 
0 
0 

0 
0 

0 
0 
0 

0 

0 
0 
0 

0 
2 

18 

0.8 

0.3 
0.2 

11.4 

2.7 
17.2 

1.2 
19.8 

23.2 
1.2 
1.2 

9.1 
23.7 

7.3 
29.0 
66.3 

2.6 
1.3 
7.8 

12.9 

7.9 

8.2 
9.7 

41.1 

6.8 
6.4 

30.0 
24.4 

1.5 
1.0 
8.4 

8.4 

11.7 
7.2 

19.8 

0.8 

2.8 
5.8 
8.9 

13.3 
3.6 

19.9 
1.0 

24.1 
124.0 

0.2 
3.2 
5.6 
1.8 
0.1 
0.0 
3.1 

3.5 
2.7 
1.0 

11.9 
10.6 
19.5 

36.8 
7.2 
5.2 

6.8 
7.8 

18.0 
0.5 
0.1 
2.9 

12.0 
36.0 

3.7 
0.8 

18.1 

TABLE C-8: ELECTRIFIED AMTRM EMISSIONS 8Y ETF SEGMENT 

LEAC 
NOx 

LEAC 
PM 

LEAC 
HC 

LEAC 

co 
LEAC ETF NOx ETF NOx ETF PM ETF HC ETF CO ETF SOx 

0.01 
0.00 
0.00 
0.02 

0.00 
0.00 
0.00 

I Q,OO 

0.00 
0.01 

0.00 
0.07 
0.00 

0.05 
o.oo 
0.00 
0.04 
0.02 

0.11 
0.18 
0.09 

0.07 
0.11 

0.00 

0.00 
0.01 
0.08 

0.02 
0.00 
0.00 
0.01 
0.01 

0.01 
0.01 
0.02 
0.00 

0.00 
0.00 
0.00 

0.02 
0.01 
0.03 

0.00 
0.03 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.01 
0.01 
0.01 
0.00 
0.04 

0.04 
0.00 

0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
o.oo 
0.00 
0.00 

0.00 
0.00 
0.21 

1.37 

0.00 
0.00 
0.00 
o.oo 
o.oo 
0.00 
0.00 

000 
0.00 
0.00 

0.00 
0.01 
0.00 
0.01 

0.00 
0.00 
0.01 
0.00 

0.02 
0.03 
0.01 

0.01 
0.02 
0.00 
0.00 

0.00 
0.01 

0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
o.oo 
0.00 
o.oo 
0.00 

0.00 
0.00 
0.00 

0.00 
0.01 
0.00 

0.00 
0.00 
o.oo 
0.00 
0.00 
0.00 
0.00 
o.oo 
0.00 
0.00 
0.01 
0.01 
0.00 

0.00 
0.00 
0.00 
o.oo 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.03 

0.22 

0.01 
0.00 
0.00 
0.01 
0.00 
0.00 
o.oo 
0.00 
0.00 
0.00 
0.00 

0.04 
0.00 
0.03 

0.00 
0.00 
0.02 
0.01 
0.08 
0.10 
0.06 

0.04 
0.08 
0.00 
0.00 

0.01 
0.04 

0.01 
0.00 
0.00 
0.00 
0.00 
0.01 
0.00 
0.01 
o.oo 
0.00 
0.00 
0.00 
0.01 
0.00 
0.02 

0.00 
0.02 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.01 
0.01 
0.01 
0.00 
0.02 

0.02 
o.oo 
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 
0.12 

0.77 

0,01 

0.00 
0.00 
0.02 

0.00 
o.oo 
o.oo 
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 
0.08 
0.07 
0.11 
0.00 
0.00 

0.01 
0.07 

0.02 

0.00 
0.00 
0.01 
0.01 

0.01 
0.01 
0.02 
0.00 

0.00 
0.00 
0.00 

0.02 
0.00 

0.03 
0.00 
0.03 
0.00 

0.00 
0.00 
0.00 
0.00 
o.oo 
0.00 
0.01 

0.01 
0.01 
0.00 
0.04 

0.03 
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 
0.20 

1.30 

SOx w/o304Mii 

0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
o.oo 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 

0.01 
0.01 
0.00 

0.00 
0.01 
0.00 
0.00 

0.00 
o.oo 
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 
o.oo 
0.00 
0.00 
0.00 

0.00 
0.00 
o.oo 
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 
o.oo 
0.00 
0.00 

0.00 
0.00 
0.01 

0.07 

0.03 
0.01 
0.00 
0.00 
0.02 
0.00 
0.00 
0.00 
0.00 
0.03 
0.00 
0.25 
0.00 

0.20 
o.oo 
0.00 
0.07 

0.04 

0.21 
0.36 
0.18 

0.14 
0.22 
0.00 
o.oo 
0.02 
0.11 

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 
0.01 

0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 

O.oi 
0.01 
0.02 
0.01 
0.07 
0.08 
0.00 
0.00 

0.00 
0.00 

0.00 
0.00 
0.00 
o.oo 
0.00 

0.00 
0.00 
0.00 

0.00 
0.00 
0.03 

2.44 

wi30'Mo 

0.02 
0.01 
0.00 
0.00 
0.01 

0.00 
0.00 
000 

0.00 
0.02 

0.00 
0.18 
o.oo 
0.14 

0.00 
0.00 

0.05 
0.03 
0.15 
0.25 

0.12 
0.10 
0.15 
o.oo 
0.00 
0.01 
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 

0.08 
0.02 

0.08 
0.00 
o.oe 
0.00 

0.00 
0.00 
0.00 

0.00 
0.00 
0.00 

0.01 
0.01 
0.01 
0.00 

0.06 
0.06 
0.00 

0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
o.oo 
0.00 

0.00 
0.00 
0.00 

o.oo 
0.00 
0.02 

1.71 

0.00 
o.oo 
o.oo 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.01 
0.00 
0.04 
0.00 

0.03 
0.00 
0.00 
0.01 

0.01 
0.03 
008 
0.03 

0.02 
0.03 

o.oo 
0.00 
0.00 
0.02 

0.00 
0.00 
o.oo 
0.00 
0.00 
0.00 
o.oo 
0.00 
0.00 
0.00 

o.oo 
0.00 

0.01 
0.00 

0.02 

0.00 
0.01 
o.oo 
0.00 
0.00 

0.00 
0.00 
0.00 
o.oo 
0.00 
0.00 
0.00 

o.oo 
0.01 
0.01 
0.00 

o.oo 
0.00 
o.oo 
o.oo 
o.oo 
o.oo 
0.00 
o.oo 
0.00 
o.oo 
o.oo 
o.oo 
0.00 
o.oo 

0.311 

0.02 
0.01 
0.00 
000 
0.01 
0.00 

0.00 
0.00 
0.00 
0.02 

0.00 
0.14 
0.00 

0.11 
0.00 
0.00 
0.04 
0.02 
0.12 
0.20 
0.10 

0.08 
0.12 

0.00 
0.00 
0.01 

0.08 

o.oo 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
o.oo 
0.00 
0.00 

0.00 
0.00 

0.06 
0.01 
0.08 
0.00 
0.06 

0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.01 

0.01 
0.01 

0.00 
0.04 
0.04 
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 
0.02 

1.37 

0.03 
0,01 

0.00 
0.00 
0.02 
o.oo 
0.00 

0.00 
0.00 

0.03 

0.00 
0.24 

000 

0.18 
0.00 

0.00 
0.07 
0.03 
0.20 
0.36 
0.17 

0.13 
0.21 

0.00 
0.00 
0.02 
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 
0.08 

0.00 
0.00 
0.00 
o.oo 
0.00 
0.00 
o.ao 
0.01 
0.01 

0.02 
0.01 

0.07 
0.08 

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 
0.03 

2.33 

0.00 
0.00 
0.00 
0.00 
0.00 
000 

0.00 
0.00 
0.00 

0.00 
0.00 
0.02 

0.00 
0.01 
0.00 

0.00 
0.00 
0.00 
0 01 
0.02 

0.01 
0.01 

0.01 
0.00 
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 
0.00 

0.01 
0.00 

0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
o.oo 
0.00 
0.00 
0.00 
0.00 
o.oo 
0.00 
0 00 

