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ORVAC-TF: A FORTRAN CODE FOR THE CALCULATION OF A
DESALINATION PLANT TNCORPORATING A VAPOR
COMPRESSOR SYSTEM TOPPING AN MSF PLANT

ABSTRACT

A program has been written for the IBM-7090 system which defines the
operating characteristics and component costs of a vapor compressor-MSF
coupled desalination plant complex. The plant complex consists of a
reactor plant for the production of steam and a distillation plant for
production of water. The distillation plant consists of a vapor com-
pressor plant (two vertical evaporator effects, compressor, back-
pressure turbine and generator) and an MSF plant which is used to
preheat the vapor compressor feed stream and utilize the steam from the

back-pressure turbine for further water production.

The output from the program consists of all pertinent operating and

cost information for the two major coupled plantis.
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ORVAC-TF; A FORTRAN CODE FOR THE CALCULATION OF A
DESALINATION PLANT INCORPORATING A VAPOR
COMPRESSOR SYSTEM TOPPING AN MSF PLANT

IDENTIFICATION

ORVAC-TF: Distilled Seawater
Machine: TBM-7090 Language: Fortran IV

Union Carbide Corporation, Nuclear Division
Qak Ridge Gaseous Diffusion Plant

Oak Ridge, Tennessee

PURPOSE

ORVAC-TF was written for a parametric study of the design, capital costs
and operating costs of a vapor compressor-MSF coupled desalination plant.

The plant complex consists of:

1) A nuclear-powered reactor which supplies heat for the
production of steam,

2) A turbine-generator plant which produces electricity for
use within the plant and mechanical energy for the vapor
compressor,

3) A vapor compressor,

4} VTE evaporator effects associated with the compressor,
and

5) An MSF preheating and water producing system,

A flow diagram of the vapor compressor-MSF plant complex appears in

Figure 1.

The seawater Teed is heated by passing through the tube side of the M3F
preheater. The feed enters the high temperature (discharge) VTE effect
where the compressor discharge vapor i1s condensed and evaporates an
equivalent portion of the feed. The more concentrated feed then enters
the lower temperature (suction) VIE effect where more evaporation occurs.

Finally, the feed stream is returned to the flash plant where it flashes
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down to the blowdown temperature, providing heat for the preheating
requirement and producing fresh water. The vapor from the suction
effect is compressed by the vapor compressor to the pressure of the dis-
charge effect. The vapor becomes superheated during adiabatic compres-
sion. To avoid low heat transfer coefficients, this superheat is
removed in a desuperheater before the vapor passes to the discharge VTE
effect, A flash tank 1s used between effects to allow product to
"flash" down to the suction effect condensing temperature, The vapor
thus formed is used for heating the suction effect. The product formed
in the vapor compression system 1s introduced directly into the first
MSF stage product tray; however, the brine blowdown is heated in the
brine heater before being introduced into the top stage of the MSF

preheater.

RESTRICTIONS
Hardware
The code 1s written for the IBM-7090 with the following hardware:

on-line tape units 5 and 6
off-line card-to-tape
off-line tape-to-card

off-1line tape-to-printer.

System

The code is written in Fortran IV and contains a main program and
thirty~four subroutines arranged in five linkages. The linkage system
of overlays was required due to the size of the program, There are no
programmed pauses or stops, AlL input and output is by magnetic tape

for use in monitor-type operation.

METHOD

Description of the Problem

It is desired to design and determine the cost of a desalination plant

incorporating a vapor compressor operating across VIE evaporating



effects with an MSF preheater. A nuclear reactor provides prime steam
to operate the turbo-generator and the vapor compressor drive turbine.
The turbines operate with a relatively high back pressure in order to
provide exhaust steam for the MSF plant which serves to preheat brine

for the VTE effects and, additionally, produces water.

Figure 2 presents an overall program flow of ORVAC-TF, Several initial
estimates of variables (vapor compressor shaft power, concentration
between VIE effects) are needed to begin the calculation. This enables
the vapor compressor characteristics, brine flows and steam flows to be
calculated. A better computation of the inter-effect concentration
enables the compressor and flow variables to be calculated more accu-
rately. One such ilteration is sufficient. The compressor and VIE
geometries are determined, together with the variables required to enter
the MSF plant calculation. The subroutine ORSEF is called which com-
pletely designs the MSF plant. The code ORSEF has been documentedl and
details are therefore not given here. A flag, K¢UTPT, determines the
program flow, Initially, K¢UTPT = 0 and the heat and material balance
portion, only, of the MSF plant program is solved to determine the
proper scaling for the vapor compressor shaft power. K¢UTPT is then set
equal to 1 and the next time ORSEF is called the MSF plant program is
gsolved in its entirety. The vapor compressor system and its associated
cost eguations are also solved. All output is printed after the vapor

compressgor costs are computed in subroutine C¢STVC,

Capital costs of all major equipment items are caleculated. The impor-

tant operating costs are computed and a unit cost of water is determined.
p P

The data input to VAPC¢M consigts of:

