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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 iliustrate the effects of energy
conservation strategies on power demand and energy use. The baseline system has
been made simple. 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 wouid 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 38 and 6.1 The maximum speed of 70 MPH is allowed

everywhere else on the double track line.

The {ocation 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 fleet has
114 cars, 90% {or 102) of which are available and are used for peak transit service.
The vehicie physical characteristics are listed in Tabie 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 system efficiencies 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, B0 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 assumed 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 BMW 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. 1!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 parallel rails of the ground return circuit.
1.1.1.5. Normal Traction Operation
1.1.1.5.1 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 available 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 o¢r trolley. The energy use with
natural receptivity is measured at the meters. Energy use during dwel!l times at
stations is also included. Energy use during turnaround and layup (storage} was not

included, and is estimated separately.

1.1.1.6.2 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 auxiiiaries is

P=P°OTTIHW

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

n

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 slack 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 well 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.



1.1.1.5.3 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 suppiied 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. For 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 tota! energy use.

1.1.1.8. Power Bill Analysis for Normat Operation

Table 1-9 contains the power bill analysis for normal operation. The rates are
expressed in units 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). |t 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. Descripticn 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 159 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 Resslyn 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

1980-82, during the time of the study.

The operation studied at MARTA consisted of the North-South (NS) and East-
West (EW) lines shown in Figure 1-11, During the early stages 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 shows 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 timetabie 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 normatly
scheduled for peak operation for both systems. These numbers when muitiplied by

the KWHPCM vield 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 (PEPCOQ), 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

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 resuits 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 subseguent 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 fieet of reduced weight

vehicles,

The net effect for vehicte weight reduction under the postulated circumstances

is marginal {less than 1% change in the power bili}

There are three basic causes for this marginal behaviour:

1. Because of the Ilower 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 infiuence 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 smaller 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 reduction 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 overail 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. Domestic rail transit service is in trains propelled by DC
motors, either using cam-controlied resistor switching or chopper control of these
motors. It is interesting to observe the effect of cam-control vs. chopper contro! on

the same system without the effect of regeneration.

-

Tweo vehicle fleets were simulated. The base fleet 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 foliowing

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-contro!
sys_tem 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 bili.

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 sold to the electric

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, upless

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 regenecrate
power. This condition applies at MARTA, MIAMI, BALTIMORE and BART, and mos:
probably, in ail new systems in the future. The second case relates to oider
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. Table 1-25 provides

the power bill analysis of the chopper (with regeneration) vs. the cam-contro| 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 seiected.



11

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.

Out 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-contrel 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

simultanecusly in 1982. 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 iost 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 resuits 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 energy 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 scenaric 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
fiywheel 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 case
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 for the small increase in savings for regenerative substations
is that the WMATA rail system under natural conditions is already highly receptive,

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

1.3.1. Performance Meodification

Performance modification strategies are those that reduce the normal train
performance (run time increase) in order to reduce energy consumption. It
performance is reduced too much, it will be necessary to add another 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-centrol
and chopper control (with regeneration) are shown for the base transit system in the

several figures which follow:

Table 1-34
Length of Run {(miies) 1.0 1.8
Type Protile Speed Power Power/Regen Speed Power Power /Regen
Strategy FIGURE #
Minimum Time 1-14A 1-148 1-14C 1-15A 1-158 1-15C
Acceieration Reguction 1-16A 1-168B 1-16C 1-174A 1-178 1-17¢C
Deceleration Reduction 1-1BA 1-18B 1-18C 1-194A 1-198 1-19C
Speed Reduction 1-20A 1-208 1-20C t-21A 1-21B 1-21C
Coasting 1-22A 1-228 1-22C 1-23A 1-238 1-23C

Table 1-35 summarizes the resuit of all

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

of the runs depicted in Figures 1-14 (A,

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 encugh 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

For the purpose of illustrating the result of braking reduction on energy, the
base transit system braking 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 anatysis of this

scenario is presented in Table 1-37B.

As in the case of acceleration reduction, a large effect on energy is realized
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 management, and, in
fact is used on a regular basis. This strategy is discussed using the chopper control
propulsion as the base system f{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 1-398
+.50 58.0 1-40A 1-408
+.75 b4.8 1-41A 1-41B
+1.00 52.1 1-42A 1-428
+1.25 49.9 1-43A 1-43B

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

The results 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)



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 1-47 A 1-478B
+1,00 52.1 1-48A 1-48B
+1.25 49.9 1-48A 1-49B

# Normal run time is 13.86 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 s

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 untit the lower speed of a speed band 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 s
discussed using two speed error bands (3 mph, 5 mph} and using the chopper contro!
propuilsion 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 Times  Coast Speed Energy Analysis  Power Bill Anpalysis
(minutes) - (mph)

Case 1: Speed Error Band = 3 mph

+.25 63.8 1-51A 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 1-558

Case 2: Speed Error Band = 5 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 1-598B
+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).
1.3.1.5.2 Coasting with Non-Regenerative Systems

The foliowing 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)k

_ 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
+1.00 534 1-65A 1-65B
+1.25 51.2 1-66A 1-66B

Case 2: Speed Etror 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 1-718B

* 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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1.3.1.8. 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 conflicting 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 accessibie to

the train as it moves between the stations.

The border of the accessible region is the non-inferior curve. it represents 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 beginning and end of the route. The

f

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

Propulsion system modeis can reiate the electric power, Pe, at the third rail
shoe of the vehicle to the appiied force, u, of the propulsion system at the wheeis

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 (v Susu (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 TRH 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 - 5 [P0 + P (0]dt ,

where, Pa(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 twe 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 multiobjective 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)
x S v £ 2 (prespecified)

oS vsy (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 R1a: + Rzp (Ft1 * R2 = 1} and variance H3.
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The gquantities R}, R2 and R3 are randomly generated using a Random Number

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. F!2 and R3 ranges have provided fairly efficient runs
of Monte Carlo. Overall, as long as R1cx+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

expeonential distribution,

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

exponential distribution,

F(0) = 0
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Floo) = 1
Fx) = -e#%/,
Hence, if random number selected from a uniform distribution is vy, then:
y = log x/g or
X = =y 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 = T? 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. Caiculate ¢SJi fori=1,2, ... n-1

Here J = E
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X, =X - -
T = ._1“0 + n-1 xi+1 xi-l xn-x -1
v % I +

Subject 10 T = 1’1 where T1 is a specific travel time assigned so that the solution of

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

X. (=X (v, ,u,) Xy, q=X X=X, aP(v, .,u. ,)
%E_ = % 1+lv i-1 %v i7 _ Ti+1 Ti-1 P(vi’ ui) b -2 1-; i-1
i i i vi j-1 Y

Xivg~X; OP(¥g oUz4)

V. v
i+l i
because U _, U, U are functions of v,
i-1 1 i*1 i
ul=MEai+G*C¢TRR¢TRA
i=12, ... N1
and
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Again,
au,
9P oP ar i
v (Vesug) = = | = e
avi 17 avilui auilviavi
const. const.
Ll (v. u ) = aP + aP aui'l
i-1 i-1
const. const.
P _ 9P ap W41
v (Ve Yga) = EV-ilu i Eﬁml v,
i+1 Yivel !
const. const.
and

4. Determine Cj such that
¢l = Tivh) | T,

=112

5. Calculate v such that

y12 |yl
6. Calculate 8J = oE / avij'.”2

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

set
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be TV, 5y

)|

.th

where v’ is the velocity, i, in j iteration and 2 is a constant which gives suitable

step which minimizes the objective function J.

The step size e 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 abides by the speed restriction. If not, set v equai to the

. i
speed restriction.

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

a.
!

)

If "ii < a set "ij

"

If vf > ﬂi set vlj

9. Test for convergence using the following criterion:

lsoll-zeu?se

and

|ch1] < 3

where € and § have a prefixed value. |f process has converged, stop, otherwise

return to 4.

The algorithm for discretization and minimization is summarized in a fiow chart

shown in Figure 1-34.

1.3.1,6.5 Algorithm for Selecting Optimal Step Size



Consider approximating the function J{a) by a function u{a) which has an easily
determined minimum point. The simplest 1- variable function possessing a minimum

is the guadratic:

p(a) a + bag + Caz

the minimum of which occurs where

(dg) / da) = 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 <z values, e.g., 0, t and 2t where t is the

preselected trial step and evatuating the functions at these three z values at

g = 0 f1=a .
2

z =t f2=a+bt+ct

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

The above equations give

a=f1

b=(4f2-3f1-f3).'2t
_ - 2
r:—(f3+f1 2f2)12t

therefore,
a* = (-b/2¢) ~ (4f2-3f1-f3) / (4f2-2f3-2f1)

Also, for a+ to correspond & minimum it must satisfy

(d%, 1 da?) >0 = C>0
H aw

For C > 0 we shouid have

f3+f‘ > 2f2

This means that the value of fz must be below the line connecting f1 and f3.

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

diagram shown in Figure 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 peint 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 propulsion 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 meodification 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
decrgase in energy consumption at the train and do not include the effects of power

distribution system losses.
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Figure 1-38 shows the resuits of speed reduction and anticipatory coasting on
the NS and EW lines of MARTA. The plots refiect 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 cne 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 scheduie 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. !n all cases, the schedule time increase
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 timetabie for the passenger Jjoad factor improvement is shown

alongside the criginal timetable in Table 1-75.

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

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

In practice, more careful attention weould 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-miles/hr during the peak period and annual car-miles are listed in Tables 1-12 and
1-13, respectively. During 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 Tabie 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 lcad factor improvement, the principal changes in the

schedule were:

1. Alternate trains on the EW line would run from Hightower to Candier 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 4B39K. In addition, since the scheduling reduces the car-mi/hr during
the peak periods from 940 to 790 on .the 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 biil by

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
systermn 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 am., 7:10 a.m., etc.,, and the schedule for trains leaving the

opposite terminai is 6:58 am., 7:03 am., 7:08 am., etc, then the headway is 5
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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
genergy 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 actua! 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 always the case,

Using the EM-M, the schedule offset was varied in one-minute steps for both
operating periods selected (AM peak and evening). The 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 pericd, 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 scheduie

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 fiuorescent lighting with direct
mercury vapor lighting in both side and center platform underground stations. The
estimated reduction in power was B2KW/side platform station, and 39KW/center

platform station.

The peak power demand reduction and annual energy savihgs 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 annuat 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-B1 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 {19%).

The annual energy cost savings achieved by turning off all escatators 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 85% of the maximum monthiy demand cbtained 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 lcad reduction which can be used as part of true load management
strategy. For every 1000 KW of support load which is shed during the pericds 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 Instalied 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, HEATING, LIGHTING, AIR CONDITIONING,
ESCALATORS & ELEVATORS, TRAIN CONTROL & COMMUNICATIONS, FARE
COLLECTION, and MISCELLANEOUS. The survey covered all of the EW line and the
downtown portion of the NS line. The installed support locads 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 wete 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.
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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 68000 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 adequate 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 tighting loads, it is not easy to turn them off and on, and negligence could

jeopardize safety and security,

The only remaining load categery 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
cocl to lower, but comfortable temperatures during the hours just before the AM and
PM peak operating periods, the chiller plants could be unlocaded during the peak
periods to keep the temperature just beiow the maximum for passenger comfort. In
utility terms, this form of load management is known as péak shaving and valley

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

1. The chillers can easily be ‘caded and unloaded.



. The cost for loading and unloading must not exceed the c¢ost of the
savings.

. The chilier load must be part of the peak locad.

Further study of these requirements was recommended.
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TABLE 1-1 VEHICLE CHARACTERISTICS
Empty Weight (tons)
Crush Load Weight (tons)
Vehicle Length (ft)
Cross Sectional Area (sq. ft.)

Measured Flange Coefficient
(lbs/ton/mph)

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

Lead Vehicle Air Drag Coefficient
(1bs/ton/mph2)

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 ranmges. Dynamic
braking provides as much of the braking effort being supplemented by friction braking
when:

w cnough braking effort cannot be provided to maintain the 3 MPHPS braking
rate.

@ the line voltage is too high fo accept regenerative braking.
s regenerative braking is turned off.

Propulsion

s Motors are connected in two series/two parallel.

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

m 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.
w Note that a resistor is needed to limit line voltage at high speed.

s Friction braking is used to supplement dynmamic 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)
Weekday
Morning 12:00 am-6:00 am NQ SERVICE
Peak 6:00 am-9:00 am 6 2
Miaday 9:00 am-3:00 pm 4 4
Peak 3:00 pm-6:00 pm [ 2
Evening 6:00 pm-12:00 pm 4 -]

Sat., Sun. & Hot,

Morning 12:00 am-6:00 am NO SERVICE
Day 6:00 am-6:00 pm 4 B
Evening §:00 pm-12:00 am 2 2]

Trains leave on the hour from both tarminals.

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

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 6.3

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. 3"

EVENING 6:00PM -~ 12:00AM 13.77 13.76 4,80 € 28
SAT & SUN

MORNING 12:00AM - 6:004M NS NS

DAY 6:00AM - 6:00PM 13.77 13.76 4.60 523

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

NS - NO SERVICE
*  100% REGENERATION RECEPTIVITY
=* NATURAL RECEPTIVITY



NARE OF PERIOD  HEADWAY

TABLE 1-5 NORMAL OPERATION CHOPPER{BASE)
ESTINATE OF TURNAROUND AND CAR STORAGE POMER FOR BASE TRANSIT SYSTEM

CARS PER NIN TURNAROIWD TIME

NINUTES
PEAK 2
N1ODAY L
EVENING |
SATLSUN EVENING 8
. ND BERVICE
NOTES:
PERIDD TIME
WEEKDAY
MORNING 12:00AM - 6:
AM PEAK 6:00AM - 9:
MIDDAY 9:00AM - 3:
PM PEAK 3:00PM - 6
EVENING 6:Q0PM - 12:
0
TOTAL
SAT & SUN
MORNING 12:00AM - 6&:
DAY 6:00AM - 6
EVENING 6:00PM - 12
TOTAL
WEEKLY

ANNUAL

TRAIN

HOURS

OOAM
00AM
OCPM
O0OPM
O0AM

OCAM
OOPM
OOAM

© A s de O

WEST

[Z B~ ]

30 KN/CAR AUXILIARY POVER

RUN TINE
EAST  EASTBOLMD WESTBDUND SLACKININ} TRAINS

3 13.83
I un
3 3.n
3 13.74
TABLE 1-6

NORMAL OPERATION CHOPPER(BASE)

CM/HR

6 NS
3 2877
6 959,
3 2877.
L] 479.
24

6 NS
12 479,
6 239.
24

KWHPCM

.90

25
90
63

63
63

o

[

AmaAawm

(Lo X1

CM

.84

.79

.55
.55

ENERGY ANALYSIS

SCHEDULE NWIN # OF  TOTAL CARS CARS  TURNAROUND STORAGE  TOTAL
CARS  REQUIRED  STORED POMER(KW) POMER (KN) POWER (KW)
13.8Y 0.3 17 102 102 0 569 0 369
13.7 2.4 9 102 ¥ b 4 1980 2u
13.76 6.47 3 102 20 82 187 2460 24
13.76 6. 48 3 102 10 2 u 260 2854
102 0 102 0 3040 3060
TURNAROUND
RUNNING TRAINS & STORAGE TOTAL
KWH KW PEAK KW KWwH KWH KW PEAK
3060 18360 18360
8633.70 47313 15771 569 1706 49019 16340
5755.50 31598 2234 13405 45002
8633.70 47313 569 1706 49019
2877.75 16806 2647 15882 32688 32688
25901 143029 32700 175729
3060 18360 18360
5755.50 33612 2647 31765 65377
1437.75 8008 2854 17122 25130
7193.25 41620 48886 90507
143890 798386 15771 261271 1059657 16340
7482267 41516088 189251 13586087 55102175 (96076

Iy



TABLE 1-7 SUPPORT PDMER REQUIREMENTS BY FUNCTION 8Y SEASON

SPRING AND AUTLIN
STATION STATION STATION STATION STATION STATION STATION STATION STATION STATION
SUPPORT LOAD FUNCTION A [ C ) E F ) [ [ J  Maiatnce Central TOIAL
Ventilation 200 200 200 200 200 160 110
Haating 100 100
Air Coaditioning ¢
Lighting 100 100 50 100 100 100 100 50 50 100 100 50 1000
Escalaters & Elevators 300 30 (i 300 1200
Train Control & Consunications 100 100 100 100 100 100 100 100 100 100 500 1500
fare Collection - ] 3 100 100 100 100 b ) 0 50 700
Niscel] aneous 3 3 ] 15¢ 1% 150 150 50 L1 50 400 100 1400
TOIL 300 950 50 30 150 30 20 300 700 85 7000
NINTER
STATION GTATION BIATION STATION STATION STATION BTATION STATION STATION STATION
SUPPORT LOAD FUNCTION [} ] c ) E F ] [ 1 4 Maintace Central  TDTAL
Veatilation 200 200 200 200 200 100 1100
Heatiag 200 200 200 300 oo Y00 Y00 200 200 200 wo 2100
dir Conditioniag . 104 100
Lighting 100 10 5 100 100 1] 100 %0 30 00 100 ) 1000
Escalators & Elevators Joo o 300 300 1200
Train Control & Cossunications 100 160 100 100 100 100 100 100 100 100 300 1500
Fare Collection 50 3 1 100 100 100 100 ) » S0 700
Niscallansous 30 % » 130 130 150 150 % 400 100 1400
TOTAL 0 300 430 1230 1250 1230 1250 %0 430 300 1000 as0 9700
SUNNER
STATION GTATION STATION GTATION GYATION RTATION BTATION STATION STATION BTATION
SUPPORT LOAD FUMCTI0M A ] C [ ] [ F 6 ] I §  Maiatnce Central TOTAL
Veatilation » 50 3 200 20 200 w00 50 50 0 200 100 L400
Heating 30 30
Air Conditioning 300 300 500 300 50 300 2330
Lighting 100 100 ] 100 100 100 100 50 0 100 100 3o 1000
Escalators k Elavators 300 Joo 300 300 1200
Train Lontro) & Cossunications 100 100 100 100 100 100 100 100 19¢ 100 500 1500
Fare Collaction 30 S¢ 50 oo 100 100 100 50 50 50 100
Miscellansous 50 50 S0 150 15 150 150 5¢ 50 50 400 100 1400

10TAL 150 330 300 1450 1450 1430 1450 300 Joo 350 750 1100 2400

%



TABLE 1-8 SUMMARY NORMAL POWER AND ENERGY USE
SUPPORT POWER TRACTION POWER TOTAL
ENERGY ENERGY
PERIOD  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 0.686 0.43 1.00
POWER - KW ENERGY - KWH
TABLE -9
NORMAL OPERATION CHOPPER(BASE)
POVER BILL ANALYSIS
PORTION OF DEMAND 0,00 023 0.3 073 1,00
NORMAL RATE (POWER BILL UNLITS)

DEMAND COMPONENT 0.00000 0.00084 0.00149 0.00233 0.00338
TRACTION (M) 196.08

ENERBY COMPONENT 0.00781 0.00386

TRACT TON {MXNH) 35,10
SUPPORT {MKKH) 72.93
TOTAL (NKNH) 120.03

0.00391 0.00195 0,00000
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POWER |
ENERGY
USE

29105544
34799544
29105544
35018544

128029175
1.00



TABLE 1-10 VEHICLE,

PROPULSIDN AND BRAKING CHARACTERISTICS .

=

WMATA MARTA

VEHICLE PHYSICAL CHARACTERISTICS
Empty wWeight{tons) 36.0 38.0
Crush Load Weight(tons)+ 52.% 58.5
Length(ft) 75.0 75.0
Cross Sectional Area{sqg ft) 85.0 116.0
Filange Coefficient({ibs/ton/mph) 0.071 0.045
Average Auxiliary Pawer(kw) 30.0 35.0
Lead Vehicle Air Orag(lbs/ton/mph/mph) 0.0024 0.0024
Trail Vehicle Atr Drag(ibs/ton/mph/mph) 0.00034 0.00034

PROPULSION AND BRAKING CHARACTERISTICS
Motors
Control

DC Series/Field Shunt
Cam Resistor Switching
Chopper (Regeneration)

DC Separately Excited
Chopper (Regeneration)

Normal Accelerating Rate(mphps) 3.0 2.6
Max imum Speed(mph) 75.0 70.0
Normal Braking Rate(mphps) 3.0 Taparaedrs«

Line Voltage(Nominal, Max, Min)

785, 900, 600

- WMATA based on 220 - 150 b passangers/car
MARTA based on 273 - 150 1b passengars/car

«« Brake taper:
2.0 mphps 50 mph < v < 70 mph
3.0 mphps 20 mph < v < 50 mph
2.0 mphps 0 mph < v < 20 mph

750, 860. 600

TABLE 1-11 ROUTE AND OPERATING CHARACTERISTICS OF STuDY

AVERAGE

NUMBER OF INTERSTATIDN
DISTANCE(mi)  STATIONS SPACING(m1 )

WMATA
RED LINE Dupont Circlie to Silver Spring 9.89 11 0.99
BLUE LINE National Airport to Addison Road 15.87 214 0.79
ORANGE LINE Ballston to New Carrollton 16.57 22 0.79

MARTA
NS LINE Lakewood tc 8Brookhaven 13.25 13 110
EW LINE Hightower to Avandale 11.75 13 0.98

AVERAGE
SPEED(mph}

31.4
33.3
27.7

35 .0
34 .0



TABLE 1-12 TIMETABLE DATA

HEADWAY CARS/TRAIN
(MIN)
WMATA
RED LINE
WEEKDAY PEAK 5 668
WEEKDAY DFF-PEAK 10 &
SATURDAY 10 5
SUNDAY 10 6
BLUE & URANGE LINES*#
WEEKDAY PEAK 6 6
WEEKDAY OFF-PEAK 12 [
SATURDAY 12 6
SUNDAY 12 6
MARTA
NS LINE
WEEKDAY PEAK=== 6 6
WEEKDAY MIDDAY*»x 6 4
WEEKDAY EVENING 10 4
SATURDAY 10 2
SUNDAY 15 2
EW LINE
WEEKDAY PEAK 6 4
WEEKDAY MIDDAY -1 4
WEEKDAY EVENING 10 4
SATURDAY 10 2
SUNDAY 15 2

hd Quring peak periods, six 6-car trains and five 8-car trains cperate.
*+ Headway refers to route between Rossyln and DG Junction.

«x*x On weekdays during peak and midday periods, half of the trains
run from Lakewood to Lenox while thea other half run from Lenox
to Brookhaven. The headway refers to route from Lakewood 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 8.283 10.251 18.504 5102
MARTA( 1985)
N-S5 LINE 3.172 1.336 4.507 1087
E-wW LINE 2.815 0.908 3.724 938
TOTAL 5.987 2.244 8.231 1995
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TABLE 1-14

WMATA {1989)=

Annual Energy Cost ($M) 18.7
Demand Related 46%
Energy Related 54%
Traction Related 70%
Support Related 30%
Cost/kwH $0.0561
Estimated Arnrnual Demang 734,100 kW
Estimated Annual Energy 271000 MWh
BILLING FACTORS
DEMAND
WMATA =
PEPCD DC $11.70/kwW
PEPCD MD 9.85/k¥
PEPCD VA 7.85/kvW
VEPCO VA
MARTA GPCx» 11.62/kW

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

TABLE 1-1§

ENERGY

ELECTRIC BILL ANALYSIS

MARTA (1984)«

4.1

SO%
SO%

40%
60%

$0.043%

179, 800kw
951000 Mwh

$0.028/kWh
0.024/xwh
0.022/kwhn
0.061/kxWh

0.0227/k¥WH

ACTUAL

WMATA (1980)
RED LINE
BLUE/ORANGE LINE

MARTA (19B3&1984)
1983 OPERATING PERIOD
1984 OPERATING PERICD
ALL

5.01
4.17
4.69

DEMAND INTERVAL

30

30

60

min.
min.
min.

min.

PREDICTED VS ACTUAL ENERGY CONSUMPTION (KWHPCM)

PREDICTED DIFFERENCE
6.63 -4%
€.16 +7%
4.54 -9%
4.33 +4%
4._46 -5%



PERIOD TIHE HOURS
NEEKDAY
HORNING 12:00AN - 6:00AN 6 NS
AN PEAX  6100AN - 9:00AN
NIDBAY  9:00AN - J100PN
PR PEAK  3:00PN - 6100PN
EVENING 4100PN - 12:00AN
TOTAL Yl
AT & SUN
NORNING 12:00AK - &:00AN 6 N5
DAY 6200AM - b:00PH
EVENING 5:00PN - 12:00AN
ToTAL u
WEEKLY
ANNUAL
PORTION OF DEMAND 0.00
POWER BILL ==>  ENERGY 1.00
NORMAL
DEMAND COMPONENT
TRACTION(MW) 196.08
SUPPORT (MW) 99.90
TOTAL(MW) 295.98
ENERGY COMPUNENT 0. 00781
TRACTION{MKWH) 55 10

SUPPORT (MK WH
TOTAL (CMewi i}

T a3
T8 0l

TABRLE 1-18
TEX PERCENT VEHICLE WEIGHT REDUCTION{(CHOPPER)
ENERGY ANALYSIS

CH/HR  KWHPCA

3 2879.40 3.63
6 T99.40 3.23
3 2879.40 J.43
6 470 3.48

3

12 9.0 3.48

6 2993 3.24

3.4

3.533
3.53

0.25
0.75%

RUNNING TRAINS
[ Kit ki PEAK

8638.20 48806 16269
5734.40  J0221
8638.20 48804
2878.20  I3INY
20011 1434608

k.40 314
1439.33 7543
7195.93 19089

143947 794203 16289
7465239 41402362 195223

TABLE 1-17

TURNARDUND

& STORABE

(] K
3040 10360
380 1739
231 1N
380 iy
204y 13892
32194
Jos0 16360
04 317684
285 1MW
48911t
261792

13613184 33013744

TEN PERCENT VEHICLE WEIGHT REDUCTION{CHOPPER)
POWER BILL ANALYSIS

0.50 Q.75
0.50 0.25

RATE(POWER BILL UNITS)

0.00000 0.0008B4

0.005886

1.00 D
0.00 E

Q.00169 0.00253 0.00338

Q.0039t O oeu1aha 0.0

GO0

EMAND
NERGY
SAVINGS

-6.10
0.00
-6.10

L0909
.00
009

FRACTIUN
PERCENT

TOTAL NORMAL TOTAL
KWH KW PEAX  KNH KW PEAK
18340 18360
50545 16848 49019 14340
4164 43002
50543 49019
MITH 32688
176399 173729
18340 18340
6332¢ 631N
20649 25130
07999 90307

1037993 16848 1039657 16340
202179 35102175 194074
0.00 0.25 0.50
1.00 0.75 0.50
SAVINGS(POWER BILL UNITS)
0.000 -0.005 -0.010
0.001 0.001 . 000
0. 001 -0 . 00% -0 010
o1 0.5 -1.0

DIFFERENCE

KiH

0
-1326
1337
-1326
1024
-611

2047
441
2508

1642
Bad29

0.75%
0.25

-0.015

. 000
-0.015
-1.8

KW PEAX

-509

-309
-6102

1.00
o}

-0.021

0.000
-0.021
-2

=

]



PERIOD TIN HOURS
MEEKDAY
NORMING 12:00AN - 4:00AN b
M PEAX  A:00AN - 7:00AN 1)
NIDDAY F:0040 - 3:00PN [
PN PEAK  T:00PN - 51 00PN 3
EVENINE 51 00PH - 12:00AN b
TOTAL 24
SAT & SuM
NORNING  12100AN - 4100AN 6
DAY 4100M0 - &1 00PN 12
EVENING 5:00PN - 12:00AN $
TOTAL N
WEEKLY
ANNUAL
PORTION OF DEMAND
POWER BILL s==> 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 1-18
VEHICLE STREAWLINING (CHOPPER)
ENERGY ANALYSIS
TURNARDUND
RUNNING TRAINS & BTORAGE ToTAL NORMAL TOTAL DIFFERENCE
CH/HR  KuWPCH O KNH K PEAK KN KiM KW KN PEAK  KWH KN PEAK KW KW PEMX
NS 3040 18350 18340 18340 ]
2078.20  5.47 6634.60 47231 15TM 369 1706 46930 14313 49019 14340 81 u
959.25  5.47 3735.%0 31463 2234 13406 44089 43002 13
2078.20 147 .60 2N 349 1706 48938 19019 81
79.63  5.82 2877.73 14740 847 133 3% 32608 3
331 25902 142604 2102 1753% 175729 3B
L 3060 18340 168340 18340 0
9.4 5.02 33550 IMY7 2007 31766 43263 &3INn 113
9.3 332 WyL.Y 9% M 112 2303 210 n
5.7 ML MR mu 0307 183
3.53 14389 79633 19IM 201208 1057823 16317 103937 16340 2034 27
5.33 2173 41400412  1809DY 13386974 34995388 193751 35002173 196076 105707 126
TABLE 1-19
VEHICLE STREAMLINING(CHOPPER)
POWER BILL ANALYSIS
0.00 0.2% 0.50 0.75 1.00 DEMAND 0.00 0.25 0.50 0.7%
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 UNKTS)
0.00000 0.000B4 0.00169 0.00253 0.00338 o
.33
0.00
0.33  0.000 000 ©.001% 0.001
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

o~
88



PERIOD
NEEKDAY
HORNING
AN PEN
NIDDAY
PN PEN
EVENINE
ToTAL

SAT & SIM
MORNING
DAY
EVENING

TOTAL

WEEKLY
ANNUAL

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

TURNAROUND
RUNNING TRAINS & STORAGE TOTAL
TINE HOURS CH/HR  KNHPCH cn Kin K PEAK (] [{ ] Ki KW PEAK
12100AN ~ 4:00AN [ ] Job0 18360 18340
4100AN - 9100AN 3 28M17.% 7.02 8633.70 171874 23959 59 1704 19582 20527
9:00AN - J:100PK b 939.55 8.43 5793.50 9470 223 13405 63078
J:00PH - 4100PH 1 2817.% ?.02 8633.70 17876 b7 1704 79582
S100PH - 12: 00AN 6 479.83 8.51 2871.7% 17 2647 13882 4040
2 6.89 25%t1 230199 J2700  26269%
12:00AN - 61 00AN b NS 3040 18340 18340
410000 - 5:00PN 12 47%.863 8.61 95753.%0 49355 2647 J1763 e131¢
4100PN ~ 12:00AN & 239.43 e.M 1437.73 12278 2854 nn 29400
24 B.60 7193.23 61833 4886 110719
B.B6 143690 1274683 25959 281271 1333934 24527
B.Bb 7482247 54202485 11504 13386087 7v86B572 3IRIY
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 ©.00239
TRACTION{MW) 318.33
SUPPORT (MW) 99,90
TOTAL{MW) 418.23
ENERGY COMPONENT Q.00654 0©.00491 0.00327 0.00164 0.00000
TRACTION({MKWH) 79.87
SUPPORT (MKWH) 72.93
TOTAL (MKWH) 152.80

6%



PERIOD Tk HOURS
WEEKDAY
NORNING 12100AN - 6100AN &
AN PEAX  4100AN - T100AN 3
NIDDAY  9:00AM - J:00PN &
PN OPEAK  J:00PN - 41 00PN 3
EVENING 4:00PN - 12:00A0 é
10T ¥l
SAT & St
PORNING 121000 - &1 00AN é
MY 1008 - 41 00PN 12
EVENING 6cO0PH - 12:00AN é
THAL b
WEEXLY
ANNUAL
PORTION OF DEMAND
POWER BILL ==> ENERGY
NORMA
DEMAND COMPONENT
TRACTION(MW) 318.
SUPPORT { Mw) 99.
TOTAL(MW) 418
ENERGY COMPONENT
TRAC T TONE MKW 749

12
192

SUPPOR T {MKWHE}
Tiay AL EMPrwrt b

0s

TANE 1-22
CHOPPER VS CAN-CONTROL ND REGEMERATION
ENERGY AMALYSIS
TURNAROUND
RUNNING TRAINS &k STORAGE T0TAL NORMAL TOTAL DIFFERENCE
CA/HR  KNHPTN (0] O K PEAX KN (] K KW PEAK KM KW PEMC XM Ki PEAX
NS 3060 18340 18340 18340 ¢
271.%0 917 XL M AW 3%t 1706 BOB?? 26959 79582 24321 -195 -412
9359.25 6.70 5735.% 50073 234 1305 477 63073 -403
2877.%0 9.17 8833.70 Mt 540 1706 60477 19382 -1295
.8 8.67 2077.78 M50 2047 15882 40832 40640 -173
.01 25901 2333 12000 204043 262899 -J14b
n§ 3040 10340 18340 18340 0
7043 8.67 35.30 49900 247 1763 BIAAS 81319 =345
.8 .53 1. 1230 B NN N 29400 -0
L& N9L.2 2207 9086 111N 110719 -1
B.97 143890 1291200 26300 21271 1552911 26939 I133IM 24327 -14578 -452
0.97 B227 87104042  JibbEBA 13506087 BO730MMY  J2X310 79648372 318129 -B41976  -51B0
TABLE 1-23
CHDPPER VS CAM-CONTROL NO REGENERATION
POWER BILL ANALYSIS
. 1.00 DEMAND .00 G.25 G.50 .75 1.00
?-88 g:gg g:gg g.zg 0.00 ENERGY t.00 Q.75 0.50 0.25 0.00
L ’ RATE(POWER BILL UNITS) SAVINGS SAVINGS({POWER BILL UNITS)
0.00000 ©.00060 0.00120 0.00179 0.00239 . 18
20 5 00 ’
23 -5.18 0.000 -0 003 -0 .006 Q. 009 Q.02
C.00654 (.0049) Q.0032/ 0 00164 O 00000 .
H i} Ho
s 3 :: O 006 S0 004 O U3 SO OO OO
b PRACTIUN S0 Db SQL00) -0 009 -0 On 0 012
PR -0 o [ 0.9 -1 -1.2



PERIOD TINE
NEEKDAY

HOURS

NORNIME 12:004M -~ 4200AM
AN PERX  4:00AN - 9:00M
HIDDAY  9:00AM - 3:00PN
PM PEAK  J:00PH - b:00PH
EVENINE 5:00PH - 12100AM

TOTAL

SAT L SUN

HORNING 121004H - 43 00AM
DAY 4100AN - 6100PH
EVENING  6:100PN - 12:00AN

TOTAL

WEEXLY
ANNUAL

PORTION OF
POWER BILL ==>

ODEMAND COMPONENT
TRACTIDN(MW)
SUPPORT{ Mw )
TOTAL(MW)

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

OEMAND
ENERGY
NORMA

318.
99.
418

79.
72.
162.

