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Section 1

INTRODUCTION

1.1 Overall Program Goals

In December 1968, Dynatech R/D Company undertook a program for the
Federal Water Quality Administration (then the FWPCA) with the ultimate aim of
performing a survey and economic analysis of alternate methods for cooling conden-
ser discharge water from thermal power plants. The first phase of this program
was to consist of a systematic gathering of present state-of-the-art information in
the areas of large scale heat rejection equipment, power plant operating characteris-
tics, and total community considerations. The second phase of this program was to

consist of work in the areas of:

1. Selection of input parameters and optimization criteria.
2. Limitations and advances in heat rejection units.

3. Extensive modifications of present power cycles.

4, Advanced total community concepts.

This report will document the results of Phase II, Task I of this program.

1.2 Scope of Task I

The first task of the second phase of this program has as an overall goal
the quantitfication of cooling system costs as a function of various parameters, the
definition of the interface requirements between the power plant and the cooling system,

and the optimization of the total power cost.

A previous task, as reported in July 1969, (Ref. 1) presented, in detail,
considerations of alternate methods of transferring large quantities of rejected heat
to the atmosphere. The results of this analysis led to the expected conclusion that,
for a given heat level and ambient conditions, the size and cost of the heat rejection
equipment decreases with an increase in process side temperature. This cost re-

lationship is shown as curve A in Figure 1.1.
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Figure 1.1. System Cost Versus Condenser Temperature



A later task, as reported in May 1970 (Ref. 2), described, in detail, the
increase in power plant cost as a result of an increase in condenser temperature. This
type of relationship is shown as curves B and C in Figure 1.1. Curve B may be thought
of as representing an existing power plant forced to operate at a higher than design
condenser temperature while curve C represents a possible locus of costs for plants

designed for various condenser temperatures.

The goal of this task then is to quantify these curves, and to find a means of
obtaining the minimum of the sum of the two costs for a wide range of ambient conditions

and power plant parameters.

1.3 General Method

The general method of approach to this task has been the development of a
computer program for the calculation of both cooling system and power plant costs
and the determination of the minimum total cost for a given set of parameters. To
this end, the effect of various design parameters have been studied to determine
which have significant effects on the performance of the various cooling schemes
and which parameters are important to the calculation of power plant costs. Design
equations based on these parameters have been developed for the cooling systems
and power plant, and incorporated into a computer program through which the

minimum total cost is calculated.

A number of options are open to the user of the program such as full
time or part time use of the cooling system, an open or closed cooling system, a
specified or ""designed'' condenser, and variable ambient conditions. Also available
is the ability to match projected power plant operation at different capacities over

varying time periods.

Part time use of the cooling system is represented in Figure 1.2 and
is applicable only to cooling systems that use a water cooled condenser such as

cooling towers and cooling ponds.

An open cooling system, or 'topping' operation is shown in Figure 1.3

and is again applicable only to cooling systems that use a water cooled condenser.
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The water cooled condenser, as part of the external cooling system, may
be specified or it will be ""designed" by the program. This provides the option, for
existing power plants that must have external cooling systems added, of either building
an oversized external system to match the existing condenser or rebuilding the con-
denser such that the external cooling system and the condenser are matched and of
minimum cost. Depending on the particular power plant, either method may result
in the least overall cost.

Operation of the power plant and the cooling system at various ambient
conditions for different periods of time has been provided for in the program. This
is because cooling systems are usually designed for adverse and seldom occurring
ambient conditions and do not operate under these extreme conditions most of the time.
The program accounts for this in that it '"designs' a cooling system for a given set of
ambient conditions (usually specified as the most severe) but calculates operating
costs of both the cooling system and power plant for up to five other sets of ambient

conditions with a specified operating time per year for each.

Operation of the power plant at up to five off-design capacities for a
specified number of hours per year has been provided in the program and is neces-
sary to simulate actual power plant practice. The disadvantage to this is that plant
operating characteristics (heat rate and auxiliary power) often are quite different
for off design operation, and therefore must be specified for each capacity used.
This is simplified somewhat, however, by available data such as contained in
GE 2050B, included in Reference 2.

The remainder of this report, which describes the computer program,
is divided into five sections, The first section describes the model of the power
plant and the input data that is required. The following sections provide brief
descriptions of the input (interface) requirements for each cooling system,
review the general computational procedures, and describe the output. The details
are obtainable from the program listings themselves (included in the appendix)
which contain "comment" cards for ease of interpretation. A glossary of

variable names for the whole program is also provided in the Appendix.



Section 2

POWER PLANT MODEL

2.1 General Description

As indicated in Section 1, the total design and optimization program consists
of providing a mathematical description of the operating characteristics and system
costs of the power plant itself, a similar model for alternative cooling schemes, and
a means of interfacing these two subsystems and computing the total cost. Various

combinations are then searched to find a minimum cost solution.

The first part of this program contains not only the mathematical de-
scription of power plant operation but it is also the control program which provides
the interface information between the plant and the cooling system. This is indicated

in a generalized flow chart of the program in Figure 2.1.

Basically, the "Power Plant Model" carries out two functions. First, it
receives and manipulates all of the required input information to the optimization
program. These inputs include such items as plant design capacity, projected load
demands, plant efficiency ratings, projected cooling requirements, expected ambient
conditions, and relevant economic data. A complete listing is given in Section 2. 2.
These input data are then manipulated to put the data into a form directly useful in
the forthcoming computations. This portion of the model is contained in the first

part of the main program.

The second function of the Power Plant Model is accomplished in subroutine
PAFCST, an operational subroutine, which simulates power plant operation and pro-
vides heat rejection requirements and plant cost information to the cooling system

subroutines.

2.2 Input Data

The data describing the power plant and the operation of it are read in

the first portion of the program and, in order of input, are as follows:



MAIN PROGRAM

Input, Conversion, Control
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Variable

PSIZE

CCPKW

ANFCR

FUCST

PRPAGR

NCAPS

CAP(I)

TOTLD(I)

COLPCT(I)

NHRPTS(I)

PCMIN(I)

PCMAX (T)

Descriptjon

Power plant size--the maximum electrical output of the
plant and the size for which the cooling systems are to

be designed (Mwe),

Power plant capital cost including a standard once

through condenser ($/kw).
Annual fixed charge rate (%/yr).

Fuel cost (¢/million Btu).

Land cost ($/acre).

Number of different plant capacities for which heat
rate data is supplied (maximum of 5 excluding

design capacity).
Various plant capacities (%/100).

Total loading--number of hours per year that the plant

operates at each capacity (hrs/yr).

Cooling percent--percent of the total operating time at
each capacity (TOTLD(I)) that the cooling system is
used. (%/100).

Number of heat rate points--the number of condenser
pressures and corresponding heat rates to be input

for each capacity.
Minimum condenser pressure at each capacity (in.Hg.).

Maximum condenser pressure at each capacity (in. Hg.).



Variable

HRP(I, J)*

TURBHR(, J)* -

I o

Condenser pressure for each heat rate at each capacity
(in.Hg.) (do not have to include PCMAX(I) and PCMIN())

Turbine heat rate corresponding to each condenser
pressure, HRP(,J), for each capacity (Btu/kwhr).

The following input data pertain more to the cooling systems than to the

power plant but are included here since they are read in the same part of the program

as the power plant data.

TDB

TWB

TAVH20

PCBASE

WIND

NH20

NTAMB

TAMDB(I)

TAMWB(I)

Design ambient dry bulb temperature (° F)
Design ambient wet bulb temperature (°F)
Design available water temperature (°F)

Base condenser pressure--a base average condenser
pressure at which the plant would operate if external

cooling were not required (in. Hg.).

Design wind velocity (MPH)
Design radiation intensity (Btu/ £t2 /day)

Type of cooling water to be used in the cooling system

-1 = Seawater
@ = Untreated fresh water
+1 = Treated fresh water

Number of different ambient temperatures.
Various ambient dry bulb temperatures (°F)

Various ambient wet bulb temperatures (°F)

*These values are obtained from General Electric Heat Rate Tables (Ref. 2) or

other similar data.



Variable
TAMRV(I)
AMWIND (I)

AMRAD (J)

PCTAMB(J, J)

WIDTH
NSYSOP

NSPCON

TDISMX

UOVALL

AREAC

SPFLOW

NSUBS(I)

Description

Various river temperature(® F)

Various wind velocities (MPH)

2
Various radiation fluxes (Btu/ft”/ day)

Percent of the cooling system use time, COLPCT(I)

x TOTLD(I), at each capacity. that the cooling system
operates at the specified ambient temperatures,
TAMDB(I) and TAMWB(J) (%/100).

Width of river or estuary (ft).

Type of cooling system operation

0 = closed cycle operation

2 = topping

Whether or not the condenser is specified

0= no

1= yes

Maximum water discharge temperature (only if topping
used) (° F)

Overall heat transfer coefficient for the condenser
(only if condenser is specified) (Btu/ hr-ft“-° F).

Total heat transfer area (only if condenser is specified)
)

Condenser water flow (only if condenser is specified)
(Ibm/ hr)

Controls which of the cooling subroutines is called.

If NSUBS (1) is zero, the Ith subroutine is not called.

I Subroutine

1 Listing of input data (part of main program)
2 Once through cooling (SUBPOLU)

3 Cooling Pond (SUBPOND)

4 Mechanical Draft Wet Tower (SUBMDW)

5 Natural Draft Wet Tower (SUBNOW)
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2.3 Preparation of input data cards

All cards are required for each set of input conditions, although all
cooling options may be run with one set of plant and ambient data. FORTRAN format

specifications are shown for each input card required.

Card 1: PSIZE, CCPKW, ANFCR, FUCST, PRPAGR, NCAPS (5F10.0,110)

Card2: CAP (D), I= 1,5 (5F10. 2)
Card 3: TOTLD (), I= 1,5 (5F10. 0)
Card 4: COLPCT (I), I= 1,5 (5F10. 2)
Card 5: NHRPTS (I), I= 1,6 (6110)

Card 6: PCMIN (), I= 1,6 (6F10. 2)
Card 7: PCMAX (I), I= 1,6 (6F10. 2)

Cards 8-X: NNCAP sets (a set for each capacity, plus one if design data

are input. See Section 2.4) of two cards each:

card A: HRP (SET NUMBER, J), J= 1,6 (6F10. 2)
card B: TURBHR (SET NUMBER, J), J= 1,6 (6F10. 0)
Card X + 1: TDB, TWB, TAVH20, PCBASE, WIND, RAD, NH20,
NTAMB (6F10.0,2110)
Card X + 2: TAMDB (I), I= 1, NTAMB (5F10. 0)
Card X + 3:TAMWB(I), I= 1, NTAMB (5F10. 0)
Card X + 4: TAMRV (I), I= 1, NTAMB (5F10. 0)
Card X + 5: AMWIND (I), I= 1, NTAMB (5F10. 0)
Card X + 6: AMRAD (I), I= 1, NTAMB (5F10, 0)
Cards X + 7-Y: NCAPS cards each with PCTAMB
(SET NUMBER, J), J = 1, NTAMB (5F10.2)
Card Y + 1: WIDTH, NSYSOP, NSPCON, TDISMX, UOVALL,
AREAC, SPFLOW (¥10.0,2110,4F10.0)
Card Y + 2: NSUBS (I), I= 1,5 (5110)
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2.4 Test Data

Four sets of input data have been used to obtain cooling system costs.
These four data sets have been designated SUBD1, SUBD2, SUBD3, and SUBD4. All
four sets contain the same power plant data and ambient temperature but each de-

scribes a different type of cooling system operation as described below.

SUBD1 - Condenser is specified and the cooling system is used for
topping.
SUBD2 - Condenser is specified and the cooling system is a closed
system.
SUBD3 - Condenser is "designed" and the cooling system is used
for topping.
SUBD4 - Condenser is "designed" and the cooling system is a

closed system.

Listings of these four sets of data are included in the Appendix, and the input data

printout, when SUBD1 is used, is shown in Table 2.1,

*Number of cards depends on number of capacities specified.

12



Table 2.1

~=e==PRINTCUT CF INPUT DATAwce=

PSIZF CAP § ANF CR FUEL $ PRPAGR
200 150 12 10 1000
CAPACITIFS AND CCRRESPCNNING DATA
(EXTRA VALUFS ARE DESIGN DATA)
CAPACITY = 1.00 « 80 060 25 0
HRS/YEAR = 5150 1750 800 700 360
PCT CCCLING - « R0 eT0 30 «30 015
MIN P cCND - 1,50 1.00 1.00 1,00 1,00 1.50
MIN T CCND - 91472 79,04 79,04 79,04 79,06 9l.72
MAX P CCND = 3,50 4,00 4,00 4,50 4450 3.50
MAX T CCND = 120,55 125,41 125,41 129.77 129,77 12U.55
CAPACITY FACTCR = .82
CSCLING USE FACICR = ,75
CCND PRESS AND CORRESPCNDING DATA AT EACH CAPACITY
CAPACITY =1,00
PRESSURE = 1,50 2.50 3,50
T HEAT RATE = 7987 8037 8153
CAPACITY = .80
PRESSURE = 1,00 2,00 3,00
T HEAT RATE = 7974 8025 8174
CAPACITY = .60
PRESSURF = 1,00 2,00 3,00 3.50
T HEAT RATE = 80SS5 819% 8430 RS43
CAPACITY = .25
PRESSURE = 1,00 2,00 3,00
T HEAT RATE - 8828 9381 9g15
CAPACITY = o)
PRESSURE = 1,00 2,00 3,00
T HEAT RATE = 0 v 0
DESIGN VALUES (CAPACITY = PLANT SIZE)
PRESSURE = 1.50 2.00 2,50 3.00 3.50
T HEAT RATE - 8000 8009 8042 8089 8151
DRY RULB T wET BULB T wIND SPEED RADIATICN
85 75 10.0 4000
AVAIL HPO T TYPE AVAILABLE H2C
75 -1
BASE P CCND BASE T CCND
150 91.7

13



Table 2.1 (Concluded)

VARTABLE AVMRIENT TEMPERATURES

DRY BULB = 70 8o A5
WET RULR = 60 70 70
RIVER = 60 h5 70
WIND 10,0 10.0 10,0
RADIATICON 4000 4000 4000

PERCENT OF CCCLING SYSTEM TIMFE AT ABCVF
AMBTIENT CCNDITICNS

CAP = 1,00 = 025 e 25 50
CAP = .80 = «30 «30 «40
CAP = ,L,60 = 40 «30 + 30
CAP = ,25 = -1V 25 «25
CAP = 0 - V) 0 1.00
RIVER WIDTH TYPE CCTOLING (2=TCPPING)
2000 2
MAX DISCHARGE TEMP = RS

CNDENSER SPECIFICATICNS

CVERALL U = 350
TUBE AREA = 2.760E 05
H2C FLCOW = 4,200E O7

14
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2.5 Power Plant Calculations in the Main Program

The first calculation that is performed in the main program, after the data
are read, is to check that the total load duration hours per year equals 8760 hours
(including 0 capacity operation), and that, for each capacity, the total percent of

operating time at the various ambient conditions equals 100.

The design relative humidity, RH, and the variable ambient relative humi-
dity, AMBRH(I), are then calculated from the wet bulb and dry bulb temperatures with

the use of the Carrier equation (cf Ref. 3).

Following the calculation of the relative humidities is the quadratic curve
fit of the heat rate points. The curve fit is necessary to provide continuous heat rate
values, at the various plant capacities, for condenser pressures between the specified
points. The actual curve fit is in terms of condenser temperature rather than pres-
sure, so that the specified condenser pressure input data is first converted to satura-
tion temperature. Also, immediately following this conversion, the maximum and
minimum allowable condenser pressures and the base condenser pressure are

converted to corresponding saturation temperatures.

If "design" heat rate data is not included in the input, then the program
assumes that the 100 percent plant capacity data is to be used for design. This con-
version is performed next in the program. Either 100 percent plant capacity data
or "design' data must be specified for the program to run. Both may be specified
since it may be desirable to ''design' the cooling system to match plant operation
under special conditions such as above rated capacity ('"'valves wide open", overpressure,

and/ or feedwater heaters shut down - see Ref. 2),

Plant capacity factor and cooling system use factor are calculated from
the load data. The capacity factor is a measure of the use of the plant relative to

its hypothetical maximum design use,

15



total kwhrs output in year _

maximum design output
(plant at full design capacity for 8760 hours)

CAPFAC =

The cooling system use factor is the average percent of plant output that is created

while the cooling system is in use,

_ kwhrs output with cooling gystem in use
USEFAC = total kwhrs output in year,

The capacity factor is used to adjust capital cost to be in terms of
actual output (kwhrs) in a year, and the use factor is used to adjust cooling system

operating cost to be in terms of total plant output in a year.

If the computer system on which the program is to be run cannot

handle all the code necessary for the main program and each of the subroutines,

the subroutines for cooling methods which will not be used can be omitted, and the

references to them in the main program deleted.

2.6 Program Optimization

Following preliminary calculations in the main program, control is
transferred to one of the operational subroutines, SUBPOLU, SUBPOND, SUBMDW,
or SUBNDW, where the optimum cooling system design is determined. The method
of optimization used in these subroutines is a complete search of all allowable
combinations of the design variables. Obviously, however, when part of the cooling
system is specified, such as the condenser, the design variables describing them

are not varied.

In the general case, there are two temperatures that are varied to
determine the optimum tower, the condenser temperature and the water discharge
temperature from the tower or pond. The condenser temperature is set to the
lowest possible value and tower costs are calculated for the full range of possible
discharge temperatures. The condenser temperature is then increased by 1* F and
the calculations made again for the range of discharge temperatures. The process

is repeated until the condenser temperature has been increased to its maximuym

16



prescribed value. During the whole process, each time a combination of variables
resulted in a tower cost less than the preceeding lowest one, the variables were
"saved" for future comparison. Therefore, after all combinations have been tried

the ""saved" combinations will be the least cost and therefore the optimum.

This optimization procedure is shown in more detail in Figures 3.2
4,1, and 5. 3,

’

2.7 Subroutine PAFCST (Power and Fuel Cost)

This subroutine, which is '"called' by the cooling system subroutines,
calculates auxiliary power cost, differential fuel cost, and heat rejected from the

power plan. for operation at a given capacity and condenser temperature.

At each capacity a base heat rate, HRBASE, is first calculated with the
quadratic coefficients, HRCOF2(I), HRCOF1{I), and HRCOF@(), and the base con-
denser temperature. The actual heat rate is then calculated at the desired condenser

temperature and the heat rejected, QREJ calculated by

QREJ = (HEATR-3413) X PSIZE X CAP() 2.1)

17



where HEATR = net heat rate -~ (Btu/kwhr)
PSIZE = total rated plant output (Mw)
CAP(I) = plant capacity of interest (%/100)

Boiler efficiency (stack heat loss) is not included in the above equation

since the net heat rate used is defined as the heat added to the steam divided by the

net power output.

The differential fuel cost is calculated by

DELFC = FUCST x (HEATR-HRBASE) (mills/kwhr)
where FUCST = fuel cost (¢/million Btu)
HRBASE = base heat rate (Btu/kwhr)

The auxiliary power cost is calculated by

CCPKW x ANFCR ,
CADFAC x 8.76 (mills/kwhr)

PWCST = FUCST x HEATR +

where CCPKW = plant capital cost ($/kw)
ANFCR = annual fixed charge rate (%/100)
CAPFAC = capacity factor (%/100)

18
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Section 3

ONCE-THROUGH COOLING

3.1 General Description

The calculations and logic for the design of a once-through cooling are
contained in two subroutines, SUBPOLU and COND. Subroutine SUBPOLU contains
most of the logic and about half of the cost calculations for this type of cooling. It is
divided into two parts, a design section in which the cooling system costs are calculated
for the design ambient conditions and power output, and an off-design section in which
the operating costs are recalculated using the specified variable capacities and ambient
conditions. The condenser may be specified as already existing, in which case the capital

cost is not included in the total system cost.

Also included in subroutine SUBPOLU is a calculation and printout of river
temperatures downstream of the plant. This includes both mixed river temperatures
and plume temperatures, and plume width for a specified river. The equilibrium tem-
perature and plume temperature are determined from data and equations taken from

Reference 5.

Subroutine COND, which is also used by other cooling systems requiring a
water cooled condenser, contains the basic design and cost calculations for the con-

denser itself.

3.2 Assumptions

Variables and equations for which numerical assumptions have been made
in the subroutine are listed below, so that the cards may be changed if different

numerical values are desired.

19



Variable (sequence or line #)

WIND (255)
QFLRIV (256)
DEPTH (257)
RAD (258
PMPEF (259)
WCOFA (264)
WCOFB (265)
DT2 (293)
PLAC (306-310)

PHEAD (315)
COSMAI (319)

PMPEF (1252)
UALL (1257-1261)

CONCST (1270)
CHEAD (1276)

3.3 Basic Equations

Comments and/or Recommended Values

Subroutine SUBPOLU

4000 - 6000
0.8-0.85

Should be of the form used in Reference 5

Need not correspond to (not used for) specified condenser

1.5, 1.25, 1.0 for seawater, untreated fresh, and
treated fresh water, respectively.

Form of equation and percentages both assumed

Subroutine COND

0.8-0.85

420., 340., and 250 correspond to treated fresh
water, untreated fresh water, and sea water,
respectively.

Form and coefficients of equation assumed.
35.

For the condenser the basic size equation for the total heat transfer area

is

ACOND = —_QREJ
D = ~§ATLX DTIGM 3-1)
where QREJ = total heat rejected (Btu/hr)
UALL = overall heat transfer coefficient (Btu/hr-ft2—°F)
DTLGM = log mean temperature difference (°F)

20



The capital cost equation for the condenser, derived from data in References
7, 12, and 13 is

CONCST = 20.x(1.05xACOND)’- ? $) 3.2)
Added to this is $1/GPM for the cost of the water pumps.

The condenser system cost is the sum of the capital cost (capital charge

per year) and the pumping costs, which are

_ GPMxPHEADx, 7457xPWCST :
PMPCST = . 11s /kwhr 3.3
3960 x PMPEF x PSIZE x 1000 (mills /lewhr) ( )
where PHEAD = assumed frictional pumping head (ft)

PWCST = power cost (mills/kwhr)

PMPEF = pump efficiency (%/100)

PSIZE = plant size (Mw)

The above three equations are contained in the subroutine COND.