1) Steam temperature

2) Temperature drop across each VTE effect

1 .
Mothershed, C. T., ORSEF: A Fortran Code for the Calculation of Multi-
Stage Flash Evaporation Desalination Plant Designs, March 1966,
(ORNL-TM-15L2) .
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CALL
ORSEF

Py CHARACTERISTICS
REMAINING
FLOWS AND
COMPRESSOR
GEOMETRY CALCULATE
BRINE AND
| STEAM FLOWS
CALCULATE
VTE TUBE
GEOMETRY
RECALCULATE
CONCENTRATION
| BETWEEN
EFFECTS
CALCULATE
VARIABLES
NEEDED FOR
MSF PLANT
1S
THIS THE
FIRST TIME
THROUGH?
NO
CALL
ORSEF
SCALE TO
PROPER VAPOR
WRITE COMPRESSOR
VAPCOM SHAFT POWER
OQUTPUT ‘
CALL
COSTVC
WRITE
COSTVC
OUTPUT

{

READ

DWG. NO. G-67-803

INPUT DATA
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SHAFT POWER
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COMPRESSOR
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VAPOR
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Total plant product rate

=

(G N O NN
N e e e s n

Ocean concentration

VC maximum concentration ratio

Evavorating temperature for the suction effect
Prime turbine steam conditions

VIE tube geometry (length, i.d.)

\O

Reactor parameters (prime steam conditions, reactor and

turbine cycle efficiencies, auxiliary power requirements).

Equations

The fTollowing sections contain commented descriptions of ORVAC-TF sub-
routines. The Fortran equations which require explanations are listed

in sequential order preceded by a brilef discussion or comment.

1. VAPCEM

This subroutine calculateg processg characteristics, geometry items

and costs of a vapor-compression water plant shown in Figure 1.

After the initial data are read into VAPC@M, several constants are

gct in the body of the program.

The suction effect chemical boiling-point elevation may be cal-
culated explicitly. One degree is added to the chemical boiling-

point elevation to allow for inherent system resistances.
CgNSUC = CP X CRVC
CALL B@PR (TSE,CPNSUC,ALPHA)
ATPHAS = ALPHA + 1.0.

The cuction effect condensing temperature 1is then calculated.
T = TSE - ALPHAS
CATI, PSIA (T,CMPS)

TsC = T8E + DELTS.



The salt concentration of the discharge effluent has to be estimated

to calculate the chemical boiling-point elevation of the discharge

effect.
1.0
CRF = éuo - EﬁVé)
CANDIS = cyﬁ/ 1 0 - 935)
ALPHAS = ALPHAS - 0.k
TDE = TSC + ALPHAD
C = C¢NDIS

CALL B@PR (TDE,C,ALPIHA)
ALPHAD = ALPHA + 1.0.

Evaporating and condensing temperatures in the discharge effect are
then calculated.

TDE
TDC

TSC + ALPHAD
TDE + DELTAD,

It

i

Characteristics of the compressor may then be calculated.
PR = CMPD/CMPS
CALL VAPV (TSE,CMPS,SPVPL)
CMP@W2 = TBPUT2 X EFFCEM.
The enthalpy of the inlet and discharge streams is:
CALL VAPH (TSE,CMPS,HSUC)
CALL VAPH (CMID,CMPD,HDIS).
The suction effect vapor flow is:
WS2 = TBPUT2/(HDIS - HSUC),
The vapor flow from the flash tank is:

_ WS2 X (HTDC - HTSC)
W = VAPTSC )




The blowdown flow is:

CB CP X CRVC

CPNDIS X WS2
WB2 = ©B - cwpis -

The discharge effect vapor flow is:

WB2 (HCPN-HBLEW) + WS2(HC@N-HSUC) + WVF(HVSC-HTSC)

whe HTSC - HVIDE :

The salt concentration of the discharge effect effluent is now

recalculated.
CQ X WF2
CANDIL = Fesrvres -

An iteration is used until C¢NDIl approaches C¢NDIS.

New values of WD2, WF2 and WB2 are obtained and used to iterate the
correct value of C@NDIS.

Flows and heat content of various streams are now calculated.

