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1. ENERGY CONSERVATION STRATEGIES
1.1. DESCRIPTIONS OF BASE AND CASE STUDY TRANSIT SYSTEMS

1.1.1. Description of Base Transit System

A base rail transit system was designed to illustrate the effects of energy
conservation strategies on power demand and energy use. -The baseline system has
been made simpie. The simplicity, however, does not mask reality. The effects
observed in the application of traction energy cost reduction strategies are of the

same nature as would be seen on real transit systems.

1.1.1.1. Right of Way )

The physical layout of the base system is shown in Figure 1-1. There are no
curves nor grades, and only one speed limit is designated, a speed of 40 MPH
between mileposts 3.8 and 5.1. The maximum speed of 70 MPH is allowed

everywhere else on the double track line.

The location of the passenger stations and substations are also shown in Figure
1-1. The passenger stations are either 0.5, 1.0 or 1.5 miles apart. All mileposts (MP)
are measured from passenger station A, designated as the western terminal. . The

eastern terminal is located at MP 8.0.

1.1.1.2. Vehicles

The fleet of vehicles contain cars with identical characteristics. The fieet has
114 cars, 90% (or 102) of which are available and are used for peak transit service.
The vehicle physical characteristics are listed in Table 1-1. The propulsion and

braking characteristics are listed in Table 1-2.

The traction effort curves for power and electrical braking are shown in Figure

1-2. These curves represent the maximum capability of each car.

The propulsion systemAefficiencies in the power and braking modes are shown



in Figures 1-3 and 1-4, respectively. Each of the curves in the figures represent the
efficiencies at different percentages (20, 40, 60, 80 and 100%) of maximum tractive

effort.

1.1.1.3. Operating Scenario

Table 1-3 provides_a summary of the operating timetable. Passenger loading
between all stations during the peak periods was as_sumed to be 50% of crush load.
At all other time, passenger loading is assumed to be 25% of crush load. Dwell

times at all passenger stations are 20 seconds.

1.1.1.4. Power Transmission and Distribution

The nodal diagram for the power transmission and distribution for traction
power is shown in Figure 1-5. The unit power is taken as 5MW and the unit voltage
is taken as 750V on the track side of the substation. This means that the unit
resistance is [(750V)2/(5000000W)=10.11 ohms. I-f the third rail resistance in series
with the resistance of four parallel running rails {two parallel tracks) is 0.00321 ohms

.per 1000 ft., then the per unit resistance is 0.154/mile [.00642 « 5.28/0.11].

The substations are all rated at 10000 MW with an impedance of 6%. Each

substation feeds each third rail and four paralliel rails of the ground return circuit.
1.1.1.5. Normal Traction Operation
1.1.1.6.1 Moving Trains

The speed profile superimposed on the speed restrictions for normal operation
during the peak period for eastbound and westbound trains is shown in Figures 1-6
and 1-7, respectively. Figures 1-8 and 1-9 show the power profiles for the same
operations (eastbound and westbound). The negative valués of power in the last two

figures represent the power availabie during regenerative braking.

Terminal to terminal summaries of run time and energy use {minimum with full

receptivity and with natural receptivity) are listed in Table 1-4. The minimum energy



consumption is measured at the third rail shoe or trolley. The energy use with
natural receptivity is measured at the meters. Energy use during dwell times at
stations is also included. Energy use during turnaround and layup (storage) was not

included, and is estimated separately.

1.1.1.5.2 Estimate of Train Turnaround and Storage Energy Use

For a simple two track system with two terminals and a fixed headway, the

power use during turnaround at the terminals due to on-board auxiliaries is

P=P°0TTIHW

where Po is the power use of a single train, TT is the total turnaround time
(min) and HW is the headway (min). For the base transit system, the minimum

turnaround time is taken as 3 minutes per terminal or 6 minutes round trip.

Likewise, the minimum number of trains required to run the schedule specified

in the operating timetable of Table 1-3 is given by the expression

N =RT + TT__ + AT
o m

in

where No is an integer, RT is the round trip running time (sum of eastbound and
westbound run times) expressed in units of headway (HW) and TTmin is the minimum

turnaround time expressed in units of headway. The quantity, AT

0 £ AT €1
expressed in units of headway is called the stack time.

Table 1-5 shows the details of the turnaround and storage power estimates

based on the formulae above and operating scenario of the base transit system.

It is weill to note that the turnaround and storage power were estimated
independent of train movement. Some of this power requirement can be met by

regenerating trains. During the peak period, the power requirement is smallest.



1.1.1.56.3 Summary of Traction Power Requirements

Table 1-6 presents a summary of estimated power and energy use for traction
operation for the normal conditions of the base rail transit system. It was assumed
that none of the turnaround and storage power was supplied by regenerating trains.
On the other hand, no network losses were included for the turnaround and storage

power.

It was also assumed that on-board auxiliaries on the cars remained operating
during storage periods. This assumption can cause the energy use per car-mile

during off-peak operating periods to seem exaggerated.

The traction power requirement during the peak period is 16340 kW and the

annual energy use 55.1 MkWh.

1.1.1.6. Normal Support Operation
A facility breakdown of support power by support function and season of the
year is presented in Table 1-7 for the base rail transit system. These power

requirements are for normal operation.

1.1.1.7. Summary of Power and Energy Use

Table 1-8 summarizes the energy use and power demand billing determinants of
traction and support power for the base rail transit system. f:or the power demand
component, the support power portion -is 34% of'the total demand, while for the

energy use component, it is 57% of the total energy use.

1.1.1.8. Power Bill Analysis for Normal Operation

Table 1-9 contains the power bill analysis for normal operation. The rates are
expressed ih unhits of the annual power bill, which is assumed 1.00. The rate is also
shown as a function of the portion of the power bill which is demand (which varies
from 0 - 1 in steps of .25). It is also assumed that the facilities charge is negligible

so that



Demand Portion + Energy Use Portion = Power Bill

As an example, if the power bill is 50% demand related (and thus 50% energy
use related) the unit rates are 0.00154/MW for demand and 0.00376/MKWH for energy.
So if the total power bill were $10M, the demand charge is $15.40/kW ($15400/MW)

and 3.7 cents/KWH ($37,000/MkWH).

1.1.2. Description of WMATA and MARTA Systems

The operation studied at WMATA consisted of the RED, BLUE and ORANGE
lines. At the time {1980-82), the RED line ran from Dupont Circle to Silver Spring, a
distance of 9.9 miles. The BLUE line ran from National Airport to Addison Road, a
distance of 15.9 miles. The ORANGE line ran from Ballston to New Carrollton, a
distance of 16.6 miles. The ORANGE and BLUE lines shared common track from a
point slightly west of Rosslyn Station to D/G Junction, a point east of Stadium
Armory Station. Figure 1-10 shows a map of the WMATA rail system as it was in

1980-é2, during the time of the study.

The operatiQn studied at MARTA‘ consisted of the North-South (NS) and East-
West (EW) lines shown in Figure 1-11. During the early stéges of the study,_ the
service extended from West End to Arts Center on the NS line, but during 1985, the
service was expanded so that it extended from Lakeview to Brookhaven. On the EW

line, trains operated between Hightower and Avondale.

Table 1-10 sﬁows the physical, propulsion and braking characteristics of the
vehicle for both rail systems. During the time of the WMATA study, the cars were
propelled using cam-controlled resistor switching {cam-control), which was not
capable of regeneration. Cars which use chopper control were on order, and are now

in service.

Table 1-11 lists the route and operating characteristics of the two rail systems.
Although the maximum speéd of the WMATA system (75 MPH) is higher than that of

MARTA (70 MPH), the average speed of MARTA is higher than WMATA.



Table '1-12 lists the timetable data for both systems; namely, the headway and
number of cars per train for both systems during various operating periods. These

were the data used for the studies.

Table 1-13 shows the annual car-miles and the car-miles per hour normally
scheduled for peak operation for both systems.  These numbers when multiplied by

the KWHPCM vyield the traction component of energy consumption and demand.

Table 1-14 lists the principal structure of the electric bills. The electric power
service to the WMATA rail system is provided by two utilities: the Potomac Electric
Power Company (PEPCO), and the Virginia Electric Power Company (VEPCO).- The
PEPCO service to Metrorail is under three jurisdictions: District of Columbia (DC),
Maryland (MD), and Virginia {VA). VEPCO provides power to WMATA under the VA

y

. jurisdiction.

WMATA is considered a separate customer class (RT rate) by PEPCO in all three
jurisdictions. The service supplied by VEPCO is part of a government rate with just

an energy charge.

Electric service to MARTA is provided by the Georgia Power Company (GPC)
under a modified industrial rate (ET rate). Presently, MARTA is not classified
separately. However, its unique load and customer characteristics are recognized by

GPC.

Both MARTA and WMATA rail systems rely on automatic train control (ATC) to

drive the trains.

- Energy audits were conducted on both rail systems by examining and analyzing
the metering records of the electric utilities serving the authorities. Regression
analyses were conducted to determine the KWHPCM based on daily energy

consumption and daily car-miles. The results are shown for both systems in Table



1-15. Also'included in the table is a prediction using the Energy Management Model

(EMM).

All of the subsequent estimates of traction energy consumption reduction were

made using the EMM.
1.2. TECHNICAL STRATEGIES

1.2.1. Vehicle Weight Reduction

The base rail transit system is used to illustrate the example of vehicle weight
reduction. The empty weight of the vehicle was reduced by 10%. All other system
characteristics remained the same including the initial acceleration rate and the

propulsion system.

Table 1-16 shows the energy analysis of the vehicle weight reduction strategy.
Because of the decreased empty weight of the vehicle, the run time has decreased

(peak period from 13.85 min to 13.79 min).

Table 1-17 shows the power bill analysis using the new fleet of reduced weight

vehicles.

The net effect for vehicie weight reduction under the postulated circumstances

is marginal {less than 1% change in the power bill),

There are three basic causes for this marginal behaviour:

1. Because of the lower weight vehicle and under the circumstances
postulated (no change in the propulsion system), acceleration on the motor
curve is higher causing more high speed running and higher performance.
This counteracts the reduced energy effect of lower weight.

2. Vehicle weight affects the braking and train resistance energy end uses.
The effect on train resistance is small since it does not influence the
aerodynamic portion. Because of regeneration, the weight influence in the
braking energy end use is also small. Weight has no affect on the
auxiliary power and propulsion system losses. Thus, the weight influence
on energy consumption is small, so that a change in weight produces a
much smaliler change in energy consumption.



3. Because of the change in train performance {run time) receptivity of
braking energy is also changed. This effect could be either positive or
negative.

1.2.2. Vehicle Streamlining

Vehicle streamlining was also tested on the base rail transit system using
simulation. The aerodynamic factor of the front end of the train was reduced from

the.standard Davis equation value of (.0024) to .00226, a reduétion of 6%.

Table 1-18 shows the energy analysis of the effects of improved vehicle
streamlining. Table 1-19 shows the power bill analysis. In this case, there is little
or no effect on train performance or run time, since the propulsion system or initial

accelerating rate remains unchanged.

The overall effect of streamlining is small (¢1%). The cause for this marginal
effect is that the energy end use of the aerodynamic drag portion of train resistance
is small. Thus small changes in this end use have a very small effect on system

energy.

1.2.3. Propulsion System Efficiency

One energy end use of a moving train is the propulsion system losses caused
in the conversion process of line electrical power to rail mechanical power and visa-
versa during regeneration. Domestir.; rail transit service is in trains propelled by DC
motors, either using cam-controlled resistor switching or chopper control of these
motors. It is interesting to observe.the effect of cam-control vs. chopper control on

the same system without the effect of regeneration.

-

Two vehicie fleets were simulated. The base fieet was provided with cam-
control. The propulsion system provided the same performance as the chopper. A
traction energy summary of this base system is provided in Table 1-20. Table 1-21
presents a power bill analysis of the base system, similar to Table 1-9, where the

power bill has been set to unit value. This cam-control base system is used for
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further analysis in applying the energy conservation strategies in the following

sections of this chapter.

To make the comparison of cam-contro! vs. chopper propulsion without
regeneration, the chopper propulsion system regeneration was turned off. The energy
analysis is presented in Table 1-22. The power bill analysis, using the cam-control
system as the base is presented in Table 1-23. Observation of these tables shows

that the cam-control is slightly more energy cost-effective than the chopper without

regeneration. The difference is approximately 1% in the power bill.

Cam-control losses occur during acceleration in the resistors. Chopper losses
occur for both acceleration and constant speed running. Thus, chopper control tends
to be more efficient for small interstation distances, while the cam-control tends to
be more efficient for large interstation distances. In the case of the base transit

system, the cam-control wins out, but only marginally.

1.2.4. Regeneration

Regeneration is the conversion of mechanical power during braking into
electrical power, which may be used by other trains on the system, stored aboard
the train (flywheel), stored in devices off-board the train or soid to the eiectric

utility.

Regeneration with natural receptivity refers to the condition where only other
trains on the system use the regenerated power. This case is the norm for all rail

transit systems which use regeneration.

Regeneration with assured receptivity has not progressed beyond experiment,
anywhere in the world., Assured receptivity means that some positive action is taken
in the form of additional equipment to capture regenerated power, which would
otherwise be lost under conditions of natural receptivity. This positive action can

take the form of energy storage systems both on-board and off-board the trains, or
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regenerative substations, by which power can either be delivered back to the electric
utility or used to power other portions of the transit system. The electric utility

may give credit for the regenerated power, which it receives.

in the discussion of regeneration in the next few sections, the cam-control
vehicle fleet is used as the base operation. It was described in the preceding
section. Various comparisons are made using natural receptivity and the on-board
storage and regenerative substation approach to assured receptivity. The results

obtained in the WMATA study are also presented and discussed.

Regeneration does not change the schedule performance of trains, unless

additional weight must be added such as is the case with on-board energy storage.

1.2.4.1. Regeneration with Natural Receptivity

Two cases are of interest. The first is a system where all cars can regenerate
power. This condition applies at MARTA, MIAMI, BALTIMORE and BART, and most
probably, in all new systems in the future. The second case relates to older
systems and WMATA, which are in the process of adding regeneration to new cars,

but the old ones remain as cam-control.

1.2.4.1.1 Case 1: All Cars Regenerate

The proper comparison is the all chopper car base fleet (with regeneration) to

the cam-control base fleet.

Table 1-24 shows the energy analysis of the comparison. Tabie 1-25 provides

the power bill analysis of the chopper {(with regeneration) vs. the cam-controi fleet.

Because of the better regeneration receptivity during peak operation, savings
become larger as the demand portion of the bill increases. Substantial power cost
savings are possible. The MARTA study concluded that 14% of a total power bill of

$4.8M (1984) was saved because regeneration was selected.
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1.2.4.1.2 Case 2: Some Cars Regenerate

The proper comparison is a fleet of some chopper cars mixed with cam-control
cars against the cam-control base fleet. It is further assumed that the chopper cars

with regeneration are used whenever possible, to save energy.

QOut of the 102 cars required for peak service, it is assumed that 36 cars have
chopper propulsion. These cars can be used as 6 six-car trains running together in
the same consist, or as part of mixed consists. As mixed consist, there would be 2
trains with 3 chopper cars and 15 trains with 2 chopper cars, with an average of 2.12

chopper cars per train.

During off-peak periods, all chopper cars are used. Table 1-26 shows the
energy analysis of the comparison of the scenario of running with the chopper cars
in separate trains versus the base case of all cam-control trains. The power bill

analysis for the same scenario is shown in Table 1-27. -

Table 1-28 shows the energy analysis of the comparison of the scenario of
running the chopper cars in mixed consists versus the base case of all -cam-control

trains. Table 1-29 presents the power bill analysis for this scenario.

The results show that running the chopper-cars in mixed consists is better from
the point of view of energy -cost savings than running them in separate consists.
Since the on-board auxiliary loads are fed first during regenerative braking, with
mixed consists, there is a larger fraction of regenerated power being accepted by the
regenerating train. This condition increases the natural receptivity of the mixed

consist over the separate consist scenario.

The rule can be generalized. When the fleet consists of mixed chopper and
cam-control cars which can be trained, use the maximum number of chopper cars
with the minimum number of cars per train in mixed consist. Under most

circumstances this will provide the best energy savings.
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A comparison of cost differences between cam-control and chopper cars was

possible on the WMATA cars, because both types of cars were ordered

simultaneously in 1882. This cost difference was $25,000/car {chopper > cam-control).

1.2.4.2. Regeneration with Assured Receptivity - On-Board Storage

The base fleet was modified so that all of the cars consisted of on-board
storage devices. These devices increased the empty weight of the cars by 10%;
however, because the propulsion system was not changed, the cars lost performance

capability.

Table 1-30 shows the energy analysis comparison of the energy storage car
fleet with the base cam-control fleet. Table 1-31 presents the power bill analysis

for the same scenario.

The results again show substantial energy cost savings. There are two other
effects which must be considered here. The increased weight of the cars reduced
their performance causing both an increase of energy use {weight) and a decrease of

energy use (performance reduction).

1.2.4.3. Regeneration with Assured Receptivity ~ Regenerative Substations

It was assumed for this case, that the base transit system had inverter
substations, which could feed power back to the electric utility. It was further
assumed that the utility gave full credit -for this power {meters c.ould rotate in both

directions).

Table 1-32 provides the ehergy analysis of the comparison of the assured
receptivity (regenerative substations) with the base cam-control operation. The power

bill analysis is shown in Table 1-33.

This scenario has by far the largest energy cost savings. However, the
assumption that the utility will give full credity or that the full regenerated energy
could be used to power support functions may not be the best. Anything less than

this assumption results in diminished savings.
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1.2.4.4. Assured vs. Natural Receptivity
1.2.4.4.1 Base Transit System

A comparison of assured vs. natural receptivity is shown in Figure 1-12.

Regeneration with assured receptivity, using inverter substations, certainly leads

in the energy savings category.

1.2.4.4.2 WMATA Case Study

During the WMATA study, assured receptivity was investigated using
regenerative substations on on-board storage as alternative means for assuring that

regenerated power would be used.

During the WMATA study, assured receptivity was investigated using
regenerative substations and on-board energy storage as alternative means of
assuring that regenerated power would be used. In the case of on-board storage, a
flywheel was increased by 10%. A comparison of the 1981 $ savings among natural
receptivity and the assured receptivity conditions of regenerative substations and on-
board storage is shown in Figure 1-13. As compared to the natural receptivity«pase
of 17% savings, the use of regenerative substations increases the savings to 20% and
the use of on-board storage shows a 17% savings, the same as for natural
receptivity. The reason f_or the small increase in savings for regenerative substations
is that the WMATA rail system under natural conditions is already highly receptive,

and that regenerative substations compete with natural receptivity.
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1.3. OPERATIONAL STRATEGIES

1.3.1. Performance Modification

Performance modification strategies are those that reduce the normal train
performance (run time increase) in order to reduce energy consumption. If
performance is reduced too much, it will be necessary to add anothér train thus
adding additional operating cost. The strategies to be considered are acceleration
reduction, braking reduction, top speed reduction, coasting and optimum performance
modification. The latter strategy represents the best energy trajectory per fixed
schedule time increase. The effect of performance modification strategies depends

upon whether a system is regenerative.

1.3.1.1. General

An illustration of the speed profiles and the power profile for both cam-control
and chopper control {with regeneration) are shown for the base transit system in the

several figures which follow:

Table 1-34
Length of Run (miles) 1.0 1.5
Type Profile ) Speed Power Power/Regen : Speed Power Power/Regen
Strategy FIGURE #
Minimum Time 1-14A 1-14B 1-14C 1-15A 1-158 1-15C
Acceleration Reduction  1-16A  1-168 1-16C 1-17A 1178 1-17¢C
Deceleration ﬁeduc?ion 1-18A 1-188B 1-18C 1-19A 1-198 1-19C
Speed Reduction 1-20A 1-208 1-20C 1-21A 1-218 t-21C
Coasting 1-22A 1-228 1-22C 1-23A 1-238 1-23C

Table 1-35 summarizes the result of all of the runs depicted in Figures 1-14 (A,

B, C) through Figures 1-23 (A, B, C).

The area under speed profiles must remain the same for a fixed run length,
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since the area is just the distance. The area under the power profile curves is just

the energy.

1.3.1.2. Acceleration Reduction
The base transit system with chopper control was used to illustrate the effect
of acceleration reduction on energy. The acceleration rate was reduced from 3.0 to

2.5 mphps.

The energy analysis of the acceleration reduction strategy is shown in Table

1-36A. The power bill analysis is presented in Table 1-36B.

The major energy effect of acceleration reduction occurs when the rate is
reduced enough so that the train does not reach its former top speed within the '

interstation distance. This occurs for short station spacings.

1.3.1.3. Braking Reduction A

For the purpose of illustrating the resuit of braking reduction on energy, the
base transit system bréking rate was reduced from 3.0 to 2.5 mphps. The result is
shown in the energy analysis of Table 1-37A. The power bill analysis of thés

scenario is presented in Table 1-37B.

As in the case of acceleration reduction, a large effect on energy is reélized
when the braking rate is reduced enough so that the train is prevented from reaching
its former top speed within the interstation distance. A second effect is the
increased natural receptivity caused by .the rate decrease. Less power is regenerated
but over longer periods of time. Thus there is more of a chance that other trains on

the system will use it.
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1.3.1.4. Speed Reduction

The base transit system was used to illustrate the reduced energy and increased
running time effect of the speed reduction'strategy. This is one of the energy
conservation strategies which is seriously considered by transit manégement, and, in
fact is used on a regular basis. This strategy is discussed using the chopper control
propuision as the base system ({regeneration) and the cam-control propulsion as the

base system (no regeneration).
1.3.1.4.1 Speed Reduction with Regenerative Systems
The following tables show the energy and power bill analysis for the chopper

control propuision (with regeneration) on the base transit system for increasing values

of run time (decreasing values of maximum speed)

Table 1-38
Increased Run Time# Maximum Speed#*  Energy Analysis Power Bill Analysis
{minutes) {mph)
+.25 62.4 1-39A 1-398B
+50 58.0 1-40A 1-40B
+.75 v 54.8 1-41A 1-41B
+1.00 52.1 1-42A 1-42B
+1.25 49.9 1-43A ' 1-43B

* Normal run time is 13.85 min and normal maximum speed is 70 mph.

The resuits are summarized in Figure 1-24,
1.3.1.4.2 Speed Reduction with Non-Regenerative Systems
The following tables show the energy and power bill analysis for the cam-

control propulsion with no regeneration on the base transit system for increasing

values of run time (decreasing values of maximum speed)
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Table 1-44
Increased Run Time# Maximum Speed Energy Analysis Power Bill Analysis

(minutes) (mph)

+.25 62.4 1-45A 1-45B

+50 58.0 1-46A 1-46B

+.75 54.8 1-47A 1-47B

+1.00 52.1 1-48A , 1-48B

+1.25 49.9 1-49A 1-49B

# Normal run time is 13.85 min and normal maximum speed is 70 mph.

The results are summarized in Figure 1-25.

1.3.1.5. Coasting
The base transit system was used to show the reduced energy and increased
running time effect of the coasting strategy. This strategy is another that is

seriously considered by transit management.

To effect coasting, acceleration occurs in the normal speed maintaining practice
until a maximum {coast) speed is reached. Power is removed from the train and it is
allowed to drift until the lower speed of a speed bahd error is reached. At this
time, power is reapplied again and the cycle is repeated. For reasonable speed error
bands (> 3 MPH), there'is usually one cycle per interstation run. This strategy is
discussed using two speed error bands (3 mph, 5 mph) and using the chopper control
propulsion as the base system (regeneration) and the cam-control propulsion as the

base system (no regeneration).
1.3.1.5.1 Coasting with Regenerative Systems
The following tables show the energy and power bill analysis for the chopper

control propulsion (regeneration) on the base transit system for increasing values of

run time (decreasing values of coast speed) at two speed error bands:
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Increased Run Time* Coast Speed Energy Analysis Power Bill Analysis
(minutes) : (mph)

Case 1. Speed Error Band = 3 mph

+.25 63.8 1-S1A 1-51B
+.50 59.4 1-52A 1-52B
+.75 56.0 1-53A 1-53B
+1.00 53.4 1-54A 1-54B
+1.25 51.2 1-55A 1-55B

Case 2: Speed Error Band = S mph

+.25 64.0 1-56A 1-56B
+.50 60.0 1-57A 1-57B
+.75 57.0 1-58A 1-58B
+1.00 54.5 1-59A 1-59B
+1.25 52.2 1-60A 1-60B

* Normal run time is 13.85 minutes

The results are summarized in Figures 1-26 (3 mph band) and 1-27 (mph band).

1.3.1.6.2 Coasting with Non-Regenérative Systems

The following tables show the energy and power bill analysis for the cam-
control propulsion (no regeneration) on the base transit system for increasing values

of run time (decreasing values of coast speed at two speed error bands):

TABLE 1-61

Increased Run Time*  Coast Speed Energy Analysis Power Bill Analysis
(minutes) (mph) .

Case 1: Speed Error Band = 3 mph

+.25 : 63.8 1-62A 1-62B
+.50 59.4 1-63A 1-63B
+.75 56.0 1-64A 1-64B
+1.00 53.4 1-65A 1-65B
+1.25 51.2 1-66A 1-66B

Case 2: Speed Error Band = 5 mph

+.25 64.0 1-67A 1-67B
+.50 60.0 1-68A 1-68B
+.75 57.0 1-69A 1-69B
+1.00 54.5 1-70A 1-70B
+1.25 52.2 1-71A 1-71B

* Normal run time is 13.85 minutes.

The results are summarized in Figures 1-28 (3 mph band) and 1-29 (5 mph band).
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1.3.1.6. Optimum Performance Modification
Optimum performance modification is a future development for rail transit (just

as assured receptivity is in regeneration).

1.3.1.6.1 General

Low energy consumption and minimum running time are confiicting objectives in
a transit system. Transit cars are generally used _to their maximum capability so that
over given running profiles, the minimum running time is achieved. Usage of full

capability does not result in minimum energy consumption.

Figure 1-30 shows a two dimensional objective‘space for the two conflicting
objectives, running time and energy. The accessible region is the area in the running
time vs. energy consumption plane which can be realized by a train with a fixed
passenger load factor between two stations. Any point in this plane is accessible to

the train as it moves between the stations.

The border of the accessible region is the non-inferior curve. It represgnts the
extremum of energy consumption for a fixed running time which is greater than the

minimum running time.

The problem of finding the optimum performance modification strategy is to
find those strategies which lie near the lower portion of the non-inferior curve, so

that for a given small increase in running time, a maximum energy saving is possible.

Here the optimization of the trajectory of an individual train is considered. The
physical and performance characteristics of the train and its tracks are specified. The
principle concern is that total energy E and total running time T be as small as

possible.



1.3.1.6.2 Problem Description ,

The problem is to minimize:

where E is the total energy, subject to the constraints on the speed and

propulsion system.

The train must meet the speed limits along the route,
oS vix) v (x
max

where x is the position along the route.

X £ x<x
[] f

and where X X, are the positions of the begi‘nning and end of the route. The

f
quantity vmax(x) is the speed limit at position x.

Propulsion system models can relate the electric power, Pe, at the third rail
shoe of the vehicle to the applied force, u, of the propulsion system at the wheels

%,
and the speed of the train, v. This relation has the form,

Pe = glu,v) .

The applied force at the wheel, u, has a maximum and minimum value

depending on the speed of the train, which is expressed in the form,
: u . (VSus<u (v,
min max

Figure 1-31 shows the equation of motion and describes its components. The

position of the train along the route is related to its speed by the equation:
v = dx/dt .