In the subroutine SUBPOLU, other costs are added to the condenser system
cost. These consist of the inlet and outlet water ducting costs, an additional pumping
cost for this ducting, and a differential fuel cost obtained from the subroutine PAFCST,

due to power plant operation at a condenser pressure higher than PCBASE.

If the condenser is specified, then, since the inlet water temperature is
known, the condenser temperature and outlet water temperature may be determined
by simultaneous solution of the following three equations. From the power plant sub-
routine PAFCST, we get

Il

QREJ f (TC) (3. 4)

1l

In addition, QREJ SPFLOW x (T1 - T2) x Cp (3.5)

21



where SPFLOW = specified water flow (lbm/hr)

T1 = outlet water temperature (°F)
T2 = inlet water temperature (°F)
Cp =~ specific heat of water =1 (Btu/lbm-"F)
and
(T2 - TC)- (T1 - TC) (3. 6)
QREJ = UOVALL x AREAC x T2 - TC
n (Tl - TC)

1l

2 .
where TUOVALL specified overall heat transfer coefficient (Btu/hr-ft" -°F)

AREAC

2
specified heat transfer area (ft")

T1, TC, and QREJ are the only three unknowns, but since the function f of
Equation (3.4) is a quadratic curve fit, the simultaneous solution to the three equations

is performed by trial and error, in subroutine SUBPOLU.

3.4 Plume Analysis

The final computations performed in subroutine SUBPOLU describe the
spread and dissipation of the stream of condenser discharge water, or plume, after
it is returned to the flowing river. As was indicated by Edinger and Geyer
(Reference 5), even simple limiting models of the spread of warm light water into
cold water defy a first-principles analysis at this time. Therefore, the approach
taken was to define an arbitrary spreading function which described the increase
in plume width with distance downstream of the outfall. This spreading function was

prescribed to meet certain physical constraints. These were:

1. the plume width at the outfall was related to the overall
width of the river by the ratio of the condenser discharge

flow to the undisturbed river flow. That is

PLUMEW _ QCON
WIDTH (at the outfal) = QFLRIV (3.7)
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where

PLUME = width of plume (ft.)

WIDTH =  totalwidth of river (ft.)

QFLRIV = total river flow (ft3/sec)

QCON = condenser discharge flow (ft3/sec)

2. the spreading rate is of an exponential form,

3. the plume width approaches the total river width

smoothly.
A spreading function which satisfies these criteria is
-(Ax XI+ Cl)
PLUMEW = WIDTHXx |1 -e€ (3. 8)

where
A = a constant which can be interpreted as an inverse
mixing length (1/miles)
X1 = distance downstream of the outfall (miles)
C1 a constant evaluated so as to satisfy Equation 3.7

at XI = 0.

In order to obtain a reasonable approximation to some plume width data

in Reference 5, the mixing length was chosen as —;1‘— = 2,

Which yielded the final result

- (5 + CI)
PLUMEW = WIDTHx | 1-e (3.9)

This results in a description which can be interpreted physically according

to Figure 3.1, as a two-dimensional unstratified model.
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Figure 3.1 Schematic of Plume-River Flow
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Both streams are subject to heat transfer with the environment and both approach the

environmental equilibrium temperature exponentially as derived in Reference 5.

The temperature of the unmixed cold stream, TWREAL, is the easiest
to specify since it is by definition unaffected by the plume and simply approaches the
equilibrium temperature, TCALC, according to

ALPHA1

TWREAL = TCALC + (TAVH20 - TCALC) e (3.10)
where

TWREAL = unmixed stream temperature (°F)

TCALC = equilibrium temperature (° F)

TAVH20 = temperature just upstream of plant (" F)

ALPHAl1 = decay constant

~ XK x X1
DENSITYx DEPTHx VELREV

from Reference 5

The temperature of the plume is most easily defined in terms of a mixed
river temperature, TXDIST. The hypothetical temperature is the temperature which
the river would be at any point if the plume and the unmixed portion were thoroughly
mixed. This temperature, which also approaches the environmental equilibrium

temperature, can be shown to be

TXDIST= TCALC + (TZERO - TCALC) e *PHAL (3.11)
TXDIST = mixed river temperature at any downstream (OF)

where TZERO = mixed river temperature at the outfall (° F)

Therefore,
TZERO = QCON x T1 + (QFLRIV - QCON) X TREAL

QFLRIV (3.12)
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The plume temperature, PLUMT, is then computed on the basis of a simple energy
balance from the mixed river temperature (Equation 3, 11) and the plume flow rate

(assumed proportional to plume width from Equation 3.9). Hence,

QFLRIV x TXDIST = Q PLUM x PLUMT + (QFLRIV - QPLUM) TWREAL (3.13)

PLUMT - TWREAL _ QFLRIV _ WIDTH 3. 14)
TXDIST - TWREAL ~ QPLUM PLUMEW .

Then from Equation 3.9

PLUMT - TWREAL _ 1 (3.15)
TXDIST - TWREAL l1-e" (XI/2 + C1)

where

PLUMT = plume temperature (° F)
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3.5 Flow Diagram

Figures 3.2 and 3. 3 contain the flow diagram for the subroutine SUBPOLU.

Some minor calculations and program checks have been omitted for clarity.
3.6 Results

The results using the data of SUBD2 and SUBD4, described in Section 2,
are shown in Tables 3.1 and 3. 2.

The design values are printed first and consist of the following:

Q REJECT - The heat rejected from the plant by the condenser

T CONDENSER - The temperature of the condensing steam

CONDENSER

FLOW - The condenser cooling water flow

PUMP POWER - The power required to pump the cooling water

EQUILIBRIUM

TEMP - The equilibrium temperature corresponding to the
design ambient conditions

RANGE - The cooling water temperature rise from inlet to exit.

The design costs are printed next. It should be pointed out here that
since the various cooling subroutines use common printing subroutines, PRTDSI,
PRTDS2, and PRTOD, there are a few quantities in each print out that are not
applicable to the cooling system being described. Zeros (with no decimal point)are usually
printed as the value of such quantities and the term '""not applicable" will be used
when describing the results. An example of such a quantity is the first design cost
printed, the CAPITAL COST. The capital cost of the condenser is not printed out

but it is included in the condenser system cost, described below.

The OPERATING COST result printed for this subroutine consists only of
the extra pumping costs associated with the inlet and outlet water ducting for the

condenser. Other pumping costs are included in the condenser system cost.
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/
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Is Condenser Specified?
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y

Calculate Total Cost
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no

no
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151
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Print Design Calculations
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Figure 3.2 Flow Diagram for Design Portion of SUBPOLU

28



Initialize
1
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301
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Figure 3.3 Flow Diagram for Off-Design Portion of SUBPOLU
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Table 3.1

ONCE-THROUGH COOLING RESULTS USING SUBD2
(CONDENSER SPECIFIED)

~=e==STRAIGHT CONDFNSER CCCLING====-
(WITH UNTREATED FRESH WATER)

THE DESIGN VALUES AND CCSTS ARE -

Q RFJECT = 9,181E 08 BTU/HR AT T CCNDENSER = 100

CONDENSER FLCOW =1B69E 02 CFS (4.,200F 07 LB/HR) PUMP PCWER =B14325E 02 HP
EQULIBRIIIM TEMP = 88 RANGE = 22

CAPITAL COST = OE 00 DCLLARS

CCNDENSER AND PUMP CCST = 0E 00 DCLLARS/KW

CPERATING COST = 002 MILLS/KWeHR
MAINTENANCE CCST =  ,000 MILLS/KW=HR

CNDENSER SYSTEM CCST = 0 MILLS/KW=HR
DIFFERENTIAL FUEL CCST = ,000 MILLS/KW=HR

TCTAL SYSTEM CCST = ,002 MILLS/KWe=HR

«=RIVER TEMPERATURES==

DISTANCE=MILES STREAM TEMP DEGeF PLUME TEMP,=DEGeF PLUME WIDTH=M]
NG PLANT MIXED

0 75000 75,58 96,86 «0101
1.0 7566 T6.21 7701 01552
2.0 76429 76.81 7711 02432
3.0 7688 77.38 TT7e52 229685
4.0 7745 T7.92 7799 «3289
5.0 7798 78043 T8.47 3485
6.0 T78¢49 78,91 78:93 <3604
Te0 78.97 79,37 79.38 e 3677
8.0 T9.42 79.80 79.81 «3720
9,0 79+86 B0.22 80,22 «3747

10.0 80.26 80,61 80.6) 23763
2060 83435 83.56 R3.56 «3788
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Table 3.1 (Concluded)

VARTABLE AMBIENT CCNDITICNS

FCR CAp 21,00y T WB

PC LESS THAN PC MIN = ASSUME PC

FCR CAP =1,00, T WR

PC LESS THAN PC MIN = ASSUME PC

FCR CAP = .60y T WB

PC LESS THAN PC MIN = ASSUME PC

FCR CAP = .25 T WR

PC LESS THAN PC MIN = ASSUME PC

FCR CAP = 4259 T w8

PC LESS THAN PC MIN = ASSUME PC

FCR CAP = ,25) T WB

60y AND TC =
MIN « CONTINUE

70¢ AND TC =
MIN « CCNTINUE

609y AND TC =
MIN - CONTINUE

609, AND TC =
MIN - CONTINUE

70+ AND TC =
MIN « CCNTINUE

70 AND TC =

PC LESS THAN PC MIN -« ASSUME PC MIN « CONTINUE

WITH THE vARICUS AMBIENT TEMPERATURES

THE CCSTS ARE =

CPERATING C2ST = 001 MILLS/KW=HR
DIFFERENTIAL FUEL CCST ==0,000 MILLS/KW=HR

TCTAL SYSTEM COST = 4001 MILLS/KW=HR
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Table 3.2
ONCE-THROUGH COOLING RESULTS USING SUBD4
("DESIGN" CONDENSER)
----- STRAIGHT CCNDENSER CCOLINGw====

(WITH UNTREATED FRESH WATER)

THE DESIGN VALUES AND CCSTS ARE -

@ REJECT = 9.454E 08 RTU/HR AT T CONDFNSFR = 120 A e
CNDENSER FLCW =14059E 02 CFS (2.,380F 07 LRBR/HR) PUMP PCWFR =2T7.507E 01 HP
FQULIRRI!UM TEMP = AR RANGE & 40

CAPITAL CCST = OE 00 DCLLARS

CCNDENSER ann PUMP ¢CST =5,093E 00 DOLLARS/KW
CPERATING C2ST = 001 MILLS/KW=HR
MAINTENANCE €CST = 4001 MILLS/KW=HR
CCNPENSER SYSTEM CCST =  ,112 MILLS/KW=HR
DIFFERENTIAL FUEL C3ST = 016 MILLS/KW=KR

TCTAL SYSTEM C3ST = ,128 MILLS/KW=HR

-=RIVER TEMPERATURES==

DISTANCE=-MILES STREAM TEMP DEG.F PLUME TEMP,=DEG.F PLUME WIDTH=M]
NC PLANT MIXED

4] 75.00 785,60 11472 20057
1.0 75466 76.23 77.08 1525
240 7629 76,63 77014 02415
3.0 7688 7740 7754 22955
450 7745 7793 78601 3283
5.0 77-98 7Bs44 78:48 23482
6.0 78049 78.92 T8695 s3607
7.0 78697 79,38 7939 3675
8.0 7942 79,82 7982 «3720
9.0 79.86 80,23 8023 03746

10,0 80+26 80,62 80,62 «3763
200 8335 83.56 A3:.56 «378R

VARTABLE AMBIENT CONDITIONS

FSR CAP = ,259 T WR = 60y AND TC = 79
PC LESS THan PC MIN = ASSUME PC MIN = CONTINUE

FCR Ccap = 259 T WB = 70+ AND TC = 79
PC LESS THaN PC MIN = ASSUME PC MIN = CONTINUE

WITH THE VARISUS AMBIENT TEMPERATURES
THE CCSTS ARE =

CPERATING €a2ST = 001 MILLS/KW=HR
DIFFERENTIAL FUEL COST = ,004 MILLS/KWeHR

TOTAL SYSTEM CCST B ,118 MILLS/KW=KR
32



The MAINTENANCE COST result is a sum of fixed percentages of the
specific capital costs, the operating cost, and the condenser system cost. The three

percentages are 0.1%, 10% and 1% respectively.

The CONDENSER SYSTEM COST congists of a capital cost (converted to
a cost per output basis) and an operating cost, both described in Section 3.2. The
condenser system cost is set equal to zero if the condenser is specified. This is true
in all the cooling system subroutines. The reason for this is that if an existing con-
denser is going to be used, its cost should not be part of the optimization process,
and also the costs should already be known. When this cost is given (for the "design"
condenser case) it represents a total condenser system cost and is not the cost over

and above what a specified condenser might cost.

The DIFFERENTIAL FUEL COST is the added cost, due to increased fuel
consumption, of operating the plant at a condenser pressure higher than the specified

base pressure (input).

The TOTAL SYSTEM COST is the sum of the capital, operating, main-
tenance, condenser system, and differential fuel costs. This is the cost with which
the optimization is performed; the set of variables resulting in the lowest total sys-

tem cost is considered to be the best.

The river temperatures and plume width were described in Section 3. 2

and the printout is self explanatory.

The initial printout for the variable ambient conditions occurs during
calculation of the costs for each set of ambient conditions, and are non-fatal error
indications. The two messages that occur are that the condenser pressure, PC, is
less than the specified (in the input) minimum, PC MIN, or that the discharge tem-
perature, T DIS, exceeds the maximum allowable, T DIS MAX.* The reason for the
first type of message is that the trial calculations for the off design (variable ambient
conditions) condenser pressure start at the specified minimum condenser pressure for

*This type of message does not occur for the once-through cooling system, but is
discussed here for continuity.
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each capacity. If the cooling system is able to handle the heat rejected at this first
trial point, it means that the actual operating point should be at a lower condenser
pressure. However, this point has been specified as the minimum possible pressure,
so it is assumed that the plant operates at this pressure and the operating cost is
calculated. A large number of such messages may therefore mean that the "design"
ambient conditions are too severe compared to the actual variable conditions, or

that the minimum allowable condenser pressures have been set too high.

The second type of message, concerning the discharge temperature from
an external cooling system, may occur only when the system is used in a topping
operation. The message is self explanatory, and may indicate that the '"design'
ambient conditions are not severe enough relative to the variable conditions. When
the situation indicated by the message occurs (T DIS > T DIS MAX) the program
assumes the actual discharge temperature and calculates the operating cost.

The average operating cost and average differential fuel cost for all the
variable ambient conditions are calculated and printed out along with a new total system
cost. The new modified total system cost is asum of the original capital, maintenance,

and condenser system costs, and the new averaged operating and differential fuel costs.
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Section 4

COOLING POND

4.1 General Description

The equations and logic describing the design of a cooling pond are con-
tained in the subroutine SUBPOND. This subroutine "calls' PAFCST for power plant
information and COND for condenser specifications. It is possible to have the con-
denser specified, in which case the cooling pond is sized to match the condenser. If
the condenser is not specified, the subroutine '"designs' a matched pond and condenser.
In both cases, options are available to have the pond used for a topping operation and/or

part time use. Pond sizing, in all cases, closely follows the method described in
Reference 4.

The subroutine is divided into two sections, a design and an off-design

section, similar to the once-through cooling system subroutine.

4,2 Assumptions

Variables and equations for which numerical assumptions have been made
in the subroutine are listed below, so that the cards may be changed if different

numerical values are desired.

Variable (sequence or line #) Comment and/ or Recommended Values
PMPEF (449) 0.8 - 0.85

WCOFA (452)

WCOFB (453)}

Should be of the form used in Reference 5.

DT2 (490) Need not correspond to (not used for) specified
PHEAD (521) condenser
COSMAI (526) Form of equation and percentages both assumed,
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4.3 Basic Equations

The equation for determining the size of the cooling pond necessary for
given inlet and outlet water temperatures and ambient temperatures is taken from

Reference 4,

_ 24 x ALPHA x FLOW 4.1
AREAP = XK x 43560 (acres) “4.1)
where FLOW = water flow (lbm/hr)
XK = exchange coefficient (Btu/day—ft2—°F)

ALPHA is defined by the equation

L (T2 - TCALC) 4.9

ALPHA = - LOG (1 —TGATC) (4.2)
where TCALC = equilibrium temperature (°F)
T1 = inlet water temperature (°F)
T2 = outlet water temperature (°F)

The capital cost of the pond is simply

CAPCOS = AREAP x PRPAGR 4.3)

where PRPAGR = land and construction cost ($/acre)

4.4 Flow Diagram

The flow diagram for the subroutine SUBPOND is shown in Figures 4.1
and 4.2,

4.5 Results

The results using the data of all four data sets are shown in Tables 4.1
through 4.4 and are described as follows:
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Q REJECT

T C?)Ii\(TiDENSER - described in Section 3. 4

PUMP POWER - total pumping power required exclusive of condenser

H20 EVAP - water evaporation rate

COND FLOW - condenser water flow (lbm/hr)

T IN - temperature at inlet'to pond (exit of condenser) (°F)
RANGE - AT from inlet to exit of pond (°F)

EQUILIBRIUM

TEMP - described in Section 3.4 (°F)

POND AREA - the designed surface area of the pond

Q@ REJ POND - the amount of heat that is transferred from the pond to the

atmosphere. (different from total heat rejected only when

topping operation)

CAPITAL COST

the capital cost of the cooling pond, exclusive of the condenser

The remaining data and costs are the same as those described in Section 3. 4.
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Figure 4.1. Flow Diagram for Design Portion of SUBPOND
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Table 4.1

COOLING POND RESULTS USING SUBD1
(SPECIFIED CONDENSER, TOPPING)

uuuuu COOLING POND =eeee

THE DESIGN VALUES AND CCOSTS ARE =

@ REJECT =9,18lF 08 RTU/HR AT T CCNDENSFR = 100
FAN PCWER = OE 00 HP PUMP PCWER ZRe04TE 02 HP
H20 EVAP =2,125F 00 CFS (5,199E 05 LR/HR)

H20 BLCWDCWN = OE 00 CFS 0E 00 LR/HR)

AIR FLLOW RATE = OF 00 LB/HR

CCND FLSW =4.200F 07 T IN = 97 RANGE = 12
EQULIBRIUM TEMP = 79 PCND AREA = 141 ACRES

@ REJ PCND =5.061E 08 BTU/HR

CAPITAL ¢cTsT =1,411E 05 DCLLARS

CNDENSER AND PUMP CTST = OE 00 DCLLARS/KW
CPERATING CCST = o007 MILILS/KWeHR
MAINTENANCE €0ST =  +00] MILLS/KW=HR
CCNDENSER SYSTEM CCST = 0 MILLS/KkW=HR
DIFFERENTIAL FUFL COST =  .000 MILLS/KW=WR

TOTAL SYSTEM CCST =  ,021 MILLS/KwW=HR

VARTABLE AMBIENT CONDITICNS

THE PIND IS LARGER THAN NECESSARY FCR1,.00 CAPACITY AND AMBIENT
COMPUTING CCSTS ASSUMING MOST EFFICIENT CONDITICN (PC=pCMIN)

THE PCOND IS LARGER THAN NECESSARY FCR1,00 CAPACITY AND AMBIEMT
CCMPUTING CCSTS ASSUMING MGST EFFICIENT CONDITICN (PC=pCMIN)

THE PCOND IS LARGER THAN NECESSARY FCR ,60 CAPACITY AND AMBIENT
CCMPUTING €3STS ASSUMING MUST EFFICIENT CONDITICN (PC=pCMIN)

THE PCND IS LARGER THAN NECESSARY FCR ,2% CAPACITY AND AMBIENT
COMPUTING €CSTS ASSUMING MOST EFFICIENT CONDITICN (PC=pCMIN)

THE POND Is LARGER THAN NECESSARY FCR .25 CAPACITY AND AMBIENT
COMPUTING CCSTS ASSUMING MUST EFFICIENT COWDITION (PC=pCMIN)

THE POND IS LARGER THAIY NECESSARY FCR ,25 CAPACITY AND AMBIENT
COMPUTING COSTS ASSUMING MOST EFFICIENT CONDITICN (PC=pCMIN)

WITH THE vaRICUS AMBIENT TEMPERATURES
THE €CCSTS 4RE =

CPERATING C2ST = 007 MILLS/KWaHR
DIFFERENTIAL FUEL CTST ==0,000 MILLS/KWeMR

TCTAL SYSTEM COST = o020 MILLS/KW=HR
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Table 4.2