QDIS = WS2 X HDIS
QPRD = WP2 x HTSC
QBLPW = WB2 X HBLEW

i1

QFEED QPR@D + QBLEW - TBPUT2 .

The feed stream temperature is determined from the slope of its

enthalpy-temperature line.

Compressor volume flows and geometry are calculated.

Vs = WS2 X SPV@L/60.0
VCGPD2 = 2.90333(WS2 + WD2)
VPLDIS = WS2 x SPVPLD/60.0

- 0.5
B VALDIS X 4,0
PIAMED = | s 9p7g & 500.0 % 60.0]



The VTE tube heat transfer coefficients are:

TSEC TSE - ALPHAS

I

UDELT = TSC - TSEC

CALL UCALC (UDELT,LENS,TSEC,C@NSUC, ZUBARS)
UDELT = TIDC - TSC
CALL UCALC (UDELT,LEND, TSC,C@NDIS, ZUBARD)

The effect areas and tube geometry are next calculated.

AD = WS2(HDIS-HTDC)/(ZUBARD X DELTAD)

AS = [WD2(HVSUC-HTSC) + WVF(HVSC-HTSC)]/(ZUBARS X DELTS)
ND = AD/(LEND X 3.1416 X DISID)

NS = AS/(LENS x 3.1416 X SUCID)

The vapor-compression performance ratio is:

WP2 X 1.E3

RPVC = g

The steam flows required for operating the VC plant and turbo-

generator are:

W8l = TBPUT2/WA
and
WS3 PPBTU2 + REAPP X WS1[HTURBI-HLTRBS]
WA - REAPY X [HTURBI-HLTRBS] ’
respectively.

Process steam quality is:

HTURB@-HLTRBS
QWAL = NTRBS-ALTRBS °

The total heat input at the top of the MSF plant is:
QBR = TBPUT2 + WSTEAM X (HVTRBS-HLTRBS).

The MSF system ($RSEF) is now called.
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The turbine output power is then scaled.

GTPT
)

TBAUT2 = TBPUTR Gigm

VAPC¢M writes out all the pertinent vapor compressor information.
CﬁSTVC is then called to furnish the required cost calculations and

end the program.

2. @RSEF

¢RSEF is actually a complete program for the solution of the MSK
system which serves as the preheater for the subject system. In
¢RVAC—TF, it is used as a subroutine. Since ¢RSEF has been docu-
mentedl the details of this program will not be repeated here.
Since the time of documentation, revisions have been made in ¢RSEF.
Most notable of these changes has been (a) conversion from Fortran
IT to Fortran IV language, (b) improvement in the associated cost
basis, (c) changes in physical properties bases, (d) improvement of
a routine for computing the condenser tube bundle geometry, (e) in-
corporation of a routine for computing the demister requirements,
and (f) improvement in the total boiling-point elevation assumptions.

The @PRSEF code used with ¢RVAC—TF ig this later version.

3. B@PR

This subroutine calculates the boiling-point elevation of saline
solutions as a function of temperature and salt concentrationag
The data were obtained and fitted to an equation by Stoughton and

Lietzke.5

2Ayers, W. D,, Physical Properties of Brine and Product Water, Internal
Correspondence to D. M. Eissenberg, Y-12, December 16, 19606.

jStoughton, R. W. and Lietzke, M. H., "Calculation of Some Thermodynamic
Properties of Sea-Salt Solutions at Elevated Temperatures from Data on
NaCl Solutions," Journal of Chemical and Engineering Data, Vol. 10,

No. 3, pp 254-260, (July 1965).
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BPE = [565.757/TCPR - 9.81559 + 1.54739 X én TCPR
- (337.178/TCPR - 6.41981 + 0.922753 X fn TCPR)CCHR
+ (32.681/TCPR - 0.55368 + 0.079022 X n TCHR)CCPR=]
X cc¢R/(266,919.6/Tc¢R2 - 379.669/TCPR + 0.334169)

BPR = 1.8 X BPE
where:

BFR = boilling-point elevation in °F

TCPR = (t(°F) + 460.0)/1.8

CCPR = 19.819 x ¢/(1.0-C)

C = salt concentration, weight fraction.
DINTPL

This subroutine calculates various physical properties of saline
solutions as a function of temperature and salt concentration.2 A

flag, II, determines which physical property will be calculated.

a) If IT = 1, the specific heat branch is entered. If the salt
concentration is < 0.005, the specific heat of pure water is

calculated.
cP = 1.0121559 - 0.00024618473(T) + O.lO282155E—5(T2).
For salt concentrations > 0.005, the following equation is used:

CP = 0.96946859 + 2,0(0.00010404965)(T) - 0.91199294(C)
+ 2,0(-0.00064829659) (¢)(T) - 1.555779(02)
+ 2.o(o.oo76721469)(02)(T) + 6,7981008(05)
+ 2,0(-0.01261055u)(05)(T)

where
CP = specific heat, Btu/1lb-°F
T = temperature, °F

= galt concentration, weight fraction.

b) If IT = 2, the enthalpy branch is entered. If the salt concentra-
tion is < 0.005, a subroutine WATH is called which calculates the
enthalpy of pure water.