The curve resistance, C, and the grade resistance, G, are functions of the position of
the train and the train resistance terms TRR and TRA are functions of the speed (v} of

the train.

The total running time, T, can be expressed as the quantity
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while the total energy consumed is

E = S[Pa(t) + Pe(t)]dt ,

where, P,(t)' is the power drawn by the auxiliaries (such as heating and air

conditioning units) which is generally assumed to be constant in time.

It is desired to make T and E as small as possible. This problem was solved
using two approaches. In the first approach, Monte Carlo techniques are used to
generate all feasible trajectories in the E-T plane and only those are selected which
have minimum E for fixed T. The second approach is a muitiobjective optimization
technique which minimizes the quantity,

J=E.

1.3.1.6.3 Monte Carlo Algorithm

A Monte Carlo Simulation was done for the problem of the form described in
the previous section, namely,

Min E (v,t)

subject to: T < T a (prespecified)
« S v £ B (prespecified)

osvsv (x.
max

Here o« and A are the minimum and maximum speeds generated by the
propulsion system, i.e., speeds corresponding to minimum and maximum applied force

that can be delivered through the propulsion system at the wheels.

The Monte Carlo procedure generates random vectors v distributed on two-way

negative exponential distribution with mean R e« + Rzﬂ (R1 + R2 = 1) and variance R3.
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The quantities R1, R. and R3 are randomly generated using a Random Number

2

Generator, and these are the same for a set of speeds.

Each v, randomly generated was checked for the three constraints. v. was set
to the constraint each time it violated a constraint. Energy was calculated for the
vector v and T. Energy was retained if it did not violate the time constraint, and
energy was less than the previously stored values. In this way, the lower most

bottom portion of the accessible region was traced.

Appropriate choice of R1, R, and R:3 ranges have provided fairly efficient runs

2
of Monte Carlo. Overall, as long as R1ac+R2ﬂ is tilted towards §, and R3 is around

20, it provides good results.

Description of Random Number Generator.

The Random Number Generator used for the purpose was system routine
RAN(IDUM) which generates random number uniformly distributed between 0 and 1.
Figure 1-32 provides the probability density function f(x) and probability distribution

function F(x) for RAN{IDUM).

For the purpose of simulation, it was better to use negative exponential
distribution as uniform random numbers provide large changes more often, and thus
leading to a higher probability of sub-optimal results. Negative exponential
distribution, on the other hand, provides a tapering in the density function. Figure
1-32 provides the probability density and probability distribution function for negative

exponential distribution.

Now, in order to generate negative exponential distributed random numbers, it is
necessary to use F—1(x) where x is uniformly distributed random number. For negative

exponential distribution,

F(0) = 0
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Floo) = 1
Fix) = -e#*/ 4

Hence, if random number selected from a uniform distribution is y, then:

y = log x/luy or

X = =u log ay.

1.3.1.6.4 The Trajectory Optimization Algorithm

The purpose of this algorithm is to minimize J = E, subject to all the

constraints of the system, and T = T1 where T1 is a specific travel time assigned to

route.

The steepest descent method is used in the minimization procedure because of
its simplicity in programming and because for this specific problem, it converges in

a reasonable amount of time. The algorithm is summarized below.
1. Generate a feasible trajectory to serve as an initial guess.

2. Discretize with respect to distance (divide the distance to be covered into

appropriate intervals).
3. Calculate 3J fori=1,2, ... n-1.

Here J = E

X, - n-1 x.,,-X. X =X
=10 y g it -1 _n_n-1

B
P4
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Xq=X h-l X. 4= -
T = lv 0 + ;5 5 i+l x]-l + Xn xn-l
0 i=1 V-i Vn

Subject to T = T1 where T,I is a specific travel time assigned so that the solution of

' the problem generates a point on the convex portion as shown in Figure 1-33. Thus,

TR TS s 5 U s LA 1 i 5 WO B B S S Lo B
— e 2 - . ’ o

Xipp7%;  P(Vi410U44)

)

. v,
Vitl i
because u, _, U, U are functions of v, ,
i=1 i i+1 i

ui=MEai+G+C+TRR+TRA
i=12 ... n-1

and
4 =y, Sir17Vi-l

i i
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Agsin,
U,
%5. (vis uy) ='§% *%& T
A i uj i Vi i
const. const.
Py )=3P| , 3P | M1
av. i-1? Yi-1 V. u. oV
const.  const.
¥ v u) =P . 9P KT
' i+l Viel !
const. const.
and
4, Determine Cj such that
cl =TT,
5. Calculate vi~ "2 such that
' : vj—1/2 = ij‘j

6. Calculate &J, = oE / avij-.1’2

7. Calculate new vf by taking a small step in the direction of the gradient, i.e.,

set
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)
i

th

where v’ is the velocity, i, in j iteration and ¢ is a constant which gives suitable

step which minimizes the objective function J.

The step size « has been calculated using the quadratic approximation for the

objective function described in the next section.

8. The gradient projection method is used to test all the constraints, i.e.,

e Verify if v,j abides by the speed restriction. If not, set vij

speed restriction.

equal to the

® (Calculate <i and ﬂi velocities corresponding to the minimum and maximum
tractive force.

[[]
Q

if viJ < e, set viJ

If vij > B, set v/

"
™

8. Test for convergence using the following criterion:

| sull == (64)* < €

and

|ch-1] < 5

where € and 3§ have a prefixed value. If process has converged, stop, otherwise

return to 4.

The algorithm for discretizatlon and minimization is summarized in a flow chart

shown in Figure 1-34.

1.3.1.6.56 Algorithm for Selecting Optimal Step Size
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Consider approximating the function J{a) by a function ule) which has an easily
determined minimum point. The simplest 1- variable function possessing a minimum
is the guadratic:

a+ba+Ca2

ule)
the minimum. of which occurs where

(dy) | de)

0=> b+2ca=0

or a* = (-b / 2¢)

The constants b and ¢ for the approximating quadratic can be determined by
sampling the function at three different < values, e.g., 0, t and 2t where t is the

preselected trial step and evaluating the functions at these three e values at:

e =0 f1=a -
' _ 2

a =t , fz-a+bt+ct

a = 2t f3=a+2bt+4ct2

1
(-'3¢f2 - 3f, - f3) I 2t

(=)
1]

O
n

- 2
(fg + £, - 2f) /2t

therefore,
ae* = (-b/2c) ~ (4f2-3f1-—f3) / (4f2-2f3-2f1)

-Also, for e%* to correspond a minimum it must satisfy
2 2 :
d% 1 de) |, >0 = C>0

For C > 0 we should have

f3+f1 >2f2

This means that the value of f2 must be below the fine connecting f1 and f3.

The logic for the quadratic interpolation described above is given in the flow

diagram shown in Fi'gure 1-35.
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1.3.1.6.6 WMATA Case Study

The WMATA Red Line running from Dupont Circle to Silver Spring was selected

for the optimization purpose.

Using the actual motor and brake curve, the total run of 9.81 miles has been
optimized using Monte Carlo and Steepest Descent. The results are summarized in

Tables 1-72 and 1-73, respectively.
1.3.1.7. Coasting vs. Speed Reduction
1.3.1.7.1  On Regenerative Systems

Figure 1-36 shows a comparison of coasting and speed reduction with a vehicle
fleet using the chopper propuision with regeneration. Speed reduction saves the least
energy per unit run time increase. As the coasting speed error band increases, the
energy savings increase until a point is reached where no more physical coasting can

be done within the longest station spacing on the system.

1.3.1.7.2 On Non-Regenerative Systems

Figure 1-37 shows a comparison of coasting and speed reduction strategies with
a vehicle fleet using cam-control propuision without regeneration. Again speed

reduction saves the least energy per unit increase in run time.

1.3.1.8. Performance Modification Predictions on WMATA and MARTA
Several performance modification strategies were simulated on the WMATA and

MARTA rail systems.

The results of speed reduction and anticipatory coasting on the Red line and

Blue/Orange lines of WMATA are plotted in Figure 1-38. The graphs show the

' decrease in energy consumption at the train and do not include the effects of power

distribution system losses.
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Figure "'1-39 shows the results of speed reduction and anticipatory coasting on
the NS and EW lines of MARTA. The plots reflect the conditions of 100%

receptivity upon regeneration. Again, power distribution losses are not included.

Several performance modification strategies were evaluated on the Red line of
WMATA. The results are presented in Figure 1-40. Power distribution losses are not

included.

In all cases, coasting is a better strategy than speed reduction in terms of
energy saved for fixed schedule time increase. However, for the speed reduction
strategy, only the top speed of the train was reduced. At schedule time increases of
2-3%, which limit increases in one way trip time to less than one minute, traction
energy savings on WMATA ranged from 12-16%. On the Red line of WMATA,
application of optimum performance reduction can result in energy consumption
decreases of 17-20% with a 1% increase in schedule time. These decreases are

estimated at the train rather than the meters.

Using the anticipatory coasting results in Figures 1-38 to 1-40 as a guide,
energy cost savings were determined using sawtooth coasting. Power distribution
losses were considered in these estimates. In all cases, the schedule time inciease
was limited to less than one minute. The results are detailed in Table 1-74.
Coasting is predicted to save.-5% of the power bill on WMATA and 6% of the power
bill on MARTA. The one minute schedule time increase could be made up at

turnaround; thus, the capacity of the system would be unaffected.

At the time, the cost to modify the cars was estimated at $32K (1981 $) at
WMATA and $200K (1985 $) at MARTA. These low initial costs mean .immediate

payback if the strategy is applied.
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1.3.2. Train Operation Strategies

' 1.3.2.1. Scheduling for Improved Passenger Load Factor

1.3.2.1.1 Base Transit System

The base transit system was used to illustrate the effect of improving
passenger load factor by running shorter trains at higher load factors during the peak

operating periods and running shorter trains during selected off-peak periods.

During the peak periods, the number of cars per train was reduced from six to
four. This effectively increased the passenger load factor from 50% to 75%. During
the daily evening operation, the number of cars per train was reduced from four to

two, which effectively increased the passenger load factor from 25% to 37.5%.

The operating timetable for the passenger load factor improvement is shown

alongside the original timetable in Table 1-75.

The energy analysis of the passenger‘load factor effect on energy is shown in

Table 1-76A. The power bill analysis is shown in Table 1-76B.

In practice, more careful attention would be payed to scheduling but this

analysis conveys the intention.

1.3.2.1.2 WMATA and MARTA Results

The original timetables used in the WMATA and MARTA studies together with
car-milés/hr during the peak period and annual car-miles are listed in Tables 1-12 and
1-13, respectively. buring the course of the studies, only one new scheduling
strategy was suggested for WMATA operations. This strategy was the reduction of .
train consist size during off-peak operation. During midday on weekdays, alternate 4
and 6 car trains, instead of all 5 car trains, would be run and on evenings, Saturday

and Sunday, alternate 2 and 4 car trains would be run instead of 6 car trains. The
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annual savings were 1.178M, 1.069M and 1.570M car-miles on the Red, Blue and

Orange lines respectively. As presented in Table 1-13 this amounted to 5% in energy

cost savings.

On the MARTA rail system, several scheduling strategies were analyzed, each
one successively increasing the passenger load factor by reducing car-miles. At the
lowest level of passenger load factor improvement, the principal changes in the

schedule were:

1. Alternate trains on the EW line would run from Hightower to Candler Park,
where they would turn back during weekday peak and midday. This
schedule would be used instead  of all trains running from Hightower to
Avondale.

2. Four car trains would be used instead of six car trains on the run from
Lakewood to Brookhaven on the NS line during peak and midday, weekday
operation. All other service remains the same.

These strategies will reduce the annual car-mi on the NS line by 344K and on
the EW line by 489K. In addition, since the scheduling reduces the car-mi/hr during
the peak periods from 940 to 790 on ;(he EW line and from 1427 to 1162 on the NS
line, there is a savings in power demand as well. The demand and energy savings'
are detailed in Table 1-77. Application of this strategy reduces the electric bill by

: i
Bl

- 7%.

1.3.2.2. Scheduling to Improve Regeneration Receptivity on MARTA

Regeneration receptivity is a measure of the ability for the trains on the
system to use the power being regenerated by trains on the system. Consider a two
track rail line such as the MARTA EW or NS line. The positions of the trains along
the lines at any instant of time are determined by the headway and offset. The
headway is the time between trains moving in any given direction, while the offset
is the difference in time to within one headway of a train leaving one terminal and a
train departing from the opposite terminal. For example, if the trains leave a
terminal at 7:00 a.m., 7:05 a.m., 7:10 a.m., etc., and the schedule for trains leaving the

opposite terminal is 6:58 a.m., 7:03 a.m., 7:08 a.m., etc., then the headway is b
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minutes and. the offset is 3 minutes. As defined here, the offset can vary from zero
to one headway. Under ideal conditions, a two track system operating at constant
headway, with identical trains and train movement, is cyclic. Thus, train positions,
speeds and power are repeated every headway in time and no offset has the same

effect on power flow as one headway of offset.

To study the effect of scheduling on regeneration receptivity, the energy use
per car-mile was estimated as a function of offset over the period of one headway.

The higher the energy consumption per car-mile the less the regeneration receptivity.

Regeneration' receptivity is difficult to define quantitatively because the
condition of a 100% receptive system does not exist. In this study, receptivity is
defined as the ratio (%) of energy saved as a result of regeneration to the maximum )
energy capable of being delivered by the trains to the third rail. It can only be
determined through simulation, because the 100% receptive condition cannot be.
realized in actual operation. Table 1-78 shows the estimate of system receptivity
under conditions of normal operation during 1983-1984. One would generally expect
the receptivity to be high during the peak periods and low during non-peak periods.
However, because regeneration receptivity depends on both offset and headway, this

is not aIwaYs the case.

Using the EM'M, the schedule offset was varied in one-minute steps for both
operating periods selected (AM peak and evening). Thé results are summarized in
graphical form in Figure 1-41. During the peak period, maximum variations [(max-
min)/average] in energy consumption of 7.2% and 2.7% were observed to occur on
the NS and EW lines, respectively. During the evening operating period, a maximum
variation of 9.9% and 9.2% was observed to occur on the NS and EW lines,

respectively.

The energy variation as a function of schedule offset can be translated into
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energy $. Table 1-79 provides the details of this translation. The difference
between the maximum and minimum annual energy cost as a result of schedule

offset is estimated at $106K, or 2.6% of the electric bill.

Since scheduling trains without taking the offset energy effects into account
would be expected to lie somewhere between the maximum and minimum, most
probably half-way, taking energy effects of offset scheduling into account might save
$53K per year. There are other scheduling constraints which may either enhance or

diminish this estimated cost savings.

1.3.3. Support Energy Reduction

1.3.3.1. WMATA Case Study
Opportunities for support energy cost reduction at WMATA were identified in

the lighting and escalator loads.

1.3.3.1.1 Lighting Load Reduction

Several recommendations were made by the General Manager's Lighting Task

Force on lighting energy conservation opportunities.

One recommendation was to replace the indirect fluorescent lighting with direct
mercury vapor lighting in both side and center platform underground stations. The
estimated reduction in power was 82KWi/side platform station, and 39KW/center

platform station.

The peak power demand reduction and annual energy savings on incorporating

these lighting changes are shown in Table 1-80.

There are two aspects to the lighting improvement costs which were used as
the basis for the lighting energy cost reduction estimates. The capital cost for the
improvement was $33,000 per underground station, and $28,000 for surface station.

In addition, because of less labor and materials required in bulb replacement, there is
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an annual cost savings of $2,064 for side platform stations, and $1,216 for center

platform stations. Above ground stations savngs are estimated at $521.

Based on these cost figures with 11 above ground stations and 23 underground
stations at the time, of which 14 of the underground stations were center platform
and 9 stations were side platform, the capital cost was estimated at $1,076,000, and

the cost savings in addition to energy is $41,331.

The General Manager's Committee on Lighting recommended that the indirect
fluorescent lighting at the passenger stations be replaced with direct mercury vapor
lighting. The energy cost savings is estimated at $675,000/year {4-5% of the overall
power cost) with an additional savings in replacement lamps estimated at
$41,000/year, or a total annual savings of $716,000. The estimated capital cost is

$1,067,000 which would be payed back in 1 1/2 years.

1.3.3.1.2 Escalator Load Reduction

A strategy for reducing escalator energy consumption would be to turn off all
escalators under 16 ft. height of rise and the third escalator in areas where three

escalators service the station from one entrance during off-peak periods.

Table 1-81 presents the results of this strategy. Since escalators are turned off
during the non-peak periods, there is no effect on peak power demand reduction.

The effect on support energy is very small (1%).

The annual energy cost savings achieved by turning off all escalators with less
than 16 ft. height of rise, and the third escalator in areas where three are serving the
station from one entrance, in off-peak periods, was $32,000 (< 1% of total power

costs).

Unless this strategy is used for egress control, turning off "“down” escalators
during peak periods, was not recommended because heavily loaded down escalators

can regenerate power.
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1.3.3.2. MARTA Case Study

Because of the nature of the ratchet on the billing demand at MARTA [i.e., the
billing demand remains at 95% of the maximum monthly demand obtained during the
summer months (June-September)], an opportunity for effective load management
exists. A true load managing strategy would be used during the weekday AM and
PM peak operating periods, in anticipation of reducing a high power demand.
Although traction load reduction will reduce power demand on a continuous basis, it
is support load reduction which can be used as part of true load management
strategy. For every 1000 KW of support load which is shed during the periods of
highest demand during the summer months, annual savings of $122K are possible.

The chosen load reduction strategy need only be used during the summer months.

1.3.3.2.1 Installed Support Power Tabulation

The last survey of installed support lcad on the MARTA rail system was

conducted several years ago. This survey forms the basis of the analysis.

The installed support loads identified in the survey were divided into the
general categories of VENTILATION, HEAATING, LIGHTING, AIR CONDITIONING,
ESCALATORS & ELEVATORS, TRAIN CONTROL & COMMUNICAT‘I';ONS, FARE
COLLECTION, and MISCELLANEQUS. The survey covered all of the EW line and the
downtown portion of the NS line. The installed support loads are summarized by

category in Table 1-82,

Because of the nature of the billing demand ratchet, it is clear that to be most
effective, the load must be shed during the summer months. Since even one
operating period of high power demand in which the load were not —shed, could
negate the load managing strategy, load shedding must be effected with equipment
which is easily turned off and on and is reliable. It is also important that safety,

security, comfort and convenience of passengers not be compromised.

g
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At the outset, only two categories of load might satisfy the above mentioned
conditions: LIGHTING and AIR CONDITIONING. The remaining load categories do not
meet the conditions mentioned. The LIGHTING and AIR CONDITIONING represent

2000 KW and 6000 KW of surveyed installed load, respectively.

Reduction of lighting had been considered by MARTA staff as a method of
reducing energy cost. It cannot be considered a load management strategy in the
sense discussed, since

1. Any lighting which can be turned off without affecting passenger safety

and security in structures not exposed to daylight should be permanently
off.

2. For outside facilities which receive adequaté natural lighting during the
day, the lights should be turned off during daylight hours if the cost to
do so is less than the cost to keep them lit.

During the summertime, daylight hours span the peak operating periods, so that
turning off lights will naturally reduce peak demand. Because of the nature of the
installed lighting .loads, it is not easy to turn them off and on, and negligence could

jeopardize safety and security.

The only remaining load category which satisfies the load managing strategy

“conditions is AIR CONDITIONING. Not all air conditioning would qualify (e.g., air

conditioning in the central control facility or other vital equipment enclosures).

Since the chillers would operate during the summer months, it is natural to
think of chiller plant load shedding as a potential strategy. By using the chillers to
cool to lower, but comfortable temperatures during the hours just before the AM and
PM peak operating periods, the chiller plants could be unloaded during the peak
periods to keep the temperature just below the maximum for passenger comfort. In
utility terms, this form of load m’anagemen't is known as peak shaving and valley

filling. Three criteria must be satisfied before the strategy can be used.

1. The chillers can easily be loaded and unloaded.



. The cost for loading and unioading must not exceed the cost of the
savings.

. The chiller load must be part of the peak load.

. Further study of these requirements was recommended.

37



38

TABLE 1-1 VEHICLE CHARACTERISTICS

Empty Weight (tons)

Crush Load Weight (tons)
Vehicle Length (ft)

Cross Sectional Area (sq. ft.)

Measured Flange Coefficient
(1lbs/ton/mph)

Number of Axles (All Powered)
Auxiliary Power (kW)
Wheel Diameter (inches)

Lead Vehicle Air Drag Coefficient
(lbs/ton/mphz)

Trail Vehicle Air Drag Coefficient
(1bs/ton/mph?)

36.0
52.5
75.0

80.0

0.071

30
28

.0024

.00034



TABLE 1-2 VEHICLE PROPULSION AND BRAKING SYSTEM CHARACTERISTICS

Motors per vehicle - 4

Motor characteristic - (W) Type 1462

Chopper Control

Initial accelerating rate 3 MPHPS

Wheel diameter 28 inch

Gear ratio 5.414 to 1

Maximum speed - 70 MPH

Line voltage (V) (nominal, maximum, minimum) - 750, 860, 600
Field strengths available in power 1.00, 0.7, 0.5, 0.4

Field strengths available in brake 1.00

Motor Control Philosophy

Load weighing device aboard vehicle automatically sets the propulsion control so that
initial accelerating rate is 3 MPHPS in acceleration, and that dynamic plus friction
braking provides a constant rate of 3 MPHPS throughout all speed ranges. Dynamic
braking provides as much of the braking effort being supplemented by friction braking
when:

s enough braking effort cannot be provided to maintain the 3 MPHPS braking
rate.

= the line voltage is too high to accept regenerative braking.
® regenerative braking is turned off.

Propulsion

= Motors are connected in two series/two parallel.

» To increase speed, the control sets motor amps to maximum possible acceleration
rate not to exceed 3 MPHPS.

a A 60% field shunt (field‘strength = 40%) is brought in in three steps when
request for tractive effort exceeds availability at 100% field

Braking Control Philosophy

= Motors are connected in two series/two parallel.
s Note that a resistor is needed to limit line voltage at high speed.

w Friction braking is used to supplement dynamic braking effort and keep the total
braking effort at 3.0 MPHPS.
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TABLE 1-3
OPERATING TIMETABLE SUMMARY

SERVICE - TIME PERIOD CARS/TRAIN HEADWAY (MIN)
wWeekday
Morang 12:00 am-6:00 am NO SERVICE
Peak 6:00 am-9:00 am 6 2
Midday 9:00 am-3:00 pm 4 4
Peak 3:00 pm-6:00 pm 6 2
Evening 6:00 pm-12:00 pm 4 8

Sat., Sun.'& Hol.

Morning 12:00 am-6:00 am NO SERVICE
Day A 6:00 am-6:00 pm 4 8
Evening 6:00 pm-12:00 am 2 8

Trains leave on the hour from both terminals.

TABLE 1-4 TRAIN PERFORMANCE AND ENERGY SUMMARY FOR NORMAL OPERATION

RUN TIME(MIN) KWHPCM

PERIOD TIME EASTBOUND WESTBOUND MINIMUM= NORMAL ==
WEEKDAY

MORNING 12:00AM - 6:00AM NS NS

AM PEAK 6:00AM - 9:00AM 13.85 13.83 4.82 6.31

MIDDAY 9:00AM - 3:00PM 13.77 13.76 4.60 5.96

PM PEAK 3:00PM - 6:00PM 13.85 13.83 4.82 6.31

EVENING 6:00PM - 12:00AM 13.77 13.76 4.60 6.28
SAT & SUN :

MORNING 12:00AM - 6:00AM ' NS NS

DAY 6:00AM - 6:00PM 13.77 13.76 4.60 6.28

EVENING 6:00PM -~ 12:00AM 13.76 13.76 4.79 5.73

NS - NO SERVICE
* {00% REGENERATION RECEPTIVITY
«* NATURAL RECEPTIVITY



TABLE §-35 NORMAL OPERATION CHOPPER(BASE)
- ESTINATE OF TURNAROUND AND CAR STORAGE POMER FOR BASE TRANSIT SYSTEM

NAME OF PERIOD  HEADWAY  CARS PER MIN TURNAROUND TIME RUN TINE SCHEDULE MIN & OF TOTAL
NINUTES  TRAIN NEST EAST  EASTBOUND WESTBOUND SLACK(MIN) TRAINS  CARS
PEAK 2 ] 3 3 13.85 13.83 0.32 17 102
RIDDAY 4 4 3 3 13.71 13.76 2.47 9 102
EVENING 8 4 3 3 13.71 13.76 6. 47 3 102
SATLSUN EVENING 8 2 3 3 13.7 13.74 6.48 3 102
> ND SERVICE 0 102
NOTES: 30 KW/CAR AUXILIARY POWER
TABLE 1-6
NORMAL OPERATION CHOPPER(BASE)
ENERGY ANALYSIS
RUNNING TRAINS
PERIOD TIME HOURS CM/HR  KWHPCM cM KWH KW PEAK KW
WEEKDAY .
MORNING 12:00AM - 6:00AM 6 NS
AM PEAK  6:00AM - 9:00AM 3 2877.90 - 5.48 8633.70 47313 15771
MIDDAY 9:00AM - 3:00PM 6 959.25 5.49 5755.50 31598
PM PEAK  3:00PM - 6:00PM 3 2877.90 5.48 8633.70 47313
EVENING 6:00PM - 12:00AM 6 479.63 §.84 2877.75 16806
0
TOTAL 24 5.52 25901 143029
SAT & SUN
MORNING 12:00AM - 6:00AM 6 NS
DAY 6:00AM - 6:00PM 12 479.63  5.84 5755.50 33612
EVENING 6:00PM - 12:00AM 6 239.63 '"5.57 1437.75 8008
TOTAL 24 5.79 7193.25 41620
WEEKLY 5.55 143890 798386 15771
ANNUAL 5.55 7482267 41516088 189251

CARS CARS  TURNAROUND STORAGE  TOTAL
REQUIRED  STORED POMER(KW) POMER(KW) POMER(KW)
102 0 369 0 369
3b bb 4 1980 20
20 7 187 2460 247
10 92 . % 2160 2854
0 102 0 3060 3060
TURNAROUND
& STORAGE TOTAL
KWH KWH KW PEAK
3060 18360 18360
569 1706 49019 16340
2234 13405 45002
569 1706 49019
2647 15882 32688 32688
32700 175729
3060 18360 18360
2647 31765 65377
2854 17122 25130
48886 90507
261271 1059657 16340
13586087 55102175 196076

1%



TABLE 1-7 SUPPORT POWER REGUIREMENTS BY FUMNCTIOM BY SEASON

SPRING AND AUTUNN

STATION STATION STATION STATION STATION STATION

SUPPORT LOAD FUNCTION A
Ventilation ‘
Heating
Air Conditioning .
Lighting 100
Escalators & Elevators
Train Contro} & Cossunications 100

Fare Cotlection 30
Niscellansous 30
T0TAL 300

100

100
0

300

t

50
100
90
30

250

STATION STATION STATION STATION STATION STATION

SUPPDRT LOAD FUNCTION h
Ventilation )
Heating 200
Air Conditioning
Lighting 100

Escalators & Elevators
Train Control & Cossunications 100

Fare Collection 30
Niscellansous 30
TOTAL 300

) STATION

SUPPORT LOAD FUNCTION A

Ventilation £

Heating

Air Conditioning

Lighting 100

Escalators & Elevators

Train Control & Cosaunications 100
Fare Collection 30
Miscellansous 3

TOTAL 330

B
200
100
100

50
50

300

BTATION
]
50

100
100
-50

50

330

c
200
3
100
30
30

430

STATION
c
30

30
100
30
30

Joo

D £ F
200 200 200
100 100 100
300 300 300
100 100 100
100 100 100
150 150 150
950 950 950
WINTER
) E F
200 200 200
300 300 300
100 100 100
300 300 300
100 100 100
100 100 100
150 150 150
12% 1250 1250
 SUMNER

