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Appendix B TC  "Appendix B" \l 1 
Cooling Pond
B 1. Short description of type 70 cooling pond routine

Type 70, Cooling Pond model, simulates the behavior of a cooling pond. The pond should have approximately the shape of a long channel, that means the ratio of length to width should be large. The model is based on a vertically fully mixed pond, therefore the model is suited for simulation of shallow ponds. A plug flow model is assumed in the hydraulic model, that means there is no mixing in flow direction. 

The model divides the pond in several elements that move through the pond corresponding to the inflow volumetric flow rate and the geometry of the pond. At each timestep a new element is created that corresponds in size to the inflow volume of that timestep. The size of that element is measured by its length, as the flow channel is assumed to be of uniform width and depth. As the number of elements is limited to 500, the pond length can not exceed 500 times the length of one inflow element. Otherwise the pond outflow temperature can not be calculated. As the elements move through the pond, at each timestep the heat transfer through its surface is calculated from the water temperature and ambient conditions. It is important that only timesteps of one hour are used. Using an Euler scheme, the water temperature after the timestep is calculated. 

As the pond simulation starts with an empty pond, that means all element temperatures have a default value, the simulation has to be run at least for the number of timesteps one element needs to travel from inlet to outlet. The default temperature can be set with parameter 4. A simulation time of three cycles is recommended, when the pond model is not run with fixed inflow temperatures, but the inflow temperature depends on the pond outflow temperature. A minimum of three cycles is needed, so that the model can reach an equilibrium state. If the model is run with a fixed, that means from the pond behavior independent inflow temperature, a preliminary simulation time of one cycle is sufficient.

The heat transfer relations that are used in the pond model are a strong function of local ambient conditions. To calibrate the thermal performance of the pond model, it is possible to adapt an calibration factor to measured data for a given pond. For a higher calibration parameter the heat transfer is higher and the pond outlet temperature gets lower. From experience the value for the calibration parameter can be on the order of 0.4 to 0.6, dependent of site specific conditions and on where the weather data are measured. 

The model is capable of printing a snapshot of temperatures, positions and element sizes of all elements at a specified timestep. This may be useful for thermal analysis of pond behavior and temperature fluctuations in the cooling process. 

An element can be tracked from inflow to outflow. In this way the cooling process of the water as it moves through the pond can be observed. 

The time for a snapshot and the start of element tracking must be specified. Of course these times must be in the limit of the specified simulation time of the simulation. 

To examine the influence of solar radiation on pond behavior, a parameter can be specified that shuts off the solar radiation on the pond. 

The effect of an additional water flow into the pond, in most cases make-up water, can be simulated. Therefore the amount, temperature and location of the make-up flow can be specified. In including a make-up flow in the simulation it is assumed that the specified amount of make-up water is an actual loss that is made up by the additional flow. If no make-up flow is assumed, no water loss is included in the calculation. 

A maximum of three pond models in TRNSYS simulation can be used. The unit numbers must be 70, 71 and 72, otherwise a numerical error will occur. 

Following the parameters, inputs and outputs of the cooling pond model are listed.

Parameters:
1
Average width of the flow channel

[ft]

2
Length of the flow channel


[ft]

3
Average depth of the flow channel

[ft]

4
Default outlet temperature when lake is 'empty'
[˚F]

5
Position of make up flow 


[ft]

6
Shading parameter

7
Time for snapshot

8
Logical unit for snapshot output

9
Calibration factor for heat transfer relation

Inputs:
1
Solar radiation




[Whr/m2]

2
Dry bulb temperature



[˚F]

3
Humidity ratio




[lb/lb]

4
Wind velocity




[mph]

5
Atmospheric pressure



["Hg]

6
Cloud cover

7
Ceiling height




[100ft]

8
Water inlet temperature



[˚F]

9
Volumetric water flow rate


[ft3/hr]

10
Volumetric flow rate of make up water

[ft3/hr]

11
Temperature of make up water


[˚F]

12
Beginning of element tracking

Outputs:
1
Time of day

2
Outlet temperature



[˚F]

3
Length of inflow element



[ft]

4
Temperature of tracked element


[˚F]

5
Average heat transfer due to evaporation
[Btu/hr-ft2]

6
Average heat transfer due to radiation

[Btu/hr-ft2]

7
Average heat transfer due to convection

[Btu/hr-ft2]

8
Average solar radiation



[Btu/hr-ft2]

9
Overall net heat transfer



[Btu/hr-ft2]

10
End time of element tracking

B 2. Source code of cooling pond routine

      SUBROUTINE TYPE70(TIME,XIN,OUT,T,DTDT,PAR,INFO,ICNTRL,*)