- O~ L O O

12

pl]

L

33
90

.23

TABLE 1-24

CHOPPER (REGENERATION) V5 CAN-CONTROL

ENERBY ANALYSIS

TURNAROUND
RUNNING TRAINS k STORAGE TOTAL
CN/HR  KNHPCM N XMH XN PEAK L4 ] ({ ] KiH KN PEX
NG 3040 18340 18340
2877,%0 .48 B633.70 313 157171 569 1704 49019 14340
959,23 .49 5753.% 31598 2234 13405 45002
2877.90 3.40 843170 7313 "e 1706 49019
479.83 .04 2877.75 16804 2047 13882 32688
.52 23901 143029 2100 179729
[ 1] 3040 18340 10340
479.63 3.84 5755.50 J3bi2 2647 31743 63377
239.43 3.97 131.75 8008 2034 mn 25130
579 7193.25 41620 18885 20507
5.55 143890 798386 15771 261271 1099457 146340
3.55 7482267 41514088 189251 13586087 53102175 196074
TABLE 1-25
CHOPPER(REGENERATION) VS CAM-CONTROL
POWER BILL ANALYSIS
0.00 0.25 0.50 0.75 1.00 DEMAND Q.00
1.00 0.75 0.50 0.25 0.00 ENERGY 1.00
RATE(POWER BILL UNITS) SAVINGS
0.00000 0.00060 0.00120 0.00179 (0.00239
122.25
0.00
122.25 Q.000
0.00654 0.00491 0.00327 0.00164 0.00000
24.77
¢.00
24.77 0.162
FRACTION 0.162
PERCENT 16.2

NORMAL TOTAL DIFFERENCE

KNH KM PEAK  KWH K PEMX

18340 0

79582 26527 30363 totoe

63075 18072

79382 J038]

40640 nn

262099 arre

18340 0

81319 15943

29400 270

torne 20213

1535934 28327 476277 10184
79868572 318329 24764397 122233
0.25 0.50 0.75 1.00
0.75 0.50 0.25 0.00
SAVINGS{POWER BILL UNITS)

0.073 0. 146 0.219 0.292
0.122 0.081 0.041 0.000
0.195 0.227 0.260 0.292
19.5 22.7 26.0 29.2

15



TABLE 1-26

CHOPPER(1/4 FLEET) VS CAN-CONTROL SEPARATE TRAINS

ENERBY ANALYSIS

TURNARDUND
AUNNING TRAINS L SIM_ TOTAL NORMAL TOTAL DIFFERENCE

PERIDD TN HOURS CH/HR  KWHPCH cn KWl KN PEMK [ (] ({ ] M KW PEMK I KN PEAX KWH ¥ PEAK
NEEXDAY

HORNING 12:00AN - b:100AN [ [ 1] Jo40 18360 10360 18350 0

AN PEAK  &100MN - %:00AN 3 J013.%3 7.87 90640.43 150 2 e 1706 12056 24283 79382 2327 4724 2242

NIDDAY 1000 - Y:00PM & 959.28 3.4 9755.% 31598 2N 13403 43002 §3075 18072

PH PEM  3:00PH - b:00PH I 301355 7.87 9040.43 s 549 1706 12836 19582 8726

EVENING 4100PA - 12:00AM 6 419.83 . 077,75 14806 2647 13982 32608 10640 1971
YOTAL 24 104 26713 190704 32700 223403 26200 39494
SAT & SUN ‘

HORNING 12:004N ~ b1 00AM & NS 3040 18360 18360 18340 0

DAY 6100AN -~ 5:00PH 12 479,43 5.84 3735.50 33812 2647 7S 83377 8IL3LY 13743

EVENING b: 00PN - 12:00AN b 237.43 .9 13175 8008 2054 17122 25130 2300 7210
TOTAL 2 .77 NN.A 41420 48884 20307 110719 20213
MEEXLY 7.01 147959 10346759 23M 201271 1298030 24283 1535934 20527 2371904 242
ANNUAL 7.00 7693881 I3IH1433 284400 135846087 4749733 291420 79848372 318329 12311033 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 0.756 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) 918.33 26.90

SUPPORT (Mw) 99.90 0.00

TOTAL{MW) 418.23 26.90 0.000 0.016 Q.032 0.048 0.064
ENERGY COMPONENT 0.00654 0.00491 0.00327 0.00164 O.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

zs



PERIOD TIe
WEEKDAY

MORNING 12:00AN - 4:00AN
AN PEAX  4:100AM - 7100AN
NIDDAY  9:00AN - 3:00PH
PH PEAK  3:00PN - 6:00PN
EVENING  4300PN - 12:00AM

TOTAL

SAT & SUN

NORNING 12:00AN - &:00AN
DAY 4100AN - A2 00PN

EVENING 56:00PM - 12:00M0

TOTAL

WEEKLY
ANNUAL

PORTICN OF
POWER BILL ==>

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

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

HOURS  CH/HR  KWHPCH
6 NS
¥ 01338 .78
6 A NN
3 LS TS
b 419,83 .04
Pl 7.06
6 M
12 %8 LM
& 0.8 LW
A 3.79
693
6.93
DEMAND 0.00 0.25
ENERGY 1.00 0.75
NORMAL
318.33
99.90
418.23
0.00654 0.004%1
79.87
72.93
152.80

N

9040. 81
3735.50
$040. 63
27,75

2713

5753.%0
1437.73
7193.25

147959

TABLE 1-28
CHOPPER{1/4 FLEET) VS CAN-COMTROL MIXED COMSISTS
ENERGY ANALYSIS

RUNNING TRAINS

KiH

10063
31598
70043
16806
188314

33612
8008
41620

1023910

TURNARDUND

k STORAGE

KN PEAK KN KM
3040 18340

23353 549 1706
2234 13403

349 1706
2647 13862

32700

3060 18340

2647 31763

B 1122

48884

23353

7693881 33347316 280260

TABLE 1-29

261271 1287181
13366087 46933403

TOTAL NORMAL TOTAL
KWH KV PEAK  KNW KW PERK
18360 18340
NI 2924 79882 26327
43002 43073
nm 79302
32488 40660

21204 262899
18340 16340
6337 81319
25130 29400
90307 11o71%

23924 1333934
287084 7904683572

CHOPPER(1/4 FLEET) VS CAM-CONTRDL MIXED CONSISTS
POWER BILL ANALYSIS

0.50
0.50
RATE(POWER BILL UNITS)

0.0000Q0 ©.00060 0.00120 0.00179 0.00239

0.75 1.00
0.25 Q.00

0.00327 0.00t64 0.00000

DEMAND
ENERGY
SAVINGS

31.24
0.00
31.24

12.94
0.00
12.94
FRACTION
PERCENT

0.00
1.00

0.25
0.75

SAVINGS(POWER BILL

DIFFERENCE
KWH Kb PEAK

0
7811
18072
781t
"
41646

0
15943
2n
20213

26327 248753
318329 1293514%

0.50
0.50

0.75
Q.25
UNITS)

2604

2604
32

1.00
0.00

£c



PEREOD TIne
WEEKDAY

MORNING 12:008M - &:00AN
AN PEAK  42008H - 9100M1
NIDOAY  9100AM - 3:00PN
PH PEAK  3:00PN - &:00PN
EVENING &:; 00PN - 12:00AM

TOTAL

SAT & SN

NORNING  12:00AN - 6:00AN
OAv G300MN - 4:00PN
EVENING 5:00PH - 12:00AN

TOTAL

MEEKLY
ANNUAL

PORTION OF
POWER BILL ==>

DEMAND COMPODNENT
TRACT ION{MW)
SUPPORT (MW )
TOTAL(MW)

ENERGY COMPONENT
TRACT ION{MKWH)
SUPPDORT (MKWH)
TOTAL(MAWH)

TABLE 1-30
ASSURED RECEPTIVITY - ON BOARD STORABE
ENERBY ANALYSIS

TURNARDUND

RUNNING TRAING & STORAGE TOTAL NDRMAL TOTAL

HOURE  CM/HR  KWHPCN cn KWl KW PEMK KN KiM KWW KW PEAK  KWH KN PEMK
& NS 3060 18360 18340 18340

3 2876.10 6.31 B628.30 3443 18148 in 1717 56182 18721 79382 24327
6 936.93 6.10 3733.70 33098 231 1038y 48481 63075
3 28%.10 6.31 08828.30  3AW) 3n mr 6162 79362
6 9.4 4.08 2076.B3 1491 4% 150712 3333 40550
rl) .24 25887 16M4TR 3268 1vA187 262899
LI ] J040 183460  1BJAD 18340
12 4774 4,08 3753.70 34982 243 MY M5 a3y
& 2.7 614 1438.20 8831 2032 17109 23940 29400
A 6.0 719190 43813 40852 72645 11071%

4.22 143820 BR3016 16148 261149 1156164 18721 1533934 26507

DEMAND
ENERGY
NORMA

318.
99.
418.

79.
72.
152.

L

a3
[0
23

4,22 7470617 40340027 217778

TABLE 1-31
ASSURED RECEPTIVITY - ON BOARD STORAGE
POWER BILL ANALYSIS

0.00 0.29% 0.5%0 0.75 1.00 DEMAND 0.00
1.00 0.75 0.50 0.25 0.00 ENERGY 1.00
RATE(POWER BILL UNITS) SAVINGS
0.00000 0.00060 0.00120 0.00179 0.00239
93.68
0.00

93.68 Q. 000

0.00654 0.0049% 0.00327 0.00164 0.00000
19.75
0.00
19.75 0.128
FRACTION 0. 129
PERCENT 12.9

0.2%
0.7%

SAVINGS(POWER BILL

0.0586

0.097
Q.153
15.3

0.50
0.50

0.112

0.065
0.177
17.7

DIFFERENCE
KW KW PEM

0
23421
14394
rALH|

mn
68732

0
14594
3440
18054

179770

13579722 6012034% 224447 79868372 318329 19748023

0.7%
0.25

0. 168

0.032
0.200
20.0

UNITS)

1807

7807
93482

1.00
0.00
0.224

0.000
0.224
22.4

Vs



PERIOD TINE
NEEKDAY

HORNING 12:00AM - &:00AM
AN PERK  4:00AM - 9:00AM
NIDDAY  9:00AN - J:00PM
P PEAK  3100PN - b2 00PN
EVENING &: 00PN - 12:00M1

TOTAL

SAT & SUN

NORNING 12:00AN - &:00AN
DAY 4100 - &:00PK
EVENING £100PH - 12:00AN

TOTAL

NEEKLY
ANNUAL

PORTION OF
POWER BILL ==>

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

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

DEMAND
ENERGY

HOURS  CM/HR

NORMAL

318.
99,
418.

79.
72

192

33
30
23

87
93
80

6 N5
J 2817.%
6 959.23
I 81.%
b 47983
i)

b NS
12 479,43
6 23983
i)

0.00
1.00

0. 00000

0.00654

TABLE 1-32
ASSURED RECEPTIVITY - REGENERATIVE SUBSTATIONS
ENERGY ANALYSIS

TURNARDUND

RUMNING TRAINS & STORAGE

KiHPCH | K KW PEAK KN KWt
3080 18360
.21 8633.70 M902 14 308 1706
LY 9755.%0 30582 223¢ 13403
3.21 8A33.70  MA%E2 349 1706
3.29 2877.75 19223 2647 15882
324 23901 135148 32700
3060 18360
3,29 N30 04 2647 31763
3.03 1437.7% 7232 285 1122
J.24 1925 678 46984
5.2¢ 1436890 734098 14994 261271

5.2¢ 7482267 39213082 179924

TABLE 1-33

TOTRL
K

18340
44688
43966
46688
31106
160448

18360
4221
24313
84343

1015349

13386087 52799189

NORMAL TOTAL

¥ PEAK KN

18340

15383 79382
63075

77382

40840

202899

18340
81319
29400
1oy

13363 1335734
184752 79868572

ASSURED RECEPTIVITY - REGENERATIVE SUBSTATIONS

POWER BILL ANALYSIS

0.25 Q.50 C.75 1.00 DEMAND
Q.75 Q.50 0.29% G.00 ENERGY
RATE(POWER BILL UNITS} SAVINGS
0.00060 0.00120 0.00179 0.00239
131.58
0.00
131.58
0.00491 0.00327 0.00164 0.0000C0
27.07
0.00
27.07
FRACTIOUN

PERCENT

0.00
1.00

0.000

Q.177
Q. 177
t7.7

0.25
0.75

SAVINGS{POWER BILL

0.079

0. 123
Q.212
21.2

KW PEAK

26527

DIFFERENCE
KiH KN PEAK

0
32894 10943
19108
32894
9334
4431

0
19108
J047
1135

26527 520543 10963
318329 27069403 131378

Q.50
0.50

0.157

0.089
0.246
24.6

0.78 1.00
0.2% Q.00
UNITS)
0.236 0.315
0.044 0.000
0.280 0.315
2B.0 31.5



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

CAM-CONTROL STATIDN SPACING = 1.0 MILE

Qo1 FO1 CAM EOQY R1E1 MIN TIME 1.28 7.7
002 FO2 CAM EO1 R1E2 SPEED RED 1.32 7.01
003 FO3 CaM EOQ1 R1E3 ACCEL RED 1.32 7.74
Q04 FO4 CaAM £EO01 R1E4 DECEL RED 1.32 7.62
ocs FQ5 CaAM EQ1 R1ES COASTING 1.32 6.00
CHOPPER-CONTROL STATION SPACING = 1.0 MILE

101 FO1 CHO EO1 CtE" MIN TIME 1.28 4.31
102 FO2 CHO EC1 CtE2 SPEED RED 1.32 4.08
103 FO3 CHO EQ1 C1E3 ACCEL RED 1.32 4.27
104 FO4 CHO E01 C1E4 DECEL RED 1.32 4.19
108 FOS CHO EO1 C1ES COASTING 1.32 3.16
CAM-CONTROL STATION SPACING = 1.5 MILE

OF 1 GO CAM FO1 R1F 1 MIN TIME 1.71 6.16
OF2 Go2 CAM FOH1 R1F2 SPEED RED 1.76 5.91
OF3 GO3 CAM FO1 R1F3 ACCEL RED 1.76 6.21%
OF4 GO4 CAM FO1 R1F4 DECEL RED 1.786 6.08
OF5 GOS CAM FO1 R1FS COASTING 1.76 4.66
CHOPPER-CONTROL STATION SPACING - 1.5 MILE

1F ¢ GO1 CHO FO1 C1FA MIN TIME 1.71 3.89
1F2 GOo2 CHO FO2 CiF2 SPEED RED 1.7¢6 3.83
tF3 GO3 CHO FQ3 CIF3 ACCEL RED 1.76 3.91
1F4 GO4 CHO FO4 C1F4 DECEL RED 1.76 3.77
1F5 GO5 CHO FOS CiFS COASTING 1.76 2.77



NEEKDAY

PERIOD TINE HOURS
HORNING
A PEAK
NIDDAY
PN PEAK
EVENING
TOTARL

12: 0048 - &:00M
4:00AM - 9100AN
F:00AN - 3:00PH
J100P8 - 4:00PH
6100PN - 12:60AN

o Cu O~

~r
4m O~

54T & SUN

NORNING 12:00AN - 4100AN &
DAY 420000 - §:00PN 12
EVENING  5:00PN - 12:00A0 [

TOTAL ]

WEEKLY
AMNUAL

DEMAND
ENERGY
NORMAL

PORTION OF
POWER BILL ==>
DEMAND COMPONENT
TRACTION(MW)
SUPPORT(MW)
TOTAL{MW)

196 .08
99.90
295.98

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

55 .10
72.93
128 03

TABLE 1-JbA

ACCELERATION REDUCTION(2.5 MPHPS) (CHOPPER)

ENERGY ANALYSIS

TURNAROUND
RUNNING TRAINS k STORAGE TOTAL NORMAL TOTAL DIFFERENCE
CN/HR  KNHPLN KiH KN PERK (] K KiH Ky PEAK KWH KW PEAK KWl k¥ PEAK
[ 1] J040 18360 18340 18360 0
2874.%0 J.o4 B624.70 43448 1448% Ly1] 1571 45040 15013 49019 16340 30 1326
957.75 4,40 S5746.50 28434 221% 13311 39745 45002 5257
2074.9% .00 Bo24.70 43448 hYL ] 1571 43040 49019 Jvre
476.88 3.29 2873.25 1519¢ 2639 15836 31035 32688 16533
4.97  2584% 128570 32289 140840 179129 14B4Y
NS 3040 18360 18340 18380 0
476,69 5.29 5744.50 30399 263 31471 62070 83377 3307
23040 3.47 143640 7857 2850 17097 24990 25130 175
5.3 7182.%0  )B2%s 40748  B7ON %0307 1482
5.01 143712 719344 14489 258983  y7a347 13013 1039637 16340 81310 1326
5.01 7473001 I740492% 173874 13467121 50874051 180140 55102175 194076 4228124 15917
TABLE 1-368B
ACCELERATION REDUCTION(2.5 MPHPS)(CHOPPER)
POWER BILL ANALYSIS
75 .00 DEMAND 0.00 0.25 0.50 0.75
?'gg 8232 gigg 3.25 8_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 o
15.
0.00
16.92  ©.000 0.013 0 027 0.040
0.00781 0.00586 0.00391 0.00195 0. 00000 2
q . 2
0 00
4 23 0.093 0.025 0.017 0. 008
FRACTION O.033 O.038 0.043 0.049
PERUENT 3.3 3.8 4.3 4.9

1.00
0.00

Q.054



PERICD
WEEKDAY

TINE

HORNING 12:00AN - &:00AN
AN PEAK  4:00AH - :00AN
N1DDAY  9:00AM - 3:00PN
PN PEAX  J:00PN - 4:00PN
EVENING 6100PH - 12:00AN

TOTAL

SAT & SN

HDRNING 12:00AN - &:00AN
DAY 4300AH - b:00PN
EVENING 6100PM - 12:00AN

0T

WEEXLY
ANNUAL

PORTIQN OF
POWER BILL ==>

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

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

DEMAND
ENERGY
NORMAL

196.08
99.90
295.98

55. 10
72.93
128 .03

14.88 0.000

0.00781 0.005%86 0.00391 0.00195 0.00000
1.47
.00
1.47
FRACTION
PERCENT

c o

0.013

0.

025

DIFFERENCE

Ko

0
n
-280
n
=113
447

0
-142¢9
-M
-1%70

28295
1471363

0.75
0.25

TABLE 1-37A
BRAKING REDUCTION{Z.3 WPHPS) (CHOPPER)
ENERGY ANALYS1S
TURNAROUND -
RUNNING TRAINS & STORASE TOTML NORMAL TOTAL
HOURS  CM/HR KWWPCN (N KWH KW PEAK KN KM K Kl PEAK KW Ko PEN
6 N 3040 18360 18340 18340
3 287610 3.07 8A20.30 43743 14382 HL 1593 43298 15099 49017 16300
6 938.63 .36 3751.%0 31981 27 13302 43263 43002
3 2876.10  3.07 8620.30 43743 318 1333 43298 49019
b .13 6.11 2873.93 175712 2639 13831 33403 32688
n .29 284 1370M 3NN 19 17372¢
6 W 1060 10340 18340 18340
12 4.0 6.11 ST5L.%0  JIIM 2039 31682 64806 63317
6 239.40 3.97 143680 8373 849 170% 25671 5130
N 6.08 T7180.30 4319 W un 20507
.37 I IS 1082 238703 1031362 13099 1039657 16340
3,37 77340 20178130 174982 13432660 33530810 181192 33102173 196078
TABLE +-378
BRAKING REDUCTION(2.5 MPHPS){(CHOPPER)
POWER BILL ANALYSIS
0.00 0.25 0.50 0.75% 1.00 DEMAND 0.00 0.25 0.50
1.00 0.75 0.50 Q.25 0.00 ENERGY 1.00 0.75 Q.50
RATE(POWER BILL UNITS) SAVINGS SAVINGS({POWER BILL UNITS)
0.00000 0.00084 0.00169 0.00253 0.00338
14.88
0.00

0.038

Ki PERK

1240

1240
14084

88

0.050

BS



PERIOD
WEEKDAY

NORNING 12:00AN - 61 00RN

AN PERK  6:00AM - T:00MN

NIODAY  9100AM - J:00PH

PH PEAK  3:00PM - 6:00PN

EVENING 4:00PH - 121000
TOTAL

TinE

SAT & SUN
NORNING 121000 - &:008M
DAY 61007 - &:00PN

EVENING 6:00PM - 12:00MN
T0TAL

WEEKLY
ANMUAL
PORTION OF DEMAND
POWER BILL w==> ENERGY
NORMA
DEMAND COMPONENT
TRACTIDN(MW) 196,
SUPPORT (Mw) 99.
TATAL(MW) 295.
ENERGY COMPONENT
TRACTION(MKWH) 55.
SUPPORT (MKWH) 72.
TOTAL(MKWH ) 128.

TABLE 1-3%A
SPEED REDUCTION(NIN RUN TINE ¢ .25 WINI (CHOPPER}
ENERGY ANALYSIS

TURNAROUND

RUNNING TRAINS & STORAGE

HOURS  CW/HR KWHPCN  CM KWH KW PERK k¥ K
6 NS J060 18360
3 28M.9  5.2% @A24.70 45625 15208 b1} 1nn
b 938,50  4.B1 379100 27642 218 17
3 280,90 5.20 862470 45623 3 1
6 4.8 5.32 207530 15298 239 15834
Pl 3.1 25876 134200 32284
b NS 3060 18360
12 9.5  5.32 3751.00 30593 239 31487
6 239.40  5.18 1436.40 744t 850  170%7
24 5.2 7187.40 38034 48763
3.20 MM 747118 15208 258749

3,20 7473274 16830148 182499
TABLE 1-398
SPEED REOUCTION(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 0.00084 0.00169 0.00253 0.00338
oa 7.29
90 0.00
o8 7.29
0.00781 0.00586 0.00391 0.00195 0.00000

10 2.79
93 0.00
03 2.79
FRACTION

PERCENT

0L NORMAL TOTAL
KNH KN PEAK  KWH KN PEAK
16340 18360

719 ISTI2 A%019 18340
40970 15002

1% 19019

331 32668
166493 175729

18360 18360

82263 45377

2538 25130

84501 90307
1006067 15732 1059837 14340

13483343 52313490

0.00
1.00

168784 33102175

.25 MIN){CHOPPER)

0.25
Q.75

SAVINGS(POWER BILL

0.006

DIFFERENCE

KN

0
1823
4013
1823
1537
9218

0
ML
392
3708

33590

196076 2784084

0.50
Q.50

0.012

0.75
0.25

KW PEAK

408

608
m2

1.00
Q.00

UNITS)

66



PERIOD Tine

WEEKDAY

NORNING 12:100AM ~ b1 00MN
AN PEAK  &:00AN -~ 9:00AN
HIDDAY  9:004M - J:00PN
PN PEAX  J100PH - b3 OOPH
EVENING 41 00PN - 12100AH

TOTAL

BAT & 50N

NORNINE 12:00A% - &100AN
DAY S100AN - $100PH
EVENING  6100PN - 12:00A0

10T

MEEKLY
ARNUAL

PORTION OF
POWER BILL ==>

DEMAND COMPONENT
TRACTIDN(MW)
SUPPORT (MW )
TOTAL(MW)

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

TABLE 1-40A
SPEED REDUCTION(NIN RUN TIME ¢ .3 MIN) (CHOPPER}
ENERGY AMALYSIS

TOTAL NORMAL TOTAL
KWH KW PEAK  KWN KN PEX
10340 18360
45543 15181 4901 183M0
4018 3002
45343 49019
31900 32608
166044 173729
18340 18340
63799 63307
24007 23130
88487 90307

1007693 13181 1039637  163M0

13342306 52400138

0.00
1.00

0.000

o021

182171 35t02173%

0.25
Q.75

1960786 2702017

0.%0
0. 50

SAVINGS{POWER BILL UNITS)

0.012

0.01e

TURNAROLIMD

RUNNING TRAINS & STORAGE

HOURS  CM/HR KwWPCH (A KNH  Ke PEMK K KW
6 NS 3040 16300
3 27,3 .01 863190 a4l0% 10703 7 1N
6 959.23 5.9 L5 29611 201 13208
1 877.30 5.1 BAILW d410% im 1
6 AT.61  5.40 2070.75 1alMY 231 17
] LU 207 134204 Heso
) 3060 18360
12 4.8 L6 IMWM.M 220 2631 3138
6 23963 3.4 13%.10 7014 %4 17073
i) 3.37 710060 40045 10641
.22 W I 1 256303

.22 741471 19057832 174434
TABLE 1-408
SPEED REDUCTION(MIN RUN TIME + .5 MIN)(CHOPPER)
POWER BILL ANALYSIS

DEMAND 0.00 0.25 0.50 0.75 1.00 DEMAND

ENERGY 1.00 0.78 0.50 0.25 0.00 ENERGY
NORMAL RATE(POWER BILL UNITS) SAVINGS

0.00000 0.00084 0.00169 0.00253 0.00338
196.08 13.91
99.90 0.00
295.98 13.91
0.00781 0.0058B6 O0.003391 Q0.00145 O.G0O000

55.10 2.70
T2 493 ) MG
148 04 ERNA]
FRACTION

tERCEEN

0 G2
2.1

O 028
2.8

]

.023

DIFFERENCE
KWH KN PEM
0
37 1139
1923
476
"9
9664
0
1578
U3
1820
S92 1159
13903
Q.75 1.00
0.25 0.00
0.035 0.047
0. 005 0. 000
0 041 0 val

4 1

4 7

09



PERIDD TINE
NEEKDAY

NORMING 12:004M - 6:00MM
AN PEAK  4:100AM - 9100AN
MIDDAY  9:00AM - 3:100PH
PN PEMC  3:00PM - 6100PH
EVENING 4:00PN - 12:00AM

TOTAL

SAT & SUN

HOURS

a = Cd O~ L9 O~

MORNINE 12100AN - &100AN b
DAY 510080 - &:00PH 12
EVENING  5:00PN - 12:00M4 3

TOTAL

WEEKLY
ANNUAL

PORTION OF
POWER BILL ==>

DEMAND COMPONENT
TRACTIQN(MW )
SUPPORT(MW)
TOTAL{MW)

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

i}

DEMAND
ENERGY
NORMAL

196.08
99.90
295.98

55. 10
72.93
128.03

CH/HR

NE
2077.00
759.23
2077.00
479.43

NS
47963
239.85

0.00
1.00

0.00000

0.00781

SPEED REDUCTION(MIN RUN TINE ¢ .73 NIN) (CHOPPER|

KNHPCH

.47
3. 36
N Y
3.73
LN

¥ |

8631.00
3735, 50
B631.00
2877.73

25893

3753.50
1439.10
7194.60

143863

TABLE 1-414

ENERBY ANALYSIS

1481003 37540097 141227

SPEED REDUCTION{MIN RUN TIME +

0.25
0.75
RATE(POWER BILL UNITS)
0.00084 0.00169 0.00253 0.00338

0.00586 0.00391

0.50 0.75
0.50 0.25

TABLE 1-41B

TURNARDUND

RUNNING TRAINS & STORAGE

KNH KW PEAX KN KM
Jos0 18360
40307 13434 LR ] Y44
30849 2186 13118
40307 m 1299
16490 223 1N
127953 31455
3060 18340
129 223 1478
8102 2042 17051
41081 48529
mmm 19N 254333

TOTAL

18360
41605
4398
41403
32229
159408

18340
W57
25153
#9410

976238

13225306 507635402

POWER BILL ANALYSIS

1.00 DEMAND
0.00 ENERGY

SAVINGS

29.65
0.00
29.65

0.0019% 0.00000

4.34
0.00
4.34
FRACTION

PERCENT

K¥ PEAX

13868

166422 35102175

0.00
1.00

.75 MIN){CHOPPER)

DIFFERENCE
KWH K PEMK

0
T4 reh
1034
AL
140
18321

0
1e
-1
897

83399 1

43773 2960

NORMAL TOTAL
KWH KW PEMK
18360
901y 18300
43002
"1y
32588
17372%
18340
65377
25130
90507
1059437 16340
1946074
0.25 0.50
0.7% 0.50

0.75 1.00
0.25 0.00

SAVINGS({POWER BILL UNITS)

0.050

0.07% 0.100

0.008 0.000
0.084 0. 100
8.4 10.0

19



PERIOD TIME

WEEKDAY

MORNING 12100AN - &:00AN
AN PEAK  5100AN - 9:00AM
KIDDAY  9:00AM - J:00PN
PN PEN  J100PN - 6:00PH
EVENING 6: 00PN - 12100AN

L{ULS

SAT & 50N

NORNING 12:00AN - 6:00MN

DAY 4100AN -

EVENING 6100PH - 12¢00AN

TOTAL

WEEKLY
MINUAL

PORTION OF
POWER BILL =u=>

DEMAND COMPONENY
TRACTLON(MwW)
SUPPORT(MW)
TOTAL(MW)

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

DEMAND
ENERGY
NORMAL

196.08

TABLE 1-424
SPEED REDUCTIONINININUM RUN TINE + 1.NIN) (CHOPPER)
ENERGY ANALYS1S

TURNAROUND
RUNNTNG TRAINS k STORAGE T0TML NORMAL TOTAL DIFFERENCE
HOURS  CH/HR  KWHPCH tn KiH KM PEAK KV KW KWH KW PEAK  KWH K PEMX  KWN KW PEMK
6 NS 1060  1B340 18340 18360 0
1 21.0¢ 457 883%.10 N3 1304 w 1160 029 13432 9019 146340 0723 2908
b 938.73 4.9¢ 315370 A7 2N 13023 A% 43002 3247
I 2.7 4,33 8A3%.10  INMS a7 1181 9% 9019 ar23
b N4 5.37 2876.85 13449 15 1592 3N 32488 1347
24 L73 2590F 12430 3103 133449 179319 22260
b M8 3060 18340 18340 18360 o
12 Mna .37 SrsL.00 Wew 2615 3138 62282 3N Jo3
& 0.7 .17 1438.83 1447 038 1027 N 23130 636
Pl .3 NfLY 3034 W12 BT $0307 A
4.79 11928 488877 13043 32020 40897 13432 1039657 16340 118740 208
4. 7% 484279 35821624 134340 13105030 48924434 161184 53102173 1986074 417352 34892
TABLE 1-42B
SPEED REDUCTION(MINIMUM RUN TIME + 1.MIN)(CHOPPER}
POWER BILL ANALYSIS
0.00 0.25 0.50 0.75 1.00 DEMAND 0.00 ) .
1.00 0.75 0.50 0.25 0.00 ENERGY 1.00 8,33 g.gg o 20 5'38
RATE (POWER BILL UNITS) SAVINGS SAVINGS(POWER BILL UNITS) '
0.00000 0.00084 0.00168 0.00253 0.00338
34.89
0.00

99.90
285.98

55.10
72.93
128.03

34 .89 0.000 0.029 0.059 0.088 0.118
0.00781 0.00586 0.00391 0.00195 0.00000

6.18

Q.00

6.18 0.048 0.036 0.024 0.012 0. 000
FRACTION 0.048 0.066 O.CB3 0.100 O.1v18

PERCENT 4.8 6.6 8.3 10.0 11.8

79



PERIOD TINE
WEEXDAY
MORNING 12:00AM - &:00AN
At PEAX  4:00AN - 9:00AN
MIDDAY  9:00AN - 3:00PM
PN PEAX  J:00PN - 6100PN
EVENING £:100PH - |2 000

TOTAL

BAT & SN
NORNING 12:00A0 - &200AN
DAY b:00AN - 5:00PH

EVENING 4:00PH - 12:00AM
TOTAL

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

TABLE 1-434
SPEED REDUCTION(MIN RUN TINE + 1.23MIN) (CHOPPER)

ENEREY ANALYSIS
TURNARDUND
RUNNING TRAINS L STORABE TOTAL NDRMAL TOTAL DIFFERENCE
HOURS CH/HR  KNHPCH (] KNH  Ki PEAX (] KM KH KW PEAK KWH KN PEAK KW KN PEAK
[ NS 3040 18360 18340 18340 0
] 28130 3.04 B422.%0 1439 14484 342 1026 44485 14020 5019 14340 4534 1511
6 1758.80 4.5 35752.80 25731 2156 12938 39685 43002 57
3 2874.30 5.04 BA22.%0 43459 2 1026 44485 49019 1534
8 NNU0 35.01 2874.40 14411 2608 L5647 30030 32588 2630
0 4,95 23875 128080 30634 138714 119728 17014
&6 W 3060 18380 18340 18340 ¢
12 M4 5.01 9792.80 28822 2608 31293 601)b 3377 3240
& 28%.78 4.96 1430.4% 136 2834 17004 24139 25130 90
2 3.00 7191.45 35957 46829% 84254 20507 4241
4.95 143758 712315 {H4Bb 209748 942083 14828 1039657 16340 97574 1511
L93  7475411 37040382 173838 12987934 50028318 177942 3510217 194074 5071857 18133
TABLE 1-438
SPEED REDUCTION(MIN RUN TIME + 1.25MIN)(CHOPPER)
POWER BILL ANALYSIS
0.00 0.25 0.50 0.75 1.00 DEMAND 0. . )
1.00 ngiZ?powERoé?EL " Io.-.;s 0.00 ENERGY 1.88 3_52 g.gg g:;: A:gg
NITS 5
o o.RATE(POUER BILL UNITS) = SAVINGS SAVINGS(POWER BILL UNITS)
: 18.13
0.00
18.13  0.000 0.0t5  ©.031  0.046  0.061
0.00781 0.00586 0.00391 0.00195 0O.00000
5.07
0.00
507 0.040 0.030 0.020 ©0.010  0.000
FRACTION  ©0.040 ©0.045 0.050 0.056 0. 069
PERCENT 4.0 4.5 S.0 5.6 6.1

£9



PERIOD TINE HOURS  CH/HR  KNHPCN
WEEKDAY
WORMING 12:00AN - &:00MM & NS
M PEAK  4300AN - 9:100MM 3 2004.% 8.5
NIDDAY  9:00AH - J:00PK b  956.50 7.80
PH PEAK  J100PN - 4:00PN I BN 8.3
EVENING &:100PN ~ 12:00AN b6 N5 .M
TOTAL P 6.32
SAT & SN
NORNING 12:004N - &1 00AM b N
Wy At00AN - 4100PN 12 .23 I
EVENING 4:00PN - 12:00MN &6 MW 1.87
TOTAL ¥{] 1.7%
WEEKLY 8.26
AUAL 0.24
PORTION OF DEMAND 0.00 0.25
POWER BILL ==>  ENERGY 1.00 0.75
NORMAL
DEMAND COMPONENT
TRACTICN({MW) 320. 40
SUPPORT (MW) 99.90
TOTAL(MW) 420.30
ENERGY COMPONENT 0.00653 0.00490 0.00327
TRACTION{ MKWH) 80. 14
SUPPDRT ( MKWH ) 72.93
TOTAL (MKWH) 153.07

cn

8624.70
7300
8624,70
2873.50

23874

73L.00
136. 80
1e1.40

1437

TABLE 1-45A
SPEED REDUCTION(MIN TIME + .23 MIN) (CAN-COWYROL)
ENERGY AMALYSIS

TURNARDUND

RUNNINE TRAING L GTORASE

KM KN PEAX KN KM
3040 10340
4000 24867 LY 15
44858 2218 13307
74000 wm 1571
22343 20 13N
215200 12784
3060 18340
444683 2030 31847
11017 2050 1ron?
35702 48745
1187406 24667 298949

TATI24 L143130 296000

0.

(¢}

TABLE 1-45B
SPEED REDUCTION{MIN TIME + .25 MIN)(CAM-CONTROL)
POWER BILL ANALYSIS

50

.50

0.75 1.00
0.25 0.00

RATE(POWER BILL UNITS)
0.00000 O0.00059 0.00119 0.00178 0.00238

0.00163 0.00000

DEMAND
ENERGY
SAVINGS

18.12
0.00
18.12

4.93
0.00
4.93
FRACTION

TOTAL NORMAL TOTAL DIFFERENCE
KWH KW PEAX  KWH KN PEAK  KNH  Kif PEMX
18360 18340 0
TSN 25180 80100 26700 4S9 130
38163 83075 %09
nm 80100 an
3817 40680 2483
2704 263933 16451t
18360 18340 0
76383 ML 497
28114 20400 1285
1044487 110719 6232
1446305 25190 1341114 26700 94739 1310
13483343 73210473 302200 BOLI79M 20402 4927471 1BL1G
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  0.0%1 0.022 0.032 0.043
0.032 0.024 0.016 0.008 0.000
0.032 0.035 0.038 0.040 0.043
3.2 3.5 3.8 4.0 4.3

PERCENT

Kl



PERIOD TINE HOURS
WEEKDAY
NORNING 12:00ANM - 6100MH )
AN PEM 510080 - 100N 3l
NIDDAY :00aN - 3:00PH é
PN PEAX  3:00PM - §100PN 3
EVENING A:00PN - 12100AN [
TOTAL %
SAT &k SuN
HORNING 12:00AM ~ 5100AN ()
DAY A500MN - 4:00PN 12
EVENING  6:00PH - [2:00MN 6
TOTAL 2%
MEEXLY
ANNUAL
PORTION OF DEMAND
POWER BILL ==> ENERGY
NORMAL
DEMAND COMPONENT
TRACTIDN(MW) 320.40
SUPPORT(MW) 99.90
TOTAL(MW) 420.30
ENERGY COMPONENT
TRACT I ON{MKWH) 80.14
SUPPORT (MKWH ) 72.93
TOTAL (MKWH) 153.07

CN/HR

NS
2877.3¢0
99.23
2077.30
79.83

L]
9.8
239.63

TABLE 1-45A

SPEED REDUCTION(NIN RUN TINE + .5 NIN) (CAN-CONTROL)

KNHPCA

1.43
.33
.41

1.81
.01

0.00
1.00

©.00000

0.008653

ENERGY ANALYS]S
RUNNING TRAINS
cN KNH KW PEAK

B&31.%¢ 49573 23191
3INN5.50  Az878

8411.9¢ 49573
010,75 A

25897 203406
3755.50 42743

1839.10 10349
.60 3332

14381 1123636 23191
7481471 38430103 278292

TURNARDUND

& STORAGE

KN KM
Joso 18340
470 1434
20t 13208
78 134
231 1984
31860
J0b0 18360
2631 315468
4 17073
48441
236563

TOTR

W

18340
11007
36067
71007
37166
235246

18340
332
27622
101933

1380239

13342306 71772411

TABLE ¥-46B
SPEED REDUCTION(MIN RUN TIME + .5 MIN)(CAM-CONTROL)
POWER BILL ANALYSIS

0.25 Q.50 Q.75
0.75 0.50 0.25

RATE(POWER BILL UNITS)

0.00490 ©0.00327

0.00059 0.00119 0.00178

Q.00163

1.00 DEMAND
0.00 ENERGY
SAVINGS

0.00238

0. 00000

36.37

0.00

36.37

8.37
Q.00
8.37

FRACTIDN
PERCENT

K PEAX

2384%

NORMAL TOTAL

K

10360
80100
63073
80100
40640
2639335

18340
81319
29000
110719

23669 1341114
264027 BOLI79A4 320402 @3GINIT  JaINe

0.00
1.00

0.25
0.75
SAVINGS (POWER BILL UNITS)

0.022

KN PEAK

26700

26700

0
o

.50
.80

Q.043

DIFFERENCE
KMH KN PEAK

0
2094 Jo31
4988
2094
3494
28669

¢
4988
178
8746

60874 3031

0.75
Q.25

1.0C
0.00

59



TABLE 1-47A
SPEED REDUCTION(NIN RUN TINE +.73 MIN) (CAM-CONTROL)
ENERGY ANALYSIG
TURNARDUND
RUNNING TRAINS k STORAGE 10T NORMAL TOTAL DIFFERENCE
PERIDD TIKE HDURS  CH/HR  KWHPCN cn KWH KW PEAX K KM WH KW PEAK KW K PEAK KWW KN PEMK
WEEKDAY
NORMING 12:00AN - &:00M &6 NS 3060 18360 18340 19340 0
AN PEAK  S:00AR - 9:00AN 3 871.00 7.72 BO3N.00  AbA3L 22210 L4 1299 67930 2241  60M00 26700  t70 4097
NIDDAY  9;00AM - 3:00PM 6 M2 1.45 3755.5¢ 42070 66 13118 53997 63075 7078
PH PEAC  J100PN - 6100PH I 2877.00 7.72 B631.00 b4 LA} 1m il 80100 12170
EVENINE 4:00PM - 12:00MM ¢ M .43 271,73 21382 2623 I}y IhiM 40840 539
10TML U 1.6 23893 1ynA 31453 220¢7% 41913 e
SAT & 5UM
MORNING 12:00AN - 6:00A8 b6 B 3040 18340 18340 18340 0
DAY 51000 - 6100PN 12 .4 .43 7.5 47743 223 3418 a2 8131y 1078
EVENING 4:00PN - 12:00M0 4 3.0 .33 1410 10549 2842 17091 me 2400 1801
TN i) 7.41 NU.0 53312 437 18l 1oneg 887y
WEEXLY 7.41 183863 1094238 22210 4TI 134057t 22643 1341014 28700 192344 4057
ANNUAL 1.41 TAB1003 34900372 244325 13223304 70123678 271720 BOL3I7944 320402 10012280 48482
TABLE 1-478
SPEED REDUCTION(MIN RUN TIME +.75 MIN)(CAM-CONTROL)
POWER BILL ANALYSIS
PORTION OF DEMAND 0.00 0.25 0.50 0.75 1.00 DEMANO 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 0.00059 0.00119 0.00178 0.00238
TRACTION(MW) 320.40 48.68
SUPPORT (Mw) 99.90 0.00
TOTAL (Mw) 420.30 48.68 0.000 0.029 0.058 0.087 0.116
ENERGY COMPONENT 0.00653 0.00490 0.00327 0.00163 0.00000
TRACTION(MKWH ) 80. 14 10.01
SUPPORT { MKWH ) 72.93 0.00
TOTAL (MKWH) 153.07 10.014 0.065 0.049 0.03 0.016 0.000
FRACTION 0.065 0.078 0.091 0.103 0.116
PERCENT 6.5 7.8 9.1 10.3 11.6