STATION GTATION BTATION
0 E F
200 200 200
500 500 500
100 100 100
300 300 300
100 100 100
100 100 100
150 150 150
1450 1450 1450

STATION STATION STATION STATION

&
200

100
300
100
100
130

%50

STATION
6

200

Joo

160
300
100
100
130

1250

STATION
6
200

500
100
300
100
100
150

1450

50
100
50
30

250

STATION
H

200

30

100

50
30

430

STATION
H
30

S0
100
50
50

300

50
100
30
30

250

STATION
I

200
30
100
30
30

430

BTATION
I
30

30
100
30
50

Joo

-

100

100
30
30

300

STATION

i
200
100
100

30
30

300

BTATION
]
J0

100
100
30
50

330

Maintnce
200

100

400

700

Maintnce
200
300

100

400

1000

Maintnce
200

30
100

400

150

Central
100

100

50

500

100

%

Central
100

100
30

300
100

850

Central
100
300

500

1100

TOTAL
1100
2700

100
1000
1200
1300

700
1400

9700

TOTAL

1400
30
2330
1000
1200
1500
700
1400

9600

(A



TABLE 1-8 SUMMARY NORMAL POWER AND ENERGY USE

SUPPORT POWER TRACTION POWER TOTAL
ENERGY ENERGY
PERIQD MONTHS POWER USE POWER USE POWER
SPRING 3 7000 15330000 16340 13775544 23340
SUMMER 3 9600 21024000 16340 13775544 25940
AUTUMN 3 7000 15330000 16340 13775544 23340
WINTER 3 9700 21243000 16340 13775544 26040
ANNUAL 12 99900 72927000 196080 55102175 295980
PERCENT 0.34 0.57 0.66 0.43 1.00
POWER - KW ENERGY - KWwH
TABLE 1-9
NORMAL OPERATION CHOPPER (BASE)
POWER BILL ANALYSIS '

'DEMAND COMPONENT
TRACT ION(M)

ENERGY CONPONENT
TRACTION (MKNH)
SUPPORT (RKNH)
TOTAL (MKWH)

NORMAL RATE(POWER BILL UNITS)
0.00000 0.00084 0.00149 0.00253 0.00338
196.08

0.00781 0.00586 0.00391 0.00195 0.00000 -
55.10
72.93
128.03

43

POWER
ENERGY
USE

29105544
34799544
29105544
35018544

128029175
1.00



TABLE 1-10 VEHICLE, PROPULSION AND BRAKING CHARACTERISTICS

WMATA MARTA
VEHICLE PHYSICAL CHARACTERISTICS
Empty Weight(tons) 36.0 38.0
Crush Load Weight(tons)=* 52.5 58.5
Length(ft) 75.0 75.0
Cross Sectional Area(sq ft) 85.0 116.0
Flange Coefficient(1bs/ton/mph) 0.071 0.045
Average Auxiliary Power(kw) 30.0 35.0
Lead Vehicle Air Drag(1bs/ton/mph/mph) 0.0024 0.0024
Trail Vehicle Air Drag(1bs/ton/mph/mph) 0.00034 0.00034
PROPULSION AND BRAKING CHARACTERISTICS
Motors DC Series/Field Shunt DC Separately Excited
Control Cam Resistor Switching Chopper (Regeneration)
. Chopper (Regeneration)
Normal Accelerating Rate(mphps) 3.0 2.6
Max imum Speed(mph) 75.0 70.0
Normal Braking Rate(mphps) 3.0 Tapered=«
Line Voltage(Nominal, Max, Min) 755, 900, 600 750, 860, 600
* WMATA based on 220 - 150 1b passengers/car
MARTA based on 273 - 150 1b passengers/car
»* Brake taper:
2.0 mphps 50 mph < v < 70 mph
3.0 mphps 20 mph < v < 50 mph
2.0 mphps O mph < v < 20 mph
TABLE 1-11 ROUTE AND OPERATING CHARACTERISTICS OF STUDY
AVERAGE

NUMBER OF INTERSTATION AVERAGE
DISTANCE(mi) STATIONS SPACING(mi) SPEED(mph)

WMATA
RED LINE Dupont Circle to Silver Spring 9.89 11 0.99 31.4
BLUE LINE National Airport to Addison Road 15.87 21 0.79 33.3
ORANGE LINE Ballston to New Carrollton 16.57 22 " 0.79 27.7

MARTA
NS LINE Lakewood to Brookhaven 13.25 13 1.10 35.0

EW LINE Hightower to Avondale 11.75 13 0.98 34.0

VA



TABLE 1-12 TIMETABLE DATA

HEADWAY CARS/TRAIN
(MIN)

WMATA

RED LINE
WEEKDAY PEAK 5 6&8
WEEKDAY OFF-PEAK 10 6
SATURDAY 10 6
SUNDAY 10 6

BLUE & ORANGE LINES=*=
WEEKDAY PEAK 6 6
WEEKDAY OFF-PEAK 12 6
SATURDAY 12 6
SUNDAY 12 6

MARTA

NS LINE
WEEKDAY PEAK**x 6 6
WEEKDAY MIDDAY*xx 6 4
WEEKDAY EVENING 10 4
SATURDAY 10 2
SUNDAY 15 2

EW LINE
WEEKDAY PEAK 6 4
WEEKDAY MIDDAY 6 4
WEEKDAY EVENING 10 4
SATURDAY 10 2
SUNDAY 15 2

L During peak periods, six 6-car trains and five 8-car trains operate.
=s* Headway refers to route between Rossyln and DG Junction.

=xx On weekdays during peak and midday periods, half of the trains
run from Lakewood to Lenox while the other half run from Lenox
to Brookhaven. The headway refers to route from Lakewocod to Lenox.

TABLE 1-13 ANNUAL AND HOURLY CAR-MILES

ANNUAL CAR-MI CAR-MI/HR
MILLIONS
PEAK OFF-PEAK TOTAL PEAK

WMATA(1980)

RED LINE 2.467 3.057 5.524 1644
BLUE LINE 2.477 3.083 5.560 1470
ORANGE LINE 3.309 4.111 7.420 1988
TOTAL 8.253 10.251 18.504 5102
MARTA( 1985)
N-S LINE 3.172 1.336 4,507 1057
E-W LINE 2.815 0.908 3.724 938
TOTAL 5.987 2.244 8.23t1 1995



TABLE 1-14

WMATA (1981)=

Annual Energy Cost ($M) 15.7
Demand Related 46%
Energy Related 54%
Traction Related 70%
Support Related 30%
Cost/kWH $0.0561
Estimated Annual Demand 734,100 kW
Estimated Annual Energy 271000 MWh
BILLING FACTORS
DEMAND
WMATA=*
PEPCO DC $11.70/kW
PEPCO MD 9.85/kW
PEPCD VA 7.85/kW
VEPCO VA
MARTA GPC» 11.62/kW

ELECTRIC BILL ANALYSIS

MARTA (1984)x

$0.0435

179, 800kW

4.1

SO%
S0%

40%
60%

951000 Mwh

ENERGY

$0.028/kWh
0.024/kwh
0.022/kWh
0.061/kWh

0.0227/kWH

* WMATA costs and rates in 1981 dollars
MARTA costs and rates in 1984 dollars

TABLE 1-15

WMATA (1980)
RED LINE
BLUE/ORANGE LINE

MARTA (1983&1984)
1983 OPERATING PERIOD
1984 OPERATING PERIOD
ALL

ACTUAL

5.01
4.17
4.69

6.63
6.16

4.54
4.33
4.46

PREDICTED

DEMAND INTERVAL

30 min. -
30 min.
30 min.

60 min.

PREDICTED VS ACTUAL ENERGY CONSUMPTION (KWHPCM)
DIFFERENCE

-4%
+7%

-9%
+4%
-5%



PERIOD TINE

NEEKDAY
HORNING  12: 00AN

- 6100AM

AM PEAK  4:00AM - 9:00AN

NIDDAY  9:00AM -

3100PN

PM PEAK  J:00PM - &:00PN
EVENING 6:00PN - 12:00AM

TOTAL

SAT & SUN

HORNING 12:00AM -
DAY 6:00AM -

6:00AN
6: 00PN

EVENING 6100PN - 12:00AN

TOTRL

WEEKLY
ANNUAL

PORTION OF

POWER BILL =>

DEMAND COMPONENT
TRACTION(MW)
SUPPORT (MW)
TOTAL (MW)

ENERGY COMPONENT
TRACTION(MKWH)
SUPPORT( MKWH)
TOTAL (MKWH)

DEMAND
ENERGY
NORMA

196
99.
295.

55.
72.
128

TABLE 1-18
TEN PERCENT VEHICLE WEIGHT REDUCTION(CHOPPER)
ENERBY ANALYSIS

HOURS  CH/HR  KWHPCM

NS

o O LN O d O

nNa

6 NS

2679.40 5083
959.40 5.25
2079. 40 5.43
4719.70 J.48

3.54

12 M%.70 5.48
b 239.93 3.24

ylp

0.00
1.00

L
0.00000

.08

90
98

0.00781
10
93

.03

0.25
0.75

TURNAROUND

RUNNING TRAINS & STORAGE TOTAL

W, | KWH KN

8638.20 48804
9756.40 30221
8638.20 48806
2078.20 15773

25911 1434605

5756.40 31545
1439.55 1543
7195.95 39088

143947 796203

7485239 41402562 195223

TABLE

3040 18360 18340

16269 580 1739 50545
237 13424 43648

380 1739 50545

2649 15892 31645

32194 176399

3060 18360 18340
2649 31784 63329
2854 17126 24649

48911 87999

16269 261792 1057995
13613184 35015746

1-17

NORMAL TOTAL DIFFERENCE
PERK KN KWH KNH - KN PEAK  KWH

18340
16848 49019
43002
49019
J2688
17572¢

18340
653N
25130
90307

16848 1059657
202179 35102175

TEN PERCENT VEHICLE WEIGHT REDUCTION(CHOPPER)

POWER BI
0.50 0.75%
0.50 0.25

RATE(POWER BILL UNITS)

0.00084

0.00586

0.00169 0.00253

0.00391 0.00195

LL ANALYSIS
1.00 DEMAND 0.00
0.00 ENERGY 1.00
SAVINGS
0.00338
-6.10
0.00
-6.10 0.000
0.00000
: 0.09
0.00
0.09 0.001
FRACTION 0.001
PERCENT 0.1

0.25
0.75

KW PEAK  KNH KN PEAK

0
16340 -1326 509
1357
-1526
1024
-611

2047
461
2508

16340 1662 -309
196076  Bb42%  -6102

0.50 0.75 1.00
0.50 0.25 0.00

SAVINGS(POWER BILL UNITS)

-0.005 -0.010 -0.015 -0.021

0.001 . 000 .000 0.000
-0.005 -0.010 -0.015 -0.021
© -0.5 -1.0 -1.5 -2.1

LY



PERIOD
WEEKDAY :

NORNING  12:00AN - 6:00AN

AN PEAK  &100AN - 9:00AM

MIDDAY - 9:00AM - 3:00PH

PH PEAK  3:00PN - b:00PN

EVENING 6:00PN - 12:00AN
TOTAL

TINE

SAT & SUN
MORNING 12:00AN - 4:00AM
DAY 5100AN ~ 5:00PN
EVENING 6100PN - 121000
TOTAL

WEEKLY
ANNUAL

PORTION OF

POWER BILL ==>

DEMAND COMPONENT
TRACTION(MW)
SUPPORT (MW)
TOTAL(MW)

ENERGY COMPONENT
TRACTJION(MKWH)
SUPPORT (MKWH)
TOTAL (MKWH)

- O~ Cd O O

12

]

DEMAND
ENERGY
NORMAL

.10
.93
.03

TABLE 1-18
VEHICLE STREANLINING (CHOPPER)
ENERGY ANALYSIS

TURNAROUND
RUNNING TRAINS & B5TORAGE TOTAL NORNAL TOTAL DIFFERENCE
CH/HR  KWHPCH cx KR K PEAX 4] K Kt KN PEAX KNH KN PERK  KNH KN PEMX
NS 3040 18360 18340 18340 0
2878.20 3.47 8634.60 ot 15744 %9 1704 48938 16313 49019 16340 81 i
959.25 35.47 5735.50 31483 2% 13408 44889 45002 113
2878.20 3.47 8634.50 47234 549 1206 48938 49019 81
479.63 5.82 2877.73 18749 2647 13603 32632 32688 57
i3 25902 142694 32702 175396 175729 I
NS 3040 16360 18340 18340 0
479.83 9.82 9795.50 33497 2647 31764 63243 85377 1n3
239.63 3.32 1837.73 1938 2834 ina 23038 23130 12
376 1193.25 41433 © 46888 %0321 90507 183
5.53 143899 794335 15704 261288 1057623 16313 1059637 16340 2034 27
9.9 7482735 41409412 188925 13586976 54994388 195751 55102175 194076 105787 324
TABLE 1-19
VEHICLE STREAMLINING(CHOPPER)
POWER BILL ANALYSIS
0.00 0.25 0.50 '0.75 1.00 DEMAND 0.00 0.25 0.50 0.75
1.00 0.75 0.50 0.25 0.00 ENERGY 1.00 0.75 0.50 0.25
RATE(POWER BILL UNITS) SAVINGS SAVINGS (POWER BILL UNITS)
0.00000 0.00084 0.00169 0.00253 0.00338 )
0.33
0.00
0.33 0.000 .000 0.001 0.00t
0.00781 0.00586 0.00391 0.00195 0.00000 o 11
0.00
0. 11 0.001 0.001 . 000 .000
FRACTION 0.001 0.001 0.001 0.001
PERCENT 0.1 0.1 0.1 0.1

0.000
0.001
0.1



TABLE 1-20
NORMAL OPERATION CAM-CONTROL (BASE)
ENERGY ANALYSIS

TURNARGUND
_ RUNNING TRAINS & STORAGE - TOTAL
PERIOD TINE HOURS  CM/HR  KWHPCH cH KWH KW PERK KM KM KWH KW PERK
WEEKDAY
NORNING  12:00AN - b:00AN 6 NS 3040 18360 18340
AN PEAK  463100AN - 9:00AM J 2877.%0 9.02 B8633.70 . 77076 25959 549 1706 793582 24527
WIDDAY  9:00AM - 3:00PN 6 959.25 B.43 5753.50 49670 2234 13405 43075
PN PEAK  J:00PM - 6100PN 3 2877.%0 9.02 8633.70 77874 569 1706 79582
EVENING &6:00PM - 12:00AN b 479,463 8.61 2877.7% 2417 2647 15882 40440
TOTAL y{] 8.89 2590t 230199 32700 262899
SAT & SUN
NORNING 12:00AN - 63:00AN 6 NS v Joso 18360 18340
DAY 6100AN - 4: 00PN 12 479.63 8.41 93755.50 49555 2647 31743 Bi3MY
EVENING 6:00PK - 12:00AN 6 239.63 8.34 1437.75 12278 2834 17122 29400
-TOTAL yl) 8.60 7193.25 41833 48885 110719
WEEKLY 8.86 143890 1274663 25959 261271 1535934 26527
ANNUAL 8.86 7482267 66202485 311504 13586087 79868572 318329
TABLE 1-21
NORMAL OPERATION CAM-CONTROL (BASE)
’ POWER BILL ANALYSIS
PORTION OF DEMAND 0.00 0.25 0.50 0.75 1.00
POWER BILL ==> ENERGY 1.00 0.75 0.50 0.25 0.00
NORMAL RATE(POWER BILL UNITS)
DEMAND COMPONENT 0.00000 ©0.00060 0.00120 0.00179 0.00239
TRACTION(MW) 318.33
SUPPORT (MW) 99.90
TOTAL(MW) 418.23
ENERGY COMPONENT 0.00654 0.00491 0.00327 0.00164 0.00000
TRACTION{MKWH) *79.87
SUPPORT (MKWH) 72.93
TOTAL (MKWH) 152.80

6%



PERI0D
NEEKDAY
NORNING
AN PEAK
R1DDAY
PN PEAK
EVENING
TOTAL

S5AT & SUN
HORNING
DAY
EVENING

TOTAL

WEEKLY
ANNUAL

TINE

12:00A - 6:00AN
4:00aM - 9:00AN
9:00AN - 3: 00PN
3:00P% - 4200PN
b:00PN - 12: 00N

12100AN - 6:00AN
4:00AN - 6100PN
bs 00PN - 12: 008N

PORTION OF

POWER BILL

DEMAND COMPONENT

-2

TRACTION(MW)
SUPPORT (MW)
TOTAL(MW)

ENERGY COMPONENT

TRACTION(MKWH)
SUPPORT (MKWH)

TOTAL (MKWH)

TABLE 1-22 _
CHOPPER VS CAM-CONTROL ND REGENERATION
ENERGY ANALYSIS

TURNAROUND
RUNNING TRAINS & STORAGE TOTAL NORMAL TOTAL DIFFERENCE
HOURS  CN/HR  KWHPCM cn KNH KN PEAK KN KWH KWH KW PEAK  KWH KN PEAK  KWH KW PEAK
6 NS 3050 18340 18340 18340 0
3 2877.90 9.17 8633.70 1IN 26390 549 1706  BOB?7 26959 79582 26527  -1295 -432
6 999.%5 8.70 3755.50 50073 2234 13405 83477 63073 -403
3 2877.%0 9.17 8633.70 1™ 569 1706 80877 19582 -1295
6 479.63 8.67 2877.75 24950 2647 15882 40832 40660 -173
pl] 9.01 25901 233345 32700 266045 262899 -3146
6 NS J040 18360 18340 18340 0
12 479.483 8.67 3755.50 49900 2607 31765 B166S 813te ~343
6 239.83 0.56 1437.75 12307 2854 17122 29429 29400 -29
24 8.45 7193.25 62207 48886 111094 110719 -374
B.97 143890 1291240 26390 261271 1552511 26959 1533934 26927  -14576 -432
8.97 7482267 67144462 316484 13586007 80730549 323510 79868372 318329 -B41976  -5180
TABLE 1-23
CHOPPER VS CAM-CONTROL NO REGENERATION
POWER BILL ANALYSIS
X .75 1.00 DEMAND 0.00 0.25 0.50 0.75 1.00
25:323 ?'gg 8:32 0,50 023 0.00 ENERGY 1.00 0.75 0.50 0.25 0.00
NORMAL ) RATE (POWER BILL UNITS) SAVINGS SAVINGS (POWER BILL UNITS)
0.00000 0.00060 0.00120 0.00179 0.00239
318.33 -5.18
99.90 009 - -0.006 -0.009 -0.012
418.23 -5.18  0.000 -0.003 ) ) .
0.00654 ©.00491 0.00327 0.00164 0.00000
79.87 -0.86
72.93 0.00 ) i .
-0.86 -0.006 -0.004 -0.003 -0.001  0.000
152.80 FRACTION -0.006 -0.007 ~-0.009 -0.011 -0.012
-0.6 -0.7 -0.9 -1 -1.2

PERCENT

0¢



PERIOD
WEEKDAY
HORNING
AN PEAK
HIDDAY
PN PEAK
EVENING
TOTAL

SAT & SUN
MORNING
DAY
EVENING

TOTAL

WEEKLY
ANNUAL

PORTION OF
POWER BILL

TINE HOURS
12: 008N - 4:00AN
4:00AK - 9:00AM
9:00AN - J:00PN
J:00PN - 4:00PH
6:00PK - 12100AN

o~ 4 O~

~N
o o~ 4

12:00AM - 6100AM b
4200AN - 6100PN 12
6100PN - 12: 00AN b

L

DEMAND
ENERGY
NORMAL

ag)>

DEMAND COMPONENT

TRACTION(MW)
SUPPORT (MW)
TOTAL(MW)

318.33
99.90
418.23

ENERGY COMPONENT

TRACTION(MKWH)
SUPPORT (MKWH)
TOTAL (MKWH)

79.87
72.93
152.80

CH/HR  KWHPCM cH

NS
2877.90
959.25
20877.90
479.63

NS
479.63
239.463

0.00
1.00

0.00654 0.00491

TABLE 1-24
CHOPPER (REGENERATION) VS CAM-CONTROL
ENERGY ANALYSIS

TURNAROUND
RUNNING TRAINS t STORAGE TOTAL NORMAL TOTAL DIFFERENCE
KWH KW PEAK KN KiH KWH KW PERK  KNH KW PERK  KNH KN PEAX
3060 18360 18340 183460 0
5.48 B8633.70 47313 15771 369 1706 49019 16340 79582 26527 30363 10188
3.49 5755.50° 31598 2234 13405 45002 63075 18072
5.48 B633.70 47313 369 1706 49019 79382 30363
3.84 2877.75 14806 2647 13882 32688 40640 "
3.92 2390t 143029 32100 17972 262899 87170
3060 18360 18340 18340 0
5.84 9755.50 33612 2647 31763 6537 81319 15943
397 1437.73 gooe 265 11122 23130 29400 4270
3.79 7193.25 41620 48886 90307 110719 20213
3.35 143890 798386 13771 261271 1059637 14340 1335934 26327 476277 loles8
5.55 7482267 41516088 189251 13586087 53102175 196074 79868572 318329 24766397 122253
" TABLE 1-25
CHOPPER(REGENERATION) VS CAM-CONTROL
POWER BILL ANALYSIS
0.25 0.50 0.75 1.00- DEMAND 0.00 0.25 0.50 0.75 1.00
0.75 0.50 0.25 0.00 ENERGY 1.00 0.75 0.50 0.25 0.00
, RATE(POWER BILL UNITS) SAVINGS SAVINGS(POWER BILL UNITS)
0.00000 0.00060 ©0.00120 0.00179 0.00239
122.25
0.00
122.25 0.000 0.073 0.146 0.219 0.292
0.00327 0.00164 0.00000
24.77
0.00
24.77 0.162 0.122 0.081 0.041 0.000
FRACTION 0.162 0.195 0.227 0.260 0.292
PERCENT 16.2 19.5 22.7 26.0 29.2
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TABLE 1-26
CHOPPER(1/4 FLEET) VS CAM-CONTROL SEPARATE TRAINS
ENERGY ANALYSIS

TURNAROUND
RUNNING TRAINS & STORAGE TOTAL NORMAL TOTAL DIFFERENCE

PER10D TINE HOURS  CM/HR KWHPCM ~ CM KWH KW PEAK KN KWH KN KW PEAK  KNH KW PERK  KNH KW PEAK
WEEKDAY

NORNING  12:00AM - 6:00AN 6 NS _ J060 18350 18340 18340 0

AN PEAK  4300AM - 9:00AM 3 J013.55 7.87 9040.65 71150 23717 369 1706 72856 24283 79382 24527 4726 242

NIDDAY  9:00AM - 3:00PM 6 959.25 5.49 §735.50 31598 2234 13405 43002 63075 18072

PN PEAK  J:00PM - &:00PN 3 3013.5% 7.87 9040.65 71150 569 1706 72836 79582 6726

EVENING  63100PH - 12:00AM 6 479.63  5.04 2877.75 14806 2647 15882 32688 40640 mn
TOTAL 2% T.14 26715 190704 32700 223403 262899 39496
SAT & SUN

NORNING  12:00AM - b:00AN 6 NS 3060 18360 18340 18360 0

DAY 6:00AN - b: 00PN 12 479.43  5.84 5735.30 33812 2647 31785 633N 81319 15943

EVENING 6:00PN - 12:00AN 6 239.83 3.97 1432.75 gooe 834 17122 25130 29400 4270
TOTAL 24 379 NN.A M0 48886 %0307 110719 20213
WEEKLY 7.01 147939 1034759 23717 261271 1298030 24285 1535934 28527 237904 2242
ANNUAL 7.01 7693881 53911453 . 284400 13586087 67497539 291425 79868572 316329 12371033 26904

TABLE 1-27
CHOPPER(1/4 FLEET) VS CAM-CONTROL SEPARATE TRAINS
POWER BILL ANALYSIS
PORTION OF DEMAND 0.00 0.25 0.50 0.75 1.00 DEMAND 0.00 0.25 0.50 0.75 1.00
POWER BILL ==>  ENERGY 1.00 0.75 0.50 0.25 0.00 ENERGY 1.00 0.75 0.50 0.25 0.00
, NORMAL RATE(POWER BILL UNITS) SAVINGS SAVINGS(POWER BILL UNITS)

DEMAND COMPONENT 0.00000 0.00060 0.00120 0.00179 0.00239

TRACTION(MW) 318.33 26.90

SUPPORT (MW) 99.90 0.00

TOTAL(MW) 418.23 26.90 0.000 0.016 0.032 0.048 0.064
ENERGY COMPONENT 0.00654 0.00491 0.00327 0.00164 0.00000 '

TRACTION(MKWH) 79.87. . 12.37

SUPPORT (MKWH) 72.93 0.00

TOTAL (MKWH) 152.80 12.37 0.081 0.061 0.040  0.020  0.000

FRACTION 0.081 0.077 0.073 0.068 0.064
PERCENT 8.1 7.7 7.3 6.8 6.4

(49



TABLE 1-28
CHOPPER(1/4 FLEET) VS CAN-CONTROL NIXED CONSISTS
ENERGY ANALYSIS

TURNARDUND
RUNNING TRAINS k STORAGE ToTAL NORMAL TOTAL DIFFERENCE
PERIDD TINE HOURS  CM/HR  KNHPCH | KNH KW PERK KN KW KN KW PERK  KWH KW PEAK  KNH KW PEAK
. WEEKDAY .
HORNING  12:00AM - 6:00AN 6 NS 3040 18360 18340 18340 0
AN PEAK  8:00AN - 91 00AN 3 3013.33 7.75 9040,65 70063 23353 569 1706 UM 2924 79582 20527 7811 2604
MIDDAY  9:00AM - J:00PM - 6 999.25 5.49 §755.50 31598 2234 13405 45002 630735 _ 18072
PH PEAK  3:00PN - 6:00PM 3 J013.95 . 7.75 9040.65 70043 569 1706 71 79582 7811
EVENING 6:00PN - 12:00AN b 419.63 %084 2877.75 16806 2647 15882 32488 40640 1i2))!
TOTAL 24 7.06 26715 188534 32700 221234 262899 41666
SAT & SUN
NORNING 12:00AN - &:00AN & NS 30460 18340 18360 18340 0
DAY 4:00AN - 6:00PH 12 479.483 5.84 95753.50 33612 2647  J1765 65377 81319 15743
EVENING 6300PH - 12:00AN 6 239.63 3.57 1437.75 8008 2834 17122 25130 29400 4270
TOTAL 24 5.79 7193.25 41620 48886 90307 110719 20213
WEEKLY 6.93 147959 1025910 23353 261271 1287181 23924 1535934 26527 248753 2504
ANNUAL 6.93 7693881 53347316 280280 13566087 46933403 287084 79868572 318329 12935149 31244
TABLE 1-29
CHOPPER(1/4 FLEET) VS CAM-CONTROL MIXED CONSISTS
POWER BILL ANALYSIS
PORTION OF DEMAND 0.00 0.25 0.50 0.75 1.00 DEMAND 0.00 0.25 0.50 0.75 1.00
POWER BILL ==>  ENERGY 1.00 0.75 0.50 0.25 0.00 ENERGY 1.00 0.75 0.50 0.25 0.00
NORMAL RATE(POWER BILL UNITS) SAVINGS SAVINGS(POWER BILL UNITS)
DEMAND COMPONENT 0.00000 0.00060 0.00120 0.00179 0.00239
TRACTION(MW) 318.33 31.24
SUPPORT (MW) 99.90 0.00
TOTAL(MW) 418.23 31.24 0.000 0.019 0.037 0.056 0.075
ENERGY COMPONENT 0.00654 0.00491 ©0.00327 ©.00164 0.00000
TRACT ION(MKWH) 79.87 . 12.94
SUPPORT (MKWH) 72.93 ) 0.00
TOTAL (MKWH) 152.80 12.94 0.085 0.063 0.042 0.021 0.000
FRACTION 0.085 0.082 0.080 0.077 0.075

