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Appendix E TC  "Appendix E" \l 1 
TRNSED Program
The cooling cycle and power plant performance calculation is combined into a TRNSED file. The format shown below is the input format that is used to set up the sytem initially. To run the program a more userfriendly interface is available that only requires the most significant values to be put in.

TNRSED input file:
*TRNSED

ASSIGN C:\JOERG\WPL\PLANT.LST                 6

ASSIGN C:\JOERG\WPL\TOWPERFA.TXT             21

ASSIGN C:\JOERG\WPL\TOWPERFB.TXT             22

ASSIGN C:\JOERG\WPL\PLANT.OUT                23

ASSIGN C:\JOERG\WPL\PLANT.PLT                24

ASSIGN C:\JOERG\WPL\SNAP1.TXT                25

ASSIGN C:\JOERG\WPL\SNAP2.TXT                26

ASSIGN C:\JOERG\WPL\INTEG.TXT                27

*|*

*|*                  COOLING CYCLE SIMULATION FOR A FOSSIL 

*|*                                    FUEL FIRED POWER PLANT

*|*                                                          by

*|*                               SOLAR ENERGY LABORATORY

*|*                        UNIVERSITY OF WISCONSIN, MADISON

*|*                                                         for

*|*                      WISCONSIN POWER & LIGHT COMPANY

*|*                           COLUMBIA GENERATING STATION

*|*

*|*                                            DECEMBER, 1995

*|*

*|*

*|*                                    Date:                        |12/12/95

*|*                                    Prepared by:  |Joerg Kirchhoff

*|*

*|*    

*|*Assign weather, load and dummy files 

ASSIGN C:\JOERG\WPL\TMY.DAT 35

*|<Weather data                              |C:\JOERG\WPL\YEAR.DAT|2|3|1000

ASSIGN C:\JOERG\WPL\LOAD1.DAT 45

*|<Load profile                              |C:\JOERG\WPL\LOPRO.DAT|2|3|1000

ASSIGN c:\joerg\wpl\dummy1.dat 55

*|<Dummy information                         |C:\JOERG\WPL\DUMMY.DAT|2|3|1000

TOLERANCES -0.001 -0.001

*|*

EQUATIONS  8

*|*Start of simulation

MOST=  3.6240E+0003

*|<Month                                     |C:\JOERG\WPL\MONTH1.DAT|2|3|1000

DAST=  1.0000E+0000

*|Day                                        |||0|1|1|31|1000

HOST=  0.0000E+0000

*|Hour                                       |||0|1|0|24|1000

START=MOST+24*(DAST-1)+HOST

*|*End of simulation

MOEN=  5.0880E+0003

*|<Month                                     |C:\JOERG\WPL\MONTH2.DAT|2|3|1000

DAEN=  3.1000E+0001

*|Day                                        |||0|1|1|31|1000

HOEN=  2.4000E+0001

*|Hour                                       |||0|1|0|24|1000

STOP=MOEN+24*(DAEN-1)+HOEN

SIMULATION  START  STOP  1

*|*

*|*

*|*     ***** OUTPUT PARAMETERS *****

*|*

EQUATIONS 9

*|*Start time of element tracking             

*|*Defines the time at which the tracking of one element in 

*|*the pond model is started

MOTR=  3.6240E+0003

*|<Month                                     |C:\JOERG\WPL\MONTH3.DAT|2|3|1000

DATR=  5.0000E+0000

*|Day                                        |||0|1|1|31|1000

HOTR=  0.0000E+0000

*|Hour                                       |||0|1|0|24|1000

TRACK1=MOTR+24*(DATR-1)+HOTR

*|*

*|*Time for snapshot of lake                  

*|*Defines the time, at which a snapshot of the pond temperature

*|*distribution vs. position in flow path direction is

*|*printed into a file

MOSN=  2.8800E+0003

*|<Month                                     |C:\JOERG\WPL\MONTH4.DAT|2|3|1000

DASN=  6.0000E+0000

*|Day                                        |||0|1|1|31|1000

HOSN=  0.0000E+0000

*|Hour                                       |||0|1|0|24|1000

SNAP1=MOSN+24*(DASN-1)+HOSN

*|*