95



TABLE 1-48A
SPEED REDUCTIONIMEN RUM TIME + 1 WIN) (LAN-CONTROL)
ENERGY ANALYSIS

TURNAROUND :
RUNNING TRAINS & STORAGE TOTAL NORMAL TOTAL DIFFERENCE
PERICD TINE HOURS  CM/HR  KMHPCH cH KNH KW PEA N KM KHH KN PEAK  KNH W PEAK KM KN PEMN
VEEKDAY
NORNING 12:00AN - 6:00AN & N Jos0 10360 18380 18340 0
AR PERK  A100AN - 9:00AN 3 8.7 .16 B&YIN.10 418356 20419 w7 1161 63017 21006 BOI0OO 24700 17083 9
MIDDAY  9:00AN - 3:00PN 6 938.93 4.9 5733.70 39931 A7 1WA 5293 63073 10119
PN PEAK  J:00PH - 61 00PN 3 2879.710 T.16 B439.10 416356 387 1161 63017 80100 17083
EVENING 5100PN - 12)00M & A19.48 6.92 2874.83 19908 2615 15492 35400 40460 3060
T0TAL i 7.08 25909 183350 03y 2145% 263935 49343
SAT L SUW
RORNING 12:004M - &:00AN & I§ 3040 18360 18340 18340 0
DAY S100AN - A100PR 12 .4 4.92 733,70  J9Bib 213 WS 71200 81319 10119
EVENING 5:00PH - 12:00M0 6 299.78 4,78 1438.43 9734 2838 17027 M1 2400 2619
TOTAL U 4.8 M92.33 49570 48412 902 110719 12138
WEEKLY 7.07 143920 1016891 20419 252020 1268911 21006 1341104 26700 272203 b1
ANNUAL 7.07 T4BA2TY 32078346 274N 13105030 ASYB337Y 252068 BOL3I7944 320402 14154349 483N
TABLE 1-48B
SPEED REDUCTION{MIN RUN TIME + 1 MIN){(CAM-CONTROL)
POWER BILL ANALYSIS
PORTION OF DEMAND C.C0 0.25 0.50 0.75 1.00 DEMAND Q.00 Q.25 0.50 0.75 .00
POWER BILL ==> ENERGY 1.00 0.7% 0.50 0.25 0.00 ENERGY 1.00 Q.75 Q.50 0.25 0.00
NORMAL RATE(POWER BILL UNITS) SAVINGS SAVINGS(PDOWER BILL UNITS)
DEMAND COMPONENT Q.00000 0.000%9 0.00119 0.00178 0.00238
TRACTION(MW) 320.40 68.33
SUPPORT (MW) 99.80 0.00
TOTAL(MW} 420.30 68 .33 Q.000 0.041 Q.081 0.122 O.163
ENERGY COMPOUNENT 0.0065%3 ©.00490 0.00327 0.00163 0_00000
TRACT JON{MKWH } 80.14 14 .15
SUPFPORT { MKWH 7293 0.00
TOTAL {MKWH 1H3 07 14 1Y 0.092 0. 069 0.0486 0 .023 0. 000
FRACT LN G092 0. 110 0.128 0. 145 0.161

PERUCLENIT L2 11.0 12.8 14.5 16.3
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PERIOD TINE
WEEKDAY
HORNING 12:00AN - A:100AM
AN PEAX  5100AM - 9:00AM
HIBDAY  9:00AN - 3:00PM
PR PEMC  J:100PN - 610OPN
EVENING 6:100PN - 12:100AN
TOTAL
SAT L SN
NORNING 12:00AM - b300AN
DAy 4 00AN - 4:00PN
EVENING 6:00P - 12:00MN
TOTAL
WEEKLY
ANNUAL
PORTION OF DEMAND
POWER BILL ==> ENERGY
NORMA
DEMAND COMPONENT
TRACTION(MW) 320.
SUPPORT (MW) 99.
TOTAL{MW) 420.
ENERGY COMPONENT
TRACTION( MKWH) 80.
SUPPORT (MKWH) 72.
TOTAL (MKWH) 153

TABLE 1-494

SPEED REDUCTION(NIN RUN TIME + 1.23 NIN) (CAN-CONTROL)

ENERGY ANALYEIS

TURNARDUND
RUNNING TRAING k& STORAGE TOTAL NORMAL TDTAL DIFFERENCE
HOURS  CN/HR  KWNHPCH Ch K KW PERK KM KiN NN KW PEMK  KMH KN PEAX  KNH KN PEAK
b N8 3040  1B360 18340 18340 0
3 2074.30 7,30 0622.%0 42047 20982 2 1026 63973 2134 BO100 26700 18127 b
6 136.80 6.95 752,80 39982 % 1/ S 43075 10158
3 BN .30 8622.%0 6907 342 1024 4193 80100 18127
b MW 693 20760 199Y3 2600 13447 33501 40640 507%
H .18 25873 183810 30434 214444 263933 47491
b B 3060 18360 16360 18340 0
12 4%.4 &1 79.0 M8 2000 NN 71182 a131y 10158
& 23%.7% 6.07 1438.465 1804 2834 17004 248807 2400 2513
4] .92 M4 TS0 Ll 7o B 110718 12611
7.13 143758 1078530 20942 209768 1278318 20324 1341114 26700 2627V 3374
1.13 TAT3ALL 33484580 201769 12907936 64472314 233893 BOL1I7944 320402 13545428 44309
TABLE 1-498
SPEED REDUCTION(MIN RUN TIME + 1.25 MIN)(CAM-CONTROL)
POWER BILL ANALYSIS
0.00 0.25 0.50 0.75 1.00 DEMAND 0.00 .25 0.50 0.75 1.00
1.00 0. 75 0.50 0.25 0.00 ENERGY 1.00 a.75 .50 0.25 0.00
L RATE(POWER BILL UNITS) SAVINGS SAVINGS(POWER BILL UNITS)
0.00000 0.00059 0.00119 0.00178 0.00238
40 64 .51
90 0.00
30 64._51 0.000 0.038 0.077 O. 115 0.153
0.00653 0.00490 0.00327 0.00163 0.00000
14 13.67
93 0.00
NeXj 13.67 0.089 0.067 0.045 0.022 0. 000
FRACTION 0.089 0. 105 0.121 0.137 0.153
PERCENT 8.9 10.5 12.1 13.7 15 .3
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PERIOD TIE

WEEKDAY

NORNING 12:004M -
AN PEAK  A2008M -
NIDDAY  9:00AN -

5100AN
2100A8
31 00PN

PM PEAK  J:00PN - 5:00PN
EVENMING 6:00PH - 12:00AN

TOTAL

5AT & SUN

HORNING 12:00AM -

6:00AN

DAY &:00AN - 51 00PN
EVENING 4rO0PN - 12:00AM

T0TAL

WEEKLY
ANNUAL

PORTION OF
POWER BILL ==>

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

ENERGY COMPONENT
TRACT ION({MKWH )
SUPPORT (MKWH)
TOTAL {MKWH)

DEMAND

ENERGY
NORMA

196
99.
295.

55
72
128

L

o8
920
s8

.10
.93
.03

TABLE 1-31A

COASTING(I WPH DAND) (NIN RUN TIME + ,23 MIN) (CHOPPER)

EMERGY ANALYSIS

TURNAROUND

RUNNING TRAINS & STORAGE

HOURS  CH/HR KWNPCN  CH KWH KW PEAK KW KM
6 NS Jos0 18340
3 2077.30 427 863190 J4B3B 12284 523 1349
6 938,63 437 5190 26286 208 13307
3 7.3 427 8eILL%0 34638 28 1Y
& 9.3  3.08 2873.95 14610 2637 15834
A .43 2892 112 nm
6 NS Jos0 18360
12 9.3 3.08 3751.%0 29220 2637 31847
b 239,70 3.18 1430.20 7430 8% 17097
24 C%00 719010 36670 48763
.49 143838 b4b401 12284 258922
4,49 7479399 13812864 147433 13483939

TABLE 1-518

COASTING(3 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
RATE(POWER BILL UNITS) SAVINGS

0.00000 ©.00084 ©0.00163 0.00253 0.00338
42.37
0.00
42.37
0.00781 0.00586 0.00391 G©.00195 ©O.00000

8.03
0.00
8.03
FRACTION

PERCENT

TOTAL NDRMAL TOTAL DIFFERENCE
KNH KW PEMC  KNH KW PEAK  KNH KN PEX
18340 18340 0
38427 12809 49019 16340 10592 33
39394 43002 5409
30427 49019 10592
Joaas J2e88 243
144871 17512% 20638
18350 18340 0
50887 63377 50
24547 29130 363
83434 90307 072
903323 12809 1039637  LAJ40 154334 J33t
47076803 133708 53102175 194076 8025372 42340
.25 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 0.036 0.072 0.107 0.143
0.063 0.047 0.031 0.016 0.000
.063 0.083 0.103 0. 123 0.143
6.9 8.3 10.3 12.3 14,3
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PERIOD TINE
WEEKDAY

NORNING 12:00AN -

AN PENK  4:00AM -

NIDDAY  9:00AM -

PN PEAK  3:00PN -

EVENING &100P% - |
TOTAL

BAT & SN
NORNINE 12:00MM -
Y 41008 -

EVENING 6:00PN - |
TR

BEEKLY
NIUAL

PORYION DOF
POWER BILL ==>

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

ENERGY COMPONENT
TRACT LON{ MKWH )
SUPPORT (MKWH )
TOTAL (MKWH)

TABLE 1-324
CONSTENG (3 NPH BAND) (NIN RUN TINE ¢ .3 NIN) (CHOPPER)
ENERGY ANALYSIS
TURNARDUND
RUNNING TRAINS & STORAGE TOTM NORMAL TOTAL DIFFERENCE
HOURS  CM/HR  KWHPCN cA KW KW PEAK Kt Kid KWH KW PEAX  KWH KN PEAK KWW KW PEAK
6100AN b NB J0s0 18360 18360 18340 0
9:00A0 3 .40 A.14 8623.80 33703 11901 478 I MW 12379 49019 18340 11883 A ]
3:00P0 & 15670 4,43 5740.20 28577 2202 13142 39mee 45002 5213
6: 00PN I W60 414 B8621.80 Y3703 476 (LA N 1R ] 49019 11ge3
2:00M 6 4.0 3.01 2070.10 14379 2631 15786 30143 J2688 2323
i) .35 23858 112341 31863 144227 1nne 31502
6100M & M Jos0 18360 18360 18360 0
4100PH 12 470.3% 3.01 3740.20 208738 31 I W03 85317 5046
2100M & 0.5 A9 I9LN ns B8 1013 24180 2130 942
ri} .00 NN 36N 48643 84318 §0307 e
.41 14343 633 LI%0I 236617 890170 12379 1059637 14340 169487 96t
.41 709514 39T 142810 13344084 46200042 148343 33102173 196076 8813313  475H
TABLE 1-528
COASTING(3 MPH BAND)(MIN RUN TIME + .5 MIN)(CHOPPER)
POWER BILL ANALYSIS
DEMAND 0.00 0.25 0.50 0.75 1.00 DEMAND 0.00 0.25 0.50 0.75 1.00
ENERGY 1.00 0.75 0.5%0 0.25 Q.00 ENERGY 1.00 0.7% 0.50 0.25 0.00
NORMAL RATE(POWER BILL UNITS) SAVINGS SAVINGS{POWER BILL UNITS)
0.0000Q 0.00084 0.00169 0.00253 0.00338
196 .08 47 .53
99.90 0.00
295 a8 47 .53 0.000 0.040 0.080 0.120 0. 161
0.00781 0.00586 0.00391 0.0019% ©.00000
5% .10 8. 81
72.93 O 00
128 Ul BB 0.06%9 0 052 0.034 Q.017 0. 000
FRACTLON 0. 0b9 0.092 O 115 O.138 G101

PR M 6.9 9.2 11.9 13.8

16 1
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PERIOD TIME
WEEKDAY
NORNINE 12:00AM - &100AN
AN PEAK 4z 00AM - 9:00AN
NIDDAY 9:00AN - 3100PR
PH PERK  J:00PN - 5:00PR
EVENING &:00PH ~ L2:00AN
TOTAL
SAT L SUN
MORNING 12:00AN - &:00AM
DAY 4:008M - 5:00PN
EVENING 6:00PN - 12:00MM
TOTAL
MEEKLY
ANNUAL
PORTION OF DEMAND
POWER BILL ==> ENERGY
NORMA
DEMAND COMPONENT
TRACTION(MW) 196.
SUPPORT (MW) 99
TOTAL(MW) 295,
ENERGY COMPOMNENT
TRACTION{MKWH) 59.
SUPPORT (MKWH ) 72.
TOTAL (MKWH) 128

L

08

.90

98

10
93

TABLE 1-33A

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

ENERGY ANALYSIS

TURNAROUND

RUNNING TRAINS & STORAGE

HOURS  CM/HR  KWHPCM CH KiH KW PEMC KN KM
& IS 30600 18340
J 2679.40  4.0B B438.20 35244 11748 82 12%
6 958.80 4,43 5752.80 25485 2188 13111
I 281940 4.08 0638.20 Ju32M 432 12%
& 7.9 4,77 2876.40 13720 221 15734
] .23 23906  10MW) Iy
b NS Joa0 18380
12 479,40 4,77 3752.80 27441 22 3T
6 219.70 404 1438.20 4941 284 17089
24 4.76 7191.00 34402 48520
.29 143910 &1T24% 11748 424

4,29 7483320 32097973 140973
TABLE 1-538
COASTING(3 MPH BAND)(MIN RUN TIME +
POWER BILL ANALYSIS

0.00 0.25 0.80 0.75 1.00 DEMAND

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

0.00000 ©.00084 0.00169 0.00253 0.00338
49.92
©.00
49.92
0.00781 ©.00586 0.00391 0.00195 0.00000

9.78
0.00
9.78
FRACTIDN

.03

PERCENT

TOTAL NORMAL TOTAL
KiH KW PEAX  KWN KV PEX
18340 18360
36540 12160 49019 16340
3859 45002
38540 49019
29456 32688
(L1087 173729
18360 18360
a2 65377
28010 23130
8222 0507

871303 12180 1039637 16340

13220158 43318130

.75 MIN){

0.00
1.00

146139 35102173

CHOPPER)

Q.25
0.75

SAVINGS({POWER BILL UNITS)

0.042

DIFFERENCE

0
12419
4406
12479
2
4597

0
LLTH)
1120
7585

188155

196076 9784045

0.5%50
0.50

C.084

0.038
0.123
12.3

0.75
0.25

0.126

0.019
0.146
14.6

KW PEAK

4160

4160
A9

1.00
0.00

0. 169

0. 000
0.169
16.9
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PERIOD TIME HOURS  CN/HR
WEEKDAY
MORNING  12:00AM - b:00AN 6 N5
AR PENK  5:00AN - 9:00AN 3 2878.70
NIDDAY  9:00AN - 3:00PH 6 938.30
PH PENC  3:00PN - 6:00PH 3 2876.70
EVENING 6100PH - 12:00M 6 1.1
TR i)
SAT & SUN
HORNING  12:00AN - b:00M 6 M5
DAY S100AN - &1 00PN 12 .23
EVENING  6100PH - 12100MN 6 BT
TOTAL A
WEEKLY
ANNUAL
PORTION OF DEMAND 0.00
POWER BILL =2>  ENERGY 1.00
NORMAL
DEMAND COMPONENT 0.00000
TRACTION(MW) 196.08
SUPPORT (MW ) 99.90
TOTAL(MW) 295.98
ENERGY COMPONENT 0.00781
TRACT TON( MKWH) 55.10
SUPPORT (MKWH) 72.93
TOTAL (MKWH) 128 .03

TABLE t-34A
COASTING (I MPH BAND) (MIN RUN TIME ¢ 1 WIN) (CHOPPER)
ENEREY ANALYSIS
TURNARDUND
RUNNING TRAINS & STORAGE TOTAL NDRMAL TOTAL DIFFERENCE
KNHPCE  CN KiH KW PEMK KN KiM KWH K PEAK  KWH KN PEAK  KNH KW PEAX
3060 18340 18360 18360 0
4.42 8630.10 38145 12113 7 161 39306 13102 49019 16340 713 3238
.21 37800 212 210 101 3721 43002 i
4.42 8430.10 38143 387 1160 39306 49019 713
4.39 2875.% 13199 2615 13490 78488 32688 1800
.39 25887 113100 031 187 13729 30997
3060 18360 18380 18340 0
4,59 5751.00 28397 215 NI W 43377 7600
.83 1430.20 3308 2008 100 2533 25130 2393
.44 7180.20 31903 40406 80311 70307 10196
4.40 143812 83232 12713 231967  B8BA27% 13102 1039657 16340 173178 3238
4.40 7470219 3208024¢ 132380 13102268 45992316 157224 33102173 196076 911937 38632
TABLE 1-54B
COASTING(3 MPH BAND)(MIN RUN TIME + 1 MIN)(CHOPPER)
POWER BILL ANALYSIS
0.25 0.50 0.75 1.00 DEMAND 0.00 0.25 0.50 0.7% .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)
0.00084 ©.00169 0.00253 0.00338
38.85
0.00
38.85 0.000  0.033 0.066 0.098 0. 131
0.00586 ©.00391 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 7.1 8.6 10. 4 11.6 131

L



PERT0D TINE
WEEXDAY

NORNING 12:00AN - 4:00AN

AN PEAK  4:00AN - 9:00AN

MIODAY  9:00AN - J:00PH

PN PEAK  J:00PH - 6100PN

EVENING 6100PM - 12:00AN
T0TAL

SAT & SUN
MORNING 12:00AN - &:00AN
DAY 4:00AM - 6:00PH

EVENINE 6100PN - 12:00AN
TOTAL

MEEKLY
ANNUAL
PORTION OF DEMAND
POWER BILL ==>  ENERGY
NORMA
DEMAND COMPONENT
TRACTION(MW) 196.
SUPPORT (MW) 99,
TOTAL (MW) 295.
ENERGY COMPONENT
TRACTTON(MKWH ) 55,
SUPPORT (MKWH) 72.
TOTAL (MKWH) 128.

TABLE 1-334
COASTING (3 WPH BAND) (NIN RUM TINE + 1.25 NIN) (CHOPPER}

ENERGY ANALYSIS

TURNARDUND
RUNNING TRAING & STORABE TOTAL NORMAL TOTAL DIFFERENCE
HOURS  CH/HR  KWHPCM cn KWNH  Ki PEAK KN KiM KM KW PEAC KW KW PEAK  KWH KW PEMK
6 N Jos0 18360 18340 18340 0
3 2880.00 J.43 B8640.00 31343 10454 344 1023 32367 107%  AR01Y 16340 1463 3544
& .2 .97 w0 228N 1 129% Y57W 45002 9252
3 2880.00 J.63 6440.00  JI34T AL} 1023 32387 1901y 16433
& 479.10 4.32 287440 12418 2607 15443 28041 J2688 W27
H .70 23%04  979ad 30613 128364 173729 47143
6 NS J080 18350  1B3AO 18340 0
12 M.uo 4.32 Y120 28Y7 2607 31286 3A122 377 9254
6 2370 4.17 1438.20 7 2834 17003 23000 25130 2130
N 4.29 7187.40 30834 4828% 79122 90507 11384
3.8 143894 551313 1044 249530 801146 10796 1039637 16340 238491 3544
3.8 7482478 20678458 123433 12981992 41560631 129344 55102175 194074 13441524 46510
TABLE 1-55B
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
L RATE(POWER BILL UNITS) SAVINGS SAVINGS (POWER BILL UNITS)
0.00000 0.00084 0.00169 0.00253 0.00338
o8 66.53
90 0.00
98 66.53 0.000 ©0.056  0.112  0.169  ©0.225
0.00781 0.00586 0.003%1 0.00195 0.00000
10 13.44
93 0.00
03 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
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TABLE 1-56A
COASTING{3 NPH BAND) (NIN RUM TIME + .25 NIN) (CHOPPER)
ENERGY ANALYSIS

TURNARDUND
RUNNING TRAINS & GTORAGE TOTAL NORMAL TOTAL BIFFERENCE
PER10D 1IN HOURS  CM/WR  KWWPCH  CN KNH KW PENX K KiM KN KN PEAK  KNH K PEAK  KWH Kl PEA
NEEKDAY
MORNING 12:00AM - 6100AM b M 3060 18350 10340 18360 0
AN PEAK  4:00AM - 9:00AM 3 2877.00 437 BA3LOO W7 12372 323 1369 19286 13093 49019 16340 77133 J244
RIDDAY  9:00AM - 3:00PN 6 9.5 430 M550 23900 207 1300 39200 435002 5802
PH PEM  3:00PN - 4:00PN I AN 4D a0 I 523 1349 39284 %010 (AN
EVENING  6:00PM - 12:00AN & .83 306 BWI.TS 14561 2638 13830 0392 J2688 eyl
TOTAL 24 .49 25093 11389 J2268 148144 173129 27363
SAT & BUN
NORNING 12:00AM - 6:00AN 6 NS J0s0 168360 18340 18350 0
DAY 4:00AN - 61 00PN 12 9963  5.06 375550 29123 2638 31640 40703 63317 459
EVENING 6100P% - 124 00AN 6 20978 AL 143663 6612 347 1M 2972 2310 1404
TOTAL rL 4.97 NN.L3 TS 87 sNY 10507 Jyoe
MEEKLY 433 183883 430791 123n2 206846 909837 13093 1039637 16340 149820 2
ANNUAL 4.33 7480957 33831508 130870 13450008 47311316 137043 33102175 196076 7790659 38912
TABLE 1-568B
COASTING(5 MPH BAND)(MIN RUN TIME + .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 0.75 1.00
.= . . .25 0.00 ENERGY 1.00 0.75 0.50 0.25 0.00
POWER BILL g E:S:gh "0 RgTz?POUEROB?EL umsr)s? SAVINGS SAVINGS{POWER BILL UNITS)
DEMAND COMPONENT 0.00000 0.00084 0.00169 0.00253 0.00338
TRACTION(MW) 196.08 ag.gg
?.6'?:2?:3';") 23::32 38.93 0.000  0.032 0.066 0.099 0.132
ENERGY COMPONENT 0.00781 0.00586 0.00391 0.00195 ©.00000
TRACTION(MKWH) 55.10 g.;g
?g‘;:g?;&::‘:m 1;::33 7.79 0.061 0.046 0.030 0.015 0.000

FRACTION 0.061 0.079 €.096 0.114 0.132
PERCENT 6.1 7.9 9.6 11.4 13.2

5L



PERIOD TiE
WEEKDAY
MORNING 12:00AM - &:00AM
AN PEAK  4:00AN - 9:00AN
R10DAY 9100A - J:00PN
PN PEAK  J: 00PN - 4:00PH
. EVENING 61 00PH - 12:00A0
TOTAL
SAT L SUN
NORNING 12:00”M - 4:00AN
DAY 4:00AN - 61 00PN
EVENING 6:00PH - 12;00A0
TOTAL
WEEKLY
ANNUAL
PORTION OF DEMAND
POWER BILL =a> ENERGY
NORMAL
DEMAND COMPONENT
TRACTION{MW) 196.08
SUPPGRT (MW) 99.90
TOTAL (MW) 295.98
ENERGY COMPONENT
TRACTION({MKWH) 55. 10
SUPPORT (MKWH) 72.93
TOTAL(MKWH) 128.03

TABLE 1-37A
COASTING(S MPH BAND) (NIN RUM TINE + .3 MIN) (CHOPPER)

ENERGY AMALYSIS
TURNAROUND
RUNNINE TRAINS t STORAGE ToTRL NORMAL TOTAL DIFFERENCE
HOURS  CN/HR  KWHPCR  CM KNH KN PEAK KN K KN KN PEMK  KNH KW PEMK  KWH KW PEAX
6 NS Jos0 18350 18340 18340 0
3 2877.00 4,03 BA3L.00 AT 11852 77 U3 A7 12129 49019 Le340 12633 24
6 %003 A4 3780.%0 236M4 2200 13201 38993 43002 6107
J 287,00 4.0 Be31.00 M a7 83l W 45010 12633
6 480,08  4.87 2880,43 14028 2030 19781 29800 12688 2880
] 423 23903 109813 31044 141476 175729 23
6 NS Jos0 18340 18340 18340 0
12 480,08  A.87 3760.90 28056 2630 31381 3917 65177 5760
6 230.70 4.84 1438.20 &%l 045 1070 24031 25130 1099
] 4.86 7199.10 3016 48432 B340 90507 6859
430 143915 A1B195 11632 236482 B7A6TT 12129 1039637 16340 184980 4211
4.30 7483377 32146164 139822 13337064 45483228 143346 33102173 196076 9418947 30330
TABLE 1-S78
COASTING(S MPH BAND)}(MIN RUN TIME + .5 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 ©.00084 0.00169 0.00253 0.00338
50.53
0.00
50.53 0.000 0.043  0.085  0.128 0.171
0.00781 0.00586 0.003%1 0.00195 0.00000
9.62
0.00
9.62 0.075 0.056 0.038 0.019  0.000
FRACTION 0.078 0.099 0.123 0.147 0. 171
PERCENT 7.5 9.9 12.3 14 .7 17 .1
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PERIDR
WEEXDAY

TinE

NORNING 12:00AM - &:00AM
AN PEAX  4:008M - 9:00MM
NIDDAY  9:100A% - 3:00PH
PN PEAK  J100PN - &:100PN
EVENING &:00PN - 12100M

TOTAL

SAT L S

NORMING 12:00AM - b:1OOM
DAY 4300AK - 5:00PH
EVENINGE 4:00PW - 12:100MA

TOTAL

WEEKLY
ANNUAL

PORTION OF
POWER BILL ==>

DEMAND COMPDNENT
TRACTION(MW)
SUPPORT (MW )
TOTAL (MwW)

ENERGY COMPONENT
TRACT I1ON( MKWH )
SUPPDRY ( MKWH )
TOTAL (MKWH)

DEMAND
ENERGY
NORMA

196,
99.
295,

55.
72
128

L
o8

[0
98

10

.93
.03

HOURS

&
]
b
3
[
i

CH/HR

N5
2874.30
758,45
.30
47%.33

0.00

1.00

KNHPCH

3.52
4.55
3.52
4.64
1.9

‘I“
3.06
1.0

3.9
1%

N

8622.%0
37
8622.%0
2875.93

2814

a7i. 0
1439.10
1191.00

143750
7475013

TABLE 1-38A
COASTING (3 NPH BAND) (NIN RUN TIME + .73 WPH) {CHOPPER)
ENERGY ANALYSIS

TURNARDUND

RUNNING TRAINS & STORAGE

KWH KN PEAMC XN KWH
J0s0 18360
30353 lot18 L}7] 12%
2N 283 13N
10333 a2 129
13920 W23 1%
100796 31439
040 18300
27183% PLYARR LY
1282 2842 17054
N2 8322
14222 10118 o 7AY)

29939538 121410

TABLE 1-588

T0TAL

18340
J1a4¢
19282
J1e4?
29635
12235

10340
39310
20132
23843

928459

13220343 4307908}

COASTING(5 MPH BAND)(MIN RUN TIME +
POWER BILL ANALYS1S

0.25
0.78

0.50
Q.50
RATE(POWER BILL UNITS)

0.7%
0.25

0.00000 0.00084 0.00169 0.00253 0.00338

0.00781

0.00586 0.00391%

0.00195 0.00000

1.00 DEMAND
0.00 ENERGY

SAVINGS

69.48
©0.00
59 .48

12.02
0.00
12.02

FRACTION
PERCENT

0.00
1.00

©.000

K¥ PEAK

10350

HORMAL TOTAL

K

18340
45017
45002
19019
12688
1729

18360
65317
ni
10307

10350 1039437
126394 $310217%

.75 MPH)(CHOPPER)

0.25
0.75

KW PEAK

16340

16300 231198
196076 12022292

0.50
Q.50

SAVINGS({POWER BILL UNITS)

0.059

0.070
0.129
12.9

o

(o)
Q

L1117

. 047
. 164
16.4

DIFFERENCE
KiH KN PEMK
0
171370 3790
3720
17370
3033
43494
0
408
198
4864
a7%
69482
0.75 1.00
0.25 0.00
0.176 0.235
0.023 0.000
0.200 0.235
20.0 23.5



TABLE 1-39A
COASTING (3 MPH BAND) (NIN RUN TIME + 1 NIN) (CHOPPER}
' ENERBY ANALYSIS

TURNARDUND
RUNNING TRAINS k STORAGE T0TAL NORMAL TOTAL DIFFERENCE
PERIOD TINE HOURS  CW/HR  KMHPCK cn KNH XKW PEAK XN KM NN KW PEAX  KWH KN PEAK KW KW PEM
WEEKDAY
HORNING 12:00AM - 6:00AN 5 NS Jos0 18380 18340 18340 0
AN PEAK  4:100AM - 9:00AN J B30 1.85 BA22.%0 33598 L1044 1w 1181 JA339 11433 49017 16340 14440 4087
WIDDAY  9:00AM - 3:00PN &6 959.25 4.50 I795.50 24340 21N 13029  3938% 43002 317
PH PEAK  3:00PH - 6:00PN 3 280,30 J.85 8622.%0 33198 387 161 J43%9 19019 14560
EVENING 6:00PN - 121 00AN & A48 4.87 2877.73 14013 17 1%%2 29707 32488 %81
TOTAL 24 4,13 25879 106771 31037 137610 \7372¢ Je18
SAT L SUN
NORNING 121008 - &100AM &6 NS 3040 18360 18340 18340 0
DAY S100AN - 4100PH 12 47783 4.87 3753.%0  2802% 15 HI\Y N 63377 983
EVENING 4:00PM - 12:00AN & 239.43 .03 13,79 1232 2038 17030 24242 23130 1Y ]
TOTAL 24 490 7193.25 33241 40415 837 70307 4831
WEEKLY 4,20 143782 404378 11084 ésms B54403 11433 1059437 18340 203204 4887
ANNUAL 4.20 7476851 31427668 132793 13105310 44332974 137437 58102175 196076 10569201  58A40
TABLE 1-59B
COASTING(S MPH BAND)(MIN RUN TIME + 1 MIN){CHOPPER)
POWER BJILL 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 ©.00084 0.00169 0.00253 0.00338
TRACTION(MW) 196.08 58.64
SUPPORT (MW) 99 .90 0.00
TOTAL(MW) 29% 98 58.64 0.000 0.050 0.099 0.149 0.198
"ENERGY COMPONENT 0.00781 0.0058B6 Q.00391 0.0019% 0.00000
TRACTION{ MKWH ) 55,10 10.57
SUPPORT(MKKWH ) T .97 . 00
TOT AL MKW PIH O3 10 57 0083 0.062 0.041 0.021 0.000
IRACTION a.083 Q. 111 0. 140 0.169 Q. 198
PERCENT 8.3 111 14.0 16.9 19.8

L



PERIOD
VEEKDAY

NORMING 12:00AN - 4:00AN

AN PEAK  4z00AM - 9:00AN

NIDDAY  9:00AN - 3:00PN

PH PEAX  J:O0PN - 61 00PN

EVENING &:100PH - 12:00AN
TOTRL

TINE

SAT & SUN
MORNING 12:00AN - £300AR
DAY 41 00AN - 6:00PN
EVENING &:100PN - 12:00AN
TOTAL

NEEKLY

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 1-40A
COASTING(S WPH DAND) (XIN RUN TIME + 1.23 NINM) {CHOPPER)
ENERGY ANALYSIS
TURNARDUND
RUNNING TRAINS k STORAGE TR NORMAL TOTAL DIFFERENCE
HOURS CR/HR  KNHPCH (] KNH KN PEAK XN ({ ] K KN PEMK K K PEN KiH K PEM
b (] 3040 16360 18340 18360 ¢
I 287.00 1.70 8A31.00 J3681 11220 7] 1023 34684 11361 49019 16340 14333 4778
6 938.93 1.8 375170 22182 2134 12935 37z 45002 9484
3 H1.00 31.90 84631.00 J3841 1 1023 JA584 49019 14333
6 N8 4.0 2826.85 12198 2608 13447 27843 32468 4843
ril in 25893 101902 30629 132530 1757129 43198
&6 N 3040 18340 18340 10350 0
t2 47%.48 4,24 915170 2439 2008 31293 35690 3377 V4846
6 219.9 .22 1432.30 4045 2014 17004 23072 25130 2098
24 L2 7191.00 JOA 48301 78762 20507 1744
3.97 143843 510430 11220 HMs 820128 11561 1039637 16340 239481 4778
J.97 TAT9927 29662333 134844 12986813 42049140 130737 35102175 196074 12453009 7340
TABLE 1-608
COASTING(S MPH BAND)(MIN RUN TIME + 1.25 MIN)(CHOPPER)
POWER BILL ANALYSIS
0.00 0.28 - 0.50 0.75 1.00 DEMAND 0.00 Q.25 0.50 0.75 1.0C
1.00 0.75 Q.50 Q.25 0.00 ENERGY 1.00 0.75 0.50 0.2% 0.00
RATE(POWER BILL UNITS}) SAVINGS SAVINGS(POWER BILL UNITS)
C.00000 0©0.00084 0.00169 0.00253 0.00338
5§7.34
0.00
57.34 0.000 0.048 0.097 0. 145 0.194
0.00781 ©.00586 0.00391 0.00195 0.00000
12.4%
0.00
12.45 0.097 0.073 0.049 0.024 0.000
FRACTION Q.097 0.121 0.145 0.170 0. 194
PERCENT 9.7 2.1 14 .5 17.0 19 4

8/



TABLE 1-4624
COASTING(3 NPH BAND}(NIN RUN TINE + .25 WIN} (CAN-CONTROL}
ENERGY ANALYSIS

TURNAROUND
RUNNING TRAINS & GTORAGE TOTAL NORMAL TOTAL DIFFERENCE
PERICD TIKE HOURS  CM/HR  KNWPCH  CN KW KW PERK KM KW I KWPEAK  KWH KW PEAK  KNH  Ki PEAK
NEEKDAY
MORNING 12:00AN - &300AN 6 NS Job0 18360 18340 18340 0
AN PEAX  41004K - 9:00AN I 2.3 1.92 Be31.%0 44912 21637 323 1567  bAMB1 22160 79382 26327 13102 4347
NIDDAY  9:00aM - 3:00PN 6 938.63 7.5t LSO 4NW 28 13307 54304 63073 8370
PH PEAX 31 00PN - 41 00PN I 207,30 7.32 863190 64912 323 1569  bad81 79382 13102
EVENING  4:100PM - 12:00AN 6 49.33 1. 22759 254 2637 138 37375 40640 3283
TOTAL pl] 131 23892 194341 22N 226840 262899 34039
SAT & SN
MORNING  12100aM - 4:00AN & NS J0s0 18360 18340 18340 0
DAY §100AN - b3 00PN 12 79,33 7.49 373190 43082 2639 3187 AT BLILY 6370
EVENING  5100PH - 12:00AN 6 23%.70 7.49 1438.20 10772 2850 17097 2784% 29400 1531
TOTAL 4 .49 71%0.10 3384 46743 102619 110719 a101
WEEKLY .31 143838 1080815 21637 230922 1339437 22160 1335934 28327 196497 4367
ANNUAL 1.31 479399 34186767 239648 13463939 69430706 265922 79868572 318329 10217866 32407
TABLE 1-628
COASTING(3 MPH BAND)(MIN RUN TIME + .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
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 52.41
SUPPORT(MW) - 99.90 0.00
TOTAL(MW) 418.23 52.41 0.000  0.03% 0.063 0.094 0.125
ENERGY COMPONENT 0.00654 0.0049% 0.00327 0.00164 0.00000
TRACT1ON( MKWH) 79.87 10.22
SUPPORT (MKWH ) 72.93 0.00
TOTAL (MKWH) 152.80 10.22 0.067 0.050  0.033 0.017 0.000
FRACTION  0.067 0.081 0.096 0.111 0.125
PERCENT 6.7 8.1 9.6 11.1 12.5

6/



PERIOD
MEEKDAY
NORNINE 12100AM - 51 00AN
AN PEAK  5:00M - %,00M
NIDDAY  9:00AN - 3:00PN
PH PEAX  3:00PN - 6: 00PN
EVENING &4100PN - 12:00AN
TOTAL

TINE

SAT & BUN
MORNING 12:00AN - b:00AN
DAY bt00AN -~ &:00PH

EVENING 5100PH - 12:00M0
TOTAL

WEEKLY
ANNUAL
PORTION OF DEMAND
POWER BILL ==> ENERGY
NORMAL
DEMAND COMPONENT
TRACTION{MW) 318.
SUPPORT (MW) 99
FOTAL(MW) 418.
ENERGY COMPONENT
TRACTION{ MIKWH) 74

SUPPORT ( MKWH )

TOTAL (MKWHE) 152

T2 .9

TABLE 1-83A

COASTING (3 MPH DAND) (NIN RUM TINE + .3 NIN) (CAN-CONTROL)

COASTING(3 MPH BAND)(MIN RUN TIME +
BILL ANALYSIS

HOURS  CH/HR  KNHPCH
& W
3 2880 L4
& .70 7.06
3 28M.40 L4
b 478.33 1.04
2 .20
6 N
12 MmN 71.04
& 23v.3 7.03
2 .M
1.2%
1.2
©.00 0.25
1.00 0.75

Q0.00000 0.00060 0©.00120 0.00179

0.00654

ENERGY ANALYSIS

RUNNING TRAINS

cH KR KV PEMK
8623.80 63816 21212
3740.20 40326
8623.80 43816
2070.10 20206
23850 188344
3740.20 40M)
1437.30 10104
nn.s 5513
143443 1042848 21272
1469314 4228100 255264

TABLE 1

POWER

0.50
0.50

0.75
0.25

RATE(POWER BILL UNITS)

Q.00491

0.00327 0.00164

TURNARDUND

& STORAGE

kK KM
J040 18380
L} ] 1434
202 1342
e 1N
2631 15786
11843
3060 16340
211 um
a4k 110713
46643
2ee17

-638

1.00 DEMAND

0.00 ENERGY

SAVINGS

0.00239

57.33

.00

57.33

0 00000

12,30
.00
12 41)

FRACTITON

(A8 ST

L ral

TaTAL
KM PEAK

18360
63250
33738
63250
13992
20229

18350
71963
mn
M0

1299445

0.00
t.00

0.000

[P 18)
0.uBO
-]

21730

NDRMAL TOTAL

XM

18360
19582
63075
79382
40640
262899

10360
BI319
29400
11071%

21730 1333934
13344084 47372192 260999 79668372 318329 12296380

0.25
0.75

.034

S 060
098
9.Y

.5 MIN)}{(CAM-CONTROL)

KN PEM

26327

W3

0.50
Q.50
SAVINGS(POWER BILL UNITS)

o

(8]

a.