PERCENT 8.5 8.2 8.0 7.7 7.5
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TABLE 1-30
ASSURED RECEPTIVITY - ON BOARD STORAGE
ENERGY ANALYSIS

TURNAROUND
RUNNING TRAINS & STORAGE TOTAL NORMAL TOTAL DIFFERENCE
PERIOD TINE HOURS  CHM/HR  KWHPCH CH KWH KW PEAK KN KW KNH KW PEAK  KWH KN PEAK  KNH  Ku PERK
WEEKDAY
HORNING 12:00AN - 6:00AN & NS J040  1B340 18340 18340 0
AN PEAK  4:00AM - 9:00AM 3 2876.10 6.31 08628.30  SAH4S 18148 b1 YAV -1 }{ Y] 18721 79382 26327 23421 1807
NIDDAY ~ 9:00AM - 3:00PM b 938.95 4.10 9733.70 35098 21 13383 4848t 63073 14394
PH PEAK  3:00PM ~ 4:00PN 3 2876.10 4.31 B8628.30  S4445 372 1117 58142 79582 3421
EVENING 6:00PN - 12:00AM &6 4.4 4,08 2B76.B5 17491 2645 15872 33343 40660 1297
TOTAL 24 6.24 25887 161478 32689 194147 26289% 48732
SAT & SUN
MORNING 12:00AM - 6:00RM 6 NS 3060 18350 18340 18350 0
DAY 4:00AN - &:00PN 12 479.48 4.08 5753.70 34982 2645  J1TA3 64725 81319 1459
EVENING 6:00PN - £2100RAN 6 239.70 .14 1438.20 @831 28352 17109 25940 29400 3440
TOTAL ri} .09 7191.90 43813 48852 92645 110719 18054
WEEKLY 6.22 143820 895016 18148 261149 11561464 1B721 1535934 26327 3719170 76807
ANNUAL 6.22 7478617 46540827 217778 13979722 60120549 224447 79868572 318329 19748023 93482
TABLE 1-31
ASSURED RECEPTIVITY - ON BOARD STORAGE
POWER BILL ANALYSIS
PORTION OF DEMAND 0.00 0.25 0.50 0.75 1.00 DEMAND 0.00 0.25 0.50 0.75 1.00
POWER BILL ==> ENERGY 1.00 0.75 0.50 0.25 0.00 ENERGY 1.00 0.75 0.50 0.25 0.00
NORMAL RATE(POWER BILL UNITS) SAVINGS SAVINGS(POWER BILL UNITS)
DEMAND COMPONENT 0.00000 0.00060 0.00120 0.00179 0.00239
TRACTION(MW) 318.33 93.68
SUPPORT (MW) 99.90 0.00
TOTAL(MW) 418.23 93.68 0.000 0.056 0.112 0. 168 0.224
ENERGY COMPONENT 0.00654 0.0049%1 0.00327 0.00164 0.00000
TRACTION(MKWH) 79.87 19.75
SUPPORT (MKWH )} 72.93 0.00
TOTAL(MKWH) 152.80 19.75 0.129 0.097 0.065 0.032 0.000

FRACTION 0.129 0.183 0.177 0.200 0.224
PERCENT 12.9 15.3 17.7 20.0 22.4



PERIOD TINE HOURS  CM/HR

NEEKDAY
MORNING 12:00AM - 4:00AN [ NS
AM PEAK  &:00A% - 9:00AN 3 2877.%0
MIDDAY  9:00AM - 3:00PM b 939.2%
PN PEAK  3:00PN - &: 00PN 3 2877.90
EVENING  6100PN - 121 00AM 6 479.63

TOTAL ]

SAT & SuN ‘
MORNING 12:00AM - 6:00AN [ NS
DAY 8:00AN - &:00PN 12 479.463
EVENING  &6100PN - 12:00AN 6 2319.83

TOTAL ' %

WEEKLY

ANNUAL

PORTION OF DEMAND 0.00

POWER BILL ==> ENERGY 1.00

NORMAL

DEMAND COMPONENT 0.00000
TRACTION(MW) 318.33

SUPPORT (MW) 99.90
TOTAL(MW) 418.23

ENERGY COMPONENT 0.00654
TRACTION{MKWH) 79.87
SUPPORT (MKWH) 72.93
TOTAL (MKWH) 152 .80

TABLE i-32
ASSURED RECEPTIVITY - REGENERATIVE SUBSTATIONS
ENERGY ANALYSIS

. TURNARDUND :
RUNNING TRAINS & STORAGE ToTAL NORMAL TQTAL DIFFERENCE
KNHPCH CA KNH KW PEARK KN kit KWH KW PEAK  KNH KW PERK  KWH KN PEAK
. 3040 18360 18340 183460 0
J.21 B8633.70 44982 1494 369 1706 44688 15563 79582 26527 32894 10943
5.31 §755.50 30562 2234 13403 43940 63073 19108
3.21 8633.70 44982 569 1706 44688 79582 32894
3.29 2877.7% 15223 2647 15882 31106 40660 9554
J.24 25901 135748 32700 168448 262899 (LI
3060 18350 18340 18340 0
5.29 5735.30 Y0447 2647 31763 221t 81319 19108
3.03 1437.73 1232 2054 17122 4353 29400 S047
J.24 T193.25 37678 48086  BAS5AS 110719 24155
5.24 143890 754098 14994 261271 1015349 13563 1535934 20527 520545 10965
3.20 7482267 39213082 179924 13586087 52799169 184752 79868572 318329 27049403 131578
TABLE 1-33
ASSURED RECEPTIVITY - REGENERATIVE SUBSTATIONS
POWER BILL ANALYSIS
0.25 0.50 0.75 1.00 DEMAND 0.00 0.25 0.50 0.75 1.00
0.75 0.50 0.25 0.00 ENERGY 1.00 0.75 0.50 0.25 .00
RATE(POWER BILL UNITS) SAVINGS SAVINGS(POWER BILL UNITS)
0.00060 0.00120 0.00179 0.00239
131.58
0.00
131.58 0.000 0.079 0.157 0.236 0.315
0.00491 0.00327 0.00164 0.00000
27.07
0.00
27.07 0.177 0.133 0.089 0.044 0.000
FRACTION 0.177 0.212 0.246 0.280 0.315
PERCENT 17.7 24.6 28.0 31.5

21.2
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TABLE 1-35
DEFINITION OF LEVEL-TANGENT TRACK RUNS FOR PERFORMANCE MODIFICATION
2/17/86
TPS CL T ST P REMARKS" TIME KWHPCM

CAM-CONTROL STATION SPACING = 1.0 MILE

oe] ] FO1 CAM EOt R1E1 MIN TIME 1.28 7.71
002 FO2 CAM EO1 R1E2 SPEED RED 1.32 7.01
003 FO3 CAM EO1 R1E3 ACCEL RED 1.32 7.74
004 FO4 CAM EO1 R1E4 DECEL RED 1.32 7.862
00% FO5 CAM EO1 R1ES COASTING 1.32 6.00
CHOPPER-CONTROL STATION SPACING = 1.0 MILE

101 FO1 CHO EO1 C1E1 MIN TIME 1.28 4.31
102 FO2 CHO EO1 C1E2 SPEED RED 1.32 4,08
103 FO3 CHO EO1 C1E3 ACCEL RED 1.32 4.27
104 FO4 CHO EO1 C1E4 DECEL RED 1.32 4.19
105 FO5 CHO EO1 C1ES COASTING 1.32 3.16
CAM-CONTROL STATION SPACING = 1.5 MILE

OF 1 GO1 CAM FO1 RIF1 MIN TIME 1.71 6.16
OF2 GO2 CAM FO1 RiIF2 SPEED RED 1.76 5.91
OF3 GO3 CAM FO1 RI1F3 ACCEL RED 1.76 6.21
OF4 GO4 CAM FO1 R1F4 DECEL RED 1.76 6.08
OFS GO5 CAM FO1 R1FS COASTING 1.76 4.66
CHOPPER-CONTROL STATION SPACING - 1.5 MILE

1F1 GO1 CHO FOt C1F1 MIN TIME 1.71 3.89
1F2 GO2 CHO FO2 C1F2 SPEED RED 1.76 3.83
1F3 GO3 CHO FO3 C1F3 ACCEL RED 1.76 3.91
1F4 GO4 CHO FO4 C1F4 DECEL RED 1.76 3.77
1F5 GOS CHO FOS5 C1FS COASTING 1.76 2.77



PERIOD TINE
WEEKDAY

HOURS

HORNING 12:00AM - b:00AM b
AW PEAK  4:00AM - 9:00AM 3
NIDDAY  9:00AM - 3:00PM 6
PN PEAK  J:00PM - 6:00PN 3
EVENING  6:00PN - 12:00AM b

TOTAL

5AT & SUN

1)

HORNING 12:00AM - 4:00AN b
DAY 6200AN ~ 6300PH 12
EVENING  6:00PH -~ 2:00AM b

TOTAL

WEEKLY
ANNUAL

PORTION OF
POWER BILL ==>

DEMAND COMPONENT

TRACTION(MW)
SUPPORT (MW)
TOTAL(MW)

ENERGY COMPONENT
TRACTION(MKWH)
SUPPORT (MKWH)
TOTAL(MKWH)

yl)

DEMAND
ENERGY
NORMAL

196.08
99.90
295.98

55.10
72.93
128.03

TABLE 1-34A
ACCELERATION REDUCTION(2.5 MPHPS) (CHOPPER)
ENERGY ANALYSIS

RUNNING TRAINS

KWH

43448
26434
43448
15199
128570

30399
7857
308256

719364
37404929

KW PEAK

14489

14489
173874

TURNAROUND

& STORAGE

KN KNH
3060 18340
324 151
219 1134
324 1571
2639 13834
32289
3040 18360
2639 31671
2850 17097
46748

TABLE 1-368

TOTAL

KiH

18340
43040
39745
45040
31033
150840

18340
62070
24934
67024

238983 978347
13467121 50874051

KW PEAK

15013

13013

NORMAL TOTAL

KNH

18340
49019
45002
45019
32688

175129

18340
63377
25130
90307

1059657

180160 55102175

ACCELERATION REDUCTION(2.5 MPHPS)(CHOPPER)
POWER BILL ANALYSIS

CH/HR  KWHPCM cH
NS
2874.90 3.04 B8624.70
997.75 4.60 5746.50
2874.%0 3.04 B624.70
478.608 3.29 2873.2%
4.97 25849
NS
478.88 3,29 5744.50
239.40 3.47 1436.40
3.33 7182.%0
J.01 143112
.01 7473001
0.00 0.25
1.00 0.75

0.50
0.50

0.75
0.25

RATE(POWER BILL UNITS)
0.00000 0©0.00084 0.00169 0.00253

0.00781 0.00586 0.00391

0.00195

1.00
0.00

0.00338

0.00000

DEMAND
ENERGY

SAVINGS

15.9

2

0.00

15.9

4.2

2

3

0.00

4.2

3

FRACTION

PERCENT

0.00
1.00

0.25
0.75

KN PEAK

16340

16340

DIFFERENCE

KWH

0
3979
5257
3979
1633

140469

0
3307
175
3482

B1310

196076 4228124

0.50
0.50

0.02

7

KN PEAK

1326

1328
15917

0.75
.0.25
SAVINGS(POWER BILL UNITS)

0.040

0.054

LS



HOURS

b
3
b
3
6
i)

12

ri}

CA/HR

NS
2876.10
958, 65
2875.10
41933

NS
479.33
239.40

0.00
1.00

0.00781

PERIOD TINE
WEEKDAY
NORNING $2:008M - &:00AN
AN PEAK  4:00AM - F:00AN
NIDDAY 9:00AN ~ J:00PN
PN PEAK  3:00PM - &:00PN
EVENING 6:00PH - 12:00AN
TOTAL
SAT & SUN
MORNINE £2:00AN - &100AN
DAY 4:00AN - £: 00PN
EVENING 6:00PN - 12:00RN
TOTAL
WEEKLY
ANNURL
PORTION OF DEMAND
POWER BILL ==> ENERGY
NORMAL
DEMAND COMPONENT
TRACTION(MW) 196.08
SUPPORT (MW) 99.90 °
TOTAL(MW) 295.98
ENERGY COMPONENT
TRACTION(MKWH) 65.10
SUPPORT ( MKWH ) 72.93
TOTAL(MKWH) 128.03

KNHPCN

3.07
3.96
3.07
4.1t
3.29

CH

8628, 30
¥751.90
8628.30
20875.93

235864

3751.90
1436.40
7188.30

143799

TABLE 1-37A
BRAKING REDUCTION(2.3 MPHPS) (CHOPPER)
ENERGY ANALYSIS

7477340 401781350

TOTAL
KiH

18340
43298
435283
45290
33403
169282

18340
66806
25671
2477

1031382

13452660 33430810

TURNAROUND
RUNNING TRAINS L STORAGE
KN KW PEAK KW KW
3060 18360
45 14582 518 1583
31981 217 13302
4315 518 1553
17572 239 1563
137084 32238
3060 18360
351 239 31662
8575 2849 1709
3719 48758
772657 14562 258708
174982
TABLE 1-378

BRAKING REDUCTION(2.5 MPHPS)(CHOPPER)
POWER BILL ANALYSIS

0.25
0.75

0.50
0.50

0.75
0.25

RATE(POWER BILL UNITS)
0.00000 0.00084 0.00169 0.00253

0.00586 0.00391

0.00195

1.00
0.00

0.00338

0.00000

DEMAND
ENERGY
SAVINGS

14.88
0.00
14.88

1.47

0.00

1.47
FRACTION
PERCENT

KW PEAK

15099

NORMAL TOTAL

KWH

18340
49019
43002
49019
32688
175729

18360
63377
25130
0507

13099 1059457

181192 33102175 196076 1471345

0.25
0.75

KN PEAK

16340

16340

0.50
0.50
SAVINGS (POWER BILL

DIFFERENCE
KWH KW PEAK
0
1A 12800
-280
7
-3
o447
0
-1429
-541
-1970
28295 1240
14084
0.75 1.00
0.25 0.00
UNITS)
0.038 0.050
0.003 0.000
0.041 0.050
a. 5.0



TABLE 1-39A
SPEED REDUCTION(MIN RUN TINE + .25 MIN) (CHOPPER)
ENERGY ANALYSIS

PERIOD TINE HOURS CH/HR
WEEKDAY
NORNING 12:00AM - 6:00AN b NS
AN PEAK  &4:00AN - 9:00AN 3 2874.90
MIDDAY  9:00RM - 3:00PN 6 958.50
P PEAK  3: 00PN - &:00PH 3 2074.90
EVENING 6:00PM - 12:00AN 6 NG
TOTAL 24
SAT L SUN
MORNING 12:00AM - 6300AN [ NS
Dav 4:00AN - 6: 00PN 12 41%.25
EVENING 6200PN - 12:00AN 6 239.40
TOTAL 24
WEEKLY
ANNUAL
PORTION OF DEMAND 0.00 |
POWER BILL ==>  ENERGY 1.00
NORMAL
DEMAND COMPONENT 0.00000
TRACTION(MW) 196.08
SUPPORT (MW) 99.90
TOTAL(MW) 295.98
ENERGY COMPONENT ‘ 0.00781
TRACTION(MKWH) 55.10
SUPPORT (MKWH) 72.93
TOTAL (MKWH) 128.03

TURNARCUND

RUNNING TRAINS & STORAGE

KWHPCH c KNH KW PEAK KN KWl
Joa0 18360
9.29 8624.70  A5825 15208 524 15m
4.81 5751.00 27862 2218 13307
3.29 B8624.70 45625 52 1571
9.32 2875.50 15298 2639 15834
9.19 25676 134209 32284
3060 18360
3.32 §751.00 30595 2639 31847
5.18 1436.40 441 2850 17097
5.29 7187.40  3B03S 48743
5.20 143754 747118 15208 258949

9.20 7475224 38650148 182499
TABLE 1-398
SPEED REDUCTION(MIN RUN TIME +
POWER BILL ANALYSIS

0.25 0.50 0.75 1.00 DEMAND

0.75 0.50 0.25 0.00 ENERGY
RATE(POWER BILL UNITS) SAVINGS

0.00084 0.00169 0.00253 0.00338

7.
0.00
7
0.00586 0.00391 0.00195 0.00000
2.79
- 0.00
2.79
FRACTION
PERCENT

TOTAL NORNAL TOTAL
KNH KN PEAK  KNM KN PEAK
18360 18340
AT196 15732 49019 16340
40970 45002
47196 49019
31N 32688
164493 1757129
18360 18360
62243 85377
24538 25130
B4BO1 90507
1006067 15732 1059657 16340

13443343 52315490

0.00
1.00

0.000

188784 35102175

.25 MIN)(CHOPPER)

0.25
0.75

0.006

DIFFERENCE

KNH

0
1823
4033
1823
1597
9236

0
3114
392
3706

33590

196076 2786684

0.50
0.50
SAVINGS (POWER BILL

0.01

2

0.75
0.25
UNITS)

0.018

KW PEAK

408

608
1292

1.00

0.025

6S



TABLE 1-40A
SPEED REDUCTION(MIN RUN TIME ¢ .5 MIN) {CHOPPER)
ENERGY ANALYSIS

TURNAROUND
RUNNING TRAINS t STORABE TOTAL NORMAL TOTAL DIFFERENCE
PERIOD TIKE HOURS  CN/HR  KWHPCM (M KWH KW PEAK KN KWH KWH KW PEAK  KWH KW PEAK  KNH KW PEAK
WEEKDAY '
NORNING 12:00AM - 6:00AN 6 NS J060 18360 18340 18340 0
AN PEAK  6:00AN - 9:00AN 3 28717.30 S.11 8631.90 44109 14703 478 134 45543 15181 49019 16340 34%b 1139
HIDDAY  9:00AM - 3:00PN 6 959.25  5.1% 3735.50 29871 2201 13208 43079 45002 1923
PH PEAK  3:00PM - 4:00PN 3 2877.30  S.11 8631.90 44109 478 1 4554 49019 3476
EVENING 6:00PN - 12:00A% 6 479.83 3.60 2077.73 161135 2631 15784 31900 32688 789
TOTAL 1 J.18 25897 134204 31860 166044 175729 9664
SAT & SUN
NORNING 12:00AM - 4:100A% 6 NS 3040 18350 18380 18360 0
DAY 61008 - 6:00PH 12 4963 3.6 35530 32231 2631 31368 43799 65377 1578
EVENING 6:100PN - 12:00AM 6 239.83 5.43 143%.10 7814 2846 17073 24887 25130 a3
TOTAL 4 3.37 719460 40045 40641 88487 90507 1620
WEEKLY J.22 143874 75U 14703 236383 1007693 15181 1059637 14340 31942 11359
ANNUAL 3.22 7481471 39057852 176436 13342306 52400138 182170 35102175 196076 2702017 13905
TABLE 1-408
SPEED REDUCTION(MIN RUN TIME + .5 MIN)(CHOPPER)
. POWER BILL ANALYSIS
PORTION OF DEMAND 0.00 0.25 0.50 0.75 1.00 DEMAND 0.00 0.25 0.50 0.75 1.00
POWER BILL ==> ENERGY 1.00 0.75 0.50 0.25 0.00 ENERGY 1.00 0.75 0.50 0.25 0.00
NORMAL RATE (POWER BILL UNITS) SAVINGS SAVINGS(POWER BILL UNITS)
DEMAND COMPONENT 0.00000 0.00084 0.00169 0.00253 0.00338
TRACTION(MW) 196.08 : 13.91
SUPPORT (MW) 99.90 0.00
TOTAL(MW) 295.98 13.91 0.000 0.012 0.023 0.035 0.047
ENERGY COMPONENT 0.00781 0.00586 0.00391 0.00195 0.00000
TRACTION(MKWH) 55.10 : : 2.70
SUPPORT (MKWH) 72.93 0.00
TOTAL(MKWH) 128.03 2.70 0.021 0.016 0.011 0.005 0.000
FRACTION 0.021 0.028 0.034 0.041 0.047
PERCENT 2.1 2.8 3.4 4. 4.7

0¢



PERIOD e HOURS

WEEKDAY
HORNING 12:00AM - 6:00AM
AN PEAK  &:00AN - 9:00AN
NIDDAY  9:00AM - 3:00PM
PM PEAK  J300PM - 6100PN
EVENING 6100PN - 12:00AN
TOTAL

SAT & SUN
NORNINE 12:00AN - 5100AN
DAY 4200AN - 6300PN
EVENING 6:00PH - 12:00AM
TOTAL

WEEKLY
ANNUAL

PORTION OF DEMAND
POWER BILL ==> ENERGY

b
3
6
3
6
24

6
12
b
L

NORMAL

DEMAND COMPONENT

TRACTION(MW) 196.
SUPPORT (MW) 99.
TOTAL(MW) 295.

ENERGY COMPONENT

TRACTION(MKWH) 55.
SUPPORT (MKWH) 72.
.03

TOTAL (MKWH) 128

20
98

10
93

CH/HR

2827.00

959.25
2877.00
479.63

NS
479.83
239.85

- 0.00
1.00

0.00000

0.00781

TABLE 1-41A

SPEED REDUCTION(MIN RUN TIME + .75 WIN) (CHOPPER)

ENERGY ANALYSIS

TOTAL

KiH

18360
41605
43940
41603
32229
139408

18340
64457
25153
89610

976238

S

5
0
5

4
0
4
N

KN PERK

13868

13868

NORMAL TOTAL

KWH

183460
49019
45002
49019
32680
17372%

18360
65377
25130
90507

1059637

166422 35102175

0.00
1.00

0.25
0.75

TURNAROUND
RUNNING TRAINS L STORABE
KNHPCM  CN KWW KN PEAK KW KW
3060 18360
4.67 6631.00 40307 13434 a3 1299
5.36 5755.50 30849 2186 13118
4,67 8631.00 40307 a3 129
5.73 2877.75 146490 2623 1579
4,94 29895 127953 31455
3060 18360
5.73 5755.50 32979 2623 31478
5.83 1439.10 8102 2042 17051
5.71 7194.60 41081 48529
5.02 143865 721925 13434 254333
5.02 7481003 37540097 141227 13225306 50765402
TABLE 1-41B .
SPEED REDUCTION(MIN RUN TIME + .75‘MIN)(CHOPPER)
POWER BILL ANALYSIS
0.25 0.50 0.75 1.00 DEMAND
0.75 0.50 0.25 0.00 ENERGY
RATE(POWER BILL UNITS) SAVING
0.00084 0.00169 0.00253 0.00338
29.6
0.0
29.6
0.00586 0.00391 0.00195 0.00000
4.3
0.0
4.3
FRACTIO

PERCENT

KW PEAK

16340

16340

DIFFERENCE
KWl KW PEAK

0
7414 r 1)
1034
414
440
16321

0
219
-3
897

8339¢ AN

196076 436773 29434

0.50
0.50
SAVINGS(POWER BILL UNITS)

0.050

0.017

—~

0.75 1.00
0.25 0.00

0.075 0. 100

0.008 0.000
0.084 0.100
8.4 10.0

19



PERIOD TIE

NEEKDAY

HORNING 12:00AM - 6:00AN

AN PEAK  4200AN -
HIDDAY  9:00AM -

9: 00N
3: 00PN

PM PEAK  3:00PN - 6100PN
EVENING 6100PN - 12:00AN

TOTAL

SAT & SUN

HORNINE 12:00AN - 6:00AN
DAY 6100AN ~ 5:00PN
EVENING 5100PN - 12:00AN

TOTAL

WEEKLY
ANNUAL

" PORTION OF

POWER BILL s==2>

DEMAND COMPONENT
TRACTION(MW)
SUPPORT (MW)
TOTAL(MW)

ENERGY COMPONENT
TRACTION(MKWH)
SUPPORT (MKWH)
TOTAL (MKWH)

DEMAND

ENERGY
NORMA

196
99.
295.

5.
72.
128.

L

.08

90
98

TABLE 1-42A
SPEED REDUCTION(MINIMUM RUN TINE + 1.MIN) (CHOPPER)
ENERGY ANALYSIS

TURNAROUND
RUNRING TRAINS & STORAGE TOTAL NORMAL TOTAL DIFFERENCE
HOURS  CM/HR  KWHPCH  CM KNH KW PERK KN KW KWH KW PEAK KWW KW PEAK  KWH KN PEMK
6 NS , 3060 18360 18360 18360 0
3 2879.70  4.53 B63%.10 3935 13043 387 1161 40296 13432 49019 16340 8723 2908
6 938.95 4,99 5753.70 28711 A1 13025 M3 43002 3287
3 2879.70 4.53 8639.10 39135 387 1161 40296 49019 8723
6 479.48  5.37 2076.85  13M9 2615 1392 1M J2688 1547
24 473 25909 122430 31039 153449 175729 22280
6 NS Jos0 18360 18340 18360 0
12 .8 537 37570 30897 o 813 N3 62282 633N 3093
6 239,78 3.19 1438.,63 7447 2038 17027 20494 23130 636
A 5.33 792,33 38364 8412 88776 20307 7
4.79 143928 488877 13043 252020 940897 13432 1039637 16340 118740 2908
4.77 7484279 33821624 156540 13105030 48926654 141184 35102175 196076 6173521 34892
TABLE 1-428
SPEED REDUCTION(MINIMUM RUN TIME + 1.MIN)(CHOPPER)
POWER BILL ANALYSIS
0.00 0.25 0.50 0.75 1.00 DEMAND 0.00 0. .
1.00 Rng?Powsnoé?EL UNI$.§5 0.00 ENERGY 1.00 o.gg g.gg 3IZ§ 3:83
s 7.\ 5
0.00000 ©0.00084 0.00169 0.00253 0.00338 s SAVINGS (POMER BILL UNITS)
34.89
0.00
34.89 0.000 0.029 0.059  0.088 0.118
0.00781 0.00586 0.003%1 0.00195 0.00000
6.18
0.00
6.18 0.048 0.036 0.024 0.012 0.000
FRACTION 0.048 0.066 0.083  0.100 0.118
PERCENT a.8 6.6 8.3 10.0 11.8



PER1OD TINE
WEEKDAY
MORNING  12:00AH - 4300AN
AN PEAK  b:00AM - 9:00AN
NIDDAY  9:00AM - J:00PM
PR PEAK  J:00PM - 6:00PH
EVENING 6:100PM - 12:00AM
TOTAL

SAT & SUN
' HORNING 12100AH - 6100AN
DAY 6:00AN - 43 00PN
EVENING 6:00PH - 12:00AN
TOTAL

WEEKLY
ANNUAL
PORTION OF DEMAND
POWER BILL ==>  ENERGY
NORMAL
DEMAND COMPONENT
TRACTION(MW) 196.08
SUPPORT (MW) 99.90
TOTAL(MW) . 295.98
ENERGY COMPONENT
TRACTION(MKWH) 55. 10
SUPPORT (MKWH) 72.93
TOTAL (MKWH) 128.03

HOURS ~ CM/HR  KWHPCHM

NS

‘o O~ (o O~ N O~

»n

6 N5

12 .
6 239,

il

0.00
1.00

0.00000

0.00781

2874,
738,
2874,
.