0.00 
0.00 
0.00 
o.oo 
0.00 
0.00 
0.00 

0.00 
000 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 

0.13 
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T A8lE C-11 (Con~nuoa~ ELECTRIFIED AMTJW( EMISSIONS BY l.EIIC SEGUEHT 

l.EIIC Yoarly 
S.gmente I Train• 

M 
All 
N: 
NJ 
AI 
N' 

l>n 

AR 

M 
AT 
AY 

AX 
UM 
UBB 
ucc 
UDD 

" 8 
c 
D 
E 
F 
G 
H 
I 

J 
K 
L 
SFA 
SF8 
SFC 

SFE 
8FF 
SFG 
SFH 
SFI 
SFJ 
SFT 
SFU 
SFK 
SFL 
SFU 
SFN 
SFO 
SFP 
SFO 
SFR 
SFS 

158 
158 
2eD 
2eD 
208 
20& 
158 
158 

2158 

2858 
3&4 
30M 

0 
0 
0 
0 

0 
0 
a 
a 
0 
0 

0 
0 
0 
a 
a 
0 
0 
0 

0 
0 
0 
a 
0 
0 
0 
0 

0 
0 

0 
0 
0 
0 

0 
0 

0 

Total (1ono/yoat) 

Dally 

ITralnt 

0.-43 
0.-43 
0.71 
0.71 
0.57 
0.57 
0.-43 
0.43 

7.82 
7.12 

1.00 
1.00 

a.oo 
0.00 
0.00 

a.oo 
0.00 
0.00 
a.oo 
a.oo 
o.oo 
0.00 
o.oo 
o.oo 
0.00 
o.oo 
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 

NOx PM HC co SOx LEAC 
Emloolono Emioolono Emloolono Emloolono Emloolono Uilqge 

0.04 
o.oa 
0.05 
0.:20 
0.04 
0.03 
0.03 

0.01 

0.39 
0.39 

0.03 

0.03 
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 
o.oo 
a.oo 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 

0.00 

0.00 
o.oo 
0.00 

0.00 
0.00 
0.00 

1.37 

0.01 
0.01 
0.01 
0.03 
0.01 
0.01 
0.01 
0.01 

o.oe 
o.oe 
0.01 
0.01 
o.oo 
0.00 

0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
o.oo 
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 
o.oo 
0.00 
0.00 

0.00 
o.oo 
0.00 

0.00 

0.22 

0.02 0.03 
0.06 0.01 
0.03 0.04 
0.11 0.18 

0.02 0.04 
0.02 0.03 
0.02 0.03 
0.04 0.07 

0.22 0.37 

0.22 0.37 
0.02 0.03 

0.02 0.03 
0.00 0.00 
0.00 o.oo 
0.00 0.00 
0.00 0.00 
0.00 o.oo 
0.00 0.00 
0.00 0.00 
o.oo 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 o.oo 
0.00 o.oo 
0.00 0.00 

0.00 0.00 
o.oo 0.00 
0.00 0.00 
0.00 0.00 

0.00 0.00 
0.00 0.00 
0.00 0.00 
o.oo 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 
o.oo 0.00 

0.00 0.00 
0.00 0.00 
0.00 0.00 

0.77 1.31 

0.00 
0.00 
0.00 
0.01 
0.00 
0.00 
0.00 
0.00 

0.02 
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 

0.00 
0.00 

0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
o.oo 
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 

0.07 

80.7 
80.7 
93.0 

93.9 

18.6 
18.5 

113.9 
11:.UI 

06.9 

06.9 
18.5 
18.5 

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 
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TABLE C-9: DIESEl. FREIGHT AND IIMTRN: EMISSIONS SUMMARY- TONS PER YEAR 

ETF 
So g. 

1 

2 
3 
4 
6 
8 

7 
8 
9 

10 

11 
12 

13 

14 
15 

15 

0.00 
0.00 
0.00 
0.00 

104.03 

0.00 
0.00 

0.00 
0.00 

25.93 
o.oo 

198.87 
227.10 

55.58 
0.00 

0.00 
17 0.00 
18 19.80 
19 155.55 
20 284.21 
21 0.00 
22 10.10 

23 15.86 
24 0.00 
25 0.00 
28 112.53 
27 !558. 10 
28 1007.89 
29 28.86 

30 0.00 
31 155.50 

32 128.88 
33 231.91 
34 142.72 

35 392.47 
38 9.1-4 
37 63.84 

38 205.19 
39 244.11 
40 638.97 
41 141.83 

42 808.42 
43 40.08 
44 984.48 

45 0.00 
48 0.00 
47 0.00 

48 0.00 

49 0.00 
50 0.00 

61 0.00 
52 129.96 
53 148.72 

54 118.12 
55 43.01 
58 1078.86 

57 835.49 
58 0.00 
59 0.00 
80 0.00 
81 0.00 
82 0.00 
83 0.00 
84 0.00 

86 0.00 
55 0.00 
87 0.00 
88 0.00 

89 0.00 
70 130.90 
71 33.54 

72 o.oo 

3.38 
1.03 
o.oo 
0.00 
2.00 
0.00 
0.00 

0.00 
0.00 
3.75 
0.00 

28.48 
0.00 

22.83 

0.00 

0.00 

Tolal 

3.38 
1.03 
0.00 
0.00 

108.03 
0.00 
0.00 
0.00 

0.00 
29.89 

0.00 

225.13 
227.10 

79.39 

0.00 
0.00 

7.73 7.73 
3.87 23.88 

22.80 178.211 
38.3e 302.57 

11.23 18.23 
14.31 :24.41 

22.48 38.32 

0.00 0.00 
0.00 0.00 
2.20 114.73 

12.20 670.30 
0.00 1007.89 
0.00 28.88 
0.00 0.00 
0.00 188.50 
0.00 1211.88 
0.00 231.91 
0.00 142.72 
0.00 392 .• 7 

0.00 9.14 
0.00 63.84 
o.oo 205.19 
0.00 244.11 
9.88 548.83 
2.80 144.43 

14.78 821.18 
0.74 40.82 
8.92 973.39 

o.oo 0.00 

0.00 0.00 
0.00 0.00 

0.00 0.00 
o.oo 0.00 
0.00 0.00 
0.00 0.00 
1.09 131.03 
1.23 147.94 
1.89 118.01 

0.70 43.71 
8.33 1084.98 

7.38 842.84 
0.00 o.oo 
0.00 0.00 
0.00 0.00 
o.oo 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 
0.00 130.90 
0.28 33.82 

2.78 2.78 

Tolal 9459.57 283.93 9723.50 

Freight 

0.00 
0.00 
0.00 
0.00 
3.21 
0.00 
0.00 
0.00 

0.00 
0.79 

0.00 
8.01 
8.94 
1.71 

0.00 
0.00 

0.00 

0.67 
4.89 

7.96 
0.00 
0.30 
0.48 

0.00 
0.00 
3.39 

19.84 

30.52 
0.87 
0.00 
5.25 
4 00 

7.31 
4.50 

12.37 

0.28 
1.84 

8.32 
7.52 

18.80 
4.37 

24.84 
1.24 

28.84 

0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
3.97 
4.49 

3.55 
1.31 

33.51 
211.01 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
o.oo 
0.00 

0.00 
0.00 

0.00 
4.00 
1.03 

0.00 

291.20 

PM 
Amuat 

0.11 
0.04 
0.00 
o.oo 
0.09 
0.00 
0.00 

0.00 

0.00 
0.18 
0.00 

1.20 
0.00 
0.98 

0.00 
0.00 

0.22 

0.11 
0.83 

1.07 
0.44 
0.35 
0.55 
0.00 

0.00 
0.09 
0.52 
0.00 

0.00 
0.00 

Tolal 

0.11 
0.04 
o.oo 
000 
3.30 
0.00 
0.00 
0.00 

0.00 
0.95 
0.00 

7.20 
8.94 
2.87 

0.00 

0.00 
0.22 

0.88 
5.31 
9.02 
0.44 

0.84 
1.01 

0.00 

0.00 
3.49 

20.38 
30.52 

0.87 
0.00 

o.oo 5.25 

o.oo 4.00 

0.00 7.31 
o.oo 4.50 

0.00 12.37 

0.00 0.28 
0.00 1.84 

0.00 8.32 
0.00 7.52 
0.42 17.02 
0.11 4.48 
0.83 25.47 

0.03 1.27 
0.38 3o.22 
0.00 0.00 

0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 o.oo 
0.00 0.00 
0.06 4.02 
0.05 4.54 
0.08 3.83 
0.03 1.~ 