*******************************************************************************

*  THIS TYPE SIMULATES THE BEHAVIOR OF A COOLING POND. FOR GIVEN INFLOW 

*  TEMPERATURES AND WEATHER CONDITIONS AN OUTFLOW TEMPERATURE IS

*  CALCULATED IF THE SIMULATION TIME IS LONG ENOUGH. THE SIMULATION ALWAYS

*  STARTS WITH AN EMPTY POND AND A CERTAIN TIME IS NEEDED TO 'FILL' UP THE

*  POND. THE FLOW PATH IS DIVIDED INTO SEVERAL ELEMENTS. THE SIZE OF EACH 

*  ELEMENT CORRESPONDS TO THE VOLUME OF WATER DISCHARGED INTO THE POND 

*  DURING ONE HOUR. THE MODEL CAN ONLY BE RUN IN HOURLY TIME STEPS. A 

*  SIMULATION TIME OF 3 CYCLES, THAT IS THE TIME THE WATER NEEDS FROM INFLOW 

*  TO OUTFLOW, IS RECOMMENDED TO REACH AN EQUILIBRIUM WITH THE WEATHER

*  CONDITIONS.PARAMETERS ARE THE PHYSICAL SHAPE OF THE LAKE, A DEFAULT

*  OUTFLOW TEMPERATURE AS LONG AS THE POND IS 'EMPTY', A SHADING 

*  PARAMETER WHICH DEFINES, WHETHER THIS PART OF THE POND IS SHADED AND 

*  OUTPUT PARAMETERS WHICH DEFINE THE TIME FOR A  SNAPSHOT OF ALL ELEMENT *

*  POSITIONS AND TEMPERATURES. INPUTS ARE THE WATER INFLOW TEMPERATURE, 

*  WEATHER CONDITIONS, MAKE UP INFLOW TEMPERATURE AND VOLUMETRIC FLOW 

*  RATES FOR MAKE UP AND MAIN WATER FLOW AND THE START  SIGNAL FOR ELEMENT 

*  TRACKING.

*  OUTPUTS ARE:

*  1 : TIME OF THE DAY [hr]

*  2 : OUTLET TEMPERATURE [F]

*  3 : LENGTH OF INFLOW ELEMENT [ft]

*  4 : TEMPERATURE OF TRACKED ELEMENT [F]

*  5 : ENERGY REJECTION BY EVAPORATIONC [Btu/hr*ft^2]

*  6 : ENERGY REJECTION BY RADIATION [Btu/hr*ft^2] 

*  7 : ENERGY REJECTION BY CONVECTION [Btu/hr*ft^2]

*  8 : ENERGY GAIN FROM SOLAR RADIATION [Btu/hr*ft^2]

*  9 : TOTAL ENERGY TRANSFER [Btu/hr*ft^2]

* 10 : TIME AT WHICH TRACKED ELEMENT LEAVES THE POND [hr]

************************************************************************************** 

**************************************************************************************

*  NOMENCLATURE:

*  ALPHAW: 
ABSORPTANCE OF WATER

*  AREA:   
SURFACE AREA OF AN ELEMENT

*  C:      
INDICATOR, WHETHER INFLOW IS ZERO OR NOT

*  CALT:   
DEFAULT TEMPERATURE IF POND OUTFLOW IS ZERO

*  CEILING:
CEILING HEIGTH OF CLOUDS [ft]

*  CLOUD:  
CLOUD COVER

*  CPW:    
SPECIDIC HEAT OF WATER, ASSUMED CONSTANT CPW=0.997 [Btu/lb-F]

*  CROSSECT:
CROSSECTIONAL AREA OF FLOW PATH [ft^2]

*  CSH:    
ARIABLE, THAT INDICATES WHETHER POND IS SHADED: 1 SHADED, 0 NOT *


SHADED

*  DAYTIME:
TIME OF DAY [hr]

*  DENS:   
DENSITY OF WATER, ASSUMED TO BE CONSTANT DENS=62.261 [lb/ft^3]

*  DEPTH:  
DEPTH OF FLOW CHANNEL [ft]

*  DIAG:   
TEMPERATURE OF TRACKED ELEMENT WHILE IT IS FOLLOWED [F]

*  DRYBULB:
DRYBULB TEMPERATURE [F]

*  F:      
NUMBER OF ELEMENTS IN POND

*  FU:     
FUTCH FACTOR FOR HEAT TRANSFER CALCULATION 

*  IMU:   
INDICATOR, WHETHER THE PRECEDIDNG ELEMENT RECEIVED A MAKE UP *


INFLOW

*  INMIX:  
INFLOW TEMPERATURE [F]

*  LE:     
LENGTH OF ELEMENT [ft]