For salt

H =

where

T =

12

concentrations > 0,005, the following equation is used:

4

30.234836 + 0.96946859(T) + 0.0001ou0u965(T2)

72.470209(C) - 0.91199294(C)(T) - o.ooo6u829659(c)(T2)
25.759725(C°) - 1.555779L(¢7)(T) + 0.0076721469(c”) (1")
386.23682(C°) + 6.7981008(c” ) (1) - 0.01261035L(C7)(T°)

W N —

enthalpy, Btu/lb

temperature, °F

salt concentration, weight fraction.

The branches, IT = 3 and 4, are dummy branches and not used.

If IT = 5, the density branch is entered and the following equa-

tion used:

DEN =

where

DEN =

62.707172 + L9.364088(C) - 0.43955304E-2(T)
- [0.032554667(C)I(T) - o.u6076921E-u(T2)
+ [0.652u0299E—u(c)](T2)

density, 1b/ft’
temperature, °F

salt concentration, weight fraction.

If IT = 6, the thermal conductivity branch is entered and the

following equation used:

CPND

where

C@ND

i

I

[0.30157913 + 0.697989E-3(T) - 0.12506E—5(T2)
- 0.2072E-10(T5)] X [- 0.1687109(¢c) + 1.0]

thermal conductivity, Btu/hr-ft-°F
temperature, °F

salt concentration, weight fraction.
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f) If II = 7, the viscosity branch is entered and the following

eguation used:

o[- 10.592566 + 0.4606532E-2(R) - 11.591155(C)

Vis =
+ (0.012602329)(C)(R) + 4759.5941/R + 3863.7378(C)/R]
where
VIS = wviscosity, 1b/hr-ft
= temperature, °R
C = salt concentration, weight fraction.

5. WATH

This subroutine calculates the enthalpy2 of pure water as a funection

of temperature using the following equations:
If T < 360°F,

H = - 32,179105 + 1.0088084(T) - 1.1516996E—M(T2)
+ u.8555856E-7(T5) - 7.5618778E-10(T“)
+ 9.6350315B-13(T°) .

If T > 360°F,

H = - 9,0411706E2 + 10.673802(T) - u.2755856E—2(T2)
+ 9.412L4E-5(T0) - 1,0315357E-7(T) + b.5602L6E-11(T°)
where
H = enthalpy, Btu/lb
T = temperature, °F.

PSTA

[O)

This subroutine calculates the saturated pressure of water vapor as

a function of the saturated vapor temperature.

T

i

(TF + 459.69)/1.8.
If TF < 122°F,

11.6959(218.167)
3
Exp [é,5025851(X/T)(:éigézgé{j]




1h

where
TF = saturation temperature, °F
= saturation pressure, psia
= 6h7.27 -1
3.2L43781kL
= 5.86820E-3
= 1.1702379E-8
= 2.1878462E-3

g Q W > X g
il

If TF > 122°F,

5 14.6959(218.167)
3l
Exp I:a, 3025851(X/T) (AJFB’ffng;m }
where
TF = saturation temperature, °F
P = saturation pressure, psia
X = 6hr.27 -1
A = 3.3L46313
B = 4,14113E-2
C = 7.515484E-9
D = 1.3794h81E-2
E = 6.56444E-10
Y. VAPTS

This subroutine calculates the temperature of water vapor as a

function of pressure and entropy.

ZED = 0.57477 % AloglO(P) - 3.2949 + 0.93551(8) + 0.52551(82)
A0 = 203.0

Al = W77.% + 70.0(8)

A2 = hho.0 - 24.86(8)

T = AO + AL(ZED) + A2(ZED2)

op - 1.0

[- 9.51% + 11.342(8) - 2.756(82)]
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The subroutine VAPS is then called to obtain an entropy check value:

CALL vaPS (T,P,SC)
DELS = 8C - 8

DELT = - (T + 459.69)(DELS) | 1.0 + §2§%§§7 /CP

If |DELT| < 0.005, the calculated temperature, T, is used as the
answer and control is returned to the calling program.

