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Abstract

Gulf States Utilities has used PEPSE over six years to study
plant operating condition and proposed modifications. In one
specific application, the code was employed to determine the
feasibility of auxiliary steam service from a cycle originally

designed to provide base load electrical service only.

Prospective uses for the steam dictated the flows and steam
conditions from the turbine cycle. The PEPSE analysis matched
the desired steam quantities and conditions to specific
locations in the cycle. Results also indicated what changes to
expect in cycle performance and what cycle modifications might
be required, thus eliminating some scenarios from further

consideration.

The purpose of this paper is to detail the progress of the
analysis from general cycle requirements to modified cycle

performance.

Introduction

Gulf States Utilities is currently studying the feasibility of
supplying process steam to neighboring industrial customers. A
task force was created in late 1985 to develop comprehensive
testing procedures along with a cost estimate for determining if

a unit could be used for this purpose. Various operational
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scenarios were modeled with the code to outline the limitations
and expected problem areas within the cycle when being operated
as an extraction turbine. The results of the PEPSE study would
be employed in determining the testing procedures and would

pinpoint any modifications to the unit which might be necessary

prior to conducting the test.

Since the unit's ability to supply the process steam needs to be
determined prior to approaching prospective customers, the study
examined the effect of providing 400,000 lb/hr of process steam
at both 750°F/450 psia and/or 450°F/165 psia. Taking the
extraction from the main steam line was eliminated because to
both throttle and spray the extraction to meet the process
requirements without getting any work out of the steam would be
highly inefficient. BAn extraction of this size from the cold
reheat line would have seriously taxed the reheater and for this
reason was also eliminated from consideration. The study
examined the effect of taking the process from the hot reheat
line and/or the crossover line as the conditions at these two

points are close to the required process requirements.

A major concern of the study was the accuracy of the PEPSE
output when modeling a unit under such abnormal conditions.
Typically PEPSE is considered to be quite accurate as long as
the unit operates within the normal flow range. A study of this
sort truly tests the limits of a code such a PEPSE. Because of
the concern as to the reliability of PEPSE to accurately predict
conditions throughout the cycle in this operation, hand
calculations were performed to predict the effect of the process
extractions on the turbine. These hand calculations were based
upon setting the various pressures throughout the turbine based
on volumetric flow ratio. Sample hand calculations are shown in
Figure 1. PEPSE calculates the pressures through the turbine
stages based upon the expansion line defined by the conditions

at the turbine bowl and exhaust. The conditions at the turbine
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exhaust are determined by the flow coefficient at the inlet of
the downstream stage along with the flow to the downstream
stage. It was felt that the hand calculations allowed more
flexibility in the flow range and thus were more accurate for
this study than the PEPSE calculations through the turbine
stages. Since the hand calculations are extremely involved in
determining the effect on the entire cycle, i.e., the effect on
the feedwater train, they were compared to the PEPSE
calculations and where significant differences occurred through
the turbine stages the PEPSE model was modified to reflect the
results of the hand calculations. This allowed a merging of the
two methods and was felt to net the most accurate available
predictions as to the effect of this type of project on the

total thermal cycle.

Case Descriptions And Modeling Methods

The PEPSE model for this unit had been developed from the
full-load 5% over-pressure heat balance for use in evaluating
performance test results. Figure 2 is the modified PEPSE flow
diagram for this unit. Modifications were made for process
extractions to be taken on the main steam, cold reheat, hot
reheat and crossover lines to allow for any changes in project
philosophies throughout the duration of the study without
necessitating model changes. The model was changed to take
spray flow for process temperature control from the boiler feed
pump and to be capable of returning make-up to either the
condenser or between the deaerator and the fourth point
feedwater heater. The study examined five scenarios as outlined
in Figure 3. All five cases were run at full~-load with the
extractions coming from the hot reheat and/or the crossover line
with the make-up being returned to the condenser and L/D
feedwater heater extraction line pressure drops. Since the

unit was rarely operated at over-pressure throttle conditions,



it was preferable to run some cases at rated conditions. PEPSE
was utilized to determine the full-load throttle flow with rated
pressure because all heat balances were based on 5%
over-pressure, The design case was run with rated throttle
pressure controlling throttle flow to achieve an equivalent
throttle flow ratio of 1.0, indicative of valves wide open
operation. This resultant throttle flow was used in all rated

throttle pressure cases.

Hot Reheat Extractions

Cases 1 and 2 represent the cases examining the process steam
being supplied from the hot reheat line. Case 1 represents the
full-load 5% over-pressure case while Case 2 represents
full-load/rated pressure throttle conditions. There was little
difference between the two cases in terms of modeling. The
change in throttle conditions did not present any particular
problems. The initial run for each case took the uncontrolled
extraction flow to determine any problems in the remainder of
the cycle due to the significant loss of flow. None resulted.
The next step, controlled the spray flow to set the process
temperature to 750°F. Several tries were usually necessary to
determine a close estimate of the amount of extraction flow
needed to merge with the spray to net a process flow of 400,000
lb/hr. The additional amount of convergence time necessary to
control both the process flow and the spray flow was not
considered worthwhile. The real problem in modeling this case
was to control the pressure to 450 psia. Initially, the HP
exhaust pressure was set to produce the required process
pressure along with a pressure drop between the extraction point
and the IP inlet. Convergence was not achieved using this
approach. The problem was solved by setting the IP bowl
pressure and the required pressure drop between the IP and the

process extraction point to net the required 450 psia for the
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process. In order to take this approach, each case required two
runs before acceptable results were produced. The first case
took the temperature-controlled extraction and determined the IP
bowl pressure resultant of the loss of flow. The second run set
the IP bowl pressure output by the first run and the required

pressure drop between the extraction point and the IP turbine.