*  LENEW:  
LENGTH OF ELEMENT AFTER OUTFLOW WAS SUBSTRACTED [ft]

*  LENGTH: 
LENGTH OF FLOW PASS [ft]

*  LEOLD:  
LENGTH OF ELEMENT AT LAST TIMESTEP [ft]

*  LUSN:   
NUMBER OF LOGICAL UNIT FOR SNAPSHOT OUTPUT

*  MASS:   
MASS OF ONE ELEMENT [lb]

*  OUTFL:  
TOTAL LENGTH OF OUTFLOW [ft^3/hr]

*  OVER:   
LENGTH THAT IS SUBSTRACTED FROM A SINGLE ELEMENT AT OUTFLOW *










[ft]

*  OVERTOT:
TOTAL LENGTH OF OUTFLOW [ft^3/hr]

*  PATM:   
ATMOSPHERIC PRESSURE [psia]

*  PMU:    
POSITION OF MAKE UP FLOW, FROM INFLOW POINT [ft]

*  POS:    
POSITION OF AN ELEMENT, MEASURED FROM INFLOW [ft]

*  POSOLD: 
POSITION OF AN ELEMENT AT LAST TIMESTEP [ft]

*  PPA:    
PARTIAL WATER VAPOR PRESSURE [psia]

*  PPAS:   
PARTIAL WATER VAPOR PRESSURE AT SATURATION FOR THIS DRYBULB *










[psia]

*  CSH:    
VARIABLE, THAT INDICATES WHETHER POND IS SHADED: 1 SHADED, 0 NOT *


SHADED

*  QCON:   
ENERGY TRANSFER FOR ONE ELEMENT DUE TO CONVECTION [Btu/ft^2]

*  QCONTOT:
SUM OF ENERGY TRANSFER DUE TO CONVECTION AT ONE TIMESTEP [Btu]

*  QCONA:  
ENERGY TRANSFER DUE TO CONVECTION PER UNIT SURFACE AREA OF 

*


POND 







[Btu/ft^2]

*  QEV:    
ENERGY TRANSFER FOR ONE ELEMENT DUE TO EVAPORATION [Btu/ft^2]

*  QEVTOT: 
SUM OF ENERGY TRANSFER DUE TO EVAPORATION AT ONE TIMESTEP 

*










[Btu]

*  QEVA:   
ENERGY TRANSFER DUE TO EVAPORATION PER UNIT SURFACE AREA OF 

*


POND 







[Btu/ft^2]

*  QRAD:   
ENERGY TRANSFER FOR ONE ELEMENT DUE TO RADIATION [Btu/ft^2]

*  QRADTOT:
SUM OF ENERGY TRANSFER DUE TO RADIATION AT ONE TIMESTEP [Btu]

*  QRADA:  
ENERGY TRANSFER DUE TO RADIATION PER UNIT SURFACE AREA OF 

*


POND 







[Btu/ft^2]

*  QSOL:   
ENERGY TRANSFER DUE TO SOLAR RADIATION [Btu/ft^2]

*  QWSOL:  
TOTAL ENERGY TRANSFER ACROSS THE SURFACE OF ONE ELEMENT 

*


WITHOUT SOLAR RADIATION 



[Btu/ft^2] 

*  Q:      
ENERGY TRANSFER ACROSS ONE ELEMENT SURFACE, INCLUDING 

*


RADIATION, EVAPORATION, CONVECTION AND SOLAR RADIATION [Btu]

*  QTOT:   
SUM OF ENERGY TRANSFER AT ONE TIMESTEP, INCLUDING RADIATION, 

*


EVAPORATION, CONVECTION AND SOLAR RADIATION 
[Btu]

*  QAA:    
ENERGY TRANSFER PER UNIT SURFACE AREA OF POND, INCLUDING 

*


RADIATION, EVAPORATION, CONVECTION AND SOLAR RADIATION [Btu/ft^2]

*  SNAP:   
TIME FOR SNAPSHOT OF LAKE. AT THIS TIME THE POSITIONS AND 

*


TEMPERATURES OF ALL ELEMENTS ARE WRITTEN INTO A FILE

*  SOLAR:  
SOLAR RADIATION FROM WEATHER FILE [Btu/ft^2]

*  TE:     
TEMPERATURE OF ONE ELEMENT [F]

*  TEOLD:  
TEMPERATURE OF ONE ELEMENT AT THE PREVIOUS TIMESTEP [F]

*  TIMEOLD:
PREVIOUS TIMESTEP

*  TMU:    
TEMPERATURE OF MAKE UP INFLOW [F]

*  TOTAREA:
TOTAL SURFACE AREA OF POND [ft^2]