0.38 33.87 
0.31 211.32 

0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 o.oo 
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 4.00 
0.01 1.04 
0.07 0.07 

Frelgftl 

o.oo 
0.00 
0.00 
0.00 
5.87 
0.00 
0.00 
0.00 

0.00 
1.49 
0.00 

11.34 

13.12 
2.87 
0.00 
0.00 
0.00 

1.34 
8.92 

16.15 
0.00 
0.86 
1.02 
0.00 

0.00 
8.41 

37.47 

59.74 
1.S8 
0.00 
9.18 
8.98 

12.78 
7.85 

21.eo 
0.82 
3.11 

11.34 

t3.a 
29.78 

7.84 
44.55 

2.25 
64.211 
0.00 

0.00 
0.00 
0.00 
0.00 

0.00 
0.00 

7.32 
8.27 

8.64 
2.42 

87.23 
52.17 

0.00 
o.oo 
0.00 
0.00 
0.00 

0.00 
o.oo 
0.00 
0.00 

0.00 
'0.00 

0.00 

7.23 
1.89 
0,00 

9.05 300.25 545.52 

HC 
Amtrak 

0.08 
0.02 
0.00 
o.oo 
0.04 
0.00 
0.00 
0.00 

0.00 
0.08 
0.00 
0.49 

0.00 
0.39 

0.00 

0.00 
0.13 

0.07 
0.39 
0.88 
0.30 

0.24 
0.37 

0.00 

0.00 
0.04 
0.25 
0.00 
0.00 
0.00 

Tolal 

0.08 
0.02 

0.00 
0.00 
6.71 

0.00 
0.00 
0.00 

0.00 
1.58 
0.00 

11.82 
13.12 
3.28 

0.00 

0.00 
0.13 

1 •• 1 

9.31 
16.81 
0.30 
0.89 
1.40 

0.00 
o.oo 
8.45 

37.72 
69.7. 

1.S8 

0.00 
0.00 9.18 

0.00 8.98 
0.00 12.76 
0.00 7.85 
0.00 21.80 

0.00 0.82 
0.00 3.11 
0.00 11.34 
o.oa 13.49 
0.19 28.97 
0.05 7.89 
0.29 44.84 
0.01 2.27 

0.17 64.44 

Freight 

0.00 
0.00 
0.00 
0.00 

1 •. 43 

0.00 
0.00 
0.00 

0.00 
3.77 
0.00 

28.80 
33.11 

7.02 

000 

0.00 
0.00 

2.58 

22.07 
37.48 

0.00 

1.58 
2.47 
0.00 

0.00 
15.87 
92.82 

1.1.30 
4.07 
0.00 

24.58 
18.73 
34.24 
21.07 
57.95 

1.19 

7.81 
28.80 
34.03 
75.13 
19.77 

112.41 

5.82 

139.98 
0.00 0.00 0.00 
o.oo 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 
0.02 7.34 18.80 

0.02 8.211 20.118 
0.04 8.58 18.82 
0.01 2.44 8.16 
o. 17 87.40 178.38 

0.15 52.32 138.43 
0.00 0.00 0.00 
o.oo 0.00 0.00 
0.00 o.oo 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 o.oo 0.00 
0.00 o.oo 0.00 

0.00 0.00 o.oo 
0.00 0.00 o.oo 
o.oo 7.23 18.25 
0.01 1.90 4.80 
0.05 0.05 0.00 

co 
Amlrat 

0.53 
0.14 
0.00 
0.00 
0.32 
0.00 
0.00 
0.00 

0.00 
0.51 
0.00 
3.84 
0.00 
3.08 

0.00 

0.00 

Tolal 

0.53 
0.14 
o.oo 
o.oo 

14.75 
0.00 
0.00 
0.00 

o.oo 
4.28 
0.00 

32.44 
33.11 

10.10 

0.00 

0.00 
1.30 1.30 

0.86 3.23 

3.81 26.88 
8.47 43.93 
3.1. 3.1. 
2.48 4.04 
3.87 8.34 
0.00 o.oo 
0.00 0.00 
0.34 18.21 
1.87 94.69 

0.00 141.30 
0.00 •. 07 
0.00 0.00 
o.oo 24.58 
0.00 18.73 

0.00 34.24 
0.00 21.07 
0.00 57.95 
0.00 1.19 
0.00 7.81 
0.00 28.80 
0.00 34.03 
1.80 78.72 
0.42 20.19 
2.39 114.80 
0.12 6.94 
1.44 141.42 
o.oo 0.00 

o.oo 0.00 

0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 

0.00 0.00 
0.16 18.78 
0.18 21.18 

0.28 18.90 
0.10 8.26 

1.24 17'9.62 

1.10 139.52 
0.00 o.oo 
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 
o.oo 0.00 

0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 18.25 
0.04 4.M 
0.48 0.48 

4.71 SS0.23 1390.47 41.89 1432.37 

Freight 

0.00 
0.00 
000 
0.00 

10.45 
0.00 
o.oo 
0.00 
0.00 
2.59 
0.00 

19.83 
22.87 

5.80 

0.00 

0.00 
0.00 

1.83 
16.23 
26.84 
000 

0.93 
1.48 
0.00 

0.00 
11.04 
84.58 
99.32 

2.85 
0.00 

18.93 

12.90 

23.59 
14.51 
39.92 

0.85 
6.34 

20.57 
24 .• 7 
64.03 
14.22 
80.84 
•. 01 

98.48 
0.00 
0.00 

0.00 
0.00 
0.00 

0.00 
0.00 

12.89 
14.58 

11.52 
4.27 

107.24 

83.22 
o.oo 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 

13.12 

3.33 
0.00 

942.81 

SOx 

Amtrak 

0.30 
0.09 
0.00 

0.00 
0.18 

0.00 
0.00 

0.00 

0.00 
0.32 
0.00 

2.43 
0.00 
1.95 

0.00 

0.00 
0.89 
0.38 

2.02 
3.43 
1.84 

1.29 
2.02 

0.00 
0.00 
0.19 
1.08 

0.00 
0.00 
0.00 

Tolal 

0.30 
0.09 

0.00 
0.00 

10.83 
0.00 
0.00 
o.oo 
0.00 
2.91 

0.00 
22.08 
22.87 
7.55 
0.00 

0.00 
o.sa 
2.18 

17.25 
29.27 

1.84 

2.22 
3.49 
0.00 

0.00 
1 1.2'3 
85.82 
11832 

2.85 
0.00 

0.00 18.93 

0.00 12.90 
0.00 23.59 
0.00 14.51 
0.00 39.92 

0 DO 0.85 
0.00 6.34 
0.00 20.57 
0.00 24.47 

0.86 54.89 
0.2'3 14.45 
1.29 82.14 
0.08 4.07 
0.78 97.24 
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 12.99 
0.11 14.88 

0.18 11.88 
0.08 4.33 

0.72 107.96 
0.83 83.85 
o.oo 0 00 
0 00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 o.oo 
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 13.12 
0.02 3.35 

0.25 0.25 

23.22 988.02 
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TABLE C-10: ELECTRIAED FREIGHT ANDAIITRM EMISSIONS SUMioiARV- TONS PER YEAR 

ETF NOx Pll 
S.g. Freight Amtrak Total Freight Amtrak 

0.00 
2 0.00 
3 0.00 
.. 0.00 
6 3.17 
6 0.00 
7 0.00 
8 0.00 
9 0.00 

10 0.76 
11 0.00 
12 6.86 

13 8.62 
14 1.88 

16 0.00 
16 0.00 
17 0.00 
18 0..02 
19 4.42 
20 7.50 
21 0.00 

22 0.26 
23 0.39 
24 o.oo 
26 0.00 
28 3.22 
27 18.81 
28 27.82 
29 0.82 
30 0.00 
31 5.26 