COOLING POND RESULTS USING SUBD2
(SPECIFIED CONDENSER, CLOSEDSYSTEM)

~~~~~ CCCLING PCND =wee-

THE DESIGN VALUES AND CCSTS ARE =

Q@ REJECT =9,351F 08 BTU/HR AT T CCNDENSFR = 115

FAN PCWER = 0E 00 HP PUMP PCWER =R+107E 02 HP
H20 EVAP =3,63BFE 00 CFS (B.414E 05 LR/HR)

H20 RLCOWNCWN = OF 00 CFS OE 00 LR/HR)

AIR FLCW RATF = OE 00 LR/HR

COND FLCW =4,200F 07 T IN = 112 RANGE = 22
EQULIBRIUM TEMP = 79 PCND ARFA a 142 ACRES
CAPITAL €CST =1,417E 05 DCLLARS

CCNDENSER AND PHMP CTST = 0E 00 DOLLARS/Kw
CPERATING C2ST = 007 MILLS/KW=-HR

MAINTENANCE CCST = .001 MILLS/KW=HR

CCNDENSER SYSTEM CCST = 0 MILLS/KW=HR
DIFFERENTIAL FUEL COST = .007 MILLS/KW=HR

TSTAL SYSTEM COST = ,027 MILLS/KW=HR

VARIABLE AMRIENT CONDITICNS
WITH THE VARICUS AMBIENT TEMPERATURES

THE CCSTS ARE =

CPERATING CCST = o007 MILLS/KWaHR
DIFFERENTIAL FUEL CCST = 005 MILLS/KW=HR

TCTAL SYSTEM CCST = «025 MILLS/KW=HR
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Table 4.3

COOLING POND RESULTS USING SUBD3
("DESIGN" CONDENSER, TOPPING)

ceac= COCLING PCND e=ce=
THE DESIGN VALUES AND CCSTS ARE =

Q@ REJECT =9,454F 08 BTiI/HR AT T CCMDENSER = 120

FAN PCWER = OE Q0 HP PUMP PCWER =4+623E 02 HP
H20 EVAP =2,564E 00 CFS (6.274E 05 LR/HR)

H20 RLCWDCWN = OE 00 CFS ( OE 00 LR/HR)

AIR FLCW RATE = 0E 00 LR/HR

CCND FLCW =2,380E 07 T IN = 115 RANGF = 30
EQULIRRIIIM TEMP = 79 PCND AREA = 129 ACRES

Q@ REJ PCND =7.,074E 08 BTU/HR

CAPITAL CCST =6,432E 05 DCOLLARS

CCNDENSER AND PUMP CTST =5,093E 00 DCLLARS/KW
CPERATING CCST = 004 MILLS/KW=HR
MAINTENANCE COST = 4005 MILLS/Kw=HR

CNDENSER SYSTEM COST = ,091 MILLS/KW=HR
DIFFERENTIAL FUEL COST = ,L,010 MILLS/KW=HR

TCTAL SYSTEM CCST = 164 MILLS/KW=HR

VARTABLE AMBIENT CCNDITISNS

THE PCND IS LARGER THAN NECESSARY FCOR ,25 CAPACITY AND AMBIENT NCe 1
CCMPUTING CCSTS ASSUMING MCST EFFICIENT CCONDITICN (PC=pCMIN)

THE PCND IS LARGER THAN NECESSARY FCR ,25 CAPACITY AND AMBIENT NCe 2
COMPUTING CCSTS ASSUMING MCST EFFICIENT CONDITICN (PC=pPCMIN)

WITH THE VARICUS AMBIENT TEMPERATURES
THE CCSTS ARE =~

CPERATING CCST = 004 MILLS/KW=HR
DIFFERENTIAL FUEL CCST = ,004 MILLS/KW=HR

TCTAL SYSTEM COST & 4158 MILLS/KW=HR
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Table 4.4

COOLING POND RESULTS USING SUBD4
("DESIGN" CONDENSER, CLOSED SYSTEM)

wem== CGCLING PCND ===e=-

THE DESIGN VALUFS AND CTSTS ARE =

Q@ REJECT =9.6454E 08B BTU/HR AT T CCNDENSFR = 120

FAN PCWER = OE 00 HP PUMP PCWER =AeR03E 02 HP
H20 EVAP =3,514F 00 CFS (B.599E 05 LR/HR)

H?0 BLCWNCwWN = OE 00 CFS, ( OFE N0 LR/HR)

AIR FLOW RATE = Ot 00 LB/HR

CND FLCW =3,509E 07 T IN = 115 RANGE = 27
EQULIBRIUM TEMP = 79 PCND AREA = 180 ACRES

CAPITAL CCST =7.48BT7E 05 DCLLARS

CNDENSER AND PUMP COST =6,277E 00 DSLLARS/KW
CPERATING C2ST = L0006 MILLS/KW=HR
MAINTENANCE CSST = o006 MILLS/Kw=HR
CCNDENSER SYSTEM CCST = _114 MILLS/KW=HR
DIFFERENTIAL FUEL CCST = .010 MILLS/KW=HR

TCTAL SYSTEM CCST =  ,199 MILLS/KW<HR

VARTABLE AMRIENT CCNPDITIONS
WITH THE VARICZUS AMBIENT TEMPERATURES
THE CCSTS ARE =

CPERATING C2ST = 006 MILLS/KW=HR
DIFFERENTIAL FUEL CCST = ,008 MILLS/KW=HR

TCTAL SYSTEM CCST = 196 MILLS/KW=HR
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Section 5

MECHANICAL DRAFT WET COOLING TOWER

5.1 General Description

The calculations and logic for the design of a mechanical draft cooling
system are contained in the subroutine SUBMDW. This subroutine "calls" PAFCST
for power plant information and COND for condenser specifications. The condenser
may be specified or "designed, ' the cooling system may be open or closed, and part

time or full time use of the cooling system may be specified.

The design method that is used is basically a trial and error procedure
in which temperatures are varied over permissible ranges,and the total system cost
is calculated for each set of conditions. The set of parameters that represents the

lowest total system cost is then chosen.

The subroutine is divided into two sections, a design and an off-design

section similar to the once through-cooling system subroutine.

5.2 Assumptions

Variables and equations for which numerical assumptions have been
made in the subroutine are listed below, so that the cards may be changed if different

numerical values are desired.

Variable (sequence or line #) Comments and/ or Recommended Values

FANEF (668) 0.5-10.8

PMPEF (669) 0.8 - 0.85

DT2 (703) Need not correspond to (for not used) specified
condenser

Constants must correspond to form of

DECKHT (735)}

PHT(736)
equation ~ Reference 7

WLOAD (738) 2500,

CONCR (805) cf Reference 1

CAPCOS (813)
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5.3 Basic Equations

The equations for the size of the cooling tower are based on a calculation
of a tower ''characteristic, " CHAR. Calculation of this characteristic is done with the

use of the Tchebycheff (cf Ref. 6) numerical integral approximation, such that

CHAR = RTA x [RDH1 + RDH2 + RHD3 + RHD4] (5.1)
where RA = range = (T1 - T2) ('F)and the RDH's are defined as follows;
RDH1 - inverse of the difference between saturation enthalpy and actual

enthalpy, evaluated at T2 + 0.1 x (T1 - T2) (lbm/Btu)
RDH2 - inverse of the difference between saturation enthalpy and actual
enthalpy, evaluated at T2 + 0.4 x (T1 - T2) (lbm/Btu)
RDH3 - inverse of the difference between saturation enthalpy and
actual enthalpy, evaluated at T1 - 0.4 x (T1 - T2) (lbm/Btu)
RDH4 - inverse of the difference between saturation enthalpy and
actual enthalpy, evaluated at T1 - 0.1 x (T1 - T2) (lIbm/Btu)
where Tl = inlet water temperature (°F)

I}

T2 outlet water temperature (°F)

45



The packing height in the tower required to give this characteristic is

calculated by (Ref. 7)
DECKHT x (CHAR - 0.7) 5.2)

PHT = -0.54
0.103 x (WART)

where WART = water to air flow ratio
DECKHT = deck spacing (ft)

The capital cost of the tower is calculated by
CAPCOS = 3. x GPMT x XK(@K) x CWB (5.3)

where GPMT total water flow rate (gal/min)

i

XK@K) = cooling factor obtained from a curve fit of data
of Reference 8, reproduced in Figure 5.1
CWB = wet bulb factor-obtained from Reference 8,

reproduced in Figure 5.2

The coefficient, 3, of Equation (5.3) is an average of data from Refer-

ences 8 and 9.
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Figure 5.2. Wet Bulb Factor (Ref. 8)
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5.4 Flow Diagram

The flow diagram for the design portion of the subroutine SUBMDW is

shown in Figure 5.3. A flow diagram for the off-design portion of the program has
not been provided since it would be essentially the same as the off design flow diagram

for the cooling pond, Figure 4.2.

5.5 Results

The results using the data of all four data sets are shown in Tables 5.1
through 5.4. The description of the results is the same as contained in Sections 3. 4

and 4. 4 with the exceptions and additions noted below.

FAN POWER the total fan power required for the tower

H20 BLOWDOWN the required water addition to maintain the specified

concentration (cf Ref. 4, pg. 65)

AIR FLOW RATE the total air flow rate through the tower

PRESSURE DROP the air pressure drop across the tower packing (inches of water)

APPROACH the difference between the water outlet temperature from the

tower and the wet bulb temperature
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Table 5.1

MECHANICAL DRAFT TOWER RESULTS USING SUBD1
(SPECIFIED CONDENSER, TOPPING)

eme== MECHANICAL URAFT WET TCWER =ee==
THE DESIGN VALUES AND CCSTS ARE -

@ REJECT =29,181FE 08 BTU/HR AT T CCNDENSER = 100
FAN PCWER =4.770E 02 HP PUMP PCWFR =1+068E 03 HP
H20 FVAP =1,955F 00 CFS (4,784E 05 LB/HR)

H20 RLCWDCWN =5,176E=01 CFS (1267E 05 LR/HR)

AIR FLCW RATE =2.,6T79E 07 LR/HR

PRESSURE DRZP = .38 COND FLOW =4,200E 07

RANGE = 12 APPRCACH = 10

Q@ REJ TCWER =5.061E 08 BTU/HR

CAPITAL cCsT =5,612E 05 DJLLARS

CCNDENSER AND PUMP COST = OE 00 DCLLARS/KW
SPERATING C0ST = +0l14 MILLS/KW=HR
MAINTENANCE COST = 004 MILLS/Kw=HR
CCNDENSER SYSTEM CCST = 0 MILLS/KW=HR
DIFFERENTIAL FUEL CCST = ,000 MILLS/KW=HR

TOTAL SYSTEM CCST =  ,065 MILLS/KW=HR

VARTABLE AMBIENT CCONDITICNS

FOR CAP =1,00y T WB = 609 AND

PC LESS THAN PC MIN = ASSUME PC MIN « CONTINUE
FCR CAP =1.00» T WR = 70+ AND

PC LESS THAN PC MIN = ASSUME PC MIN « CONTINUE
FCR CAP = ,60 T WR = 60s AND

PC LESS THAN PC MIN = ASSUME PC MIN « CCNTINUE
FCR CAP = ,25, T WB = 60y AND

PC LESS THAN PC MIN = ASSUME PC MIN = CONTINUE
FCR CAP = ,25, T WwB = 70 AND

PC LESS THAN PC MIN = ASSUME PC MIN = CONTINUE
FCR CAP = ,25, T wB = 70y AND

PC LESS THAN PC MIN = ASSUME PC MIN « CONTINUE

CPERATING CCST =

0014 MILLS/KW=HR

WITH THE VARICUS AMBIENT TEMPERATURES
THE CCSTS ARE =

DIFFERENTIAL FUEL CCST a3=0,000 MILLS/KW=HR
CTAL SYSTEM CCST =

50

0064 MILLS/KW=HR

TC

TC

TC

TC

TC

92

79

79

79

79



Table 5, 2

MECHANICAL DRAFT TOWER RESULTS USING SUBD2
(SPECIFIED CONDENSER, CLOSED SYSTEM)

~=<== MECHANICAL DRAFT WET TCWFR ==e=-

-.2IGN VALUES AND CCSTS ARE =

Q@ RFJECT =9,431F 08 BTU/HR AT T CCNDENSER = 119
FAN PCWER =2,749F 02 HP PUMP PCWER =Q9+.667E 02 HP
H20 EVAP =3,527E 00 CFS (8.,631E 05 LR/HR)

H20 RLCWNCWN =9,646F=0]1 CFS (2+360E 05 LB/HR)

AIR FLCW RATE =2.,208E 07 LR/HR

PRESSURE DRCP =

RANGE = 22

27

CCND FLCW =4,200F 07

APPRCACH = 19

CAPITAL €CsT =2,631E 05 DCLLARS

CNDENSER AND PUMP CTST = 0E 00 DCLLARS/KW
SPERATING C3ST = o011 MILLS/KW=HR
MAINTENANCE CSST =
CCNDENSER SYSTEM COST = 0 MILLS/KW=HR
DIFFERENTIAL FUEL CCST = L0100 MILLS/KW=HR

«002 MILLS/KW=HR

TCTAL SYSTEM CCST = ,045 MILLS/KW=HR

FCR CAP
PC LESS THaN

FCR CaP
PC LESS THAN

FCR CaF
PC LESS THAN

=1,00,
PC MIN

= .25
PC MIN

= .25’
PC MIN

VARTABLE AMBIENT CONDITICNS

T WB = 60s AND TC
- ASSUME PC MIN = CONTINUE

T WwB = 70+ AND TC
- ASSUME PC MIN = CONTINUE

T W8 = 70+ AND TC
- ASSUME PC MIN = CONTIMUE

WITH THE VvARICUS AMBIENT TEMPERATURES
THE CCSTS ARE =

CPERATING CCST = 011 MILLS/KW=HR
DIFFERENTIAL FUEL CCST ==0.000 MILLS/KW=HR

TCTAL SYSTEM COST =

«035 MILLS/KW=HR
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Table 5.3

MECHANICAL DRAFT TOWER RESULTS USING SUBD3
("DESIGN" CONDENSER, TOPPING)

----- MECHANICAL ORAFT WET TCWER =====

THE DESIGN VALUES AND COSTS ARE =

Q@ REJECT =9,454F 08 BTU/HR AT T CCONDENSKR = 120
FAN PCWER =7,221E 02 HP PUMP PCWFR =7.148f 02 HP
H20 EVAP =2 ,650E 00 CFS (6,485E 05 LR/HR)

H20 BLCWDCWN =7,235E=01 CFS (1e770E 05 LR/HR)

AIR FLOW RATE =2,154E 07 LB/HR

PRESSURE DRCP = .72 CCND FLCw =2,380F 07

RANGE = 30 APPRCACH 3= 10

Q@ REJ TCWER =7.074E 08 RTU/HR

CAPITAL CCST =5.543FE 05 DZSLLARS
CCNDENSER AND PUMP CTUST =5,093E 00 DCLLARS/KW
CPERATING €CST = 013 MILLS/KW=HR
MAINTENANCE CcCST =  +00% MILLS/KW=HR

ONDENSER SYSTEM CCST = ,091 MILLS/KW=HR
DIFFERENTIAL FUEL CCST = 010 MILLS/KW=HR

TSTAL SYSTEM CCST = ,166 MILLS/KWeHR

VARIABLE AMBIENT CCONDITICNS

FCR CAp = ,25% T WB = 60s AND
PC LESS THAN PC MIN = ASSUME PC MIN = CCNTINUE

FCR CAP = ,25% T WB = 70+ AND
PC LESS THaN PC MIN = ASSUME PC MIN » CCNTINUE

WITH THE VARICUS AMBIENT TEMPERATURES
THE COSTS ARE =

CPERATING CCST = 013 MILLS/KWeHR
DIFFERENTIAL FUEL CCST = ,004 MILLS/KWe=lR

TCTAL SYSTEM COST = ,159 MILLS/KW=HR
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Table 5.4

MECHANICAL DRAFT TOWER RESULTS USING SUBD4
("DESIGN' CONDENSER, CLOSED SYSTEM)

----- MECHANTCAL DORAFT WET TOWFR =====
THE DESIGN VALUES AND CCSTS ARE =

Q@ RFJECT =9,454F 08 BTII/HR AT T CONDENSER = 120
FAN PCWER =3,953E 02 HP PUMP PCWFR =9e¢780E 02 HP
H20 EVAP =3,536E 00 CFS (B8,652E 05 LB/HR)

H20 RLCWNCWN =9,669E=01 CFS (2.366E 05 LR/HR)

AIR FLCW RATE =2.,459FE 07 LR/HR

PRESSURE DRZP = .35 CCND FLCW =3,985F 07

RANGE = 246 APPRCACH = 16

CAPITAL CCST =5,523E 05 DCLLARS

CCNDENSER AND PUMP CCST =6,700E 00 DCLLARS/KW
CPERATING C3ST = #4013 MILLS/KW=HR
MAINTENANCE CCST = .005 MILLS/Kw=HR

CNDENSER SYSTEM CCST = ,122 MILLS/KW=HR
DIFFERENTIAL FUEL CCST = ,010 MILLS/KW=HR

TOTAL SYSTEM CCST = (197 MILLS/KW=HR

VARIABLE AMBIENT CONDITICNS

WITH THE VARICUS AMBIENT TEMPERATURES
THE CCSTS ARE =

CPERATING CCST = 012 MILLS/KW=HR
DIFFERENTIAL FUEL CCST ==0,000 MILLS/KW=HR

TCTAL SYSTEM COST = 1R6 MILLS/KW=HR
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Section 6

NATURAL DRAFT WET COOLING TOWER

6.1 General Description

The logic and calculations for the design of a natural draft cooling tower
system are contained in the subroutine SUBNDW. This subroutine obtains power plant
information by "calling' PAFCST, and condenser specifications by 'calling' COND.
The condenser may be specified or designed, the cooling system may be open or

closed, and part time or full time use of the coding system may be specified.

The design method is the same as for the mechanical draft system, in
that temperatures are varied over permissible ranges and the total system cost is
calculated for each set of conditions. The set of conditions resulting in the lowest

total cost is then chosen as the design conditions.

The subroutine is divided into a design and an off-design section similar

to other cooling system subroutines.

6.2 Assumptions

Variables and equations for which numerical assumptions have been
made in the subroutine are listed below, so that the cards may be changed if

different numerical values are desired.

Variable (sequence or line#) Comment and/ or Recommended Values

PMPEF (966) 0.8 -0.85

HDRMAX (968) 1. -1.75

DT2 (1002) Need not corcespond to (not used for)
specified condenser

WLOAD (1014) Initial value needed

VIN (1046) 2. - 10,

PPK (1055) Form of equation and constant - Reference 10

PSP (1057) Form of equation and constants - Reference 16

TPIX (1059)

CAPCOS (1069)

CONCR (1070) cf Reference 1
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6.3 Basic Equations

The equations for the size of the cooling tower are based on a calculation

of a tower "characteristic, " CHAR, and a tower height, THT, necessary to develop