If |DELT| > 0,005, T = T + DELT and control is returned to:

CALL VAPS (T,P,SC)

where
P = pressure of water vapor, psia
S = entropy of water vapor, Btu/°F-1b
SC = entropy of water vapor, Btu/°F-1b
T = temperature of water vapor, °F.
VAPTH

This subroutine calculates the temperature of water vapor as a

function of pressure and enthalpy.

7 = A0 + AL(H) + A2(H) + [ 5 :]
(BO+BL(H)+B2 (1)

CPIV = Al + 2.,0(A2)(H) - P[(Bl+2.O(B2)(H)]/[(BO+B1(H)+B2(H)2]
where

AO = - 2.827783

A1 = 3,0391

A2 = - 3,5413E-L

BO = 2.4318E1

BL = - 7.1479E-2

B2 = 0.45305E-4

T = temperature, °F

= enthalpy, Btu/lb

P = pressure, psia.

2



10.

16

The subroutine VAPH is called to obtain an enthalpy check value:
CALL VAPH (T,P,HC)
DELT = CPIV(H-HC) .

Ir ]DELTI < 0,005, the calculated value of T is used as the answer

and control is returned to the calling programn.
It |DELT| > 0.005, T = T + DELT and control is returned to:

CALL VAPH (T,P,HC).

VARV

This subroutine calculates the specific volume of water wvapor as a

function of temperature and pressure.

p = PS/14.6959
T = (TS + 459.69)/1.8
TAU = 1.0/T
whnere
PS = pressure, psia
TS = temperature, °F.
Then
. P5 12
VC = L.55504(T/P) + [BO+PHEL(P)+PHE3 (P’ )+PHEL2(P )]
VC
Vo= 62,42
where
V = specific volume, ftB/lb

BO, PHEL, PHE3, PHE1Z2 are functions of TAU.

VAPH

This subroutine calculates the enthalpy of water vapor as a function

of temperature and pressure.

- PS/14.6959
T = (TS + 459.69)/1.8
TAU = 1.0/T .
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Then

HC

where
PS
TS
H
FO,

VAPS

17

+ FP

FL(P) | 73 (pH) , F12(p)
2.0 4.0 1%.0

= 0.043557(HC)

= FO(P) +

= pressure, psia

= temperature, °F

enthalpy, Btu/1b

Fl, F5 and Fl12 are functions of TAU. FP is a funection of T,

I

This subroutine calculates the entropy of water vapor as a function

of temperature and pressure.

P
T
TAU

Then

SC

where
PS
TS

MO,

PS/14.6959
(TS + 459.69)/1.8
1.0/T .

i

il

; 2
- 4.5550k X Alog(P) + MO(P) + Mé g !

il

N MB(PM) N w12 (p0) , 10,000.0
4.0 13.0 1012.95

1.472 Alog(T)

v 7.5566m-h (1) - H18363 1.u8suf]

435,57
(18,000.0) (sc)

1l

= pressure, psia

= temperature, °F

entropy, Btu/°F-1b

Ml, M3 and Ml2 are functions of TAU.

1t
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UCALC

This subroutine calculates the overall heat transfer coefficients

of the G-E fluted VIE tubes in the suction and discharge effects.
The coefficients were obtained and corrected according to proce-
dures followed in interpretation of data obtained from the General
Electric pilot plant at Wrightsville Beach, North Carolina.L+ The
coefficients are fitted as a function of average salt concentration
inside the tube, tube length and temperature. Figure 4 outlines the

program flow.

a) If the tube length is > 5.0, a tube length correction factor of
1.0 is assigned. A shorter tube will necessitate the calcula-
tion of a length correction factor as a function of temperature.

1.0

CFN2 = &656+6JMMB&T)

b) If the temperature is less than 100°F, its value is printed out

and a new value of 100 is substituted.

¢) If the average salt concentration is less than or equal to
0.1008, an uncorrected overall heat transfer coefficient is

calculated.

X = Al + A2(Y) + A3(Z) + AM(Z)(Y) + A5(Y2) + A6(22)
+ A7(Y)(22) + A8(Y2)(Z) + A9(Y5) + Alo(Y5) + All(Y)(ZB)
+ AlE(YB)(Z) + A15(Y2)(zg) + Alu(YE)(ZB) + Alﬁ(Yj)(Zg)
v B16() (%)

where
2
X = uncorrected heat transfer coefficient, Btu/hr-ft -°F
Y = temperature, °F
Z = average salt concentration, weight fraction

)
J’F:’Lnal Report (1965). Operation and Maintenance of General Electric

37,000-GPD Thin-Film Distillation Pilot Plant (Contract 14-01-0001-248).