32 4.00 
33 7.31 
34 4.50 
36 12.37 
38 0.19 
37 1.63 
S8 8.17 
39 7.36 
40 18.22 

41 4.27 
42 24.27 

43 1.27 

44 30.84 
46 0.00 
46 0.00 

47 0.00 
48 0.00 
49 0.00 
50 0.00 
51 0.00 
52 3.83 
53 4.33 
54 3.43 
56 1.27 

66 30.88 
57 24.03 
58 0.00 
69 0.00 
80 0.00 
81 0.00 
1!2 0.00 
83 0.00 
84 0.00 

86 0.00 
88 0.00 
87 0.00 
88 0.00 

89 0.00 
70 3.1M 

71 0.99 
72 0.00 

Total 279.66 

0.02 0.02 
0.01 0.01 
0.00 0.00 
0.00 o.oo 
0.01 3.18 
0.00 o.oo 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.02 0.77 
0.00 0.00 
o. 18 &.83 

o.oo 8.62 
0.1.. 1.83 
0.00 0.00 

0.00 0.00 
0.06 0.06 
0.03 0.46 

0.15 4.57 
0.26 7.75 
0.12 0.12 

0.10 0.34 
0.15 0.64 
0.00 o.oo 
o.oo 0.00 
0.01 3.23 
0.08 18.89 
0.00 27.82 
0.00 0.82 
0.00 0.00 
0.00 6.26 
0.00 4.00 
0.00 7.31 
0.00 4.50 
0.00 12.37 
0.00 0.18 
0.00 1.53 
0.00 8.17 
0.00 7.36 

0.06 18.28 
0.02 4.28 
0.09 24.38 
o.oo 1.28 

0.08 30.70 
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 
0.01 3.84 
0.01 .... 34 
0.01 3.44 

0.00 1.27 
0.06 31.02 

0.06 24.07 

0.00 0.00 
0.00 0.00 
o.oo 0.00 
0.00 0.00 

0.00 0.00 
0.00 0.09 
o.oo o.oo 
0.00 0.00 
0.00 0.00 
o.oo 0.00 

0.00 0.00 

0.00 0.00 
0.00 3.94 

0.00 0.99 

0.02 0.02 

1.71 281.28 

0.00 
0.00 
0.00 
0.00 
0.12 
0.00 

0.00 
0.00 
0.00 
0.03 

0.00 
0.21 

0.25 
0.08 
0.00 

0.00 
0.00 
0.02 
0.17 
0.29 
0.00 

0.01 

0.02 
0.00 

0.00 
0.12 
0.71 
1.06 

0.03 
0.00 
0.20 
0.15 
0.28 
O.t7 
0.47 
0.01 
0.06 

0.23 
0.28 
0.81 
0.18 
0.91 
0.06 

1.10 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 

0.15 
0.18 
0.13 
0.05 
1.18 

0.90 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
o.oo 
0.00 
0.15 
0.04 
0.00 

10.UI 

0.00 
0.00 

0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
o.oo 
0.01 
0.00 
0.04 

0.00 

0.03 
0.00 
o.oo 
0.01 
0.01 
0.03 

0.08 
0.03 

0.02 
0.03 
0.00 
0.00 

0.00 
0.02 
0.00 

0.00 
0.00 
0.00 
0.00 
o.oo 
0.00 
0.00 
0.00 

0.00 

0.00 
0.00 
0.01 

0.00 
0.02 
0.00 
0.01 
o.oo 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
o.oo 
0.00 
o.oo 
o.oo 
0.01 
0.01 

0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
o.oo 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 

0.00 

0.:!& 

HC 
Total Freight Amtrak 

0.00 
0.00 
0.00 
0.00 
0.12 

0.00 
o.oo 
0.00 
0.00 

0.03 
0.00 
0.25 
0.25 

0.10 
o~Do 
0.00 

0.01 
0.02 
0.20 

0.34 
0.03 
0.03 
0.05 
0.00 
0.00 
0.13 
0.73 
1.06 
0.03 
0.00 
0.20 
0.16 
0.28 
0.17 

0.47 
0.01 
0.06 

0.23 
0.28 
0.1!2 
0.16 
0.93 
0.06 

1.12 

0.00 
0.00 
0.00 
0.00 

0.00 
o.oo 
o.oo 
0.15 
0.17 
0.13 
0.05 
1.17 
0.91 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
o.oo 
0.00 
0.00 
0.00 

0.00 
0.16 
0.04 
0.00 

0.00 
0.00 
0.00 
000 
0.42 
0.00 

0.00 
0.00 
0.00 
0.10 
0.00 
0.76 
0.88 

0.23 
0.00 
0.00 

0.00 
0.05 
0.68 

0.99 
0.00 
0.03 

0.06 
0.00 
0.00 
0.43 

2.49 
3.87 
0.11 
o.oo 
0.89 
0.63 
0.88 
0.69 

1.83 
0.03 
0.20 

0.81 
0.97 
2.14 

0.68 

3.20 
0.18 

3.83 
0.00 
0.00 
o.oo 
0.00 

0.00 
0.00 
0.00 

0.61 
0.67 

0.46 
0.17 
4.08 
3.17 
0.00 
0.00 
0.00 

o.oo 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.62 
0.13 
0.00 

0.02 
0.01 
0.00 
0.00 
0.01 
0.00 

0.00 
0.00 
0.00 
0.02 
o.oo 
0.14 
0.00 

0.11 

0.00 
0.00 
0.04 

0.02 
0.12 

0.20 

0.10 
0 08 
0.12 
0.00 
0.00 
0.01 

0.08 
0.00 
0.00 
o.oo 
o.oo 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.05 
0.01 
0.08 
0.00 
0.05 
0.00 

0.00 
o.oo 
0.00 
o.oo 
0.00 
0.00 
0.01 
0.01 
0.01 

o.oo 
0.04 
0.04 

o.oo 
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 

0.02 

co 
Total Freight Amtrak 

0.02 
0.01 
0.00 
0.00 
0.43 
0.00 
0.00 
0.00 

0.00 
0.12 
0.00 
0.89 
0.88 

0.34 

0.00 
0.00 

0.04 
0.08 
0.70 

1.18 

0.10 
0.11 
0.17 
0.00 
0.00 
0.44 
2.66 

3.87 
0.11 

0.00 
0.89 

0.63 
0.88 
0.69 

1.83 
0.03 
0.20 

0.81 

0.97 
2.19 

0.68 
3.27 
0.18 
3.87 
o.oo 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.51 
0.68 
0.48 

0.17 
4.13 
S.21 

0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 

0.00 
0.62 
0.13 
0.02 

0.00 
0.00 
0.00 

0.00 
0.71 
0.00 
0.00 
0.00 
0.00 
0.17 
0.00 
1.27 
1.48 

0.:!& 

0.00 
0.00 

0.00 
0.09 
0.99 

1.89 
0.00 
0.08 
0.09 

0.00 
0.00 
0.72 
4.22 
8.24 
0.1! 
0.00 
1.18 
0.90 
1.84 
1.01 
2.78 

0.04 
0.34 

1.39 
1.86 
3.84 

0.98 
5.46 
0.27 
8.62 
0.00 

0.00 
0.00 
o.oo 
0.00 
0.00 
o.oo 
0.88 
0.97 
0.77 

0.28 
8.88 
6.40 

0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
o.oo 
0.00 
0.00 
0.00 

0.88 
0.22 
0.00 

0.03 
0.01 
o.oo 
0.00 

0.02 
0.00 
0.00 
0.00 
o.oo 
0.03 

0.00 
0.24 
0.00 

0.19 
0.00 
0.00 

0.07 
0.03 
0.20 

0.36 
0.17 
o.1a 
0.21 
0.00 
0.00 
0.02 
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 
0.08 
o.oo 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.01 

0.01 
0.02 
0.01 

0.07 
0.06 
0.00 

0.00 
0.00 
0.00 

0.00 
0.00 

0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
o.oo 
0.00 
0.03 

10.87 38.84 1.37 38.00 82.41 2.33 

sox 
Total Freight AmttU 

0.03 
0.01 
0.00 
o.oo 
0.73 
0.00 
0.00 
0.00 
o.oo 
0.20 
o.oo 
1.51 
1.48 
0.68 