*|*This number defines, how often the on line output is split

NOUT=  3.0000E+0000

*|Number of on line screens                  |||0|1|0|10|1000 

*|*

EQUATIONS 6

*  Unit conversion, as Psych-routine and tower model work with SI units

*  SI means SI units, EU means English units

*  Drybulb- and Dewpoint temperature into SI

TDBSI=([9,4]-32)/1.8

TDPSI=([9,5]-32)/1.8

*  Conversion of wet bulb and tower outlet temperature into Engl. Units

TWBEU=([33,2]*1.8)+32

TtowEUA=([51,5]*1.8)+32

TtowEUB=([52,5]*1.8)+32

*  Average plant outlet temperature

TploutSI=([55,7]-32)/1.8

*|*

*|*

*|*     ***** PSYCHROMETRICS *****

*|*

*|*           PARAMETERS                        VALUE       UNITS

*|*

CONSTANTS  1

PATM=  9.7000E-0001

*|Average atmospheric pressure               |atm|psi|0|14.7|0|10.00|1000

*|*

*|*

*|*     ***** AUTOMATIC CONTROLLER *****

*|*

*|*           PARAMETERS                        VALUE       UNITS

*|*

CONSTANTS  2

DTH=  9.0000E+0000

*|Upper dead band temperature difference     |C|F|0|1|-100|200.0|1000

DTL=  5.0000E-0001

*|Lower dead band temperature difference     |C|F|0|1|-100|200.0|1000

*|*

*|*

*|*     ***** DUMMY COOLING SECTION 1 ****

*|*

*|*           PARAMETERS                        VALUE       UNITS

*|*

CONSTANTS 2

POT1=  0.0000E+0000

*|Potential for heat transfer                |||0|1|0|1|1000

*|*     0: wetbulb

*|*     1: drybulb

AREA1=  1.0000E+0000

*|Area covered by cooling section            |ft^2|ft^2|0|9000000|0|1|1000

*|*

*|*

*|*     *****  POND PART 1  *****

*|*

*|*           PARAMETERS                        VALUE       UNITS

*|*

CONSTANTS 4

WIDTH1=  1.2500E+0003

*|Average width of flow channel              |ft|ft|0|1|0|50000.0|1000

LENGTH1=  9.5000E+0003

*|Length of flow channel                     |ft|ft|0|1|0|50000.0|1000

DEPTH1=  6.5000E+0000

*|Average depth of flow channel              |ft|ft|0|1|0|500.0|1000

PSH1=  0.0000E+0000

*|Shading parameter:                         |||0|1|0|1|1000

*|*   part of pond shaded    : 1

*|*   part of pond not shaded: 0                          

*|*

*|*

*|*     *****  POND PART 2  *****

*|*

*|*           PARAMETERS                        VALUE       UNITS

*|*

CONSTANTS 5

WIDTH2=  1.2500E+0003

*|Average width of flow channel              |ft|ft|0|1|0|50000.0|1000

LENGTH2=  9.5000E+0003

*|Length of flow channel                     |ft|ft|0|1|0|50000.0|1000

DEPTH2=  6.5000E+0000

*|Average depth of flow channel              |ft|ft|0|1|0|500.0|1000

*|*If position of make up inflow is set to -1, there will be no 

*|*make up flow. If the position is greater than the pond length,

*|*it will by default be set to the end of the pond.

*|*Make up inflow is only considered for the second part of the pond.

PMU2=  6.0000E+0003

*|Position of make up inflow                 |ft|ft|0|1|-1|50000|1000

PSH2=  0.0000E+0000

*|Shading parameter:                         |||0|1|0|1|1000

*|*   part of pond shaded    : 1

*|*   part of pond not shaded: 0                          

*|*

*|*

*|*     ***** DUMMY COOLING SECTION 2 ****

*|*

*|*           PARAMETERS                        VALUE       UNITS

*|*

CONSTANTS 2

POT2=  0.0000E+0000

*|Potential for heat transfer                |||0|1|0|1|1000

*|*     0: wetbulb

*|*     1: drybulb

AREA2=  0.0000E+0000

*|Area covered by cooling section            |ft^2|ft^2|0|9000000|0|1|1000

*|*

*|*

*|*     *****  COOLING TOWER A *****

*|*

*|*           PARAMETERS                        VALUE       UNITS

*|*

CONSTANTS  7

VAMAXA=  2.0898E+0006

*|Air vol flow rate for each cell            |m3/hr|ft3/min|0|0.588578|0|90000000|1000