Al
A2
A3
Al
A5
A6
AT
A8
A9
A10
A1l
Al12
Al3
Alh
Al5
Al6

Set:
URBC

d) CFNlL =
AKFT

Thenz

CFN3

. 94598989E3

5.52L3699

.11646098E5
L45611828E2
.79308461E-2

0.20333492E6
3.9411727

25223411
.28923398E-4
.16531411E7

0.41778945EL
0.83445326E-3

1.0
125.0

6979017
LU431955359E2
.1424367E-1
.88897284E-1

1.0

- 0.000043 +

1.0
(URBC)/4:URBC
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[0.000043 x 125.0]
AKFT

e) The corrected heat transfer coefficient is then calculated.

ZUBAR

URBC X CFN1 X CFN2 X CFN3.

f) Returning to (c), if the average salt concentration is greater
than 0.1008, a counter IJK is set = O and a new value of 0.100
is substituted for CMT.

g) An uncorrected heat transfer coefficient is then calculated as

shown previously.
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If IJK = O, set: URBC = X
CMT = 0.10
TJK = 1 .

Program flow is then returned to g).

If IJK # 0, set: URBC2 = X
DUDC = (URBCL - URBC2)/0.0008
URBC = URBCl + (CMT - 0.1008)DUDC .

h) Program control is returned to e) and f), resulting in a calcula-

tion of a corrected heat transfer coefficient.

13. C@STVC

Most of the data required for cost calculations in C¢STVC are carried

via a call list.

Since a BWR reactor has been assumed to be the steam source, the

prime steam cost calculations are tailored to fit the specific

reactor.5’8
FUEL = 8.81 + 26.7 (RATEIN)
. 0.24k
FIXC = 87.20(SMAP)/[ (PRIMWAT X 1.E-3) ]
XPPER = A.BS(SMAP)O'E51 [(PRIMWT X l.E—5)0°51u]
PMSTMC = (FUEL + FIXC + X@PER) X 1.E-2 .

The compressor cost56 ($) are then calculated.

0.855 0.746
. HPVC vsuc ~
CC = [1.0285 + 1392.0 (AUNIT X 1.E5> <(PR)O-177>

X AUNIT X AJ

DMoyers, J. C., Reactor and Turbine Plant Costs and Performance Infor-
mation for Use in High-Product-Ratio Parametric Study, Letter to
R. A, Ebel, April 17, 1967.

Moyers, J. C., Nuclear Desalination Program Report on Activities of
Interest to ARC, December 1966, (ORNL-CF-67-1-22),
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The compressor foundation cost ! ($) is:
CFPUN = 0,12856 X HPVC X AJ .

The turbine costsS’8 ($) associated with the VC plant and the turbo-

generator are then calculated.

- 0,746
AMWT = (TBYUT2 + PPTPT) X 5OELEE
TURBK = - 0.85E-4(TS) + 0.3265
TURBN = 0.18B-L4(TS) + 0.6614
TPPW = AMWT/AUNIT
TUR = [TURBK(TP¢WTURBN) - 1h My (TPPW x l.E-5)0'7882]
X 1.E6 X AUNIT X AJ
TCSTP = TUR (%5_5_
TCSTC = TUR - TCSTP .

The generator costsS’8 ($) are then calculated.

PPGEN

]

PATAT(0.746) /(AUNIT X 2.545E6)

GEN (14,444 (PPGEN X l.E—5)0'7882] X 1.E6 X AUNIT X AJ .

The effect areas and shell cost' ($) are then determined.

EVC
SHELL

(AS + AD) X A2 X AJ
0.794 (AD + AS) X AT .

Compressor ducting cost7 ($) is:

DUCT = 0.051599 X VS X AJ .

7Collins, C. W, and Senatore, S. J., ORNL Contribution to the AEC-0OSW-

BR-ORNL Large Desalting Plant Siting Study, October 11, 1966,
(ORNL-CF-66-10-17).

8Unpublished notes from J. C. Moyers to R, A. Ebel, ORGDP, February 10,
1967.
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The VTE brine pumps cost” ($) is:

WED 0.8
PUMP = 5.695E6 X (m) X AJ .

The various valve and piping costs’ ($) are individually calculated

and totaled.