0.00 
0.00 
0.07 

0.13 
1.20 

2.03 
0.17 
0.1; 
0.30 
0.00 

0.00 
0.74 
4.32 
8.24 

0.18 
o.oo 
1.18 
0.90 

1.84 
1.01 
2.78 

0.04 
0.34 

1.39 
1.86 
3.73 
0.98 
6.68 
0.28 
e. eo 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.87 

0.98 
0.78 
0.29 
7.03 
6.48 
0.00 
o.oo 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
o.oo 
0.00 
0.00 

0.88 
0.22 
0.03 

84.74 

0.00 
0.00 
0.00 
0.00 
0.04 
0.00 
0.00 

0.00 
o.oo 
0.01 
0.00 

0.07 
0.08 

0.03 

0.00 
0.00 
0.00 
0.01 
0.08 
0.10 
0.00 
0.00 
0.01 
0.00 
0.00 
0.04 
0.24 
0.37 
0.01 
0.00 

0.07 
0.06 
0.10 
0.08 
0.18 
0.00 
0.02 

0.08 
0.09 
0.20 

0.06 

0.31 
0.01 
0.38 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.05 
0.06 
0.04 
0.02 

0.39 
0.30 
0.00 
o.oo 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 

0.00 
o.oo 
0.00 
0.06 

0.01 
0.00 

3.64 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 

0.00 
0.02 
0.00 

0.01 
0.00 
0.00 

0.00 
0.00 
0.01 
0.02 
0.01 
0.01 
0.01 
0.00 
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 
o.oo 
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 

0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
o.oo 
0.00 
o.oo 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 

0.13 

Total 

o.oo 
0.00 
0.00 
0.00 

0.04 
0.00 
0.00 

0.00 
0.00 
0.01 
0.00 

0.09 
0.08 

0.04 

0.00 
0.00 
0.00 
0.01 
0.07 
0.11 

0.01 
0.01 
0.02 

0.00 
0.00 
0.04 
0.2. 
0.37 
0.01 
0.00 
0.07 
0,05 

0.10 
0.08 
0.18 
0.00 
0.02 

0.08 
0.09 
0.21 
0.06 
0.31 
0.02 
0.38 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.06 
0.08 

0.04 
0.02 

0.:!& 

0.30 
0.00 
o.oo 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.05 
0.01 
0.00 

3.88 
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TABLE C-11: EMISSIONS BENEFIT - FREIGHT AND AlA TAM EMISSIONS SUMMARY- TONS PER YEAR 

ETF 
Beg. 

1 
2 
3 
4 

6 
6 
7 

8 
9 

10 

11 
12 

13 

14 
15 ,. 
17 
18 

19 

20 
21 
22 
23 

24 
25 

28 
27 
28 
29 
30 
31 

32 

33 
34 
35 

36 
37 

38 

39 
40 

41 
42 
43 ... 
46 .. 
47 
48 
49 

50 
51 

52 

63 
54 

55 
58 
57 

58 
69 
60 ., 
82 
83 
54 
86 
88 
87 
88 

89 

70 
71 

72 

NOx NOx PM 
Dleool Elect. Dleool 

3.38 0.02 0.11 
1.03 0.01 0.04 
0.00 0.00 0.00 
0.00 o.oo 0.00 

108.03 3.18 3.30 
0.00 0.00 0.00 
0.00 0.00 0.00 
0.00 0.00 0.00 
o.oo 0 00 0.00 

29.89 0.77 0.96 
0.00 0.00 0.00 

225.13 5.83 7.20 
227.10 8.52 1!.94 

79.39 1.83 2.87 

0.00 0.00 0.00 
0.00 0.00 0.00 

7.73 0.06 0.22 
23.88 0.46 0.88 

178 28 4.57 5.31 
302.67 7.75 9.02 

18.23 0.12 0 ... 
24 41 0.34 0.64 
38.32 0.54 1.01 

0.00 0.00 0.00 
0.00 0.00 0.00 

11 •. 13 3.2'3 3.49 
670.30 18.89 

1007.88 27.82 
28.8e 0.82 

0.00 0.00 
188.50 6.25 
128.86 4.00 
231.91 7.31 
142.72 4.50 
392.47 12.37 

9.14 0.19 
63.54 

206.19 

244.11 
548.83 
144.43 

821.18 
40.S2 

973.39 
0.00 
0.00 

0.00 
0.00 

0.00 
0.00 
0.00 

131.03 

147.94 
118.01 

<03.71 

1054.98 
842.84 

0.00 
0.00 
0.00 
o.oo 

0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 

130.90 
33.82 

2.78 

1.53 
8.17 

7.35 
18.28 
4.28 

24.36 
1.28 

30.70 
0.00 

0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
3.84 
4.34 
3 .... 
1.27 

31.02 
24.07 

o.oo 
0.00 
0.00 
0.00 
0.00 
o.oo 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
3.90 

0.99 
0.02 

20.38 
30.52 
0.87 
0.00 
5.25 
4.00 

7.31 
4.50 

12.37 

0.28 
1.54 

S.S2 
7.62 

17.02 
4.48 

26.47 
1.27 

30.22 
0.00 
0.00 

0.00 
0.00 
0.00 

0.00 

0.00 
4.02 

4.54 

3.83 
1.34 

33.87 
28.:12 

0.00 
0.00 

0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
o.oo 
o.oo 

0.00 
0.00 
4.03 

1.04 
0.07 

Tow 9723.50 281.26 300.26 

PM HC HC CO 
Elec1. Diesel Elect. Dieeel 

0.00 0.08 0.02 0.63 

0.00 0.02 0.01 0.14 
0.00 0.00 0.00 0.00 
o.oo 0.00 0.00 0.00 
0.12 5.71 0.-43 14.76 
0.00 0.00 o.oo 0.00 
0.00 0.00 o.oo 0.00 
0.00 0.00 0.00 0.00 
0.00 o.oo 0.00 0.00 
0.03 1.56 0.12 .... 28 
0.00 0.00 0.00 0.00 
0.26 11.82 0.88 32.44 
0.25 13.12 0.88 33.11 
0.10 3.28 0.34 10.10 

0.00 0.00 0.00 0.00 

0.00 0.00 0.00 0.00 
0.01 0.13 0.04 1.30 
0.02 1.41 0.08 3.23 

0.20 9.31 0.70 26.88 
0.34 16.11 1.19 43.93 
0.03 0.30 0.10 3.14 
0.03 0 89 0.11 4.04 
0.06 1.40 0.17 8.34 
0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 
0.13 8.46 0.... 111.21 
0.73 
1.05 
0.03 

o.oo 
0.20 
0.16 
0.28 
0.17 
0.47 

0.01 
0.08 
0.23 

0.28 
0.82 
0.18 
0.93 
0.05 
1.12 
0.00 
0.00 
o.oo 
0.00 
0.00 

0.00 
0.00 
0.16 
0.17 

0.13 
0.06 

1.17 
0.91 
0.00 
0.00 
o.oo 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
o.oo 

0.00 
0.00 
0.15 

0.04 
0.00 

37.72 2.55 94.89 
59.74 3.87 141.:30 

1.68 . 0.1, 4.07 
o.oo 0.00 0.00 
9.16 0.89 24.S8 
6.98 0.53 18.73 

12.78 0.98 34.24 
7.85 0.59 21.07 

21.60 1.83 57.96 

0.62 0.03 1.19 
3.11 

11.34 
13.49 

29.97 
7.89 

.... 84 
2.27 

54 .... 

0.00 
o.oo 

0.00 

0.00 
0.00 

0.00 
0.00 
7.34 
8.29 

1!.58 
2 .... 