the required pressure differential.

The tower characteristic, CHAR, is calculated in the same manner as
for the mechanical draft system, Equation (5.1).

The packing height required in the tower to give this characteristic is
calculated by (Ref. 10)

CHAR
UNC (6.1)

PHT =

where UNC is the characteristic per foot of packing and is calculated by

1 0.73
UNC = 0.1x (W’IT) (6. 2)

where WART = ratio of water to air flow rates.

The total tower height required is the sum of the sum of the chimney
height required for the pressure differential, the packing height, the height of the
spray nozzles above the packing, and the air inlet opening height. This is expressed

as
where TPDP = total pressure drop (air inlet velocity heads)
VHDI = inlet velocity head (Ibf/ft%)
DIN, DOUT = inlet and exit air density (Ibm/ft")

The capital cost of the tower is calculated from data on British towers
(Ref. 11) modified slightly to reflect United States prices. The resulting equation

for the capital is
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5

.17
CAPCOS = 3.4 x 10° x (HTDIA) (6.4)

where HTDIA = height of tower times diameter of tower.

6.4 Flow Diagram

The flow diagram for the design portion of the subroutine SUBNDW is the
same as that for the mechanical draft system subroutine SUBMDW, Figure 5.3. The
off-design flow diagram is essentially the same as the off-design diagram for the
cooling pond system, Figure 4.2. Therefore, neither flow diagram is included in

this section.
6.9 Results

The results using the data of all four data sets are shown in Tables 6.1
through 6.4. The description of the results is the same as for the preceding cooling

systems with the exceptions noted below.

PRESSURE DROP - total air pressure diop through the tower (lbf/ ftz)
TCWER HEIGHT - total height of the tower including opening and packing (ft)
TOWER

DIAMETER - base diameter of the tower (ft)

TOWER

CHARACTERISTIC - the total tower characteristic (Ref. 6)

In the variable ambient conditions error messages,

CHAR - tower characteristic required

THT - tower height required

A fatal error message may occur within the off-design calculations for
closed systems when the cooling system cannot reject the required heat at any
condenser temperature between the specified limits. A particular case would be if
the condenser temperature and ambient temperatures are the same as the "design"
conditions, but the power plant is “operating" slightly off design and is less efficient
(the heat rate for 100% capacity is slightly higher than for ''design'").
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Table 6.1

NATURAL DRAFT TOWER RESULTS USING SUBD1
(SPECIFIED CONDENSER, TOPPING)

..... NATURAL NDRAFT WET TOWFR maw==
THE DESIGN VALUES AND CCSTS ARF =

Q@ REJECT =9,181E 08 BTU/HR AT T CCNDENSER = 100
FAN POWER = OE 00 HP PUMP PCWER =1.454F 03 HP
H20 EVAP =3,546E 00 CFS (8,67TTE 05 LR/HR)

H20 RLCWNTWN =9,390E=01 CFS (2.298E 05 LB/HR)

AIR FLOW RATE =4,859E 07 LB/HR

PRESSURE DRCP = 1,2 CCND FLCwW =4,200 O7

RANGE = 12 APPRCACH = 10

TCWER HEIGHT = 470  TOWER DIAMETER = 315

WATER LCADING = 538 LLBM/HR=FT?2

TOWFR CHARACTERISTIC = 1.38 PACKING HEIGHT=12,41

Q@ REJ TCWER =5.061E 08 BTU/HR

CAPITAL CCST =2.573E 06 DCLLARS

CCNDENSER AND PUMP COST = 0E 00 DCLLARS/KW
SPERATING COST = 013 MILLS/KW=HR
MAINTENANCE CCST = 2014 MILLS/KW=HR
CCONDENSER SYSTEM CTST = 0 MILLS/KW=HR
DIFFERENTIAL FUEL CCST = .000 MILLS/KW=HR

TOTAL SYSTEM COST =  ,2642 MILLS/KW=HR

VARIABLE AMRIENT CONDITICONS

FOR CAP =1,00y T WR = 60s AND TC = 92
PC LESS THAN PC MIN = ASSUME PC MIN - CCNTINUE
FOR CAP =1.00» T WB = 70» AND TC = 9§82
T DIS EXCEEDS T DIS MAX = CONTINUING
FSR CAP = ,80, T WB = TO0s AND TC = 8%
T DIS EXCEEDS T DIS MAX - CONTINUING
SR CAp = ,80 T WwB = 70 AND TC = G0

CNTINUING

T DIS EXCEEDS T DIS MAX
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Table 6.1 (Concluded)

FCR CAP = .60

T WR =

60y AND TC =

PC LESS THAN PC MIN = ASSUME PC MIN « CCONTINUE

FCR CAP = ,609
T DIS EXCEEDS T DIS

FCR CAP = .60
T DIS EXCEEDS T DIS

FCR CAP = ,25)
PC LESS THAN PC MIN

FCR CAP = .25
PC LESS THAN PC MIN

FCR CAP = .25’
PC LESS THaAN PC MIN

T WB = 70+ AND TC =

MAX = CCNTINUING
T WB = 70« AND TC =

MAX = CCNTINUING
T wB = 60s AND TC =
= ASSUME PC MIN = CONTINUE
T WwB = 70¢ AND TC =
- ASSUME PC MIN = CCNTINUE
T WR = 709 AND TC =
= ASSUMFE PC MIN = CCNTINUE

WITH THE VARICUS AMBIENT TEMPERATURES

THE CCSTS ARE =

CPERATING CCST = 013 MILLS/KWaHR
DIFFERENTIAL FUEL CCST ==0,000 MILLS/KW=yR

TCTAL SYSTEM CCST =

o241 MILLS/KW=HR
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Table 6.2

NATURAL DRAFT TOWER RESULTS USING SUBD2
(SPECIFIED CONDENSER, CLOSED SYSTEM)

~==== NATURAL NDRAFT WET TOWFR ecece=
THE DESIGN VALUES AND CCSTS ARF =

Q@ REJECT =9,454FE 08 BTU/HR AT T CCONPENSER = 120
FAN PCWER = OF 00 HP PUMP PCWFER =1+200E 03 HP
H20 EVAP =3,537E 00 CFS (8,654E 0S5 LB/HR)

H20 RLCWDCWN =9,669FE=01 CFS (2¢366E 05 LR/HR)
AIR FLCW RATE =2.,114E 07 LB/HR
PRESSURE DRZP = 1.5 CCND FLOW =4,200F 07

RANGE = 23 APPRCACH = 20

CWER HEIGHT = 235 TCWER DIAMETER = 207
WATER LCADING = 1250 L BM/HR=FT2
TCWER CHARACTERISTIC = .96 PACKING HEIGHT=15,80

CAPITAL CCST =2,129E 06 DCLLARS

CNDENSER AND PUMP CCST = 0E 00 DZLLARS/KW
CPERATING C2ST = o011 MILLS/KW=HR
MAINTENANCE CSST = 4012 MILLS/KW=HR
CCNDENSER SYSTEM COST = 0 MILLS/KW=HR
DIFFERENTIAL FUEL CCST = .010 MILLS/KW=HR

TSTAL SYSTEM CCST = ,211 MILLS/KW=HR

VARIABLE AMBIENT CCNDITICNS
FOR CAP = .25 T WwB = 7Oy AND TC = 79
PC LESS THaN PC MIN = ASSUME PC MIN - CCNTINUE

CR CAP = .25 T WB = 70+ AND TC = 79
PC LESS THaN PC MIN = ASSUME PC MIN - CONTINUE

WITH THE VARICUS AMBIENT TEMPERATURES
THE CCSTS ARE =

CPERATING C35ST = 011 MILLS/KW=HR
DIFFERENTIAL FUEL CCST = 4008 MILLS/KW=HR

STAL SYSTEM CCOST = 2207 MILLS/KW=HR
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Table 6.3

NATURAL DRAFT TOWER RESULTS USING SUBD3
("DESIGN'' CONDENSER, TOPPING)

ewwe= NATURAL DRAFT WET TCWFR e-===-
THE DESIGN VALUES AND CCSTS ARE =

Q@ REJECT =29,454F 08 BTU/HR AT T CONDENSFR =z 120
FAN PCWER = 0E 00 HP PUMP PCWER =ge841E 02 HP
H20 EVAP =3,542FE 00 CFS (B.667E 05 LR/HR)

H20 RLOWDCWN =9,669E=01 CFS (2,366E 05 LR/HR)

AIR FILOW RATE =2.879FE 07 LR/HR

PRESSURE DR3SP = 1le2 CND FLSW =2.380F 07
RANGE = 30 APPRJACH = 10
TCWER HEIGHT = 271 TCWER DIAMETER = 182
WATER LCADING = 911 LBM/HR=FT2
TCWER CHARACTERISTIC = 1.78 PACKING HEIRHT=15,51

Q@ REJ TCWER =T7.074E 08 BTU/HR

CAPITAL CCST =2,135E 06 DCLLARS

CCNDENSER AND PUMP CCST =5,093E 00 DSLLARS/KW
CPERATING C2ST = 4008 MILLS/KW=HR
MAINTENAMCE CCST = ,012 MILLS/Kw=HR

CNDENSER SYSTEM CCST =  ,09) MILLS/KW=HR
DIFFERENTIAL FUEL CCST = ,L,0l0 MILLS/KW=HR
TCTAL SYSTEM €3ST = ,300 MILLS/KW=HR

VARTABLE AMBIENT CONDITICNS

CR CAP =1,00» T WB = 70y AND TC
T DIS EXCEEDS T DIS MAX CCNTINUING

110

—f

FCR CAP = .80y WB = 70+ AND TC = 100

T DIS EXCEEDS T DIS MAX =~ CONTINUING

FCR CApP = .80, T WB = 70y, AND TC = 106
T DIS EXCEEDS T DIS MAX = CCNTINUING

FCR CAP = ,60, T WB = 70y AND TC = 92
T DIS EXCEEDS T DIS MAX = CCONTINUING

FCR CAP = .60y T WB = 70+ AND TC = 97

T DIS EXCEEDS T DIS MAX =~ CONTINUING

FCR CapP = ,25 T WwB = &0¢ AND TYC = 79
PC LESS THAN PC MIN = ASSUMF PC MIN « CONTINUE
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Table 6.3 (Concluded)

FCR CAP = .25, T WR = 70+ AND
T DIS EXGCEEDS T DIS MAX = CONTINUING
FoR Ccap = ,25y T WB = 709 AND
T DIS EXCEEDS T DIS MAX = CONTINUING
WITH THE VARICZUS AMBIENT TEMPERATURES
THE CCSTS ARE =
CPERATING C2ST = 008 MILLS/KW=HR
DIFFERENTIAL FUEL CCST = .004 MILLS/KW=HR

TCTAL SYSTEM CCST = 4293 MILLS/KW=HR
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Table 6.4

NATURAL DRAFT TOWER RESULTS USING SUBD4
("DESIGN'" CONDENSER, CLOSED SYSTEM)

w=a== NATURAL DRAFT WET TCWFR =====
THE DESIGN VALUES AND CCSTS ARE =

@ REJECT =9,454F 08 BTU/HR AT T CCNDENSER = 120
FAN POWER = OE 00 HP PUMP PCWER =1¢140FE 03 HP
H20 EVAP =3,546F 00 CFS (B.678E 05 |.R/HR)
H20 BLCWDCWN =9,669E=01 CFS (24366E 05 LR/HR)
AIR FLCW RATE =3.042E 07 LB/HR
PRESSURE DRZP = la4 CCND FLCW =2,980F 07
RANGE = 32 APPRCACH = 8
TCWER HEIGHT = 31s TCWER DIAMETER = 21§
WATER LCADING = 820 LBM/HR«FT2
TOWFR CHARACTERISTIC = 2.17 PACKING HEIGHT=21,33

CAPITAL CCST =2,253E 06 DCLLARS

CCNDENSER AND PUMP CCST =5,759E 00 DOLLARS/KW
SPERATING C2ST = o011 MILLS/KW=HR
MAINTENANCE CCST = 4013 MILLS/KwWe=HR
CCNDENSER SYSTEM CCST = ,104 MILLS/KW=HR
DIFFERENTIAL FUEL CCST = ,010 MILLS/Kw=HR

TCTAL SYSTEM COST = ,326 MILLS/KW<HR

VARIABLE AMBIENT CCNDITYCNS
WITH THE VARISUS AMBIENT TEMPERATURES
THE CCSTS ARE =

CPERATING CCST = <010 MILLS/KW=HR
DIFFERENTIAL FUEL CCST = .008 MILLS/KW=NR

CTAL SYSTEM COST = 323 MILLS/KW=HR
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ACFM
ACOND
AFLR
AFLR1
ALDG
ALDGE
ALPACT
ALPHA
ALPHA1
AMBDFC (I)
AMBOPC (I)
AMBRH (J)
AMRAD
AMWIND
ANFCR
APPR

APPRI1
APSAT
AREAC
AREAP
AREAP1
AVDFCS
AVOPCS
AVTCST
BETA

BOWRAT

BSA
CAIR
CAP(I)
CAPCOS

Glossary of Variable Names

Air Flow Rate (ft>/min)

Condenser Area (ftz)

Air Flow Rate (lbm/hr)

AFLR corresponding to TOTCS1

Air Loading (mass velocity) (lbm/ ftz—hr)

An Equivalent Air Mass Flow Rate (lbm/ hr-ftz)
The Actual ALPHA

Exponent for Exponential Temperature Decay

Exponent for Exponential Temperature Decay

Differential Fuel Cost for Operation at CAP (I) (mills/ kwhr)

Operating Cost at CAP(I) (mills/kwhr)

Off Design Relative Humidities (%/100)

Off Design Absorbed Radiation (Btu/ ftz—day)
Off Design Wind Velocity (mph)

Annual Fixed Charge Rate (%/100)

Approach - temperature difference between outlet
water and wet bulb (° F)

APPR corresponding to TOTCS1

Water Vapor Partial Pressure (psi)

Condenser Area for Specified Condenser (ft2 )

Cooling Pond Area (acre)

AREAP corresponding to TOTCS1

Average Off Design Differential Fuel Cost (mills/kwhr)
Average Off Design Operating Cost (mills/ kwhr)
Average Off Design Total Cost (mills/kwhr)

The derivative of the saturation pressure with respect

to temperature, evaluated at the equilibrium tempera-
ture (psi/° F)

Bowen Ratio-Ratio of Conduction to Evaporation Heat
Transfer

Base Area of Tower (ftz)

Heat Capacity Rate (Btu/hr® F)
Plant Capacity (%/100)

Capital Cost ($)
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CAPCS1
CAPFAC
CCPKW
CHAR
CHAR1
CHEAD
CKWHRS

col
COLPCT(I)

CONCR

CONCST
COSMA1
COSMAI
COSPK1
COSPKW
CwWB
DECKHT
DELF1
DELFC
DELHR
DELHS
DELP
DEPTH
DFCOD
DH

DHM, DHP

DHPRIM

DIA

CAPCOS corresponding to TOTCS1

Average Power Plant Capacity Factor (%/100)

Plant Capital Cost ($/kw)

Tower Characteristic

CHAR corresponding to TOTCS1

Friction Pressure Drop in the Condenser (water side)

Total Power Output per year during which the cooling
system is used (kwhr/yr)

Total Enthalpy Rise of Air Through Tower (Btu/ Ibm)

Percent of Operating Time, TOTLD(I), that cooling
system is used @/ 100)

Ratio of Circulation Water to Raw-Water Minerals
Concentration

Condenser Cost ($)

COSMAL1 corresponding to TOTCS1
Maintenance Cost (mills/kwhr)
COSPKW corresponding to TOTCS1
Specific Capital Cost ($/ kw)

Wet Bulb Factor

Deck Spacing (ft)

DELFC corresponding to TOTCS1
Differential Fuel Cost (mills/ kwhr)
Change in Heat Rate (Btu/kwhr)

Change in Saturation Enthalpy (Btu/ Ibm)
Packing Pressure Drop (inches of water)
Condenser Depth (ft)

Off Design Differential Fuel Cost (mills/kwhr)

Net Heat Transfer Rate from water to air - will
be zero when the equilibrium temperature i%

substituted into its defining equation (Btu/ft“-day)

The Heat Transfer Rate from water to air when
the water is 1° F below and above the equilibrium
temperature (assumed or actual) (Btu/ft2-day)

The Derivative of DH with Respect to Temperature
(Btu/ day ft2-° F)

Tower Diameter (at base) (ft)
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DIAL
DIN
DOUT
DP1
DT1
DT2
DTLGM
DTRIV

ECOF
FANEF
FCFS
FLOW
FLOW1
FUCST
FUDGE
GPM
GPM1
GPMT
H(T)
H1

H2

HDR
HDR1
HDRMAX
HEATR
HOUT

HPF1
HPFAN
HPP1
HPPMP

DIA corresponding to TOTCS1

Inlet Air Density (1bm/ft3)

Exit Air Density (Ibm/ £t%)

DELP corresponding to TOTCS1

Condenser Temperature Difference = TC - T2 (° F)
Condenser Temperature Difference (approach) = TC -T1 (° F)
Log Mean Temperature Difference (° F)

Change in total '"mixed' river temperature between
upstream and just downstream of condenser (° F)

Evaporation Coefficient (Btu/ ftzday mm Hg)
Fan Efficiency (%/100)

Condenser Flow (ft3/sec)

Condenser flow (lbm/ hr)

FLOW corresponding to TOTCS1

Fuel Cost (¢/million Btu)

An Intermediate Cost Factor

Condenser Flow Rate (gal/min)

GPM corresponding to TOTCS1

Total Flow Rate (gal/min)

Saturation Enthalpy at Temperature T (Btu/ Ibm)

Saturation Enthalpy corresponding to the Wet Bulb
Temperature (Btu/ Ibm)

Saturation Enthalpy corresponding to TAXT (except
SUBEVAP) -- SUBEVAP only - Exit Air
Enthalpy (Btu/lbm)

Ratio of Tower Height to Diameter
HOVD Corresponding to TOTCS1
Specified Maximum HOVD

Net heat rate (Btu/kwhr)

Saturation Enthalpy corresponding to Outlet Air
Temperature (Btu/ Ibm)

HPFAN corresponding to TOTCS1
Fan Power (bp)

HPPMP corresponding to TOTCS1
Pumping Power (hp)
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HR(I,J)
HRBASE

HRCOF2(I), HRCOF1(l)

HRCOF ¢ (I)

HRP (I,J)

HTDIA
HWB1
IREAD
ISUB
IRITE
IWL
NCAPS

NCAPS1
NH20

NHRPTS (I)
NSPCON

NSUBS(I)
NSYSOP

NTAMB

NTCOD

OPCOD
OoPCOS
OPCS1
OPHT
OPHT1

P(T)
PBAR

Net Heat Rate Corresponding to HRP(,J) (Btu/kwhr)
Base net heat rate corresponding to PCBASE (Btu/kwhr)
Quadratic Heat Rate Coefficients such that HEAT RATE=
HRCOF2(I) x (TC)2 + HRCOF1(I) x (TC) + HRCOF ¢

Condenser Pressure for each Heat Rate Point. THR(I,J)
at each CAP(J) (in. Hg.)

Tower Height times Tower Diameter (ft2)

H1 corresponding to TOTCS1

Program Read Control Number

Program Subroutine Control Number

Program Print Out Control Number