TABLE 1-43A
SPEED REDUCTION(MIN RUN TIME ¢ 1,23MIN) (CHOPPER)
ENERGY ANALYSIS

DIFFERENCE

1541

1511
10133

o=
383

0.061

F’g

TURNAROUND
AUNNING TRAINS k& STORABE TOTAL NORMAL TOTAL
CH KNH KN PEAK [ (] K KN KW PEAK KNH KW PEAK  KNH KW PEAK
3040 18340 18360 18340 0
30  5.04 B622.90 43459 14484 342 10246 44485 14828 49019 16340 4534
80 4,65 5752,80 26751 21536 12933 39685 45002 5317
10 5.04 B8422.90 43459 42 1026 ‘4485 49019 4534
40 5.01 2876.40 14411 2608 15447 30038 32688 2630
4,93 25875 128080 30634 138714 17572% 17014
3040 18340 18340 18340 0
40 5.01 3752.80 28822 2608 31299 60114 85317 3240
18 4.96 1438.463 7136 2834 17004 24139 25130 990
5.00 7191,45 15957 48299 842354 90507 4231
4,95 143758 712315 14484 249768 962083 14028 1059457 16340 97574
4.95 7475411 37040382 173838 12987934 50028318 177942 §5102175 196076 5073697
TABLE 1-43B ,
SPEED REDUCTION(MIN RUN TIME + 1.25MIN) (CHOPPER)
POWER BILL ANALYSIS
0.25 0.50 0.75 1.00 DEMAND 0.00 ) i
Rg+Z?Powsnoé?8L UNIo.is 0.00 ENERGY 1.00 8.32 8_28 8:Z§
TS SAV
0.00084 0.00169 0.00283 0.00338 N> SAVINGS(POWER BILL UNITS)
18.13
0.00
. 18.13  0.000 0.015  0.031  0.046
0.00586 0.00391 0.00195 0.00000
5.07
0.00
5.07 0.040  0.030 0.020 0.010
FRACTION  0.040 0.045  0.050  0.056
PERCENT 4.0 4.5 5.0 5.6

00
L -]
- -

€9



TABLE 1-45A
SPEED REDUCTION(MIN TIKE + .25 MIN) (CAN-CONTROL)
ENERGY ANALYSIS

TURNARCUND
RUNNING TRAINS & STORAGE TOTAL NORMAL TOTAL DIFFERENCE
PERIDD TINE HOURS  CM/HR  KNHPCA CcH KNH KW PEAK KN K KWH KW PEAK  KWH KN PEAK  KWH KN PEAX
NEEKDAY
HORNING 12500AM - 43:00RN & NS 3040 18360 18340 18340 0
AN PERK  4s00AM - 9:00AM 3 2874.90 8.58 8624.70 74000 24587 24 197t 73571 25190 BOK00 26700 329 1510
NIDDAY  9:008M - 3:COPN b 938,50 7.80 3751.00 44838 2218 13307 98145 63073 1909
PM PEAK  3:00PN - 4:00PN 3 2874.9%0 8.38 8624.70 74000 2 1571 m 80100 929
EVENING &:00PH - 12:00AM 6 N1 .17 2875.% 22343 263% 15834 381%% 40640 2183
TOTAL 24 0.32 25076 215200 32284 247484 263935 16431
S5AT & SUN
NORNING 12:00AN - &1 00AM 6 N5 3060 18360 18340 18340 0
DAY 4300AN ~ 41 00PN 12 4.5 1.77 3731.00 44485 2639 31667 76383 81319 4947
EVENING 6100PN - 12:00AN 6 239%.40 1.67 436,40 11017 2050 17097 28114 29400 1285
TOTAL 24 1.715 7187.40 55702 48765 104447 110719 6232
WEEKLY 0,26 143734 1187406 24447 238949 1448335 25190 1541114 26700 94759 1510
ANNUAL 8.26 7475224 A1745130 296000 13465343 75210473 3022685 80137944 320402 4927471 18114
TABLE 1-45B '
SPEED REDUCTION(MIN TIME + .25 MIN)(CAM-CONTROL)
POWER BILL ANALYSIS
. 0.75 1.00
PORTION OF DEMAND 0.00 8.32 g-gg 0.78 é:gg P 9- 3 °-22 -2 0.25 0.00
POWER BILL ==>  ENERSY. 1100 ATE(POMER BILL UNITS) SAVINGS SAVINGS(POWER BILL UNITS)
DEMAND COMPONENT 0.00000 ©0.00059 0.00119 0.00178 0.00238
TRACTIGN(M?) Sgg-;g 0.00
RT (MW . . .032  0.043
?g?:E(M&) 420,30 18.12  0.000  0.011  0.022 0O
ENERGY COMPONENT 0.00653 0.00490 0.00327 0.00163 0.00000 4 oa
TRACTION(MKWH) 80.14 0.00
SUPPORT (MKWH) 72.93 4.93 0.032 0.024  0.016  0.008  0.000
TOTAL (MKWH) 153.07 FRACTION 0.032 0.035 0.038 0.040 0.043
PERCENT 3.2 3.5 3.8 4.0 4.3

7¢




PERIOD TIME HOURS
WEEKDAY
NORNING 12:00AM - 4300AN )
AR PEAK  4:00AM - 9:00AN 3
NIDDAY  9:00AN - 3:00PN [
PN PEAK  3:00PN - 6:00PN 3
EVENING 6100PN - 12:00AM 6
TOTAL 24
SAT & SUN
NORNING 12:00AM - &:00AM )
DAY 620088 - 61 00PN 12
EVENING 6:00PN - 12:00AN b
TOTAL 24
WEEKLY
ANNUAL
PORTION OF DEMAND
POWER BILL ==>  ENERGY
NORMAL
DEMAND COMPONENT
TRACTION(MW) 320.40
SUPPORT (MW) 99.90
TOTAL(MW) 420.30
ENERGY COMPONENT
TRACTION(MKWH) 80.14
SUPPORT (MKWH) 72.93
TOTAL (MKWH) 153.07

TABLE 1-46A
SPEED REDUCTION(NIN RUN TINE + .5 MIN) (CAM-CONTROL}
ENERGY AMALYSIS

TURNARDUND |
RUNNING TRAINS & STORAGE TOTAL NORMAL TOTAL DIFFERENCE
CN/HR  KRHPCH ] KNH KW PEAK KN KM KNH KW PEAK  KWR KM PEAK  KMH KM PEMX
NS Jos0 18340 18340 18340 0
2877.30 8.06 B631.90 49573  231%1 478 1438 71007 23569 80100 26700 9094 3031
959. 25 7.4 §5755.50 42078 2201 13208 54087 63075 4988
2877.30 B8.06 8631.90 69573 mn 1834 71007 80100 92094
479.463 .43 2877.7% 21382 2631 15784 37146 40660 3494
7.83 23897 203406 31860 235246 263935 28649
NS . 3060 18360 18340 18340 0
479.463 7.43 9755.50 42743 2631 31568 74332 81319 4988
239.83 7.33 1439.10 10549 84 17073 27622 29400 1778
7.41 7194.60 53312 48641 lOl’SJ 110719 8746
7.81 143874 1123686 . 23191 236303 1380239 23469 1541114 26700 140876 303t
7.81 7481471 58430105 278292 13342308 71772411 284027 80137944 320402 8363533 Jo3N4
-468
SPEED REDUCI?%EEM;N RUN TIME + .5 MIN)(CAM-CONTROL)
POWER BILL ANALYSIS
0.00 0.25 0.50 0.75 1.00 DEMAND ¢.00 0.28 9.5 o e
1.00 0.75 0.50 0.25 0.00 ENERGY ) SAVINGS (POWER BILL UNITS)
RATE(POWER BILL UNITS) SAVINGS
0.00000 ©0.00059 ©.00119 0.00178 0.00238
20 99 0.000 ©.022 0.043  0.065
0.00653 0.00490 0.00327 Q.00163 0.00000 .
g:gg 0.055 0.041 0.02 0.014
FRACTION  0.055 0.063  0.071  0.079
PERCENT 5.5 6.3 7. 7.9

1.00
0.00

0.087

¢9



PERIOD TINE HOURS  CN/HR  KNHPCM
WEEKDAY

HORNING  12:00AM - &100AN 6 NS

AN PEAK  6:00AM - §:00AM 3 2877.00 .12

NIDDAY  9:00AN - 3:00PN 6 939.25 1.8

PN PEAK  J100PM - &100PN 3 2877.00 1.1

EVENING 6100PN - 12:00AN 6 479,83 1.43
TOTAL i) 1.83
SAT & SUN

HORNING 12300AR - 6100AM 6 NS

DAY 4100AN ~ £:00PH
EVENING 6:00PN - 1210060
T0TAL

WEEKLY

ANNUAL
PORTION OF DEMAND
POWER BILL ==> ENERGY

NORMAL

DEMAND COMPONENT
TRACTION(MW) 320.40
SUPPORT (MW) 99.90
TOTAL(MW) 420.30
ENERGY COMPONENT
TRACTION(MKWH) 80. 14
SUPPORT (MKWH) 72.93
TOTAL (MKWH) 153.07

12 479.83 .43
6 239.83 7.33
) .4

0.00 0.25
1.00 0.75

cH

8631.00
5755.30
8631.00
2077.73

25893

3735.50
1439.10
1194.60

143863

TABLE 1-47A
SPEED REDUCTION(MIN RUN TIME +.75 MIN) (CAN-CONTROL)
ENERGY ANALYSIS

KNH

66631
42878
64631
21382
197523

42763
10349
33312

1094238

RUNNINE TRAINS
KN PEAK

22210

22210

7481003 56900372 2466323

0.50
0.50
RATE(POWER BILL UNITS)

TABLE 1-478
SPEED REDUCTION(MIN RUN TIME +.75 MIN)(CAM-CONTROL)

TURNAROUND

& STORAGE

({] Kit
3060 18360
433 1299
2186 13118
433 1299
2623 15739
31433
3060 18380
2023 31478
2842 17051
B39
254333

POWER BILL ANALYSIS

0.75
0.25

TOTAL NORMAL TOTAL
KNH KW PEAK  KWH KW PERK
183460 18340
67930 22543 80100 26700
33997 63075
67930 80100
N2 40640

228978 263935
18340 18360
14242 81319
21399 29400
101841 110719
1348571 22643 1541114 28700

13225306 70123678 271720 80137944 320402 10012286

1.00 DEMAND
0.00 ENERGY

SAVINGS

0.00000 0.00059 0.00118 0.00178 0.00238

0.00653 0.00490 0.00327 0.00163 0.00000

48 .68
0.00
48 .68

10.01
0.00
10.01

FRACTION
PERCENT

0.00
1.00

0.25
0.75

SAVINGS(POWER BILL

0.50
0.50

DIFFERENCE
KMH KW PEAK
0
12170 4057 -
7078
12170
3539
34937
0
7078
16801
8879
192544 4057
48682
0.75 1.00
0.25 0.00
UNITS)
0.087 0.116
0.016 0.000
0.103 0.116
10.3 11.6

9¢



PERIOD
WEEKDAY
HORNING
AN PEAK
NIDDAY
PR PEAK
EVENING
TOTAL

TINE

12:00AM - 5:00AM
4:008N - 9100AN
9:00AM - J:00PN
J:00PN - 4:00PN
6100PH - 12:00AN

SAT & SUN
HORNING
DAY
EVENING

TOTAL

12:00AN - 6100AN
4100AN - 6:00PN
6:00PH - 12:00AK

WEEKLY
ANNUAL

DE
EN
N

PORTION OF
POWER BILL

=>

DEMAND COMPONENT
TRACTION(MW)
SUPPORT (MW)
TOTAL(MW)

ENERGY COMPONENT
TRACTION(MKWH)
SUPPORT (MKWH)
TOTAL (MKWH)

HOURS

o O O~ 4O

»ny

12

24

MAND
ERGY
ORMAL

320.40
99.90
420.30

80.14
72.93
153.07

TABLE f-48A
SPEED REDUCTION(MIN RUN TINE + 1 WIN) (CAN-CONTROL)
ENERGY ANALYSIS

TURNAROUND
RUNNING TRAINS & STORAGE TOTAL NORMAL TOTAL DIFFERENCE
CH/HR  KWHPCM c KWH KW PEAK KN KiH KNH KW PEAK  KWH KW PEAK  KNH KN PEAK
NS 3050 18360 18360 18340 0
2879.70 T.16 B8639.10 61856 20619 387 1181 83017 21006  B0100 26700 17083 3694
998.95 6.94 3753.70 39931 A1 13025 52955 63075 10119
2879.70 T.16 8639.10  b18% 387 161 83017 80100 17083
479.48 6.92 2876.85 19908 2615 15492 35400 406560 5060
7.08 25909 183550 31039 214590 263935 49343
NS J060 18360 18340 18340 0
479.48 6.92 5753.70 39814 2615 31385 71200 81319 10119
239.78 6.78 1438.43 734 2638 17027 26781 29400 2619
6.89 7192.33 49570 48412 97982 110719 12738
7.07 143928 1014891 20619 232020 1268911 21006 1541114 26700 272203 @ 5604
7.07 7484279 52878346 247424 13103030 43983373 232060 80137944 320402 14154349 66334
TABLE 1-488B
SPEED REDUCTION(MIN RUN TIME + 1 MIN)(CAM-CONTROL)
POWER BILL ANALYSIS
1 0.00 0.25 0.50 0.75 1.00 DEMAND 0.00 0.25 0.50 0.75 1.00
1.00 0.75 0.50 0.25 0.00 ENERGY 1.00 0.75 0.50 0.25 0.00
RATE(POWER BILL UNITS) SAVINGS SAVINGS(POWER BILL UNITS)
0.00000 0.00059 ©0.00113 0.00178 0.00238
68.33
0.00
68.33 0.000 0.041 0.081 0.122 0.163
0.00653 0.00490 0.00327 0.00163 0.00000
14.15
0.00
14.15 0.092 0.069 0.046 0.023 0.000
FRACTION 0.092 0.110 0.128 0.145 0.163
9.2 11.0 12.8 14.5 16.3

PERCENT

L9



PERIOD TIME HOURS CH/HR
WEEKDAY
NORNING 12:00AN - b6:C0AN b NS
AM PEAK  4:00AM - 9:00AN 3 2874.30
RIDDAY 9:00AN - 3:00PM 6 938.80
PN PERK  J:00PM - &1COPM 3 2874.30
EVENING 4100PM - 12:00AN & N0
TOTAL 24
SAT & SUN
NORNINE 12:00AN -~ &:C00AN b NS
DAY 8:004M - 63 00PN 12 %.40
EVENING 6:00PH - 123 00AK 6 239.78
TOTAL pL}
NEEKLY
ANNUAL
PORTION OF DEMAND 0.00
POWER BILL ==> ENERGY 1.00
NORMAL
DEMAND COMPONENT 0.00000
TRACTION(MW) 320.40
SUPPORT (MW) 99.90
TOTAL(MW) 420.30
ENERGY COMPONENT 0.00653
TRACTION(MKWH) 80.14
SUPPORT ( MKWH) 72.93
TOTAL (MKWH) 153.07

TABLE 1-494

SPEED REDUCTION(MIN RUN TIKE + 1.25 MIN) (CAM-CONTROL)

KNHPCH

1.30
4.95
.30
6.93
1.18

6.93
4.87
4.92

1.13
1.15

0.25
0.75

ENERGY ANALYSIS

RUNNING TRAINS
cN KMH KN PERK

8622.90 62947 20982
3752.80 39982
9622.%0 827
2876.40 19933
25873 183810

3732.80 39847
1438.65 9684
N9LAS 49750

143758 1028550 20982
7475011 53484580 251789

TURNAROUND

& STORAGE

KN KM
3060 18360
342 1026
2136 12935
3R 1024
2608 15447
30634
3060 18340
2608 31293
2834 17004
48299
249748

TABLE 1-498
SPEED REDUCTION(MIN RUN TIME + 1.25 MIN)(CAM-CONTROL)

POWER BILL ANALYSIS

0.50 0.75
0.50 0.25

RATE(POWER BILL UNITS)
0.00119 0.00178 0.00238

0.00059

TOTAL NORMAL TOTAL
KiH KW PERK  KNH KW PEAK
18340 18360
63973 21324 80100 26700
32017 63075
63973 80100
35381 40660

216444 263933
183460 18340
71162 81319
26887 29400
20049 110719

1278318 21324 1541114

12987934 84472516 233893 BO137944

1.00 DEMAND
0.00 ENERGY

0.00490 0.00327 0.00163 0.00000

SAVINGS

64.51
0.00
64.51

13.67
0.00
13.67

FRACTION
PERCENT

0.00
1.00

0.000

0.25
0.75

DIFFERENCE
KWH KW PEAK

0
18127
10158
16127

5079
7491

0
10158
313
12671

26700 262797
320402 13485428

0.50
0.50

0.75
0.25

SAVINGS(POWER BILL UNITS)

0.038

0.067
0.105
10.5

-0.077

0.045
0. 121

121

0.115

0.022
0.137
13.7

3376

3378
64309

1.00
0.00

0.163

0.000
0.153
15.3



PERIOD TINE
WEEKDAY

HORNING. 12:00M -

AN PERK  6:00AN -

NIDDAY  9:00AM -

PH PEAK  J:100PM -

EVENING 6:00PN - |
TOTAL

5AT & SUN
NORNING  12:00AM -
DAY 4200AN -

EVENING 6:00P% - |
TOTAL

WEEKLY
ANNUAL

PORTION OF
POWER BILL ==>

DEMAND COMPONENT
TRACTION(MW)
SUPPORT (MW)
TOTAL(MW)

ENERGY COMPONENT
TRACTION(MKWH)
SUPPORT (MKWH)
TOTAL (MKWH)

6:00AN
9: 00AN
3100PN
6:00PH
2: 00AN

6:00AN

b100PN

2: 008N

DEMAND
ENERGY
NORMAL

196

295

55.
72.
128.

.08
99.

90

.98

»y
o O O N O

12

i}

0.00781

CH/HR  KWHPCM

NS
2877.30 .27
938. 63 4.57
2877.30 L2

479.33 3.08
4.8
NS

479.33 J3.08
239.70 3.18
3.10

LR

L8

0.00 0.25
1.00 0.75

CH

8631.90
3751.90
8631.90
2075.95

25892

5751.90
1438.20
7190.10

143838

TAT9599 33612844

» TABLE 1-S1A
COASTING(3 MPH BAND) (NIN RUN TINE ¢ .23 MIN) (CHOPPERI
ENERGY ANALYSIS

TOTAL NORNAL TOTAL
KWH KW PEAK  KWH KN PEAK
18340 18340
38427 12809 49019 16340
39594 43002
38427 49019
30444 32688
146891 175729

\\
18340 18340
boes7 65377
24347 25130
83434 90307
903323 12809 1039657 16340

13443939 47076803

TURNARDUND
RUNNING TRAING t STORAGE
KNH KW PEAK KW KN
| 3060 18340
3658 12286 523 1549
26286 218 13307
36858 23 1569
14610 %39 15834
114612 32
3060 18360
w220 %39 31687
7450 650 17087
36670 A876S
s46401 12288 258922
AT
TABLE 1-518

COASTING(3 MPH BAND)(MIN RUN TIME +

POWER BILL ANALYSIS

0.50 0.75
0.50 0.25
RATE (POWER BILL UNITS)

0.00000 0.00084 0.00169 0.00253

0.00586 0.00391

0.00195

1.00 D
0.00 E

0.00338

0.00000

EMAND
NERGY
SAVINGS

42.37
0.00
42 .37

8.03
0.00
8.03

FRACTION
PERCENT

153708 55102175

.25 MIN)(CHOPPER)

0.00
1.00

0.000

0.25
0.75

SAVINGS(POWER BILL UNITS)

0.036

O [FFERENCE

KWH

0
10592
3409
10592
245
28038

0
4490
383
3072

154334

196076 8023372

0.50
0.50

0.072

0.031
0.103
10.3

0.75
0.25

0.107

0.0t6
0.123
12.3

KW PEAK

3531

3331
42369

1.00
0.00

0.143

0.000
0.143

14.3

69



TABLE 1-52A
COASTING(3 NPH BAND) (MIN RUN TIME + .3 MIN) (CHOPPER)
ENERGY ANALYSIS '

TURNARDUND
RUNNING TRAINS k STORAGE TOTAL NORMAL TOTAL DIFFERENCE
PERIOD TINE HOURS  CH/HR  KNHPCH  CM KNH KW PEAK KN KW KWK KWPEAK  KNH KN PEAK  KNH KV PEAK
NEEKDAY |
NORNING  12100AN = 61 00AN 6 N5 3040 18340 18340 18340 0
AN PEAK  6:00AN - 9100AN 3 2074.60  A.14 B823.B0 35703 11901 478 1434 37136 12379 49019 16340 11883 3961 -
NIDDAY  9:00AH - 3:00PN b 956.70 .83 5740.20 2577 2202 13212 39789 45002 5213
PH PEAK  3:00PN - 4¢00PH 3 287440  4.14 8623.80 35703 B U IN% 49019 11683
EVENING  6100PN - 12100AN b 47835 5.01 2870.10 14379 2631 15786 30143 32688 2523
TOTAL 2 435 25858 11231 LS 144227 175720 31502
BAT & SUN | -
NORNING  12:00AM - 600AN 6 N5 3060 18360 18340 18350 0
DAY 4100AN - 6200PN 12 47835  5.01 5740.20 28758 231 31512 40330 65377 5046
EVENING  6:00P = 125 00AN b 20955 495 L3 TS 2046 17073 24188 25130 "2
TOTAL | 24 5.00 7177.50 35873 8445 BASLE 90507 5989
NEEKLY 441 14345 33533 11901 256617 890170 12379 105957 16340 169487 3961
AN AL 7469514 32904TI8 142810 13344084 46288842 1434 53102075 196076 8813333 4753t
Ve
TABLE 1-52B
COASTING(3 MPH BAND)(MIN RUN TIME + .5 MIN)(CHOPPER)
POWER BILL ANALYSIS
PORTION OF DEMAND 0.00 0.25 0.50 0.75 1.00 DEMAND 0.00 0.25 0.50 0.75 1.00
POWER BILL ==> ENERGY 1.00 0.75 0.50 0.25 0.00 ENERGY . 1.00 0.75 0.50 0.25 0.00
NORMAL RATE(POWER BILL UNITS) SAVINGS SAVINGS(POWER BILL UNITS)
DEMAND COMPONENT 0.00000 0.00084 0.00169 0.00253 0.00338
TRACTION(MW) 196.08 . 47 .53
SUPPORT (MW) 99.90 0.00
TOTAL(MW) 295.98 47 .53 0.000 0.040 0.080 0.120 07161
ENERGY COMPONENT 0.00781 0.00586 0.0039t 0.00195 0.00000
TRACTION(MKWH) 55. 10 8.81
SUPPORT (MKWH ) 72.93 0.00
TOTAL (MKWH) 128.03 8.81 0.069 0.052 0.034 0.017 0.000
FRACTION 0.069 0.092 0.115 0.138 0.161%

PERCENT 6.9 9.2 11.5 13.8 16. 1



TURNAROUND
RUNNING TRAINS & STORAGE
PER10D TIME HOURS . CM/HR  KWHPCM  CH KWH KW PEAK KN KW
NEEKDAY -
NORNING 12:00AM - 6100AN 6 NS 3060 18340
AN PEAK.  b:00AN - 9:00AM 3 2079.40  4.08 B8638.20 33244 11748 432 1296
NIDDAY  9:00AN - 3:00PM 6 958.80 447 5752.80 25483 2185 1311
PH PEAK  3:00PN - 6:00PN 3 2879.40  A.08B 838,20 35244 432 129
EVENING 5:00PN - 12:00AN 6 419,40 4,77 2876.40 13720 2623 15713
TOTAL ri] 4.2 25906 109693 9
SAT & SUN '
HORNING 12:00AM - 6:00AN & NS 3060 18340
DAY 6:00AN - 4300PN 12 479.40 .77 5752.80 2744t . 2023 341
EVENING 6:00PN - 12:00AN 6 239.70 4.84 1438.20 4981 2841 17049
TOTAL pl] 4.78 7191.00 34402 48520
WEEKLY 4.29 141910 A728% 11748 254234
ANNUAL 4.29 7483320 32097973 140975 13220158
TABLE 1-538
COASTING(3 MPH BAND)(MIN RUN TIME +
_ POWER BILL ANALYSIS
PORTION OF DEMAND 0.00 0.25 0.50 0.75 1.00 DEMAND
POWER BILL ==>  ENERGY 1.00 0.75 0.50 0.25 0.00 ENERGY
NORMAL RATE(POWER BILL UNITS) SAVINGS
DEMAND COMPONENT 0.00000 0.00084 0.00169 0.00253 0.00338
TRACTION(MW) 196.08 49.92
SUPPORT (MW) 99.90 . 0.00
TOTAL(MW) 295.98 49.92
ENERGY COMPONENT 0.00781 0.00586 ©0.00391 0.00195 0.00000
TRACTION(MKWH) 55. 10 9.78
SUPPORT ( MKWH) 72.93 0.00
TOTAL (MKWH) 128.03 9.78
' FRACTION

TRABLE 1-53A

COASTING(3 MPH BAND) (NIN RUN TIME + .75 MIN) (CHOPPER)

ENERGY ANALYSIS

PERCENT

TOTAL NORMAL TOTAL DIFFERENCE
KNH KW PERK  KMH KW PEAK  KWH KW PEAX
183460 18340 0
36340 12180 49019 16340 12479 4160
38596 45002 406
34540 49019 12479
29456 32688 3232

141132 17572% 4597
18340 18340 0
58912 65317 4445
20010 25130 1120
82922 90507 7583

871303 12180 1059457 16340 188155 4160

43318130 146159 35102175 194074 9784045 49917
.75 MIN)(CHOPPER)
0.00 0.25 0.50 0.75 1.00

1.00 0.75 0.50 0.25 0.00

SAVINGS(POWER BILL UNITS)

" 0.000 0.042 0.084 0.126 0.169
0.076 0.057 0.038 0.019 0.000
0.076 0.099 0.123 0.146 0.169

7.6 9.9 12.3 14.6 16.9

1L



PERIDD TINE HOURS
WEEKDAY
MORNING 12:00AM - &:00£M b
AN PEAK  6:00AM - 9:00RN 3
NIDDAY  9:00AM - 3:00PN b
PN PEAK  3:00PM - 6:00PN 3
EVENING 6:00PN - 12:00AM b
TOTAL 24
SAT & SUN
MORNING 12:00AM - b: 004N 6
DAY 4100AN - 6100FN 12
EVENING 6100PN ~ 12:00AN 6
TOTAL ]
WEEKLY
ANNUAL
PORTION OF DEMAND
POWER BILL ==> ENERGY
NORMAL
DEMAND COMPONENT _
TRACTION(MW) 196.08
SUPPORT (MW) 99,90
TOTAL(MW) 295.98
ENERGY COMPONENT
TRACTION(MKWH) 55.10
SUPPORT (MKWH) 72.93
TOTAL(MKWH) 128.03

TABLE 1-54A
COASTING(3 MPH BAND) (NIN RUN TINE + ! NIN) (CHOPPER)
ENERGY ANALYSI1S

TURNAROUND
RUNNING TRAINS & STORAGE TOTAL NDRMAL TOTAL DIFFERENCE
CN/HR  KWHPCM ch KiH KN PEAK KN KWH KRH KW PEAK  KWH KW PEAK  KWH KW PEAX
NS 3040 18340 18380 18340 0
20876.70 4.42 8630.10 3B145 12713 a7 1161 39306 13102 49019 14340 M3 3238
958.50 4.21 5751.00 24212 2170 13019 3120 45002 m
2876.70 4.42 B430,10  3BIAS 387 1161 39308 49019 9713
479.25 4.39 20875.50 13199 2615 15490 28888 32688 Jgoo
.39 25887 113700 31031 144731 1757129 30997
NS 3060 18360 18340 18340 0
479.25 4.39 3751.00 24397 215 NI TN 63377 7600
219.70 3.83 1438.20 3508 2838 17026 22533 25130 2593
4.4 7189,20 31905 48406 80311 90507 10196
4.40 143812 432312 12115 251967 884279 13102 1059657 14340 175378 3238
4.40 7478219 32880249 152580 13102248 43982518 157224 33102175 194076 9119457 38852
TABLE 1-548
COASTING(3 MPH BAND)(MIN RUN TIME + {1 MIN)(CHOPPER)
POWER BILL ANALYSIS
0.00 0.25 0.50 0.75 1.00 DEMAND 0.00 0.25 0.50 0.75 1.00
1.00 0.75 0.50 0.25 0.00 ENERGY 1.00 0.75 0.50 0.25 0.00
RATE(POWER BILL UNITS) SAVINGS SAVINGS (POWER BILL UNITS)
0.00000 0.00084 0.00169 0.00253 0.00338 '
38.85
0.00
38.85 0.000 0.033 0.066 0.098 0.131
0.00781 0.00586 ©0.0039t 0.00195 0.00000
' : 9.12
0.00
9.12 0.071 0.053 0.036 0.018 0.000
FRACTION 0.071 0.086 0.101 0.116 0.131
PERCENT 7. 8.6 10.1 11.6 13.1

A



PER1OD

TI%E
WEEKDAY
HORNING 12:00AN - 6:00AN
AN PEAK  &:00AN - 9:00AN
HIDDAY  9:00AM - 3:00PN
PH PEAK  3:00PN - 6300PM
EVENING 6:100PN - 12:00AN
TOTAL
SAT & SUN
NORNING 12:00AN - 6:00AN
DAY 6:00AM - 6:00PH
EVENING 6:00PN - 12:00AN
ToTaL
WEEKLY
ANNUAL
PORTION OF DEMAND
POWER BILL ==>  ENERGY
NORMA
DEMAND COMPONENT
TRACTION(MW) 196.
SUPPORT (MW) 99.
TOTAL(MW) 295.
ENERGY COMPONENT
TRACTION(MKWH) 55.
SUPPORT (MKWH) 72.
TOTAL (MKWH) 128.