87.40 

62.32 
o.oo 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 

0.00 
0.00 
7.23 

1.90 
0.05 

0.20 
0.81 
0.97 

2.19 
p.sa 
3.27 
0.18 
3.87 
0.00 
0.00 

0.00 

0.00 
0.00 

0.00 
0.00 
0.51 
0.58 

0.48 
0.17 
4.13 
3.21 
0.00 

o.oo 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 

0.00 
0.00 
0.52 
0.13 
0.02 

7.81 
28.80 
34.03 

78.72 
20.19 

114.80 ..... 
141.42 

0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 

18.78 
21.18 

18.90 
1!.28 

179.82 
139.52 

0.00 
0.00 

0.00 
o.oo 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
18.25 
4.84 

0.48 

co SOx 
Elect. Dtteel 

0.03 0.30 
o.o1 o.oe 
0.00 0.00 
0.00 0.00 
0.73 10.83 

0.00 0.00 
0.00 0.00 

0.00 0.00 
0.00 0.00 

0.20 2.91 
0.00 0.00 
1.61 2:2.08 
1.48 22.87 

0.58 7.55 
o.oo 0.00 

o.oo o.oo 
0.07 0.69 
0.13 2.18 
1.20 17.26 
2.0S 29.27 
0.17 1.84 
0.19 2.22 
0.30 3.49 
0.00 0.00 
0.00 0.00 

0.74 11.23 
4.32 86.62 
8.24 88.32 

0.18 2.86 
0.00 0.00 
1.18 18.93 
0.90 12.90 
1.84 23.59 
1.01 14.51 
2.78 39.92 
0.04 0.86 
0.34 

1.39 
1.66 

3.73 
0.98 
5.58 
0.28 
8.80 
0.00 
0.00 

0.00 

0.00 
0.00 
0.00 

0.00 
0.87 
0.98 

0.78 
0.29 

7.03 

6.48 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
o.oo 

0.00 
o.ea 
0.22 

0.03 

6.34 
20.57 
24.47 
54.89 
14.46 
82.14 

4.07 

97.24 
0.00 
0.00 

0.00 

0.00 
0.00 
0.00 

0.00 
12.99 
14.68 
11.68 
4.33 

107.98 

83.85 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
o.oo 

0.00 
13.12 

3.36 

0.26 

10.87 550.23 38.00 1432.37 54.74 988.02 

SOx 
Elocl. 

0.00 
0.00 
0.00 
0.00 
0.04 
0.00 
o.oo 
0.00 
0.00 
0.01 
0.00 
O.OQ 

0.08 

0.04 
0.00 

0.00 

0.00 
0.01 

0.07 
0.11 
0.01 
0.01 
0.02 
0.00 
0.00 

0.04 
0.24 
0.37 
0.01 
0.00 
0.07 
0.06 
0.10 

0.08 

0.16 
0.00 
0.02 
0.08 
0.09 
0.21 
0.05 
0.31 

0.02 
0.38 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 

0.05 
0.08 

0.04 
0.02 

0.39 

0.30 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
o.oo 

0.00 

0.00 
0.06 
0.01 
0.00 

3.88 

NOx 
Bon. 

3.35 
1.02 
0.00 
0.00 

102.86 
0.00 
0.00 
o.oo 
0.00 

28.92 

0.00 
219.30 
220.58 

77.56 
0.00 

0.00 

7.88 
23.22 

173.69 
294.82 

18.10 
24.06 

37.77 
0.00 
0.00 

111.50 
651.41 
979.87 

27.84 
0.00 

181.25 
122.88 
22.-.eo 
138.22 

380.10 
8.94 

52.10 

199.02 
238.78 
532.55 
140.1-4 
798.82 

39.54 

942.88 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 

127.19 
143.81 
114.57 
42.43 

1053.97 
818.77 

0.00 
0.00 

0.00 
0.00 
0.00 
o.oo 

0.00 
0.00 
0.00 
0.00 

0.00 

0.00 
12e.88 
32.82 

2.77 

PM 
Bon. 

0.11 

0.04 
0.00 
0.00 
3.18 
0.00 
0.00 
0.00 
o.oo 

0.92 
0.00 
8.95 
8.89 

2.57 
0.00 
o.oo 
0.20 
0.88 

6.11 

8.88 
o .... , 
0.61 

0.98 
0.00 

0.00 
3.38 

HC 

Bon. 

0.04 
0.01 
0.00 
0.00 

6.29 
0.00 
0.00 
0.00 
0.00 
1 .... 

0.00 
10.94 
12.28 

2.92 

0.00 
o.oo 
0.09 
1.34 

8.81 
14.81 

0.20 
0.78 

1.22 
0.00 
0.00 
1!.02 

co 
Bon. 

0.50 
0.13 
0.00 
0.00 

14.03 
0.00 
0.00 
0.00 
o.oo 
4.08 

0.00 
30.93 
31.65 

~~52 
0.00 

0.00 
1.23 
3.10 

24.158 
41.90 

2.97 

3.85 

6.04 
0.00 
0.00 

15.47 

SOx 

Bon. 

0.30 
0.09 
o.oo 
0.00 

10.58 

0.00 
0.00 
0.00 
0.00 

2.90 
0.00 

21.97 
22.69 

7.51 
0.00 
0.00 

0.89 
2.17 

17.18 
29.18 

1.83 

2.21 
3.47 

0.00 
0.00 

11.19 
19.83 35.17 90.37 66.38 
:2;.47 56.08 135.08 98 96 

0.84 1.55 3 88 2.84 
0.00 0.00 0.00 0.00 
5.06 8 . .47 23.41 18.88 
3.85 8.46 17.83 12.85 
7.03 11.80 32.60 23.49 
4.33 7.25 20.08 14.48 

11.90 19.97 56.17 39.76 
o.28 o.eo 1.16 o.84 
1.58 

8.09 
7.24 

18.40 
4.32 

24.54 
1.22 

29.11 

0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 

3.87 
4.37 
3.50 

1.30 

32.88 
26.41 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
o.oo 
0.00 

0.00 
3.88 

1.00 

0.08 

2.D1 

10.52 
12.52 

27.78 

7.31 
41.57 

2.11 

50.57 
0.00 
0.00 

0.00 

0.00 
0.00 
0.00 

0.00 
8.83 
7.71 
11.12 
2.27 

83.27 

49.11 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
o.oo 

0.00 

0.00 
8.71 

1.78 

0.03 

7.28 

27.22 
32.38 

73.00 
19.21 

109.22 
5.88 

134.83 
0.00 
0.00 

0.00 
0.00 
0.00 
o.oo 

0.00 
17.89 
20.20 

18.11 
5.97 

172.60 

134.08 
0.00 
0.00 

0.00 
0.00 
0.00 
o.oo 

0.00 
0.00 
0.00 
0.00 
o.oo 

0.00 
17.315 
4.82 

0.46 

5.32 

20.49 
24.38 
5488 

14.39 
81.82 
4.08 

98.88 
0.00 
0.00 

0.00 
0.00 
0.00 

0.00 
0.00 

12.94 
14.81 
11.64 
4.31 

107.57 
83.56 

0.00 
0.00 

0.00 
o.oo 
0.00 
0.00 
0.00 
0.00 
0.00 
o.oo 

0.00 

0.00 
13.07 
3.34 

026 

9442.26 289.38 612.22 1387.82 982.35 

ETF 
Seg. 