Number of Iterations on WLOAD

Number of Plant Capacities (exclusive of '"design"
capacity)

Subscript meaning '"Design'' Value

Type of Cooling Water Used (-1= seawater, 0=
untreated fresh water, + 1= treated fresh water)
Number of Heat Rates Input at each CAP(I)

Whether or not Condenser is Specified

(0= no, 1= yes)

Subroutine Control Flags

Type of Cooling System Operation (0= closed cycle,
2= topping)

Number of Ambient Temperatures

An Index of the Condenser Temperature has

been Incremented

Off Design Operating Cost (mills/kwhr)

Operating Cost (mills/kwhr)

OPCOS corresponding to TOTCS1 '
Tower Inlet Air Opening Height (ft)

OPHT corresponding to TOTCS1

Saturation Pressure a T (psia)

Atmospheric Pressure (= 14.696 psi)
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PCBASE
PCMAX(T)
PCMIN(T)
PCTAMB (1, J)

PHEAD
PUT
PKWA

PKWB

PLAC
PLAC1
PLANA
PLANA1
PLUMEW
PLUMT
PMPCST
PMPEF
PPK
PPK1
PRPAGR
PSIZE
PSP

PV
PWCST
QCON
QLAT
QREJ

Base Condenser Pressure (in. Hg.)
Maximum Condenser Pressure for CAP (I) (in. Hg.)
Minimum Condenser Pressure for CAP (I) (in. Hg.)

Percent of Cooling System Use Time,
(COLPCT(J) x TOTLD(J)), at each CAP(I) that
the system operates at the specified ambient
temperatures (TAMDB(J), TAMWB(J)) (%/100)
Frictional Pumping Head (ft.)

Packing Height (ft)

Packing Pressure drop with zero water flow
(velocity heads/ft)

Slope of packing pressure drop versus water loading
curve (hr ft velocity heads/lbm)

Cost of Condenser Cooling Water Ducting ($/kw)
PLAC corresponding to TOTCS1

Tower Plan Area (ft2)

PLANA corresponding to TOTCS1

Plume Width (ft)

Plume Temperature (° F)

Pumping Cost (mills/kwhr)

Pump Efficiency (%/100)

Pressure Drop Across Packing (inlet velocity heads)
PPK corresponding to TOTCS1

Cost of Land and Pond Construction ($/acre)
Rated Plant Output (MW)

Air Pressure Drop Across Water Spray

(inlet velocity heads)

Partial Pressure of Water Vapor (psia)

Power cost (for auxiliaries) (mills/kwhr)
Condenser Water Flow (ft3/sec)

Latent (evaporation) Heat Transfer (Btu/hr)
Heat Rejected by Power Plant (Btu/hr)
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QREJT
QRJ1
QRJT1
RA
RA1l
RAD
RDH1

RDH2

RDH3

RDH4

SPFLOW

SPHT
SYS1
SYSCST
T1

T1i1
T2

T21
TA

TAMDB(J)
TAMRV(J)
TAMWB(J)

Heat Rejected by Cooling System (Btu/hr)
QREJ corresponding to TOTCS1

QREJT corresponding to TOTCS1
Condenser or cooling System Range (° F)
RA corresponding to TOTCS1

Absorbed Radiation (Btu/ft? day)

Inverse of the difference between saturation
enthalpy and actual enthalpy, evaluated at
T2 + 0.1 (T1 - T2) (Ibm/Btu)

Inverse of the difference between saturation
enthalpy and actual enthalpy, evaluated at
T2 + 0.4 (T1 - T2) (lbm/Btu)

Inverse of the difference between saturation
enthalpy and actual enthalpy, evaluated at
T1 - 0.4 (T1 - T2) (lbm/Btu)

Inverse of the difference between saturation
enthalpy and actual enthalpy, evaluated at
T1 - 0.1 (T1 - T2) (lbm/Btu)

Condenser Water Flow Rate for Specified
Condenser (lbm/hr)

Distance of Spray nozzles above packing (ft.)
SYSCST corresponding to TOTCS1
Condenser System Cost (mills/kwhr)
Temperature of Water out of Condenser
(into cooling system) (* F)

T1 corresponding to TOTCS1

Temperature of Water into Condenser

(from cooling system) (° F)

T2 corresponding to TOTCS1

Air Temperature (° F)

Off Design Dry Bulb Temperature (° F)

Off Design River of Estuary Temperature (° F)
Off Design Wet Bulb Temperature (° F)
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TAVH20
TAXT
TAXT1
TC

TC1
TCALC
TCALC1
TCBASE
TCMAX(T)
TCMIN(T)
TDB
TDFMIL
TDISMX
TG
THR(I, J)

THT
THT1
TKWHRS
TNEW
TOPMIL
TOTCOS
TOTCS1

TOTHP
TOTLD()

TOUTS
TPDP
TPDP1
TPIX

Available Water Temperature (° F)

Average of Inlet and Outlet Water Temperatures (° F)
TAXT corresponding to TOTCS1

Condenser Temperature (° F)

TC corresponding to TOTCS1

Equilibrium Temperature (° F)

TCALC corresponding to TOTCS1

Base Condenser Temperature (° F)

Maximum Condenser Pressure at CAP(I) (° F)
Minimum Condenser Temperature at CAP(I) (° F)
Design Dry Bulb Temperature (° F)

Total Differential Fuel Cost for Each Capacity (mills)
Maximum Water Discharge Temperature (° F)

An Initial Guess at the Equilibirum Temperature (° F)

Condenser Saturation Temperature corresponding to
HRP(,J) (° F)

Total Tower height (ft)

THT corresponding to TOTCS1

Total Power Output per Year (kwhr/yr)

A New Guess at the Equilibirum Temperature (° F)
Total Operating Cost for each Capacity (mills)
Total System Cost (mills/kwhr)

The Minimum Total System Cost calculated up to
that point in the Program (mills/kwhr)

Total Auxiliary Power Required for Cooling System (hp)
Hours per year Operating at each corresponding
Capacity CAP() (hrs/yr)

Saturation Temperature of Outlet Air (° F)

Total Pressure Drop (inlet velocity heads)

TPDP corresponding to TOTCS1

Inlet and exit turning losses plus friction loss
(inlet velocity heads)
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TURBHR(I, J)

TWAV
TWB
TWREAL

TXDIST
TZERO
UA

UAl
UALL
UNC
UOVALL

USEFAC
VELRIV
VHDI

VIN
WACT
WART
WART1
WBDWN
WBDWN1

WCOFA, WCOFB

WEVAP
WEVAP1
WIDTH
WIND
WLMTD
WLOAD
WLOAD1
WNEED

Net Heat Rate corresponding to HRP(I, J) for
each CAP(I) (Btu/kwhr)

Average Water Temperature (° F)
Design Wet Bulb Temperature (° F)

River Temperature XI Downstream from Plant if no
heat were added at plant (° F)

""Mixed" river temperature XI Downstream from Plant (° F)

"Mixed" river temperature just downstream of condenser (° F)

Heat Transfer Coefficient times Area (Btu/hr® F)
UA corresponding to TOTCS1

Overall Heat Transfer Coefficient (Btu/hr-ft2-° F)
Characteristic per foot of packing

Overall Heat Transfer Coefficient for Specified
Condenser (Btu/hr-ft2-° F)

Average Cooling Use Factor (%/100)

River Velocity (ft/day)

Inlet Velocity Head (Ibf/ft?)

Air Inlet Velocity (ft/sec)

Specific Humidity

Ratio of Water Flow to Air Flow

WART corresponding to TOTCS1

Water Flow Needed for Blowdown (lbm/hr)
WBDWN corresponding to TOTCS1

Coefficients such that ECOF = WCOFA + WCOFB x WIND
Water Evaporation Rate (lbm/hr)

WEVAP corresponding to TOTCS1

Width of River or Estuary (ft)

Wind Speed (mph)

Log Mean Temperature of Cooling Pond (° F)
Water Loading (Ibm/hr/ft2)

WLOAD corresponding to TOTCS1

Total Makeup Water Required (Ibm/hr)
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WNEED1
XI

XK

XK (IK)
XK1

WNEED corresponding to TOTCS1

Distance Downstream from Plant (mi)
Energy Exchange Coefficient (Btu/day ft-° F)
Cooling Factor defined in Figure 5.1

XK(IK) corresponding to TOTCS1
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PROGRAM LISTINGS

Page
Main Program A-11
Subroutine SUBPOLU A-15
Subroutine SUBPOND A-19
Subroutine SUBMDW A-23
Subroutine SUBNDW A-28
Subroutine PAFCST A-33
Subroutine COND A-34
Subroutine PRTDS1 A-35
Subroutine PRTDS2 A-36
Subroutine PRTOD A-37
Function H(I) A-38
Function P(T) A-39
Data SUBD1 A-40
Data SUBD2 A-41
Data SUBD3 A-42
Data SUBD4 A-43
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200
201
202
2n3
204
205

210

216

238

239
242
243

PRCGRAM MAINFWP

COMMCN PSIZEsCCPKWyANFCRSFUCSToNCAPS,CAP(6) 9 TCTLNI(5)
CCLPCT (5) s TCMIN(6) PCMIN(6) s TCMAX (6) sPCMAX (6) 9
HRCSF2(6) yHRCOF1 (6) yHRCOFO (6) 9 TDBy TWB9RHy TAVHZT , TCBASGF »
NTAMB, AMBDFC (5) yAMBCPC (5) 9y TAMDB (5) +» TAMWB (5) y AMBRH (5) ,

NH20 yWIDTH,PRPAGR ,CAPFAC,USEFAC,TKWHRS ¢ IRITE, IREADS
AMWIND (5) y AMRAD (5) ¢+ WIND4RAD
NIMENSION NHRPTS (6) yHRP (646) ¢ THR (696) s TURBHR (696) 9
X HR(646)9NSUBS(5)
IRITE=3}
IREAD=3D
FCRMAT(SF10,00110)
FCRMAT (&F1042)
FoRMAT (6F10,0)
CRMAT(TI10)
FORMAT (6F10,002110)
FCRMAT(Fl0.0oZIlOv#Fl0.0)
READ(IREADOZOO)PSIZEoCCPKN’ANFCPoFUCQToPRPAGRoNCAPS
NCAPS]1=NCAPS#+]
PEAD(IREADvZOl)(CAP(I).I'lo§)
READ (IREAD202) (TCTLD(I)91I=1,5)
READ(IREAD»201) (COLPCT (1) 41=1+5)
READ (IREAD203) (NHRPTS (1) 4I=146)
READ (IREAD»201) (PCMIN(1)+1=146)
READ(IREAD9201) (PCMAX(I)9]1=146)
NNCAP=NCAPS
IF(NERPTS(NCAPSI) +GTs 0) NNCAP=NNCAP¢]
DS 210 [=19sNNCAP
READ (IRFADy201) (HRP(1,4J)sJU=ls6)
READ(IRFADs202) (TURBHR (I9J) o J=146)

& > X XX X X

READ (IREAD»204) TDBy TWBs TAVH2C s PCRASE , WIND yRAD ¢ NH>T e NTAMB

READ (IRFAD,202) (TAMDB (1) 91=]1,NTAMB)
READ (IREAD9202) (TAMWB (1) 9 1=] 4NTAMB)
READ(IREAD9202) (TAMRV (1) 9131 «NTAMB)
READ (IREAD,202) (AMWIND (1) ¢ Im1NTAMB)
READ (IREAD202) (AMRAD(I)s1I=] NTAMB)

DS 216 I=1sNCAPS
READ (1READ201) (PCTAMB (I 4J) o J=1,NTAMB)

READ (IREADs205) WIDTHyNSYSCP (NSPCENy TDISMX 4 USVALL (AREAC ,SPFLOW
READ (IREAD+203) (NSUBS(I)9I=145)

L2AD DURATICN HOURS CHECK = TC STATEMENT 24
TCTDUR=0,0
DS 243 1alyNCAPS
CTAM=0,0
PERCENT AMBIENT TIME CHECK - TC STATEMENT 242
DS 238 J=)oNTAMB
ToTAMSTOTAMSPCTAMB (1,4)
IF( TOTAM oEQe 1o) GO TS 242
WRITE(IRITE,239)1
caLC COF RELATIVE HUMIDITY = RH AND AMBRH
CRMAT (# TCT PCT AMBIENT HRS NCT = 1.0 FCR CAP NC#912)
6¢ T¢ Spo
CONTINUE
TCTDUR=TSTOURSTSTLD (1)

CCNTINUE 76

TAMRV (5) yPCTAMB (5,5) 4NSYSTP o TDISMXsNSPCCNsUCVAL sAREAMR ySPFLCW

00001
00002
00003
00004
00005
00006
00007
00008
00009
00010
00011
00012
00013
00014
00015
00016
00017

00018
00019
n0020
00021

00022
00023
00024
00025
00026

60027

00028

00029

00030
0003}

00032

00033
00034
00035
00036
00037

00038

00039

00040
00041}

00042
00043
00044
00045
00046
00047
00048
00049
00050
00051

00052
00053
00054
00055
00056
00057
00058
00059
00060
00061
N0062



244

246

20

40
41

4e

IF (TCTDUR L,EQ. 8760.)65 TS 246
WRITPE (IRITE244)

FCRMAT (# TCT LD HRS NCT = 8760 g#)
6S TS Sp0

CSNTINUE

PBAR=14,696
PV=P (TWB) = ( ( (PBAR=P (TWR) ) ® (TDB=TWB) ) /(2R00¢=1.3%TW3))
RH=PV/P (TDB)
DC 20 I1al,NTAMB
AMBRH (1) = (P (TAMWB (1)) = (( (PRAR=P (TAMWB (1)) ) #
X (TAMDR (1) =TAMWB(1)))/(2831,=1.43%TAMWB(1)))) /P (TAMDR (1))

QUADRADIC CURVE FIT OF HEAT RATES (T8 STATEMENT

NNCAPaNCAPS

CAP(NCAPS])=le

IF (NHRPTS (NCAPS1) ,GT, 0) NNCAP=NNCAP+1
DS 9 1=1,NNCAP

IF(NHRPTS (1) «GTe 2) GG T3 7

WRITE(IRITE.6)1]

FCRMAT (¢ LESS THAN 3 HEAT RATES FCR CAP NO ¢,12,
GZ TC S00
X150e$X220s8$X320e8X4=0e8XY=20e$X2Y=0,.5Y 1200
M2aNHRPTS (1)

DS 8 J=t M2

HR(I,J)=TURBHR(1,J)

CALC CF TSAT FRCM PRESS, (IN, HG)

BLCG=ALSG(HRP (I4J))
THR(19J)=79,035793+430,462409#BL3G+1.97404160
Y (BLCG)##2¢0,13124035% (BLSG)#%3

X1=2THR (1eJ) #X]

X2=(THR(I9J) #%#2) ¢X2

Y1=HR (1yJ) eyl

X3=(THR(I9J)®%3)+X3

Xbz (THR (ToJ) ##4) e X4

XYEXY+THR(I9J) *HR (T4 J)

X2Y2X2Y+ (THR(I9J) #%2) *HR (14 )

R=NHRPTS (1)

DENzx 4% (R¥#X2=X]18#2) X338 (B#X3=X20X]1) ¢X2# (X3#X]=X20¥"2)
ANUMEX2Y® (BEX2=X]1##2) «X3% (BaxY=x1®Y]1) ¢X2# (XY#X]1=x2%Y])
ANUMaXG6# (B#XY=X1%Y])=X2Y*® (Bax3=x28X]1) +X24 (X38yl-xY#X2)
CNUMaX4 & (X28Y1aXYBX]) =X3# (X3#Y]=XY#X2) ax2Y# (XI#X)~X2082)
HRCCF2 (1) =ANUM/DEN

HRCCF1 (1) sBNUM/DEN

HRCCFO (1) =sCNUM/DEN

CONTINUE

MAKING DESIGN HR = 100PCT CAPACITY HR (IF NOT SPECTFTED)

IF (NHRPTSINCAPS1) +GTe 0) G2 TT 45
DC 40 1=1sNCAPS

IF(CAP(1) +EQ. 1,) GC TC 42

CSNTINUE

WRITE(IRITEy4l)

FCRMAT (# NC 100 PCT CAPACITY CR DESIGN HR#)
GZ TC 500

HRCSF2 (NCAPS1) aHRCSF2 (1)
HRCCF1 (NCAPS] ) ®HRCCF1 (1)
HRCCFO (NCAPS1) BHRCCFO ()
PCMIN (NCAPS])=PCMIN(I)
PCMAX (NCAPS])=PCMAX (1)
77

00063
00064
00065
00066
00067
00068
n00K9
00070
00071

00072
noo73
00074
nnon7%
n0076
00077
00078
no079
NOOROD
noo81

nooa?

00083

N00B4

00085

0O0OR6

00087
000RA
000R9
n0090
00091

00092

00093

00094

00095

00096

nou97

00098

n0099

00100
00101

0olo2
no0l1o03
00104
00105
00106
00107

no108
n0109
nol10
00111
00112
n0113
notls
N01YS
00116
00117
00118
00119
00120
00121
nolz2e
00123
00124



(9 g

45

11

o7

50
350

360

361
362
361
364
365
366

CONTINUE

NC 11 I=19NCAPS]
BLCG=ALSB(PCMIN(I))
TCMIN(I}#79,035793+30,4624094BL0G+]1.974n416%
X (RLOG)®#%2¢0,13]124035% (RLCG)#%*3
BLSG=ALSG(PCMAX (1))

TCMAX (1) ®79,035793+¢30,4624094B.CG+1.,9740416#
X (BLCG)##240,13124035%#(RLLG) ##]3
BLCG=ALCG (PCBASE)
TCRASE=79,035793+430,462409%RL56+1,9740416#
X (RLCG)##2+0,131240354(RLCG)##3

CALC CF AVG CAPACITY FACTCR AND CCCLING US
TKNHPS‘0.0
CKWHRS=0,0
P2 47 T=1sNCAPS
TKWHRS=TKWHRS* (CAP (1) &TSTLD (1))
CKWHRS=CKWHRS* (CAP (1) #TCTLD (1) #coLPcT (1))
CAPFAC=TKWHRS/8760,
USEFAC=CKWHRS/TKWHRS

DS 60 [SUB=145

IF (NSURS (ISUB) ¢EQ,0)GS TS 6n

GS TS (509709724 74,76)1SUB
WRITF(IRITE350)PSIZE»CCPKW,ANFCRsFUCST s PRPAGR
FCRMAT (1H19]0X s #=====PRINTSUT CF INPUT NATA===
X /1H04X s #PSIZE Cap § ANFCR FUFL $
xsx’FSOO'F900.F802'F900'F1000/l)

WRITE(IRITE360) (CAP (1) ,1=1,NCAPS)
WRITE(IRITE,361) (TCTLD(1) 4Im14NCAPS)
WRITF(IRITE362) (COLPCT(1)91=219NCAPS)

WRITE (IRITE,363) (PCMIN(I),1=214NCAPS])
WRITE(IRITE364) (TCMIN(T) 41=]¢NCAPS])
WRITE(IRITE365) (PCMAX(T) sI=19NCAPS])
WRITFE(IRITE,366) (TCMAX (T} ,Ix1.NCAPS])

FORMAT (5Xs #CAPACITIES AND CCRRESPCNDING DATAZ
XALUES ARE DESIGN DATA)#,//9 3X9#CAPACITY =
FORMAT (2 HRS/YEAR = 2,5FT,0)

FSRMAT (2 PCT CCCLING « #,5F7,?)
FORMAT (2 MIN P COND = 2,6F7,2)
FORMAT(# MIN T CGND =  #,6F7,2)
FORMAT (2  MAX P COND =  #,6F7,2)
FSRMAT(#2 MAX T COND =«  #,6F7,2)

WRITE (IRITE,370) CAPFACUSEFAC

E FACToP

PRPAGRz%

v/ ¢ TXo
FogF7e?)

/s

#(EXTRA V

370 FORMAT(SX2#2CAPACITY FACTCR =#eF8429/95X+2CSCLING USE FAGTCR a2

X 'FS.Z’//)
WRITE (IRITE,403)

403 FORMAT (5X9#CCND PRESS AND CCRRESPCNDING DATA AT EACH cAPACITY

404

40%

xX#)

DC 407 1=19NCAPS
WRITE(IRITE,404) CAP(I) .
FCRMAT (/72X y#CAPACITY =m£eF4,2)

M2=NHRPTS (1)
WRITE(IRITE«40S) (HRP(IeJ}vgmloM2)
FCRMAT (3X+#PRESSURE = #,6F8,2)

78

no12s
n0126
00127
00128
00129
00130
nol3l
00132
nNol133
nol34
00135
nn13s6
n0137
n0n138
00139
00140
00141

N0la2
n0l143
00144
00145
00146
00147
N0148K
no0149
no150
nol1s1

nol1s52

no153

no154

00155
00156

nn1s87
0nN1%8
00159
00160

oolel

00162

00163

N0164

00165

00166

00167

00168
00169
00170
00171

00172
00173
00174
00175
00176
00177
00178
00179
nolso
00181
00182
00183
00184
00185

00186



O

c

:02 WRITE(IRITE406) (TURRHR(I9J) sJmlyM2)
06  FCRMAT (3Xe#T HEAT RATE = #.6F8,0)

M28NHRPTS (NCAPS))
IF (M2 ,EQe 0) 6C TC 4)2
v (7/3Xs N VALUES (CAP p