PMAXA=  1.7100E+0002

*|Power requirement of each fan              |kW|hp|0|1.341|0|10000.0|1000

VWA2=  8.8983E+0005

*|Volumetric flow rate at two pump operation |ft^3/hr|gpm|0|0.124657|0|5000000|1000

RTA=  5.2100E-0001

*|Flow ratio of one to two pump flow         |||0|1|0|9.000|1000

NTCA=  7.0000E+0000

*|Number of tower cells                      |||0|1|0|100|1000

PPT=  1.4333E+0003

*|Pump power for one cooling tower pump      |kW|hp|0|1.341|0|10000.0|1000

*|*Pump power is assumed to be equal for both pumps

NDATAA=  2.0000E+0000

*|Number of data points in performance file  |||0|1|0|10000|1000

*|*

*|*

*|*     *****  COOLING TOWER B  *****

*|*

*|*           PARAMETERS                        VALUE       UNITS

*|*

CONSTANTS  6

VAMAXB=  1.9538E+0006

*|Air volumetric flow rate for each cell     |m3/hr|ft3/min|0|0.588578|0|90000000|1000

PMAXB=  1.7100E+0002

*|Power requirement of each fan              |kW|hp|0|1.341|0|10000.0|1000

VWB2=  8.3808E+0005

*|Volumetric flow rate at two pump operation |ft^3/hr|gpm|0|0.124657|0|5000000|1000

RTB=  5.1200E-0001

*|Flow ratio of one to two pump flow         |||0|1|0|9.000|1000

NTCB=  7.0000E+0000

*|Number of tower cells                      |||0|1|0|100|1000

NDATAB=  2.0000E+0000

*|Number of data points in performance file  |||0|1|0|10000|1000

*|*

*|*

*|*     ***** CONDENSER UNIT 1 *****

*|*

*|*           PARAMETERS                        VALUE       UNITS

*|*

CONSTANTS 8

AL1= -2.0615E+0002

*|Intercept for steam flow                   |klb/hr|klb/hr|0|1|-1000|900.00|1000  

BL1=  7.0579E+0000

*|Linear coefficient for steam flow          |klb/hr-MW|klb/hr-MW|0|1|-100|50.0000|1000

AS1=  1.5214E+0001

*|Intercept for subcooling                   |F|F|0|1|0|100.000|1000

BS1= -1.4660E-0002

*|Linear coefficient for subcooling          |F/MW|F/MW|0|1|-1.0|1.00000|1000

AC1=  5.5000E-0001

*|Intercept for cleanliness factor           |||0|1|0|1.000|1000

BC1=  0.0000E+0000

*|Linear coefficient for cleanliness factor  |1/MW|1/MW|0|1|-9.000|9.000|1000

VWDES1=  1.4841E+0006

*|Design water flow rate for condenser 1     |ft^3/hr|gpm|0|0.124657|0|5000000|1000

RAC1=  5.0000E-0001

*|Ratio of one pump flow to design flow      |||0|1|0|9.000|1000

*|*

*|*

*|*     ***** CONDENSER UNIT 2 *****

*|*

*|*           PARAMETERS                        VALUE       UNITS

*|*

CONSTANTS 8

AL2= -2.0615E+0002

*|Intercept for steam flow                   |klb/hr|klb/hr|0|1|-1000|100.00|1000  

BL2=  7.0579E+0000

*|Linear coefficient for steam flow          |klb/hr-MW|klb/hr-MW|0|1|-100|50.0000|1000

