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ABSTRACT
All fossil units on the Philadelphia Electric Co. system have
been modeled for full load operating conditions. With the
availability of lower cost generation from nuclear units and other
power pools, the fossil units began operating under more cyclic
conditions. Testing and heat rate analysis at low loads became

necessary.

Calculation of low load heat rates by the PEPSE computer code
required the modeling to be revised. Each model had to accurately

represent a unit's operation over the entire load range.

The purpose of this report is to discuss the modeling techniques

used and the problems encountered.



INTRODUCTION

In the utility industry today, many units that once were
supplying base load electrical service are now providing electricity
under cyclic operating conditions. Availability of lower cost
generation from nuclear units and other power pools dictate this
change in operation. Philadelphia Electric Co. (PECo) began to

experience the effects of this scenario last year.

There are nine fossil units on the PECo system. All of the
units are modeled at full load conditions with the PEPSE computer
code. Heat rate tests have been performed at full load operating
conditions. PEPSE was used to analyze the results of the heat rate
test data. Any change in the operating conditions of a unit such as
a heater being removed from service or excessive BFP seal flows
would be studied at full load conditions to determine their effect

on heat rate.

As all of our units began operating under cyclic conditions,
studying unit performance under these conditions was desired. This
required all full load PEPSE models to be revised to include
complete load range operation. Schedules and efficiency multipliers

were among the techniques employed to achieve this goal.

MODEL DEVELOPMENT

The units to be discussed for this paper are Eddystone 3 and 4.
They are Westinghouse units rated at 380 MW. The full load design
heat balance is shown in Figure 1. The units are "mirror images" of
each other. So, by modeling one unit, two units are actually
completed. The PEPSE model of the units is shown in Figure 2. Both
units have steam driven boiler feed pumps. Type 8 turbines were

used in the full load modeling.



Scheduling the leak off flows was the first revision completed.
This proved to be very easy for these units because their design is
fairly uncomplicated. The vendor heat balance leak off flows are

lettered making it less confusing.

Feedwater heater TTD's and DCA's did not have to be scheduled.

They are constant over the entire load range for the units.

The major revision involved the turbines. As previously stated,
they were modeled using type 8 turbines. The vendor exhaust loss
curve had to be scheduled in the full load heat balance because the
General Electric procedures did not match the vendor turbine end

conditions.

It was decided to use General Electric turbines for the multi-
load revision. The full load vendor heat balance was run first.
The PEPSE heat balance run did not match the vendor heat balance.
It was not expected to match since the units have Westinghouse

turbines.

It was obvious that efficiency multipliers and shapers were
necessary to accurately define the Westinghouse turbines. Controls
were employed to calculate the efficiency multipliers and shapers

that were needed.

For the full load case, controls were written for calculating
the efficiency multipliers for stage groups 10 and 30. They are the
governing stage and the IP inlet stage group, respectively. Turbine
component numbering can be referred to as shown on Figure 2.
Controls for the shape factors were written for turbines 30, 40, and

41. An example of the controls for the efficiency multipliers and
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shapers is shown in Figure 3. The HP stage group is defined in

PEPSE as the last stage group and does not require a shaper.

The results of the PEPSE run at full load with the controls
proved interesting. The shapers for turbine stage groups 40 and 41
yielded results that matched the default values as defined by the
PEPSE computer code. Therefore, shapers were not needed for these
turbines. The controls were removed and were replaced by the values
of the efficiency multipliers and shapers determined by PEPSE. The
PEPSE full load heat balance was run. This compared accurately with

the vendor heat balance.

The procedure as just described was repeated for five additional
load levels and verified. The results obtained from the PEPSE run
compared well with the vendor heat balances. It was found after
completing all of the runs that shapers for turbines 40 and 41 were

not required at any load level. This just made the job easier.

To reduce the amount of computer space and make the procedure
easier, the efficiency multipliers and shapers were scheduled. This
allowed for elimination of the controls and the optional input card
for the values of the efficiency multipliers and shapers. The
schedules used for complete load range operation are shown in

Figures 4, 5 and 6.

The use of Volumes II and III proved to be a very valuable aid

in completing this particular section of the revision.

RESULTS
The fact that the units discussed in this paper were the most
simplified on our system, the project was easy to initiate. We

have not been concerned about the computer time as so many other
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users have been. However, we are concerned with computer space.
Scheduling the leak off flows, TTD's, DCA's, and the necessary

turbine data significantly reduced the space required.

In addition to the two units discussed in this paper, there are
five other units which have been scheduled for multi-load range
operation. The two units not completed are super-critical, double

reheat units,

With complete load range operation, flexibility to analyze unit
operation at any load exists. At the present time, heat rates at
less than full load conditions have not been performed. However,
studies concerning the effects of excessive BFP flows and heaters
out of service have been performed at low loads. The analysis using
the PEPSE computer code has proven to be a significant improvement

in our existing performance program.
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