*  TOUT:   
OUTFLOW TEMPERATURE [F]

*  TPROD:  
PRODUCT FROM SINGLE OUTFLOW TEMPERATURE AND CORRESPONDING 

*


OUTFLOW LENGTH FOR ONE ELEMENT [F*ft]

*  TRACK:  
START TIME FOR ELEMENT TRACKING

*  TVA:    
VIRTUELL TEMPERATURE AT AMBIENT CONDITIONS [R]

*  UN:     
IDENTIFIES THE CORRESPONDING UNIT IF MORE THAN ONE POND MODEL 

*


IS USED 

*  VEL:    
LENGTH OF FIRST ELEMENT [ft]

*  VOL:    
VOLUME OF ONE ELEMENT [ft^3]

*  VOLIN:  
VOLUMETRIC FLOW RATE OF WATER INTO THE POND [ft^3/hr]

*  VOLMU:  
VOLUMETRIC FLOW RATE OF MAKE UP WATER INTO THE POND [ft^3/hr]

*  W:      
HUMIDITY RATIO [lb/lb]

*  WIDTH:  
AVERAGEWIDTH OF FLOW CHANNEL [ft]

*  WIND:   
WIND VELOCITY [mph]

**************************************************************************************

C  VARIABLE DECLARATION

      PARAMETER (N=500) 

      INTEGER J,C,I,LUSN,UN 

      DOUBLE PRECISION WIDTH,LENGTH,DEPTH,AREA,CROSSECT,

     .      SOLAR,INMIX,DRYBULB,WIND,CEILING,QSOL,

     .      VOLIN,VEL,PPAS,PPA,PV,PSAT,TVA,OVERTOT,TPROD,MASS,LE,POS,TE,

     .      QWSOL,Q,LENEW,OVER,W,WSAT,REL,TDP,ENER,QEV,QRAD,QCON,

     .      LEOLD,TEOLD,POSOLD,QTOT,PATM,CLOUD  

      REAL DAYTIME,CALT,SNAP,TRACK,DENS,CPW,ALPHAW,TRACKEND,FU  

      INTEGER INFO,ICNTRL       !TRNSYS specific

      DOUBLE PRECISION XIN,OUT  !TRNSYS specific

      REAL TIME,T,DTDT,PAR      !TRNSYS specific 

      DIMENSION XIN(11),OUT(12),PAR(9),INFO(15) !TRNSYS specific

      DIMENSION LE(3,N),POS(3,N),TE(3,N),LEOLD(3,N),POSOLD(3,N),

     .          TEOLD(3,N),TIMEOLD(3),TRACKEND(3),CDI(3),TRACK(3)  

      COMMON /ENERG/ QEV,QRAD,QCON

      COMMON /SIM/ TIME0,TFINAL,DELT,IWARN

C Set unit number for storage

      UN=INFO(1)-69

C Input variables       

      SOLAR=XIN(1)      !Whr/m^2

      DRYBULB=XIN(2)    !F

      W=XIN(3)          !lb/lb

      WIND=XIN(4)       !knots

      PATM=XIN(5)       !inHg

      CLOUD=XIN(6)    

      CEILING=XIN(7)    !100ft

      INMIX=XIN(8)      !F

      VOLIN=XIN(9)      !ft^3/hr

      VOLMU=XIN(10)     !ft^3/hr

      TMU=XIN(11)       !F

      TRACK(UN)=XIN(12) !start time for element tracking

C Parameters

      WIDTH=PAR(1)      !ft

      LENGTH=PAR(2)     !ft 

      DEPTH=PAR(3)      !ft

      CALT=PAR(4)       !F

      PMU=PAR(5)        !ft

      CSH=PAR(6)        !SHADING ON/OFF

      SNAP=PAR(7)       !time for snapshot

      LUSN=PAR(8)       !logical unit number in which snapshot is written

      FU=PAR(9)         !calibration parameter for evaporation and convection

C  Parameter check

C  If the position of make up flow is set bigger than the length of

C  the pond, it is by default set to the end of the pond.

      IF (PMU .GT. LENGTH) PMU=LENGTH  

C  Water properties, assumed to be constant in this range

C  evaluated at 80F, 14.7 psia

      DENS=62.261 !lbm/ft^3

      CPW=0.997 !BTU/lbm*F      

C  Calculation of time of day

      DAYTIME=MOD(TIME,24)  

C  Cloud cover converted into tenth

      CLOUD=CLOUD         

C  initializations performed in the first time step      

      IF (INFO(8) .EQ. 1) THEN

C  Initialize lake parameter at first function call

        DO J=1,N

          LE(UN,J)=0

          POS(UN,J)=0

          TE(UN,J)=CALT

        END DO 

C  Write header line for shot file, if snapshot is required

        IF (SNAP .GT. 0 ) THEN

           WRITE(LUSN,'(2(A12))') 'POSITION','TEMPERATURE'

        END IF

C  Initialize time for controll of element movement

        TIMEOLD(UN)=TIME-1

C  Default for start of element tracking and snapshot

        IF (TRACK(UN) .LE. TIME0) TRACK(UN)=TIME0+1

        IF (SNAP  .LE. TIME0) SNAP =TIME0+1

C  Initialize variable, that indicates end of tracking

        TRACKEND(UN)=0.