AS2=  1.5214E+0001

*|Intercept for subcooling                   |F|F|0|1|0|100.000|1000

BS2= -1.4660E-0002

*|Linear coefficient for subcooling          |F/MW|F/MW|0|1|-1.0|1.00000|1000

AC2=  5.5000E-0001

*|Intercept for cleanliness factor           |||0|1|0|1.000|1000

BC2=  0.0000E+0000

*|Linear coefficient for cleanliness factor  |1/MW|1/MW|0|1|-9.000|9.000|1000

VWDES2=  1.4841E+0006

*|Design water flow rate for condenser       |ft^3/hr|gpm|0|0.124657|0|5000000|1000

RAC2=  5.0000E-0001

*|Ratio of one pump flow to design flow      |||0|1|0|9.000|1000

*|*

*|*

*|*     ***** UNIT 1 PERFORMANCE *****

*|*

*|*           PARAMETERS                        VALUE       UNITS

*|*

CONSTANTS 7

AP1=  2.2822E+0002

*|First coefficient for stand. heat rate     |Btu-MW/kWh|Btu-MW/kWh|0|1|0|1000.000|1000

BP1=  6.2820E+0000

*|Second coefficient for stand. heat rate    |Btu/kWh|Btu/kWh|0|1|0|99.00000|1000

CP1=  2.3340E-0003

*|Third coefficient for stand. heat rate     |Btu/kWh-MW|Btu/kWh-MW|0|1|0|9.000000|1000

AA1=  9.0500E+0000

*|Intercept for base auxiliary power         |MW|MW|0|1|0|100.00|1000

BA1=  2.8000E-0002

*|Linear coefficient for base aux power      |MW/MW|MW/MW|0|1|0|10.000|1000

ABO1=  8.7000E-0001

*|Intercept for boiler efficiency            |||0|1|0|1.000|1000

BBO1= -4.5000E-0005

*|Linear coefficient for boiler efficiency   |1/MW|1/MW|0|1|-1.000000|1.000000|1000

*|*

*|*

*|*     ***** UNIT 2 PERFORMANCE *****

*|*

*|*           PARAMETERS                        VALUE       UNITS

*|*

CONSTANTS 7

AP2=  2.2822E+0002

*|First coefficient for stand. heat rate     |Btu-MW/kWh|Btu-MW/kWh|0|1|0|1000.000|1000

BP2=  6.2820E+0000

*|Second coefficient for stand. heat rate    |Btu/kWh|Btu/kWh|0|1|0|99.00000|1000

CP2=  2.3340E-0003

*|Third coefficient for stand. heat rate     |Btu/kWh-MW|Btu/kWh-MW|0|1|0|9.000000|1000

AA2=  9.0500E+0000

*|Intercept for base auxiliary power         |MW|MW|0|1|0|100.00|1000

BA2=  2.8000E-0002

*|Linear coefficient for base aux power      |MW/MW|MW/MW|0|1|0|10.000|1000

ABO2=  8.7000E-0001

*|Intercept for boiler efficiency            |||0|1|0|1.000|1000

BBO2= -4.5000E-0005

*|Linear coefficient for boiler efficiency   |1/MW|1/MW|0|1|-1.000000|1.000000|1000

*|*

*|*

*|*     ***** OPERATION PARAMETERS *****

*|*

CONSTANTS 7

*|*The following parameter defines the operation mode of the cooling tower:

*|* -3: automatic control

*|* -2: only tower B operated

*|* -1: only tower A operated

*|*  0: no tower operation

*|*  1: one tower pump operation ( 50% design flow)

*|*  2: two tower pump operation (100% design flow)

TOPA=  0.0000E+0000

*|Tower operation mode                       |||0|1|-3|2|1000  

F=  1.2000E+0000

*|Fuel price                                 |$/MMBTU|$/MMBTU|0|1|0|9.000|1000

PPMU=  4.4700E+0002

*|Pump power for one make up pump            |kW|hp|0|1.341|0|10000|1000

VPMU=  8.0220E+0004

*|Water flow rate of one make up pump        |ft^3/hr|gpm|0|0.124657|0|5000000|1000

NPMU=  1.0000E+0000

*|Number of make up pumps                    |||0|1|0|90.0|1000

VPLH=  1.2835E+0005

*|Water flow rate of one low head pump       |ft^3/hr|gpm|0|0.124657|0|5000000|1000