. 069

040
109
10.9

DIFFERENCE
KNH KW PEM
0
14333 o
13y
14333
4480
42670
0
733
21
11599
236449 4770
37330
0.75 1.00
0.25 0.00
0.103 0. 137
0.020 Q. UL
0 123 O 137
2.3 137

08



TABLE 1-844
CDASTING (3 MPH BAND) (NIN RUN TIME + .75 NIN) (CAN-CONTROL)
ENERGY ANALYSIS

TURNAROUND
RUMNING TRAINS & BTDRABE TOTAL NORMAL TOTAL DIFFERENCE
PERIOD TINE HOURS  CW/HR  KWHPCN CN KMH KW PEAX KN K KNH KM PEAK  KiH KW PEAX M KN PEAK
BEEKDAY
MORNING 12:00AM - 4:00AN & NS J040 18360 18340 18340 ]
AN PEAX  4:00AN - 9:00AN 3 28740 b.b6 0438.20 57530 19177 4132 1296 58824 19609 79982 26527 20756 5919
M1DDAY  9:004N - 3:00PN 4 958.80 6.1 5752.80 U245 218% 131 48374 83073 1449¢
PM PEAX  3:00PN - 4:00PN 3 2879.40 4.66 B638.20 57530 432 129 58826 79382 20755
EVENING 5:00PN - 12:0088 & N4 6.12 2876.40 17804 2423 15734 33339 40660 1321
TOTAL 2 b.48 29906 187929 LRI ATY) 262899 53531
SAT & SUN
NORNING 12:004M - 4:00A% 6 M5 3060 18340 18340 18350 0
DAY &5300AN - 61 00PN 12 41%.40 .12 5752.80 35207 2623 147 64478 81319 14641
EVENING 6:00P® - 12:00AN & 29.10 6.45 1438.20 9276 2841 17049 24325 29400 3075
TOTAL 24 6.19 7191.00 44484 48520 93003 110719 17716
WEEXLY 6.45 143910 928612 1177 254234 1182846 19409 1535934 24327 333088 4919
ANNUAL 6.45 T4B3I320 48287841 230122 13220158 4150799 235304 79868572 318329 18360573 83024
TABLE 1-64B
COASTING(3 MPH BAND)(MIN RUN TIME + .75 MIN)(CAM-CONTROL)
POWER BILL ANALYSIS
.25 0.50 0.75 1.00 DEMAND 0.00 0.25 0.50 0.75 1.00
533!5°315E ==> 25::23 ?:gg 3_35 0.50 0.25 0.00 ENERGY 1.00 0.75 0.50 ugiig) 0.00
NORMAL RATE(POWER BILL UNITS) SAVINGS SAVINGS (POWER BILL
DEMAND COMPQNENT 0.00000 ©0.00060 0.00120 0.00179 0.00239
TRACTION(MW) 318.33 ag.gg
Sy g 8102 0.000 0.050 0.099  0.143  0.199
ENERGY COMPONENT 0.00654 ©0.00491 0.00327 ©.00164 0.00000 o 2
TRACTION({MKWH) 79.87 O.OO
SUPPORT {MKWH) 72.93 : 18 36  ©0.120 ©0.090  0.060  0.030  0.000
TOTAL (MKWH) 152.80 FRACTION o. 120 0. 140 0.159 0.179 0.199

PERCENT 12.0 14.0 15.9 17.9 19.9

18



PERIOD Tine

VEEKDAY

HORMIME 12:00AN - &:00AH
AN CPEMC  4:00AR - 9:00MN
RIDDAY  9:008M - J:00PH
PR PENC  J:00PR - 5:00PN
EVENING 6:100PN - 12:00A0

TOTAL

SAT & SUW

NORNING  12:00AN - &100AN
DAY 4:00A0 - 6100PN
EVERING 6:00PH - 12:00M

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

318.
99.
418.

79.
72.
152.

: TABLE 1-634
COASTING(3 WPH BAMD) (NIN RUN TINE + 1.0 MIN) (CAN-COMTROL)
ENERGY ANALYSIS
TURNAROUND
RUMNING TRAIND & STORAGE ToTAL NORMAL TOTAL
HOURS  CH/HR  KWHPCN tn KWH KN PEAK KN KM KW KN PEAK KWW KW PEM
6 NS 3060  1B360 183D 18340
J 287.70 4,71 B630.10 57908 19303 7 Hel 04T  1%% 79382 20527
6 %30.30 4,06 3751.00 34831 270 1301y 41870 63073
3 287670 6,71 8430.10 5708 387 Hel  3904% 77382
6 425 4.04 2675.30 17368 2615 154%0 33030 406460
Fl) 4.4y 23887 168035 1031 199044 26289
& 5 Joa0 18340 18340 18340
12 .25 4.04 375100 34734 2613 J1377 64115 8131Y
& N0 3.28 1438.20 7594 2838 17026 24820 29400
i) 3.80 7189.20 423W0 48408 10733 1one
643 143812 9ME35 19303 251967 1176801 19690 1533934 26327

L

33
90
23

87
93
80

0.

§.43 7470219 48071398 231432

TABLE 1-65B
COASTING(3 MPH BAND){(MIN RUN TIME + 1.0 MIN)}{CAM-CONTROL)
BILL ANALYSIS

POWER
0.00 Q.25 0.%50 0.75
1.00 0.75 0.50 0.25

RATE(POWER BILL UNITS)
00000 0.00060 0.00120 0.00179

0.00654 0.00491 0.00327 0.0C164

13102268 61193687

1.00 DEMAND
Q.00 ENERGY
SAVINGS

0.00239

G. 00000

82.05
0.00
82.05

18.67
0.00
18.67

FRACTION
PERCENT

Q.00
1.00

0.122
0.122
12.2

236274 79848372

0.25
0.7%

SAVINGS (POWER BILL UNITS)

0.049

0.092
0.141%
14. ¢

318329 18474904

Q.50
0.50

0.098

0.061
0. 159

15.9

DIFFERENCE
KN KN PEMK
0
20513 81
15204
20313
7602
63833
0
13204
4780
19984
3133 4818
82034
0.7% 1.00
0.25 ©.00
0.147 0. 196
0.031 0.000
0.178 0.196
17.8 19.6

Z8



PER10D
WEEKDAY
NORNING 12:00AM - &5:00AN
AN PEAK  5:00AM - 9:00AM
MIDDAY  2:00AM - 3:00PM
PH PEAX  3:00PM - 45 00PH
EVENING &:00PN - 12: 0080

TINE

TABLE 1-b4A

COASTING (3 MPH BAND) (MIN RUN TINE + 1,25 MIN) {CAM-CONTROL)

ENERGY ANALYSIS

TN

SAT k SUN
HORNING 12:00AR - &:00AN
DAY $100AR = §100M
EVERING &:00PN - 12:00A0
1078l
WEEKLY
RNNUAL
PORTION OF DEMAND
POWER BILL ==>  ENERGY
NORMAL
DEMAND COMPONENT
TRACTION(MW) 318.33
SUPPORT (MW) 99.90
TOTAL (MW) 418.23
ENERGY COMPONENT
TRACT LON(MKWH ) 79.87
SUPPORT (MKWH) 72.93
TOTAL (MKWH) 152.80

TURNARDUND
RUNNING TRAINS & STORASE TOTAL NORMAL TOTAL
HOURS  CM/HR  KWHPCM CH KW KW PEAK KN KNH KWK KW PEAX  KWH XV PEN
5 NS 3040 18340 18340 18340
3 2880.00 4.00 BAA0,00 51840 17280 34 1023 32843 17421 79382 28507
& $38.20 4.04 5749.20 I3 A 12926 47651 43073
3 2880.00 4.00 0640,00 51840 L) 1023 52843 79382
& 479,10 6,03 2674.60 17334 2607 15843 377 40540
i 4,01 23904  15573¢ 30415 1BAISH 26289¢
6 NS 3080 168360  1B340 18140
12 8%10 w03 20 M WY AW NS sy
6 2370 3.76 1438.20 8284 2834 17003 25287 29400
0 5.98 7187.40 42952 46287 91240 11071%
4.0 143894  BeASPB 17280 209634 1114252 17621 1535934 285277
4.01 7482478 M495911% 207360 12981992 57941112 21145 79868572 318329
TABLE 1-66B
COASTING(3 MPH BAND)(MIN RUN TIME + 1.25 MIN)(CAM-CONTROL)
POWER BILL ANALYSIS
0.00 0.25 0.50 0.75 1.00 DEMAND 0.00 0.25 0.50
1.00 0.75 0.50 0.25 0.00 ENERGY 1.00 0.75 0.50
RATE(POWER BILL UNITS) SAVINGS SAVINGS (POWER BILL
0.00000 0.00060 ©.00120 0.00179 0.00239
106.88
0.00
106.88  0.000 0.064  0.128
0.00654 ©0.00491 0.00327 0.00164 0.00000
21.93
0.00
21.93  0.144  0.108  0.072
FRACTION  0.144  0.172  0.200
PERCENT 14.4 17.2 20.0

DIFFERENCE
KN KN PEXX
0
719 8904
15424

2671%
7483
74545
0
16346
411}
19479
421682 8904
21927461 100874
0.75 1.00
0.25 0.00
UNITS)
0.192 0.256
0.036 0.000
0.228 0.256
22.8 25.6

£8



TABLE 1-47A

COASTING(S MPH BAND} (RIN RUN TIME + .25 NIN) (CAN-CONTROL)

ENERGY ANALYSIS

TOTAL
KW K

18340
68027
35176
68027
Jreto
228841

18340
14021
21323
101343

1344891

13460008 70038333

TURNARDLUND
RUNNINS TRAINS & STORABE
PERIOD TINE HOURS  [CA/HR  KWHPCM CH KWH KW PERK KN KM
WEEKDAY
NORNING 12:008R - 61008M 6 NS J040 18340
AN PEAX  A:00ANM - 9:00AN I 2877.00 1.70 B&31.00  4A43% 2215 523 156%
BIDDAY  9:00AM - J: 00PN 6 959.25 7.38 5733.50 42478 211 13100
PH PEAK  3:00PM - 6: 00PN I un.e 1.70 B631,00  544SR 523 1549
EVENING 6:100PN - 12:00AM & 478,83 1.36 26?7.75 21180 26318 13830
TOTAL 24 7.3% 25893 196573 32248
SAT & SUN
MORNING 12:00AN - &:00AR & NS Jos0 18340
DAY 4:00AM - 4:00PH 12 479.63 36 755,50 423460 2638 31440
EVENING &£100PN - 12:00AN & 23%.78 .11 1838.63 10229 2849 17094
TOTAL ya) I N9 1S 52989 48754
NEEKLY 7.56 143865 108B04S 22153 238844
ANNUAL 7.56 T74BO9S7 36578325 243813
TABLE 1-67B
COASTING(S5 MPH BAND)(MIN RUN TIME +
POWER BILL ANALYSIS
PORTION OfF DEMAND 0.00 0.25 0.50 .75 1.00 DEMAND
. .00 ENERGY
POWER BILL ==> E:SﬁﬁZL 100 R2+;?puwsnoé?EL uux?s?s ° SAVINGS
DEMAND COMPONENT 0.00000 0.00060 0.00120 0©.00179 0.00239
TRACTION(MW) 3218.33 43.33
SUPPORT(MW) 99.90 46,22
TOTAL(MW) 418.23
ENERGY COMPONENT 0.00654 0.00431 0.00327 0.00164 0.00000
TRACTION(MKWH) 79.87 9.83
SUPPORT ( MKWH ) 72.93 g.gg
TOTAL (MKWH) 152.80 FRACT ION

PERCENT

.25 MIN)(CAM-CONTROL)

0.00
1.00

0.000

HDRMAL TOTAL

¥ PEAK  KWH

18360
79502
43073
79582
40660
262899

22674

18360
BI19
29400
110719

226746 1535934
272110 79848572

0.2%
0.75

SAVINGS(POWER BILL

0.028

N PEAK

26527

26527

318329 9830240

0.50
0.50

0.055%

DIFFERENCE
KiH KW PEAK

0
11535
7299
11535
3649
34058

3852

0
79
2077
9376

189043 Jgs2
46220

0.75 1.
0.295
UNITS)

0.083 a1

78



PER10D TINE
WEEKDAY

MORNING 12:00AN - &:00AM
A PEAK  4:008M - 9:00AM
NIDDAY  9:00AN - 3:00PH
PH PEAK  3:00PN - §:00PN
EVENING 5100P% - L2:00AN

10TAL

5AT & SIN

HORNINE 12:00”N - 5:00AM
DAY b100AN - 41 00PN
EVENING 6:00PN - 12:00A0

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

318
99.
418

79
72.
152.

TABLE 1-68A
COASTING(S WPH BAND) (NIN RUN TINE + .5 MIN) (CAM-CONTROL)

ENERGY AMALYSIS

TURNARDUND
RUNNING TRAINS & 5T0RAGE TOTAL
HOURS CA/HR  KNMPCN cN IiH KN PEAK K KH KuH [ {
) NS 3040 18340 19350
3 2877.00 4.92 08531.00 9727 19909 477 1431 b1158
b 940.13 4.40 57460.90 JA022 2200 13201 91223
3 2877.00 6.92 8431.00 59727 an L4 41158
6 480,08 4.5% 2680.43 18982 2630 15781 34763
24 .81 25903 174457 144 208301
[ NS 3040 18340 18360
12 480.08 4,59 5760.%0 7964 2630 31561 69528
6 200.70 4.92 1438.20 9352 2843 17070 27023
24 b.46 7199.10 1917 48432 92548
6.80 143915 978119 19909 294482 1234401
4.80 7483377 30862192 238%04 13337064 6419923
TABLE 1-68B
COASTING(S MPH BAND)(MIN RUN TIME +
POWER BILL ANALYSIS
0.00 0.25 0.50 0.75 1.00 DEMAND 0.00
1.00 0.75 0.50 0.25 0.00 ENERGY 1.00
L RATE(POWER BILL UNITS) SAVINGS
0.00000 ©.00060 0.00120 0.00179 0.00239
.33 73.70
90 0.00
.23 73.70 0. 000
0.00654 0.00491 0.00327 0.00164 0.00000
.B7 15.67
93 0.00
80 15.67 0.103
FRACTION 0.103
PERCENT 10.3

NDRMAL TOTAL

W PEAK  KWH

18340

20386 79582
63075

79382

40640

262899

18360
BL3LY
29400
1107t9

20386 1333934
204430 79848372

.5 MIN){GCAM-CONTROL)

0.25
0.75

SAVINGS(POWER BILL UNITS)

0.044

0.077
0.121
12.14

KN PEAK

26527

26327

HFFERENCE

0
18423
11851
18425

5897
34598

0
11794
rary
mn

301333

318329 15089316

0.50
0.50

0.088

0.051
0.139
13.9

0.75
0.25

0.132

0.026
0.158
15.8

KW PEAK

6142

4142
13699

1.00
0.00
0.176

0.060
0.176
17.6

og



PER1OD TInE
NEEKDAY
MORNING 121 004N - b:00AN
AN PEAK  6:00AM - 9:00AN
NIDDAY  9:004M - 3: 00PN
PH PEAK  J:00PN - 6:00PH
EVENING  6:00PH - 12:00AM
TOTAL
5AT & SUN

HORNING 12:00AM - b:00AN
DAY 4:004N - 6: 00PN
EVENINE 6:00PR - 12:00AN

TOTAL

WEEKLY
ANNUAL

PORTION QF
POWER BILL ==>

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

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

DEMAND
ENERGY
NORMA

318,
99.
418.

79.
T2.
192.

TABLE 1-56%A
COABTING(5 MPH BAND) {NIN RUM TIME ¢ .75 MIN} (CAN-CONTROL}
ENERGY ANALYSIS

TURNAROUND

RUNNING TRAINS t STORABE

HOURS  CN/HR  KWHPCH (K KNH KW PEX XN Kibi
6 M5 3060 18340
I 2074.30 6.37 Bs22.%0 %28 (B9 12 1296
b 738.8% 6.34 I751.%0  JeM7 2185 1311
I 2874.30 6.37 B622.%0  A%28 42 1294
6 .1 6,32 2875.%% 18176 223 1913
N 8.36 Z0ETA LAWY 31439
& NS 3060 18360
12 419.33 6.32 §751.%0 34352 2623 31471
6 239.85 6.4 1439.10 9325 2842 17031
i) 6,35 7191.00 45477 48522
b.36 143730 913649 18309 234237
6.36 7475013 47520134 219711 13220345

TABLE 1-69B
COASTING(S 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 Q.00
80 19.13
FRACTION

PERCENT

TOTAL NDRMAL TOTAL
KNH KM PEAK  KMH KN PEAK
18340 18340
58224 16741 79582 26527
49378 43073
54224 19362
33912 40640
195738 262879
18340 18340
67823 21319
2374 29400
4199 110719

1168086 18741 1333934 26527

80740479  224BY3 79868372

.75 MIN){CAM-CONTROL)

0.
1

00
0Q

0.125%
0.125
12.5

0.25
0.75

SAVINGS(POWER BILL

0.056

0.094
0.150
15.0

DIFFERENCE
KNiH KN PEX

0
23339 7784
13496
FARs 1
6748
bb7b1

0
1349
3024
18320

367848 7786

318329 19128093 93434

0.50
0.50C

0.112

0.063
0.174
t7.4

0.75 1.00
0.25 0.00
UNITS)

0.168 0.223

0.031 0. 000
0.199 0.223
19.9 22.3
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TABLE 1-704
COASTING (S WPH DAND) (MIN RUN TIME + 1 NIN) (CAN-CONTROL)

ENEREY ANALYS1S
TURNAROUND
RUNNING TRAINS & STORAGE TOTAR NORMAL TOTAL DIFFERENCE
PERIOD TIHE HOURS CH/HR  KWHPCH CH (L] KW PEAK [ {] KiH KNH KN PEAK KWK KN PEAK KR KW PEAK
WEEKDAY
KORNING 12:00AN - &£:00AN 6 NS 3040 18340 18340 18360 0
AM PEAX  51004K - T:00AM I 207430 5.33 8622.90 34383 18194 387 iél S5TM 18581 79382 26527 23838 T4
KIDDAY  9:00AM - 3:00PN b 99085 4,36 5733.50 36408 211 13025 49430 63075 13445
PN PEAX  :00PM - &:00PN J 2874, 30 6,33 B622.9%0 5438} 87 1161 55744 79382 23818
EVENING &100PW - 12:00AN b 479,53 &.34 2872.7% 18245 2613 19492 hA LAY 40640 4722
TOTAL rl) 51 25879 164016 31039 199035 2626899 47844
SAT & SUN
NORNING 12:00AN - b:00AM b N 3060 18360 18340 18340 0
DAY &:00AM - b10OPH 12 479,463 4,34 5755.%0 8490 261% 31383 67873 813e 13443
EVENING 6100PH ~ 12100AN 4 239.43 b.48 1437.73 9317 2838 17030 26344 29400 J054
TOTAL r} 8,37 M191.25 43806 48415 24221 110719 18498
WEEKLY 6,34 143782 911692 18194 252023 1143717 18581 133534 w521 I 1944
ANNUAL 6.34 74756451 47407991 218332 13105310 40513301 222974 19068372 318329 19155271 95334
TABLE 1-708
COASTING(S MPH BAND)(MIN RUN TIME + 1 MIN){CAM-CONTROL)
POWER BILL ANALYSIS
PORTION OF DEMAND 0.00 0.25 0.50 0.75 1.00 D ‘
POWER BILL ==> esg:axL 1.00 Rgizs 0.50 0.25 0.00 55?323 ?.gg 323? gjgg 3]33 é:gg
DEMAND COMPONENT 0. 60000 O.OOOGAPDgfgoﬁééL g?é;?;g 0. 00238 SAVINGS SAVINGS(POWER 8ILL UNITS)
TRACTION{MW) 318.33 95.35 '
SUPPORT (MW ) 99.90 0.00
TOTAL(MW) 418.23 95.35  0.000 0.057  O.114  0.17T1  ©.228
ENERGY COMPONENT _ ) ‘
NERGY ComPONEN 1g.g, ©-00854 0.00431 0.00327 ©.00164 0.00000 e
SUPPORT (MKWH) 72.93 0.00
TOTAL (MKWH) 152.80 19.36  0.127  0.095 0.063 0.032  0.000
FRACTION  0.127  0.152  0.177  0.203  ©. 228

PERCENT 12.7 15.2 17.7 20.3 22.8



PERIOD TIN
WEEKDAY
NORNING 12:008M - &:100AM
AN PEAK  &:00AM ~ 9:00AN
MIDDAY  9:00AN - 3:00PM
PN PEAK  J:00PH - &100PR
EVENINE &100PN - £2:00AM
TOTAL
SAT & SUN
RORNING 12:00AN - &:00AK
DAY 8:00AM - 4:100PN
EVENING  6300PN - 12:00AN
TOTAL
WEEKLY
ANNUAL
PORTION OF DEMAND
POWER BILL =a> ENERGY
NORMA
DEMAND COMPONENT
TRACTION(MW) 318.
SUPPORT(MW) 99 .
TOTAL{MW) 418,
ENERGY COMPONENT
TRACTION(MKWH) 79.
SUPPORT (MKWH ) 72.
TOTAL{MKWH) 152.

TABLE 1-71

COASTING(S MPH BAND) (NIM RUN TIME + 1.25 MIN}(CAM-COMTROL)

ENERGY ANALYSIS

TURNAROUND
RUNNINE TRAING k STORABE TOTAL NORMAL TOTAL DIFFERENCE
HOURS  CM/HR  KWHPCA cn KNH KW PEAK XN KiM KNH KW PEAK  KNH XN PEAK  XNH KN PEAK
&6 NS 3060 18340 18340 18340 0
3 2877.00 4.07 B&31.00  523%0 174463 LU} | 1023 53413 17804 79582 28527 28189 8723
6 958.9% 5.85 3733.70 33859 21546 12935 46394 43073 1448}
I 2877.00 4.07 B&31.00 52390 A )| 1023 33413 79582 26149
& %48 5.87 2876.65 14772 2408 13447  I244% 40650 8240
y{] 5.99  258%3 155212 J0A2% 185840 26289% 1705%
4 NS 3040 18340 18140 18340 0
t2 #79.48 5.83 5753.70 33544 260B 11295 44839 BLIIY 16481
6 2319.53 5.78 1437.30 8308 2834 17006 25314 29400 4086
2 5.82 7i91.00 41832 48301 90133 110719 20547
5.9 143843 B394l 17443 289746 1109507 17804 1333934 28527 428427 8723
3.96 7479927 44707548 209561 12986813 57494381 213454 79848372 318329 22U7A1%1 104474
TABLE 1-718
COASTING(S MPH BAND)(MIN RUN TIME + 1.25 MIN)(CAM-CDNTROL)
POWER BILL ANALYSIS
0.00 0.25 0.50 Q.75 1.00 DEMAND 0.00 0.25 0.50 0.75 1.00
1.00 0.75 0.50 0.25% 0.0C ENERGY 1.00 0.75 0.50 0.2% 0.00
L RATE(PDWER BILL UNITS) SAVINGS SAVINGS{POWER BILL UNITS)
0.00000 0.00060 0.00120 0.00179 0.00239
a3 104 .68
a0 0.00
23 104 .68 0.000 ©.063 0.125 0.188 0.250
0.00654 0.00491 0.00327 0.00164 0.00000
B7 22.17
93 0.00
B8O 2217 Q.145 0.109 0.073 0.036 0.000
FRACTION 0.145% 0.171 0.198 0.224 0.250
PERCENT 14.8 17.1 19.8 22.4 25.0

88
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TABLE 1-72
Monte Carlo Results for WMATA Red Line

Energy Consumption Time % Reduction % Increase In Schedule

KWH/Car Mile (min) In Energy Time
6.60 19.1 -- -
5.50 19.3 16.7 1.1
5.35 20.0 19.0 4.6
5.31 19.5 19.6 2.1
TABLE 1-73
Steepest Descent Results for WMATA Red Line
Energy Consumption Time %Reduction % Increase in
(KWH/Car Mile) {min) in Energy Schedule Time
6.60 19.1 -- ---
5.47 19.3 17.1 0.84
5.16 19.7 21.8 2.72

4.88 20.1 26.1 4.81



DEMAND
RATE

WMATA
PEPCO OC 11.70
PEPCO MD 9.85
PEPCO vA 7.85
VEPCO VA 0.00
TOTAL

MARTA
GPC 11.62

SERVICE TIME PERIOD
Weekday
Morning 12:00 am-6:00 am
Peak 6:00 am-9:00 am
Midday 9:00 am-3:00 pm
Peaak 3:00 pm-6:00 pm
Evening 6:00 pm~12:00 pm

Sat., Sun. & Hol.
Morning 12:00 am-6:00 am

Day 6:

8

am-6:00 pm

8

Evening 6: pm-12:00 am

Trains leave on the hour from both

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

MONTHLY ANNUAL ANNUAL ANNUAL ANNUAL ANNUAL
DEMAND ENERGY DEMAND ENERGY TOTAL TOTAL
ENERGY SAVINGS SAVINGS SAVINGS SAVINGS SAVINGS SAVINGS
RATE (kW) (MWH) (s) (s} (3) (%)
C.028 2300 8000 322920 224000 546920
0.024 670 2400 79194 57600 136794
0.022 150 600 14130 13200 27330
0.061 (o] 100 o) 6100 6100
3120 11100 416244 300900 717144 4.6 (1981 ¢}
0.0227 1113 4068 155138 92350 247488 6.0 (1985 %)
TABLE 1-75
Passenger Load Factor Improvement
Operating Timaetable Summary
ORIGINAL STRATEGIC
CARS/TRAIN HEADWAY PASS. LOAD CARS/TRAIN HEADWAY PASS. LOAD
(MIN) FACTOR (%) FACTOR (%)
NO SERVICE NO SERVICE
6 2 50 4 75
4 4 25 4 25
6 2 50 4 75
4 8 25 2 37.5
NO SERVICE
4 8 25 4 25
2 a 25 2 25

terminals.

06



PERIDE TINE
NEEXKDAY

MORNING 12100AM - 4300AM

AN PEAX  &300AN - R O0AN

NIDDAY  9:00AN - 3:00PN

PH PEAK  J3:00PN - 6100PN

EVENING 6:00PN -~ 12100AK
TOTAL

SAT & SUN
MORNING 12:00AM - &:00AM
DAY 4200AM - 5: 00PN

EVENING 6:00PH - 12:00AN
TOTAL

WEEXLY

ANNUAL

PORTION OF DEMAND

POWER BILL ==> ENERGY

NORMAL

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

TABLE 1-75A
PASSENGER LOAD FACTOR IMPROVEMENT
ENERGY ANALYSIS

TURNARDUND

RUNNING TRAINS & STORASE

HOURS  CM/HR  KWHPCM  CM KNH KW PERK k¥ KM
6 N Joa0 18340
3 1917.30 548 973,80 31520 10507 NI 1686
b ¥99.25  5.4% 375,50 31598 234 13405
3 19730 5.48 3731.%0 31520 3 lebb
6 239.83 5.5 1439.10  BO3O 2047 15882
A 3.47 18498 102049 32619
6 M 3060 18360
12 239,85  5.58 2078.20 14040 247 31763
6 239.63 5.7 1437.75  BooB 2833 18
A 5.50 4315.93 24049 48883
3.30 102124 561481 10507 260859
5.50 3310443 29194998 120082 13544652

TABLE 1-768B
PASSENGER LOAD FACTOR IMPROVEMENT
POWER BILL ANALYSIS

0.00 0.25 0.50 0.75 1.00 DEMAND

1.00 0.75 0.50 0.25 ©.00 ENERGY
RATE(POWER BILL UNITS) SAVINGS

0.00000 0.00084 0.00163 0.00253 0.00338
63.33
0.00
63.33
0.00781 0.00586 0.00391 0.00195 0.00000

12.34
0.00
12.34
FRACTION

PERCENT

ToTAL
H K

18340
33186
43002
33186
2912
133287

183460
47825
25124
72851

g2233¢
427614650

NDRNAL TOTAL

WPEAK KN

18340
11062 49019
43002
49019
J2488
173729

18360
63377
K130
Y0307

11062 1059457
132743 35102175

.25
Q.75

SAVINGS{POWER BILL UNITS)

0.053

0.072
0.126
12.6

K PEAK

16340

16340

DIFFERENCE

KiH

0
15833
0
13833
877
10441

0
17552
4
17555

237318

194076 12340324

Q.50
0.50

Q. 107

0.048
0.155
15.5

0.75
0.25

0. 160

0.024
0. 185
18.5

Ku PEAK

3278

3278
63331

1.00
0.00

0.214

Q.000
O.214
21.4

16
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WMATA
PEPCQO DC
PEPCO MD
PEPCO VA
VEPCO VA
TOTAL

MARTA
GPC

DEMAND
RATE

11.70
9.85
7.85
Q.00

11.62

ENERGY

RATE

0.028
0.024
0.022
0.061

0.0227

TABLE 1-77
Energy Cost Effect of Passenger Load Factor Improvement
on WMATA and MARTA

MONTHLY ANNUAL ANNUAL
DEMAND ENERGY DEMAND

SAVINGS SAVINGS SAVINGS
(Xw) (MwH) ()

0 18500 0

0 2800 0

0 2500 0

o 2100 0

] 25900 0

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

PERIGD

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

:45AM-9:

1 15AM-3:
:45AM-6:

:4S5PM-6:
rISPM-1:
c45AM-1:
1 15AM-1:

:45AM-9
:15AM-3;
;45AM-6
:45PM-6
:1S5PM-1;
4S5AM-1:
; 19AM-1;

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

NAT
RECEP

FULL NO

RECEP REGEN

%
RECEP

NORTH - SOUTH LINE ALL QPERATION (1983 & 1984)

15AM
45PM
45AM
1SPM
iSAM
15AM
1SAM

EAST

15AM
45PM

:45AM

15PM
15AM
15AM
15AM

EAST

1SAM
45PM
45AM
15PM
1SAM
15AM
15AM

.81
.82

3 N

.84
.04
.89
.80

S Wes

- WEST LINE 1984

4.22
4.12

4.22
4.5%
4.31
4.90

- WEST LINE 1983

4.66
4.44

4.70
4.55%
4.31
4.90

3.40 7.06
3.31 6§.87
3.27 7.15
3.41% 5.36
3.38 5.3%
3.18 $.34
OPERATION

3.22 6.51
3.18 6.42
3.21 6.54
3.45 6.46
3.11 6.45
3.13 6.45
OPERATION

3.1 6.43
3.18 6.40
3.13 6.51
3.45 8.4%5
3.11 6.4%
3.13 G.45

61
63

60
58
71
34

70
71

70
63
64
47

54
61

54
63
64

ANNUAL
TOTAL
SAVINGS
(%)

4.9



TABLE 1-79

ENERGY COST VARIATION RESULTING FROM OFFSET VARIATION AT MARTA

LINE AND OPERATING PERIOD

NORTH-SOUTH AM
NORTH-SOUTH EVENING

EAST-WEST AM

EAST-WEST EVENING
TOTAL SAVINGS/MONTH ENERGY USE

NORTH-SOUTH AM PEAK
EAST-WEST AM PEAK
TOTAL VARIATION/MONTH DEMAND

TOTAL MONTHLY VARIATION

TOTAL ANNUAL

ANNUAL POWER

VARIATION AS

= JNCLUDES
«++ INCLUCES

KWHPCM»
VARTIATION

ENERGY USE COST RANGE

Q.27
0.42
0.13
0.40

POWER DEMAND COST RANGE

0.27
0.13

PERCENT OF POWER BILL

AM PEAK, PM PEAK AND MIDDAY PERIODS
EVENING. SATURDAY AND SUNDAY PERIOQDS
+ COST PER MONTH
ENERGY USE SAVINGS = KWHPCM » CAR-MILES/MONTH =
POWER DEMAND SAVINGS = KWHPCM ¢ CAR-MILES/HOUR =

CAR-MILES
PER MONTH

264326 *+

111273 »=»
234580 =+

75652 ===

CAR-MI/HR

1057
938

.0227

11.62

COST+
PER MONTH

1620
1061
692
€87
4060

33
1423
4754
as14
105768
4140000
2.6

93
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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
I E— o
NUMBER OF UNDERGROUND STATIONS
Side Platform 6 0 Z 5
Center Platform 14 0 0 1
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 VEPCO
DC MD VA

Normal Escalator Power (Peak Operation) (KW) 540 40 130 120
Escalator Power Reduction (Non-Peak Operation) {(KW) 185 0 28 54
Annual Energy Savings
MWH 750 0 100 200
Percent of Support Energy 1 1 1

*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 PDWER ITEM

VENTILATION
ventilation
Exhaust Fans
Air Handler
Mid Turnel Exhaust

HEATING
Hot water Heaters
Space Heating

LIGHTING
Interior Lighting
Emergency Lighting
Parking Lot Lighting

ESCALATORS AND ELEVATORS
Escalators
Elgvators

AIR CONDITIONING
Air Conditioning
Chillers

TRAIN CONTROL & COMMUNICATIONS
Train Control
Cammunications

FARE COLLECTION

MISCELLANEDUS
Miscellaneous Mechanica?l
Miscellaneous Electrical
Air Compressor
HVAC
Station Power
Isclated T/C Room

TOTAL SUPPORT POWER

INSTALLED
KW

3160
1037
507
416
1200

128
128
o)

2538
1753
332
453

3400
2128
1272

6146
275
5871

1641
1635
[

337

2077
742
28

101

1077
49

19427



SYSTEM LAYOUT
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1.3¢—— LOCATION

L6



Tractive Effort (Ib/car)

TRACTION CURVES

CHOPPER CONTROL

20000

10000 -
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-10000 -~ FLD=40

@& Braking
-20000 Y T T T
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Efficiency

PROPULSION EFFICIENCY

POWER MODE

0.9
7”"”' —
0.8 - //
0.7 —
0.6 -
0.5 A
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- 80
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FIGURE 1-13
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Efficiency
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POWER DISTRIBUTION NODAL DIAGRAM

MODE NAM
l———OD AME

0.278 o 201 o 201
PER UNIT RESISTANCE
L1 ] ] 1 ] | i | | 1 1 | I | } | | W
0 1 2 3 4 5] 6 7 8
MILEPOST

FIGURE 1-5
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Speed (mph)

SPEED PROFILE

EASTBOUND NORMAL
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_ .
N
| ﬂ
40 T’_TT_T-
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|
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FIGURE 1-6
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Power (watts)
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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.

¢ Annual report of the utility.

o Ltility tariffs appli'cable to governmental or other targe customers.
e Utility’s franchised service territory and its characteristics.

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

e Utility's generation mix and fuel cost characteristics.

¢ Peaking characteristics of the utility.

¢ Public Service Commission’s (PSC} compeosition.

e Status of any pending rate proceedings of the utility.

¢ PSC’'s decisions in most recent rate proceedings of the utility.

o Transit system’s power hills for two years covering the latest 12 months.

¢ Transit system’s operating characteristics and its power requirements.

® Role of mass transit in dtility’'s service territory.

® The transit 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 inctude the necessity to establish a rate
structure that assigns class revenue responsibility in accordance with the cost

causation associated with each of the identifiab_le 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
variabifity 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 cof 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 the costs incurred by an electric utility are incurred to provide electric
service 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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Some other costs are incurred 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 distribution
lines at voltage level(s} below the voltage at which generally traction power is

provided to a transit system.

For costs incurred to provide a service used by two or more different classes
of customers, it is necessary, in accordance with the basic principle of cost
allocation, to determine an appropriate distribution of these costs among the classes
of customers which 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. Functionalization is
simply the identification of the different types of costs which a utility incurs.
Classification is the determination of the types of service for which each kind of

cost is incurred.

Classification relates each type of functionalized accounting cost to the
different types of service which the utility provides. The primary types of service

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.

2. ENERGY. The utility must generate and deliver 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 year.

Costs which are incurred to meet the coincident peak demand of the system or
the localized or class maximum demands (non-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 phase, 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. It is not uncommen for a utility to undertake class cost-of-
service analysis using more than one cost allocaticn 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. RATE 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 controllable 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 lcad
management program} and wise negotiations with knowledge of the external ones that

optimum rate structures are secured.

16l
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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 surveyed

during the past few years:

e BART - San Fransiscc Bay Area Rapid Transit District

e CTA - Chicago Transit Authority

e GCRTA - Greater Cleveland Regional Transit Authority

e MARTA - Metropolitan Atlanta Rapid Transit Authority

® MBTA - Massachusetts Bay Transportation Authority {(BOSTON)

o MDCTA - Miami Dade County Rapid Transit Authority

e NYCTA - New York City Transit Authority

¢ PATCO - Port Authority Transit Corporation {Philadelphia-Lindenwold N.J)
e PATH - Port Authority Trans Hudson {New York City - NJ)

e SEPTA - Southeastern Pennsylvania Transportation Authority(Philadelphia}

s WMATA - Washington Metropolitan Area Transit Authority

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

power. A summary of this survey is now presented.

2.4.1. Serving Electric_Utilities_and Jurisdictions

Tabte 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 regulated under more

than one jurisdiction.

WMATA is particuiarty complicated since it is served by two utilities, one of
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which; nameiy, the Potomac Electric Power Company (PEPCOQ) 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 principal 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 Railroad Passenger
Corporation (AMTRAK). Power to operate these trains is purchased from AMTRAK
who in turn buys the power from PECQ. In addition, SEPTA sells power 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 utility supplying power. Most of these contracts provide for the firm supply
of power requirements of the transit system for a fixed period of time (the term
varies from month to month to thirty vyears), thereby assuring an adequate and
reliable source of power. In addition, these contracts provide for the basis of a
special facilities 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 regulatory agencies which

1Virginia Power Company is negotiating to acquire PEPCQO'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 unique
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 appropriate for the
utility te meter demand coincidentally. The volitage fiuctuations among these parallel
feeds, some of which may be caused by loads from other utility customers, can
cause power flows which do not reflect the true demand caused by the rail system.

An example 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 nonccincident 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 cccur locally rather than globally 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
nonceincident demand is illustrated in Table 2-5 for the WMATA Red Line operation.
The numbers in the 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%, wvoltage
variations, not caused by the transit system itself, 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 de_mand combined with the ratchet which determines the
demand portion of the electric bill, it is appropriate to discuss typical monthly
demands and ratchets which are common to transit. Of the authorities surveyed, two
utilities computed a monthly demand which was different from the maximum demand
achieved in the month. The Public Service Electric and Gas Company in its service
to PATCO and PATH, averages more than one daily maximum demand to obtain the
monthly demand. Commonwealth Edison Company, in its service to CTA, averages

several of the highest demands to obtain monthly demand.

Billing demand, in most cases is ratcheted. The ratchets are summarized in
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Tahle 2-6 . It is difficult 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 tc reduce peak demand, will look less

effective in the presence of a ratcheted demand. |In particular, MARTA has a ratchet
in which 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 Enerqy 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 charge
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 of
the demand cost through the energy charge. A pure energy charge based on energy
cost 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 Regulatory Policies Act of 1978 {PURPA) mandated that state
utility regulatory commissions evaluate and consider implementation of seasonal and
time of use rates for electric customers to promote conservation, equity and
efficiency. The cost of producing electricity varies by season and time of day'
based on the load peaking characteristics cof the utility which in turn depends on the
peaking characteristics of the customer it serves. Principles that rates reflect the
cost of providing service by season and time of use are likely to provide the
customer with the correct price signal and the resuit 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.



167

Most transit systems whe have dirannual load do not have peak lcads that coincide
with 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
daiily 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.

2.4.6. 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 included in the table.

2.5. REGULATORY CONSIDERATIONS AND RATE MAKING STANDARDS

A modern electric utility must provide the functions of production,
transportation and delivery of electricity tc a large number of custemers. In pricing
electric service, the utility is guided by regulatory principles of reasonable, 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.
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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. Seasona! Time of Use of Power, (Summer/Winter).

