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 Abstract 
 
 
This study is to determine the impact of supplying 113,750,000 Btus/hour heat to a wallboard 
plant for drying Gypsum.  The plant will be on a piece of land adjacent to our Winyah 
Generating Station and the steam will be coming from one if the units on the site.  After a short 
review, we decided that the most feasible location for this extraction is the cold reheat line.  We 
also considered one other location that which was a closer match for the process’s desired steam 
conditions, the extraction just before the crossover line.  This location was not selected because 
General Electric determined that it would require a major modification to the extraction nozzle.  
The cold reheat extraction point did not require major modifications.  To determine the value of 
the steam we ran turbine models first.  I then ran combined the turbine/boiler models to find the 
effects of taking this steam from the cold reheat line and the impact it has on superheat and hot 
reheat temperature.



Introduction 
 
Winyah Generating Station is located in Georgetown, South Carolina.  It has four generating units 
Winyah 1, 2 ,and 3 are General Electric (GE) turbines and Winyah 4 is a Westinghouse turbine.  
All have a gross output of 303 MW at 1,983,000 lbs./hr steam flow, 1000/1000 °F throttle/reheat 
inlet temperatures, 2 inches Hg condenser pressure and 2,400 psig throttle pressure.  All the boilers 
are Riley coal fired boiler and rated at 2,100,000 lbs./hr, 1005/1005 °F superheat/ reheat 
temperatures and 2,475 psig superheater outlet pressure.  The boiler for Winyah 1 is a wall-fired 
unit Winyah 2, 3, and 4 are turbo-fired units with Winyah unit #2 having a radiant reheater section. 
 Winyah unit #1 operates at a lower than design reheat temperature.  This has been since the unit’s 
start date and it is determined that the design of the boiler is the cause. 
 
With upgrades and the addition of new sulfur scrubbers and the station’s capability to produce 
wallboard quality gypsum, Santee Cooper has searched for buyers to use this new “product” 
stream.  Siting the wallboard plant on site proved to be the optimal solution.  A wallboard 
manufacturer is now under contract to purchase the Gypsum.  This plant will require 
approximately 113,750,000Btus/hour of heat in the drying process that is supplemented with 
natural gas for temperature control.  One Winyah unit at a time will supply the heat for the process 
but all four could have the capability to supply the steam.  At this point in time only Winyah units 
1 and 3 are being considered to supply the steam. 
 
This paper will concentrate on Winyah unit #1 boiler since it operates with the reheat temperature 
that is anywhere 20 ºF to 50 ºF deficient throughout the generation range. 
 
 
PEPSE Modeling   
 
We used two models to complete this study, a turbine model created in 1996 and a boiler model 
created in 2002.  The turbine model was developed with the heat balances from 1995 blading 
change out to the aero design for the high-pressure and intermediate pressure turbine sections.  See 
my paper from the June 11-14, 1996 users group meeting titled “Customization of GE Turbine 
Expansion Line Curves to Model a GE Advanced Aero Design Steam Turbine Upgrade”.  This 
model was then linked to a boiler model of Winyah Unit #1 boiler.  Both of these models are also 
setup to run multi-load PEPSE® cases. 
 
This boiler is a Riley unit with an in service date of 1975.  It originally did not attain reheat 
temperature during its acceptance tests and had the reheat surface area increased in 1977.  After 
the second addition of surface the unit operated at higher temperatures but with the installation of 
low NOx burners reheat temperature is a concern again.  The boiler modeling was first completed 
using the original design data from 1975 and matched with the original test data.  Next, a model 
with the increased surface are was constructed.  I also benchmarked this model to test data from 
1977.  The unit was still short on reheat temperature.   
 
At the time of boiler modeling we noticed that the as built economizer surface area square footage 
was less than the original specification.  We ran another model with the original specified area and 
got increases in both superheat and reheat temperatures of about 5 ºF and 15 ºF respectively.  This 



showed us that an increase in economizer surface area could help the temperature situation. 
 