        CDI(UN)=0.

      END IF

C  Unit conversion of read data

      PATM=PATM*0.4912    !"Hg to psi 

      CEILING=CEILING*100 !100ft to ft   

C  Absorptance of water surface

      ALPHAW=0.94 

C  Check, if this part of the pond is shaded and unit conversion

      IF (CSH .LE. 0.) THEN

C  Conversion of solar radiation into English units and account for absorbtance  

        QSOL=ALPHAW*SOLAR*3.415/10.764 !BTU/ft^2*hr

      ELSE

        QSOL=0.

      END IF

C  Calculation of crossectional area of flow channel

      CROSSECT=WIDTH*DEPTH

C  Calculation of inflow length from inflow volume

      VEL=VOLIN/CROSSECT !ft/hr

C  Psychrometric data  

C  Temperatures in F, Pressures in psia

      CALL PSYCHRO(DRYBULB,W,PATM,PSAT,PV,WSAT,REL,TDP)

C    conversion into mmHg       

      PPS=PSAT*51.715   !psia to mmHg

      PPA=PV*51.715     !psia to mmHg  

C Calculation of virtual temperature for ambient air

      TVA=(DRYBULB+459.67)/(1-0.378*PPA/(PATM*51.715))  !R      

C  INITIALIZATION OF VARIABLES

C      Total outflow

      OVERTOT=0.

C      Total sum of product of outflow times temperature

      TPROD=0.  

C      Sum of surface area of all elements in lake

      TOTAREA=0.             

C      Total heat transfer across surface for one time step          

      QTOT=0.    !total energy

      QEVTOT=0.  !evaporation

      QRADTOT=0. !radiation (long wave)

      QCONTOT=0. !convection

      QSOLTOT=0. !solar radiation

C  Check, whether lake moves or not. If not, the elements keep their

C  position from the last time step, to avoid 'empty' elements at 

C  the inflow point of the lake

      IF (VEL .LE. 0.) THEN

         C=1.

      ELSE

         C=0.

      END IF                         

C  Initialize indicator for make up inflow

      IMU=0

C  This section  is needed to avoid double movement of lake elements

C  in case of several iterative calls of the unit at one time step

C  The configuration of the last time step is saved in the array labeled 'OLD'

      IF (TIMEOLD(UN) .LT. TIME) THEN

         DO J=1,N

            TEOLD(UN,J)=TE(UN,J)

            POSOLD(UN,J)=POS(UN,J)

            LEOLD(UN,J)=LE(UN,J)

         END DO

      END IF

      IF (TIMEOLD(UN) .EQ. TIME) THEN

         IF ((TIME .EQ. SNAP) .AND. (SNAP .GT. 0)) THEN

            REWIND(LUSN)

C  Print header line for snapshot file again

            WRITE(LUSN,'(2(A12))') 'POSITION','TEMPERATURE'

         END IF

      END IF

      TIMEOLD(UN)=TIME

C*******************************************************************             

C  GENERATION OF SHUNK MOVEMENT AND CALCULATION OF ENERGY TRANSFER ACROSS

C  THE SURFACE

      DO 100 I=N,2,-1 

C  Reading of previous values               

         LE(UN,I)=LEOLD(UN,I-1+C)         !length = size 

         POS(UN,I)=POSOLD(UN,I-1+C)+VEL   !position  

*        TE(UN,I)=TE(UN,I-1+C)         !temperature

C  Calculation of geometry values for each element           

         AREA=LE(UN,I)*WIDTH     !area       

         VOL=LE(UN,I)*CROSSECT   !volume    

         MASS=VOL*DENS        !mass            

C  THE FOLLOWING CALCULATIONS ARE ONLY PERFORMED, IF THE PARTICULAR 

C  ELEMENT IS FULL

         IF (LE(UN,I) .GT. 0) THEN

C  Calculation of total energy transfer, using energy function

C  energy transfer without solar radiation

            QWSOL=ENER(TEOLD(UN,I-1+C),PATM,WIND,DRYBULB,TVA,PPA,TDP,

     .                 CLOUD,CEILING,DAYTIME,FU)

C  Total energy transfer, including evaporation, convection, radiation

C  and solar radiation  

            Q=AREA*(QWSOL-QSOL) 

C  Calculation of new element temperature 

            TE(UN,I)=TEOLD(UN,I-1+C)-Q/(MASS*CPW)  

C  ADDITION OF MAKE UP FLOW TO CORRESPONDING ELEMENT

C  A simple mixing equation is employed, to get the element

C  temperature after the make up inflow. The element volume

C  is kept constant.