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

6. Voltage level at delivery point.

7. Reliability of the Service Required {Firm or Interruptable).

B. Full or partiai 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 significantly different costs on
the utility’s system for production, transmission (transportation) and 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, pius a reasonable rate of return. Since the ideal approach of developing
rates for each customer is impractical, it is a general practice to group customers
with similar characteristics into classes and then determine the cost of service for

the properly grouped classes.
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2.6.2. 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 bhaving 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 generaily accepted standard for
establishing rates for customer classes, practicability and non-cost considerations
may alsc play a role, Rate schedules are statements of differential prices over a
wide range of requirements of existing and prospective users of electric serVice. A

comprehensive list of rate design considerations are:

1. Contribution of the class to the peak demand of the utility.
2. Diversity of the peak load of the customer classes. -

3. Historical development of rate patterns.

4. Economic efficiency.

5. Long term incremental cost.

6. Relative rate of return.

7. Relative contribution to system revenue.

8. Stability of and ability to meet annual revenue requirements,

9. Social goals of the region which the utility serves (employment,
humanitarian acts, etc.).

10. Conservation of scarce resources.

11. Equity or fairness among customers.
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12. Utility growth considerations.

13. Administrative ease.

2.5.3. Cost of Service Study Methodoclogy

Coincidental Peak: The Coincidental Peak Method or Peak Responsibility Method

allocates peak demand-related costs in accordance with each classes’ coincident
demand at the time of the system peak. By using each classes’ demands calculated
from actual metered demands (adjusted for line losses), load research statistics, and
biling data, the proportion of the system peak load of each customer class is
developed. The capacity costs are then atlocated to each rate class on the basis of
these derived percentages. The single peak version of this method utilizes each
customer classes’ contribution to the annual peak as the cost defining characteristic.

Off-peak users are assessed on demand costs.

One drawback of the Coincidental Peak Method is that diversity benefits are
inequitably distributed among the classes. Although the overall system peak is an
important cost consideration to the system, there are also savings to be had from
diversity. In large electric systems, the times of the class peaks do not necessarily
coincide with each other or the system peak, and this is beneficial to the utility.
Another weakness of the Coincident Peak Method is that, even though all users on an
electrical! system can use the service any time, off-peak users are allocated zero
demand costs, An additional limitation of this method is that it does not consider
that off-peak demand may conflict with necessary maintenance, resulting in additional

capacity to permit maintenance scheduling.

Another drawback of this method is the effect that the change in time of peak
may have on the cost responsibility. If the load pattern at the time of system peak
is typical, then the shift of load changes the allocation of costs among the classes
completely. Therefore, the Peak Responsibility Cost Allocation Method may not meet

the criterion of equity.
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Multiple Peak Responsibility Method: Several forms of peak responsibility

demand allocation have been developed that allocate demand on the basis of multiple
peaks to recognize customer diversity. One approach is to use various weighted and
unweighted constibutions to the monthly maximum coincident demand. This demand
allocation method apportions more expenses to consistently high use customers,

rather than to those who only peak with the system.

An advantage of the Multiple Peak Responsibility Method is that it overcomes
the instability of the single coincident peak approach. The Multiple Peak
Responsibility Method can be calculated by constructing a normal distribution of peak
demands and by giving each possible demand a probability of occurrence. Then, the
weighted average of the probable demand is developed. However, this reguires all
customer classes to be monitored for a long period to determine what the class
peaks are, and what their relationships are to the system peaks. The unavailability
of this type of load-research data may be a problem for some utilities. However, it
has been suggested that in the absence of such data, a company could use the mean
contributions to the system peak demand over several system peak demand days as

the basis for assignment.

Non-Coincident Peak Demand Allocatiomn: The Non-Coincident Peak Method

(NCP), also called the Sum of the Peak Method, is based on assigning demands to
each customer class on the basis of the class’ maximum demand, rather than their
contribution to the system peak. The various class peazks are summed, regardiess of
when they occurred, and each class is ailocated capacity costs by the ratio of the

class peak to the sum of the class peaks.

One problem of the Non-Coincident Method is that the method disregards the
economics of electric supply. A production plant system is designed to meet the

maximum system coincident and not the non-ceincident peak.
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Another problem of the NCP Method is that is does not recognize load
diversity. Since the Non-Coincident Method apportions demand costs on the basis of
the proportion of the class peaks without regard to coincident peaks, the method
dees not recognize diversity for low and high factor customers. However,
operational economics analyst Constantine Bary has postulated that this demand
allocation method may meet the requirements of the Second Law of Load Diversity,
referred to as the Bary Curve. The Bary Curve is a family of curves which express
the relationship between load factor and coincidence factor. Coincidence factor
reflects diversity, since it is the reciprocal of the diversity factor. - This relationship
between a customer’'s load factor, within a class, and their coincidence with the
system peak. The Bary Curve indicates that the diversity factor is unchanging over a
wide range of load factors from 30 to 70 percent. Magnitudes of class load factors
usually fall within this range, that is, where the diversity factor is unchanged;

therefore, the Coincident Peak Method does indirectly recognize diversity.

Average and Excess Demand Methodolegy: So far, this discussion of

production demand allocation methodologies has been limited to cost allocation
methodologies that only consider demand. The Average and Excess Demand Method
bases capacity altccations on both demand and energy consumption. Two kinds of
demand measurements are used to allocate demand in this method. A distinction is
made between the cost of facilities to serve the average locad and the cost of
facilities to serve the excess load. The fraction of capacify equal to the system
load factor is then allocated on the basis of the average demands. The excess
demand is then allocated on the basis of the difference of the maximum class

demands and their average demands.

The Average and Excess Demand Method considers the importance of the
customer class load factor. Accordingly, the use of the Average and Excess Method
results in a situation where system facilities are allocated in proportion to their

relative uses. In addition, the opportunity for diversity is recognized as a linear
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relationship which decreases with increasing load factor. The effect is to assign less
of the diversity benefits to high load factor customers, and more to the low load
factor customers. As the system load factor increases under the Average and
Excess Demand Method, the low load factor customer pays proportionately less than
under the Non-Coincident Peak Method. Using the Average and Excess Method, a
customer operating at a 100 percent load factor receives no diversity benefits, while
a customer operating at the system load factor receives benefits equal to those
assigned to the group under the NCP Method. Like the Non-Coincident Peak Method,
the Average and Excess Method produces some degree of stabitity, since a small
shift in system load patterns does not change the relationships. Proponents of the
Average and Excess Method also argue that the method recognizes the differences in
the types of production plants and that no customers are given a free ride for off-

peak consumption.

One problem with the Average and Excess Method is that the capital costs of
the mix of base lcad, intermediate, and peaking units are not accurately assigned.
Like the Non-Ccincident Peak Method, the Average and Excess Method does not
consider the time element of the system lcad. Another problem of the Average and
Excess Method is the use of the non-coincident peak to assign the excess portion of
capacity costs, However, this problem can be alleviated by the use of the

coincidental peak.

Average and Excess, Using Coincident Peaks: Like the traditional average and

excess methodology, the.system average load is allocated on the basis of the
average demands of the classes. However, in this methodclogy, the system excess
is allocated on the basis of the class excess, defined as the difference between the
class average demand and the ciass contribution to the system peak {as opposed to
the class non-coincident peak, as used in the traditional average and excess
allocation). The off-peak classes have no excess demands, while the on-peak

customers share in the reduction of excess demand resulting from the average
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demand allocation assigned to off-peak classes. The method avoids the problem of
the traditional form of average and excess allocation which places an
overproportionate burden on the off-peak user. In addition, the average and excess
allocation using coincidental peaks “fits” the system’s seasonal peak, as well as
aliocating to all customers some portion of the demand-related costs (since they all

use the energy output of these facilities at some time).

2.6. CASE STUDY RESULTS
The principles which have just been discussed have recentiy been applied to
various rail transit systems in their negotiations and interventions, pursuant to rate

cases. Each of these cases are summarized in the foliowing material.

2.6.1. Washington Metropolitan Area Transit Authority (WMATA!}

In 1876, when Metro rail service began, electric service for D.C. operations
was billed by the Potomac Electric Power Company (PEPCO) under
Commercial/industrial {C&S) Tariff. Pursuant to a negotiated agreement, PEPCO has
developed and implemented a Separate Rapid Transit (RT) tariff for WMATA, based
on an actual cost of service study and load data. A similar procedure was followed
for WMATA’s Metrorail operations in Maryland. By intervention in PEPCQO’'s rate
cases before D.C. and Maryland Public Service Commissions, WMATA has been
successful in modifying the initial perpetual! demand ratchet to a two (2) month
billing demand ratchet, WMATA's active participation in PEPCQ’s rate proceedings
has alsc resulted in less than the average authorized rate increases for Metro. In
PEPCO’s Virginia Service territory, Metro’s negotiated separate RT rate has resulted in
virtually no rate increase to Metro in the last two vyears. WMATA is currently
negotiating with the Virginia Power Company for an appropriate rate based on cost

of providing service,

Because of WMATA's opposition to time of use rate for Metro in the most
recently concluded proceedings, the D.C. Public Service Commission has rejected

PEPCO’s proposal to charge Metro based on the time of use pricing structure,
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WMATA is agressively pursuing load management and energy conservation
strategies, e.g. acquisition of chopper controi railcars, coasting, top speed reduction,
monthly load and bill monitoring, and careful scheduling to supplement its rate

intervention workm.

2.6.2. Chicago Transit Authority (CTA)

Pursuant to a negotiated contract, CTA is served under a contract rate. Through
active participation in Commonwealth Edison’'s rate proceedings, the CTA has been
successful in the elimination of the ratcheted billing demand provision, reducing the
point of supply charge, and convincing the Illinois Commerce Commission to
authorize a less than average rate increase for the CTA, and direct implementation of

seasonal differential in the energy component of the tariff,

2.6.3. SOUTHEASTERN PENNSYLVANIA TRANSPORTATION AUTHORITY (SEPTA/AMTRAK)

SEPTA has been trying to establish a separate rate based on cost of providing
service to the railroads. In the three rate cases of Philadelphia Electric Company
(PECO), the Pennsylvania Public Utility Commission rejected SEPTA’s position. In the
last base rate proceedings of PECO, the Commission directed PECO to develop a
cost of service study and a separate rate for the railroads. In the rate proceeding of
PECO, currently pending befcre the Pennsylvania Public Utilities Commission, PECO
has proposed separate rates for SEPTA and AMTRAK based on the results of the
Commission-directed cost of service study. In view of the lower cost of providing
service to SEPTA and AMTRAK than PECO’s industrial customers, PECO is now

seeking less than an average rate increase for SEPTA and AMTRAK.

2.6.4. Metro - Dade County Miami

Pursuant to a negotiated agreement, Florida Power and Light Company (FPL} has
developed and implemented a separate tariff for electric service to Metro. In
approving one separate rate classification of Metro, the Florida Public Service

Commission specifically relied upon one unique lcad, customer and cost causation
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characteristic of electric service to rapid rail transit systems. The tariff contains
separately stated demand, energy, and customer charges. It has no biiling demand
ratchet provision. The ability of this tariff to accurately track demand and energy

cost causation is likely to become an issue in the next rate proceedings of FPL.
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TABLE 2-1

Serving Electric Utilities and Regulatory Jurisdictions

TRANSIT ELECTRIC UTILITY JURISDICTION
SYSTEM
BART Pacific Gas and Electric Company California Public

Utility Commission
CTA Commonwealth Edison Company Illinois Commerce Commission

GRCTA Cleveland Electric Illuminating Company Ohio Public Utilities
Commission

MARTA Gecrgia Power Company Georgia Power Service
Commission

MBTA BHoston Edison Company(77%) Massachusetts

Department of Public
Utilities

Massachusetts Electric Company{l19s) Massachusetts
Department of Public
Utilities

Braintree Light Department (3%) Massachusetts
Department of Public
Utilities

Cambridge Electric Light Company{(ls} Massachusetts
Department of Public
Utilities

MIAMI Florida Power and Light Company Florida Public
Utilities Commission

NYCTA Power Authority State of New York New York Public
Service Commission
Federal Energy
Regulatory Commission
Power Authority State
of New York

Consclidated Edison Company* New York Public

Service Commission

PATCO Public Service Electric and Gas Company New Jersey Board of
(68%) Public Utilities

Atlantic City Electric Company (17%) New Jersey Bcard of
Public Utilities
SEPTA{15%) =~

PATH Public Service Electric and Gas Company New Jersey Board of
Public Utilities

SEPTA Philadelphia Electric Company Pennsylvania Public
Utilities Commission

WHATA Potomac Electric Power Company District of Columbia
Public Service Commission
Maryland Public
Service Commission
vVirginia State Agency

Virginia Electric Power Company Virginia State Agency

= For the purpose of transmission only
*x SEPTA resells power purchased from Philadelphia Electric Company
to PATCO in the city of Philadelphia.
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TABLE 2-2

GROUPING OF UTILITY RATE STRUCTURES FOR RAIL TRANSIT BY CLASSIFICATION

UTILITY/TRANSIT SYSTEM RATE STRUCTURE

Atlantic City Electric Co./PATCO

Boston Edison Co./MBTA

Braintree Light Dept./MBTA

Cambridge Etectric Light Co./MBTA
Clevaland Electric Illuminating Co./GRCTA
Commonwealth Edison Co./CTA

Cansolidated Edison Co./NYCTA

Florida Power and Light Co./MIAMI

Gaorgia Power Co./MARTA

Massachussats Electric Co./MBTA

Pacific Gas and Electric Co./BART
Phitadeiphia Elactric Co./SEPTA

Potomac Electric Power Co.(DC)/WMATA
Potomac Electric Power Co.(MD)/WMATA
Potomac Electric Power Co.(VA)/WMATA
Power Autherity State of New York/NYCTA
Public Service Electric and Gas Co¢./PATCO
Public Service Electric and Gas Co./PATH
Virginia Electric Power Co./WMATA

TABLE 2-3

Modifiad High Vo)tage
High Vcltage
Migh Voitage
High Voltage

Modi fied
Modified
Modified

Modified

Modified
Modified

Modified
Modif ied
Modif ted

CLASSIFICATION

Separate

Separate

High Vol tage

Separate

High Voltage
High Voltage

Separate

Ingustrial
Industrtal

Industrial

Industrial

Industriat

Industrial
Industrial

Separate{panding)

Separate
Separate
Separate

Government

DEMAND ASPECTS OF RAIL TRANSIT POWER RATE STRUCTURES

ELECTRIC UTILITY/RAIL TRANSIT SYSTEM

Atlantic City Electric Co./PATCD

Boston Edison Co./MBTA

Braintree Light Dept./MBTA

Cambridge £lectric Light Co./MBTA
Cleveland Electric I1luminating Co./GRCTA
Commonwealth Edison Co./CTA

Florida Power and Light Co./MIAMI

Georgia Power Co./MARTA

Massachussets Electric Co./MBTA

Pacific Gas and Electric Co./BART
Philadelphia Electric Co./SEPTA

Potomac Electric Power Co.{(DC)/WMATA
Potomac Electric Power Co.(MD)/WMATA
Potomac Electric Powar Co.(VA)/WMATA
Power Authority State of New York/NYCTA
Public Service Electric and Gas Co./PATCO
Public Service Electric and Gas Co./PATH
virginia Electric Power Co./WMATA

NOTES:

DEMAND
INTERVAL(min} CONSQLIDATION

(1) Average of 3 highest demands / month

Average of 4 highest da{ly maximum demands
Average of 2 highest daily maximum demands

DEMAND

coincdnt
nonco {ncont
nonco incdnt
nonco i ncdnt
noncaincdnt
coincdnt
coincdnt
coincdnt
noncoincdnt
nonco incdnt

coincdnt(6)

coincdnt
coincdnt
coincdnt
coincdnt
coincdnt
coincdnt
(4)

or 75% of highest daily demand, whichever is higher

No demand charge
In months Jun - Sept max/mo,

SEPTA DC transit demand {s coincident,

sarved through Wayne Junction has a separate demand

High Voltage Industrial
High Voltage Industrial
High Valtage Industrial

MONTHLY
DEMAND
max/mo
max/mo
max/mo
max/mo
max/mo

(1)
max/ma
max/mo{S)
max/mo
max/mo
max/mo
max/mo
max/mo
max/mo
max/mo

(2)

(3)

in months Dct - May &0%smax/mo
the AC commuter 1ines

DEMAND

RATCHET
yes
yes
vyes
yes
no
yes
no
yes
yes
yes
yes
yes
yes
yes
yes
no
no



TABLE 2-4

NONCOINCIDENT AND COINCIDENT PEAK POWER DEMAND
FOR TRACTION METERS ON THE WMATA RED LINE

METER NAME

FARRAGUT NORTH
GALLERY PLACE

UNION STATION

NEW YORK AVENUE
RHODE ISLAND AVENUE
BROOKLAND AVENUE

NEW HAMPSHIRE AVENUE
TAKOMA PARK

SILVER SPRING

TOTAL NCON-COINCIDENT

COINCIDENT

TABLE 2-5

METER NAME

FARRAGUT NORTH
GALLERY PLACE

UNICN STATION

NEW YORK AVENUE
RHODE ISLAND AVENUE
BROOKLAND AVENUE
NEW HAMPSHIRE AVENUE
TAKOMA PARK

SILVER SPRING

COINCIDENT

VALUE (KW)
2399
2441
1741
1831
2200
2961
2506
2252

3542

21873

16572

AVERAGE POWER (XW)

NORMAL
€48
232
259
644

1236
347
85
107
173

3731

9:15 - 9:45

8:15 - B:45

641
206
187
896
1126
328
81
106
173

3743

PEAK DEMAND

TIME OF

17

17

17:

16:

17

17

17:

17:

100
: Q0

30

45

: 45

1485

15

30

179

OCCURENCE

17

17:

18

17:

i8:

ig:

17

18:

INCREASED VOLTAGE

130

30

;00

t8
15

15

145

VOLTAGE VARIATION INFLUENCES ON POWER

% CHANGE

-11

-28

+39



TABLE 2-6

DESCRIPTION OF TYPICAL TRANSIT DEMAND RATCHETS

ELECTRIC UTILITY/RAIL TRANSIT SYSTEM
Attantic City Electric Co./PATCO

Boston Edison Co./MBTA

Braintreae Light Dept./MBTA

Cambridge Electric Light Co./MBTA
Cleveland Electric Il1luminating Co./GRCTA
Commonwealth Edison Co./CTA

Florida Powaer and Light Co./MIAMI]

Georgia Power Co./MARTA

Massachussets Electric Co./MBTA
Pacific Gas and Electric Co./BART
Philadelphia Electric Co./SEPTA

Potomac Electric Power Co.(DC)/WMATA
Potomac Electric Powar Co.{MD)/WMATA
Potomac Electric Power Co.(VA)/WMATA
Power Authority State of New York/NYCTA
Public Service Etectric and Gas Co./PATCO
Public Service Electric and Gas Co./PATH
Virgintia Electric Power Co./WMATA

DESCRIPTION OF RATCHET

75% of average monthly demand in past 12 months, or

75% of original contract capacity, or 1000 kW, whichever i3 greatest
2/3 of highest monthly demand in past 11 months ar S000 kW
80% of highaest montly demand or 75 kW

95% of highast monthly demand less 1000 kW
None
Highest monthly demand tn past 11 months
None

Seasonally differantiated for preceding 11 months

June - Sept:

95% of highest monthly demand in previous summer months, or
60% of highast monthly demand in previous winter months
Oct - May:

95% of highest monthiy demand in previous summer months, or
60% of highest monthly demand in previous winter manths
For all months no less than 50% of contract capacity, or
5000 kW, whichever is greater

80% of highest monthly demand in past 11 months

12 month rolling average of monthly demand

Saeasonally differentiated

Oct - May:

80% of highest monthly demand in previous June - Sept, or
40% of maximum demand specified in contract

Juna - Sept:

None

Highest monthly damand {n past two months
Highest monthly demand in past two months

Highest monthly demand in past two months

None

None

None

Nanea

08T

08T



TRANSIT AUTHORITY/UTILITY

AMTRAK

PHILADELPHIA ELECTRIC COMPANY

PENNSYLVANIA POWER AND
LIGHT COMPANY

BALTIMORE GAS AND ELECTRIC
COMPANY

BART

PACTFIC GAS € ELECTRIC OOMPANY
CTA/ICG

COMMONWEALTH EDISON COMPANY
MARTA

GEORGIA POWER COMPANY

PATCO

ATLANTIC CITY ELECTRIC COMPANY
RTA CLEVELAND

THE CLEVELAND ELECTRIC
TLLUMINATING COMPANY

SEPTA
PHILADELPHTA ELECTRIC POWER CO.
WMATA

POTOMAC ELECTRIC POWER COMPANY

VIRGINIA ELECTRIC POWER COMPANY
(EXCLUDING FACILITIES CHARGE)

TABLE 2-7

1983
MWH

388,910
24,643

79,015

232,301

352,318

84,697

5,275

35,115

246,918

270,144

65,000

1984
M#H

423,337
22,489

84,037
238,667
365,964

92,318

5,372

37,213
267,361

302,102

73,000

1983/1964/1985
ELECTRIC TRACTION ANNUAL POWER COSTS

1985
MWH

44h,874

20,707

89,562

243,592

395,940

130,574

5,340

40,149

273,583

358,776

85,000

Total Costs
1983 198y 1985
$ $ §
24,769,810 30,496,875 32,769,963
1,375,093 1,420,391 1,639,306
3,820,727 4,511,424 5,003,278
14,070,796 15,512,278 19,048,644
21,282,681 23,907,024 25,860,801
3,565,679 4,264,358 5,774,166
325,682 157,064 362,576
2,748,312 2,772,567 3,044,796
16,163,168 19,345,569 21,562,024
17,513,247 19,933,577 24,668,671
2,793,589 2,932,512 3,652,000
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3. LOAD MANAGEMENT

3.1. INTRODUCTION

Load management is a term which refers tc the control of the power demand
component of the electric bill. Control can be accomplished in two ways. The first
method is to provide an operational response to predicted values of high demand.

The second method is to assure that high demand does not occur.

The first method involves monitoring, predicting and controlling peak power
demand. It reguires a monitering system which can observe power demand in real
time. The results of the observation are then used to predicted peak demand in the
given demand interval. An appropriate operational response such as performance

modification affecting traction power or reduction of support power is then initiated.

The second approach is assurance that demand will not exceed a given value.
Various energy conservation strategies, which have alréady been discussed, do reduce
peak demand. Since on mest rail transit systems, peak demand will occur during
peak transit operation (AM and PM rush hours), any strategy which reduces energy

consumption during this period will reduce peak demand.

Another strategy which can be considered in the assurance category {rather than
monitoring, prediction and control} is load leveling through energy storage. The basic
strategy uses energy storage devices to abserb power during off-peak times and

release power to the rait system during peak periods.

The cost effectiveness of load management strategies is particularly sensitive
to the demand charge and method of computing billing demand. With no demand
charge {just an energy charge), load management is not cost effective. A system
which levels toad through energy storage can hinge its cost-effectiveness on the
energy rate of the power rate structure as well, since losses in the storage system

use extra energy.
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The reduction of peak power demand through locad management may be negated
by an increase in the demand rate as a response of the electric utilities, in order to
maintain their rate of return on the investment allocated to the transit agency. In
order to avoid this situation, the transit authority must maintain a knowiedgable

representation at rate case hearings.

3.2. POWER DEMAND MONITORING

Three forms of power demand monitoring are possible: real time, batch
process and electric bill. Real time monitoring is most appropriate when a lcad
managment system is installed to provide an operational response to predicted
vaiues of high demand. Batch process and electric bill monitoring are more
appropriate in energy audits, where causes for high demand are investigated after the

fact,

3.2.1. Real Time Monitoring

Power demand monitoring in real time means a system whose objective is to
observe the demand trend over the early portions of the demand interval and predict
the demand level for the interval. |If it appears that the demand will exceed some
set limit, a warning is issued so that precautions may be taken to reduce the

demand. The precautions may be part of an automatic or manual response scenario.

A generic demand monitoring systerﬁ is shown in Figure 3-1. The power
consumption and supply voltage are monitored near each metering point. It may be
possible, upon agreement with the electric utility, to use the potential and current
transformers associated with their meters, to monitor demand. In the event that this
is not possible, one or two potential and current transformers will be required per
metering point. It is important that the monitoring point be as electrically close to
the utility metering point as practical, since the monitoring system can aiso be used
to determine billing components to verify electric bills and disagreements are more

likely to be real if the condition of cioseness is met. The ideal monitoring point is
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on the same feed point as the utility meter, with zero inpedance between the
monitoring point and the electric meter. An even better situation is joint monitoring

by both the utility and the transit authority.

The outputs of the potential and current transformers are fed to the inputs of a
multi-element power transducer which produces output proportional to input. The
output of one of the potential transformers is fed through a voltage transducer to

produce a signal proportional to the supply voltage.

The outputs of the transducers are connected to the inputs of the remote
transmitting units (RTU} (Figure 3-1} which convert them into freguency domain,
multiplexed FM signals suitable for transmission over voice grade telephone iines.
Each RTU transmits data along a single dedicated telephone line to the Central QOffice

Equipment {COE) located at the data collection facility.

The COE separates and demodulates the two channels coming from the RTU.
Each signal is processed and filtered to give the time average of its value (power or
voltage) over some short; past time interval (typically 30-60 seconds). The COE
contains a microprocessor that is programmed to sample power and voltage at each
short time interval and pass the digitized results io the main Data Collection

Computer {DCC), on command, via a serial link.

in the main DCC, the data from each meter are processed separately. The
appropriate meter consolidation is made by summing the individual meter powers into
appropriately consolidated meter curves. The slope and area under the power curve,
together with other appropriate information, are evaluated over the early portion of
the demand interval to predict the demand for the interval. The other appropriate
information may be data from a train control computer, which allows a computation
of car-miles to be made and ambient temperature. Both car-miles and ambient

temperature can be used as peak demand predictors.



If a critical value of final demand is predicted, an alarm will sound, and those
méters which are contributing the most io peak demand are displayed. In the case
of an Automatic Train Control (ATC) system, a capability would exist for passing the
warning to that unit for further processing. If the response would be initiated by a
Support Power Control Unit, the warning would be passed to that unit. Since some
experience will be required to develop some of the contrel algorithms, it is expected

that initially the load wouid be shaved manually.

All of the data for a given demand interval is stored in a non-volatile memory
tc prevent loss in the event of a power fluctuation at the data collection facility.
At the end of each day, data from memory are archived, s¢ that historical
information can be summon;d for electric bill audits, rate case developments and

investigation of unusual events.

A real time demand monitoring system will require proper maintenance. Many
of the newer transit authorities now have parts of such systems which are not
working because of lack of maintenance as well as poor reliability. Regutar

calibration of the transducers is a necessity.

The lcad monitoring system should be able to function under most common

failure circumstances. Failure to predict demand levels can result in two probiems:

1. Prediction of demand levels higher than actual, resulting in unnecessary
reduction of transit system performance.

2. Prediction of demand teveis lower than actual, meaning higher electric
bills, which reduces the return on the investment in the load management
system.

3.2.2. Batch Process Monitoring

Some Electric utilities record metering information on magnetic tape for
subsequent processing into electric bills. In the case where real time monitoring is
not economically viable and where metering information is recorded, batch process

monitoring may be desirable. This type of monitoring consists of certain types of
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analyses of these metering records designed to understand the nature of peak

demand.

The detailed analyses which are pessible using batch monitoring of metering
records are described in Sections 5.2 and 5.3 under the energy audit material. Batch

process monitoring is actually a partial energy audit.

3.2.3. Electric Bili_Monitoring

For those transit agencies which cannot use batch process monitoring because
they do not have access to detailed metering records, monitoring of electric bills is
possible. Because the value of peak demand, but not necessarily the time of peak
demand, is usually presented on the electric bili, it is necessary only to keep records
of car-miles/hour and any abnormal traction or support operation to determine how

this peak demand was achieved.

Regression analysis using ambient temperature can be conducted, but only on
the basis of average monthly temperature. Likewise, regression analysis to determine
monthly epergy consumption as it relates to car-miles/month can be carried out to

determine the average monthly background power and the energy per car-mile.

3.3. POWER DEMAND REDUCTION OPPORTUNITIES

There are two classes of strategies which can be used to reduce power demand
in response to a real time prediction of high power demand in a given demand
interval. These strategy classes are traction performance modification and support
power reduction. Both classes of strategies fall into the category of energy

conservation as well.

Load leveling through energy storage can also be considered a power reduction
strategy. It would not be used as part of a real time load management system {(as a
response to a real time prediction of high power demand), but on an everyday basis

to keep the power demand component of the electric bill low.



3.3.1. Traction Performance Modification

Since peak traction power demand will occur at most of the traction power
meters during peak transit operating times, traction performance meodification would
be a particularly useful response, especially when the train operating performance is
critical to maintaining system capacity. Thus, under most conditions, when
predictions of peak demand do not exceed the specified limit, traction performance
would remain high in order to maintain system capacity. However, during the unusual
circumstances of a prediction of demand exceeding the limit, transit capacity would

be allowed to deteriorate to maintain the demand below some prescribed limit.

It is important to recognize that performance modification would only be
initiated in response to high demand prediction, only when capacity reduction would
be traded off for reduced peak demand. If capacity would not suffer under
conditions of performance modification, then the strategy should aiways be used
during the peak period, saving both demand and energy, without the need for

monitoring.

Speed reduction, coasting and optimum performance modification could be used
as the response strategy. If on of these strategies is being used during the off-peak
transit operating periods, and not used during the peak periods because of the
problem of transit capacity reduction, this strategy would be a good candidate. In
some cases, selective application of the strategy would be adequate to limit power
demand. For example, 2 small reduction of traction performance across the board as
opposed to a larger reduction in certain regions of the systemm may be appropriate.
in all cases, the criteria is always the minimum response to limit demand with the

minimum effect on system capacity.



188

3.3.2. Support Power Reduction

Just as traction performance modification could mean reducing the traction
power, support performance modification can resuit in support power reduction. If
support power reduction is the choice of response tc limit peak power demand, then
the same logic applies as in the case of traction performance modification, namely,
application of the strategy must be traded off for support function deterioration.
Again, if no support function deterioration cccurs as a result of the response, then
the application of the strategy should be made a permanent part of normal operation,

saving energy dollars without the need for real time load meonitoring.

Since the reduction of the support function must occur during the peak trans:t
operating time, very few support function responses can be accomodated., Generally,
reduction of heating, air conditioning and ventilation make the best response
candidates. One definite requirement is that operating the support functiion
contributes encugh to peak demand so that its reduction will bring peak demanc
under the required limit. The support functions of signalling, communications, tra:r
control, lighting, escalators and elevators are generally necessary during peak trars.:

operating time,

As in the case of traction performance modification, the minimum suppor:

power reduction response to limit peak demand is all that is required.

3.3.3. Load Leveling Using Energy Storage

A power demand reduction opportunity, which does not require a real time, or
any other kind of monitoring system is load leveling using energy storage devices.
Recentiy, much attention has been given to such systems where the energy storzus

device is a large complex of batteries.

The energy storage devices are charged during off-peak periods, when power

demand is low. They are used as power sources during the peak periods when



power demand is high, to supplement power being provided by the electric utility.
The concept is shown with the help of Figure 3-2, In the figure, a typical double-
peaked daily load curve is shown. Charging of the energy storage devices occur
during the off-peak periods. The utility power supply is supplemented from the
storage devices during the peak period, "shaving” the load required to be served by
the utility. Since energy storage devices are not 100% efficient, some energy is lost

in the charge, discharge and natural decay of the energy storage device.

No deterioration of transit operating performance occurs because of peak load
shaving using energy storage. Eguipment is needed to store energy and to control
‘charging and discharging. Additional energy use will be required because of the less

than 100% efficiency of the energy storage devices and control apparatus.

3.4. COST AND BENEFIT

3.4.1. Load Management with Demand Monitoring

As used in this context, load management will involve power demana
monitoring and the ability to respond to a projected high peak demand by charnging
operating procedures. The power demand monitoring may be on a real time basis,
batch processing of metering information, and/or analysis of electric bilis, whie
changing operating procedures could mean exercising performance modification o
support power reduction strategies during the peak transit operating period. In each
case there is a cost and benefit involved. 'fhe benefit is measured as the savings i
the demand component of the electric biill. The costs will involve both an inita

investment {capital) and recurring costs (operating).

3.4.1.1. Cost Information

Budgetary estimates were made for the three classes of monitoring methods.
These estimates are presented in Table 3-1. The high voltage equipment mentiored
in the Table are the current transformers {CT) and potential transformers (PT) needed
to monitor the high voltage lines. [If the electric utility allows the use of their C7

and PT’'s, then the cost is much iess as shown in Table 3-1.
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Batch process and electric bill monitoring are much less expensive than real

time monitoring.

3.4.1.2. Benefit

The main benefit achieved from (cad management is the reduction of the
demand component of the electric bill. In a real time demand monitoring situation,
the savings {and thus the payback period and return on investment) depends on how
much time into the demand interval is allowed to pass before the response is

initiated.

The load management concept of real time demand monitoring, prediction and

control was investigated on both WMATA and MARTA rail systems. The same
1

method of monitoring and prediction was utilized; namety, that illustrated

conceptually in Figure 3-1. The demand control method used on each system is

different.

Because the demand interval at WMATA is 30 minutes, peak demand reduction
was estimated for reactions at 10, 15 and 20 minutes into the demand interval. The

control reaction in this case was to initiate coasting.

Table 3-2 shows the basic cost components of the monitoring equipment.
Table 3-3 lists the details of the energy cost savings affected by the load
management system. Table 3-4 summarizes the cost/effectiveness .of demand

control, using coasting as the contrcl option,

On the MARTA rail system, the control approach used for load management
was different. in this case, shutting down the chiller load (support power reduction)

would be the contro! reaction.

Because the demand interval at MARTA is one hour, operation of the control
strategy was assumed to begin at 20, 30 and 40 minutes into the demand interval.

The range over which load was shed was varied from 1000-5000kW.
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Table 3-4 shows the basic cost components of the load monitoring and
prediction portion of the system. Table 3-5 presents the cost/effectiveness of the
load management system. Although payback periods are within acceptable limits at
MARTA, it was difficult to find even 1000kW of lcad to shed under present operating

conditions.

The biggest payback at MARTA occurs because of the summer ratchet, which
means paying 95% of the summer demand charge all year round. Removal of the
ratchet by the the Georgia Power Company could negate the effectiveness of the

load management system.

3.4.2. Load Leveling Through Energy Storage

Load leveling systems which use energy storage are based on batteries as the
storage device. Bechtal Inc. has ‘done several studies in this area for transit as well
as other applications. The concept is to charge a large battery system during off

peak hours and use that energy during peak hours to reduce peak demand.

3.4.2.1. Cost Information

Load leveling system costs include both capital and operating costs. The
capital costs represent the investment which includes procurement and installation of
batteries and power control devices and installation of the plant. The initial
investment is broken down into three categories: the cost of the batteries, the
power converter and the balance of the plant. The initial investment is made in the

initial year.

Since batteries have limited life, usually based on charge-discharge cycles and
depth of discharge, it is necessary to replace them periodiéal!y. Batteries are usually

accredited with an eight year lifetime in this type of service.

investments for each of the three parts are usually determined by the formula
C-= CB + Cc + CP
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where C is the total cost,

CE = CBO + C81 * (KWH)

is the battery cost. The converter cost is

Ce = Cop * Co, (kW)

The fixed plant cost is

C, = CF:) + G, (KWH)

Table 3-7 provides a Iisting'of these cost coeffitientsz for Lead-Acid and Zinc-
Chloride Batteries. These costs were obtained by Bechtel through discussions with

manufacturers.

The $400K fixed cost in the converter unit covers anticipated development and
engineering costs. The $100K in fixed plant costs purchases a computerized control

unit which automatically puts the system on line at appropriate times.

The operating savings of a load leveling system based on battery energy
storage is the reduction of the demand component of the electric bill less the

operating and maintenance expenses of the system.

The reduction in peak demand related to peak load shaving may not be directly
transiatable to reduction in the demand component of the electric bill. Existence of

ratchets will generally complicate the estimate.

3.4.2.2. Benefit
The benefit of peak load shaving is reduction of the demand charge which is
offset by additional energy cost incurred because of load leveling system

inefficiency and auxiliary power required to cperate the system.

Table 3-8 presents the energy cost savings, payback period and annual cas flow

achievabie for different battery system sizes.

Z"Economic Analysis of Storage Battery Systems for Demand-Peak Shaving”



No ratchet effects have been inciuded. Ratchets tend to make payback periods
longer. Payback periods of less than three years are difficult to achieve unless

demand charges are very high.

3.5. LOAD MANAGEMENT AND THE POWER RATE STRUCTURE

The cost-effectiveness of load management systems depends upon the demand
charge of the electric utilities. If the load management system contains an eriergy
storage device such as in a peak lcad shaving cperation, then the energy charge will

also play a part in the cost-effectiveness.

The demand charge depends upon the billing demand and the demand rate. As
was mentioned previously, the billing demand is usually a formuia which is based on
several basic elements including the demand interval, the method of demand
consolidation, the monthly demand and the ratchet. A change in any of the elements
of billing demand or the demand rate will change the payback period of the load

management system.

The uncertainty in the future of the demand charges by the electric utility
presents a long term risk in the investment of a load management system. Since
the basic objective for the investment into such a system is to save money on the
electric bill, a short payback period is appropriate. A payback period no longer than
'three years would mean that electric bill savings would be realized in the fourth year

after the system began operation.

Reduction of peak demand will shift the burden of rate increase toward other
customer classes serviced by the utility., The degree to which this shift occcurs
depends on many factors, in addition to the degree of peak demand reduction

attainable.

1. The fraction of peak demand attributabie to the transit system as a
member of his customer class.

2. The fraction of peak demand attributable to the customer class of which
the transit system is a member.
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3. The relation of the time of peak demand of the agency to utility peak
demand.

4. Facilities set aside for extlusive use of transit.

5. The ratio of peak demand to energy plus customer components in cost
categories.

One strong argument for initiating load management is that other customer
classes of the utility will manage their loads, shifting the cost burden to the transit
system. Under these circumstances, load management wouid become a purely

defensive measure.

Load management is particularly useful, without any repercussions from the
utility in the form of a rate increase, whenever service (car-miles/hour) is increased.
If demand can be held at the preexpanded service level, the utility has no basis for

initiating a rate increase,

The cost effectiveness of load management is dependent on the ratio of the
demand/energy use component of the electric bill. As the electric bill becomes more

demand determined, load management is more desirable.
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TABLE 3-1  POMER CEMAND MONITORING COST COMPONENTS (19Bs DOLLARS!