L

90
98

TABLE 1-55A

COASTING(3 NPH BAND) (HIN RUN TINE ¢ 1.23 WIN) (CHOPPER)

ENERGY ANALYSIS

TURNARDUND
RUNNING TRAINS ¢ STORAGE TOTAL NORMAL TOTAL DIFFERENCE
HOURS  CM/HR  KWHPCH  CM KWW KW PERK KM KWH  KNH KW PEAK  KWH KW PEAK  XWH KW PEAK
6 NS 3060 18340 18340 18340 0
3 2880.00  3.63 8640.00 31343 10454 3t 1023 32387 1079% 49019 16340 14633 5544
b 958.20  3.97 5749.20 22824 254 12926 357350 45002 9252
3 2880,00  3.43 B640.00 31343 77| 1023 32387 49019 16633
6 A79.10 4,32 2874.40 12418 2607 15643 28041 32688 4427
2 3.7 25904 9799 30415 128584 175729 145
& NS 3060 18360 18340 18340 0
12 479.10  A.32 5749.20 24837 2607 31286 56122 65377 9254
6 239.70 447 1438,20 5997 2834 17003 23000 25130 2130
] 4.29 7187.40 30834 48289 79122 90507 11384
3.83 143894 551513 10454 209654  BOL166 10796 1059857 16340 258491 5544
3.83 7482478 28678658 125453 12981992 41660651 129544 55102175 196076 13441524 44530
TABLE 1-558
COASTING(3 MPH BAND)(MIN RUN TIME + 1.25% MIN) (CHOPPER)
POWER BILL ANALYSIS
0.00 0.25 0.50 0.75 1.00 DEMAND 0.00 0.25 0.50 0.75 1.00
1.00 0.75 0.50 0.25 0.00 ENERGY 1.00 0.75 0.50 0.25 0.00
RATE(POWER BILL UNITS) SAVINGS SAVINGS(POWER BILL UNITS)
0.00000 0.00084 0.00169 0.00253 0.00338
66.53
0.00 .
66.53 0.000 0.056 0.112 0.169 0.225
0.00781 0.00586 0.00391 0.00195 0.00000
13.44
0.00
13.44 0.105 0.079 0.052 0.026 0.000
FRACTION 0.105% 0.135 0.165 0.195 0.225
PERCENT 10.5 13.5 16.5 19.5 22.5

%4



TABLE 1-3bA

COASTING(S MPH BAND) (NIN RUN TIME + .25 MIN) (CHOPPER)

ENERGY ANALYSIS

TOTAL NORMAL TOTAL
KiH KW PEAK  KWH KW PEAK
18360 18350
39286 13095 49019 14340
39200 © 43002
39286 9019
30392 32668

148164 175729

18340 18340

60783 63317

23726 25130

84309 70507
909837 13093 1039637 16340

13450008 47311516

157145 55102175

.25 MIN)(CHOPPER)

0.00
1

TURNAROUND
RUNNING TRAINS & STORAGE
PERIOD TINE HOURS CH/HR  KWHPCM cn KiH KW PEAK Ki K
NEEKDAY
MORNING 12:00AM - &:00AN b NS 3040 18360
AM PEAK  &:00AM - 9:00AN 3 2877.00 4.37 B8631.00 3717117 12572 523 1569
NIDDAY 9:00AN - J: 00PN 6  959.25 4.50 5735.50 25900 21 13300
PM PEAK  3:00PM - &:00PN J 2877.00 4.37 B8431.00 1y 523 1569
EVENING 6:00PH - 12:00AN 6 479.83 5.06 2877.75 14541 2638 15830
TOTAL 24 4.48 25895 115696 J2248
SAT & SUN
NORNING 12:00AN - &:00AN [ NS 3040 18360
DAY 8:00AN - &:00PN 12 479.83 J.06 §755.30 29123 2638 31660
EVENING 63100PN - 12:00AN 6 239.78 4.61 1438.43 4632 2849 17094
TOTAL 24 4.97 7194.13 337535 48754
WEEKLY 4.33 ‘143865 850991 12572 250844
ANNUAL 4,33 7480957 33851508 150870
TABLE 1-568B
COASTING(S MPH BAND)(MIN RUN TIME +
POWER BILL ANALYSIS
PORTION OF DEMAND 0.00 0.25 0.50 0.7% 1.00 DEMAND
POWER BILL ==>  ENERGY 1.00 0.75 0.50 0.25 0.00 ENERGY
NORMAL RATE(POWER BILL UNITS) SAVINGS
DEMAND COMPONENT 0.00000 0.00084 0.00169 0.00253 0.00338
TRACTION(MW) 196.08 38.93 .
SUPPORT (MW) 99.90 0.00
TOTAL(MW) 295.98 38.93
ENERGY COMPONENT 0.00781 0.00586 0.00391 0.00195 0.00000
TRACTION(MKWH) 55. 10 7.79
SUPPORT (MKWH) 72.93 g.gg
TOTAL (MKWH) 128.03 eqacaine

PERCENT

0.25
0.79

SAVINGS (POWER BILL UNITS)

0.50
0.50

0.066

196076 7790659

DIFFERENCE
KWH KN PEMK
0
9733 24
3802
9733
291
21565
0
59
1404
3998
149820 2
38932
0.75 1.00
0.25 0.00
0.099 0.132
0.015 0.000
0.114 0.132
11.4 13.2

¢



PERIOD
WEEXDAY

TIME

NORNING 12:00”N - 6:00AN
AN PEAK  4:00AM - 9:00AN
NIDDAY  9:00AN - 3:00PN
PM PEAK  3:00PN - b:00PM
. EVENING  6:00PN - 12:00AN

TOTAL

SAT & SUN

NORNING 12:00AR - b:00AM
DAY 5:00A0 - b:00PH
EVENING  6:00PM - 12:00AN

TOTAL

WEEKLY
ANNUAL

PORTION OF
POWER BILL ==>

DEMAND COMPONENT
TRACTION(MW)
SUPPORT (MW)
TOTAL(MW)

ENERGY COMPONENT
TRACTION(MKWH)
SUPPORT (MKWH)
TOTAL (MKWH)

DEMAND
ENERGY
NORMA

196.
99.
295.

55.
72.
128.

L

90
98

TABLE 1-374

COASTING(S MPH BAND} (NIN RUN TIME + .3 NIN) (CHOPPER)

ENERGY ANALYSIS

RUNNING TRAINS

HOURS  CM/HR  KNHPCN cn KWH

6 NS

3 2877.00 4.05 B631.00 34954
6 960.15 4.46 3760.90 256N
3 2877.00  A.05 B631.00 34936
6 480.08 4.87 2080.45 14028
) 4.2 25903 109633
6 NS

12 480.08 4.87 5760.%0 28056
6 239.70 4.84 1438.20 4941
i} 4.86 T7199.10 33016

4.30 143915 6168195
4.30 7483577 32145164

KW PEAK

11852

11632
139822

TABLE 1-578

COASTING(S MPH BAND)(MIN RUN TIME +

POWER
0.00 0.25 0.50 0.75
1.00 0.75 0.50 0.25

RATE(POWER BILL UNITS)
0.00000 0.00084 0.00169 0.00253

0.00781 0.00586 0.00391 0.00195

TURNARGUND

& STORAGE

KN Ko
3060 18360
m 143
2200 13201
an 1431
2030 15781
31644
3060 18340
2630 31561
2845 17070
48632
236482

TOTAL

KiH

18340
34387
38695
Jb367
29808
141476

18360
39617
24031
83448

874677

13337064 45483228

BILL ANALYSIS

1.00 DEMAND
0.00 ENERGY
SAVINGS

0.00338

0.00000

50.53

0.00

50.53

9.62
0.00
9.62

FRACTION
PERCENT

0.00
1.00

0.000

KN PEAK

12129

NORMAL TOTAL

K KN

18360
49019
43002
49019
32608
175129

18340
65377
25130
90307

12129 1059637

145546 55102873

.5 MIN)(CHOPPER)

0.25
0.75

0.50
0.50

PERK  KiH

0

16340 12633
6107

12633

2880

34233

0
5780
1099
4839

16340 184980

196076 9418947

0.75
0.25

SAVINGS(POWER BILL UNITS)

0.043

0.085

0.038
0.123
12.3

0.128

0.019
0.147
14.7

DIFFERENCE

KN PERX

a1t

211
30530

1.00
0.00

0.171

0.000
0.171
17.1

S/



PERIDD
WEEKDAY

HORNING 12:00AM - 6:00ANM

AN PEAK  &:00AM - 9:00AN

NIDDAY  9:00AM - 3:00PH

PM PEAK  3:00PN - 6200PH

EVENING 6:00PN - 12:00AN
TOTARL

TINE

SAT & Sun
NORNING  12:00AM - 6:00AN
DAY 4:00AN - 61 00PN
EVENING 6:00PN - 12:00AN
TOTAL

WEEKLY

ANNUAL
PORTION OF DEMAND
POWER BILL ==>  ENERGY

NORMAL.

DEMAND COMPONENT
TRACTION(MW) 196.08
SUPPORT(MW) 99.90
TOTAL(MW) 295.98
ENERGY COMPONENT
TRACTION(MKWH) 55.10
SUPPORT (MKWH ) 72.93
TOTAL (MKWH) 128.03

TABLE 1-38A

COASTING(5 NPH BAND) (NIN RUN TINE ¢ .73 NPH} (CHOPPER)

HOURS ~ CH/HR  KNHPCH
b NS
3 W30 382
b 9865 455
3 2430 3.52
5 4133 A
2 3.9
6 N5
12 933 464
6 230.85  5.06
] 4.88
3.99
3.9
0.00 0.25
1.00 0.75

ENERGY ANALYSIS

RUNNING TRAINS

CcH K KN PEAK
8622,90 30353  1ot1e
9731.90 28171
8622.90 30353
2075.9% 13920

23074 100796
3751.90 27839
1439.10 1282
791,00 35121

143750 574222 10118
TA75013 29859538 121410

TURNARDUND

& STORAGE

KN KWt
3060 18340
432 1296
2185 1311t
432 1294
2623 15736
31439
3060 18360
2623 314N
2642 17051
48322
rolyAY

TABLE 1-588B
COASTING(5 MPH BAND)(MIN RUN TIME +
POWER BILL ANALYSIS

0.50
0.50

0.75
0.25

RATE(POWER BILL UNITS)
0.00000 0.00084 0.00169 0.00253 0.00338

0.00781

0.00586 0.00391

13220343 43079683

1.00 DEMAND
0.00 ENERGY

SAVINGS

0.00195 0.00000

69.48
0.00
59.48

12.02
0.00
12.02

FRACTION
PERCENT

TOTAL NORMAL TOTAL DIFFERENCE
KMH KW PEAK  KMH KW PEAK  KWH KN PEX
18340 18340 0
J1649 10550 49019 16340 17370 57%0
Iv282 45002 5720
31649 49019 17370
29635 32608 3033
132235 179729 43494
18380 18340 0
39310 45377 8044
24332 23130 798
83643 90507 4844
828439 10350 1099837 16340 231198 3790
126594 55102175 196074 12022292 49482
.75 MPH)(CHOPPER)

0.00 0.25 0.50 0.75 1.00
1.00 0.75 0.50 0.25 0.00

SAVINGS (POWER BILL UNITS)
0.000 0.059 0.117 0.176 0.235
0.094 0.070 0.047 0.023 0.000
0.094 .0.129 0.164 0.200  0.235
9.4 12.9 16.4 20.0 23.5



PERIOD
WEEKDAY

NORNING  12:00AM - 6:00AN

AN PEAK  4:00AM - 9:00AN

NIDDAY  9:00AN - 3:00PN

PN PEAK  J:00PM - &:00PM

EVENING &:00PM ~ 12:00AN
TOTAL

TINE

SAT & SUN
NORNING 12:00AM - 6:00AN
DAY 6100AN - 6:00PN
EVENING 6:00PN - 12:00AN
TOTAL

WEEKLY
ANNUAL
PORTION OF DEMAND
POWER BILL ==> ENERGY
. NORMAL
DEMAND COMPONENT
TRACTION(MW) 196.08
SUPPORT (MW) 99.90
TOTAL(MW) 295.98
ENERGY COMPONENT
TRACTION{MKWH ) 55.10
SUPPORT (MKWH ) 72.93
TOTAL (MKWH) 128.03

TABLE 1-39A

COASTING (5 MPH BAND) (NIN RUN TIME + 1 NIN) (CHOPPER)

ENERGY ANALYSIS

' TURNAROUND ’
RUNNING TRAINS t STORAGE TOTAL NORMAL TOTAL DIFFERENCE
HOURS  CM/HR  KWHPCM [ KWH KW PERK KN KWH KWH KW PEAK  KNH KW PEAK  KWH KW PEN
6 N5 3080 18360 18340 18340 0
3 2874.30 3.85 8622.9¢ 33198 11044 387 1161 34359 11433 49019 16340 14640 4887
6 959.25 4.5 5755.50 26340 271 13023 39389 43002 5617
3 2874.30 3.85 B8622.90 33198 387 1181 34359 49019 14640
b 479,43 4.87 2877.75 14013 2615 15692 29707 32688 2981
24 4,13 25879 1o 31039 137810 175729 37918
& NS 3060  1B360 18340 18360 0
12 479.43 4.87 5755.30 28029 2615 11383 39414 a3 n 3963
6 239.63 3.03 1437.73 1232 2038 17030 24262 23130 848
yl] 4.90 7193.25 35281 48415 83676 %0507 6831
4.20 143782 404378 11066 552025 654403 11453 1059637 16340 203254 4887
4,20 7476451 31427884 13213 13103310 44332974 137437 35102175 196076 10369201 58440
. TABLE 1-598B
COASTING(S MPH BAND)(MIN RUN TIME + 1 MIN)(CHOPPER)
POWER BILL ANALYSIS ~
0.00 0.25 0.50 0.75 1.00 DEMAND 0.00 0.25 0.50 0.75 1.00
1.00 0.75 0.50 0.25 0.00 ENERGY 1.00 0.75 0.50 0.25 0.00
RATE(POWER BILL UNITS) SAVINGS SAVINGS(POWER BILL UNITS)
0.00000 0.00084 0.00169 0.00253 0.00338
58.64
0.00
58.64 0.000 0.050 0.099 0.149 0.198
0.00781 0.00586 0.00391 0.00195 0.00000
- 10.57
0.00
10.57 0.083 0.062 0.041 0.021 0.000
FRACTION 0.083 0.111 0.140 0.169 0.198
PERCENT 8.3 1.1 14.0 16.9 19.8

LL



TABLE 1-604
COASTING(S MPH BAND) (NIN RUN TIME + 1.23 WIN) (CHOPPER)
ENERGY ANALYSIS

TURNAROUND
RUNNING TRAINS L STORAGE TOTAL _NORNAL TOTAL
PERIOD TINE HOURS CM/HR  KWHPCH (] KNH KW PEAK (] K KWH K PE“K KNH KW PEAK
WEEKDAY
MORNING 12:00AN - H:00AM &6 NS 3040 18360 183460 18340
AN PEAK  6:00AM - 7:00RN 3 2877.00 3.90 8631.00 33461 11220 341 1023 34684 11361 49019 16340
NIDDAY  9:00AM - J:00PM 6 938.95 3.89 9733.70 22382 2134 12933 35317 . 45002
PX PEAK  3:00PM - 6:00PN 3 2877.00 3.90 8631.00 J3641 341 1023 JA684 49019
EVENING 6: 00PN - 12:00AN 6 479.48 4.20 2876.835 12198 2608 15647 27843 - 32688
TOTAL yl} I.M 25893 . 101902 J0s29 132530 175729
SAT & SUN
NORNING 12:00AM - B300AN [ NS 3040 18360 18340 18340
DAY 6:004M - 5: 00PN 12 479.48 .24 3753.70 24396 2608 31293 35690 83377
EVENING &6100PH - 12:00AN 6 239.5% 4,22 1437.30 4085 2834 17006 23072 25130
TOTAL 24 .28 7191.00 J04s1 48301 18762 90507
WEEKLY 3.97 143845 570430 11220 249746 820174 11361 1059457 16340
ANNUAL 3.97 7479927 29462353 134644 12966813 42649166 130737 53102175 196076
TABLE 1-60B
COASTING(5 MPH BAND)(MIN RUN TIME + 1.25 MIN)(CHOPPER)
POWER BILL ANALYSIS
PORTION OF DEMAND .0.00 0.25 0.50 0.75 1.00 DEMAND 0.00 0.25 0.50
POWER BILL ==> ENERGY 1.00 0.75 0.50 0.25 0.00 ENERGY 1.00 0.75 0.50
NORMAL RATE(POWER BILL UNITS) SAVINGS SAVINGS(POWER BILL
DEMAND COMPONENT 0.00000 0.00084 0.00169 0.00253 0.00338
TRACTION(MW) 196.08 57.34
SUPPORT (MW) 99.90 0.00
TOTAL(MW) 295.98 §7.34 0.000 0.048 0.097
ENERGY COMPONENT 0.00781 0.00586 0.00391 0.00195 0.00000
TRACTION(MKWH) 55.10 12.45
SUPPORT (MKWH ) 72.93 0.00
TOTAL (MKWH) 128.03 12.45 0.097 0.073 0.049
FRACTION 0.097 0.121 0.145
PERCENT 9.7 12.1 14.5

DIFFERENCE

0
14333
9686
14335
4843
43198

0
9686
2058

11744

239401
12453009

0.75
0.25
UNITS)

0.145

0.024
0.170
17.0

KW PEAK

4778 -

4718
37340

1.00
0.00

0.194

0.000
0.194
19.4



TABLE 1-82A

COASTING(3 NPH BAND) (KIN RUN TINE + .25 MIN) (CAM-CONTROL)

ENERGY ANALYSIS

TURNAROUND
RUNNING TRAINS & STORAGE
PERIOD TINE HOURS CH/HR  KWHPCH (W] KiH KW PEAK (] Kt
WEEKDAY
MORNING 12:00AM - A:00AN b NS 3040 18360
AN PEAK 43008 - 9:00AR I 2877.30 7.92 8631.90 64912 21637 23 1369
MIDDAY  9:00AN - J:00PN 6 958.43 7.51 5751.%90 43197 2218 13307
PN PEAK  J:00PNM - 5:100PN 3 2877.30 7.52 08631.90 64912 LYA 1569
EVENING 6:100PN - 12:00AM 6 M1 7.49 2075.93 21541 2639 15834
TOTAL yl} 7.51 25892 194341 32219
SAT & SUN
NORNING 12:00AM - 4:00AK b NS Jos0 18360
DAY 4100AM ~ 51 00PN 12 .73 7.49 §751.%0 43082 2639 31667
EVENING 6:00PN - 12:00AN 6 239.70 7.49 1438.20 10772 2850 17097
TOTAL 24 7.49 71%90.10 53854 497463
WEEKLY 7.51 143838 10805135 21837 238922
ANNUAL 7.51 7479399 561B4747 259448 13463939
TABLE 1-628
COASTING(3 MPH BAND)(MIN RUN TIME +
POWER BILL ANALYSIS
PORTION OF DEMAND 0.00 0.25 0.50 0.75 1.00 DEMAND
POWER BILL ==> ENERGY 1.00 0.75 0.50 0.2% 0.00 ENERGY
NORMAL RATE(POWER BILL UNITS) SAVINGS
DEMAND COMPONENT 0.00000 0.00060 0.00120 0.00179 0.00239
TRACTION(MW) 318.33 52.41
SUPPORT(MW) - 99.90 0.00
TOTAL(MW) 418.23 52.41
ENERGY COMPONENT 0.00654 0.00491 0.00327 0.00164 0.00000
TRACTION(MKWH) 79.87 ) o 10.22
SUPPORT (MKWH) 72.93 0.00
TOTAL (MKWH) 152.80 10.22
FRACTION

PERCENT

TOTAL NORMAL TOTAL DIFFERENCE
KNH KW PEAK  KNH KW PEAK  KWH KW PEAK
18340 18340 0
6b481 22180 79582 26527 13102 LMY
36304 63075 6570
66481 79382 13102
31373 40660 3285
226840 262899 36039
18340 18340 0
14749 81319 6370
27049 29400 1531
102619 110719 101
1339437 22160 1335934 26327 196497 4367
69630706 243922 79868372 318329 10217846 52407
.25 MIN)(CAM-CONTROL)
0.00 0.25 0.50 0.75 1.00
1.00 0.75 0.50 0.25 0.00
SAVINGS(POWER BILL UNITS)
0.000 0.031 0.063 0.094 0.125
0.067 0.050 0.033 0.0t7 0.000
0.067 0.081 0.096 0.111 0.125
6.7 8.1 9.6 1.1 12.5

6L



PER1OD TINE
WEEKDAY
MORNING  12:00AH - 65:00AN
AN PEAK  6:00AN - 9:00AH
NIDDAY  9:00AM - 3:00PN
PH PEAX  3:00PM - 6:00PN
EVENING  6100PN - 12:00AM
TOTAL
SAT & SUN
NORNING 12:00AM - 6100AN
DAY 6:00AN - 6s 00PN
EVENING 5:00PN - 12:00AN
TOTAL
WEEKLY
ANNUAL
PORTION OF DEMAND
POWER BILL ==> ENERGY
NORMAL
DEMAND COMPONENT
TRACTION(MW) 318.33
SUPPORT (MW) 99.90
TOTAL(MW) 418.23
ENERGY COMPONENT
TRACTION(MKWH) 79.87
SUPPORT (MKWH) 72.93
TOTAL (MKWH) 152.80

TABLE 1-43A
COASTING(3 MPH BAND) (NIN RUN TIME + .5 MIN) (CAM-CONTROL)
ENERGY ANALYSIS

TURNARDUND
RUNNING TRAINS L STORABE TOTAL NORNAL TOTAL DIFFERENCE
HOURS  CAJHR  KWHPCH  CN KN KN PEAK KW KW KNH KW PEAK  KWH KN PEMK  KNH KN PEAK
6 NS 3060 18360 18360 18340 0 '
3 287460  7.40 8423.80 63816 21212 AT8 1434 65250 21750 7952 26527 W33 4778
b 956.70  7.06 S5740.20 40526 202 13212 53738 63075 9337
3 287080  7.40 B8623.80 3816 18 1430 65250 79582 14333
6 47835 7.0 2870.10 20206 %31 15786 35992 40650 1660
2 .20 25858 18834 3865 220229 262899 42670
b NS 3040 18360 18360 18360 0
12 47835 7.00 ST40.20 40411 %31 3812 71983 81319 933
b 239.55  7.03 143730 10104 B 1073 7 20400 2273
2% .00 77750 50515 18545 99160 110719 11559
726 1A3M45 1042848 21272 296417 1209485 21750 1535934 26527 2349 478
7.26 TAL9S14 SA22B108 255264 13344084 47572192 260999 79868572 318329 1229380 57330
TABLE 1-638
COASTING(3 MPH BAND)(MIN RUN TIME + .5 MIN) (CAM-CONTROL)
POWER BILL ANALYSIS
0.00 0.25 0.50 0.75 1.00 DEMAND 0.00 0.25 0.50 0.75 1.00
1.00 0.75 0.50 0.25 0.00 ENERGY 1.00 0.75 0.50 0.25 0.00
RATE(POWER BILL UNITS) SAVINGS SAVINGS (POWER BILL UNITS)
0.00000 0.00060 0.00120 0.00179 0.00239
. 57.33
0.00
57.33 0.000 0.034 0.069 0.103 0.137
0.00654 0.0049i 0.00327 0.00164 0.00000
12.30
0.00
12.30 0.080 0.060 0.040 0.020 0.000
FRACTION 0.080 0.095% 0.109 0.123 0.137
PERCENT 8.0 9.5 10.9 12.3 13.7