               IF ((POS(UN,I).GE.PMU).AND.

     .            ((POS(UN,I)-LE(UN,I)).LT. PMU)) THEN 

                  LMU=VOLMU/CROSSECT

                  TE(UN,I)=(TE(UN,I)*(LE(UN,I)-LMU)+TMU*LMU)/LE(UN,I)

               END IF

C  Output of one snapshot at one point of simulation. Output lists all  

C  element temperatures and their positions              

            IF ((TIME .EQ. SNAP) .AND. (SNAP .GT. 0)) THEN

               WRITE(LUSN,25) POS(UN,I),TE(UN,I)         

            END IF   

25          FORMAT(2(F12.2))

C  Summation of total energy transfer for one time step               

            QTOT=QTOT+Q

C  Summation of single energy terms for one time step

            QEVTOT=QEVTOT+AREA*QEV

            QRADTOT=QRADTOT+AREA*QRAD

            QCONTOT=QCONTOT+AREA*QCON

C  Summation of surface area

            TOTAREA=TOTAREA+AREA                

C              WRITE(6,'(5F12.1)') QTOT,QEVTOT,QRADTOT,QCONTOT,QSOLTOT  

C  END OF ENERGY CALCULATION

         END IF  

C  Calculation of outflow if position of an element is greater then

C  length of lake            

         IF (POS(UN,I) .GT. LENGTH ) THEN

            OVER=POS(UN,I)-LENGTH

            POS(UN,I)=LENGTH

            LENEW=LE(UN,I)-OVER     

C  Control whether element is empty      

            IF (LENEW .LE. 0.) THEN 

               OVER=LE(UN,I)               

               LENEW=0

            END IF   

            LE(UN,I)=LENEW

C  summation of outflow      

            OVERTOT=OVERTOT+OVER   !ft 

C  Summation of outflow time temperature product                

            TPROD=TPROD+TE(UN,I)*OVER !F*ft   

C  If an element is empty, the temperature is set to zero                

            IF (LE(UN,I) .EQ. 0 ) THEN

               TE(UN,I)=0

            END IF 

C  END OF LENGTH CALCULATIONS                

         END IF 

C  END OF ENERGY AND OUTFLOW CALCULATIONS

100   CONTINUE 

C  END OF SHUNK MOVEMENT 

C********************************************************************

C  EVALUATION OF OUTFLOW TEMPERATURE. IF OUTFLOW IS ZERO, THE OUTFLOW

C  TEMPERATURE IS SET TO CALT 

      IF (OVERTOT .EQ. 0) THEN

         TOUT=CALT !outflow temperature

         OUTFL=0  !outflow amount of water

      ELSE 

         TOUT=TPROD/OVERTOT 

         OUTFL=OVERTOT

      END IF 

C  GENERATION OF FIRST ELEMENT                    

C  The first element is treated differently, as there is no previous

C  element that can be read

C  Calculation of energy transfer for inflow element

C  the temperature is evaluated after the hour 

C  check, whether inflow is zero      

      IF (VEL .EQ. 0) THEN 

         QWSOL=ENER(TEOLD(UN,1),PATM,WIND,DRYBULB,TVA,PPA,TDP,CLOUD,

     .              CEILING,DAYTIME,FU) 

         LE(UN,1)=LEOLD(UN,1)

         POS(UN,1)=POSOLD(UN,1)

         AREA=LE(UN,1)*WIDTH 

         VOL=LE(UN,1)*CROSSECT

         MASS=VOL*DENS

         Q=AREA*(QWSOL-QSOL)

         TE(UN,1)=TEOLD(UN,1)-Q/(MASS*CPW) 

      ELSE   

         QWSOL=ENER(INMIX,PATM,WIND,DRYBULB,TVA,PPA,TDP,CLOUD,

     .              CEILING,DAYTIME,FU)

         AREA=VEL*WIDTH

         Q=AREA*(QWSOL-QSOL)

         MASSIN=VOLIN*DENS   

         LE(UN,1)=VEL

         POS(UN,1)=VEL 

         TE(UN,1)=INMIX-Q/(MASSIN*CPW)

      END IF     

C  ADDITION OF MAKE UP FLOW TO FIRST ELEMENT, IF APPROPRIATE

C  A simple mixing equation is employed, to get the element

C  temperature after the make up inflow. The element volume

C  is kept constant.