REAL TIME MINITCRINS

INITIAL INVESTMENT
$28, 250/ =etering so1nt
(§]3,430/8etaring pornt 1335 g
«0ltage eu1peent)
RECURRINE CCST
Telephene Lines $40/month/astering poiat
Menitoring Technician $55,000/2an-year
.Irdependent of nusber of seters aonitored)

The initial investsent :s based on a sixteen metering point systea:

Hardware Cost {Less High Voltage £quipaent) $123,000
High Valtage Equipment $237,000
Engineering Labor (1 man year! $42,600

Total $452,000

BATCH PROCESS MONITORING

INITIAL INVESTRENT
Cosputer Prograas $30,000

RECURRING COST
Cosputer Tise $700/aonth
Enginesring Tise (174 WY/Y) 1920/a0nth

ELECTRIC BILL MONITORING
NO INITIAL INVESTNENT

RECURRING COST
Engineering Time (1710 NY/Y) $770/s0nth



PEPCO DC
PEPCD MD
PEPCO VA

TOTAL

DEMAND
RATE

11.70
9.85
7.85

BASE
DEMAND
SAVINGS

(KW)

2300
670
150

3120

TABLE 3-2 COST OF DEMAND MONITORING EQUIPMENT
FOR WMATA {1983 DOLLARS)

INITIAL INVESTMENT (72 METERING POINTS) ($M)

With high voltage equipment =» 1.77
Without high voltage equipment » 0.84
Coasting Modification to fleet ==» 0.04

RECURRING COST ($K/month)

Telephona lina@s == 2.3
Monitoring Techniclan 4.2
. Based on initial investment of $24,560/metering point

{$11,690 for monitor plus high voltage potential and
currant transformers)

n Initial coasting investment of $32,000 in 1981 escalated to
1983 dollars.

ss» Estimated at $32/month/metering point.

TABLE 3-3

MONTHLY DEMAND SAVINGS(KW) ENERGY COST SAVINGS

COASTING INITIATED AFTER: $K/MONTH
10 MIN 15 MIN 20 MIN 10 MIN 15 MIN 20 MIN
1533 1150 767 17.9 13.5 9.
447 335 223 4.4 3.3 2
100 75 50 0.8 0.6 0.
2080 1560 1040 23.1 17.3 1.

-h-;\JO

ENERGY CDST SAVINGS OF LDAD MANAGEMENT ON WMATA USING COASTING (1983 DDLLARS)

aeT



TABLE 3-4
COST/EFFECTIVENESS OF LOAD MANAGEMENT AT WMATA {1983 DOLLARS)

WITH= WITHOUT =
INITIAL INVESTMENTI(SM) 1.81 0.84
RECURRING MONTHLY COST($K) 6.5 6.5

MONTHLY SAVINGS($K)

10 MIN*» 23.1 23.1

1S MIN 17.3 17.3

20 MIN 1.6 11.6
PAYEACK PERIQD(YRS) +

10 MIN== 6.2 3.4

15 MIN 8.2 4.8

20 MIN 12.7 8.2

* High Voltage Equipment
** Tims of demand interval when coasting is initialized
+ Based on 13%/year cost of money

TABLE 3-5 COST DETAILS OF REAL TIME POWER DEMAND MONITORING
SYSTEM QN MARTA (1985 DOLLARS)

A. Initial Cost

Hardware Cost $191K
High Voltage Equipment $368K
Engineering Labar (1 MY $90K) $90K

Total w/o high voltage equipment $281K

w high voltage equipment $649K
B. Recurring Cost '

Telephone Lines $38/Month/Mtrg Pnt) $11.9K
Tachnician ($60K/yr) $60.0K

TOTAL $71.9K
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TABLE 3-6

COST/EFFECTIVENESS OF LOAD MANAGEMENT ON MARTA (1985 DOLLARS)

WITH* WITHOUT=

INITIAL COST{$K) 281.0 649.0
RECURRING COST($K/MONTH) 6.0 6.0
DEMAND RATE($/KW)
BASE DEMAND LEVEL({KW) 1000 2000
DEMAND SAVINGS(KW)
20 MIN*»* 667 1333
30 MIN 500 1000
40 MIN 333 667
DEMAND SAVINGS($K/MONTH)
20 MIN== 7.7 15.5
30 MIN 5.8 11.6
40 MIN 3.9 7.7

PAYBACK PERICD(YRS)(WITHOUT HV EQUIPENT)+

20 MINs=* NP 2.2

30 MIN NP 3.4

40 MIN NP NP
PAYBACK PERIDD(YRS)(WITH HV EQUIPMENT)+

20 MIN*=* NP 4.4

30 MIN NP NP

40 MIN NP NP

*» High Voltage Equipment

*+ Time into Demand Interval for Load Shedding
+ Cost of money at 12%/year

NP No Payback

TABLE 3-7 COST COEFFICIENTS FOR
BATTERY STORAGE SYSTEM (1985 DOLLARS)

BATTERY COST

SIZE (Mwh) FIXED UNIT
C C
BO B1
(%K) (% /KWt
100 ) w 150 20
Do) () vt Py 1O
A i 1) v Tap o
o 1y LIS R P
H O 1)y 137 a4
6 .00 0.00 HH .49

11.62

3000

2000
1500
1000

3.

t1,

W N
T o~

LA Ry

D BN

& ®W

-
[ AR ]

AON
20O

[N SNl

CONVERTER COST

FI
(o

XED

co
(%K)

400 .
CISISN
U0

A
400
ago

00
00
00
O
00
[¢]6]

UNIT

c
C

($/KwW)

1

370,

250

198 .
96 .

168

196 .

00
45
30
a8
67
LY.)

5000

3333
2500
1667

J8.7
29.
t9.4

-

-
oo~

WA -
-

FIXED

c

(%K)

PLANT COST

UNIT

PO

($3/KwWH)
100 . 00 295.20
100.00 187 .85
100 .00 155 83
100 . 00 146 .98
100 . 00 135 A4
100.00 262.70

geT



Table 3-8 Summary of Peak Load Shaving Effectiveness

size

shaved

Total
Initial Capital
Invsmnt Invsmnt
K$ K$
1,703 2,285
)

Demand
Charge
$ /KW

.......

.......

Assumed 2 cycles par day

each cycle 2 hours long.

There

fore,

for example,

if the demand
then the battery calivers 2 MwH per cyclae,

Payout Avg. annual Avg. annual
Time Net Savings Cash Flow
YRS K$ K$
>25 - -69.
>25 - -7.
13.21 148 55
9.25 2Q9. 147
>25 - -78
t5.68 191. 46
7.85 315 170
5.64 439. 294
>2%5 - -87
13.52 298 99
6.77 484 285.
4.89 870 471
>25 - -10§.
11.92 511 205.
5.93 821 515
4.31 11314 825.
»2% - -124
19.73 507 94
11.26 724 311
5.58 1159 745
4.07 1593 1179

is shaved by 1 MW,
and this has to

be the size of the battery/system.

Have taken 2 cycies per day,

of the year,

20 days par month every month

for a total of 480 cycles per year.
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4. RAIL TRACTION ENERGY MANAGEMENT
MODEL

4.1. INTRODUCTION

The rail transit energy management model (EMM) is a group of computer
programs which can be used to study the traction power costs on rail transit
systems and etectrified commuter railroads.The EMM consists of two major
simulators and several computer programs which service these simulators both on the
input and output side. The two major simulators are the Train Performance Simulator
(TPS) and the Electric Network Simulator (ENS). Both work together to simulate
schedule performance and energy consumption under norma! and abnormat operation
and under the application of energy conservation strategies to the transit system.
Atthough originally designed for application to electric powered transportation
systems, a fuel consumption routine has been added to the TPS and allows

simulation of energy consumption on non-electrified systems.

The next section presents a brief description of the EMM and its capabilities.
The next two sections describe the TPS and ENS, respectively, their input

requirements and output capabilities, and the methodologies used in simulation.

4.2. BRIEF DESCRIPTION OF THE ENERGY MANAGEMENT MODEL

4.2.1. Objectives

The package of computer programs which constitute the EMM has been

designed to meet certain functional and architectural objectives.

4.2 1.1. Functional Objectives
The functional objectives define what the package is expected to accomplish.

They are:

1. To realistically simulate power and energy use of existing and future
electric powered transportation systems.
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2. To separate the system’'s energy consumption into its important end uses
and to provide the means to identify cause-effect relationships between
the end uses and equipment design and operating practices.

3. To provide the means to develop., refine and test energy conservation
strategies before they are tested and implemented on the real system.

4.2.1.2. Architectural Objectives

The architectural objectives define how the package is built. They are:

1. To be modular at all levels so that any module can be developed, tested
and verified, independently and can be inserted or replaced in the package
without a major retrofit, which affects the package integrity.

2. To have a maximum of hardware independence and to be written in a
widely used language. (In practice, no large package can come close to
being machine independent, but steps can be taken to minimize the effort
required to move the package from one computer to another.}

3. To have enough flexibility in structure to accommodate new models, new
energy conserving strategies and hew technology.

4.2.2. Approach
The approach to simuiating an electric powered transportation system; i.e., to
determine its schedule performance, power flows and energy consumption, and other

pertinent information, involves the following steps:

1. For each train in the system, assemble raw data on its physical and
performance characteristics, the route and schedule it is to follow, and the
physical characteristics of the route it is to follow.

2. Assemble raw data on the electrical configuration and component
characteristics of the network supplying power to the trains.

3. The raw data assembied in steps 1 and 2 are processed and put into a
form which is acceptable to the simulators.

4. Treating each train separately, calculate tables of its speed, position and
power draw against time (hereafter called a power profile); and, from
these tables, assemble a master table, which for selected time instants
which span the period under investigation, contains information on the
locations and electric power draw of every train on the system.

5. At each of the selected time instants, calculate the voltages, currents and
real and reactive power flows for all salient pecints in the electrical
network.

6. Integrate the power flows over all of the time instants in the simulation
period to give energies and wattless flow.
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in steps 1-6, the transportation system’s energy consumption is synthesized
from its end uses (examples of these end uses are energy consumed by on-board
auxiliaries, losses in propulsion equipment, third rail losses, ete.). Thus, the
simulation provides a means to identify the end uses, caiculate the overall
consumption and test sensitivities of both end uses and consumption to changes in

design and operation of the system.

The EMM is designed to be run by competent engineers who have eiectrical,
computer and transportation system experience. Recognizing this, allowances are

made for knowledgeable professionals to interact with the package at two levels:

1. Through identification and c¢reation of strategies that are systematic
enough to be automated and consequently can become permanent package
features; and,

2. Through direct interaction with the package in a time shared mode so that
knowledgeabie trial-and-error can be used to find solutions.

The overall package is assembied from the principal modules shown in Figure 1.
Each of the programs within the moduies is an independent entity deveioped, tested,
verified and used, separately. All programs are written exclusively in FORTRAN 77,
Each principal program is modular in structure to facilitate continued development,
maintenance and upgrading. At every level, each module is defined with respect to

its function, input and output.

4.2.3. Principal Modules

The EMM consists of five principal components: a Train Performance Simulator,
an Electric Network Simulator, an Energy Cost Medule, an input File Construction
Modute, and a File Manipulation Module, The deployment of the principal and

support components of the package is shown in the figure.



4.2.3.1. Train Performance Simulator (TPS)

The TPS accepts as input, vehicle parameters such as weight, propulsion system
characteristics (tractive effort and efficiencies vs. speed and tractive effort), train
resistance, numbers and types of vehicles in train, auxiliary electric loads, and
passenger foad factors; wayside parameters such as power distribution system type
{DC, single phase AC or three phase AC), voltage and right-of-way profile {(grade,
curve and speed restriction as a function of location), and system operational
characteristics such as acceieration and braking rates, maximum speed and station
dwell times. The pregram simulates the operation of a single train under the input
conditions. Outputs include power profiles (real power for DC distribution and real
and reactive power for AC distribution as a function of jocaticn)., The program will
accept trains with dynamic braking capability and the energy can be fed into storage
devices aboard the vehicle (batteries or flywheels), dissipative devices aboard the
vehicle {resistors), or other trains external to the train {regeneration) using the power

distribution system,

Various forms of coasting {running trains with a power off condition) can be

accommodated.

There are many other programs that can perform some or all of these
functions. This program is unusual, not in terms of its functions, but its structure.
First, it is modular and therefore can continue to easiiy grow. For instance, if new
propulsion system models, or more accurate train resistance formulae are needed, the

existing modules in which these are contained can easily be augmented or replaced.

4.2.3.2. Electric Network Simulator {ENS)

This program accepts as input singie train power and time profiles as a
function of location along the right-of-way, timetables for movement of multiple
trains, power rail, catenary or trolley impedances, running rai} impedances, substation

locations and characteristics, operating voltage both nominal, maximum and minimum,
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characteristics of the distribution network, the substations, and metering point
locations. This program simulates the movement of the trains by taking snapshots of
the entire system at fixed intervals of time. The calculated output of this program is
a complete electrical picture of the system including power flows, voltages, currents
and losses at ail salient points. In particular, power through metering points (forward
and reversel, ;Jower distribution system and substation losses are computed.
Capability for regeneration to other trains and/or through regenerative substations

(even though metering points) is also included.

4.2.3.3. Energy Cost Module (ECM)

The Energy Cost Module (ECM} consists of two computer programs which use
the output of the ENS to compute such things as power demand at meters,
coincident power demand and energy consumption. It does not compute energy COStS
directly, but rather provides the basis for a simple manual computation of these
costs. This approach was taken since power rate structures vary greatly among

transportation authorities.

The two programs which constitute the ECM are the Appended and Consoclidated

Load Curve {APL) program and the Energy-Demand Consolidation (EDC) program.

The APL uses as input, meter load curves which have been generated by the
ENS. It appends these load curves and consolidates them by only seiecting those
meters which are designated for consolidation (i.e., they belong to the same power
company or some other reason for consolidation). The time span of the r'esulting
appended coincident load curve is the union of the set of time spans from the

individual lcad curves.

The EDC uses as input a set of coincident meter load curves and summarizes

the meter readings over the stated demand intervals.



4.2.3.4. File Construction Modute {FILCMD)
The FILCMD is a series of computer programs, which interact with the user to
transform raw transit system and vehicle data to files which are acceptable input to

the ENS and TPS. A brief description of each of these programs is given here,

AMF - Current Position File Construction | The positions along the track where
instantaneous and RMS third rail or trolley currentlamps) is to be calculated and
displayed as output from ENS are specified using this program. The resulting file is
used as input to the ENS., It requires a successive entry input file created by the

user, either manually, or by using the program SUC, to be described iater.

CLF - Control File Construction | Control and system type parameters, such as
displays desired, train movement direction, maximum speed, acceleration and
deceleration, and coasting parameters are developed using this process. The resulting

file is used as input to the TPS.

NFC - Network File Construction | The electric network, in which the transit
system operates and from which it obtains power, is specified using this program.

The resuiting file is used as input to the ENS.

OPF - Operating File Construction | This program constructs the operating file,
which is used as input to the ENS. The file contains the time range over which the
simulation is to run, and the time interval between snapshots of the power flows in

the electric network.

STF - Station File Construction | This program constructs the station file, from
an input file which was created by the user, either manually or using the program
SUC, described next. The station file contains the position and names of the
passenger stations and stops as well as dwell times and expected passenger

loadings.



SUC - General File Construction | This program is a general file construction
process which uses an input feormat file to prompt the user to create a file
consisting of records whose lengths are one entry., The successive records in the file
follow the format and may be repeated indefinitely. The resuiting output is an
intermediate file which is used as input to other FILCMD programs, which create the
final ENS and TPS acceptable files. Intermediate files created in this manner are

station, grade, curve, speed restrictions, route and current position.

TLF - Train Location File Construction | The specification of the method
(headway, position, timetable) for locating trains on the electric network and the
subsequent construction of the train location file is achieved using this program. Tre

resulting file is used as input to ENS.

TNF - Train File Construction | This process is used to create the train fiig,
which is input to the TPS. The TNF uses a propulsion model which calls on actua
manufacturer's data to determine propulsion system efficiencies in power and braks
modes. It can accommodate cam or chopper control with series or separately excite:

motors.

TRF - Profile Construction | This program is used to create a file in a forma:
acceptable as input to TPS, given an intermediate file of successive entry records,
containing the data. The intermediate file is either generated manually or by using the

program SUC,

4.2.3.5. File Manipulation Module
There are several utility programs which manipulate the output files from the

ENS and TPS. These programs are described below.

CMB - Power Profile Appender | This process appends several power profiles,
which are output from the TPS and combines them inte one power profile. This

utility is exercised when it is convenient to run train performance on several



connected track segments separately, and later combine the results for input into the

ENS or other programs.

EXP - Load Curve Projector | This process is useful to expand meter load
curve cycles over time, when it is known that the original load curve is cyclic in
nature. Such would be the case for a transit system operating with constant headway

between identical trains.

PAV - Power Profile Averager | This program develops an average power
profile given two or more power profilesiTPS Output) from different trains. For
example, a train made up of mixed chopper and cam control cars with identical
performance characteristics could be simulated by running two trains, one of them
with all chopper cars and the other with all cam control cars. Using PAV, the mixecd

train power profile is developed from the other two power profiles.

4.3. TRAIN PERFORMANCE SIMULATOR

The TPS is a program which accepts input data describing the characteristics <
a train and information about stations, grade, curvature and speed restriction profiles
of a corridor. These data are used tc simulate the motion of the train along the
corridor in order to obtain the trajectory of the train (speed and time vs, distancs

along the corridor) as well as its power profile in a format acceptable to the ENS.

4.3.1. Input

Input data for the TPS are divided into four major categories: file definitior,
simulation or contrel parameters, train data and right of way data. The first categor
includes the names of files to be used as input data to the TPS and the names cf
files for output data. The second category includes selections for output display.
input/output controls and general transportation system parameters such as
acceleration, deceleration, top speed and starting position. The third category includes

train makeup, on-board energy storage capability, propulsion and braking
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characteristics. The fourth category includes station mileposts, dwell times and load

factors, speed restrictions, grade and alignment profiles and routing information.

4.3.1.1. File Definition
The Fiie of Filenames contains the names of the input and output files which

will be used in the TPS run.

The first seven records are input filenames: The first record contains the name
of the control file which contains the system and control parameters. The second
record is the name of the train file, which contains information on the makeup of the
train, including the propulsion and braking system. The next five records contazin the
names of the station, grade, curve, speed restriction and route files, all of which

comprise the corridor data.

The last three records of the File of Filenames contain the output filenames:
The first record contains the name of the power profiles; the second, the name of

the detailed output file and; the third, the name of the summary output file.

The user has the option of entering the names of these ten files, manually, in

which case the File of Filenames would not be required as input.

4.3.1.2. Simulation and Control Parameters

The simulation and train control parameters are set in the Contrcl File. Five
graph choices and ten tabular displays for detailed output can be chosen from thirty
nine parameters. Train control parameters are also set in this file. These include
acceleration and deceleration rates, maximum speed, coasting and direction of train

movement.
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4.3.1.3. Train Data
Most of the data relative to the characteristics reside in the Train File. The

variables are grouped in four sections:

e Section 1 provides weight and dimensional type information, train
resistance data and control information which key other inputs for the
Train File.

e Section 2 provides data on any on board storage devices. These data
include maximum input and output power, maximum and minimum energy
storage, decay rates, and input and output efficiencies.

e Section 3 contains the information on converting mechanical power at the
rail to electric power at the third rail, catenary or trolley or to fuel
consumption. One of four choices can be made:

s Use of an internal electric propulsion model

s Use of efficiency arrays in both power and electrical braking, in
which the efficiencies are a function of tractive or electrical braking
effort and speed.

% Use of direct conversion of rail horsepower to fuel rate.
s Use of fuel consumption curves.
® Section 4 contains the maximum tractive, electrical braking and mechanical

braking curves as a function of speed. The nominal! tractive and braking
efforts are set in the Control File.

4.3.1.4. Right of Way Data

The description of the corridor is shared among the Station, Grade, Curve,
Speed Restriction, and Route Files, which are read by the TPS in that order. In each
file, an integer variable indicates the number of records in the file. The principal
purpose of routing is to distinguish between tracks on different routes that a train

may take through a complex network.

4.32. The Main Program Description

The TPS uses discreet, adjustable time steps to integrate the equations of
motion to obtain speed and position as a function of time. Electric power
consumption is determined using propuision system models which outputs electric

power as a functizn of tractive and dynamic braking effort and speed. The models
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do not reside within the TPS, but the resuits of the modeis are part of the train file,
which is input data. Using this method is efficient. since the TPS is not burdened
with the recalculations necessary with a sophisticated propuision model for every

tractive effort-speed peoint in the trajectory.

A simplified flow diagram for the TPS is shown in Figure 2. In addition to the
usual bookkeeping in such programs, the core of the program is contained in the
forward and backward trajectory calculations. in the forward calculations, the
equations of motion are integrated in the direction of positive time flow, while in
the backward calculations, they are integrated in the direction of negative time flow.

An example of the trajectory calculations is illustrated with the help of Figure 3.

To move from peint A to B in the figure, the following steps would be taken

if a minimum time trajectory were taken:

1. A forward trajectory would be developed from A to C by using maximum
acceleration followed by maintaining the speed determined by the speed
limit until the lower speed limit at C was encountered.

2. A backward trajectory calculation would then follow using maximum
deceleration from C to F using negative time steps. The point F is
determined by the intersection of the backward trajectory with the forward
trajectory,

3. A forward trajectery is continued from to C to D, the point at which a
higher speed limit is encountered.

4. A forward trajectory is developed from D to B by using maximum
acceleration until the lower speed limit at B was encountered.

5. A backward trajectory using maximum deceleration from B to E using
negative time steps. The point E is determined by the intersection of the
backward trajectory with the forward trajectory.

6. Adjustments are made in the time increments to bring the forward and
backward trajectories inte synchronization.

Train length is accounted for in obeying speed restrictions; namely, the speed
of the train is less than or equal to the speed limit when the head of the train
enters the restricted zone and the same condition is true when the tail leaves the

Zone.
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Train resistance is computed from data in the train file. The algorithms used in

these calculations allow measured values to be closely approximated.

4.3.3. Output
There are three separately selectable outputs from the TPS. These are the

Detaited, Summary, and Power Profile outputs.

4.3.3.1. Detailed Output

The Detailed Output has six parts. The first part summariz'es the input data
concerning the train. Information concerning the number of vehicles, (powered and
unpowered}, vehicle empty and full weights as well as passenger load factor to start
and train weight; number of motors, vehicle lengths and cross sectional areas; wheel
diameter, and operating voltage are printed out when selected. Four character plots
are also supplied. These graphs show acceleration versus speed and braking force

(both electrical and mechanical) versus speed.

The second part lists the track profile and station information. All grades,
curves, speed restrictions, and route segments are displayed versus distance. Station

names, mileposts, dwell times and passenger load factors are all displayed.

The third part allows the user to select up to ten variables to be printed out at
selected time increments during the calculation. There are thirty-nine variables from
which to choose including speed, distance, acceleration, all of the various power

variables, and all of the associated energy variables. Time is always displayed.

The fourth part allows the user to specify up to five variables to be plotted
against distance in a character plot. These five variables can be seiected from the
thirty-nine mentioned above. The plot is completely self-scaling; however, the user

may specify the horizental scale.

The fifth part summarizes the on-board energy storage information.



The program summarizes the energy usage and power demand of the train for
the entire run in the Detailed Output. Some information concerning the train make-up
is repeated for clarity. Overall figures on kilowatt hours per car mile and watt hours
per trailing ton mile are computed and displayed. Total distance, run time, average
speed, and other summary information is also displayed. The actual energy
consumption is also displayed as are all of its constituent parts such as energy
going to rolling friction losses, etc. An energy flow diagram can be developed from
this section of the output which graphically shows how much energy is lost to the

environment and where these losses occur.

4.3.3.2. Summary Output

The Summary Output provides a station-by-station summary of the run, The
station-to-station names, distances, timelincluding dwell), average speeds, energies
and energies per car mile are displayed as well as a summary of these same

quantities for the entire run.

4.3.3.3. Power Profile Output

The program creates a Power Profile containing information for the ENS, This
file lists the train position, speed, routing real and reactive power demand,
acceleration and tractive effort as a function of time. The user specifies the time

increment between successive points in this output.

4.4 METHODOLOGY

The TPS generates a speed, distance, routing, real and reactive power table as
a function of time. It uses discrete time steps to integrate the equations of motion.
Speed and distance are determined by integrating the equation of motion. Real and
reactive power are determined by either using a propulsion system model to
determine them as a function of tractive effort and speed of the propulsion unit or
by converting mechanical power at the rail to real and reactive electrical power at
the line using conversion efficiencies which are also functions of tractive effort and

speed,
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4.4.1. Equations of Motion

The equation of motions are shown in Figure 4. The grade and curve resistance

are alsoc shown in the same figure.

The train resistance used in the computation follows the Davis type formulae.
The actual formulae used are shown in Figure 4. Selection of the coefficients allow a

close approximation to measured values,

The acceleration term in Figure 4 is written in the form:

I’sllE + dvidt = 100. » W » a where:

a is the acceleration{mphps)

W is the weight{tons}.

This method of expressing the acceleration term includes an effect of
approximately 10% for equivalent rotational weight. Changes in equivalent rotational

weight can easily be made with a text editor in the program itself.

4.4.1.1. Integration Formulae

Acceleration is integrated using Euler’'s Method to find speed

Vv =V +dt # A
n n

n+ 1

at each step in time, in the forward calculation. In the backward calculation a
reverse Euler’'s Method is employed as the index is being decremented (for negative
time step).

V =V -dt*And»‘l

n n+1

The trapezoidal rule is employed to integrate speed and determine distance.
This method yields identical results for the forward and backward caiculations though

the form is slightly different,

Sn+1 =S +dt» (Vn + Vn+1)12 Forward

S =5 -dt« (Vv +V )2 Backward
n n+1

n n+1



When calculating energy from the instantaneous values of power, Euler's Method
is again used.

E . =E +dt»p
n n

n+1

There is no need tc have a forward and a backward calculation at this point

since the entire integration is in the forward direction using Euler's Methed.

4.4.2. Real and Reactive Power Estimates

It has been found by experience that a better way to input the propulsion
system is to use propulsion efficiency and power factor curves for traction and
electrical braking. Both efficiency and power factor are functions of both tractive
effort and speed. This method is advantageous in that it allows the mode!
calculations to be done before running the TPS, which is efficient in terms of running
time. A simple linear interpolation scheme is used to obtain the actual efficiency
and power factor (for AC distribution systems) in the power mode and the efficiency

in the electrical braking mode.

45 ELECTRIC NETWORK SIMULATOR
The Electric Network Simulator (ENS) is a computer program which determines
the overall power flow in an electrified transportation system under the dynamic

conditions of train movement.

45.1. Input
Input data for the ENS are divided into six basic areas: file definition, electric
network description, operating parameters, train location, current calcuiation

designation, and train performance power profiles.

The first area includes the names of files to be used as input data tc the ENS
and the names of files to capture the generated output. The second area provides a
description of the electric network which is feeding the moving trains. The third

category provides the operating parameters for simulation. The fourth area deals with



the specification of the location of trains and their movement in time. The fifth
defines positions along the corridor where instantaneous and RMS values of third rail
or trolley current will be computed. And finally, the sixth category includes a
sequence of power profiles which have been generated by the TPS for each type

train running on the system.

4.6.1.1. File of Filenames

The first four records are the input filenames. The first record contains the
name of the network description file, the second record contains the name of the
operating time file, the third record has the name of the train locator file, and the

fourth record shows the name of the current position file.

The next three records in the file are output files which the user may or may
not specify, These files include the detailed output file, the meter load curve file,
and the current measurement output file. This latter file can only be requested when

a current position input file is named.

The remaining records in the file specify the names of the power profiles for

each of the trains which will be running on the system.

4.5.1.2. Electric Network Description File
The electric network description consists of a general portion, definition of the
AC part of the network, definition of the DC part of the network, and definition of

the converter portion, which is the interface between AC and DC sections.

There are several points worth noting on the input format to the network

description file.

1. Two titles of eighty characters each can be used to describe the electric
network. These titles will appear on both the summary and detailed output.

2. In general the electric rail transit in North America have both an AC and
DC part to the network. In many cases the AC portion consists of just a
meter node and an AC converter node for each substation. There are
cases, however, where more extensive AC distribution and transmission
does occur.
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3. The meter node is considered an infinite bus, and as such the voltage will
remain fixed. for all other nodes in the system the voltage will vary
according to the solution of the network equations,

45.1.3. Operating Time File
The Operating Time File controls both the time interval over which the

simulation takes place plus the snapshot interval, or the time between snapshots.

45.1.4. Train Locator File

The method for locating trains on the electric network and the parameters for
execution of that method are determined using the train locator file. The user may
specify both AC or DC trains, that is, trains which obtain their power from a line
which carries AC or DC, and the method for locating the trains which may be bv

POSITION, TIMETABLE, or HEADWAY AND OFFSET.

Locating trains by specifying their POSITION means that the trains are places
on the network at particular locations. As the simulation advances in time, the trair:
will move according to their power profiles, and eventually will move from -2
network as they reach their terminating points. No new trains are added to :ne
system after the beginning of the simuiation. This method for locating the trains s
useful when only a few snapshots of the system are taken at special positions to

determine instantaneous currents and voltage drop.

The TIMETABLE method for train location is the usual way to effect the
process. A schedule is specified, and the ENS places the trains on the network
following that schedule. Departure times are considered the beginning point of the
power profile. as the simulation proceeds trains are added and removed from the

network as specified by the schedule.

The HEADWAY AND OFFSET method for locating trains is used in limited
circumstances. The condition for specifying the method is a double track system

between two terminus points with a regular schedule. The headway, which is the



separstion between trains running on the same track, is given as a time interval
{seconds). The offset, which is the difference in the time when the trains leave one

terminal relative to the second terminal, is also input as a time interval {seconds).

The offset can vary between zero, in which the trains leave each of the

terminals simultaneously, to one second less than one headway.

4.5.1.5. Current Position Fiie

This file specifies the position at which line current will be computed and
displayed, for each snapshot and in summary form as an RMS current. The position
is specified as both a milepost and track number. The actual current calculated at
that position will be flowing through the third rail, or alternatively, the trolley or

catenary.

4.5.1.6. Train Power Profiles

The train power profile is a direct output from the TPS. It is the specificaticn
of how a particular train will run through the network as the simulation advanc-es s
time. The actual power used or regenerated by the train is also contained in ‘ne

records of this file,

4.5.1.7. Main Program Description

This program accepts as input, single train power and time profiles as functions
of location along the right of way, timetables for movement of multiple trains,
power rail, catenary or trolley impedances, running rail impedances, substation
locations and characteristics, operating voltages-nominal, maximum and minimum,
characteristics of the distribution network, the substation feeders, and metering port
locations and simulates the movement of the trains by taking snapshots of the entire
system at fixed intervals in time. The output gives a complete electrical picture of
the system including power flows, voltages, currents and losses at all salient points.
in particular, power through metering points (forward and reverse), third rail

propulsion system and substation losses and energy given to the environment {train
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resistance, auxiliary loads, friction or dissipative braking) are computed. Capability for
regeneration to other trains and/or through regenerative substations (even through

metering points), is also included.
The flow diagram for the ENS is shown in Figure 5.

The electric network in which the trains run is first set up without the trains,
This means that all of the ncodes are identified and all of the impedances of the

connecting lines are computed.

In each snapshot {calculational time), the trains are placed in their proper
positions as determined from the timetable and the power profiles of the trains
which were computed by the TPS. The new electric network is set up which includes
new lines between trains and all line impedances are calculated. Both the DC and AC
parts of the network are converted to an interconnected AC network with the DC
substation lines and train nodes treated specially. The admittance matrix is calculated

and the network is soived.

In the case of trains which are taking DC power and are capabie of
regenerating, if power tries to flow in the reverse direction through the substation
lines, the substation impedance is increased substantially and the network is resolved.
Likewise, if maximum voltage at any train is exceeded because of regeneration, the

regenerated power is reduced and the network is resolved.

4.5.2. Output
The output, all of which is user selectable, consists of three files: detailed

output, meter load curves, and current measurement.
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4.5.2.1. Detailed Output
The detailed output consists of a title page, a description of the input
parameters and a detailed output of the voltages at each node and other data

concerhing the run at each snapshot.

4.5.2.2. Meter Load Curves

Meter toad curves for each meter are output one point per snapshot. The file
contains this information as wel! as the number of snapshots, time interval between
snapshots, and beginning and end time. This file is used as an input to the energy

- demand consolidation program which is used to predict demand and energy.

45.2.3. Current Measurement Output

This file contains a detailed output of all voltages at all of the nodes, currents
flowing through the converters and currents at selected points along the right of way
(third rail, catenary or trolley). These points are selected by specifying a current
position file as input. The information just described is output every snapshot and is

summarized at the end for the whole simulation period.

4.5.3. Methodology

453.1. Load Flow
The load flow calculation uses the Gauss-Seidel iterative method. This module
differs from conventional load flow calculations. It has the capability to handle

either AC, DC or composite networks.

The basic steps are:

1. Convert the system to an al! AC network keeping a record of the DC part
and the converters.

2. Perform the load flow calculation on the AC network.

3. Check the current flows through all the converters. If the converter is an
inverter, the current can flow both ways. If the converter is a rectifier and
current tries to flow in the blocked direction, increase the impedance of
the rectifier in a sizable step. If the current is flowing in the unblocked
direction set the rectifier impedance in accordance with the rectifier
meodel.



. Repeat procedure 2 and 3 untii convergence is obtained.

. After convergence is obtained, the voltage for each vehicie is checked in

the system. |If there is any vehicle with its voltage exceeding maximum
allowable then its regeneration power is reduced by 25%.

. Repeat procedure 4 and 5 until convergence is obtained.
. Continue with the next snapshot, go to procedure 1.

. When snapshots are finished formalize output.
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DEFINITION OF QUANITITIES:
Fa Tractive effort (positive) of Braking effort (negative)

TRr  Rolling portion of train resistance

Tra  Aerodynamic portion of train resistance.

c Curve resistance [0.8 LBS/TON °CURVATURE]l
G Grade resistance [20 LBS/TON/XGRADE]
Mg Equivalent mass to include rotational inertia effects

dv/dT Acceleration or deceleration

@ - driver wheel
Q - non-driver wheel

Figure 4 Equations of Motion
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5. ENERGY AUDIT

5.1. INTRODUCTION

The purpose of the energy audit is to determine the energy use pattern and its
relation to the operating rail system. This can be done by studying the metered
power and its end uses as a function of time and relating this study to variations in

the pattern of operation.

Since the energy use pattern should be related to energy cost, it is important
that the metering information required for the audit be obtained from electric utility
metering records.  This information is sometimes available on magnetic tape. The
smallest time interval available for the audit is the smallest interval for which

metering data are available.

For those transit agencies which are served by electric utilities which do not
keep detailed metering records, analysis of el.ectric bills may be possible. In this
case, just the value of peak demand is known and total monthly energy use. Under
these circumstances, only very gross characteristics of the energy use pattern can be

determined.

There are two principal analyses which can be carried out using metering
records. The first analysis relates the metering data to the operating characteristics
which are driving energy use, and these are car-miles per unit time and ambient
temperature (heating-and cooling). The second analysis provides statistical summa‘ries
of the data. These summaries, which include such things as average values, standard
deviations, maxima and minima, can sometimes be related to abnormal operating

conditions, the usual cause of high peak demand.
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5.2. ENERGY AUDRIT OF THE MARTA RAIL SYSTEM

Thé energy audit of the MARTA rail system was conducted by analyzing power
metering data supplied by Georgia Power Co. (GP), for the period beginning December
1, 1982 through August 31, 1984, a time interval of twenty-one months. This period
was seiected because the rail system operational timetable remained relatively

constant during this time.

5.2.1. Description of the Power Metering Data

During the time period selected for the audit, GP metered the rail system
through twenty to twenty-six feed points, The names of the metering points, their
circuit numbers and identification codes are listed in Table 5-1. Observation of this
table shows that each of the metered feeds to the rail system supplies both traction
and support power. Traction power is supplied through the traction substations, and
its primary end uses are the running of the trains and auxiliary functions aboard the
cars. Support power is used for support coperations along the wayside. its end uses
include heating, air conditioning and ventilation, lighting, escalators and elevators, and
train control. The meters do not distinguish between the energy delivered to' traction

and support functions.

The demand interval for electric power service to the rail system is one hour.
Demand is measured on a2 coincident basis, which means that in any one hour clock
interval {beginning on the hour), the average power is the sum of the power recorded
at each of the meters. The resulting sum of the average powers is the demand for
the one hour time interval. The monthly demand is the highest of the demands
recorded during a monthly billing period, which typically runs from the twentieth of

the month to the twentieth of the next month.

GP provided a magnetic tape, which contained the hourly demands for each of
the twenty-six meters for the twenty-one months. These data provided the basis for

the energy audit.
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During the time period selected for the energy audit {12/82 - 8/84), there were
three minor changes in the rail operations, which affected energy consumption. On
December 18, 19882, service was extended on the NS line. On Octeober 12, 1983,
auxiliary icad was added to Peachtree Center station. In January, 1984, the headway
on the EW line was shortened from ten to six minutes and the number of cars per

train during the weekday AM and PM peak periods was decreased fom six to four.

5.2.2. Regression Analyses

Data readity available at MARTA allowed regression analyses using daily energy
as the dependent variable and daily car-miles (CM) and ambient temperature effects
as the independent variables. A list of daily car-miles was obtained from the
Authority and a list of daily average ambient temperatures was obtained from the

U.S. Weather Bureau for the audit time period {12/82 - B/84).

Three models were used to test the existing energy data dependence on car-
miles and daily average temperature effects. All of the models used the concept of
heating and cooling degree-days, but in each of the models heating and cooling
degree-days were defined differently to reflect the béhavior of the heating and

cooling facilities in the rail system with the help of Figure 5-1.

in model #1, the heating (HDD} and cooling (CDD) degree days are defined in the
standard manner. The number of heating degree days in a particular day is just the
difference between 65°F and the average temperature of the day. If the average
temperature of the day is 65° or higher, then HDD = 0. Likewise, the number of
cooling degree days in a particular day is just the difference between the average
temperature of the day and 65°F. If the average temperature of the day is 65°F or

tess, then CDD = 0.

In model #2, a base temperature is defined for both the definition of the

heating and cooling degree day. Thus the number of heating degree days in a
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particular day is just the difference between the heating degree day base temperature
(TH) and the average temperature of the day. |If the average temperature of the day
is higher than TH, then HDD = 0. This model reflects the fact that heating facilities
begin to operate when the temperature falls below TH. Likewise, the number of
cocling degree days in a particular day is just the difference between the cocling
degree day base temperature (TC) and the average temperature of the day. |f the
average temperature of the day is lower than TC' then CDD = 0. Again, this modei
reflects the fact that cooling facilities begin to operate once the temperature rises
above TC' The temperatures TH and TC are selected by the optimum fit of the data

to the regression equation,

Finally, model #3 is an extension of model #2, where the effect of saturation
of heating and cooling facilities is édded. The temperatures TH and Tc have the
same meaning as in model #2, however the following modifications are made to the
meaning of heating and cooling degree days. When the average daily temperature is
below the heating degree day saturation temperature (THS), the number of heating

degree days remains constant, at a value (TH - T ). When the average daily

HS
temperature is higher than the cooling degree day saturation temperature (Tcs)' the

number of cooling degree days remains constant, at a value of (Tc - TC). In

S
addition to including the “turning on” effect at different base temperatures of the
heating and cooling facilities of model #2, model #3 also includes the effects of

these facilities operating all of the time once saturation temperatures are reached.