TRABLE 1-644 .
COASTING(3 NPH BAND) (HIN RUN TIME + .75 WIN) (CAN-CONTROL)
’ ENERGY ANALYSIS

: TURNAROUND
S . RUNNING TRAINS t STORABE TOTAL _ NORMAL TOTAL DIFFERENCE
PERIOD. . TIME "HOURS  CHM/HR  KNHPCHN (] KNH KN PEAK KN KiH KNH KW PEAX  KNH KW PEMC  KWH KN PEAK
KEEKDAY .- . s
~ MORNING  12:00AN - 6:00AN 6 NS o , . , ' 3060 18360 18340 18380 - - 0
. AN PEAK - 4:00AM - 9:00AN 3 2879.40 4,66 B638.20 57530 19177 432 129 58826 - 19609 79582 26527 20754 6919
NIDDAY - 9:00AM - 3:00PN" b 958.80 6,13 5752.80 35245 ‘ 2185 - 13111 48376 63075 14699
PR PEAK  3:00PM - 6:00PN 3 2879.40 4.46 8638.20 57330 . 432 1296 58826 79582 20756
EVENING 5100PN - 12:00AM 6 479.40 8,12 2876.40 - 17604 2023 15736 33339 © o 40660 1321
TOTAL 2 6,48 20906 167929 : 31439 199348 262899 63531
SAT & SUN
NORNING 12:00AM - 6:00AN 6 NS 3040 18360 18340 18340 0
DAY 6100AN - 5:00PN 12 47%.40 6.12 5792.80 35207 2023 31471 64478 81319 14641
EVENING 6:00PM - 12:00AM 6 209.70 6.45 1438.20 9276 2841 17049 25325 29400 30735
TOTAL 24 4.1 7191.00 44484 48520 - 93003 - 11079 17716 -
WEEKLY 6.45 143910 928612 mn 254234 11682846 19609 1535934 26327 333088 9
ANNUAL 6.43 7483320 48287841 230122 13220158 41507999 235304 79868572 = 318329 18360573 . 830
- - TABLE 1-648B ’
_COASTING(3 MPH BAND)(MIN RUN TIME + .75 MIN)(CAM-CONTROL)
POWER BILL ANALYSIS
k ) - ' .25 0.50 0.75 1.00 DEMAND . 0.00 0.25 0.50 0.75 1.00
3352§°3135 ==> 25?323 ?:gg _8.32 . 0.50 0.25 0.00 ENERGY 1.00 0.75 oésgILL u3i$2) 0.00
NORMAL RATE(POWER BILL UNITS) SAVINGS SAVINGS(POWE
" DEMAND COMPONENT 0.00000 0.00060 0.00120 0.00179 0.00239 45 02
TRACTION(MW) 318.33 0.00. ‘ L : A
?3?:3?;&?”’ 418.23 o _ 83.02 0.000 0.050 0.099 0.149 0.199
ENERGY COMPONENT 0.00654 0.00491 0.00327 0.00164 0.00000 o 36
TRACTION(MKWH) 79.87 S .. 8.36 |
SUPPORT (MKWH) 72.93 "18.36  0.120 0.090  0.060  0.030  0.000
TOTAL (MKWH) 152.80 FRACTION  0.120 ©0.140  0.159  0.179  0.199
PERCENT 12.0 14.0 15.9 17.9 19.9

18



TABLE 1-43A

COASTING(I MPH BAND) (MIN RUN TIME + 1.0 MIN) (CAN-CONTROL)

ENERGY ANALYSIS

TURNAROUND
RUNNING TRAINS & STORAGE TOTAL NORMAL TOTAL DIFFERENCE
PERICD TIE HOURS  CH/HR  KNHPCH  CM KWH KW PEAK KN KiM KWH KW PEAK  KNH KN PEMK  KNH KW PEMK
WEEKDAY :
NORNING 12:00AN - 6:00AN 6 N5 : 3060 18360 18340 18360 0
AN PEAK  &:00AN - 9:00AM 3 2076.70 4,71 B630.10 57908 19303 387 1161 359049  194%0 79382 28527 20513  4A38
NIDDAY  9:00AN - 3:00PN 6 938.50  4.06 3751.00  3J4eS1 270 13019 47870 63075 15204
PR PEMC  3100PH - 6:00PN 3 2876.70  &.71 B630.10 57908 387 1181 39049 79382 20313
EVENING  6100PN - 12:00AN 6 479.23  6.04 2875.30 17348 2615 136%0 33036 40660 1602
TOTAL i) 6.49 25887 168033 31051 199046 26289 63833
SAT & SN
NORNING  12:00AM - 6100AN 6 N ' J060 18360 18340 18340 0
DAY 810048 - b100PR 12 479.23 6,04 373100 34734 2615 3319 sa1NS 21319 13204
EVENING  6100PH - 12:00AN 6 %70  3.28 1438.20 754 2838 17026 24620 29400 4780
TOTARL 1] 3.89 7189.20 42330 40406 90735 110719 19984
WEEKLY 8.43 143812 924835 19303 231967 1176801 19490 1333934 26327 339133 4438
~ ANNUAL 8.43 7478219 48091398 231632 13102268 61193667 236276 79868372 318329 18474906 62034
TABLE 1-658
COASTING(3 MPH BAND)(MIN RUN TIME + 1.0 MIN)(CAM CONTROL)
POWER BILL ANALYSIS .
PORTION OF DEMAND 0.00 0.25 0.50 0.75 1.00 DEMAND 0.00 0.25 0.50 0.75 1.00
POWER BILL -==>  ENERGY 1.00 0.75 0.50 0.25 0.00 ENERGY 1.00 0.75 0.50 0.25 0.00
NDRMAL " RATE(POWER BILL UNITS) SAVINGS SAVINGS(POWER BILL UNITS)
DEMAND COMPONENT 0.00000 0.00060 0.00120 0.00179 0.00239
TRACTION(MW) 318.33 _ 82.05
SUPPORT (MW) 99.90 . 0.00 . .
TOTAL(MW) 418.23 S 82.05 0.000  0.049 0.098  0.147 0.196
ENERGY COMPONENT 0.00654 0.00491 0.00327 0.00164 0.00000 - .
TRACT ION(MKWH) 79.87 ' A : 1g.gg
SUPPORT (MKWH) 72.93 .00
“ £ 18.67 1 0.122 0.092 0.061 0.031 0.000
TOTAL (MicwR) 19280 FRAé?lg; 0.122 0.141 0.159  0.178 0.196
PERCENT 12.2 14.1 15.9 17.8 19.6

Z8




TABLE 1-66A

COASTING(3 MPH BAND) (MIN RUN TINE + 1.25 WIN) (CAN-CONTROL)

ENERGY ANALYSIS

) TURNRROUND
' RUNNING TRAINS & STORAGE TOTAL NORMAL TOTAL DIFFERENCE

PER10D TIME HOURS CH/HR  KWHPCM cH KMH KW PEAK KN KiH KNH KW PEAK KN Kd PERK KWH KW PERK
NEEKDAY : '

MORNING §2:00AM - &:00AM b NS 3040 18360 18340 18340 0

AN PEAK  4:00AM - 9:00AM 3 26080.00. 5.00 8540.00 31840 17280 k{}] 1023 52853 17621 79582 260527 26719 8906

NIDDAY  9:00AM - 3:00PM 6 938.20 6.08 574%.20 34725 2154 12926 47651 - 63075 15424

PN PEAK  3:00PM - 6:00PH 3 2880.00 6.00 8540.00 51840 R )| 1023 52843 79582 28719

EVENING 6:00PN - 12:00AN 6 W10 6.03 2874.40 17334 2607 15543 32977 406460 7683
TOTAL 2 4.01 25904  15573% 30615 186334 262899 765435
SAT & SUN

NORNING 12:00AH - &:00AN [ NS 3040 18360 18340 18340 0

DAY $100AN = 41 00PN 12 %10 6,03 674920  3ded 2007 31380  AGVED [T} 16366

EVENINS 6:00EH - 12: 00”N 6 239.70 5.76 1438.20 8284 2834 17003 25287 29400 4113
TOTAL 24 5.98 7187.40 42952 48289 91240 110719 19479
WEEKLY . 6,01 143894 864598 17280 209654 1114252 '17621 1535934 20527 421482 8906
ANNUAL 4.01 7482478 4495911% 207340 12981992 57941112 211453 79868572 318329 21927461 106874

TABLE 1-668B
COASTING(3 MPH BAND)(MIN RUN TIME + 1.25 MIN)(CAM-CONTROL)
POWER BILL ANALYSIS ,

PORTION OF DEMAND 0.00 0.25 0.50 0.75 1.00 DEMAND 0.00 0.25 0.50 0.75 1.00
POWER BILL ==> ENERGY 1.00 0.75 0.50 0.25 0.00 ENERGY 1.00 0.75 0.50 0.25 0.00
7 NORMAL RATE(POWER BILL UNITS) SAVINGS SAVINGS(POWER BILL UNITS)

DEMAND COMPONENT 0.00000 0.00060 0.00120 0.00179 0.0023%
TRACTION(MW) 318.33 106.88
SUPPORT (MW) 99.90 0.00
TOTAL(MW) 418.23 106.88 0.000 0.064 0.128 0.192 0.256
ENERGY COMPONENT 0.00654 0.00491 0.00327 0.00164 0.00000
TRACTION(MKWH) 79.87 " 21.93
SUPPORT (MKWH) 72.93 0.00
TOTAL (MKWH) 152.80 21.93 0.144 0.108 0.072 0.036 0.000
FRACTION 0.144 0.172 0.200 0.228 0.256
PERCENT 14 .4 17.2 20.0 22.8 25.6

£8



. PERIOD TINE
NEEKDAY
NORNING 121004 - 6:00AM
AN PEAK  4:00AN - 9:00RM
NIDDAY  9:00AM - 3:00PN
PN PERK  3300PM - &:00PN
EVENING 6:00PN - 12:00AM
TOTAL

5AT & SUN
NORNING 12:00AN - 63 00AM
DAy " :00AN - 5100PH
EVENING  6:00PK - 12:00AN
ToTAL

HOURS  CM/HR

WEEKLY

ANNUAL

PORTION OF DEMAMD

POWER BILL ==> "ENERGY

NORMAL

DEMAND COMPONENT .
TRACTION(MW) 318.33
SUPPORT(MW) 99.90
TOTAL(MW) 418.23
ENERGY COMPONENT
TRACTION(MKWH) 79.87
SUPPORT (MKWH) 72.93
TOTAL (MKWH) 152.80

6 NS

3 2877.00
6 959.25
3 2877.00
6 479.63
24

6 NS

12 429.63 -

6 239.78
24

0.00
1.00

0.00000

0.00654

TABLE 1-47A

COASTING(S MPH BAND) (MIN RUN TIME + .25 NIN) (CAM-CONTROL)

ENERGY ANALYSIS

TURNAROUND
RUNNING TRAINS & STORABE TOTAL NDRMAL TOTAL DIFFERENCE
KMHPCM cH KWH KN PERK KN KWH KiH KN PEAK  KWH KW PEAK  KWH KW PEAK
3060 18360 © 18340 18360 0
7.70 8631.00 64459 22153 523 1569  6B027 22676 79382 24527 11555 3852
1.38 5735.50 42476 217 13300 55776 63075 .1
1.70 8631.00 68459 523 1569 68027 79582 11535 -
7.36 2877.75 21180 2638° 15830 37010 " 40440 Jode
1.59 23895 194573 . 32268 228841 262899 34058
3060 18360 18340 18360 0
<36 §755.50 42340 2638 31460 74021 81319 7299
7.1 1438.65 10229 2049 17094 27323 29400 2077
31 7194.15 52589 48754 101343 110719 92376
7.36 143865 1088045  22153. 250845 1346891 22676 1335934 26527 169043 3852
7.56 7480957 56578325 2435835 13450008 70038333 272110 79868572 318329 9830240 46220

TABLE 1-67B
COASTING(S MPH BAND)(MIN RUN TIME # .25 MIN)(CAM-CONTROL)
POWER BILL ANALYSIS

0.25 0.50" 0.75 1.00 DEMAND ' 0.00 0.25 0.50 0.75 1.00
0.75 0.50 0.25% 0.00 ENERGY .. 1.00 0.75 0.50 0.25 0.00
RATE(POWER BILL UNITS) SAVINGS SAVINGS(POWER BILL UNITS)
0.00060 0©0.00120 0.00179 0.00239 :
. 46.22
0.00

0.00491

46:22 0.000 0.028 0.055 0.083 0.111

0.00327 0.00164 0.00000
.9.83,
0.00
9.83 0.064 0.048 0.032 0.016 o
FRACTION 0.064 0.076 0.087 0.099 0.111

PERCENT 6.4 7.6 8.7 9.9

v8



PERIOD TINE HOURS  CHM/HR
WEEKDAY )
MORNING 12:00AM - 6:00AM 6 NS
AM PEAK  4:00AM - 9:00AN 3 2877.00
MIDDAY  9:00AM - 3:00PM 6 940.15
PM PEAX  3:00PM - b:00PN 3 2877.00
EVENING 6300PN - 12:00AM 6 480,08
TOTAL 24
SAT & SUN
MORNING  12:00AM - 53 00AN 6 NS
DAY b100AN ~ 6:00PN 12 480.08
EVENING 6:00PN -~ 12:00RN 6 239.70
ToTAL 24
WEEKLY
ANNUAL
PORTION OF DEMAND 0.00
POWER BILL ==>  ENERGY 1.00
NORMAL
DEMAND COMPONENT 0.00000
TRACTION(MW) 318.33
SUPPORT (MW) 99.90
TOTAL(MW) 418.23
ENERGY COMPONENT 0.00654
TRACTION(MKWH) 79.87
SUPPORT (MKWH) 72.93
TOTAL (MKWH) 152.80

TABLE 1-48A

COASTING (5 NPH BAND) (MIN RUN TINE + .5 NIN)(CAN?CDﬁTRDL)

TURNARDUND

RUNNING TRAINS  STORAGE TOTAL NORMAL TOTAL

KNHPCH  CN KNH KN PEAK KM KWH  KNH KW PEAK  KNH KN PEAK
3060 18360 18340 18350

6,92 B831.00 59727 19909 477 1431  b1158 20385 79582 26527
.50 5760.90 38022 2200 13201 51223 83075
6,92 8631.00 59727 7T 13 sl1s8 79582
5.59 2080.45 18982 230 15781 34783 10640
5,81 25903 176457 : 31844 208301 262899.
3060 18350 18340 18350
5.59 5760.90 3794 2630 3150 69526 B1319
5,92 1438.20 9952 245 17070 27023 29400
.66 7199.10 47917 8832 94548 110719
6.80 (43915 919 19909 256482 1234601 20386 1533934
5.80 7483577 50862192 238506 13337064 64199256 244630 79868572

TABLE t-68B
COASTING(S5 MPH. BAND)(MIN RUN TIME + .5 MIN)(CAM-CONTROL)
POWER BILL ANALYSIS
0.25 0.50 0.75 1.00 DEMAND 0.00 0.25 0.%0
0.75 0.50 0.25 0.00 ENERGY 1.00 0.75 0.50
RATE(POWER BILL UNITS) SAVINGS - SAVINGS(POWER BILL
0.00060 0.00120 0.00179 0.00239
73.70
0.00

0.00491

ENERGY ANALYSIS

73.70 0.000 0.044

0.00327 0.00164 0.00000 .

15.67

0.00

15.67 0.103 0.077
FRACTION 0.103 0. 121
PERCENT 10.3 12.1

DIFFERENCE
KNH ki PEAK

0
18425 o142
11831

" 18425

5897
54398

0
11794
3n
1mn

26327 301333 6142
318329 158893t6 73699

0.088

0.051
0.139
13.9

0.75 1.00
0.25 0.00
UNITS)

0.132 0.176

0.026 0.000
0.158 0.176
15.8 17.6

c8



PER1OD TINE
WEEKDAY
MORNING 12:00AM -~ &:00RN
AM PERK  4:00AM - 9:00RNM
NIDDAY 9:00AN - 3:00PN
PH PEAK  3:00PN - 6:00PN
EVENING 6:00PH - 12:00AN
TOTAL
SAT L SUN
NORNING  12:00AK - 6:00AM
DAY 4:00AN - 6:00PN
EVENING 6:00PN - 12:00AN
) TOTAL
WEEKLY
ANNUAL
PORTION OF DEMAND
POWER BILL ==> ENERGY
NORMA
DEMAND COMPONENT
TRACTION(MW) 3:8.
SUPPORT (MW) 99.
TOTAL(MW) 418.
ENERGY COMPONENT
TRACTION(MKWH) 79.
SUPPORT (MKWH) 72.
TOTAL (MKWH) 152.

TABLE 1-694

COASTING(3 MPH BAND) (NIN RUN TIME ¢ .75 NIN) (CAM-CONTROL)

ENERGY ANALYSIS

TURNAROUND

RUNNING TRAINS & STORAGE

HOURS ~ CN/HR  KWHPCHM Cn KNH KW PERK KN KWH
6 NS 3060 18360
3 2074.30 6.37 B8622.90 54928  1B309 432 1296
6 958.65 6,34 J751.90  JoA&7 2185 131l
3 2874.30 6,37 8622,90 54928 432 129
6 49,33 6.32 2875.95 18176 2623 15736
1] 6.36 25874 164499 31439
6 N5 3060 18360
12 41933 6.32 5751.90 34352 2623 It
6 239.8) b.48 1439.10 9325 2842 17031
U 6.35 7191.00 45677 48522
6.36 143750 913649 18309 234237
6.36 7475013 47520134 219711 13220345

TABLE 1-69B
COASTING(5 MPH BAND)(MIN RUN TIME +
POWER BILL ANALYSIS

0.00 0.25 0.50 0.75 1.00 DEMAND

1.00 0.75 0.50 0.25 0.00 ENERGY
L " RATE(POWER BILL UNITS) SAVINGS

0.00000 0.00060 0.00120 0.00179 0.00239
33 93.43
90 0.00
23 93.43
0.00654 0.00491 0.00327 0.00164 0.00000

87 19.13
93 0.00
80 19.13
FRACTION

PERCENT

NORMAL TOTAL

TOTAL
KNH KW PEAX  KWH
18340 18340
56224 168741 79582
9378 63075
56224 79582
33912 40660
195938 262899
18340 18340
67823 81319
2376 29400
94199 110719
1168086 18741 1333934

60740479 224895 79868572

.75 MIN)(CAM-CONTROL)

0.00
1.00

0.000

0.125
0.125
12.5

0.25
0.75

KW PEAX

26527

26327

DIFFERENCE
KNH  K¥ PEAK

0
23359 1786
13496
23359
6740
64941

0
13496
3024
16520

367848 7784

318329 19128093 93434

0.50
0.50

0.75 1.00
0.25 0.00

SAVINGS(POWER BILL UNITS)

0.056

0.094
0. 150
16.0

0.112

0.063
0.174
17.4

0.168 0.223

0.031 0.000
0.199 0.223
19.9 22.3
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PERIOD TINE

HOURS  CM/HR
WEEKDAY . )
MORNING 12:008N - &:00AN 6 NS
AN PEAK  &:00AM - 9:00AN 3 2874.30
NIDDAY  9:00AM - 3:00PM 6 959.25
PH PEAK  3:00PN - 4:00PN 3 2874.30
EVENING 6100PH - 12:00RN 6 4719.63
TOTAL 24
SAT & SUR
MORNING 12:00AM - 4:00AN 6 NS
DAY 83100AN - 4100PN 12 479.83
EVERING 6:00PN - 12:00AN 6 239.83
TOTAL 24
WEEKLY
ANRUAL
PORTION OF DEMAND 0.00
POWER BILL ==> ENERGY 1.00
. NORMAL
DEMAND COMPONENT 0.00000
TRACTION(MW) 318.33
SUPPORT(MW) 99.90
TOTAL(MW) 418.23
ENERGY COMPONENT 0.00654
TRACTION(MKWH) 79.87
SUPPORT (MKWH) 72.93
TOTAL(MKWH) 152.80

TABLE 1-70A

COASTING(S NPH BAND) (NIN RUN TINE + 1 NKIN} (CAN-CONTROL)

TURNARDUND
- RUNNING TRAINS & STORAGE TOTAL
KWHPCH cw KNH KW PERK KN KUH KNH KW PERK  KWH
3060 18360 18340 18340 -
6,33 0622.90 54583  1BIWA 307 116t 55744 18581 .. 79582
6,36 5735.50 34405 AN 13025 49630 63079
6,33 862290 54383 387 1161 55744 793582
4.34 2877.75  1B2AS 2615 15892 339%7 40650
6,34 25879 164016 . 31039 195035 -262099
3040 18360 18340 18340
5,34 5755.50 34490 2615 31385 67879 81319
6.48 1437.75 9317 2838 17030 26346 29400
6.37 T193.25  43B0% 845 94221 110719
6.3¢ 143782 911692 18194 252023 1163717 - 18381 1335934
6.3 7476451 47407991 218332 13105310 40513301 222976 79868372
TABLE 1-708
COASTING(5 MPH BAND)(MIN RUN TIME + 1 MIN)(CAM-CONTROL)
' POWER BILL ANALYSIS
0.25 0.50 0.75 1.00 DEMAND 0.00 0.25
0.75 0.50 0.25 0.00 ENERGY 1.00 0.75
RATE(POWER BILL UNITS) SAVINGS '
0.00060 0.00120 0.00179 0.00239
95.35
0.00
95.35 0.000 0.057
0.00491 0.00327 0.00164 0.00000 ,
19.36
» 0.00
19.36 0.127 0.095
FRACTION 0.127 0.152
PERCENT 12.7 15.2

ENERGY ANALYSIS

NORMAL TOTAL

SAVINGS (POWER BILL

Ki PEAK

2527

DIFFERENCE
KNH KW PEMK

0
23838
13445
23838

6722
67044

0
13445
3054
16458

2521 32217
318329 19335271

0.50
0.50

0.114

0.063
0.177
17.7

0.75
0.25
UNITS)

0.171

0.032
0.203
20.3

194

7944
9334

o=
83

0.228

0.000
0.228
22.8

L8



TABLE 1-71A

COASTING(S MPH BAND) (NIN RUN TIME + 1.25 HlN)(CAH-CbNTRGL)

ENERGY ANALYSIS

12984813 57694381

NORMAL TOTAL

TOTAL
KiH KW PEAK  KNH
18360 18360
53413 17804 79582
5% 63073
53413 79582
32419 40650
185840 262899
18360 18360
6483 81319
25314 29400
90133 110719
1109507 17804 13535934

0.00
1.00

0.000

0. 145
0.145
14.5

0.25
0.75

KN PEAK

26521

26521

0.50
0.50

213454 79868572 318329 22174191

SAVINGS (POWER BILL UNITS)

0.063

0.109
0.171
17.1

0.125

0.073
0.198
19.8

TURNAROUND
RUNNINS TRAINS & STORABE
PERIODD TINE HDURS CM/HR  KWHKPCN CH KNH KW PEAK KN KiH
WEEKDAY
MORNING  12:00AN - &:00AN & NS 3040 18360
AM PEAK  &:00AN ~ 9:0CAN 3 2877.00 4.07 B&31.00 32390 17463 L)) 1023
NIDDAY  9300ANM - 3:00PN 6 958.95 9.85 97983.70 33659 2156 12933
PM PEAK  3:00PM - 6:00PN 3 2877.00 6.07 B631.00 52390 I 1023
EVENING 6100PH - 12:00AM & 4048 5.8 2676.65 18772 2608 13647
TOTAL 24 35.99 25893 155212 30429
SAT & SUN
MORNING  12:00AM - b:00AN 6 NS 3040 18360
DAY 42004 - 6:00PN 12 4.8 3.83 53753.70  335M4 2608 31295
EVENING 5:00PM ~ 12:00AN 6 239.55 5.78 1437.30 8308 2034 17004
TOTAL 24 3.82 7191.00 41832 48301
WEEKLY 5.98 143845 839741 17463 249744
- ANNUAL 3.98 7479927 M4707568 209561
TABLE 1-718
COASTING(5 MPH BAND)(MIN RUN TIME + 1.25 MIN)(CAM-CONTROL)
POWER BILL ANALYSIS
PORTION OF DEMAND 0.00 0.25 0.50 0.75 1.00 DEMAND
POWER BILL ==3>  ENERGY 1.00 0.75 0.50 0.25 0.00 ENERGY
‘ ) * NORMAL RATE(POWER BILL UNITS) SAVINGS
DEMAND COMPONENT 0.00000 0.00060 0.00120 0.00179 0.00239
TRACTION(MW) 318.33 104.68
SUPPORT (MW) 99.90 0.00
TOTAL(MW) 418.23 104 .68
ENERGY COMPONENT 0.00654 0.00491 0.00327 0.00164 0.00000
TRACTION(MKWH) 79.87 22.17
SUPPORT (MKWH ) 72.93 0.00
TOTAL (MKWH) 152.80 22.17
‘FRACTION
PERCENT

DIFFERENCE
KNH KN PEMK
0
26169 8723
16481
26189
8240
77059
0
15481
4086
20567
426427 8723
104676
0.75 1.00
0.25 0.00
0.188 0.250
0.036 0.000
0.224 0.250
22.4 25.0
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Energy Consumption
KWH/Car Mile

6.60
5.50
5.35

5.31

Energy Consumption
(KWH/Car Mile)
6.60
5.47
5.16

4.88

TABLE 1-72

89

Monte Carlo Results for WMATA Red Line

Time
(min)

19.1
19.3
20.0

19.5

% Reduction
In Energy

16.7
19.0

19.6

TABLE 1-73

Steepest Descent Results for W

Time
{min)
19.1
19.3
19.7

20.1

%Reduction
in Energy

17.1
21.8

26.1

% Increase In Schedule
Time

1.1

4.6

2.1

MATA Red Line

% Increase in
Schedule Time

0.84
2.72

4.81



TABLE 1-74
Summary of Coasting Predictions on WMATA and MARTA

MONTHLY ANNUAL ANNUAL ANNUAL ANNUAL ANNUAL
DEMAND ENERGY DEMAND ENERGY TOTAL TOTAL

DEMAND ENERGY SAVINGS SAVINGS SAVINGS SAVINGS SAVINGS SAVINGS
RATE RATE (KW) (MWH) (s) (s) (3) (%)
WMATA : . .

PEPCO DC 11.70 0.028 2300 8000 322920 224000 546920

PEPCO MD 9.85 0.024 670 2400 79194 57600 136794

PEPCO VA 7.85 0.022 150 600 14130 13200 27330

VEPCO VA 0.00 0.061 (o] 100 (o] 6100 6100

TOTAL 3120 11100 416244 300900 717144 4.6 (1981 §)

MARTA .
GPC 11.62 0.0227 . 1113 4068 155138 92350 247488 6.0 (1985 ¢)
TABLE 1-75
Passenger Load Factor Improvement
Operating Timetable Summary
ORIGINAL STRATEGIC
SERVICE TIME PERIOD CARS/TRAIN HEADWAY PASS. LOAD CARS/TRAIN HEADWAY PASS. LOAD
(MIN) FACTOR (%) FACTOR (%)
Weekday
Morning 12:00 am-6:00 am NO SERVICE NO SERVICE
Peak 6:00 am-9:00 am 6 2 50 4 2 75
Midday 9:00 am-3:00 pm 4 4 25 4 4 25
Peak 3:00 pm-6:00 pm 6 . 2 S50 4 2 75
Evening 6:00 pm-12:00 pm 4 8 25 2 8 37.%
Sat., Sun. & Hol.