         IF ((POS(UN,1).GE.PMU) .AND. (PMU .GE. 0.)) THEN 

             LMU=VOLMU/CROSSECT

             TE(UN,1)=(TE(UN,1)*(LE(UN,1)-LMU)+TMU*LMU)/LE(UN,1)

         END IF

C  Output of snapshot at end of simulation. This output writes first 

C  element into snapshot file

      I=1              

      IF ((TIME .EQ. SNAP) .AND. (SNAP .GT. 0)) THEN

         WRITE(LUSN,25) POS(UN,I),TE(UN,I)         

      END IF   

C  Addition of energy transfer terms of the first element calculation                

      QTOT=QTOT+Q

      QEVTOT=QEVTOT+AREA*QEV

      QRADTOT=QRADTOT+AREA*QRAD

      QCONTOT=QCONTOT+AREA*QCON

C  Addition of surface area of first element to total surface area

      TOTAREA=TOTAREA+AREA                

C  For element tracking, the temperature of the particular element is

C  only written as long as it is in the lake. Diag is output variable

      IF ((TIME-TRACK(UN)) .LT. N) THEN

         IF ((TIME .GE. TRACK(UN)).AND.(LE(UN,TIME-TRACK(UN)) .GT. 0)) 

     .       THEN

             DIAG=TE(UN,(TIME-TRACK(UN)+1))

             CDI(UN)=1.

         ELSE

            DIAG=0.

            IF (CDI(UN) .EQ. 1.) THEN

               TRACKEND(UN)=TIME

               CDI(UN)=0.

            END IF

         END IF

      ELSE

         DIAG=0.

      END IF

C   Calibration of total energy transfer with lake area

      QAA=QTOT/TOTAREA

      QEVA=QEVTOT/TOTAREA

      QRADA=QRADTOT/TOTAREA

      QCONA=QCONTOT/TOTAREA

C  Output variables

      OUT(1) =DAYTIME      !hour of the day

      OUT(2) =TOUT         !F

      OUT(3) =VEL          !ft

      OUT(4)=DIAG          !F

      OUT(5)=QEVA          !Btu/ft^2

      OUT(6)=QRADA         !Btu/ft^2

      OUT(7)=QCONA         !Btu/ft^2

      OUT(8)=SOLAR         !Btu/ft^2

      OUT(9)=QAA           !Btu/ft^2

      OUT(10)=TRACKEND(UN) !time at which tracked element leaves the pond

      RETURN 1

      END

C  END OF MAIN ROUTINE

C  **********************************************************************

      SUBROUTINE PSYCHRO(TIN,W,PATM,PSAT,PV,WSAT,REL,TDP)   

C************************************************************************

C SUBROUTINE WITH INPUT DRY BULB[F], HUMIDITY RATIO AND ATMOSPHERIC 

C PRESSURE[psia]. 

C OUTPUT SATURATION PRESSURE[psia]AT DRY BULB, VAPOR PRESSURE[psia], 

C HUMIDITY RATIO AT SARURATION, RELATIVE HUMIDITY, 

C DEW POINT TEMPERATURE[F]

C************************************************************************       

      DOUBLE PRECISION TIN,TDP,Y,PATM,PSAT,PV,W,WSAT,REL

C CALCULATION OF SATURATION PRESSURE AT DRY AND WET  BULB

      CALL SATUR(TIN,PATM,PSAT,WSAT)

C  RELATIVE HUMIDITY

      REL=W/(0.62198+W)*PATM/PSAT

C  PARTIAL VAPOR PRESSURE OF WATER VAPOR

      PV  = PATM*W/(.62198+W)

C  CALCULATION OF DEW POINT TEMPERATUR (F)

      Y = ALOG(PV)

      TDP =100.45+33.193*Y+2.319*Y*Y+0.17074*Y**3+1.2063*PV**(.1984)

      RETURN 

      END

      SUBROUTINE SATUR(TIN,PATM,PSAT,WSAT)

*********************************************************************

* SUBROUTINE FOR CALCULATING SATURATION PRESSURE AND URATION

* HUMIDITY RATIO AT INPUT TEMPERATURE AND ATMOSPHERIC PRESSURE

* TIN IN F, PSAT AND PATM IN PSIA

*********************************************************************

      DOUBLE PRECISION TIN,TINR,PATM,PSAT,WSAT

      DATA C8/-1.04404E+4/,C9/-1.129464E+1/

      DATA C10/-2.70224E-2/,C11/1.28904E-5/,C12/-2.47807E-9/

      DATA C13/6.54597/

C CONVERSION OF INPUT TEMPERATURE      

      TINR =TIN+459.67 

C SATUARTION PRESSURE      

      PSAT=EXP(C8/TINR+C9+C10*TINR+C11*TINR**2+C12*TINR**3+C13*

     .          ALOG(TINR))