The regression equation was a simple linear relation between the independent
variables car miles, heating degree days and cooling degree days and the dependent
variable, daily energy consumption. The eguation had the form:

E = EO + ECM*CM + EHDD*HDD + ECDD*CDD

with the foliowing definition of symbols:



E - Daily energy use (kWh)
E - Background energy use (not dependent on

car miles or degree days.) (kWh)

E.y - Coefficient of car-mile dependent term (kWh/CM)

CM - Daily car-miles (CM)

EHDD - Coefficient of heating degree day dependent term (kWh/HDD)
HDD - Number of heating degree days (HDD)

S Coefficient of cooling degree day dependent term (kWh/CDD)
CDD - Number of cooling degree days (CDD)

The resuits of the regression analysis are summarized in Table 5-2. For all of

the three modeis. The following remarks refer to the results shown in Table 5-2.

1. Model #3 best exptains the variation of daily energy with car-miles and
ambient temperature. The best fit shows that the heating facilities begin operation at
54°F and operate continuocusly when the daily average temperature reaches 33°F.
Likewise the same model shows that cooling operations begin at 70°F and.are

saturated at 83°F.

2. The meodel #3 F\'2 term, which represents the goodness of the fit (0% = no

fit, 100% = ideal fit), is 87%. This is considered an excellent fit.

3. The T-ratio, which is also a measure of the goodness of the fit to each
coefficient separately, is large for each of the coefficients. A value of a T-ratio

greater than 2 is considered good.

The largest change in daily energy consumption took place on January 9, 1984
when the timetable on the EW line changed. The metering data were divided into

several parts:

1. NS line (Jan 9, 1984 - Aug 31, 1984) [N-S (1984)]



2. EW line (Jan 9, 1984 - Aug 31, 1984) [E-W (1984}]
3. Both Lines {Jan 9, 1984 - Aug 31, 1984) [BOTH (1984)]

4. Both Lines {Jan 1, 1983 - Jan 8, 1984) [BOTH (1983}]

Because car-miles were available from the NS and EW line, separately from Jan
- Aug, 1984, it was possibie to conduct regression analyses on the four cases which

were just outiined: The results are presented in Tabie 5-3 using model #3.

Observation of Table 5-3 shows that the best fits occur on the EW lines during
1984 and both. lines combined during 1984. The worst R? 'occurs for the analyses of

the NS line during 1984.

It is interesting tc compare the contribution of each of the terms of the
regression equation on a typical summer, spring and winter day at several levels of
daily car-mites. The results of this comparison are shown in Table 5-4. The 23,000
car-mi/day was typical of weekday operation during the audit period, while the 33,200
car-mi/day was typical of weekend operation. Three average daily temperatures we-2

selected, the heating

Finally, Figure 5-2 shows the observed versus predicted values of daily eneragy

use. The prediction uses the regression equation of model #3.

5.2.3. Power Demand Statistics

Summary statistics for hourly energy use for the MARTA rail system during the
energy audit are shown in Figure 5-3. This graph shows the minimum, average,
average plus one standard deviation and the maximum hourly energy use. Since the
energy use time interval is one hour, the power demand is equivalent to the energy
use per hour. The dates, on which the minimum and maximum demand at each hour
of the day occurred, are shown to the right of the bar chart in the figure. The

absolute minimum and maximum demands are indicated with an asterisk.



The data, from which these summary statistics were generated, spanned a time
interval which inciuded two summer and twe winter seasons. Both the peaks of
average power and average power plus one standard deviation oc¢cur in the transit
operating peak periods in the morning (7:00 - 8:00 AM)} and the afternoon (5:00 - 6:00
PM). This is typical of rail transit power demand. The ratio of the average power
demand during midday (10:00 AM - 4:00 PM) to the peak power is not typical of
transit operaticns. At MARTA this ratio is 90%. At most other rail transit systems,

it is 60 - 70%.

One reason that this ratio was so0 high at MARTA during the energy audit is
that the same consist sizes and same headways were run throughout the day, with

only minor reductions in car-mi/hr from peak tc midday. A second reason is that

the ratio of support power to total power (support pius traction) is large.

Figures 5-4 through 5-10 show summary statistics of hourly energy use for the
months January 1983, April 1983, July 1983, Ocotber 1983, January 1984, April 1524
and Juiy 1984, respectively. These summary statistics illustrate power demanad
behavior during two winter months, two summer months, two spring months and cne

fall month. The study of these statistics leads to the following observations:

1. Peaks during the winter months tend to occur during the AM peak period,
when heating facilities are operating at their maximum, together with more
lighting because of the shorter day.

2. Peak during the summer months generally occur during the PM peak, when
cooling facilities are operating at their maximum.

3. In the fall and spring months, peaks can occur during either the AM or PM
peak operating time.
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5.3. ENERGY AUDIT OF WMATA RAIL SYSTEM

5.3.1. Traction Energy

In Metrorail operation, traction energy is the time integrated power registered
by the electric meters in the traction substations. It includes energy toc operate the
trains during revenue service, testing and yard movement. It also includes energy for
other functions which are powered through these substations, such as auxiliaries
abocard the cars during layup, heating and ventilation, some air conditiocning, tunnel
lighting and switchpoint heating. In order to determine what fraction of the energy
was used for traction, it was necessary to undertake an audit of the energy end

uses.

The traction energy audit was conducted by analyzing metering information
supplied by the Potomac Electric Power Company (PEPCOQO) for nine months of the
year 1880. This method was chosen because PEPCO supplied 86% of the energy for
Metrorail operations during this time period. The Virginia Electric Power Company
(VEPCO) supplied the remaining 14%. Table 5-5 provides a summary of energy used in
1980 by utility and jurisdiction. A second reason for this course of action was that

PEPCO had detailed metering information available while VEPCO did not.

5.3.1.1. Description of PEPCO Metering Data
The interval selected for the traction energy audit was a compromise based on
the time span of the metering information provided by PEPCO and the period during

which the 1880 Metrorail operating timetable remained relatively constant.

The PEPCO provided a magnetic tape which contained energy usage (pulses) for
each fifteen minute interval for the twenty-six traction energy meters which were in
operation during 1980. The time span was January 20, 1980, tc January 19, I198l. The

data from each meter were analyzed.

Of the twenty-six traction meters considered in the analysis, eighteen, five and
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three were in the DC, MD and VA jurisdictions, respectively. During the analysis, it
was found that pulses were not provided by PEPCO for the meters at Cheverly,
Landover, Beaver Dam Creek, New Carroliton Yard and Silver Spring substations, all
of which were in the MD jurisdiction. Thus, precautions were taken during the audit

to discount the effect of these meters.

The 1980 Metrorail operating timetable showed the same weekly pattern of train
operation from February [, 1980, to November [, 1980, at which time service on the
Blue Line was extended from the Stadium Armory station to the Addison Road

station.

Because of more missing metering information from October |5, 1980, to
November |, 1980, the time span for the audit was selected from February 1, 1980, to

October 15, 1980, a total of 257 days.

B.3.1.2. Regression Analyses: Daily Car-Miles and Temperature

in order to determine the dependence of traction energy usage on car-miles and
daily temperature, regression analyses were conducted using the traction meter data.
Each day was divided into two periods: revenue service time and non-revenue
service time, Revenue sefrvice time was that part of the weekday, Saturday or
Sunday, during which trains were scheduled to run according to the operating

timetable. Non-revenue service time was all other time.

5.3.1.2.1 Revenue Service Time Regression Description

The regression formula was assumed to have the form:
P = Po + E1(CM/H) + PZ(ADD)

where P is the average power over the revenue operating time as obtained from
the meter data, PO is the background power in units of KW, CM/H is the average car-
miles per hour over revenue service time on a daily basis, ADD is the average

degree-day defined as the average temperature less 70°F. The coefficient E1



represents the energy per car-mile (KWHPCM) and P2 represents the average power

per average degree day (KWPADD).

In order to conduct the regressions, the actual car-miies accumulated each day
were obtained from Metrorail over the interval of the audit. A statistical summary
of the actual car-miles on the Red, Blue and QOrange Lines are shown in Figures 5-11
to 5-13. The three peaks visible in the figures are attributed to weekday, Saturday,
and Sunday operation. Table 5-6 presents a summary of the average, actual, and

scheduled car-miles per day for the Red Line, and Blue/Orange Line combination.

An increase in actual car-miles on the Red Line was observed to occur on May
1, 1980. Table 5-6 shows the average car-miles broken down intoc two periods:
February 1-April 30, 1980, and May 1-October |5, 1380. The weekday and Saturday
averages were significantly different for the two cases. Metro reports that four-,
together with six-car trains were used during weekday evenings, Saturdays, and

Sundays during the spring of 1980.

The second independent variable of the revenue service time regression was the
average degree day (ADD), defined as the average daily temperature less 70°F. A
statistical summary of ADD over the audit period is shown in Figure 5-14. The

average value is -3.7°, which represents an average daily temperature of 66.3°F.

5.3.1.2.2 Non-Revenue Service Time Regression

During non-revenue service time, the regression formula was assumed to have

the form:
P = P0 + PZ(MDD)

where all of the variables' are the same as in the revenue service time
regression, and .MDD is the minimum degree day, the minimum temperature less 70°F.
The average vaiue of the minimum degree day is -13°, which represents a temperature
of 57°F. The minimum temperature was selected as the independent variable because

non-revenue service time generally had the minimum temperature.



5.3.1.2.3 Regression Analyses Results

The results of the regression analyses for the traction energy meters are shown
in Table 5-7. In addition to those completed on the individual meters, regressions
were also conducted on Red Line coincident power, and Biue/QOrange Line ceincident
power with the exception of the power metered at Cheverly, Landover, Beaver Dam

Creek, and New Carroliton.

During revenue service time, a strong dependence on car-miles is obvious. The
confidence limits of this dependence exceeded 99%, even for the smallest value of

the coefficient (E1) of 0.24 at the New Carroilton Yard substation meter.

Table 5-8, which is based on the results of Table 5-7, shows the degree-day
coefficients (Pz) for five meter consclidations separated by heating and coocling
effects. Load differences between winter (20-30°F) and summer (80-90°F) are also
tabulated. For example, for non-revenue <service time the summer-winter power

differential is {235 KW-67 KW) 168 KW.

Car storage during revenue service time at midday and evenings on weekdays,
and on Saturdays and Sundays, has its predominant effect on the meters at New
York Avenue (Brentwood Yard), Silver Spring and New Carroliton Yard. The meter at
New Carroliton Yard exhibits only a 30% dependence on car-miles with the
background accounting nearly for the remaining amount. The background is attributed

to yard car movement and car storage.

During revenue service time, the degree-day component of the traction power is
small, With the exception of the power at the Shirley Highway meter, which exhibits
an 8% temperature component on the average day. the remaining degree-day

components are 1% or less of the total power during revenue service time,

During non-revenue service time, the temperature component is much higher

because there is no car-mile component.



Several of the meters exhibit increased power with rising temperature (cooling
effects dominate P2 positivel, while others exhibit increased power with falling
temperature {(heating effects dominate P2 negative). The large cooling effects occur
at New Hampshire Avenue, Shirley Highway, Rosslyn, Potomac Avenue, and New
Carroliton Yard. The effects at Shirley Highway and Rosslyn are the result of chiller
plant power being metered through the traction substation, and the effect at New
Carroliton is due to air conditioning of the yard office buiiding and tower. At the
present time, there is no explanation for the effects at New Hampshire Avenue on

the Red Line, and Potomac Avenue on the Blue/Orange Line.

Table 5-9 lists the average powers for the traction meters at different operating
times from May 1, 1980, to Qctober 15, 1980. This time interval was seiected for the
averages because six car trains were generally used on Saturdays, Sundays and
weekday evenings rather than mixtures of four and six car trains as were used in the
Spring of 1980. Ratios of average power of AM peak to midday, AM peak to PM

peak, midday to evening, and midday to Sunday are listed.

!f there were no background, the ratio of AM peak to midday peak would be

2.3 on the Red Line, and 2.0 on the Blue/Orange Line.

The ratio of AM to PM peak power is 0.93 on the Red Line, and 0.95 on the

Blue/Orange Line.

The ratio of midday to evening power is LL0O3 on the Red Line, and 0.97 on the
Blue/QOrange Line. The ratio of midday to Sunday is 1.09 on all lines, so that 9% more

power is used during midday operation than on Sunday.
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5.3.1.3. Selection of Metered Background Power
it is clear from the regression analyses carried out on the traction energy
meter that a background of power is registered even when no trains are operated.

This background exists because of:

1. no-load losses of the transformer-rectifier units in the substation,
2. operation of car auxiliaries during layup,

3. support services, such as heating and ventilation of substations and other
structures, chiller plants metered through the traction meters, tunnel
ventilation, lighting and switchpoint heating, and testing ¢f trains.

This background is not simply the background of the regression analysis carried
out during revenue service time, because of the intercept error. it is more
appropriate to consider the non-revenue service time as the basis for the background

estimate {Table 5-7).

Table 5-10 contains a summary of the background values for all the traction
meters used in all of the subsequent analyses using the EMM. These backgrounds

were derived using the fotlowing rules:

1. The minimum power through any traction meter is the no-load losses of
the transformer-rectifier units in the substation.These are estimated at 8
KW per unit. These no-load losses are also shown in the table.

2. The average layup power used by a car is b KW. This number is based on
a measured value.

The background power for peak and non-peak operation differ because of the
layup power of the auxiliaries on board the cars which are stored during non-peak

operation.

Since it was not possible to obtain a detailed analysis of the background
associated with the VEPCO meter, this estimate was made by taking each VEPCO
substation background the same as the average of all of PEPCO substations. Thus,

the background value for the VEPCO meter was 686 KW.



5.3.1.4. Consolidation Histocgram Analysis

Figures 5-15, through 5-19 show statisticai summaries of traction power metered
by PEPCO for the AM peak for the Red Line, Blue/Qrange Line, DC, MD and VA
jurisdictions of PEPCO, respectively. Figures 5-20 through 5-24 show statistical
summaries for the PM peak for the same PEPCO traction meter consclidations. The
time interval selected for these summaries was May 1-October 15, 1980, for which

the timetable was relativeiy stable.

The statistical summaries show the average, standard deviation, and the
maximum of the traction power over one-half hour intervals beginning each quarter

hour. These values are the measured power demands.

-

Table 5-11 presents a comparison of the maximum power demand to the
average power demand for the AM and PM peak operating periods, for four meter
consolidations: Red Line, Blue/Orange Lines, DC and VA jurisdiction of PEPCO.
Because of missing meter data on the MD jurisdiction met;rs, this consolidation was
not considered. In the case of the Red and Blue/Orange Line traction meter
consolidation, the percent increase of the maximum demand over the average demand
is 26-31%. In the case of the DC jurisdiction, the percent increase of the maximum
over the average demand was 18-19%. However, in the case of the PEPCO VA

jurisdiction, the percent increase is 67-86%.

The large difference in the case of the VA jurisdiction can be attributed to the
small number of meters in the consolidation (3 meters), and as a result, any variation
in operating conditions over the portion of the rail network serviced through these
three meters tend to be coincidental, whereas, in the case of the DC jurisdiction
serviced by a large number of meters serving different portions of different lines,

the operating difference effects tend te be non-coincidental.
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5.3.2. Support Energy

in Metrorail operation, the support energy is the time integrated power
registered by the electric meters in the passenger stations, the office buiiding, and
the repair shops. It includes energy for heating, air conditioning, ventilation, lighting,
elevators, escalators, signals and communications, and power to run special
equipment and machinery, As in the case of traction energy, an audit was undertaken

by analyzing metering information from PEPCO for part of the year 1980,

5.3.2.1. Description of Audit
The time interval selected for the audit was the same as that for the traction

energy audit.

Of the thirty-seven support meters analyzed as part of the 1980 operation,
thirty were in the DC jurisdiction, four were in the MD jurisdiction, and three were in
the VA jurisdiction. During the analysis, it was found that pulse data were missing
from the meters at Silver Spring, Landover, Cheverly, and Minnesota Avenue. Thus,

precautions were taken during the audit 1o discount the effects of these meters.

5.3.2.2. Regression Analyses: Temperature

In order to determine the dependence of support energy usage on daily
temperature, regression analyses were conducted using the support meter data. Each
day was divided into two periods: revenue service time and non-revenue service
time. Revenue service time was that part of the weekday, Saturday or Sunday, during
which trains were scheduled to run according to the operating timetable. Non-revenue

service was all other times.

The regression formula was assumed to have the form:
P = PO + PZ(ADD)

during revenue service time, and:
P = P0 + PZ(MDD)



during non-revenue service time, where P is the average power as obtained from the
meter data, PD is the background power in units of KW, ADD is the average degree-
day defined as the average temperature less 70°F, and MDD is the minimum degree-

day defined as the minimum temperature less 70°F,

The results of the regression analyses are shown in Table 5-12. All stations
which are above ground show a power increase with decreasing degree-days (heating),
and those below grade show a power increase with increasing degree-days. For the
below ground stations, this is attributed to tunne! ventilation, and for above ground
stations it is attributed to heating and lighting. The lighting correlation is probably a

secondary effect due to a relation between longer night hours and cclder days.

The office building shows a large cooling effect because chiller plants at
Gallery Place and Judiciary Square are metered here. The Garden City Shop shows a

large heating effect.

Table 5-13 shows the temperature dependent coefficient of the regress.c-
analyses and load dependence on temperature for several conscolidations of the
support meters. The load differences can be interpreted as between winter (30°F) and

summer (30°F), and the spring and fall seasons (60°-70°F).

’

5.3.2.3. Average PEPCO Support Power

Table 5-14 lists the average support power for the passenger stations, the
office building, and repair shops for PEPCO jurisdictions during the principal operating
periods. Table 5-15 lists the average support power for five PEPCO support meter
consolidations which are the Red Line passenger stations, the Blue/Orange Line
passenger stations, and the DC, MD and VA jurisdictions. The MD and OC

jurisdictions are shown with and without office building and repair shop power.
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5.3.2.4. PEPCO Support Power Model
The PEPCO support power model was developed for the passenger stations
serviced by PEPCO. It includes a background power, lighting loads, and escalator

ioads.

5.3.2.4.1 PEPCO Passenger Station Lighting Loads

Table 5-16 shows a summary of the power used for lighting of the passenger
stations serviced by PEPCO. This table was constructed using the following

information from Metro:

1. Underground stations with center {side} platforms have 70 (120) KW of
lighting load.

2. Stations above ground with center (side) platforms have 30 {(40) KW of
lighting load.

3. The Pentagon and Rosslyn stations have two levels underground, and the
lighting icad is 130KW.

4. Parking lot lighting loads associated with passenger stations are estimated
at 30 watts/space.

Based on this information in Table 5-16, a summary of the lighting loads for
Red Line, Blue/Orange Line, and DC, MD and VA jurisdiction passenger stations is

presented in Table 5-17,

5.3.2.4.2 PEPCO Passenger Station Escalator Loads

it has been shown that if as many people ascend escalators as descend them
in a given time period at the lcading which would be experienced at Metro, tre
average power consumed in the time period is proportional to the sum of the heights
of rise of all of the escalators. This conclusion is valid for the modular escalators
supplied by Westinghouse to Maetro under medium load conditions. The convers:on

coefficient from the height of rise to KW is 0.11 KWI/ft. of rise.

In order to use this relation between height of rise and escalator power, time



periods must be selected where ascending and descending locad averages over the
periods are relatively equal. These periods are: the AM and PM peak taken together,
midday, evening, Saturday and Sunday operation. |t is even more valid when
considering severai passenger stations, such as on the separate lines or the DC

jurisdiction where ail people must enter and leave the system within 30 minutes.

Using the relationship between escalator power and height of rise, a summary
of average power consumed by the escalators is listed in Table 5-18. The heights of

rise were calculated based on the Metro information.

The average power for all underground stations was determined for the peak
revenue service periods and the non-revenue service pericds on weekdays in order to
verify the validity of the simple power formula for the escalators. The difference
between the powers during these two weekday periods should equal the escalator
power if the assumptions that all escalators are running during the peak revenue
service periods and that of the passenger station loads only the escalators are turned
off during the non-revenue service periods. This comparison is shown in Table 5-19.

Agreement is within 2%.

5.3.24.3 PEPCO Support Power Mode!

{n this study, support background power is defined as all support power less
the lighting and escalator load on the average degree-day. This definition was

selected in order to test lighting and escalator energy conservation strategies,

The FEPCO support background power was estimated by subtracting the
escalator average power, as calculated using the simple escalator formuta described
in the previous section, and the full underground station lighting loads from the
average support power used in the AM and PM peak revenue service periods taken
together. A summary of the resulting support power background for the passenger
stations of the Red Line, Blue/Orange Line, and the DC, MD and VA jurisdictions is

tabulated together with the lighting and escalator loads in Table 5-20.



in the construction of Table 5-20, it was assumed that station lighting was
operational for all periods, and lighting in stations above ground was used only in
the evening.The latter assumption is not critical. Escalators were assumed off during

non-revenue service time.

With reference to Table 5-20, the actual power and estimated power have been
forced to agree during the peak periods because of the estimation method. However,
the agreement during the other periods is good with the exception of that of the MD

jurisdiction where the metering information was not complete.

Table 5-21 lists the metered power demand and energy use for the office
building and repair shops. Since no conservation strategies will be applied to these
installations in this study, this power will be considered background in the DC and

MD jurisdictions.

5.3.2.5. The VEPCO Support Power Model

Since no detailed information is availabie on VEPCO support power, the model
was patterned after that of PEPCO. The background support power was estimated
using the average background of similar type passenger stations serviced by PEPCO.
The types of stations considered were underground side platform, underground center

platform, and above ground.

Table 5-22 presents a comprehensive listing of lighting and escalator loads

{using the simpie escalator power formula) in VEPCQ passenger stations.

Table 5-23 presents a listing of background, lighting and escalator power for
VEPCO service at passenger stations. The background suppbrt power was estimated in

the same way as in PEPCO serviced passenger stations.



[}
o
~J

5.3.2.6. Aigorithms for Estimating Support Power Demand and Energy Use
The models developed in Sections 5.3.2.4 and 5.3.2.5 can be applied directly to
energy conservaticn strategies involving escalator and lighting power reduction. The

following procedure is used.

Estimate of Peak Power Demand

Peak power demand is estimated by summing up the background power, the

lighting power, and the escalator power during the peak demand period.

Estimate of Energy Use

Energy use is estimated by summing the background energy (background power
X 24 hours/day), the lighting energy (integration of the lighting vpower over the day),

and the escalator energy (integration of the escalator power over the dayl.

Table 5-24 shows an estimate of the support energy use and average peak
power demand for normal operation on a weekly basis. The assumptions for this
estimate are:

1. Lighting load of underground stations is continuous.

2. Lighting load of stations above ground is on during evening revenue
service operation only (6:00PM-12:00AM}.

3. Escalators operate only during revenue service.



TABLE 5-1

METERING POINTS AND POWER FEED INFORMATION

METER NAME - CODE END USE OF FEEDS
& CIRCUITH
TRACTION AUXILIARY CHILLER OTHER

NORTH-SOUTH LINE

West End A0708 100€ 1 1
West End A0709 100F 3 2
Wabash A1382 100C 3 2
Wabash A 1392 1000 3 3 1
Spring Street 57582 100A 3 2 1
Spring Street $7592 1008 3 3
Lindmont L1762 100H 2 2
Lindmont L1752 100G 3 1
Buckhead S1588 100J 3 1
Buckhead 515598 100K 2 2
EAST-WEST LINE
Hightower H0142 101L 1 1
Hightower H0152 101M 1 1
Northwest 808 101K 2 2
Northwest 468 101J 2 1
Davis Street 188 101E 2 2 1
Davis Street 198 101F 1 1
Davis Street 488 101H 2 P
Davis Street 4398 101G 1 1 1
Hill Street 1612 101C 3 3
Hill Street 1622 103D 3 4 1
Moreiand 1362 1018 3 3 1»
Moreland 1312 101A 3 4
Decatur 592 Q28M 2 1 2
Decatur 582 028L 1 1 2+
Scottdale 352 278A 1 1 2+
Scottdale 362 2788 2 1 P
* Fan

# Car Shop & Maintenance of Way
+ Cantral Train Control, Yard Control
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TABLE 5-2

REGRESSION ANALYSES RESULTS

Coefficient Model #1 Model #2 Model #3
EO(kWH) 144,269 150,328 151,123
ECM{kWHlCM) 4.721 4,714 4.685
EHDD(kWHIHDD) 2253 2564 2939
EkWHICDD 1018 1161 1548

Base and Saturation Temperatures CF} [Best Fit]

CDD Base 65 69 70
HDD Base 65 57 54
CDD Saturation - - 83
HDD Saturation - - 33

Statistical Quantities [Best Fit]

Rz(Adjusted for Degrees of Freedom}

85.5% 85.9% 86.6%
T-Ratio (Coefficient/Std Deviation)
of Eo term B85.52 97.13 101.62
of Ecu term £6.01 86.57 57.78
of EMDD term 23.81 23.33 24.15

of ECDD term 18.13 17.43 18.73
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TABLE 5-3

RESULTS OF REGRESSION ANALYSES ON NORTH-SOUTH AND EAST-WEST LINES
DURING DIFFERENT TIME PERIODS

2
Analyses HOD cobD R Eo EI Ecno EHDD

ID BASE SAT BASE SAT(%) (KWH) (KWHPCM) (KWHPCDD) (KWHPCDD)
(*F) {°F) (°F) {°R)

1. N-S(1984) 55 34 68 76 79.2 41467 5.00 1802 405
2. E-W(1984) 56 37 69 81 94.2 120820 3.76 1123 1182
3. BOTH(1984) 54 26 68 78 93.0 162038 4,17 2918 17727
4. BOTH(1983) 55 kl.} 73 84 82.8 145155 5.01 39356 1404



COMPARISON OF TERMS OF REGRESSION EQUATION TO TOTAL DAILY ENERGY

TABLE 5-4

Daily Ambient Energy (kWH)N %]
Car-Miles Temp Background Car-Mi Amb Temp Total
23,000 33° 151123(52) 107756(37) 32516[11] 291395[100]
55: 151123[58] 107756(42] 0.[0] 258879[100]
83 151123(51] 107756(36] 38207([13] 297086(100)
10,000 33° 151123(66] 46851[20] 32516(14) 230490[ 100}
65° 151123[76) 46851[24] 0[0]  197874[100]
83° 151123(64] 46851(20] 38207[16) 236181[100]

5l
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TABLE 5-5
ENERGY CONSUMED BY METRO OPERATIONS DURING 1880

(X1000 KWH) (% of TOTAL)

PEPCO VEPCO
ENERGY CONSUMED BY DC MD & VA
A1l Passenger Stations 47,721 {66%) 12,541 (17%) 12,184 (177%)
A1l Rail Traction Operations 107,635 (62%) 43,371 (25%) 21,819 (13%)
TOTAL 155,356 (63%) 55,912 (23%) 34,453 {14%)

Source: Testimony of Richard T. Labonski of Washington Metro before the DC
Public Service Commission, Formal Case #7438, April 1981,



TABLE 5-6
SUMMARY OF AVERAGE ACTUAL VS. SCHEDULED CAR-MILES
FOR METRO (FEBRUARY 1, 1980-OCTOBER 15, 1980}

Average Actual Scheduled
RED LINE Car-Miles Car-Miles
Weekdays 16,470 18,018
Saturdays 10,489 11,571
VSundays 5,487 5,964
BLUE/ORANGE LINE
Weekdays 41,338 41,855
Saturdays 25,186 26,779
Sundays 13,977 14,083
Average Actual Car-Miles
RED LINE
February 1-April 30, 1980 May 1-October 15, 1980
Weekdays 14,876 17,372
Saturday 8,712 11,419
Sunday 5,203 5,618



TABLE 5-7
RESULTS OF REGRESSION ANALYSES FOR
POWER VS. CAR-MILES AND DEGREE-DAYS

RED LINE METER NAME (SYMBOL) REVEMUE SERVICE TIME* NON-REVENUE SERVICE TIME**
PolKW) €, (KWHRCM} P, (KuPOD) PolKW) P, (xWPDD)

Farragut North (MAl) 222 0.90 -1.1 91 0.4
Gallery Place (MB1) . 134 D.88 N 98 N
Union Station (M82) 95 0.69 N 133 N

New York Avenye (MB3) 27 0.75 N a2t N
Rhode [sland Avenue {MB4) 44 0.73 -1.6 75 -0.7
8rookland Avenue (MBS) 261 1.00 -3.3 274 -2.6
New Hampshire Avenue (MB6) 170 0.63 N 323 6.3
Takoma Park (M87) n 0.82 -2.9 107 -1.4
Silver Spring (MBS) 449 0.62 N 388 N
Coincident Red 1844 6.87 -11.6 1853 N

ORANGE/BLUE LINE METER NAME {SYMBOL)

Shirley Highway {(MC8) 197 .30 7.8 256 6.6
Washington Boulevard (MCS) 106 .60 0.7 aN -0.7
Rosslyn (MCS) 60 .50 3.7 220 2.8
Potomac (MC4) 43 .50 N N -0.7
Farragut West (MC3) -1 .58 1.3 54 N
Metro Center (MC1) 52 .5§ 2.2 n N
Smithsonian (MD2) 51 .51 0.9 36 N
Federal Center (MD4) =57 .40 0.6 22 N
Seward Square (MDS) 64 .62 1.2 41 N
Potomac Avenue (MO7) -82 .36 N 15 1.7
Stadium Armory (MD8) 197 .55 N 73 -0.3
Minnesota Avenus (M09} 123 .53 N 19 0.6
Deanwood (MDI0) m .49 1.7 9 -10.7
Chaverly {MD11) 9% .54 N 132 -1.0
Landover (MD12) 254 ) 2.8 222 -3.4
Beaver Dam Creek (MD13) 176 - .39 2.2 266 N
New Carrollton Yard (MOY) 539 .24 7.8 981 6.5
Coincident Blue/Orange 895 §5.52 18.7 1156 N

(Except MO11, MD12, MD13, MDY)
Coincident 8lua/Orange 1526 5.73 a . 1796 8.2

“Revenue Operating Time Regression Egquations

Red Line 8lye/Orange Line Poapye £ (QUVH) + P,(0D)

Weekdays  00:00-00:45; 05:15-24:00 00:00-00:45; 05:30-24:00 JP : Average Powar (KN)
Saturdays 00:00-00:45; 07:30-24:00 00:00-00:45; 07:30-24:00 J P.: Background Power (W)
Sundays  09:30-18:48 09:30-18:45 EY: KMWPCM (Car-Mile Component

*Non-Revenue Operating Time ancﬁzgc:egl_nﬂesm‘wr
Weekdays 00:45-05:1§ 00:45-05:30 Pz: XWKPOD pegree—Day Comporent
Saturdays 00:45-07:30 00:45-07:30 Coefficient}

Sundays 00:00-09:30; 18:45-24:00 00:00-09:30; 18:45-24:00 J 0D: Degree-Day

N - Not significant with 951 Confidence Limits.



TABLE 5-8
TEMPERATURE DEPENDENT COEFFICIENT OF REGRESSION ANALYSES
AND LOAD DIFFERENCES FOR TRACTION METER CONSOLIDATION

PZ(KNPADD) Pz(KNPMDD)
Revenue Service Time Non-Revenue Service Time
Negative Positive Negative Positive
Red Line B.9 0 4.7 6.7
Blue/Orange Line 0 32.9 21.8 16.3
D.C. Jurisdiction 8.9 7.9 16.4 9.0
MD Jurisdiction 0 12.8 9.4 6.5
VA Jurisdiction 0 12.2 0.7 9.2

LOAD DIFFERENCES (KW)

P(30°)-P(70°) P(90°)-P(70°)  P(20°)-P(70°) P(80°)-P(70°)

Red Line 356 0 235
Blue/Orange Line 0 658 1090
0.C. Jurisdiction 356 158 820
MD Jurisdiction 0 256 470

VA Jurisdiction 0 244 35

67
163
90
65
92

o]
(@3
u



TABLE b-9
AVERAGE POWERS (KW} FOR TRACTION METERS AT DIFFERENT
OPERATING TIMES (MAY 1, 1980-OCTOBER 15, 1980)

RED LINE METER NAME (SYMBOL) AN PEAK HIDDA‘V‘ EEKD %n'pr:m: EVENTING SATURDAY SUNDAY AM PEAK  AM PEAK  WIDODAY  MIDOAY

8:00-9:00  12:00-13:00  17:00-18:00  20:00-2):00  12:00-13:00 12:00-13:00 RIOOAY PR PEAR  EVENTRG  SUNDKY
farragut Morth (MAl) 1759 832 1836 819 813 796 z.n .96 1.02 .05
Gallery Place (MB1) 1585 757 1663 713 n 671 2.09 .95 1.06 1.13
Unfon Station (WB2) nis 590 1283 557 526 484 1.89 .7 1.06 .22
New York Avenue (M83) 1149 735 1338 764 655 622 1.56 .86 .94 1.18
Rhode Island Avenue (MB4) Hso 534 1259 505 500 47 2.v7 .92 1.06 1.22
Brookland Avenue (MB5) 1764 922 1827 926 889 846 1.91 .97 1.00 1.09
New Hampshire Avenue (MB6) 970 639 1086 568 619 (1}] 1.52 .89 1.13 V.05
Takoma Part (M87) 1267 614 1217 593 626 606 2.06 .99 1.04 1.01
St{iver Spring (HBB) . 124) 854 1278 854 794 B&0 1.45% .97 1.00 .99
Coincident Red 12011 6476 12847 6318 6140 5933 1.85 .90 1.03 1.09

BLUE/ORANGE LINE METER MAME (SYMBOL )

Shirley Highway {MC8) 563 379 615 461 500 496 1.49 .92 .82 .76
Washington Boulevard (MC6) 1009 565 1058 572 523 499 1.79 .96 .9 1.13
Rosslyn (MCS) 1739 912 1841 e87 . 832 [1%] 1.91 .94 1.03 1.07
Potomac (MC4) 1705 N8 1741 99 866 813 1.86 .98 .97 K]
Farragut West (WC3) : 1986 1017 2123 967 929 902 1.95 .94 1.05 L
Metro Center (MC)) : 1962 1030 2016 992 %6 9%3 1.9 .97 1.04 V.07
Smithsonian (MD2) 1800 972 1832 LTTY ars 900 1.85 .98 1.03 1.08
Federal Center [MD4) 1248 640 1449 657 593 547 1.95 .B6 .97 .V
Seward Square {MD6) 2143 7z 2179 1144 174 1 [x] 1.82 .98 V. 1.07
Potomac Avenue (MD7) 1006 537 1138 11} $0) 503 1.87 .88 1.00 1.07
Stadlum Armory (MD8) 2031 naz 2019 1142 1100 mo 1.7 .98 }.00 1.03
Hinnesota Avenue (MD9) 1036 615 1162 609 571 558 1.68 .89 1.01 .10
Deanwood (MD10) 1023 591 1076 609 567 562 1.73 .95 .9 1.05
Cheverly (MD1}) 978 625 1044 610 551 537 1.48 .M 1.02 1.16
Landover (MD12) 734 569 869 592 484 463 1.29 .85% .96 1.23
Beaver Dam Creek {MD13) 737 $37 745 559 461 479 1.37 .99 9% 1.2
New Carrallton Yard (MDY) 635 747 638 1084 564 605 .85 1.00 .69 1.23
Colincident Blue/Orange 22312 12979 23600 13115 11975 11893 1.72 .95 .97 1.09

totngc{dent Blue/Orange 19248 10501 20104 10470 9915 9409 1.83 .95 1.00 1.07

95¢



TABLE 5-10
DERIVED BACKGROUND OF PEPCO TRACTION METERS ON
. RED, ORANGE AND BLUE LINES

NUMBER OF NON-REVENIE MINIMUM MIDOAY
2000 Kn NO LOAD SERVICE *CAR LAYUP BACKGROUND & EVENING
LOCATEON AUX L TARY TRAMSFORMER - LOSSES  TIME POWER  POMER (¥u) BACKGROUND

METER MAME LINE (MILEPOST} SYMBOL _RATED ki RECTLFIER UMITS  (KN) {Kn) LL) [AMEPM PEAK)  (KNW)
Farragut North Red 0.434 M - 3 24 88 a8 68
Gallery Place Red 1.504 M1 - 3 4 98 %8 %
Unton Station Red 2.508 Ma2 - 2 16 133 1313 [EX)
New York Avenue Red 31.610 MB3 150 2 16 n 200 12) 24
Rhode Island Avenue Red 4.468 MB4 - 3 24 B4 B4 84
Brookland Avenue Red 6.029 MBS 150 k} 24 306 306 306
New Hampshire Avenue Red 7.199 MB6 150 2 16 250 250 250
Takoma Park Red 8.730 M7 - ¢z 113 124 124 124
Silver Spring Red 9,964 [, 1] - k] 24 3B 180 208 328

1412 1652
Shirley Highway Blue 1.676 M8 1500 2 16 163 161 163
Washington Boulevard Blue 2.79% MC6 500 2 16 90 90 90
Rosslyn Blue/Orange 4.004 MCS 750 3 24 184 184 184
Potomac Blue/Orange 5.225 MC4 600 2 16 100 100 100
Farragut West Blue/Orange 6.1 MC3 - 3 24 54 54 54
Metro Center Blue/Orange 7.036 MCl - k] 24 k1] k]| 31
Saithsonian Blue/Orange 7.770 HD2 - 2 16 36 36 k[ 3
Federal Center Blue/Orange 8.545 HO4 - 2 16 14 22 22
Seward Square Blue/Orange 9.313 MD6 - 2 16 41 41 41
Potomac Avenue Blue/Orange 10.748 MD? 500 3 24 52 52 52
Stadivm Armory Blue/Orange 11,387 MO8 225 2 16 ” 77 7
Minnesota Avenue Ovange 12.878 ND9 - 2 16 n T n
Deanwood Orange 13.89) MolG - 2 16 213 213 213
Cheverly Orange 15. 042 MO - H 16 140 140 140
Landover Orange 16.447 m2 112.5 2 16 287 287 287
Beaver flam Creek Orange 17.395 M3 5 2 16 266 266 266
New Carrollton Yard Orange 18.34 MOY 1500 2 16 929 600 129 599

1134 (w/0 M1, 12,
CAR LAYUP_INFORMAT (0N NUMBER OF CARS
HIGHT  MIDDAY
36 22

Silver Spring

Brentwood Yard 10 16
New Cairollton Yard 120 54
Ballston 24 6
National Airport J6 18

L9¢



TABLE 5-11
COMPARISON OF MAXIMUM POWER DEMAND TO AVERAGE
FOR SEVERAL TRACTION ENERGY METER CONSOLIDATIONS

AM PEAK PM_PEAK

METER CONSOLTOATION  MAXIMUM DEMAND INTERVAL "AX-RVE (4)  maximum pewanD InTeRvaL MAK-AVG (4
Red Line 7:30-8:00 29 17:15-17:45 31
Blue/Orange Line 7:00-7:30 31 16:45-17:15 25

DC Jurisdiction 7:45-8:15 19 17:45-18:15 18

VA Jurisdiction 8:15-8:45 67 18:15-18:45 86

Note: The MD consolidation was not considered because of missing data from several
of the MD meters.