Crossover Extractions

Case 3 modeled the crossover extraction with rated throttle
conditions. There was no advantage to operating with
over-pressure throttle conditions with the crossover extraction
so only one crossover case was run. Modeling the crossover
extraction presented more problems than did the hot reheat
cases. A problem was encountered on the initial run in which
the loss of flow to the LP turbine caused the run to fail. The
extraction flow was reduced until the case would run. The case
converged with the extraction flow lowered to around 200,000
lb/hr but the output was not reasonable in that the LP turbine
efficiency was over 100%. Since PEPSE assumes a constant and
continuous expansion line through both the IP and LP turbine
sections in single-reheat cycles, the pressure buildup is not
fed all the way back to the input of the cycle. Instead, all of
the excess pressure is seen only by the last stage of the IP
turbine forcing abnormally high enthalpies both there and into
the first stage of the LP turbine. These high enthalpies caused
an unreasonably high efficiency in the first stage of the LP
turbine resulting in a total LP efficiency in excess of 100%.
To remedy this it was necessary for the IP and LP turbines to
operate on separate expansion lines. This was accomplished by
adding a psuedo-reheater between the process extraction point
and the LP turbine. This reheater did not add any heat to the
cycle but defined the unit as a double-reheat cycle which

allowed for separate expansion lines for the two turbine
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sections. This modification allowed the model to take the
entire 400,000 lb/hr extraction without any further problems.
Since the temperature of the process flow at this point in the
case was not higher than the required 450°F, there was no need
to set the spray flow controls. As in the hot reheat extraction
cases, pressure control was accomplished by designating the bowl
pressure of the turbine stage immediately downstream of the
extraction point along with the necessary pressure drop between
the extraction point and the turbine. Since the pressure
control also increased the IP exhaust temperature significantly,
the spray flow controls were also employed on this run. This
method did not converge. With this case being set up as a
double-reheat cycle, the expansion line for the IP turbine was
defined by the IP bowl pressure and the LP bowl pressure
assuming that the pressure into the LP was the same as the IP
exhaust pressure. In this case, that assumption is invalid and
as expansion in the first stage of the IP turbine adheres to
this expansion line, the second stage is forced to act as a pump
to satisfy the process pressure requirements. For PEPSE to
accomplish this, the second stage of the IP turbine took flow
from the deaerator through the heater extraction line making it
impossible to achieve energy balance around the deaerator and
convergence was not achieved. In order to force the model to
feed the pressure buildup through the turbine stages, it was
necessary to redefine the IP turbine characteristics. The
second point extraction pressure is normally very close to the
required process pressure, so the turbine characteristics were
input with the conditions normally occurring at the second point
extraction becoming the IP exhaust conditions. The
characteristics of the turbine at the second point extraction in
the modified case were defined by the design conditions midway
from inlet to second point extraction. This allowed for
convergence as long as a pressure drop was incorporated into the
third point extraction lines to prevent over-pressuring the

deaerator. It had already been determined that a valve would be
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needed in this line for the test. Even though convergence
occurred, when the results were compared to the hand
calculations it was discovered that the second point extraction
pressure predicted by PEPSE was higher than that predicted by
the hand calculations. The IP turbine characteristics were
again changed to have more work occur in the first stage than
the second as predicted by the hand calculations rather than
having the second point extraction occur at the midpoint of the

IP turbine.

Hot Reheat And Crossover Extractions Simultaneously

Cases 4 and 5 modeled the unit with extractions from both the
hot reheat line and the crossover line simultaneously. Case 4
was run with the extractions both at 200,000 lb/hr and 5%
over-pressure throttle conditions. Case 5 set the hot reheat
extraction at 100,000 lb/hr and the crossover at the 300,000
1b/hr with the throttle conditions at rated pressure and flow
with the temperatures at 950 and 900 to control the excess
crossover temperature. These two models presented no new
problems not encountered in the individual cases. These cases
took three runs to get the final output. The first run taking
the uncontrolled extractions to get the resulting LP bowl
pressure. The second set the LP bowl pressure and the
subsequent IP-LP pressure drop to get the necessary IP bowl
pressure. The last run set the IP and LP bowl pressures along

with both the HP-IP pressure drop and the IP-LP pressure drop.

Results
The results of the PEPSE study are shown in Figures 4 & 5.

Several problem areas and subsequent operational limits for the

test were revealed by the results. Any cases including a
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crossover extraction resulted in elevated temperatures at the IP
exhaust and crossover line. It was necessary to control these
high temperatures by reducing the inlet and reheat temperatures
to avoid exceeding material limits in IP exhaust and crossover
piping. Cases 3 and 5 reflect reruns of those cases
incorporating the temperature requirements. Prior to the study,
it had been theorized that a valve would be needed in the third
point extraction line when the crossover extraction was taken to
avoid over pressuring the deaerator and PEPSE supported this
position. All cases have resulted in concern as to whether the
heater drains would be capable of passing the increased amount
of flow predicted. This was especially prevalent with the first
point heater in the hot reheat cases. The study has provided a
good basis for developing the testing procedures and has
supplied reasonable assumptions for anticipated conditions

during the test.

Summary

Although PEPSE was not originally designed to be utilized for
studies such as this one, acceptable résults can be achieved as
long as the limitations of the code are understood. The basic
assumptions inherent in any computer code of this type define
the limitations of the model. The flexibility of the inputs
into PEPSE allow the user to define conditions throughout the
cycle where PEPSE cannot, because of its assumption limitations,
accurately predict the results. Based upon the results
obtained, this study is considered to be acceptable for setting

the guidelines for the testing procedures.
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