PIPEF = 1.257E6 X WF2/513.5E6 X AJ

PIPEB = 1.130E6 x WB2/386.6E6 x AJ

PIPEP = O.4L42E6 X WP2/126.8E6 X AJ

PIPVC = 1.60392E6 X VPLDIS/15.283E6 X AJ
PIPTUR = 0.38356E6 X WSTEAM/0.1022L5E8 x AJ
PIPT = PIPEF + PIPEB + PIPEP + PIPVC + PIPTUR

The site work cost ($) is:
SITEW = SITE X GVIE/GMSF x AJ .
The electrical equipment cost (§) is:

PPVTE
EECVIE

3.7677E-10 X WB2 X (LENS + LEND + 20.0)/SMALIE
0.0%26E6 X P@VTE X AJ .

'
il

it

The cranes + building, instrumentation, etec., cost ! ($) is:
CHSINS = O0.317E6 X (WP2/126.8E6)O‘6 X AT .
The total capital cost ($) is:

CAPTPT = CC + TUR + GEN + EVC + CPFPUN + SHELL + PUMP + PIPT
+ SITEW + EECVIE + C@SINS + DUCT .

Costs for some of the components are then calculated on a $/year

basis:
cey = CC X SMAP
COFPY = CPFPUN X SMAP
EVCST = (AS + AD) X SMAP x A2 X AJ + (AS + AD) X SMAPP X Al
SHELLY = SHELL X SMAP
DUCTY = DUCT X SMAP
PUMPY = PUMP X SMAP
PIPEFY = PIPEF X SMAP
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PIPEBY = PIPEB X SMAP

PIPEPY = PIPEP X SMAP

PIPVCY = PIPVC X SMAP

PIPTRY = PIPTUR X SMAP

PIPTY = PIPEFY + PIPEBY + PIPEPY + PIPVCY + PIPTRY
SITEY = SITEW X SMAP

EECVTY = EECVIE X SMAP

CPSINY = C@SINS X SMAP

PPERY = 0.1104E6 [(GVTE + GMSF) X 1QE-6]O‘5258 + 7500.0
CPSMAY = 0.006(CAPTPT + CAPI1).

Several of the component costs are calculated on a unit basis ($/unit).

CAMUNT = CC/AUNIT
TURUNT = TUR/AUNIT
GENUNT = GEN/AUNIT

The cost of steam to the brine heater ($/MBtu) is:

EFFCYC 1.0
SMALLB = PMSTMC [1.0 - “ETp :][A.O—EFFCYQJ

_[0.101 x AT x SMAP X (1.0-ETP) X EFFCYC
ETP X CAPF

The cost of on-site power ($/kw-hr) is:

W33 % EFFCYC

ELSIM = PMSTMC X QIN X 1.E-6 X = PSS X 8760.0 X CAPF
CONCST = 3.0217E5 | BRTAT x 2elio | x [ L:O-EIP
- 2.545E6 ETP
ELCST = ELSTM + C@NCST + GENCST + TCSTP X SMAP
SMALID = BLOST

8.76E6 X CAPF X PPTPT X §9§%%%g '

The heat cost ($/year) is:

HTCST2 = PMSTMC X QIN X 1.E-6
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The annual costs are converted to $/kgal costs by a factor.

FACTJR = CAPF%&$§%736GMSF)
HTCSKG = HTCST2 X FACTgR
CCKG = CCY X FACT@R
TURKG = TURCST X FACT{¢R
EVCKG = EVCST X FACT@R
ELCKG = FBLCST X FACTER
GENKG = GENCST X FACTYR
DUCTKG = DUCTY X FACT¢R
CPFPKG = CPFPY X FACTYR
SHELKG = SHELLY X FACTYR
PUMPKG = PUMPY X FACT¢R
PIPKG = PIPTY X FACTYR
(PERKG = @PERY X FACTPR
CPSMKG = CPSMAY X FACTYR
SITEKG = SITEY X FACT@R
ECVTKG = EECVIY X FACTgR
CPSIKG = CPSINY X FACTYR .

The total vapor compression water costs in $/year and $/kgal are:

VCT@PT = HICST2 + CCY + TURCST + EVCST + CIY + GENCST
+ DUCTY + C@RgY + SHELLY + PUMPY + PIPTY + PPERY
+ CPSMAY + SITEY + EECVTY + C@SINY

and
VCT@YKG = HTCSKG + CCKG + TURKG + EVCKG + CIYKG + GENKG
+ DUCTKG + C@FPKG + SHELKG + PUMPKG + PIPKG + BPERKG
+ CPSMKG + SITEKG + EVCTKG + C@SIKG,
respectively.

The annual water cost of the plant complex is:
TCST2 = TC2 + VCTPT.
The unit cost of producing water in the plant complex ($/kgal) is:

TCSTL = TCl + VCIPKG.