84¢



TABLE 5-12
RESULTS OF TEMPERATURE REGRESSION ANALYSES
FOR SUPPORT METERS

REVENUE SERVICE TIME* MON-REVENUE SERVICE TIMEW*®

RED LINE PASSENGER STATIONS LOCATION JURISDICTION o' 2 o 5 KWPH
Dupont Circle (MSA3) 1] oc 35Q D.8% 298 1.08
Farragut North {MSA2) U oc 327 1.7% ne 2.28
Metro Center {MSA) u oc 73 2.95 384 3.57
Gallery Place (MSB1) U oC 2 0.55 195 0.42
Judiciary Square (MSB2) il DC 246 Q.39 228 0.59
Union Station (MSB3) tH oc 261 1.39 243 1.47
Rhode Island Ave. [MSBA) A o 103 -4.81 69 -5.1
Erookiand {MSBS} A ¢ 112 -1.58 % -1.47
Fort Totten (MSB6) A oc 100 -1.16 89 -1.18
Takoma Park {MSB7} A e 77 -0.97 62 -0.99
Silver Spring {MSBSB) A MO 118 N 104 -0.25
BLUE/QRANGE LINE PASSENGER STATIONS
Pentagon {MSC7) ] VA 398 1.23 364 1.17
Arlington Cemetery(MSC6} A YA 106 -0.36 77 -0.42
®osslyn (™SCS) U YA 370 1.20 146 1.21
Fogqy Bottom (M5C4) y oc 189 0.57 165 0.63
Farragut west {MsC3) 1] oc 305 1.48 2% 1.75
McPherson Square (MSC2Z) U oC 255 0.99 260 1.2
Metrc Center (ML) u De 290 1.59 276 1.65
federai Triangle (MSD1) ] oc 183 0.98 167 4.72
Smithsonian {Msp2) u oC 258 0.24 223 0.19
L'Enfant Plaza {Ms13) u oc 308 1.05 7% 1.15
Federa] Center (MSD4) L s 19 0.73 184 0.65
Capitol South (MsD5) U oc 247 1.86 242 1.9
Eastern Market  (MSDE) u 11 102 L] 95 N
Potomac Ave. (ms07) i} oc 147 0.37 142 0.39
Stadtum Srmcry  (MSD8) u oc 226 0.77 197 0.34
Minnesota Ave. (MSD9) A oc 110 -1.3¢ 100 -1.30
Deanwood (MS10) A C 95 -0.70 76 -0.65
Cheverly (MS11) A MD 86 -0.36 94 0.35
Landover {MS12) A MD 54 N 48 -0.6%
New Carrollton  (MS13) A MD m N 181 N
Galiery Place (MSE3} 1] oc 141 0.36 146 0.35
Archives {MSE2) u nc 60 1.26 72 1.29
L'Enfant Plazs {MSE1) u nc 198 0.5t 182 0.52
OFFICE BUILOING AND REPAIR SHOPS
dffice Building  (MOB) DC 1972 12.16 1594 9.3
T-St. Repair Shop (MRS) oc 579 0.63 522 N
Garden City Shop (MGCS) HD 273 -11.14 187 -14.9
e
“Revenue Cperating Time Regression Equations
Aec Line 8lue/Orange Line P = PO + pz(on)
Weekdays 00:00-00:45; 05:15-24:00 00:00-00:45; 05:30-24:00 P : Average Power (KW}
Saterdays  00:00-00:45; 07:30-24:00 00:00-00:45; 07:30-24:00 Pp: Background Power (KNW)
Sundays 09:30-18:45 PZ: KNP0 (Deqr:e-Da_y Component
e ) . toefficient)
Non-kevenue Qpe~ating Time 00;: Degree-Day
Weekaays 00:45-03:15 0C:45-05:30
Saturdays 00:45.07:30 00:35-07:30
Sundays 00:00-09:30; 13:43-22:00  0U:00-09:3C; 18:45-24:00
M - Not significant with 350 lonfidence Limits.




TABLE 5-13
TEMPERATURE DEPENDENT COEFFICIENTS OF REGRESSION
ANALYSES LOAD DIFFERENCES FOR SUPPORT
METER CONSOLIDATION

P, {KWPADD) P, (KWPMDD)
REVENUE SERVICE TIME NON-REVENUE SERVICE TIME
SUPPORT METER CONSOLIDATION  NEGATIVE POSITIVE NEGATIVE POSITIVE
Red Line 8.49 7.88 9.00 9.37
Blue/Orange Line 2.76 15.19 3.06 15.98
DC Jurisdiction 10.53 33.43 10.7 29.76
MD Jurisdiction 11.50 0 15.84 0.35
VA Jurisdiction 0.36 2.43 0.42 2.73

LOAD DIFFERENCES (KW)
P{30°)-P(70°) P{90°)-P(70°) P(20°)-P(70°) P(80°)-P(70°)

Red Line 340 158 450 94
Blue/Orange Line 1o 304 153 160
DC Jurisdiction 421 669 535 298
MD Jurisdiction 460 0 794 4

VA Jurisdiction 14 49 21 27



TABLE 5-14
AVERAGE SUPPORT POWER (KW) FOR PASSENGER STATIONS
OFFICE BUILDINGS AND REPAIR SHOPS DURING
PRINCIPAL DAILY OPERATIONAL PERIODS

r

JURIS- WEEKDAY SATURDA SUNDAY

METER DICTION ! K VB NIGKET AT ! T 343 ToFT
RED LINE PASSENGER STATIONS
dupont Circle (MSA3) bl 369 68 380 76 317 161 14 54 309 7
Carragut Ngrth {MSA2) 2 360 s7 359 354 38 116 n2 341 313 313
“atro Center (MSAT) &t an 405 410 498 389 303 370 198 378 Ehi
Gallery Ptace (MSB1) oc 216 217 220 218 136 220 297 205 187 i35
Judiciary Square (MSB2} ne 257 255 2%6 251 229 240 225 236 223 222
Union Station (MSB3) e 278 293 280 21 244 270 242 267 242 122
Rhode Island Avenye (MSB4) oc 70 63 83 94 89 76 34 61 83 76
grookland (MSBS) ac 102 92 104 109 100 104 101 97 9 6
Fort Totten (MSBS) oc 36 81 83 104 93 38 90 831 g8 87
Takoma Park (MSB?) ac 77 72 70 86 70 76 69 70 1 87
$1lver Spring {MSBB) MD 1nz 109 108 125 106 10 107 105 113 108
BLUE/QRANGE LINE PASSENGER STATIONS
Pentagon (MSC7) VA 47 30 4N as 368 97 364 192 378 365
Arlington Cemetery (MSC6) VA 106 95 107 104 79 190 82 98 33 81
Rosslyn (MSCS) VA 388 385 39 384 352 376 43 358 3R 330
Fogqy Bottom (MSC4) 0¢ 195 188 189 186 168 188 165 185 170 168
Farragut West (MSC3) oc 330 324 325 27 300 jo9 285 316 296 283
McPherson Square (MSC2) oc 288 291 293 285 254 269 254 270 254 256
Metro Center (MSC1) oc 309 309 309 306 m 109 279 308 280 219
Federal Triangle (MSD1) oc 194 192 198 135 180 190 167 187 175 5l
Smithsonian (MSD2) 0c 268 261 257 249 226 287 224 258 221 219
L'Enfant Plaza (MS03) bC 3 324 327 324 283 304 286 103 283 282
rederal Center (MSD4) oc 208 203 209 203 182 200 180 201 183 181
Capito] South (MSDS) oc 264 261 266 262 239 259 24 263 246 243
Eastern Market (MSD6) oc 88 88 88 ag 8s o 97 90 88 92
Potomac Avenue (MSD7) oc 187 47 152 146 138 145 129 148 136 132
Stadium Armory (MSDB) oc 229 231 238 233 202 230 200 227 203 196
Minnesata Avenye (MSD9) oc 96 94 96 114 100 106 103 100 107 0
Deanwood (MS10) oc as 82 8z 100 20 a7 78 80 83 75
Cheverty (MS11) MO a8 78 77 108 9% 92 97 79 96 87
Landover (MS12) L] 54 4 53 61 51 54 53 43 a7 48
New Carrollton (MS13) MO 146 128 124 215 216 155 200 121 191 179
Gallery Place (MSE3} o 148 145 144 145 14§ 144 148 143 144 145
Archives (MSE2) o 72 72 73 73 72 73 73 n 7 Al
L'Enfant Plaza (MSE1) 0c 208 209 209 204 183 201 184 200 185 83
OFFICE BUTILDING AND REPAIR SHOPS
Total Qffice and Shop 197 3382 J202 2806 2377 24827 2260 2085 2130 2085
Office Building {MCB) oc 2382 2516 2380 1969 1551 1689 1459 14N 1419 13N
T-St. Repair Shop (MRS) oc 557 640 606 603 510 533 533 4 507 515
Garden City Shop (MGCS) MD 258 226 216 234 216 208 268 203 208 253



TABLE 5-15
AVERAGE SUPPORT POWER FOR METER
CONSOLIDATIONS AT VARIOUS OPERATING PERIODS

PASSENGER STATION (kW)
WEEKDAY SATURDAY SUNDAY

z9¢

AM PEAK MIDDAY PM PEAK EVENING NIGHTJ OPERATION NIGHTROPERATION EVENING NIGHT

Red Line 2343 2304 2333 2398 2151 2284 21 2217 2114 2078
Blue/Orange Line 4663 4554 4616 4728 4271 4543 4232F 4442 4263 4157
DC Jurisdiction 5690 5616 5678 5714 5156 5543 5097y 5463 5127 5040
MD Jurisdiction 405 361 362 509 467 411 457 348 447 419
VA Jurisdiction 91 881 909 903 799 873 789 848 803 776

ALL SUPPORT METERS INCLUDING OFFICE BUILDING AND REPAIR FACILITIES (KW)

DC Jurisdiction 8629 8772 8664 8286 7317 7765 70894 7345 7053 6866
MD Jurisdiction 663 587 578 743 683 616 725 551 651 678



TABLE 5-16
SUMMARY OF LIGHTING LOADS BY PASSENGER STATION

JURIS- STATION STATION  NUMBER OF STATION PARKING LOT TOTAL
STATION (METER SYMBOL) OIZTION LOCATION TYPE  PARKING SPACES  LIGHTING (kW) LIGHTING (XW)*** LIGHTING (i(w)

RED LINE STATIONS

Jupant Circle [MSA3) 3C U S 120 120
Tarragus Morth (MSAZ) oc J c 70 70
Metro Center (MSAT) pld u 3 120 20
Zallery Place {MSB1) 3¢ u S 120 120
Judiciary Sguare (MSB2) 2C Y c 120 120
Jnion Station {MSB3) 3 U c 70 bs!
hode IsTand Avenue {(MSB4) 3C A ¢ 300 0 9 33
Srookland (MSB5) oc A ¢ 30 3a
Ffort Totten (MS86) ac A C 300 30 ] 19
Takoma Park (M387) pis A c 1000 30 30 60
$ilver Spring (MSB3) M0 A ¢ 30 30
BLUE/ORANGE L INE STATIONS

pentagon (MSC7) VA ] i 130 130
Arlington Cemetery (MSCS) VA A S 40 40
Rosslyn (MSCS) YA u Ll 130 130
Foggy Battom (MSC3) oc u ¢ v} 70
Farragut West (MSC3) oc ] ] 120 120
McPherson Squars (MSC2) oc u 5 120 120
Metro Centar (MSC1) oc U c 70 7%
Federal Triangle {MSD1}) oc 3. o 70 70
smithsonian (MSD2) oc U s 120 120
L'Enfant Plaza (MSD3) oc u c 70 70
Federal Center (MSD4) ec u c 0 70
Capitol South (MSDS) oc u C 10 70
Eastern Market (MSDS} bC i1 c 10 70
Potomac Avenue (MSD7) oc 1] c 70 70
Stadium Armory (MSD8) oc U C 70 70
Minnesota Avenue {MSD9) oc A o 250 30 7 37
Deanwood (MS10) K A ¢ 220 30 7 37
Chaverly (MS17) MO A S 500 40 I 58
Landovar (MS12) NO A C 1000 30 30 60
New Carroilton (MS13) MG A C 1900 30 56 as
Gallery Place (MSE3)* oc U ¢ 70 70
Archives (MSE2)* e u c 70 70
L'Enfant Plaza (MSEl)* o '} H 120 120

Note: U - underground $ - side platform *Green/Yellow Line
A - above ground C - center platform “two lTevel

wripaced on IO watts per space



TABLE 5-17
SUMMARY OF LIGHTING LOADS BY
METER CONSOLIDATIONS

(KW)
PARKING  STATION  TOTAL
SUPPORT METER CONSOLIDATIONS LIGHTING LIGHTING LIGHTING

Red Line Passenger Stations 48 770 818
Blue/Orange Passenger Stations* 115 1830 1945
DC Passenger Stations 62 2050 2112
MD Passenger Stations 101 130 231
VA Passenger Stations 0 300 300

*Includes three Green/Yellow Line stations which were on
during 1980: L'Enfant Plaza, Gallery Place and Archives.



TABLE 5-18
PASSENGER STATION AVERAGE DAILY POWER
OF ESCALATORS
TOTAL
2455 EUGER STATION (METER) JURISDICTION ESCALATOR RISE {€7) DAILY wwW*™**
€T LINE PASSENGER STATION

Supent Circle (MSA3) oc 540 59
Carragut North (MSA2) oc 3¢7 K[}
Metro Center (MSAl) 0C 578 63
Galiery Place (MSB1) oC 39 11

Judiciary Square (MSBZ) oc 187 21

Union Station (MSB3) bl 159 17
Rhode Island Avenue (MSB4) ¢ 64 7
Brookland (MSBS) oc 39 10
Fort Totten (MSB6) pe 85 ]
Takoma Park (MS87) oc 76 8
Silver Spring (MSB8) MD 116 13
BLUE/ORANGE LINE PASSENGER STATIONS

Pentagon (MSC7) DC 481 53
Arlington Cemetery (MSCB) VA 219 24
Rosslyn (MSC5) VA 483 53
Foggy Bottom (MSC4) oe 134 15
Farragut West (MSC3) oC 229 25
McPharson Square (MSC2) oc 266 29
Metro Center (MSC1) il * *

Federal Triangle.(MSD1) 0c 106 12
Smithsonian (MSD2) oC 237 26
L'Enfant Plaza (MSD3) oC 720 79
Federal Center (MSD4) oc 152 17
Capitol South (MSDS) DC 166 18
Fastern Market (MSD6) D¢ 139 15
Potomac Avenue (MSD7) DC 156 17
Stadium Armory (MSD8) oc 279 k)
Minnesota Avenue (MSD9) 1 86 3
Deanwood (MS10) DC 67 7
Cheverly (MS11) MD n7 13
Landover (M512) MD 43 5
New Carrollton (HSIJ)’ MD n a
Gallery Place (MSE3) oc bl bl
Archives (MSEZ2) ne bkl bkl
L'Enfant Plaza (MSE1)* oc o b

*Included with MSAT Metrao Center.
*=tgcalators not on in 1980.
*#+*Caiculated on basis of 0.11 kw/ft.
+*These escalators to lower levels were not in
service in 1980,

[ @l

[
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TABLE 5-19
COMPARISON OF PREDICTED DAILY AVERAGE ESCALATOR POWER
WITH OBSERVATION USING SIMPLE ESCALATOR POWER FORMULA

SUPPORT METER CONSOLIDATION KW{PEAK) KW(NIGHT) KW(PEAK)- KW(NIGHT) Kw(ESC.)"

Underground Stations 5552 4943 609 595

*Based on the assumption that all escalators operate during the peak periods
and that only the escalators in underground stations are turned off at non-
revenue service time, the value 595KW computed using the simple escalator
formula compares well with the actual measured power of 609KW.



TABLE 5-20
SUMMARY OF BACKGROUND, LIGHTING AND ESCALATOR POWER (KW}
FOR SUPPORT METERS AT PASSENGER STATIONS

PEAK** MIDDAY** EVENING NON-REVENUE

RED LINE
Background* 1470 1470 1470 1470
Lighting 620 620 820 620
Escalators 250 250 250 0
Total 2340 2340 2540 2090
Actual Total 2340 2300 2400 2130

BLUE/ORANGE LINE

Background* 2555 2555 2555 2555
Lighting 1630 1630 1945 1630
Escalators 455 455 455 0
Total 4640 4640 4955 4185
Actual Total 4640 4550 4730 4270

DC JURISDICTION

Background* 3275 3275 3275 3275
Lighting 1870 1870 1945 1870
Escalators . 540 540 540 0
Total 5685 5685 5760 5145
Actual Total 5685 5615 5715 5160

MD JURISDICTION

Background* 340 340 340 340
Lighting 0 0 230 0
Escalators 40 40 40 0
Total 380 380 510 340
Actual Total 380 360 510 465

VA JURISDICTION

Background* 520 520 520 520
Lighting _ 260 260 300 260
Escalators 130 130 130 0
Total 910 910 950 780
Actual Total 910 880 900 800

*The background is determined by subtracting the underground station lighting load
and escalator 1oad from the average support power during peak periods.
**0Only underground station lighting is on during these periods.



TABLE 5-21
AVERAGE POWER DEMAND DURING PEAK PERIODS AND DAILY
ENERGY CONSUMPTION OF OFFICE BUILDINGS AND REPAIR SHOP

OFFICE BUILDING (DC) T-ST. REPAIR SHOP (DC)

GARDEN CITY SHOP (MD)

(MOB) (MRS )

POWER DEMAND (KW)

AM Peak (8:00-9:00AM) 2280 610

PM Peak (16:00-17:00PM) 2205 590
ENERGY CONSUMPTION {KWH)

Weekday 47510 ' 13835

Saturday 37375 12525

Sunday 32025 11795

ANNUAL ENERGY USE (MWH) 16000 4900

(MGCS)

290
235

6865
6570
5410

2400 -

89z



PASSENGER STATION LIGHTING AND ESCALATOR LOADS
PROVIDED BY VEPCO

TABLE 5-22

LIGHTING  ESCALATOR RISE AVERAGE ESCALATOR

PASSENGER STATION LOCATION TYPE LOAD (KW) (ft) POWER (KW)(0.11/ft rise)
National Airport A C&s 70* 84 9
Crystal City U S 120 191 21
Pentagon City u S 120 169 19
Courthouse U c 70 219 24
Clarendon U ) 120 114 13
Virginia Square U S 120 144 16
Ballston u S 120 168 18

TOTAL 740 120
A - above ground
U - underground
C - center platform
S - side platform

692



270

TABLE 5-23
SUMMARY OF BACKGROUND, LIGHTING AND ESCALATOR
SUPPORT POWER (KW! FURNISHED BY VEPCO

PEAK MIDDAY EVENING NON-REVENUE
Background 1065 1065 1065 1065
Lighting 670 670 740 670
Escalator 120 120 120 0
TOTAL 1855 1855 1925 1735

AVERAGE DATA ON THE PEPCO SERVICED PASSENGER STATIONS
USED IN DETERMINING BACKGROUND

AVERAGE
LOCATION YPE BACKGROUND (XW)

147
167

» P C C
[V B o B 7, B o |

84 } Average 81
77



ESTIMATE OF

ANNUAL SUPPORT ENERGY (MwH)

Background
Lighting
Underground
Above Ground
Total
Escalators

TOTAL

TABLE 5-24

SUPPORT ENERGY USE AND AVERAGE PEAK POWER DEMAND

BY UTILITY/JURISDICTION

( ) indicates % of total support energy.

SUPPORT PEAK POWER DEMAND (KW)

Station Background

Office and Repair Shop Background

Station Lighting
Station Escalators

TOTAL

AVERAGE POWER (KW) USED FOR ENERGY COMPUTATION

Station Lighting
Underground
Above Ground

Station Escalators

PEPCO
HRS/WEEK C WD VA

168 49400(72) 5400(90)  4500(58)

168 16300 0 2300

36 100 400 100
16400(24)  400(7) 2400(32)
114 3200(4) 200(3) 800(10)
69000(100) 6000(100)  7700(100)

3275 340 520

2890 290 0

1870 0 260

540 40 130

8575 670 910

1870 0 260

75 230 40

540 40 130

VEPCO

9300(58)

5900
100
6000(38)
700(4)

16000(100)

1065

670
120

1855

670
70
120
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OBSERVED VS PREDICTED DAILY ENERGY USE
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MARTH METEER

SUMMARY

ALL COINCTDENT  ALL DAYS

MIN, HVEL, CAvVErSTD, MAX

ZVAXVV/

e

e

Bl 5-3

DATE

5-30-83
11-28-83
12-22-83x%
12-21-83
11-24-83

5-30-83

5 28 84
4-25-873
5- 4-83
5 483
5 9873
102217

< HiESS T

OIHTIOTTIES

“MIN  UATE-MAX

3184
5- 1-84
S /-84
1-18-83
5 Y 84
2 884
2 784
1-20-84
2~ 784
2= 784
12084
/=27 -84
217 -83
7-25-84
/=25 -84
7-25-84
/-24-84
6-29-84
6-29-84
6 29-84
6-29 84
6-29-84x
bH 29 B4
SRR

M i FT

VLT
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ALL COINCTDENT

JAN 19875

MIN, AVE, AVE+STD, MAX

VAN
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VN
AN

N
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10. 15.
POWER TN MW

FIGURE 5-4
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MARTH METER SUMMARY STATISTICS

DATE-MIN  DATE-MAX

I- 3-83 1-18-873
1-11-83 1-20-83
1-20-83 1-18-8%
1-20-83x b 18-873
1-21-83 1-12-83
1-21-83 1-17-83
1-21-83 1-18-83
1-21-83 1 -20-83x~
1-14-83 1-20-83
1-14-83 1-20-83
1- 7-83 1-20-83
1- 7-83 1-20-83
1- 7-83 1-20-83
1- 6-83 1-20-83
1- 6-83 1-20-83
1- 6-83 1-20-83
1-21-83 1-18-83
1-21-83 1-24-83
1- 7-83 1-12-83
1- 6-83 1-18-83
1- 6-83 1-20-83
1-10-83 1-20-83
1- 583 1-17-83
1-10-83 1-20-83

» ABSOLUTE MAX OR MIN

-1
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MARTH METER SUMMARY STARTLISTICS

ALL COINCIDENT APR 1983

QLT

O XN Ui DN —

POWER

n

MIN

FIGURE 5-5

20.

MIN, AVE, AVE+STD, MAX DATE-MIN  DATE-MAX
4-25-83 4-21-83
4-29-87 4-21 83
4~ B-Bix 4-22-8%
4- 883 4-26-87%
4- 8 8% 4 26-87
4- 8-87% 4-25 83
4-13-83 4-25-83
4-28-83 4-20 83
4-29-83 4-20-83
4-14-83 4-27 83
4- 8-83 4-27 83
4~ 8-873 4-27-83
4- 8-873 4-27-83
4~ 8-83 4-27-83
4~ 7-83 4-27-83
4- 8-873 4-27 83
4-22-83 4-15-83
4-25-83 4-18-83
4-25-87% 4-18-87
4-25-83 4-20-97
4-29-83 4-20-83
4-29-83 4-20-8%
4-29-8% 4-21-83

' 4-29-83 4-21-87

» ABSOLUTE MAX OR MIN
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MARTH

METER SUMMARY

ALL COINCIDENT  Jut.

MIN, AVE, NVErSTO, MAX

7777
27777/

7
V227000

]

SIHTISTIES

1983

DATE-MIN  DATE MAX
725 83 7 -20-83
/- 4-83 7-22-83
7 4 89 7 -22-83
7= 4-80x 7=15-873
/- 483 7-29-83
7-1-83 71583
7 4-83 7-15-83
/- 4-83 7-14-83
/- 4-83 7-13-83
/- 4-83 7-13 83
/- 4-83 /-13-83
7- 4875 7-22-83
7- 4-83 7-20-83
7 4-83 7-20-83
7= 4-83 7-22-83
7= 4-83 7-22-83
7- 4-83 /-22-83
7- 4-83 7-27 83~
7- 4-83 7-27-83
7-25-83 /-21-83
7-25-83 7-22-83
7- 7-83 7-21-83
7- 7-83 7-22-83
7+ 7-835 7-22-83

U o

10. 15,
POWER TN MW

FIGURE 5-6

2U.
x ABSOLUTE MAX OR MIN
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MARTA METER SUMMARY STATISTICS

ALL COINCIDENT OCT 1983

OO~~~ U [N

MIN, RAVE, AVE+STO, MAX DATE-MIN  DATE -MAX

10-17-83 10 7-4%

10-17-83 . 10~ 4-87%

N 10-19-8%x 10-75 87

%N 10-31-83 10-21 83
VA 10-31-83 10-14-83
N 10-31-83 10-26-87
2N 10-31-83 10-26-873

AN 10-31-83 10-26- 83x

UGN 10-31-873 10-25 8%

” 10- 28-873 10-31-8%

10-26-873 10- 4-873

10-28-63 10~ 4 8%

10-27 83 10- 4-83

1027873 10- 3-83

10-27-83 10- 4 8%

10-27 -4% 10 4 83

10-31-83 10- 4-83

10-31-83 10- 3-873

10-26 673 10~ 4-83

10-26-83 10-21-83

10-26-83 10-31-83

10-27-83 10-21-83

10-31-83 10-21-83

- % 10-31-83 10-21-8%

L T
5. 10. 15. 20.

FIGURE 5-7
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MHICTH METER SUMMHRY
ALL COINCIDENT  JAN
MIN, AVE, AVE+STD, MAX

SITATIOTTES

1984

BN
NN
7 AN

- 284
- 2-84
- 2-84
- 2784
- 2-84
- 2-84
- 2-B4
- 2-B4
- 2784
- 2-84
- 284
- 2-84
- 2-84
- 2-84
- b-84
- 5-84
1- 9-84
I- 9-84

5. 10. 15,
POWER IN MKW

FIGURE 5-8

20.

DATE-MIN  DATE-MMAX

1-31-84
1-200 B84
1-20-84
1-20-84
1-20-84
1-20-84
1-20-84
1-20-84x
1-20-84
1-20-84
1-20-84
1-20-84

» ABSOLUTE MAX OR MIN

6/C
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MARTH METER SUMMARY

OIHTTISTIES

HLL COINCIDENT APR 1984
MIN, AVE, AVE+STO, MAX
’%%%%%§§ﬁﬁ
é. 10 ) ]é. 20.
POWNER IN MW

FIGURE 5-9

DARTE-MTN

4-30-84
4-30-84
4-26-84

4-2b- B4

4-27-84
4-20-84
4-13-84
4-16-84
4-23-84
4-23-84
4-23-84
4-23-84
4- 4-84
4- 3-84
4-13-84
4- 3 -84
4-18-84
4-13-84
4-30-84
4-30-44
4-23-84
4-23-84
4-12-84
4-12-84

DATE.

t
{ QC)[\JC)OD-—*LDLFU‘

|
RO

!
asiue;
[ SN

84
-84
84
-84
~84
B4
-84

| ! i !
AL ] — —

1

-84

[ N A N A R N N - =Y
' { i ! :

4-20-84
4-25-81
4-25-84
4-25-84
4-25-84
4-25-84
4-26-84
1-27 -84
4-135-84
4-13-84
4-13-84
4-13-84

» ABSOLUTE MAX OR MIN

“Bax

08T

~MAX
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MARTH METER SUMMARY STAHTISTICS

ALL COINCIDENT
MIN, AVE, AVE+STO, MAX

JuL 1984

YN
W
BN

AN
Ut
W N

AN
N
AN
AN
AN

NN
AN

X

A .
5. ~10. 5.
POWER TN MW

FIGURE 5-10
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DATE MIN  DATE-MAX

7-23-84
7-23-84
7-23-84x
7-25-84
7- 4-84
7- 4-84
7- 4-84
7- 4-84
7- 4-84
7- 4-84
7- 4-84
/- 4-84
7- 4-84
7- 4-84
7- 4-84
7- 4-B4
/- 4-B4
7- 4-84
7- 4-84
/- 4-84
7-17-84
7-18-84
7-16-84
7-16-84

/-13-84
7-13-84
7-25-84
/-13-84
7-31-84
7-27-84
7-25-84
7-25-8B4
7 -25-84
7-25-84
7-12-84
/-27-B4
7/-27-84
7-25-84
7-25-84
7-25-B4x
/-24-84
7-25-84
7-24-84
7-13-8B4
7-10-84
7-10-84
7-13-84
7-12-84

» ABSOLUTE MAX OR MIN
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HISTUOLRAM

RED LINE-CAR MILES (FEB 1 - OCT 15, 1980)
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BLUE LINE-CAR MILES (FEB 1 OCT 15, 1980)
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HISTUGRAM

ORANGE LINE-CAR MILES (FEB 1

0CT 15, 1880)
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HISTULRAM

AVERAGE DEGREE DAY (FEB 1 - OCT 15, 13880}

90.0

NELLLLLLLLLLLLL L L
VAPV IIOIOO IOV IO I IO I TN IS
CLLLLLL L L L LSS

LILES L L LA

70.0 YLLLLLL L L LLLLLLL L LLLL L L L LD
LSS
LLLLLLLLLLLL L L L LA

60.0 (L7777 77777 777 P77 7 P Pl 7 7 7 A

80.0

!

(L LLLLLLLLLLLLLLLL L LLLLL L LLL L L LA
0.0 | 777777777777 77 7 7 77 77 7 7 7 7 7 7 7 7 77 77 7 7]
NP OI IV T IO ITIOI SIS IIIS
LSS A
LA )
LSS D

SO I OISO TIIIIIIIPS
3a.0

40.0

1

20.0 YL 7277A

1 1 I ! I 1

:0.00 0.0l 0.02 0.05 0.04 0.05 0.06 0.07 0.08  0.09
RELATIVE FREQUENCY

FIGURE 5-14

58T



OO N NNNOOOOOOWWW

: 30
: 15

1 45
: 30
115

145
: 30
: 15

: 45
: 30
)

| 1 l { | |

10:
145
: 30
: 15

OO NN NNODODODOOOWWOW W

0 |

145
+ 30
: 15

: 45
: 30
: 15

: 45
: 30

SUMMARY STAT[STICS

WMATA RED LINE-AM PEAK

Wz R

ﬁazzzzzzzzzzzzzzzzzy N

LS AN

| A SAIA SIS ISAIAY SN

VAL AN

L RN

VLSS A AN

I NN \ MAX I MUM

AL L RN ONE STD DRV

Yz - ¥ vean

A RN

L L AREINNN

L RN

] — | ! j T
0.0 5.0 10.0 15.0 20.0 25.0

POWER IN MW

FIGURE 5-15

30.0

agc



OO OO NN NNNODODQRQDODW WD

: 30

.lr

J

r 45
: 30
15

145
=30
15

* 45
- 30
15

15

OO N NNNODIDDOTDDODWwWwWwwo

145
: 30

t 15

045
- 30
T 15

r45

30

C

145
: 30

jz74®%aa&zzxy"w§\

OUMMARY STATISTICS

WMATR BLUE/ZORANGE LLINE-AM PEARK

| YIS S NN

| Ay S NN
YL AREANNY
L RS
| A S ON
A A A e SO NN
A L AR
VAL AN s
VA L A L ARRSAN 53] MAX I
VA RSN v ONE STD DLV
L RSN MEAN

Y RSN

[ AR

ASLIIIISIIAA S NN | , T T
0.0 5.0  10.0 150 20,0 25.0 30.0 350  40.0

POWER IN MW

FIGURE 5-16

45.0

.82



OO OO NNNYNOOODOOOWwwWw

: 30
: 15

: 45
: 30
: 15

: 45
: 30
: 15

: 45
: 30
: 15

| | | i | I

i [ | | | | i

10:
=45
+ 30
15

OO0 N NNNODoOomDh oW ww

* 45
» 30
15

=45
: 30
115

1 45
+ 30

OUMMHARTY STHTISTIES

DC JURISDICTION-AM PEAK

b

o

77z

7

NN

|\ YA AS SIS AL SIS IS

N

Wz 7

N

L

N

| A SIS IS IS IS

DN

| SIS LIS I II IS,

SN

| SIS IS S SIS SIS

AN

s

A

A

| I D,

A ARBN

Ay

A

SN

0.0

5.0

10.0

| /////////////////

15.0

\\\

[

MAX IMUM
ONE STD DEV
MEAN

20.

T
0 25.0

POWER IN MW

FIGURE 5-17

1

30.0



OO NN NYNYNYNOOOOOODWWWWOWWOWOo

: 45
: 30
: 15

145
: 50
1 15

: 45
: 30
115

145
: 30
: 15

R e e A e O e e O e

145
: 30 J'Z_//////I////x

OO NNNNOOOOOoOomWWWWOWW

OUMMARTY STATISTICS

MD JURISDICTION - AM PERK

3?8?8?32&\“
A RN

]
i

1 SN

[ AL LRSENGTIREGNNNNN
—

—

YIRS 2INNNNNNN
AL L RENRREINNNNNNNY
4 X

MAX IMUM

7 A NN
| RIS 5NN

| AR RS TNNNNN
0777777 Ny
V77777 e IS
777 BN

| ONE STD DEV
MEAN

LIS R NN

0.0 2.0 4.0 6.0 8.0 10.0 12.0
POWER IN MW

FIGURE 5-18

14.0

68e



OO OO NNNNIDOOOODmWWWWw

+ 30
15

r 45
» 30
: 15

145
: 30
: 15

: 45
: 30
1 15

i | ! ! | | |

OO NN NNOOOWWWWwWwwoO

r 45
» 30
15

145
» 30
t 15

: 45
+ 30

=15

© 45

OUMMARTY STHT ST ILS

VA JURTSDICTION-AM PEAK

ﬂ ////////////

| YA A,

SN

[k

I e,

SN

| A A SIS,

SERINNNNNNNY

L A

NN

| A/ I NI,

QE:S\\‘\

| A,

RN

SN

LSS

AN

L LSS LSS

//////////////

Q’S@\\

Vi

3.0

Q\\\\

97

MAX [MUM
ONE STD DEV
MERN

4([]
POWER

FIGURE 5-19

5.0

IN MW

!
6.0

T 1 L

7.0

{0.0

06l



» 30
: 15

- 45
+ 30
- 15

145
: 30
: 15

+ 45
: 30
215

OUMMHRTY STAHTIOTICS

AMATH RED LINE-PM PEAK

19: 0 P22 NN
\8:45 100 AN
18:30 V2222777727027, 785NN\
\8:15 V22000000 SONNN
18: 0 V2000700777 7NN
17r45_33355???§§?/?7?74§§§??*zaiﬁii
\7-30 Y2227 8 N
715 L R \\\
170 V077K, gy XTI
16:45 12007077, 38Y g ONE STO DRV
16730 _T/J/////////////Z//// NN < MEAN

16215 [222222222 630
\6: 0 V227 ¢
15:45 220000000 AR
15: 30 7 AN

\

1 1 | T I
0.0 5.0 10.0 15.90 20.0 25.0

POWER TN MW

FIGURE 5-20

30.90



18:
18:
18:
17:
17
17
17
16
16:
16:
16
15:
15:
15
15:

30
15

45
30
1S

45
30
15

45
30
15

I ! | 1 i | | |

19: 0 Q2222222020000 L0
18:
18:
18:
18:
17
17
17
17
16:
16
16
16:
15

150

45
20
15

0
45
30
15

0
45
30
15

0
45
50

—

OUMMART STATISTICS

WMATA BLUE/ORANGE LINE-PM FEAK

R

Wz R

Y RSN

Y RN

| A,

L ARSRN
3% NN

I N P
000000 AN MAX TMUM

L S RSN %, ONE STD DEV

LTSS S A LR - MEAN

'S
b

| A A IS IS LIIIL 2NN
L S RSN

s RN

| AAAAAAAAAIS SIS <G N

; !
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 140.0 45.0

POWER TN MW

FIGURE 5-21

50.0

T6T



I | ! | | i

OUMMHRY STHTISTICS
DC JURISDICTION-PH PEAK

\9: 0 P27 RN
18: 45 [0 T AR
18-30 Y00 s,
18: 15 V0000770
18: 0 Y7 RN
17:45 Y2070 RN
\7-30 W7 K

17:15 N

17 O Y s o RN B MAX ] TU“
16:45 V000007778 5 ONE STO Oty
16230 LI R 1 MERN

V615 VA AN
16 O YA/ s
15: 45 Y000 AN

15:30 Yzzzzzezzzzazzz N N

L L 1 4
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0 45.0 50.0 55.0 60.0
PONER N MW

[IGURE 5-22



19:
18:
18:
18:
18:
17:
17:
17:
17+
16
16:
16:
16:
15:
15:
15:
15:

45
30
15

45
30
5

45
30
15

45
30
15

| N A S RS N R R

19:
19:
19:
18:
18:
18:
18:
17:4
17:
17
17:
16:4
16:
16:
16:
15:
15:

SUMMARY STATISTICS

MO JURTSOTCTION - PM PERK

YISV S S EREINNNN
///////////W%L\\\\I
L L ARRERAINNNNN]
| A IIILE TS LT INNNN
L AR RS INNNNN
MLLLLALL RS NN
/////////M%\\\\V

MAX IMUM

///////Jnm.mk\\\\ S
7 \.‘.’
T N NN\ MEAN

| IS5 NN\

?

] L L 1

LR ORI , , ,

0.0 2.0 4.0 6.0 8.0 10.0 12.0
POAER IN MW

FHOGURED 5--21

14.0

ez



OUMMARY STAHTISTIES

VA JURTSDICTION-PM PEAK

45 | //////////// / \\\\\\\\\
30 W0 AN
s W7 A
0 U NS
145 00

30 222722222727 388NN |

15 72 RN < .

0 V7 RN S .
45 V27777070077 NN =7 BV
30 J2222027722277 RN MEAN

15 Y RN

SN A2 NN\

57 45 ~,{///////////// FH NN |

0.0 1.0 2.0 3.0 4.0 éfﬁ 510 7i0 8(0 QKO 16.0 l;.D (2.0
POWER [N MW

FIGURE 5-24

sec



17874

w23 %

MTA LIBRARY

HE 4211 .U54 1987 v |

Uher, Richard A. 178%4

Energy management guidelines
for rail transit systems

DUE_DATE _DUE" DATS







LIBRARY & ARCHIVE

T

100000251304