NPLH=  2.3000E+0000

*|Number of low head pumps                   |||0|1|0|90.0|1000

UNIT 2 TYPE 2 CONTROLLER

PARAMETERS  5

* NEW SOLVER   UPPERDB   LOWERDB   CUTOUT RESET

0  DTH  DTL  200  150 

INPUTS  4

* LAKET   TOWER   DISCHARGE   PREVIOUS CTRL VARIABLE

71,2  55,8  55,7  2,1 

90 85 90 1

*WEATHER DATA READER

UNIT 9 TYPE 99 DATA READER

PARAMETERS 32

* ORDER OF INFORMATION ON WEATHER FILE:

* MONTH, HOUR, SOLAR, DRYBULB, DEWPOINT, WIND, PATM, CLOUD 

* COVER, CEILING HEIGHT 

-2 9 1  -1 1 0  -2 1 0  -3 1 0  -4 1 0  -5 1 0  -6 1 0

-7 1 0  -8 1 0  -9 1 0  35 -1

*LOAD DATA READER

UNIT 10 TYPE 99 DATA READER

PARAMETERS 20

*       LOAD1    LOAD2  NPUMP1  NPUMP2  MAKEUPT  

-2 5 1  -1 1 0  -2 1 0  -3 1 0  -4 1 0  -5 1 0   45    -1

*DUMMY COMPONENT DATA READER

UNIT 11 TYPE 99 DATA READER

PARAMETERS 17

*      HEATCOEFF1   HEATCOEFF2   PAUX1    PAUX2

-2 4 1  -1 1 0       -2 1 0       -3 1 0   -4 1 0   55 -1

UNIT 24 TYPE 24 INTEGRATOR

PARAMETER 1

* INTEGRATE FOR ONE MONTH AND THEN RESET

720

INPUTS 6

*NHR_C1  NHR_C2   OP1  OP2    OPHR1  OPHR2

45,1     46,1     45,6 46,6   45,5   46,5

0        0        0    0      0      0

*FIND MONTHLY AVERAGES

EQUATIONS 6

* HEAT RATE

AVHR1=[24,1]/720

AVHR2=[24,2]/720

* COST PER MWh

AVOP1=[24,3]/720

AVOP2=[24,4]/720

* COST PER hr

AVOPHR1=[24,5]/720

AVOPHR2=[24,6]/720

UNIT 25 TYPE 25 PRINTER IN OUTPUT FILE

PARAMETERS 5

* PRINT OVER WHOLE SIMULATION

1 START STOP 23 1

INPUTS 10

55,11  55,7      55,9     TtowEUA TtowEUB 71,2   55,10  45,1     45,6   75,3

NPUMP  PLANTOUT  PLANTIN  TOWA    TOWB    LAKE2  PAUX   HR       OP     PBACK   

N      F         F        F       F       F      MW     BTU/kWh  $/MWh  inHg

UNIT 26 TYPE 25 PRINTER FOR PLOT

PARAMETERS 5 

1 START STOP 24 1

INPUTS 10

55,11  55,7      55,9     TtowEUA TtowEUB 71,2   55,10  45,1     45,6   75,3

NPUMP  PLANTOUT  PLANTIN  TOWA    TOWB    LAKE2  PAUX   HR       OP     PBACK   

N      F         F        F       F       F      MW     BTU/kWh  $/MWh  inHg

UNIT 27 TYPE 25 PRINTER OF INTEGRATED VALUES

PARAMETERS 5

720  START  STOP  27  1

INPUTS 6

AVHR1     AVHR2     AVOP1   AVOP2   AVOPHR1   AVOPHR2

AHR1      AHR2      AOP1    AOP2    AOPHR1    AOPHR2

Btu/kWh   Btu/kWh   $/MWh   $/MWh   $/hr      $/hr

UNIT 33 TYPE 33 PSYCHROMETRICS

PARAMETERS  4

3 PATM 1 2 

INPUTS  2

TDBSI TDPSI 

28 25 

EQUATIONS 1

* AUXILIARY POWER IS DIVIDED EQUALLY ON BOTH UNITS

PAUX=0.5*[55,10]