2 
3 

• 
5 
6 
7 

8 
9 

10 
11 

12 
13 
14 
15 
18 

17 
18 
19 

20 
21 

22 

23 
24 

25 
28 
27 
28 
29 
30 
31 
32 
33 

34 
36 
38 
37 

38 
39 

40 
41 

42 
43 ... 
46 .. 
47 

48 
49 

50 
51 

52 
63 

54 
55 

58 
67 
58 
59 

60 
61 
82 

"" 54 

86 
88 
67 

88 

89 
70 
71 

72 
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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 bas 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 6n NOx Emission Reductions (DCF Method) 

Total NOX (tpy) Cost 114, 11n, 

Route tpd NOX /Route Effectiveness 11 12 lt3 14 #5 ' 116 117 119 110 1112 113 (15) 1117 118 1119 120 IW21 122 (23) 

2 Baldwin Parle 0.66 107.23 $32,619.04 3.35 1.02 0 0 102.9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

3 Moorpark ' 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 0 0 0 0 
4 Santa 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 0 7.68 23.22 173.6 294.8 18.1 24.06 40.54 
6 Riverside via Ontario 3.51 1210.71 56,235.15 3.35 1.02 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7 Rlver-lde-LAUPT via Full 4.02 1392.86 $5,689.25 3.35 0 0 0 0 0 0 0 0 0 0 0 7.68 23.22 173.6 294.8 0 0 0 
8 Hemmet-Riveraide ' o. 16 32.83 $88,953.49 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
9 San Bern.·lrvlne 3.41 1136.11 l5,n6.5o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 24.06 0 

10 Redlands 0.03 0.00 $134,439.83 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
11 SP Y. Colton to Ports 11.44 4177.16 $3,538.89 0 0 0 0 102.9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
12 AT&Sf Barstow to Ports 12.54 4576.81 $3,530.73 0 0 0 0 0 0 0 0 0 0 0 0 0 23.22 173.6 294.8 0 0 0 

13 UP Yer.a to Ports 11.97 4368.10 $3,646.89 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

OVERALL: 56,290.96 

'• ,, 



-- --- --------------
TABLE D-1 (Continued) 

#43 
126 i1Z1 128 i1Z9 il30 il31 il32 il33 il34 illS il36 il37 il38 il39 il40 ft41 il42 ·(44) #48 i152 il53 il54 il55 il56 il57 1168 il69 1170 171 

0 

0 
0 
0 

0 

0 
0 

0 
0 

0 

111-5 651.4 
0 0 
0 651.4 

0 

0 
0 

0 

0 
0 
0 
0 

0 

0 

0 
0 
0 
0 
0 
0 

0 0 0 0 
0 0 979.8 27.84 

111.5 651.4 979.8 0 
0 0 979.8 27.84 

0 

0 

0 
0 

0 

0 
0 
0 

0 
0 

0 

0 

0 0 0 0 0 0 
0 0 0 0 0 0 
0 161.3 122.9 224.6 138.2 380.1 
0 0 0 0 0 0 

0 

0 

0 

0 
0 0 
0 0 
0 52.1 
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 52.1 
0 0 0 0 0 0 8.94 0 
0 161.3 122.9 224.6 138.2 380.1 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 t>O 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

0 0 0 0 0 0 
199 236.8 532.6 140.1 796.8 982.2 

0 0 0 0 0 0 
0 0 0 0 0 0 

0 

0 
0 

0 

0 0 
0 0 
0 127.2 
0 127.2 

0 

0 

0 
0 

0 
0 

0 

0 
0 

0 

0 
0 

0 

0 
0 
0 

0 

0 
0 0 0 0 0 
0 127.2 143.6 114.6 42.43 
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 

0 127.2 143.6 114.6 42.43 1054 818.8 
0 127.2 143.6 114.6 42.43 1054 818.8 

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 32.82 
0 32.82 
0 0 

127 0 

0 32.82 
0 32.82 



- - -- - - - - - -- - - - - - -- -
Route Type 

2 Baldwin Park 
3 Moorpark 
4 Santa Clarita 
5 Lossan Corridor 
6 Riverside via Ontario 
7 Riverside·LAUPT via Full 
8 Hemmet·Riverside 
9 San Bern.· Irvine 

10 Redlands 
11 SP W. Colton to Ports 
12 AT&SF Barstow to Ports 
13 UP Yermo to Ports 

Diesel NOx bv Segment 
Electric NOx by Segment 

Emission Reductions by Segment 
from freight and Amtrak 

Hi leage by Segment per Route 

c 
C/F 
C/f 

c 
c 
c 
c 
c 
c 
F 

F 

f 

Route Type 

2 Baldwin Park 
3 Moorpark 
4 Santa Clarl ta 

5 Lossan Corridor 
6 Riverside via Ontario 
7 Riverside·LAUPT via Full 
8 Hemmet·Rlverside 
9 San Bern.· Irvine 

10 Redlands 
11 SP W. Colton to Ports 
12 AT&SF Barstow to Ports 
13 UP Yermo to Ports 

c 
C/F 
C/F 

c 
c 
c 
c 
c 
c 
F 

F 
F 

TOTAL: 

TOTAL: 
Hi leage 

NOx (tpy) 

PM 
HC 

co 
sox 

Total TPY NOx 
from CDIIIWters 

132.4 
56.~ 

25.19 
86.65 
68.89 
73.59 
26.51 

108.63 
12.05 

0 
0 
0 

589.99 

111 

1 

1 

1 

0 
0 

0 
0 

0 

0 

112 

0 

1 

0 
0 

0 

0 
0 

0 

0 

113 

0 

0 
0 

0 

0 
0 

0 

0 
0 

0 

0 

TABLE 0·2 

#4 

0 
0 

0 
0 

0 
0 

0 

0 

0 
0 
0 

N5 

0 
0 

0 

0 

0 

0 

0 

0 

0 
0 

116 

0 
0 

0 

0 

0 
0 

0 

0 
0 

0 
0 

117 

0 

0 
0 

0 

0 

0 

0 

0 
0 

0 

0 

1114, 
119 110 1112 1113 (15) 1117 1118 1119 t120 1121 

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 
0 

0 

0 
0 

0 
0 
0 
0 

0 
0 
0 

0 

0 

0 
0 

1 
0 

1 
0 

0 

0 
0 

0 
0 

0 
0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 
0 

0 
0 

1 
0 

0 
0 

0 

0 

1 
0 

0 

0 

0 

0 

0 
0 

0 

1 
0 
0 

0 

0 
0 

0 
0 

0 

t172, 
1122 (23) 

0 
0 

0 

1 
0 

0 

0 

1 
0 
0 

0 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
0 

0 

467.50 0.6 0.3 0.6 11.6 2.7 17.2 1.2 23.7 1.2 9.1 23.7 20.8 3.2 1.3 7.6 12.9 7.9 6.2 27.3 
9723.51 3.38 1.03 0 0 106.0 0 0 0 29.69 225.1 227.1 79.39 7.73 23.66 178.2 302.5 18.23 24.41 41.1 

281.24 0.02 0.01 0 0 3.18 0 0 0 0.77 5.83 6.52 1.83 0.05 0.45 4.57 7.75 0.12 0.34 0.56 
9442.27 3.35 1.02 0.00 0.00 102.9 o.oo o.oo o.oo 28.92 219.3 220.6 77.56 7.68 23.22 173.7 294.8 18.10 24.06 40.54 

289.39 0.11 0.04 0.00 0.00 3.18 0.00 0.00 0.00 0.92 6.95 6.69 2.57 0.20 0.66 5.11 8.68 0.41 0.61 1.02 
I 517.79 0.09 0.03, 0.00 0.00 5.36 0.00 0.00 0.00 1.49 11.28 12.26 3.20 0.20 1.39 8.93 15.16 0.27 0.83 1.34 
11373.18 0.55 0.15 0.00 0.00 14.10 o.oo o.oo 0.00 4.13 31.29 31.65 9.81 1.34 3.15 25.00 42.44 3.03 3.90 6.58 

967.93 0.35 0.10 0.00 0.00 10.66 o.oo 0.00 0.00 2.94 22.33 22.59 7.79 0.80 2.22 17.50 29.71 1.69 2.26 3.80 

Mileage per Segment 
Route Within Basin 1114, 

119 1110 1112 1113 (15) 
tl72, 

1117 1118 1119 1120 1121 1122 (23) Hiles Miles 

57.9 
47.5 
34.9 

133.7 
59.1 
61.8 
39.1 
52.8 

12 
281.7 
176.1 
186.8 

1143.4 

57.9 
32 

34.9 
67 

59.1 
61.8 
39.1 
52.8 

12 
109.5 
119.7 

118 
763.8 

111 

0.6 
0.6 
0.6 
0.6 
0.6 
0.6 

0 

0 

0 

0 

0 

0 

112 

0.3 
0.3 
0.3 

0 

0.3 
0 

0 
0 

0 

0 
0 

0 

113 114 

0.6 11.6 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

0 0 
0 0 
0 0 
0 0 
0 0 

N5 116 

2.7 ,.17.2 
0 0 
0 0 
0 0 
0 0 
0 0 

0 •· 0 
0 0 
0 0 

2.7 0 

0 0 
0 0 

tl7 

1.2 23.7 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

0 0 
0 0 
0 0 
0 0 

0 
1.2 
1.2 

0 

0 

0 

0 

0 

0 

0 

0 
0 

0 0 0 
9.1 0 20.8 
9.1 23.7 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 