XESSURE = 216FB424/) (CAPACITY a PLANT SI7E)#,//, 3%y  #PR
410 FORMAT (3X,2T HEAT RATE = £,6F8,04/)

412 WRITE(IRITE9413) TDBy TWByWINDsRAD» TAVHRD (NH2S

413 FORMAT (#0 DRY BULR T WET BB T WIND SPEFU aANTATION®/
X F12000F14.0'F13.1'Fl“.O/#O AvAIL H20 T TYDE AVAYLAHLE H22%/
X Fl3.0,116)

WRITE (IRITE,429)PCBASE,TCBASFE
429 FCRMAT(3X9#BASE P CCOND BASFE T cCOND#Zy2/97XsFge298XeFge1//)
WRITE(IRITE414) (TAMDB(I),1=]14sNTAMB)
414 FCRMAT(1H14X#VARIABLE AMBIENT TFMPERATIIRES#4.//3X9s#DRY LB - #
X SFT740¢/)
WRITE(IRITE415) (TAMWB(T) 4 Im]sNTAMB)
415 FORMAT(3Xs#WET BULB =~ #45F7.04/)
WRITE(IRITE»416) (TAMRV (1) yI=] +NTAMB)
416 FORMAT (3X9#RIVER - #95F7.047)
WRITE(IRITE91417) (AMWIND(]I) y1=19NTAMR?
1417 FCRMAT (# WIND28X,5F7,1)
WRITE(IRITE.1418) (AMRAD(I)+1=19NTAMB)
1418 FORMAT (# RADIATICN 25F7,0)

WRITE(IRITE,417)

417 FCSRMAT (//5Xs#PERCENT CF CCCLING SYSTEM TIME AT ABTVE#,/,
X BXy2AMBIENT CONDITICNS#y/)
DS 418 1=1y4NCAPS

418 WRITE(IRITE.419)CAP(I1) 4 (PCTAMB(T1yJ)J=1sNTAMR)

419 FCRMAT(/3X4#CAP 3 #9F4,29% «#95FT.2)

WRITE (JRITE+420) WIDTH,NSYSCPNSPCON
XPECIFIED(1=2YES)#£9/9 SX9F8,0414X4712924X0124/)

IF(NSYSCP=2) 4241042] 19424
421 WRITE (IRITE»422) TDISMX
422 FORMAT( 3Xs#MAX DISCHARGE TEMP = #3F4,.0/)

424 IF (NSPCON=1)428+4259428

425 WRXTE(IRITEp426)UCVALLsAREACoSPFLCN

456 FORMAT (5Xs#CONDENSER SPECIFICATICNS#e/s 3X9#CVERALL 1) = #4F6,
X0¢/9 3X+2TUBE AREA = #,E9,44/9 IXVEH2S FLOW = #9F9.44//)

4?8 CCNTINUE
GC TC 60

70 CALL SUBPTLU
6o T2 60
72 CALL SUBPSND
65 TS 60
74 CALL SUBMDW
65 TS 60
76 CALL SUBNDW
60 CONTINUE
500 END T

NO1R7
00188
00189
no190
n0191
nolg2
00193
00194
nn195%
00196
no197
00198
00199
nn200
no201
00202
00203
no2n4
n020%
no206
no207

00208

no209
no210

nn211

0n212
n0213
00214
no21%5
00216
00217

00218

00219

n0220
00221

00222
nn223
00224
0n22%
00226
00227
00228
n0229
n0230
00231

00232
00233
00234
n0235
00236
00237
00238
00239
00240
00241
00242
00243
00244
00245
00246
00247
00248



e XeXe!

7

hY]

100

“n

41
30

K31

46
50

51
45

13
14
15

SUBRGUT INE SUBPGLU
COMMSN PSIZEyCCPKW, ANFCRyFUCSToNCAPSoCAP (6)9TCTLN(S)y £TLPCT(S) o TC

XMIN(6) yPCMIN(S) ¢ TCMAX (6) s PCMAX (6) 9y WRCEF2(6) yHRETF1(6) 9HRCCFO(6) 9
XTNR,TWB,RH,TAVH2C, TCBASE, NTAMB,AMBDFC (5) yAMBCPC (5) 4 TAMNB (5) o TAMW
XR(8) ,AMBRH(5)» TAMRV(5)sPCTAMB(5+5) ¢NSYSCPyTDISMXNSPAONsUUCVALL A
XREACsSPFLOWy NH2CsWIDTHIPRPAGR ¢ CAPFACISEFAC TKWHRS, IRITE s IREAD

WIND=8,8
QFLRIV=7000,
DEPTH=10,
RAD=S580,
PMPEF=0,8
T5TCS1=1,E3

CALCULATION CF THE EQULIBRIUM TEMPERATUREs TCALC, T2
STATEMENT | == EQUATICM TAKEN FRCM EDINGER

WCCSFA=Q,

WCCFR=15

ECOF=WCOFA+WCCFB®WIND

TA=TDB

Tc=Tne

DHZRAD=180] ¢ ® (T6G/4600%1¢) #u4=ECOF#51 7% (P(TG)=RH#P(TA)) =.26%ECC

XF# (TG=TA)

DHPERAD=1801e%((TG+14)/4600a41,) #04=FEcCFS]1,TH#(P(TG+l,)=Ry#P(TA)) =

X o 26RECOF®(TGe1l,o=TA)

DHMZRAD=1801 e * { (TB=]4)/46000]4) #84=ECCF#E5] ,T#(P(TG=]16)=RH#P(TA)) =

Xe26HECCF#(TGm1le=TA)

NHPRIM= (DHP-DHM} /2,

IF(ABS(DH) =1e) 19292

TNEW=TG=DH/DHPRIM

TG=TNEW

G To 7

TCALC=TG

BETA=XET], 72 (P(TCALC4+16) =P (TCALC=1,))/2s

XK218 .74+ (0.26°BETA) #ECCF
TC=YCMIN(NCAPS+1)

CONTINUE

IF(NSPCSN=1)30940530

CALL PAFCST(NCAPS+1sTCyPWCSTDEI FCeQREY)

DT2= (QRE J/SPFLCW) / (EXP (UCSVALL®ARFAC/SPFLOW) =1.)
DT1=NT2+QREJ/SPFLCW

T1=7C=DT2

T2aTC=DT) -

IF INSYSOP=2)41 946041

IF(DT1=(TC=TAVH251)) 45,45y 151

nDT235,

IF (NSYSOP=2) 31946431

T2=TAVH2S
G2 To St

WRITE(IRITE SO

FORMAT (/#CANNCT HAVE TCPPING WITH STRAIGHT CCONDENSER cSSLING#)
GC Y& 400

CALL PAFCST(NCAPS+1»TCyPWCSTsDELFCeQREY) _
CALL COND(TCoT2+QREJ9PWCSToDT29T1oUAIFLCWIGPMISYSCST,

CCSPKW)
RAzT1=T2

IF(NH25) 13014915

PLAC= COST PER KW FCR WATER DUCTING

PLAC=],5
GG T¢ 16

PLAC=],25
6C To 16

PLAC=1,.0

80

00249
00250
00251
00252
no2s3
00254
00255
00256
00257
00258
00259
00260
00261

00262
N0263
00264
N02&5
00266
00267
N0268

00269

00270

060271

00272

no273

00274
00275
00276
092277
00278
002719
00280

00281

00282

00283

N0284

00285

no286
00287
00288
00289
00290
00291

00292
00293

00294

00295

00296
00297
00298
00299
00300
00301
00302
00303
00304
00305
00306
00307
00308
00309
00310



16 CONTINUE
IF (NSPCGNGEQe1)PLACR0,0
SYSCST-SYSCST.PLACQANPCQ/(cApFAc.g.76)
ASSUME § FT OF PUMPING HEAD (FRICTION)
PHEANES
HPPMP=GPM®PHEAD/ (3940, *pMPEF)
CAPC2S=0,0
OPgSS:(HPPMPOzZAST/(Psleolooo,),préST
OSMAI=,0019CAPCCS/ (PS17E#] ») se1%2PCOSe *
Tsvccs:svscsrngLFc.cpccs.cggan 1#0Pcose.01asYaCST
IF(TCTCOS=TOTCS1) 154,156,156
IF (NSPLCNEQe1)GS TC 190
TCeTCel .
IF (TC=TCMAX (NCAPS41))100+100,190
RAls=RA
Tlls=sT]
T21m=72
syslasysesT
CAPCSl=CAPCOS
CCSPK1mCOSPKY
CPCS1=CPCCS
CSMAl=zCoSMAL
PLACI=PLAC
HPFI:O.
HPP1=HPPMP
DELF1=DELFC
TCALCl=TYCALZ
QRJ1zQREJ
FLOWY=FOW
FCFS=FL2Wl/224700,
GPM1=2GPM
UAl1=yA
TC1=TC
TOTCS1=TSTCES
GC TC 156
190 IF(TCTCS1=1€E3)2009195+200
195 WRITE(IRITE»196)TCsT1sRA
196 FCRMAT (73X, #FCR THE GIVEN CCNDITIONS A SCLUTTCN CaAMNZY HBE FOUN
XD#24/13X92TC BEsFS,.00# Ty =2+F5,09% RA =2,F5,0)
GC TS 400
200 COCONTINUE
WRITE(]RITEy212)
212 FORMAT (#1#]15X#e=axaSTRAIGHT CONDENSFR COCLING==a==#4/)
IF (NH2() 220,228,230
220 WRITE(IRITE.197)
197 FOBRMAT (20X#(WITH SEA WATER)2//)
8¢ T¢ 23
228 WRITE(IRITE»198)
158 FCRMAT (20X# (WITH UNTREATED FRESH WATER)I#//)
GC T2 23
230 WRITE(JRITE»157)
157 FORMAT (20X# (WITH TREATED FRESH WATER)#//)
23 WRITE(IRITE,227)QRJU1yTC1+FCFS FLOW1yHPP1,TCALCLIRAL
2727 FCRMAT (10X#THE DESIGN VALUES AND CCSTS ARE =#+//93X#Q REJECT =
X#oE9.492 BTU/HR AT T CONDENSER m#9F4e06/93X#CONNENSER FILCW 2#,E9,
® 492 CFS (#EQ.
X4y# LB/HR) PUMP POWER ®gyFQebe# HP29/93XAEQULIRRIUM TEMP Sg4F4é,0
Yo RANGE =#3F4,04/)
CALL PRTDS2(CAPCS])sCPCS]9CCSMAYL4SYS14DELF19TCTCS)COSPKY)
WRITE (IRITE,302)
302 FORMAT (//15X#==RIVER TEMPERATURES==#¢//}
X1X+14HDISTANCE~MILESs3X; 1THSTREAM TEMP DEGWFy 3X,1THPLUME TEMP.=DE

81

Lol ¢

&

e -t p
an e

00311
00312
n0313
00314
00315
00316
00317
no3is8
00319
00320
no3z21
00322
00323
n0324
00325
00326
00327
00329
00329
00330
00331

00332
00333
00334

00335
00336

00337

00338

00339

00340
00364}

00342
00343

00344
00345
00346
00347

00348

00349

00350

00351

00352
00353

00354
00385S
00356
n03s57
00358
00359
00360
00361

00362
00363
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00365
00366
00367
00368
00369
00370
00371

00372



XOoF 93Xy 14HPLUME WIDTH=MI,/19X9sBHNS PLANT 42X ¢SHMTIXED,//)
CALC CF PLUME TEMPS ANpD WIDTH AND RIVER TEMpS= Tg STAT 22
VELRIVs (QFLRIV/ (WIDTH®DEPTH) ) #3600,#24,
DTRIV=(QRJ1/QFLRIV)/(3600,%62,4)
TZERCETAVH20¢DTRIV
I==]
307 Ialel
IF(1.EQ.,11)1=20
X1=1
QCVNIFLUNI/(36000.6204)
C1=ALCG(QFLRIV/ (QFLRIV=QCCN) )
PLUMFNIW!DTH‘(I.-EXP(n(xI/Z +Cl)))
ALPHAlme ( (XK®XI#5280.) / (62 +4#DEPTH#VELRIV))
TXDIST=(TZERO=TCALC) *EXP (ALPHAL) + TCALC
TWREAL= (TAVH2TU=TCALC) *EXP (ALPHA) ) +TCALC
PLUMEW=PLUMEW/5280,
PLUMTm ((TXDIST=TWREAL) / (1e=FEXP (= (XI/2:4C1)))) ¢ TWREAL
wnxTrtxnITanoa)XI TWREAL TXDISToPLUMT ¢ PLUMEW
308 FORMAT (6XsFSel 16X oF6,2,4X0F6,2¢5X1F6e2+11XsFb.%
IF(I,.LT,2006C TG 307
WRITF(IRITE§330)
330 FCRMAT(//15X9#VARIABLE AMBIENT cCNDITICNS#/)
IF (NTAMB,EQ,0)GC TC 400
TAPMIL‘O.
TOFMIL=0,0
DS 35Q I=1sNCAPS
IF(CAP(1).EQ,0,)6C TC 350
AMBSPC (1) 80,0
AMBDFC (1)=0,0
DS 340 J=lyNTAMB
IF(PCTAMB(1,J) ¢EQe0,)6C TS 340
TC=TCMIN(I)
NTCCD=0
301 CALL PAFCST(IsTCsPWCST,DFCSDsQREJ)
DT2= (QREJ/FLCW1) Z (EXP (UAL/FLOWl) =14)
DT1=DT2+QREJ/FLCW]
T1=TC=DT2
T2=7C-DT1
IF (T2=TAMRV (J))304,305+310
305 NTCOD=1
6¢ Tg 310
304 TC=TC#l.
NTCVQ‘I
IF(TC +LTs TCMAX(1))GC TC 301
WRITE (IRITE9309)PCMAX (1) 9CAP (1) 9 TAMWR ()
309 FCRMAT(/+3X9#2CCNDENSER PRESS MUST EXCEED THE GIVEN MAX oFgy, 8
xx,ra.z.¢ FOR THE CAPACITY CF#¢F4.29% AT T WET BULB S2,F5,007 43X s 2P
RCGRAM DISCONTINUING#)
ev Ts 400
310 IF(NTCuDoGT.O)Gv TS 315
WRITE(IRITE312)CAP (1) TAMWB(J) s TC
312 FCRMAT (/8X#FOR CAP m#,F4,2.% T WB =#4,F5,092¢ AND TC =#,
XF4e09/93X#PC LESS THAN PC MIN = ASSUME PC MIN = CONTINIE#)
IF (DECCD.GT.0e)DFCCOm0,0
315 (CONTINUE
CPCCD= (HPP1#,7457/ (PSIZE*10004) ) #PWCST
AMBCPC (1) =AMBCPC (1) +CPCCD#PCTAMB (J)
AMBDFC (1) =AMBOFC (1) +DFCOD®PCTAMB (J)
340 CONTINUE
CPMIL®TCPMIL*AMBOPC (1) #TSTI D (1) #COLPCT (1) #CAP(])
TDFMILsTDFMIL*AMBDFC (1) #TOTLD (1) #COLPCT (1) #CAP(I)
3%0 CCONTINUE
82

00373
00374
003715
no376
00377
00378
N0379
NO3RN
00381}
00382
00383
00384
no385
00386
00387
00388
nN3RK9
n0390
n039]
00392
N0393
00394
00395
00396
00397
n0398
00399
00400
00401
nn402
00403
00404
00405
00406
00407
00408
00409
00410
00411
00412
00413
00414
00415
006416
00417
00418
no&419
00420
00421
00422
00423
00424
00425
00426
00427
00428
00429
00430
00431
00432
00433
00434



400

AVSPCSuTSPMIL/ TKWHRS
AVDFCSaTDFMIL/ TKWHRS

AVTC
CaLlL
CCN
RpTU
END

ST!gVSPCSOAVDFCSOSYSl*CCSMAl
_PRT3D (AVCPCSyAVDFCSsAVTCST)
TINUE

RN

83

00435
00436

00437
00438

nnN&439
00440
006441



7

100

40

4}

42
13

15

44
30
31

32

50
51

45

46

SURRSUTINE SUBPZND
COMMCN PSIZECCPKW,ANFCRyFUCST¢yNCAPS,CAP (6) 4TATLN(5), CCLPCT(S)TC
XMIN(6) s PCMIN(6) y TCMAX (8) +PCMAX(8) 9 HRCOF2(6) yHRACF1 (&) sHRESFO(6) o
XTDResTWB9yRHyTAVH2C s TCBASEY NTAMB,AMBNFC (5) s AMBCP (5) s TAMDB (5) o TAMW
XB(5) yAMBRH(5)s TAMRV (5) yPCTAMB (595) ¢NSYSCPy TDISMX 4 NSPACNLICVALL . A
XREACySPFLCWy NH2TyWIDTHyPRPAGR,CAPFAC USEFACTKWHRS, TRITE s IREAD,
®  AMWIND (S) yAMRAD (S5) y WIND ,RAD
PMPEF=0,8
TCTCS]=),E3
CALC OF EQULIBRIUM TEMPERATIIRE
WCCFA=Q,
WCCFR=1s,
ECOFaWCOFA+WCCFBHWIND
TA=TDB
TGaTDR
DHERAD=1B01¢*(TG/460,414) #04=FECOF®*51,7# (P(TG)=RH*P(TA)) =,26%FCO
XF&(TG=TA)
DHP=RAD=]1801¢®((TG414¢) /460001 ,) #24=ECCFu5] .78 (P(TG4]1,)aRH#P(TA)) =
Xe26*ECOF* (TG*1e=TA)
DHM=RAD=180]1 ¢ # ((TG=1,)/460,41,) #84=ErCF#S] 7 (P (TG=1,) =Ru®pP(TA)) =
Xe26RECOF# (TG=10=TA)
DHPRIM=z (DHP=DHM) /2,
IF(ABS(DH)=14) 19292
TNEW=TG-DH/DHPRIM
TG=TNEW
GS 10 7
TCALC=TG
BETA2S1,7*(P(TCALC+]4) =P (TCALC=1,)) /2.
XK=])S,7¢(0s26¢BETA) #ECOF
TCaTCMIN(NCAPS+1)
CONTINUE
IF (NSPCON=1)30+40y30
CALL PAFCST(NCAPS+]1¢TCsPWCSToDELFCeNRED)
DT2=(QREJ/SPFLOW) /7 (EXP (UCVALL®AREAC/SPFLCW) =1,)
DTI1=DT2+QREJ/SPFLOW
T1=TC=DT2
IF(INSYSCP=2)44v4) 444
IF(TDISMXeLToTCALC)GC TC 197
IF(DTl=(TC=TAVH2() ) 15,1542
IF{TC=TCMAX (NCAPS+1)) 1341904190
TC=T7C+1
G T 40
T2=TDISMX
RAST)=T2
IF(RAGLT.04)6C TC 190
Gg Tg 46
T22TC=DT1
IF(T2=-TCALC) 1519151 ,45
DT2=5,
IF (NSYSCP=2)311932,31)
T2=TCALC*1.
6C TC SO
IF(TDISMXLToTCALC)IBC TC 197
T2aTDISMX
IF((TC=DT2)=T2)1514151,5}
CALL PAFCST(NCAPS+19TCoPWCST+DELFCsQREY)
IF(NSYSOP=2145946445
CALL CIND(TCrT29QREJIPWCSTsDT20T1oUAIFLCWsGPMISYSCST,COSPKN)
ARE JTaQREY
GS TC 47
CALL COND(TCoTAVH2CIQREJyPHCSTonT25T1oUAFLEWIGPMSYSASTeCOSPKW)
QREJT=QREU® (T1=T2) / (T1=TAYHZS)

00442
00443
00444
00445
00446
00447
00448
00449
N0450
00451
0nN4s?
00453
N0454
00455
00456
nN04s?7
non4ss
00459
006460
004k
D046?2
00463
00464
A LLE
00466
00467
NN4hk8
NN4k9
00470
00471
nNn&72
0nn&73
NO4T4
00475
00476
00477
NO47T8
00479
00%4R0
n0481
no482
00483
004R4
00485
00486
00487
00488
n0489
00490
0049]
00492
00493
00494
00495
006496
00497
00498
00499
00500
00501
00502
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47

48

49

53

190
195
196

197

RA=T1=T2
ALPHAS=ALCG ((T2=TCALC)/ (T1=TCALC))
AREAPEDG, *ALPHA®FLOW/ (XK®*43560, )
AL36 MEAN T DIF BETWEEN AIR AND WATER
IF(T2~TDB) 48 48,49
WLMTD=(T1+T2)/2.=-TDB
GC Tc %3
WLMTD=(T1=T2) /ALCG((T1=-TDR) /(T2«TDR)})
BCWEN RATIC = RATIC CF CONDUCTICN T3 EVAPSRATICN
HEAT TRANSFER - MCDIFIED FRSM EPDINGER AND GEYER
TWAV=(T1eT12)/2,
CWRAT=,26%WLMTD/ (51 7% (P (TWAV)=RH*P (TDR) ))
QLAT= (QREUTw (¢ 1T73E=8% ((T14T2)/2,4460,) ##4-RAD/264 ) #ARE APa
* 435600)/(].’BCHRAT)
WEVAP=QLAT/970.3
GPMT=GPM+WEVAP/ (8,34%60,)
ASSUME 30 FT CF PUMPING HEAD (FRICTICN)
PHEAD=3Q,
HPPMP=GPMUT#PHEAD/ (3960, #*PMPEF)
CAPCSS=AREAP®PRPAGR
DELFC=DELFC®USEFAC
CPCCS= (HPPMP®#,T4ST/ (PSTZE#*10004) ) *PWCSTRUSEFAC
CCSMAI=,001#CAPCCS/ (PSIZE®1000e) +¢1#%3PCCS+4012SYSCST
TCTCCSs (CAPCOS®ANFCR) /(PSTZE#1000.2%CAPFAC#8,76) +CPCCS +cOSMATSYS
XCST+DELFC
IF(TCTCOS=TITCS1) 15491564156
IF (NSPCONGEQ#1)GC TC 187
IF (NSYSCP.EQ.2)GC TS 151
T2=2T2+1.
G¢ T¢ S0
IF (NSYSSP,EQe2)6C TC 190
TC.IC’I °
IF (TC=TCMAX (NCAPS+1)1100+100,190
RA1=RA
AREAP1=AREAP
Tll=T]
T21=72
SYS1=SYSCST
CAPCS1=CAPCCS
CSSPK1=CCSPKW
CPCSI=gPLs
CoSMal=CoSMAL
AFRl=5,
HPFL'OQ
HPP1zHPPMP
DELFY=DRELFC
TCALC1l=TCALC
QRJ1=QREJ
QRJTT=2QREJT
FLOW)I=FLOW
GPM1=GPM
UAl=UA
WEVAP1=WEVAP
TCl=TC
TSTCS1=T3TCSS
8% T3 156
;F(¥CTCSI;1.Eggf$00%95o§00
RITE, CsT14R " n -
?3&55%%,3x;¢roa THE GIVEN CONDITIONS A SSLUTICN CANNCT RE FOUN
XD#o/+3Xs2TC w#sF5,00% T) m#¢F5,008 RA 8#,F5,0)
as TO 400
WRITE(IRITE,198) o

00504
00505
00506
00507
nosna
00509
00510
00511
nos512
0ns13
00514
00515
no0S516
00517
00518
nos519
0052
0052
00522
nns523
noS24
00525
00526
00527
n0528
00529
n0530
00531
00532
n0533
00534
n0S35
00536
n0S37
nos3sg
00539
00540
00541
00542
00543
00544
00545
00546
00547
00548
N0549
00550
00551
00552
00553
00584
00585
00556
00557
00558
00559
00560
00561}
00562
00563
00564
00565



198 FCORMAT (/93Xs#MAX DIS T LESS THAN EQULIRRIUM T#)
GC TC 400
200 CCONTINUE
WRITE(IRITE212)

212 FORMAT(#1#915X¢#rwcma COCLING POND ===w=#y//+ 10Xs 2THE DESIGN V

XALUES AND CCSTS ARE =2,//)
CALL PRTDS) (QRJ1»TC1+HPF19HPP]1 s WEVAP] s WRDWN] ¢ AF R1)
WRITE(IRITE+227)FLOW1+T119RA1eTCALCYAREAP]

227 CRMAT (3Xy2COND FLOW ®24E9,4 4% T IN z=2oF&,002 DANGE =2
X9F4e09/93X92EQULIBRIUM TEMP m#4F4e00# PCND AREA =#,Fge0?
X% ACRES®#)

IF (NSYSCP=2)230,228,230
228 WRITE(JRITE»229)QRUTY
229 FCRMAT (/3Xy#Q REJ POND =#9E9.,%9# BTU/HR#)
230 CALL PRTDS2(CAPCS],CPCS1,COSMAY,SYST+DFLF1,TETCS1,CCSPKY)
WRITE(IRITEé330)
330 FCRMAT(//15X9#VARIABLE AMBTENT CONDITICNS#/)
IF (NTAMB,EQ,0)GC TS 400
CPMIL=0.0
TDFMIL=0,0
DS 350 ;al.ncAPs
IF(CAP(]) ¢EQ40e)6C TC 350
AMBCPC(])30,0
AMBDFC(1)=0,0
D¢ 340 Jsl,NTAMB
IF(PCTAMB(I,J) ¢EQ,0,)6C TS 340
TC=TCMIN(I)
NTCSD=0
TA=TAMDR (J)
T6=TA _
RAD=AMRAD (J)
ECCFWCCFA+WCCFB2AMWIND (J)

20 DH:PAD-1801.°(TG/460.o1.)Goa-Ec~F°51.7¢(PtTG)-AMBRH(J)° P(TAay)=

Xe262ECCF® (TG=TA)

DHP=RAD-1801.'((TG¢1.)/a6o.¢1.)ﬁna-Ech451.7n(P(Tbol.)-AMBRH(J)a

XP(TA)) =, 26’ECCF“(TG¢1.-TA)

DHMSRAD-ISOIo’((TG-]o)/460001.)“#4'ECuF“51 T8 (P(TL=1,)=AMBRH (J) ¥