Morning 12:00 am-6:00 am NO SERVICE
Day 6:00 am-6:00 pm 4 ) 8 25 4 8 25
Evening 6:00 pm-12:00 am 2 8 25 2 8 25

Trains leave on the hour from both terminals.
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TABLE 1-76A

PASSENGER LOAD FACTOR IMPROVEMENT

ENERGY ANALYSIS

NORMAL TOTAL

KN PEAK

16340

0o -

TOTAL

KWH KW PEAK  KiH
18340 18340
33186 11062 49019
45002 45002
33186

23912 32688
135287 175729
18340 18340
47825 63377
25126 25130
72931 90507
822339 11062 1059637

13564652 42761650

TURNAROUND
RUNNING TRAINS k& STORABE
PERIOD TIRE HOURS CM/HR  KWKPCN ] KWH KN PEAK Kt KW
WEEXKDAY :
HORNINS 12100AM - 6100AN [ NS . 3040 18360
AN PEAK  &300AN - 9100AN 3 1917.30 5.48 5751.%0 -31520 10507 553 1664
- NIDDAY  9:00AM - 3:00PN 6 959.25 §.49 5735.30 lSISVB 2234 13403
PH PEAK  3:00PM - 6:00PN 3 1917.30 5.40 35751.90 31520 555 1464
EVENING 4:00PN - 12:00AN 6 239.8% 3.56 1939.10 8030 2647 13862
TOTAL 24 3.4 18498 102449 32819
SAT & SUN
MORNING 12:00AM - 6:00AN b NS . 3040 18360
DAY 6:00”M - 6:00PN _12 239.83 5.58 2878.20 14040 2647 31765
EVENING 6:00PN - 12:00AN 6 239.83 5.57 1437.75 8008 2853 {7118
TOTAL 24 5.98 A315.95 20049 48883
WEEKLY 5.50 102124  5h1481 10507 260859
ANNUAL 9.50 5310443 29196998 124082
TABLE 1-76B
PASSENGER LOAD FACTOR IMPROVEMENT
POWER BILL ANALYSIS
PORTION OF DEMAND 0.00  0.25° 0.50 0.75 1.00 DEMAND
POWER BILL ==>  ENERGY 1.00 0.75 - 0.50 0.25 0.00 ENERGY
NORMAL RATE(POWER BILL UNITS) SAVINGS
DEMAND COMPONENT 0.00000 0.00084  0.00169 0.00253 0.00338
TRACTION(MW) 196.08 63.33
SUPPORT (MW) 99.90 0.00
TOTAL(MW) 295.98 63.33
' ENERGY COMPONENT 0.00781 0.00586 0.00391 0.00195 O.00000
TRACTION(MKWH) 55.10 12.34
SUPPORT (MKWH) 72.93 0.00
TOTAL (MKWH) 128.03 12.34
FRACTION
PERCENT

132785 53102175

0.25
0.7%

16340

DIFFERENCE

0
15833
0

- KW PEAK

3274

15633

8776
LI L

0
17532

4

17555

237318

196076 12340524

0.50
0.50

0.75
0.25

9218
63331

1.00
0.00

SAVINGS (POWER BILL UNITS)

0.053

0.072
0.126
12.6 -

0.107

0.048
0.155
15.5

0. 160

0.024
0.185
18.5

0.214

0.000
0.214
21.4

16
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WMATA
PEPCO DC
PEPCO MD
PEPCO VA
VEPCO VA
TOTAL

MARTA
GPC

DEMAND
RATE

11.70
9.85
7.85
0.00

11.62

on WMATA and MARTA

ENERGY
RATE

0.028
0.024
0.022
0.061

0.0227

TABLE 1-77
Energy Cost Effect of Passenger Load Factor Improvement

MONTHLY ANNUAL  ANNUAL
DEMAND ENERGY  DEMAND
SAVINGS SAVINGS SAVINGS
(KW) {MWH) (s)
o] 18500 (o}
0 2800 o
0 2500 (o}
o 2100 0
o] 25900 o)
1608 3071 224220
TABLE 1-78

ANNUAL

ENERGY

SAVINGS
(s)

518000
67200
55000

128100

768300

69715

ANNUAL
TOTAL
SAVINGS
(s)

518000
67200
55000

128100

768300

293934

ESTIMATES OF RECEPTIVITY FOR NORMAL OPERATION AT MARTA

PERIOOD

AM PEAK
MIDDAY

PM PEAK
EVENING
SATURDAY
SUNDAY

AM PEAK
MIDDAY

PM PEAK
EVENING
SATURDAY
SUNDAY

AM PEAK
MIDDAY

PM PEAK
EVENING
SATURDAY
SUNDAY

DURATION

AUVORULOO®

:45AM-9:
:15AM-3:
:45AM-6;
:45PM-6:
:15PM-1;
:45AM-1
:15AM=-1:

:45AM-9:
:15AM-3:
:45AM-6;
:45PM-6:
:1SPM~-1:
:45AM-1:
D 1SAM- 1.

:45AM-9;
: 15AM-3;
:45AM-6:
:45PM-8:
: 15PM-1:
:45AM-1:

:15AM-1:

NORTH - SQUTH LINE ALL OPERATION

15AM
45SPM
45AM
15PM
15AM
15AM
15AM

EAST

15AM
45PM
45AM
15PM
15AM
15AM
15AM

EAST

15AM
45PM
45AM
15PM
15AM
15AM
15AM

NAT

RECEP

4,
4

hbWH L

81
.62

.84
.04

.89

.60

FULL

NO

RECEP REGEN

.40
.31

[ARA

WWww

&0

-~
aon [ I ]

- WEST LINE 1984 OPERATION

L 3

bbb

.22
.12

.22
.55
.3
.90

3.22 6
3.18 6
3.21 6
3.45 6
3.11 6
3.13 6

- WEST LINE 1983 OPERATION

L bbb E N

.66
.44

.70
.58
.31
.90

3.11 6
3.18 6
3.13 6
3.45 6
3.11 6
3.13 6

%
RECEP

(1983 & 1984)

.06
.87

.15
.36
.35
.34

.51
.42

.54
.46
.45
.45

.48
.40

.51
.45
.45
.49

61
63

70

70
63

47

ANNUAL
TOTAL
SAVINGS
(%)

4.9



TABLE 1-79

ENERGY COST VARIATION RESULTING FROM OFFSET VARIATION AT MARTA

KWHPCM=*
LINE AND OPERATING PERIOD VARIATION

ENERGY USE COST RANGE

NORTH-SOUTH AM PEAK 0.27

NORTH-SOUTH EVENING ’ 0.42
EAST-WEST AM PEAK 0.13
EAST-WEST EVENING 0.40

TOTAL SAVINGS/MONTH ENERGY USE
POWER DEMAND COST RANGE

NORTH-SOUTH AM PEAK 0.27
EAST-WEST AM PEAK 0.13
TOTAL VARIATION/MONTH DEMAND o
TOTAL MONTHLY VARIATION

TOTAL ANNUAL VARIATION

ANNUAL POWER BILL

VARIATION AS PERCENT OF POWER BILL

»» INCLUDES AM PEAK, PM PEAK AND MIDDAY PERIOQDS
»«x INCLUDES EVENING, SATURDAY AND SUNDAY PERIODS

+ COST PER MONTH
ENERGY USE SAVINGS = KWHPCM » CAR-MILES/MONTH =

CAR-MILES
PER MONTH

264326 ==

111273 *=x

234580 «=»
75652 ==»

CAR-MI/HR

1057
938

.0227

POWER DEMAND SAVINGS = KWHPCM * CAR-MILES/HOUR = 11.62

coST+
PER MONTH

1620

1061
692
687

4060

3331
1423
4754
8814
105768
4 140000

2.8
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' TABLE 1-80
REDUCTION OF POWER DEMAND AND ENERGY USE BY EMPLOYING
DIRECT MERCURY VAPOR LIGHTING IN UNDERGROUND STATIONS

PEPCO JURISDICTIONS VEPCO
_DC_ MD L)
NUMBER OF UNDERGROUND STATIONS
Side Platform 6 0 2 5
Center Platform 14 0
PEAK POWER DEMAND SAVINGS
KW 1040 0 165 450
Percent of Support Power 12 0 18 24

ANNUAL ENERGY SAVINGS
MWH : 9100 0 1400 _ 3900
Percent of Support Energy 13 0 18 24




TABLE 1-81

ENERGY SAVINGS BY REDUCING ESCALATOR OPERATION

DURING NON-PEAK HOURS OF OPERATION

PEPCO JURISDICTIONS

N DC___MD__ VA

Normal Escalatqr~Pdwer (Peak Operatién) (kW) 540 40 i30

Escalator Power Reduction (Non-Peak Operation) (KW) 185 0 28
Annual Energy Savings

MWH | 750 0 100

Percent of Support Energy \ 1 1

VEPCO

120
54

200

*Escalators with heights of rise below 16 ft.and the third escalator of a three escalator

grouping are turned off during non-peak..

G6
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TABLE 1-82

SURVEYED INSTALLED SUPPORT LOAD

SUPPORT POWER ITEM

VENTILATION
ventilation
Exhaust Fans
Air Handler
Mid Tunnel Exhaust

HEATING
Hot wWater Heaters
Space Heating

LIGHTING
Interior Lighting
Emergency Lighting
Parking Lot Lighting

ESCALATORS AND ELEVATORS
Escalators
Elevators

AIR CONDITIONING
Air Conditioning
Chilters

TRAIN CONTROL & COMMUNICATIONS
Train Control
Communications

FARE COLLECTION

MISCELLANEOUS
‘Miscellaneous Mechanical
Miscellaneous Electrical
Air Compressor
HVAC
Station Power
Isolated T/C Room

TOTAL SUPPORT POWER

INSTALLED
Kw

3160
1037
807
416
1200

128
128
(o]

2538
1753
332
453

3400
2128
1272
6146

5871



SYSTEM LAYOUT

AN B ¢ DETFG H I J
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Tractive Effort (Ib/car)

TRACTION CURVES

CHOPPER CONTROL
20000
10000 -
0 -I-I'IT
2 FLD=100
-~ FLD=70
1o % Fioo
% PBraking
-20000 . T - T ' 1

Speed (mph)

FIGURE 1-2

86



Efficiency

PROPULSION EFFICIENCY

- POWER MODE

0.9 : :
l —
0.8 — // _
0.7 —
0.6
0.5 —
% MAX TRACTIVE EFFORT:
- 20
‘ - 40
0.4 - 60
- 80
- 100
0.3 o — T T T
0 20 40 60
~ . Speed(mph)

- FIGURE 1-3 .
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Efficiency

PROPULSION EFFICIENCY

BRAKING MODE

0.9
0.8 \
0.7 — .
0.6 —
0.5
0.4 —
0.3
% MAX TRACTIVE EFFORT:
- 20
0.2
. 40
- 60
0.1 - 80
- 100
0 T T — ) T
0 20 40 60
Speed(mph)

FIGURE 1-4
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POWER DISTRIBUTIQN NODAL DIAGRAM

MODE NAM
l—'O NAME

Liee

0.278 o o7 o207 s 751 o165
PER UNIT RESISTANCE
L1 | | ] ] ! I 1 | i 1 | ] | ] I 1]
0 1 2 3 4 5 6 7 8
MILEPOST

FIGURE 1-5
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SPEED PROFILE

EASTBOUND NORMAL

Z0I

]

4 6
— Speed (mph)
-=- Speed Limit
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2. POWER RATE STRUCTURE EVALUATION

2.1. INTRODUCTION
The first major task in evaluating the rate structure involves the procurement of
necessary data from' the utility, the regulatory public service commission and various

departments of the transit system itself. The include:

. Applicable utility tariff,

‘e "Annual report of tﬁé utility.

o Utility ta‘riffs;appli'céble to governmental or other large customers.
0 Utility's _franéhised service territory and its characteristics.

e Various customer -classes, their revenue and load contributions to the-
system.

o Utility’'s gien‘eration mix and fuel cost characteristics.

o <‘Peak:i.'r'1'g'cha'rac:,t'eristics of the utility.

® Public Service Commission’s (PSC) composition.
* Status of any pending rate proceedings of the utility.

e PSC's decisions in most recent rate proceedings of the utility,

e Transit éystem's power bills for two years covering the latest 12 months.
. Tranéit system’s operating characteristics and its power réquirements.

. Ro'le. of mass transit in utility's servicel territory.

e The transii system’s organizational structure regarding utility bill approvals,

.audit, energy conservation and load management, and the department

responsible for negotiations with utility or participation in utility rate
proceedings before the Public Service Commission. ) :

The general considerations in evaluating power rate structure for transit systems
are substantially the same that arise in setting rates, whether through a regulatory
proceeding or 'by negotiation. These include the necessity to establish a rate
structure that assigns class revenue responsibility in accordance with the cost

causation associated with each of the identifiaple classes of customers. Rates based
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on cost of providing service are both equitable and economically efficient. Rates
charged to a transit system should reflect the unique nature of mass transit, its
loads, and the cost of service required /to serve such loads. The economic and
financial manifestation of the utility’s risk associated with these rates for mass
transit is comprehensively embodied in the statistical measure of the variance or
variability of earnings or the rate of return. To attain this type of rate structure and

end result, the following general issues must be carefully evaluated and assessed:

1. Determination of a utility’'s total cost of service and overall revenue
requirement.

2. Determination of a cost of service allocation method among customer
classes.

3. Determination of the revenue requirement including fair rate of return.

4. Determination of a suitable rate design, or rate structure, that would apply
to all customer classes.

As a general proposition, cost of service analysis is a complex process
because it involves assignment to customer classes all of the power company’'s
embedded or booked accounting costs, as modified, adjusted, or normalized for rate-

making purposes.

2.2. COST OF SERVICE - BASIC PRINCIPLES

) Most of thé costs incurred by an electric utility are incurred to provide electric
servi;:e to all its customers. Total jurisdictional revenue requirements for a utility is
the sum of jurisdictional operating expenses and the opportunity to earn the

authorized rate of return on the jurisdictional rate base.

Electric utilities provide several different types of services to their customers,
and they incur many different types of costs to provide these services. The cost of
power production which includes the investment in various generating plants (coal,
hydro, nuclear, gas and oil) as well as the cost of fuel and associated operating
expenses, which generally constitutes more than half of the utility’s total cost, are

the costs incurred to serve all jurisdictional customers.
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Sotne other costs ar'e incurreti to provide service to provide one or more
different types of service, but they are not necessary for all types of service which:
a utility offers. A good example of this. cost is the utility’'s secondary dis_tribl.Jtion
lines at voltage Ievel(s) below the voltage at which gene‘rally traction power is

provided to a transit system.

For costs incurred to provide a service used by two or more different clesses
of customers, it is necessary, in aecqrdance with the basic pri_rtciple ‘of cost
allocation, to determine anjappropriate distribution of these costs among the .cl.a”sses
of customers yvhich utilize the type of service for which costs are incurred. The
distribution .of these costs should be in proportion to the causes of the cost

incurrence.

The development of a class cost-of-service is generally considered to have

three stages: functionalization, classification and allocation Functuonallzatlon is

“simply the identification of the different types of costs whlch a utlhty mcurs

Classmcatnon is the determlnatlon of the types of service for Whlch each kmd of

cost is incurred.

Classification relates each type of functionahzed accountlng cost to the
dnfferent types of service which the utlllty provudes The pnmary types of servnce
are:

1. DEMAND. Supply of the service (KW) whenever it is demanded by the
customers. The utility must have a sufficient amount of generating and -
bulk power transmission capacity to meet the system coincident peak
load. In addition, transmission and distribution facilities must be adequate
to serve the maximum load of each customer in his local area.

r

ENERGY. = The utility must generate and dellver electrical energy (kwh)
required by the customers. Actual amounts of energy differ with hour of
the day, day of the week and time. of the year.

3. CUSTOMER or BASE. The "utility must bring the electric service of
DEMAND and ENERGY to the customer’'s premises, connect each customer
to the system and provide metering of usage.



One major problem in classification arises when a single functionalized cost
relates both to DEMAND and ENERGY services. Costs for generating capacity, bulk
~ power investments and related operating expenses are incurred both to serve the

coincident peak load and to provide energy throughout the vyear.

Costs which are incurred to meet the coincident peak demand of the system or
the localized or class maximum demands (nonl—coincident peaks) should be related to
the DEMAND service. Costs which depend on the number of customers should be
classified as CUSTOMER service. Costs which depend on the amount of energy

which the utility must apply should be classified as related to ENERGY service.

In the allocation pha‘se,' the functionalized and classified costs are distributed to
the customer classes based costs caused to serve the consumption and load at
production, transmission and distribution levels. There is a great amount of
subjective judgement involved in determining the relationship between cost causation
and customer service requirements because there is no universally accepted cost
allocation methodology. th is not uncommon for a utility to undertake class cost-of-
service analysis using more than one cost allocation methodology to evaluate -relative
customer class contribution to revenues and costs. (For further discussion on cost

allocation methodologies see Sec. 2.5.3.)

2.3. BAT_E STRUCTURE

'The components of the energy use pattern; namely, power facilities, energy
consumption and power demand, are ‘influenced by equipment and system design and
operating practices which are controllabie within limits by transit management. The
power rate structure may be a matter of .negotiation between the transit authority
and the electric utilities. The ability to set a rate structure favorable to the transit
. system is dependent on both internal and external factors. It is by careful
management of the internal ones (i.e., a vigorous energy conservation or load
management program) and wise negotiations with knowledge of the external ones that

optimum rate structures are secured.

lel
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The purpose of this section is to explore the power rate structures of typical
U.S. rail transit systems and outline an approach to rate negotiations which can be
used by rail transit authorities. Particular case studies which were conducted by the .

authors and which follow the outlined approach are also summarized.

2.4. SURVEY OF POWER RATE STRUCTURES OF U.S. TRANSIT AUTHORITIES
The power rate structures of the following rail transit systems were surveyéd
during the past few years:

e BART - San Fransisco Bay Area Rapid Transit District

e CTA - Chicago Transit Authority

° GCRTA - Greqter Clevela‘r}d Regional Transit Authority.

. MARTA -,Metropolftan AtIar_:ta Rapid Transit Authority

e MBTA - Massachusetts  Bay Transportation Authority (BOSTON)-
. MDCTA - Miami Dade County Rapid Transit Authority:

® NYCTA - New York City Transit Authority

- PATCO - Port Authority Transit Corporation (Phi|ade|phia-Lind-'ehwo|d NJ)
o PATH - Port Authority Trans Hudson (New York City - NJ)

e SEPTA - Southeastern Pennsylvania'Tr'ansploftation Authority(Philadelphia)

. WMATA - Washington Metropolitan Area Transii Authdrity

These represent the major rail transit systems in the U.S. who take electric

poner. A summary of this survey is now presented.

-2.4.1. Serving Electric Utilities and Jurisdictions

Table 2-1 lists the electric ‘utilities serving the rail transit systems surveyed and

the jurisdiction of regulatory control.. Of the systems covered in the survey, four are

.served by more than one electric .utility and rates of two are reguiated under ‘more

than one jurisdiction.

WMATA is particularly complicated since it is served by two utilities, one of
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which; namely, the Potomac Electric Power Company (PEPCO) is regulated under three
jurisdictions for WMATA service' This means that WMATA has four separate rate
structures, depending on which utility is providing power and in what state the transit

authority receives the power.

SEPTA also deserves special mention. Its prinéipal power source is the
"Philadelphia Electric Company (PECO). However, it also runs some of its commuter
service on an electrified railroad which is owned by the National Railro-ad Paésenger
Corporation (AMTRAK). Power to operate these trains is purchased from AMTRAK
who in turn buys the power from PECO. In addition, SEPTA sells powek purchased
from PECO to PATCO for operation of its train within the city of Philadelphia.
AMTRAK is also actively evaluating co-generation and alternative power supply

sources.

All of the transit authorities surveyed have some form of contract with the
electric utitlity su_pplying power. Most of these contracts provide for the firm supply
Aof power requirements of the transit system for a fixed period of time (the term
varies from mqnth to month to thirty years), thereby assuring an adequate and
reiiable source of power. In. addition, these contracts provide for the )basis of a
special fa;:ilities charge and/or reimbursement provision for construction costs of
special facilities in the form of contributions in aid of construction required to meet

the design and reliability criteria of rail transit systems.

Nineteen utility rate structures for rail transit were represented in the survey of
the rail systems. Eight (including one pending) of the rate structures recognized rail
transit operation as a separate customer class and ten considered rail transit electric
service as part of the high voltage industrial class with some modifications. The

details are presented in Table 2-2. Most utilities and regu!atory'agencies which

1Virginia Power Company is negotiating to acquire PEPCO's Northern Virginia service territory. At the
consumation of the forthcoming sale, PEPCO's retail rate regulation will be limited to D.C. and Maryland.
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regulate and approve rates for rail transit, recognize that these systems have unigque
load and customer characteristics which distinguish them from industrial class

customers in their cost causation on the utility system.

2.4.2. Structure of Billing Demand

Determination of billing demand from actual power use varies widely among the
utilities which serve rail transit systems. The principal demand time interval aspects

of rail transit rate structures are listed by utility/rail transit system in Table 2-3.

The demand interval varies from 15-60 minutes. In general, maximum demand

from day to day is more predictable with larger demand intervals.

If the electric utility feeds to the transit system are electrically connected to
each other, usually on the DC- side of the traction substations, the utility is parallel
feeding power to the rail system. Under such circumstances, it is ap‘propriate for the
utility to meter demand coincidentally. The voltage fluctuations among these paréllel
feeds, some of which may be caused by loads from other utvility customers, can
cause power flows which do not reflect the true demand caused by the rail system.

An éxample of this is demonstrated using the WMATA Red Line:

Noncoincident peak demands together with their times of occurrence are given
in Table 2-4 for the meters through which power is ;supplied‘to the Red.Line. The
coincident peak demand is also shown in the table. The noncoincident peak demand

is 30% higher than the coincident value.

The noncoincident peak demand is always larger than the coincident peak. The

magnitude of the.difference between the two is attributed to four major influences:

1. The variation in the number of passengers with time (thus influencing train
weight) is likely to be more important on a local level, rather than over
the whole system.

2. Abnormal operation (train delay and subsequent make up operation) is
more likely to occur locally rather than giobally at any time.
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3. Several meters, especially those associated with yards, shops and storage
tracks, can record peak power at off-peak transit operating times.

4. The voltage at which the utility supplies power can vary because of
customer loads independent of the transit load.

The effect of voltage variation at the feed points on the altering of
noncoincideni demand is illustrated in Table 2-5 for tl'ie WMATA Red Line operation.
The numbers in fhe table are the results of simulation of actual WMATA operation.
In the first case, a normal off-peak operation of the transit system was simulated,
with all feed points at nominal voltage. In the second case, the voltage at the New
York Avenue feed was increased by one percent relative to the other feed points.
(This could happen when another customer’'s load on the same utility circuit. serving
the New York Avenue feed is diminished.) The resulting power draw through the New
York Avenue feed has increased by 40% while power draws from the adjacent feeds

have decreased.

Since it is typical for utilities to guarantee voltage to within + 5%, voltage
variations, not caused by the transit system itsel'f, can create situations where
noncoincident peak demand can bear no relation to coincident demand. Note that

practically no change occurred in the coincident demand in this example (Table 2-5).

Since it is the monthly demand combined with thé ratchet which determiners the
—derr‘land portion) of tiie eledtric bill, it is appropriate to discdss typical monthly
deménds and ratchets. which are co'mmon to transit. Of the authorities surveyed, two
utilities computed a monthly demand.which was different from the maximum derﬁdhd
achiéved in the month. The Public Service Electric and Gas Compahy in its éervice
to PATCO and PATH, averageé more than one daily rﬁaxirﬁum demand to obtain tiie
imonthiy demand. Commonwealth Edison Company, in its service to CTA averages

éeverai of the highest demands to obtain monthly demand.

Billing demand, in most cases is ratcheted. The ratchets are summarized in
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Table 2-6 . It is difficuit to see how any of the demand ratchets are based on cost
of service. Demand ratchets tend to be 'anticonservation. In most cases, load
management systems, which are designed to reduce peak demand, will look Ies;s
effective in the presence of a ratcheted demand. In particular, MARTA has a ratchet
in whic;h one should be careful on load control during the summer‘ months (June-

September) and careless about load control during the winter months (October-May).

2.4.3. Structure of Energy Use Cost

The energy use pattern is measured in terms of kilowatt hour (kwh)
consumption. It recognizes the utilization of power production facilities in terms of
load factor and cost causation. It primarily consists of the fuel adjustment chi;r'ge
or the charges in cost of fuel burned to produce the kwh. The high volume discount
or block energy charges are being replaced by flat, seasonal or time of use energy
charges. The power rate structures for transit systems which are based on industrial
or modified industrial customer class rates generally cause recovery of a portion ofv
tﬁe demand cost through the energy charge. A puré energy charge bas'ed onvenergy
coét recovery may vary from less than one third of a cent ($0.033) to more than $.6

cents {$.0600)per kwh for the transit systems surveyed.

2.4.4. Seasonal and Time of Use Rates .

The Public Utilities Regﬁlatory Policies Act of 1978 (PURPA) mandated that state
utility regulafory corﬁmissions evaluate and conéider implementation of seasonal and
time of. use rates for ele.ctric customers to promote conservation, equity and
efficienc;'.‘ The cost of producing electricity varies by season and time of daf
based on the load peaking characteristics of the utility which in turn depends on the
peaking characteristics of the customer it serves. Principles that rates ref!éct the
cost of providing service by_season and time of use are likely to provide  the
customer with the correct price signal and the result is the most efficient use of the
limited energy resources available to the society. Most of the -rate structures

applicable to rail transit systems reflect seasonal differential in energy charges.
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Most transit systems who have dirannual load do not have peak loads that coincide
withv the seasonal load pattern of the utility. The implementation of seasonal rate
differentials has generally been a benefit to the transit system. However, because of
daily morning and evening peaking characteristics of rail transit systems coupled with
the obligation to provide transit service and subsequent lack of opportunity to shift
load, application of time of day rates to transit systems is likely to result in higher

power cost than under a non-time differentiated power rate structure.

2.4.5. Electric Traction Annual Power Cost

Table 2-7 contains a summary of the annual traction power cost of several

major rail transit systems. AMTRAK costs have also been inciuded in the table.

2.5. REGULATORY CONSIDERATIONS AND RATE MAKING STANDARDS

A modern electriﬁ utility must provide the functions of production,
transportation and delivery.of electricity to a large number of customers. In pricing
electric bs'ervice, the utility is guided by regulatory prin;.:iples of reasonqble, just and

non-discriminatory rates.

The first step toward reasonable, just and non-discriminatory pricing of
electricity is proper customer classification. The second step is the proper rate

structure for the customer classes.

The cost of service study methodology is used to assign proper cost

responsibility to customer classes.

2.5.1. Customer Classification

Customer classes of an electric utility should be defined in such a way that

only customers of similar customer and load characteristics are grouped together.

Customer characteristics relate primarily to the nature of the customer and have
been traditionally recognized by most utilities, as residential, commercial, industrial,

railways and street lighting.



le8

The important load characteristics which form the basis for customer
classification are:

1. Size of the load.

2. Coincidence factor, which is the ratio of the maximum demand of the
class or system as a whole to the sum of the maximum demands of the
components of the class or system as a whole.

3. Load factor, which is the ratio of the average demand over a designated
period of time to the maximum demand occurring in that period. This can
refer to customer, class or system.

4. Seasonal Time of Use of Power, {Summer/Winter).

B. On/Off System Peak Time of Use of Power.

6. Voitage level at delivery point.

7. Reliability of the Service Reqﬁired (Firm or Interruptable).

8. Full or partial requirements for power.

By reason of the rising cost of producing electricity in recent vyears, it is
‘common for utilities to place more emphasis on load rather than customer

characteristics.

—A> utility generally provides service to a wide range of customers having
different characteristics. These characteristics impose siénifiéantly different costs on
the utility’s system for production, transmission {transportation) énd distribution
(delivery). The’basic regulatory principle states that rates developed for a customer
should be such as to recover the costs incurred by the utility for serving that
customer, plus a reasonable rate of return. : Since the ideal approach of developing
rates for eéch customer is impractical, it is a general practice to groupicustorﬁers
with similar characteristics into classes and then determine the cost of service for

the properly grouped classes.
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2.5.2, Rate Design

The second and final step in the rate-making' process is the pricing of electric
service for each of the customer classes. Under conventional rate regulatory
framework, responsibility for pricing the electric service is shared by the utility and
a Public Utilities Commission, which has been delegated authority to legislate in the
public interest (agency having jurisdiction over rates and conditions of providing

electric service).

¥

In addition to setting rates for the customer classes in such a way as to
reflect cost of service to the classes, rates are also set to provide an effective

instrument for the marketing of the electric service.

Although cost of providing service is the generally accepted standard for
establishing rates for customer classes, practicability and non-cost considerations
may also play a role. Rate schedules are statements of differential prices over a

wide range of requirements of existing and prospective users of eIectri;: service. A

comprehensive list of rate design considerations are:
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