3.2 
0 

3.2 
0 
0 
0 

0 

0 

0 

0 
0 

0 

1.3 
0 

1.3 
0 

0 

0 

0 

1.3 
0 

0 0 
0 0 
0 0 

7.6 12.9 
0 0 

7.6 12.9 
0 0 
0 0 
0 0 
0 0 

7.6 12.9 
0 0 

0 
0 

0 

7.9 
0 

0 

0 
0 
0 
0 

0 

0 

0 0 
0 0 
0 0 

6.2 27.3 
0 0 
0 0 
0 0 

6.2 0 

0 0 
0 0 
0 0 
0 0 
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1126 127 1128 1129 130 131 132 133 134 135 136 137 138 #39 #40 ~1 #42 ·(44> ~8 1152 153 154 1155 #56 #57 168 #69 #70 #71 
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0 
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0 

1 
0 
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0 
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0 
0 

1 
0 
1 
0 
0 
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0 

0 
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0 
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0 
0 
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0 
1 

0 
0 
0 
0 
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0 
0 
0 
0 

0 

0 0 
0 0 
0 0 
0 0 

1 
0 0 
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0 0 
0 0 
0 . 0 

0 
0 

0 

0 
1 
0 
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0 
0 
0 
0 

0 

0 
0 

0 
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0 

0 
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0 
0 

0 
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0 
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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 

0 
0 

5.4 30 24.4 1.5 1 8.4 6.4 11.7 7.2 19.9 0.6 2.8 5.8 6.9 13.3 3.5 19.9 25 5.5 0.8 3.5 2.7 1 11.9 14.5 12 36 3.7 3.1 
111.5 651.4 979.9 27.84 o.oo 161.3 122.9 224.6 138.2 380.1 8.94 52.10 199.0 236.8 532.6 140.1 796.8 982 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 o.oo 5.05 3.85 7.03 4.33 11.90 0.26 1.58 6.09 7.24 16.40 4.32 24.54 30.33 o.oo 3.87 4.37 3.50 1.30 32.69 25.41 0.00 0.00 3.88 1.00 
6.15 35.90 56.08 1.55 0.00 8.47 6.45 11.80 7.26 19.97 0.60 2.91 10.52 12.52 28.16 7.41 42.13 53.05 o.oo 6.90 7.79 6.23 2.31 63.76 49.55 o.oo 0.00 6.71 1.78 

15.60 91.09 135.1 3.88 o.oo 23.41 17.83 32.60 20.06 55.17 1.15 7.26 27.22 32.38 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 4.63 
11.32 66.11 98.95 2.84 0.00 16.86 12.85 23.49 14.4~ 39.75 0.84 5.32 ~0.49 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 
1126 fl27 128 #29 130 #31 132 #33 #34 (135 #36 137 #38 #39 1140 141 1142 ·(44) ~8 #52 #53 #54 #55 #56 #57 168 169 1170 1171 
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0 

0 
0 
0 

5.4 
0 

0 

0 

0 

5.4 
0 

0 0 
0 0 
0 0 
0 0 
0 0 

30 0 
0 0 

30 0 
0 0 
0 24.4 

30 24.4 
0 24.4 

0 

0 
0 
0 
0 
0 
0 
0 

0 

1.5 
0 

1.5 

0 
0 
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0 

0 
0 

0 

0 

0 

0 

0 
0 

0 

0 
8.4 

0 
0 
D 

0 

0 

0 
8.4 

0 0 
0 0 
0 0 
0 0 

6.4 11.7 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

6.4 11.7 

0 0 
0 0 
0 0 
0 0 

7.2 19.9 
D 0 
0 0 

0 0 
0 0 

0 0 
0 0 

7.2 19.9 

0 

0 

0 

0 
0 

0 
0 

0 

0 

0 
0.6 

0 

0 

0 

0 
0 

2.8 
0 

0 

0 

0 

2.8 
0 

0 

0 

0 

0 

0 
0 

0 

0 

0 

0 

5.8 
0 

0 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

6.9 13.3 
0 0 
0 0 

0 0 
0 0 
0 0 
0 0 

0 0 
0 0 
0 0 

0 0 
0 0 

3.5 19.9 
0 0 
0 0 

0 

0 

0 

0 

0 

0 
0 

0 

0 

25 
0 

:. 0 

0 

0 

0 

0 
0 

0 
0 

5.5 
0 

0 

0 
0 

0 
0 

0 

0 
0.8 
0.8 

0 

0.8 
0 

0 

0.8 
0.8 

0 

0 

0 

0 
0 

0 

0 

3.5 
0 
0 

3.5 
3.5 

0 

0 

0 

0 
0 
0 

0 

2.7 
0 

0 

2.7 
2.7 

0 

0 

0 

0 
0 

0 

0 

1 
0 

0 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

11.9 14.5 
11.9 14.5 

0 

0 

0 

0 
0 
0 

0 

0 

12 
0 
0 

0 

0 

0 

0 

0 
0 
0 

36 
0 

0 
0 

0 

0 

0 

0 

0 

0 
0 
0 

0 

0 

0 

3.7 
0 

0 

0 

0 

0 
0 

0 

0 

3.1 
3.1 

0 
0 

3.1 
3.1 
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Table D-3 

IIi thin ··• Freight/Amtrak ··· ----- Commuters ----- Total Total Cost Effectiv 

Route Basin Diesel Electric Total Diesel Electric Total tpy NOx tpd NOx (based on $4. 

Route Type Hiles Hiles tpy NOx tpy NOx Reduction tpy NOX tpy NOx ReductionReductionsReductions DCF Method 
•I I• 

2 Baldwin Park c 57.9 57.9 110.44 3.21 107.23 133.54 1.14 132.4 239.63 0.66 $32,619.04 

3 Moorpark C/F 47.5 32 338.62 8.46 330.16 56.56 ' 0.48 56.08 386.24 1.06 $11,184.76 

4 Santa Clarita C/F 34,9 34.9 486.33 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 86.65 672.13 1.84 $13,457.22 

6 Riverside via Ontario c 59.1 59.1 1249.54 38.83 1210.71 69.48 0.59 68.89 1279.6 3.51 S6,235.15 

7 Rlverside·LAUPT via Full c 61.8 61.8 1431.66 38.8 1392.86 74.22 0.63 73.59 1466.45 4.02 S5,689.25 

8 Henmet·Riverslde c 39.1 39.1 33.82 0.99 32.83 26.74 0.23 26.51 59.34 0.16 S88,953.49 

9 San Bern.·lrvlne c 52.8 52.8 1169.22 33.11 1136.11 109.56 0.93 108.63 1244.74 3.41 $5,726.50 

10 Redlands c 12 12 0 0 o.oo 12.15 0.1 12.05 12.05 0.03 $134,439.83 

11 SP 11. 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 AT&SF Barstow to Ports F 176.1 119.7 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: 1143.4 763.8 595.05 5.06 589.99 
Overall: 467.5 9723.51 281.24 9442.27 10032.26 27.49 S6,290.96 
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APPENDIX ll·S 

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 avoidance" 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. Bjolol:ical Effects of 
Power Frequency Electric and Magnetic Fields. May 1989. 

"There is now a very large volume of scientific fmdings 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. Collaborative Study of Electromynetic Fjeld 
Exposure and Childhood Leukemja. March 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 Epidemioloey. 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 
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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." 

5. 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 (011) 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: 

6. 

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). 

Public Utilities Commission. 1989. Potential Health Effects of Electric and 
Maenetic Fields From Electric Power Facilities. Report to the California State 
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 
would provide useful protection." Three high-priority research projects have been selected for 
funding. 

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 biological 
interactions, that underline any effects which may occur from exposure to EMF. 

1-2 DOCUMENT NAME 
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8. 

• 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. 

U.S. Environmental Protection Agency. 1990. Eyaluatiop of the Potential 
Carcjnoeenicity of Electromapetic 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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