To link these two PEPSE® models I use special option 11.  To keep the modeling simple I decided 
not to transfer any spray flows between models and let the superheat and reheat temperatures rise.  
The biggest dilemma was in how I should run the boiler model.  I decided that for the base cases 
(no steam flow to the Wallboard plant) that to balance the drum I would use fuel flow.  When 
running the cases in which there is steam sent to the Wallboard plant that I balance the drum in the 
boiler model using feedwater flow.  I decided on this because I wanted to see what the effects were 
when the fuel flow was fixed to the amounts that are in the baseline PEPSE® runs.  Each model 
has some unique modeling modifications to achieve the desired results. 
 
I modified the turbine model by the addition of a heat exchanger to simulate the effect of the wall 
board plant..  I have modeled this heat exchanger’s steam supply coming from the cold reheat line. 
 In the model the heat exchanger drains into the inlet to the deaerator.  The wallboard plant will 
take and condense the steam returning condensate to a point in the steam cycle close to the 
returning wallboard condensate.  This drying process requires a fixed amount of energy, which 
amounts to 113,750,000 Btus/hr (see Figure 1 below). 
  

 
Figure 1 
 
I also used controls for the base cases to control the steam flow in order to get the desired 



generation output.  This was to have the base cases at set outputs.  I could then compare these base 
cases to the cases using process steam to show the amount of generation lost that the PEPSE® runs 
predicted.  An example of this control is shown in the figures 2 and 3. 
 

 
Figure 2 



 
Figure 3 



 
To the boiler model base cases I wrote the control for drum energy balance to use furnace exit gas 
temperature to balance the drum.  An example of this is in Figure 4. 
 

 
Figure 4 
 
For the PEPSE® cases sending process steam out to the customer I used a control to balance the 
drum by using feedwater flow.  This is because in these cases I have the fuel flow fixed at the base 
cases amount and this turned out to be one of the better options for insuring the model converged.  
Figure 5 is what this control looked like. 



 
Figure 5 



 
The two models were linked using special option 11.  Note that the boiler is moving feedwater 
flow to balance the drum energy.  To insure that this feedwater flow is transferred back to the 
turbine model from the boiler model you do not apply the negative sign in front of the steam flow 
component receiving flow from the boiler model (figure 7).  In this case the component receiving 
the feedwater flow is component number 10.  The next two figures (6 and 7) illustrate how to link 
the two models.   
 

 
Figure 6 



 
Figure 7 
 
The Appendix has the PEPSE® schematics for the boiler and the turbine models along with some 
schematics with results on them for full load without and with the process steam.  
 



Results 
 
The results of this study are that the hot reheat temperature will improve along with smaller 
improvements in superheat temperature.  This will happen throughout the loading range and since 
the process steam requirement is for a fixed amount of heat, the improvements are greater at the 
lower loads.  This is very helpful since both superheat and reheat temperatures “fall off” in these 
lower load ranges.  The gain in reheat temperature is between 17 ºF and 32 ºF; the superheat 
temperature gain is between 4 ºF and 6 ºF.  The modeling results are in the tables below. 
 
Overall Results – Table 1 
Case  1A 1B 2A 2B 3A 3B 4A 4B 
Fuel Flow Lbs/hr 206,142 206,142 194,194 194,194 164,917 164,917 129,228 129,228
Process Flow Lbs/hr 0 113,567 0 114,015 0 117,488 0 117,296
Output MWg 319.0 308.1 299.8 288.9 249.9 239.3 190.0 179.6
Superheat 
Temp. 

ºF 1,006.9 1,012.6 1,003.7 1,008.8 944.8 949.3 931.9 936.2

Reheat Temp. ºF 978.2 996.3 955.4 973.2 931.4 958.1 852.1 883.6
 
 
Conclusions 
 
Projects arise that use knowledge obtained from previous experience and older PEPSE models.  As 
in this case, the modeling uses newly developed boiler models running them with modified turbine 
models that have the steam side information.  In this case we are able to show that we can improve 
the operating temperatures of the unit by sending this steam to the process.  We can also see the 
impacts over the expected operating range of the unit. 
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