UNIT 45 TYPE 45 POWER PLANT PERFORMANCE 1

PARAMETERS  10

AP1  BP1  CP1  AL1   BL1   AA1  BA1  ABO1  BBO1  F

INPUTS 4 

*PBACK  NETLOAD  AUXCOOL  LOADST 

75,3   10,1   PAUX  45,7

6      500    10    525

UNIT 46 TYPE 45 POWER PLANT PERFORMANCE 2

PARAMETERS  10

AP2  BP2  CP2   AL2  BL2  AA2  BA2  ABO2  BBO2   F

INPUTS 4

*PBACK  NETLOAD  AUXCOOL  LOADST 

76,3   10,2   PAUX  46,7

6      500    10    525

UNIT 51 TYPE 51 COOLING TOWERA

PARAMETERS 11

2 2 1 VAMAXA PMAXA 0 0 30 21 NDATAA 

1 

INPUTS  6

TPLOUTSI 55,1 TDBSI 33,2 0,0 0,0 

45 1000000 30 25 35 1 

UNIT 52 TYPE 51 COOLING TOWERB

PARAMETERS 11

2 2 1 VAMAXB PMAXB 0 0 30 22 NDATAB 

1 

INPUTS  6

TPLOUTSI 55,2 TDBSI 33,2 0,0 0,0 

45 1000000 30 25 35 1 

UNIT 55 TYPE 55 CONTROL UNIT

PARAMETERS 17

VWDES1 RAC1 VWDES2 RAC1 TOPA VWA2 RTA VWB2 RTB NTCA NTCB PMAXA PMAXB 

PPT PPMU VPMU VPLH 

INPUTS 13

0,0 10,3 10,4 NPMU NPLH  2,1 TtowEUA TtowEUB 61,1 75,1 76,1 11,3 11,4 

5   2    2   2    2.3   0   85      85      85   105  105   0    0

UNIT 60 TYPE 60 DUMMY COOLER 1

PARAMETERS 2

POT1  AREA1

INPUTS 5

11,1  55,7  55,3      9,4  TWBEU

3     110   10000000  80   75

UNIT 61 TYPE 60 DUMMY COOLER 1

PARAMETERS 2

POT2  AREA2

INPUTS 5

11,2  71,2  55,3      9,4  TWBEU

3     110   10000000  80   75

UNIT 65 TYPE 65 ONLINE PLOTTER

PARAMETERS 15

7 5  60  120 1 8  1  1  3  NOUT  10  10  2  0 1 

INPUTS 12

55,7  TtowEUA  TtowEUB  70,2  70,4  71,2  71,4          

45,6  75,3          46,6  76,3  76,4

PLANTOUT  TOWA  TOWB  LAKE1  DIAG1 LAKE2  DIAG2   

$/MWh1  PB1    $/MWh2  PB2  ADHR_C2 

LABELS 4

F  inHg

TOWER OUTLET TEMPERATURE

PERFORMANCE

UNIT 70 TYPE 70 LAKE MODEL

PARAMETERS  9

WIDTH1 LENGTH1 DEPTH1 95 -1  PSH1 SNAP1 25 0.41

INPUTS 12

9,3 9,4 33,1 9,6 9,7 9,8 9,9 60,1 55,3 55,4  10,5 TRACK1

0 80 0.02 3 29.2 0.5 1000 113 2900000 240000 80   3100

UNIT 71 TYPE 70 LAKE MODEL

PARAMETERS  9

WIDTH2 LENGTH2 DEPTH2 85  PMU2 PSH2 SNAP1 26 0.41 

INPUTS 12

9,3 9,4 33,1 9,6 9,7 9,8 9,9 70,2 55,3 55,4  10,5 70,10 

0 80 0.02 3 29.2 0.5 1000 90 2900000 240000 80   3150

UNIT 75 TYPE 75 CONDENSER 1

PARAMETERS  7

AL1 BL1 AS1 BS1 AC1 BC1 VWDES1

INPUTS  3

55,9  45,7  55,5 

100   500   1484070 

UNIT 76 TYPE 75 CONDENSER 2

PARAMETERS  7

AL2 BL2 AS2 BS2 AC2 BC2 VWDES2

INPUTS  3

55,9  46,7  55,6 

100   500   1484070 

END