XP(TA))=,26%ECCF® (TG=1,=TA)
DHPRIM= (DHP=DHM) /2,
IF (ABS (DH)=14)21922,22
22 TNEW=TG=DH/DHPRIM
TG=TNEW
6 TC 20
21 TCALCeTS
BETABSI 7“(P(TCALC*].)'P(TCALC'I.’)/20
XKE]1S,7+(e264BETA) #ECOF
ALpAcra(Anenploxxoaaseo ) 7(24,9F L CW))
301 CALL PAPCST(I1+TCoPWCST,DFCODQRES)
DT23 (QREJ/FLOW1) / (EXP (UAL/FLCW1) =1s)
0T1=pT2+4QREJ/FLOW]
T1=TC=DT2
T2sTC=DT]
IF (NSYS3P=2)3164303,316
316 IF(72=TCALC)30413041302
303 IF(T2=TAMRV(J)) 304,305,306
305 NTCD=]
63 T 306
306 T2=ICALC0(T1-TCALC)/EXP(ALPACT)
IF(T2=-TDISMX) 310,310y 307
307 WRITE;1RITE.308)CAP(I),TAMwa(J) TCsyT2

308 FCRMAT (/8X#FCR CAP =m#,F4,24#0 T WB =#4sF4e09sy AND TC =#

X1F4e0s/93X#T DIS EXCEEDS TDIS MAX = CCNTINUINGH®)
86

n0S66
00567
00568
N0569
00570
nons71
00572
00573
00574
00575
00576
nOS77
nns578
00579
WAELD)
00581
00582
n0583
00584
00585
N0586
00587
00588
p0589
no590
00591
n0592
00593
00594
00595
00596
nnse7
nos568
00599
n0600
00601
00602
00603
00604
00605
00606
00607
00608
0n609
0on61o0
n0611
00612
00613
00614
00615
N0616
Nno0e6l7
00618
n0619
00620
00621
00622
00623
00624
00625
00626
00627



GC 7¢ 15
302 ALPHA=-ALSG((T2=TCALC)/(T1=TCALC))
IF (ALPHA,LT,ALPACT)GC TC 310
304 TC=TCel,
NTCOns)
IF(TC +LTe TCMAX(I))GC TG 301
WRITE(IRITE309)CAP (1) ey
309 FCRMAT (ze#®aa8THE PCND IS ESSENTTALLY TCC SMALL FCOR#,F4e2y
° *TCAPACITY AND AMBIENT NC,#+12/# PRCGRAM DISCONTINUTAG)
RS TC_400

310 IF(NTCCD.GT.0)6C To 315
WRITE(IRITE9312)CAP(I) ey

312 FCRMAT (#0THE POND IS LARGER THAN NECESSARY FCR#sF4e2¢% CAPACITYZ,

® # AND AMBIENT NC,#,12/
2 COMPUTING CCOSTS ASSUMING MCST EFFICIENT CONDITION (PR=PCMIN) #)
_ IF(DECCD.GT.0¢)DFCCO=0,0

315 CONTINUE
CPCCD= (YPP1®,T457/ (PSIZE*1000.) ) #PWCST
AMBCPC (1) sAMBCPC (1) +CPCCD#PCTAMB (J)

AMBDFC (1) =sAMBDFC (1) +DFCCDePCTAMB (U)

340 CCNTINUYE
TCPMIL=TCPMIL*AMBCPC (1) #TCTLD (1) #COLPCT (1) #CAP (1)
TDFMIL=TOFMIL*AMBOFC(1)#TOTLD(I)#CCLPCT (1) #CAP(])

350 CONTINUE
AVSPCS=TOPMIL/TKWHRS
AVDFCSsTDFMIL/TKWHRS
AVTCST=(CAPCS1#ANFCR) / (PSIZE#1000+*CAPFAC#*8476) +AVCPCS+AVDFCS+SYS

X1+CCSMAL
CALL PRTCD(AVSPCS,AVDFCSsAVTCST)

400 CONTINUE
RETURN
END

87

00628
00629
00630
006131
nn632
00633
00634
00613%
00636
00637
0N6138
006139
no640
no6é41
00642
00643
N06LG
00645
00646
00647
Nno648
00649
00650
n0651
00652
00653
00654
00655
006856
00657
00658
N0659



X

SUBRZUTINE SUBMDW

CCMMCN PSIZE +CCPKWoANFCROoFUCST oNCAPSoLar 1o,
COLPCT(S) ¢ TCMIN(6) ¢PCMIN(6) s TCMAX (6) sPCMAX(6) »
HRCCF2(6) yHRCCF1(8) HRCCF O (6) s TDB, TWB,RH,TAVH2 s TCRARE,
NTAMB o AMBDFC(5) ¢ AMBSPC (5) o TAMDR (5) o TAMWR (5) ¢ AMRRH (B)

X
X
X TAMRV(5)sPCTAMB(5,5) oNSYSOPs TDISMX o NSPCONeUSVA| LyAREAC,SPF CWe
X

100

40

41
42
13

1%

L4

30
31
50

32

51

45
®

46

NH2C WIDTH,PRPAGR,CAPFAC USEFACs TKWHRS, IRITE, IREAD
NIMENSISN XK (20)
FANEF=25,8
PMPEFs0,8
TCTCS1=],E3
TC=TCMIN(NCAPS+1)
ONTINUE
IF (NSPCCON=1)30+40,30
CaLi PAFCST(NCAPS+1sTC.PWCSTDELFCIQREY)
DT2= (QREJ/SPFLSW) Z (EXP(USVALL®AREAC/SPFLOW) =1,)
NT12DT2+QREJ/SPFLCW
TiaTe=0T2
IF INSYSOP=2)144041 046
IFINT1=(TC=TAVH2D) ) 15,15,42
IF(TC=TCMAX (NCAPS+1))13+190,190
TCc=7Ce1
GS TS 40
T23TDISMX
APPReT2=TWB
1F (APPR,.LT.T7+)6C TS 190
IF(APPR,6T.20¢)6C T2 190
QAET?-T?
IF(RA=LT«10)6C TS 190
GS T 46
T2aT7C=DT1
APPRsT2-TWB
IF(APPR,LT.7,78C TC 151
IF (APPR,GT+20:)65 TS 190
GS TS 45
IFI(NSYSOP=2) 31932931
APPR=T,
T2=TWR+APPR
IF(TC=T2)151:151+51
T2mTDISMX
IF(APPR,LT«T,)G63 TS 190
1F (APPR,.BT+20)GC TC 190
DTZﬂSQ
CALL PAFCST(NCAPS*1+TCoPWCSTDELFCYQRE)
IF(NSYSCP=2)451046945
CALL COND(TCoT25QREJePUWCSToDT26T1sUASFLOWIGPM9SYSCST,
COSPKW)
QREJT=QREJ
62 T3 47
CALL COND(TCo»TAVH2C 1 QREJoPWCSToNT29T1oUASFLOWIGPMoSYSAST

& CTSPKW)

4v

OREJT=QREJ# (T1=T2) / (T1=TAVH23)
RAZT1=T2
IF(RA.LTL.10,)63 TC 151
TAXT=(T1eT2) /26
HlmH (TWB)
H2sH (TAXT)
AFLR=QREJT/ (H2=H1)
WACT=RH® (,622*P(TDB))/(16,696=P (TDB)}
APSAT= (WACT#14,696) / (,6224WACT)
DINZT44 . {14.696=APSAT) /(53,35% (TDB+460.))

88

no660
00661
no6hk2
00663
N0664
00665
00666
00667
N0668
00669
00670
00671
00672
NO673
00674
n067S
00676
no677
00678
00679
NO6RO
00681
00682
00683
00684
N06RS
no6RS
006RT
NOBGAR
006R9
00690
Nn06o1l
00692
p0693
N0694
00695
N0696
00697
nn698

00699
n0700

00701

00702
00703

00704

00705
00706

00707
00708
00709
00710
00711
00712
00713
00714
00715
00716
00717
00718
00719
00720
00721



WART=F | gW/AFLR
T3=T2¢,1%RA
T4mT24,4#RA

TS!TI-.“.RA

T6&=ET1=.1%RA

C1SWART®RA

ROHI=1 ./ (H(T3)=Hl=,1%C21)
RDH2=1,/ (H(T4) =Hl=,4%C01)
RNDH3=],/ (H(T5) =H2+,4%C01)
ANH4=1,/(H(T6) =H2+,1%C01)
CHAR= (RA/4,) # (RDH1 +RDH2 +RDH34+RDH4 )

PACKING HEIGHT FRCM FRAAS ¢ CZISIK = DECK NIMBER
DECKHT =2.
PHT=DECKHT® (CHAR=407) / (,1034WART#% (= 54) )
WATER LCADING = 2500
WLCAD=2500,
PLANA=F| CW/WLCAD
AIR LCADING 2R 6
ALDG=AFLR/PLANA
ALDGE=ALDG+3500,

PRESSURE DRCP (INCHES OF WATER) FRCM FRAAS AND 5ZYSTK
DELP= ( (PHT/DECKHT) #,067S/DIN)# (0 ,4E=R®ALDG#%2 +,1E=1282500,%ALDGE®
X*282,62)
RANGE=RA
IK=APPR
IF(GPM)210,210,11
CALK OF K FACTCR - LCCKHART ET AL
IF(1K=7)370s7s1
IF(IK=20)2929370
IF{IK=1D)6,545
6C TC (849) 9 (IKaT)
XK(7)=2,42626139¢,307554944RANGF=¢B83222851FE=0N2%RANGF&#2+4164
Xx130379=-03%RANGE##3.,87533682E=062RANGE##4
6 Tg 25
8 XK (B)=,53003286+,268559454RANGF=¢T1968070E=N2%RANGF##24,12
X092005F=03%RANGE*#3=,73568322E=06%RANGE##4
GC T¢ 25
9 XK(9)2,27667081+.27125055#RANGF =« T5042365E=02%RANGE#42+012
X884963FE=03#RANGE##3=,80021940E~06%RANGFE 444
GC TS 25
5 AAzAPPR/2,
220,
IA=AA
AB=lA
IF(AB.FEQ,AA)GC TS (10,12914416918920) 9 (AB=4s)
GZ T3 (10912914916418) 4 (AB=%,)
21 =2,

83 TS (12+16,16,18,20), (AB=4,)
10 ‘Kzlé)s:a7g57§20é-o;:,259763790RANGE-,695895155'02“RANGE°“2

X +e11542869E=03®RANGE##3=,69832755E~-06#RANGE#*4
IF (AB.EQ.AA)GC TC 25

IF(Z=2.)21923121
12 XK(12)%¢30755983F=02+,22692621 $RANGE=,57515664F=02#RANGE##

X +489248959E=04#RANGE##3=,5038]1046E~06#RANGEn®4
IF (AB,EQ,AA)GC TIC 25
IF(Z=2,)21923,21
164  XxK(16)==,33616133,,22612638#RANGE=,57931043E~02%RANGF# 42
X+¢89896029E=04*RANGE##3~¢50893025E~06*RANGE®*#4
IF (AB.EQ.AA)GC TC 25
IF(Z=2,)21923921

~N 3 N

89

00722
nn723
00724
00725
noT26
nn727
00728
0nT29
00730
00773)

no732
oNn73l
NnoT34
00735
00736
00737

00738
00739
00740
NOT741

00742
00743
00744
00745
00746

00747

00748

00749

no750
no751

00752
00753
00754
007%%
00756

007587

NO7TS8

NnOT7S9

noT60

00ThY

NOT62

00763

00764

00765
N0766
00767
N0768
00769
00770
00771

00772
00773
00774
onT1s
00776
00777
00778
00779
00780
0078]
00782
00783



16 XK (16) 2=¢433798054,20785695#RANGE=,51672632E=02*RANGF 442
X+, 770536565-06'RANGE“*3-o62119093E-06'RANGE"4
IF(AB EQ,AA)GC TC 25
IF(Z-2.)Zlv23’21
18 XK(18)l'o914341630.23827008'RANGE- 66R01246F =02 #KRAMNGF a2
X+¢10604073E~03*RANGE#43-,:61338627E~06*RANGE##4
IF(ABOEQ.AA)GU C 25
IF(Z=2.)21923921
20 xK(ZQ).-.lzz 0402E+01+¢257939564RANGE=, 7655059 ~02#pANGE®®2
X ¢412169T09E~03%RANGE®#3=,70610963E- 06¢RANGE~*4
IF(ABJEQ.,AA)GC TC 25
1F(Z2=-2,)21923421
?3 XK(IK) = (XK (IK=1) e XK {TK*]1)) /2,
25 CONTINUE
CWBE,T+EXP(4417=,07672TWB)
DELHS=QREJT/AFLR
HOUT=H] «DELHS
CUTS=2,996T4408E1+,24105952E1#HCUT=.226B6654E=1%HCUT#e> ¢ «102553
XOGFE=38ayT#e3=,14]1T4090E~-6#HTUT RS
QLAT=0RE gT=AFLR® . 244 (TCUTS=TDB)
WEVAP=QLAT/970.3
CCNCQ=5.
WATER FCR BLCWDCWN
WBDWNz ( ,06#QREJT#62,4) /7 (500,%748% (CONCR=1.))
NNEED=wEVAPowBDwN
GPMT=GPM+WNEED/ (8.34%60,)
FUDGE=GPMT*XK (IK) #CwB
LuCKHART SAYS COST = 28FUDGE BUT CCNVERSES ¢CSTS aRF
BOUT 24LCCKHARTS = USE AVG, = 3*FUDGE
CAPCS Sa3.'FUDGE
ACFM-AFLP/(ooo'DIN)
HPFAN= (ACFM#DELP#*5,2) / (33000, #F ANEF)
HPPMPzGPMT® (PHT+10,) 7/ (3960 #PMPEF)
TCTHP=HPFAN+HPPMP
DELFC=DELFC*USEFAC
CPCCS=(TOTHP®eT457/ (PSIZE#10004) ) ®PWCSTRUSEFAC
COSMAT=,0019CAPCCS/ (PSTZE#10004) +01%#3PCCS+,01#SYSCST
TCTCCS=(CAPCTS*ANFCR) / (PSIZE®#1000+#CAPFAC#8.76) +TPCCS
X +COSMAT+SYSCST+DELFC
IF(TSTCoS=ToTCS1) 15491569156
156 IF(NSPCONCEQe1)GC TS 187
IF (NSYSSP.EQ.2)G6C TS 151
APPRgAPPRol,
IF(APPR-ZO-)SOvSOvlSl
157 IF(NSYSCP+EQe2)GC TS 190
151 TC'ICf!o
IF(TC=TCMAX (NCAPS+1))10091004190
154 RA]=RA
CHART=CHAR
PHT1=PHT
PLANA1=P| ANA
AELRI=AFLR
DP1=DELP
APPR1=APPR
HWBl=aH1
SYS1m§YSEST
CAPCS1=CAPCCS
CSSPK1agoSPKW
OPCS1agPCos
COSMA1=COSMAL
THP1=eT3THP
HPF 1=HPF AN
90

no784
0078S
no786
D07R7
007R8
N0TR9
00790
nn791
00792
00793
00794
no795
Nn0796
00797
00798
no799
00800
00801
NoRN2
00803
NnOBO&
00805
00806
00807
00808
00809
00810
00811
00812
00813
00814
00815
no816
00817
00818
n0819
00820
00821
00822
00823
00824
00825
p0OB26
00827
00828
00829
n0B30
00831
00832
00833
00834
00835
00836
00837
00838
00839
00840
00841
00842
00843
00844
00845



HPP | xHPPMP
DELF\=DELFC
QRJ1=QREY
QRJT1=QREJT
FLSWl=F| oW
GPlegpM
WART1SWART
UAT=UA
WEVAPl=WwEVAP
WBDWNI swBDWN
WNEEDN] swNEED
TCl=sTC
XK1mxXK (1K)
TOTCS1=T13TCCS
GC TC 156
190 IF(TCTCS1=1,E3)2009195+200
195 WRITE(IRITE,196) TC,APPRyRA
196 FCRMAT (/3Xy#FCR THE GIVEN CONDITICNS A SCLUTICM CANNST RE
X FCUND#4/93Xs2TC =#,F5,00# APPR 3#4F5,00% RA =#,F5,0)
65 T3 400
200 CONTINUE
210 WRITE(IRITE,212)
212 FCRMAT (#1#415Xg#maume MECHANICAL ORAFT WET TCWER ==eca#,//+ 10
XXs#2THE DESIGN VALUES AND COSTS ARE =#+//)
CALL PRTDS1(QRJ1+TC1sHPF14HPP] s WEVAP] yWRDWN] yAFLR1)
WRITE(JRITE9227)DP],FLCW]1,RA1+APPR]
227 FCRMAT (3X9#PRESSURE DRSP 3#,F5,2+% COND FLCW S29EQ.,447
X 3X#RANGE =#,F4,0y2 APPRCACH =#4F4,0)
IF (NSYSCP=2)230422849230
22R  WRITE(IRITE+229)QRJT]
229 FORMAT(/3Xy2Q REJ TOWER =#,E944,# BTU/HR2)
230 CALL PRTDS2(CAPCS]+CPCS]14COSMA1 +SYSTDELF1yTOTCS14CESPK])
WRITE (IRITE,330)
330 FCRMAT (//15X»#VARIABLF AMBIENT CCNDITICNS#/)
IF(NTAMB,.EQ,0)GC TC 400
TCPMIL=0,.0
TDFMIL=0,0
DG 350 ]=13NCAPS
IF(CAP(1)+EQ404)GC TC 350
AMBCPC(1)=0,0
AMBDFC(1)=0,0
DS 340 J=lyNTAMB
IF(PCTAMB(1,J) 4EQ,0,)G60 TS 340
TC=TCMIN(I)
NTCCP=Q
301 CALL ©AFCST(I+TCyPWCST,DFCSDYQREV)
DT2= (QREJ/FLCW1) /(EXP (UAL/FLCWL) =10)
DT1=DT2+QREJ/FLCW]
T1=Tc=DT2
72=7C-DT1 |
IF (NSYSCP=2)316+3034316
316 IF(T2-TAMWB(J))304,304,302
303 IF(T2=-TAMRV(J)) 304,305,306
308 NTCGD=]
306 T2=TDISUX i
IF (T2.GT.TAMWB(J))GC TC 302
WRITE(IRITE¢313) TAMWS (J)
313 FORMAT(3X#T OIS MAX LESS THAN(CR =) T WB 3#,F4e0r/s
X 3X#REQUIRES NEGATIVE APPRCACH = DISCONTINUINGH#)
ac TC 409
an2 TAXT=(T1eT2)/2,

RAZT1-T2 o1

00846
00847
00848
00849
00850
00851
00852

00853
00RS4

00855
00856
00857
00858
00859
00860
no8s1

00862
N086k3
00864
00865
00866
n0867
00868
00869
00870
00871

00872

00873

00874

00875

00876

00877

00878
00879
00880
0n8al

00882
00883
00884
00885
008R6

00887
00888
00889
00890
00891
no89?2
00893
00894
00895
00896
00897
00898
00899
00900
00901
00902
00903
009064
00905
00906
00907



T32T2+,1#RA
T43T2¢.4#RA
TSITl'.h‘RA
TéaT1=.]®#RA
Co1=WART1#RA
H1=H(TAMWB (J))
H2=H(TAXT)
RDH1=1,/(H(T3)=Hl=,]1#CC1)
RDH2=1./ (H(T4) =H1=,4%CC])
RDH3=14/7(H(TS) =H2+,4%Co1)
RDH4=1,/ (H(T6)=H2+¢,1%C01)
CHAR=(RAZ4,+)* (RDH]1 +RDH2 +RDH3+RDH&)
IF(CHAR LLT., CHAR1) G2 TS 3)0
IF (NSYSSP=2)3044307,304

307 WRITE (IRITE308)CAP (1), TAMWAR (J),TC

308 FCRMAT (/8X#2FOR CAP m#,F4,2,%, T WB m#¢F4,0y £s AND
X Tc m#24F4eQ?/93X#T DIS EXCEEDS TDIS MaX = CCNTINUING#)
GS TZ 315

304 TC:TC*lo
NTCCD2Y

IF(TC +LTe TCMAX(I))GS TC 301
WRITE(IRITE309)PCMAX(T) 2CAP (1) 4 TAMWR ()

309 FORMAT (/93Xs#2CCNDENSER PRESS MUST EXCFED THE GIVEN MaAx SF#ey/ A
XX9F&e2+# FCR THE CAPACITY CF24F4.29# AT T WET BULB =#,F5,00/43Xs#
XPRCGRAM DISCCNTINUING#)

82 T2 400
310 IF(NTCCDGTL0)GC TS 315
WRITE(IRITEL3I12)CAP(I) ,TAMWB (J),»TC

312 FCRMATY (/8Xy#2FCR CAP =#,F4e2¢%y T WR =#4F5,002s AND

X TC =224F4e09/93X2PC LESS THAN PC MIN = ASSUME Pc MIN « CONTINUE#)
IF(DFECCD.GT+0+)DFCCD=0,0

315 CCONTINUE
CPCCD=(THP1#,7457/(PSIZE®1000,)) #PWCST
AMBCPC (1) =AMBCPC (1) +CPCCD®#PCTAMB (J)

AMBDFC (1)=AMBDFC (1) +DFCCD#PcTAMRE (J)

340 CONTINUE
TOPMIL=TOPMIL*AMBCPC (1) #TSTLD (1) #COLPCT (1) #CAP (1)
TDFMIL=TDFMIL+AMBDFC(T) #TSTLD (1) #CCLPCT(I)#CAP(])

350 CCONTINUE
AVCPCS=TOPMIL/TKWHRS
AVDFCS=TDFMIL/ TKWHRS
AVTCST= (CAPCS1®%ANFCR) / (PSIZE®#1000+*CAPFAC#B.76) +AVCPCSeAVDFCS+SYS

X1+CCSMA}
CALL PRTCD(AVCPCSsAVDFCSsAVTCST)
GS T2 400

370 WRITE(JRITE,371) APPR

n CRMAT (2 APPRCACH=#9¢FT7.19# NC CURVES = RUN ARCRTED®#)
6C TS 400 '

400 CONTINUE
RETUPN
END

92

NO9N8
n0909
00910
00911
00912
00913
00914
n0915
N0916
00917
Nno918
00919
n0920
00921

00922
00923
00924
00925
00926
00927
n09?28

00979
n0930
00931

00932
00933
n0934
00935
009136
00937
00938
00939
00940
00941

00942
n0943
n0944
00945
00946
00947
nos4s
00949
00950
00951

00952
009583
00954
00955
00956
009S7
00958



SURRBUTINE SUBNDW
CCMMCN PSIZEsCCPKWoANFCRsFUCSToNCAPS,CAP (6) o TCTLN(S) s ¢OLPCT(S) 9 TC
XMIN(6) yPCMIN(E) y TCMAX (&) yPCMAX (A)y HRCCF2(6) ¢HRACF] (5) ¢HRCSFO(6)
XTDR,TwB,RH,TAVH2C,TCBASE, NTAMB,AMBDFC (5) yAMBCPC (5) ,TAMNB (5) , TAMW
XB(5) yAUBRH(S) s TAMRV (5) 9PCTAMB (5¢5) ¢NSYSCP s TDISMX sNSPACNCVALL A
XREAC+SPFLOWY NH2C+WIDTH*PRPAGReCAPFACIUSEFACY TKWHRSs 1RITE 2 IREAD
P1=3,141%9
PMPEF=0_8
TCTCS1a] E3
HDRMAX=1,5
TwWL=D
TC=TCMIN(NCAPS+])
100 CONTINUE
IF (NSPCCN=1)30+40,30
40 CALL PAFCST(NCAPS+1+TCyPWCSTDELFCHINREY)
NT2= (QREJ/SPFLTW) /7 (EXP (USVALL*ARFAC/SPFLCW) =1,)
NT1=DT2+3REJ/SPFLOW
T1=TCc=DT?2
IF (NSYSOP=2)44+41 444
41 IF(NT1=(TC=TAVH23))15+15942
42 IF (TC=TCMAX(NCAPS+¢1))13+190,190
13 TC=TCe)
68 15 49
15 T2aTDISUX
APPR=T2-TWB
IF(APPR,.LTeT+)GC TS 190
IF (APPR,6GT+20+)GC TC 190
RAaT1=T?2
IF(RAGLT.10,)GC TC 190
G T 46
44 T2=TC-DT1
APPR=T2=TWB
IF(APPR,LTe74)GC TC 151
IF (APPR,BT4+20:)6C TC 190
G2 TS 45
30 IF(NSYSCP=2)31932+31
31 APPR=T7,.
50 T2=TWB+APPR
IF(TC=T2)151,151,51
32 T2=TRISMX
APPRaT2-TWB
IF (APPR.LTeTe)GC TC 190 _
IF (APPR,GT,20¢)6C TC 190
51 ©0nT2=s5,.
CALL PAFCST(NCAPS+],TCsPWCSTDELFCIGREY)
SP= 5146945
45 IEAEEYESND%%Z’TZQQREJoPWCSToDTZ'Tl'UA'FLCW'GPM’SYSCST'
o COSPKW)
QREJT=QREJ
GC T2 47

46 CALL CGND(TC'TAVH239QREJvPWCSToDTZ'Tl9UA0FLCW!GPM05YScSTo
& (CCSPKW)
QREJT'QREJ'(TI'TZ)/(TI-TAVHZC)
47 RART1=T2
IF (RA.LT,10,)6C TS 151
WLCAD=1250.

WLE0 )
"UTINITIAL WATER LoADING 1250 LBM/FT2/HR
4B CONTINUE

BSA=FLOW/WLCAD

DIARSGRTF (4, #BSA/3,14159)

€3

00959
00960
00961
no9k2
N09A1
00964
00965
N09e6
00967
nNges
00969
nGg70
00971
0n972
00973
no974
00975
00976
nnovTT
00978
00979
00980
n09R1
no9R2
00983
00984