C W AT SATURATION AND DRY BULB

      WSAT = .62198 * PSAT/(PATM-PSAT) 

      RETURN

      END          

      FUNCTION ENER(TWAT,PATM,WIND,DRYBULB,TVA,PPA,TDP,CLOUD,CEILING,

     .                DAYTIME,FU)

C********************************************************************

C  CALCULATION OF ENERGY TRANSFER THROUGH LAKE SURFACE, INCLUDING 

C  RADIATION, EVAPORATION AND CONVECTION. sOLAR RADIATION HAS TO BE 

C  ADDED IN MAIN PROGRAM. OUTPUT IS IN BTU/HR/FT^2

C********************************************************************

      DOUBLE PRECISION ENER,SIGMA,TWAT  

      DOUBLE PRECISION PATM,WIND,DRYBULB,TVA,TDP,CLOUD,CEILING,

     .      TVS,PPS,WSAT,TWATR,TDPC,TDBR,EPS0,EPS00,EPSH,EPSE,

     .      GAMMA,CLE,EPSSKY,EPSW,QEV,QCON,QRAD,PPA,

     .      EPSC,F 

      REAL DAYTIME,FU

      COMMON /ENERG/ QEV,QRAD,QCON        

C  VIRTUAL TEMPERATURES AT WATER TEMPERATURE

      CALL SATUR(TWAT,PATM,PPS,WSAT) 

C  UNIT CONVERSION, SATURATION WATER VAPOR PRESSURE

      PPS=PPS*51.715  !psia to mmHg           

C  Virtual temperature at water surface      

      TVS=(TWAT+459.67)/(1-0.378*PPS/(PATM*51.715)) !R 

C Calculation of wind function, JU is the calibration factor

      IF ((TVS-TVA) .LT. 0.01) THEN

         F=FU*17.*0.581*WIND/24 !BTU/HR*FT^2*mmHg

      ELSE

         F=FU*(14*WIND+22.4*(TVS-TVA)**0.333)/24 !BTU/HR*FT^2*mmHg    

      END IF  

C  HEAT FLUX RELATED TO EVAPORATION       

      QEV=F*(PPS-PPA) !BTU/hr/ft^2

C  CONVECTION IS RELATED TO EVAPORATION

C  BY A FACTOR DEPENDANT ON WATER AND DRYBULB TEMPERATURE

      QCON=F*0.255*(TWAT-DRYBULB) !BTU/hr/ft^2             

C  RADIATION

C  RADIATION CONSTANT

      SIGMA=1.72917E-9 !Btu/hr-ft^2-R^4

C  CONVERSION OF UNITS OF TEMPERATURES

      TDPC=(TDP-32)/1.8   !F to C  

      TWATR=TWAT+459.67   !F to R

      TDBR=DRYBULB+459.67 !F to R

C  CALCULATION OF CLEAR SKY EMISSIVITY

      EPS00=(0.711+0.56*(TDPC/100)+0.73*(TDPC/100)**2)

      EPSH=0.013*COS(2*3.14*DAYTIME/24)

      EPSE=0.00012*(PATM/14.5*1000-1000) !PATM FROM PSIA TO MBAR

      EPS0=EPS00+EPSH+EPSE 

C  ACCOUNT FOR CLOUD COVER 

C  INTERPOLATION OF CLOUD EMISSIVITY WITH HEIGHT

      IF (CEILING .GT. 11000*3.2808) THEN

       EPSC=0.15

      ELSE

       EPSC=0.72-(0.72-0.15)/(3.2808*(11000-4000))*(CEILING-3.2808*4000)        

      END IF 

C  Includes ceiling height      

      GAMMA=EXP(-CEILING/(8200*3.2808))

      CLE=CLOUD*EPSC*GAMMA

C  TOTAL SKY EMISSIVITY

      EPSSKY=EPS0+(1-EPS0)*CLE   

C  EMISSIVITY OF A WATER SURFACE

      EPSW=0.96      

C  NET RADIATION BETWEEN WATER SURFACE AND SKY

      QRAD=SIGMA*(EPSW*TWATR**4-EPSSKY*TDBR**4) !BTU/ft^2*hr            

C  TOTAL ENERGY TRANSFER WITHOUT SOLAR RADIATION

      ENER=QEV+QCON+QRAD !BTU/hr*ft^2    

      END

C  END OF ENERGY FUNCTION                    