0098S
00986
009R7
00988
N09RrR9
n0990
00991
00992
00993
00994
00995
00996
00997
n0998
00999
01000
nlool
01002
01003
01004
01005
01006
n1007
01008
01009
01010
01011
01012
01013
olola
01015
01016
01017
01018
01019
01020



O

120

TAXT=(T1+72) /2,
H1=H (TWR)
H2EH (TAXT)
AFLR=QREJ/ (H2=H})
WARTaF | CW/AFLR
CALC OF CHARI(TCTAL REQUIRED TCWER CHARACTERISTIC) FR3M CTI
T3aT240,1%RA
T4ET2+0.4*RA
T52T1-0,4%RA
T6=T1=0.1%RA
CCI=WART®RA
RDH1=1 ./ (H(T3)=H1=0,1%CC])
ROH2=1,/ (H(T4) *H1=0,44CC1)
RDH3=1./ (H(T5S) =H2+40,4%#CC))
RDH4z1,./ (H(T6) =H2+40,1%CC1)
CHARz (Ra/4,) * (RDH] +RDH2 +RDH34RDH4)
UNC = CHAR/FT CF PACKING FROM LOWE + CHRISTE
UNCE=Q 1% (14/WART) #20,73
PHT=CHAR/UNC
WACT = ACTUAL HUMIDITY
WACT=RH# (0+622%P(TDB) )/ (14+696~P (TDB) )
APSAT= (WACT®144696) /(0,6224WACT)
DIN:]«Q.*(14.696-AP5AT)/(53.35*(7080460.))
DSUT= (144e®(140696=P (TAXT)))/(53,35%(TAXT+460.))
VIN = INLET VELCCITY
VIN=S,
VHDI = INLET VEL HEAD
VHDI= (VIN®#2)*DIN/64et
CPHT= (AFLR/3600,) /7 (PI#DIA®DINSVIN)
SPRAY NOZZLES ASSUMED 4 FT ABCVE PACKING
PPK = DEL P CF PACKING (VEL HEADS/FT)
ASSUMED LINEAR FUNCTICN CF WLCAD = SEE LOWE « CHRISTYE
PKWAZ 5
PKWB=2 SE=~4 ]
PPK=PHT# (PKWA+PKWB#WLCAD)
PSP = DEL _P OF SPRAY .
PSP=E()416#(SPHT +4¢) @WARTS#1432
INLET ¢ EXIT TURNING LSSSES + FRICTICN LOSS = TPIX Vel HDS
TPIX=28,5
TPPP=PPK¢PSP+TPIX
NELP=TPpP#VHDI
THT=NELP/ (DIN=DTUT)
HOR=THT/DIA .
IF (HDR,LEHDRMAX)GC TC 120
WLCAD=,9%WLCAD
IWL=TWL+l )
IF(IWL,LE.10)6GC TO 48
HTDIA=THT#DIA ,
CAPCCS=3,4E5% (HTDIA®%,17)
CNCR=S

TCUTSﬂo§967§4OBEIO.24105952Ei0H2-.226866545-1.H25¢2 +.16255304E=3

X#H2843.,141T4090E-69H2as4
QLAT=QRE J=AFLR®, 248 (TSUTS-TDB)
WEVAP=QLAT/97003 o
WBDWN= (, 06%QREJ#62,4) / (500¢#7 4488 (CCNCR=14))
WNEEDSWEVAP+WBDWN ,
HPPMP= (GPM® (PHT+4 .o OPHT)) /7 (3960, 4PMPEF)
CPCS§!}HRPH?'.7&57/(PSIZEOIOQQ.))QPNCSTQUSEFAC
DELFCsDELFC#USEFAC o
COSMAI®,001#CAPCOS/ (PSIZE#1000¢) ¢4185PCOS+40145YSCST
STLOS=(CAPCCS®ANFCR) / (PSIZE®1000¢*CAPFAC#8,76) +TPCCS
X +CCSMAT+SYSCST+DELFC

o4

01021
01022
01023
n1024
01025
01026
01027
01028
01029
01030
01031
n1n32
01033
01034
010135
01036
n1037
01038
01039
01040
N1041

010642
01043

01044
N1045

01046
01047
01048
01049
01080
n1051

n1052

01053

01054

n105%5

01056

01057

01058
01059
0loseo
01061

01062
01063
01064
01065
01066

01067
01068
01069
01070
01071
01072
01073
01074
0107%
01076
01077
01078
01079
01080
01081
n10R2



IF(TOTCoS=TCTCS1) 154915610156
156 IF(NspEoN.go.xgec TS 187
IF (NSYSCP.EQ.2)GC TC 151
APPR=APPR+1,
1F (APPR.20,)509504151
157 IF(NSYSOP.EQe2)6C TS 190
151 tC=7Ce1,
IF (TC=-TCMAX (NCAPS+1))100+100,190
154 RA1gRA
CHAB1=CHAR
PHT1=PHT
PPx 1aPPK
AFLRY=AFLR
APPR1=aAPPR
HWB1mH}
SYS1=SYSCST
CAPCS1sCAPCAS
CCSPK1=COSPKW
SPCS1=5PCSS
SSMAleCCSMAL
HPFl1a0,0
HPP1sHPPMP
DELE1=DELFC
QRJ1=2QREJ
QRJT 1=QREJT
FLOWY=FLCW
GPMl!GPM
WARTT=WART
UAT=UA
WEVAP1 aWEVAP
WBDWN1=wBDWN
WNEED1=wNEED
TCl=TC
D1Al=DIA
THTIETHT
TAXT)=TAXT
CPHT1=(PHT
TPRPY=TPDP
DP1=pELP
TCTCS1aToTCSS
wLCADlaw| CAD
HDR1laHQR
6o TS 156
RN b
95 WRITE(IRITE, ’ L n ”
196 FGéM§§{/3XE ¢FCR THE GIVEN CONDITIONS A SCLUTICN CANNST B FOUN
XD#,/+3X,#TC u#9FS,0,#  APPR E#,F5.00%2  RA =#,F5.0
6o To 400
200 chTINUEfE 212)
WRITE(]IR ’ -
2)2 ?éRsA%(;itglsx.ﬁ---.- Ng;gRAgEDR:FI/?ET TOWER ====<#4//4 10Xs2
THE DESIGN VALUES AND CQ ARE <%
*CALL PRTDSI (GRJI . TC1oHPF1,HPR1 (WEVAPY WRDWNL aFLEL)
WRITE (IRTTE2271DP1 sFLOW]1 4RAT1APPR1 9 THT1,D1A1,44LD EloCH4R/' HT1
227 FCRMAT (3X9#PRESSURE DRCP m#,F5,1s% CCND FLOW =#9E9,4,/, 3N

. o] GHT ’*.F& (oY)
29Fbe0r? APPROACH =#,F&e0y/¢3X#TOWER HEI .
i“‘iGE ;c;ER'DxAMETER =#F5,0/4 WATER LOADING =#F7:0+# LBM/HR=FT2#
x/ # TOWER CHARACTERISTIC =#F5.29¢ PACKING HEIGHT®#F5,2)

IF (NSYSCP=2)230+228,230
228 WRITE(IRITEs229)QRJT]
229 FCRMAT(/3X,#Q REJ TOWER a#,£9+4,% BTU/HR#®)

230 CALL PRTDS2 (CAPCS] ,0PES1,COSMA] ,SYSTeDELF1,TCTCS14COSPKY)
95

01083
01084
01088
01086
01087
N10R8
n10R9
01090
N1091
N10g2
01093
N1094
01095
01096
01n097
01098
01099

n1100
01101
01102
01103
01104
Nllns
01106
niloz
01108
n1log
01110
01111
nllie
71113
0ll1e
01115
0llte
01117
01118

01119
01120

01121

nilze
01123
N1124
01125
01126
nl127
0l128
01129
01130
01131

01132
01133
01134
01135
01136
01137
01138
01139
01140
01141
01142
01143
01144



IF (HDR1,LE.HORMAX)GG TS 140
WRITE(IRITE, 125)HDR] 4 HDRMAX

125 FORMAT (#p NCTE==H/D=#Fg5e292 WHICH IS GREATER THAN#,
X # H/PMAX2EES2//)

140 CONTINUE

WRITE (IRITE,330)

330 FCRMAT(//13Xs#VARIABLE AMBIENT CCNDITIONS#/)
IF(NTAMB,EQ,0)6C TC 400
TCPMILED.0
TDFMIL=000
DS 350 [=1yNCAPS
IF(CAP(]) «EQe04)GC TC 350
AMBCPC(1)=20,0
AMBDFC(1)=0.0
DC 3“0 JSIQNTAMB
IF(PCTAMB(I4J)+EQ.0.)6C TC 340
TCaTEMIN(I)

NTCCh=0

301 CAL|L PAFCST(I+TCyPWCST+DFCCD9QREY)

DT2= (QREJ/FLOWL) Z(EXP (UAL/FLEW1 ) =l)
DT1=pT2+0REJ/FLSW)

T1=TC~DT2

T2=TC=DT1

IF (NSYSOP=2)3164303,316

316 IF(T2-TAMWB(J)) 304,304,320

303 1F(T2-TAMRV(J)) 3044305306

305 NTCGD=al

306 T2=TDISHX

IF(T2.6T.TAMWB (J})GC TS 320
_ WRITE(IRITE,313)TAMWB (J)

313 FCRMAT(3X#2T DIS MAX LESS THAN(CR =) T wB =¢# oFGeQy/y IXEREQUIR

XES NEGATIVE APPRCACH = DISCONTINUING#)
G TS 400

321 IF(NSYSCP=2)304+307+304

307 WRITE(JRITE+308)CAP(I)TAMWB (J),TC

308 FORMAT(/8X#FCR CAP =#,F4,2,%, T WB =24F4,0929 AND TC =#
X sF4,0/73%Xs#T DIS EXCEEDS T DIS MAX = CONTINUING#)

GS TS 315
304 TC=TC+],
NTCCD=1
IF(TC +LTe TCMAX(I))GC TC 301
WRITE(JRITE309)PCMAX(T) 9CAP(I) ¢+ TAMWR ()

309 FORMAT (/93%9#CONBENSER PRESS MUST EXCEED THE GIVEN MAX oF#9/ 8
XX F4,242 FCR THE CAPACITY CF#24F6,2¢% AT T WET BULB 32,F5,04/,3%Xo2P
XRCGRAM DISCONTINUING#)

GC TS 400

320 WACT=AMBRH (J)#*(,622*P (TAMDR(U)) )/ (14696=P (TAMDR (J)))
APSAT=WACT#140696/ (,622+WACT)
DINZ144,%(14,696=-APSAT)/(53,35% (TAMDR (J) +460,))
TAXT=(TYeT2) /2,

RART)~T2

H1sH(TAMWB(J))

HP2aH (TAXT)

DOUT=(144e% (14¢696=P (TAXT)))/(53,35%(TAXT+460,))
AFLR=QREJ/ (H2"H1)

VINS (AFLR/3600¢) /7 (PI*DIAL#CPHTI#DIN)
WART=F| CW1/AFLR

PSP, 164 (CPHT+4,) #WART##] ,32
TPOP=PPK] +PSP*TPIX

VHDI= (VIN®##2) #*DIN/64e &
THT=(TPDP*VHDI) / (DIN=DOUT)
IF(THT=THT1,67.5.)60 T5 321

96

N1145
01146
01147
01148
01149
nilso
ni11s]
01152
01183
01154
nllss
Nn1156
01157
nllss
nllso
01160
nliel

nllee
nN1163
01164
01165

n01le6
01167
01168
01169
n1170
n1t71l

01172
01173
oll74
0117%
Nn1176
01177

01178
01179
01180
01181

nllsz
N1183
01184
01185
01186
N11R7
0ol1188
01189
n1i%0
n1191

o1192
01193
01194
01195
01196
olle7?
01198
01199
n1200
01201
01202
01203
01204
01205
01206



1F (NTCCD,0T,0)88 T3 315
B wnxrs?xniretgxzfcap(x}.TAMwa(J).tc
312 FORMAT (/8X¢#FCR CAP m2yFhep oy

_ IF(DFCCD.GT.0.)DFCCD®0,0
315 CONTINUE

CPCOD=® (HPP1#,T45T/ (PSIZE*]1000.) ) #PHCST

T WB m#2,F5.,0e29 ANP TC n#,
X Fé4,0/2 PC LESS THAN PC MIN = ASSUMFE PC MIN = CCNTINUFR#)

AMBCPC (1) =AMBCPC (1) +0OPCSD#PCTAMB (J)
AMBDFC (1) =AMBDFC (1) +DFCCDePCTAMB (J)

340 CONTINUE

CPMIL=TOPMIL*AMBIPC (1) ®TSTLD (1) #COLPCT (1) #CAP(])
TOFMIL=TOFMIL*AMBDFC (1) #TCSTLD (1)#CCLPCT (1) #CAP(I)

350 CNTINUE
AVSPCS=TCPMIL/TKWHRS
AVDFCS=ETDFMIL/TKWHRS

AVTCST=s (CAPCS1®ANFCR) / (PSIZE#1000%CAPFAC#8,76)

X1 +CTSMA)
CALL PRTZD (AVCPCS+AVDFCSAVTCST)
GC TC 400
400G CCONTINUE
RETURN
END

97

+AVCPCS+AVNFCSeSYS

01207
01208
01209
ni210
01211
01212
01213
01214
nl215
n1216
n1217
n1218
51219
n1220
122}

niz222
n1223
n1224
01225
01226
n1227
niez28



> > X M

SURRCUTINE PAFCST(1,TCyPWCSTDELFCQRE
COMMSN PSIZE9CCPKH,ANFCR.FUZST.hcA;S?Ci;(6).TcTLn(S).
CCLPCT(5) s TCMIN(6) yPCMIN(6) + TCMAX (6) sPCMAX (6) 9
HRCCF2(6) yHRCCF1 (6) yHRCCFO (6) + TDBy TWB4RHs TAVH2C » TCRASE,
NTAMB, AMBDFC (5) y AMBCPC (5)  TAMDB (5) 4 TAMWB (5) y AMRRH (5) ,
TAMRY (8) yPCTAMB (545) ¢NSYSSP s TDISMX (NSPCCONUCVA| L1AREAC ¢ SPFLLCWe
NH2C s WIDTHyPRPAGRy CAPFAC»USEFAC TKWHRS s TRITE ¢ IREAD
HRBAGE=HRCCOF2 (1) #TCBASE##2+4HRCCF) (1) #TCBASE+HRCOFO ()
:g;BR?Hﬂcgsz(zi’TC"ZoHPCCFl(1"TC‘HPC3F0(I)
= (HEATR=3413,) %pS1ZE* ®
SELHRenE ATRNRBASE IZE*CAP (1) #1000,
DELFC=FUCST#DELHR*] ,E=~5
PWCST2FUCST#HEATR*] ,E~5+ (CCPKW*ANFCR) 7/ (CAPFAC#8,76)
RETURN
END

98

01229
nl230
01231
01232
n1233
n1234
01235
01236
01237
01238
n1239
n1240
n12s1
01242
01243



*

10
15

20
25

30

50

X

X
X
X
X

SURRSUTINE CCND(TCCNDsTINyQREJPWCST,DT24TOUT,UA,FLOW,APM,
SYSCSTyCOSPKW)
CCMMSN PSIZE »CCPKWyANFCRIFUCSToNCAPS(CAP(6) 4 TSTLN(5),
COLPCT (5) s TCMIN(6) yPCMIN(6) ¢ TCMAX (6) 9PCMAX (6) »
HRCOF2(6) yHRCCF1 (6) yHRCCFO (6) 4 TDOBs TWB4RHy TAVH22+ TCBASE,
NTAMB , AMBDFC (5) yAMBCPC (5) y TAMDR (5) 4 TAMWB (5) 4 AMRRH (5) ,

TAMRV(S).PCTAMB(S.S).NSYS~P TD1SMX ,NSPCCN,UCVAIL L AREAC,SPFLCWy

NH?C s WIDTHPRPAGRyCAPFACyUSEFAC Y TKWH

IF(NSPCQN.EQ.I)GO TS 30
x:na:;égN CF HEAT TRANSFER CCEFFICIENT,y UALL s WITH TYPE

IF (NH20)20¢10915

UALL=340e
6C T¢ 25

UALL=6420.
6C TS 25

UALL=2250

CSNTINUE

DT1=TCSND=TIN

TCUT=TESND=DTR2

NELT=TSUT=TIN

ALCG MEAN TEMPERATYRE DIFFERENCEs LMTD

DTLGM= (DT1=DT2) / (ALCG(DT1/0T2))

ACSNDaRREJ/ (DTLGMSUALL)

UA=UALL®ACSND

CONCST=20.% (ACCND#*],05) #%,9

65 PERCENT INCREASE IN MATERIAL CCSTS IF SALT WATFR USED

!F (NHZV.LT.O) CVNCST=CUNCST’I 65
FLOW=QREJ/DELT

GPM=FLOW/ (B434%60.)

ASSUME 35 FT OF HEAD
CHEAD-35
PMPCSI=(GPM’CHEAD“.7457’PHCST)/(3960.'PMPEF°PSIZE 1000.)
1 DSLLAR PER GPM FCR CCST CF PUMPS

COSPKWa (CONCST+1+#GPM) / (PSIZE®1.E3)

SYSCST= (COSPKW®ANFCR) / (CAPFACHS, 76) +pMPCST
2 T2 S0

UAlUuVALL'AREAC

FLuw.SpFL
GPMaFLoW/ (8,34%60.)

SYSCST=20.0

RETURN

END

99

01244
01245
01246
n1z247
01248
N1249
01250
n1esl
01252
n1253
N1254
n1255
01256
n12s7
01258
n1259
n1240
n1261
01262
01263
01264
n1265
N1266
01267
01268
n1269
01270
0l271
01272
n1273
01274
01275
01276
01277
01278
01279
Nn1280
n12sl
01282
01283
01284
01285
01286

01287



SURRGUTINE PRTDS] (QREJ«TC,HPF yHPP yWEV IWRD s AFLR)

SUMMCN PSIZEOCCPKV!ANFCR!FUCST!NCAPSQCAP(a)OTCTLD(S)0 cOLPCT(S)eTC
XTéN(ﬂ)oPCMIN(b)gICMAX(G)!PCMAX(G). HRCCF2(6) yHRACFL (&) yHRCCFO(6) o
XB BeTWByRHy TAVH2C y TCBASE NTAMB.AMBDFC(S).AMRCPC(S).TAMDB(S).TAMW
:Réié02:532;5)’NH;AMR¥(5)oPSTAMB(S,S).NSYSCPQTDISMXoNSPCCNoUCVALLoA

’ W,y CoWIDTHIP GR P TKwH
HEVCFSaNEVI244700:' 'yPRPAGR 4 CAPFAC yUSEFAC s TKWHRS, TRITE » IREAD
:ao$rs=w30/z4a700.

RITE(IRITES10)QREY s TCoHPF sHPP s WEVCFSsWEV s WBDCFS «WBD s AFLR

10 FCRMATQI’3X:¢Q REJECT z#,E9,4¢2 BTU/HR AT T CCNDENSEQ =#y F5,0
Xe/93X9#FAN PCWER 3#4EQ.49# WP PUMP PSWER =#9F9eGe2 HP#y/, 3IX4#
*H20 EVAP 3¥4E94¢49# CFS (#4E9,49% LB/HR) 2/
: : :32 gtczogx? a¥4EQeh92 CFS (24F9,602 LB/HRy 2/
° E =%¢E944,42
RETURN 21E9,4,42 LB/HR#)
END

100

012R8
01289
nl290
n1291
n1292
01293
01294
01295
01296
01297
01298
Nn1299
Nn1300
n1301
n1302
01303



SUBRCUTINE PRTDS2(CAPCCSeSPCOSICOSMATISYSCCSNELFCTETACSICOSPKW) 01304
COMMEN PSIZEsCCPKWy ANFCRIFUCSTINCAPS,CAP(6) 9 TOTLNIS)y COLPCT(S)eTC 01305
XMIN(6) yPCMIN(6) y TCMAX (6) 'PCMAX () 9y HRCCF2(6) +HRACF1 (6) +HRCCFO(K) s 01306
XTDRyTWB,RHy TAVH2C s TCBASEY NTAMB,AMBDFC (5) s AMBCPC (5) 4 TAMNB (5) o TAMW 01307
XB(5) yAMBRH(5) s TAMRV(5) yPCTAMB (5¢5) yNSYSCP,TDISMX yNSPACNIUCVALL,A 01308

XREAC,SPFLOW, NH2C,WIDTHsPRPAGR,CAPFAC,USEFAC,TKWHRS,IPITE,IREAD 01309
WRITE(IRITE910) CAPCCSsCOSPKWsCPCCS+CCSMATYSYSCCSeDELFRYTCTCSS 01310
10 FCRMAT (20 CAPITAL COST ®#4F9.44# DOLLARS#/#  CONDENSFR AND PUMP 01311
9CCST =#,E9.49% DCLLARS/KW#/%¢  CPERATING CCST =#, 01312
X FOe3e#® MILLS/KW=HRZy/¢ 3IXs#MAINTENANCE CCST 22,r6,3¢4 MILLS 01313

X/KW=HR2y /9 3IX+PCTNDENSER SYSTEM COST m#,F6.392 MILLS/KW=nr#s/, 3X, n1314
X2DIFFERENTIAL FUEL COST =#sF6e392 MILLS/KW=HRZs//9 3X,2 T2TAL SYS 01315

XTEM COST =#4F6,39#% MILLS/KW=HR%/) n1316
RETURN 01317
END 01318
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SUBRCUTINE PRTOD (CPCSD,DFCIDLTCEN)

COMMON PSTZE ¢ CCPKW, ANFCRFURSToNCAPS sCAP (6) 9 TSTLN(5) s AOLPCT(S) 9 TC
XMIN (6) PEMIN(6) y TCMAX (6) sPCMAX (6) » HRCCF2(6) yHRCOF 1 (%) 9HRCOFO(6)
XTDBsTWR,RHy TAVH2C s TCBASEs NTAMB o AMBDFC (5) y AMBCPC (5) o TAMDB (5) o TAMW
XB (5) JAMBRH (5) s  TAMRV (5) sPCTAMB (595) yNSYSCP ¢ TDISMXoNSPCONs USVALL 4 A
XREAC+SPFL.CWy NH28,WIDTHePRPAGR,CAPFACUSEFAC TKWHRS, IRITE IREAD

WRITE(IRITE,10) CPCCD,0OFCED,TCOD

10 FORMAT(/5Xo#WITH THE VARICUS AMRIENT TEMPERATURFS#4/,
X SXo2THE COSTS ARE =#4//9
X 3Xy2CPERATING CUST =#,F6,3,2 MILLS/KW=HR%,/,

: 3x5;D;§§$2EN;$g# FUEL CCST s#eFge39# MILLS/KW=HO¥4 /0
' ] E ! -

RE%URN CTAL EM COST 3#,F6434% MILLS/KW=HR#)

END
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01319
01320
01321
01322
01323
01324
01325
01326
01327
01328
n1329
01330
n1331
01332



FUNCTIGN H(

)
'21.572{42-,93539227010.293652~3E-o1-1~~z ~e26605772F=030Te83e

Xe12608996E=0SoTo4
RETURN
END
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01333
n1334
01335
n1336
01337



FUNCTIGN P(T)

2016818166E=14,146461089E=29T4,83460247E-54T#52+,4547537E=6

X #7263=,20658843E«90Tonge
RETURN
END

«22620224E=]08Ta85

1oy

01338
01339
01340
01341
01342



200
100
5150
80

150
350
150
7987
100
7974
100
§055
100
8828
100

150
8000
85
70
60
60

4000
25
30
40
50
00

2000

150
80
1750

100

DATA SUBD1

10
25
700
30

100
450

350
8543

300
8oea9
15

105

1000 g
0
360
15
3 S
100 150
450 350
350
8151
10 4000 =]
350 2. 16E5 4,267

1



200
100
5150

150
80
1750
70

100
400
250
8037
200
8025
200
8195
200
9381
200

200
8009
75
80
70
65

4000
25
30
30
25
00

800

DATA SUBD2

10
25

700

100
450

350
B8543

300
8089
1.5

106

1000 5
0
360
15
3 5
100 150
450 350
350
8151
10 4000 0
350 2+ T6ES 4,27



DATA SUBD3

200 150 12
100 80 60 ég 5008 >
5150 1750 800 700 360
80 70 S0 30 15
3 3 4 3 3 5
150 100 100 100 100 150
350 400 400 450 450 350
150 250 35850
7987 80137 8153
100 200 300
7974 8025 8174
100 200 300 350
8058 8195 8430 8543
100 200 300
8828 9381 9815
100 200 300
0 0 0
150 200 250 300 350
8000 8009 8042 8089 8151
85 75 75 1.5 10 4000
70 80 8s
60 70 70
60 65 70
10 10 10
4000 4000 4000
25 25 50
30 30 40
40 30 30
50 25 25
00 00 100
2000 2 0 85
1 1 ] 1
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200
5150

o12
60
800
50

100
400

DATA SUBD4

350
8543

300
80AR9
1.5
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5000

360
15

100
450

350
8151
10

150
350

4000
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