The subroutine then prints all cost associlated items, including a

cost summary table

AD
ALPHAD
ALPHAS
ARCEN
AS
AUNIT
CAPF
CAPIL
CB
CMHP2
CMPD
CMP@W2
CMPS
CMTD
cp

CPNDIS
C@NSUC

CR
CRVC
DELTAD
DELTS
DIAMCD
DIAMCS
DISID
EFFCEM
EFFCYC
ETP

NOMENCLATURE
1. VAPCEM

Area of discharge VIE effect, ft2

Boiling point elevation in discharge effect, °F

Boiling point elevation in suction effect, °F

Total VIE effect area, ft2

Area of suction VIE effect, ft2

Number of units

Plant load factor

MSF capital cost, $

Blowdown concentration, weight fraction

Vapor compressor power requirement, hp

Pressure at vapor compressor discharge, psia

Vapor compressor power reguirement, Btu/hr

Pressure at vapor compressor suction, psia

Temperature of superheated vapor at compressor discharge, °F
Ocean salt concentration, weight fraction

Salt concentration of discharge effect effluent, weight
fraction

Salt concentration between suctlon and discharge VIE effects,
weight fraction

Overall concentration ratio

Vapor compresgion plant concentration ratio

Temperature drop across VIE tubes in discharge effect, °F
Temperature drop across VTE tubeg in suction effect, °F
Diameter of vapor compressor at discharge end, ft
Diameter of vapor compressor at suction end, ft

VIE tube I.D. in discharge effect, in.

Vapor compressor efficiency, fraction

Back-pressure cycle efficiency, Mwe/th

. gross output, MWe

Thermal efficiency of condensing turbine plant, Thermal input, MWt
3



GAM
GMSF
GrgT
GTPTL
HBLW
HCPN
HD

HDIS
HLTF
HLTRBS
HsuC

HTDC
HTSC

HTURBI
HTURB@
HvsC

HVSUC
HVTDE

HVTRBS
IT
ive

KGUTPT
LEND
LENS
1D

NS

PDE
PMSTMC

Ratio of gpecific heats for water vapor, CP/CV
Product made in MSF plant, gpd

Total product made in combined plant, gpd

Calculated plant product rate, gpd
Enthalpy of blowdown stream, Btu/lb
Fnthalpy of blowdown stream from discharge effect, Btu/lb
Enthalpy of superheated vapor at compressor discharge follow-
ing an isentropic path, Btu/lb
Enthalpy of superheated vapor at compressor discharge, Btu/lb
Enthalpy of brine feed stream, Btu/lb
Enthalpy of saturated liguid at TS, Btu/lb
Enthalpy of saturated vapor entering compressor suction,
Btu/1b
Enthalpy of saturated liquid at compressor discharge, Btu/lb
Enthalpy of saturated liquid leaving suction effect at
condensing temperature, Btu/lb
Enthalpy of prime steam at turbine inlet, Btu/lb
Enthalpy of prime steam at turbine outlet, Btu/lb
Enthalpy of saturated vapor leaving flash tank at condensing
temperature, Btu/1b
Enthalpy of superheated vapor entering suction effect, Btu/lb
Inthalpy of saturated vapor leaving discharge effect at
evaporating temperature, Btu/lb
Enthalpy of saturated vapor at TS, Btu/lb

Signal flag used to determine routing of DINTPL flow

Counter used to control intermediate effect concentration
calculation

Counter used to control stage-by-stage calculations

ength of VTE tubes in discharge effect, ft

Length of VTE tubes in suction effect, ft
Number of VTE tubes in discharge effect
Number of VTE tubes in suction effect
Saturated vapor pressure at discharge effect exit, psia

Prime steam cost, $/MBtu



Py
P@BTU
PYBTU2
PPES
PPREA
PYTPT
PGWATR
PR
PRIBTU
PRIMWT
PSC
PTURBI

Q
QBLAW
QBR
QDIS
QFEED
QIN
QPR@D
Qsuc
QUAL
RC.
REAPY
RPPVAL
RPVC
SHAFHP
SIN
SITE
SMALLB
SMALLD
SPV@L
SPVALD
SUCID
TBA
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Estimated evaporator pumping power, Mwe

Estimated evaporating pumping power, Btu/hr

Estimated evaporator pumping power, Btu/hr

Estimated evaporator pumping, power, Mw

Reactor and turbine plant auxiliary power requirement, Mwe
Gross electricity production, Btu/hr

Calculated evaporator plant pumping power, Mw

Vapor compressor pressure ratio

Prime steam (power) required for entire plant complex, Btu/hr
Prime steam (power) required for entire plant complex, Mw
Saturated vapor pressure at suction effect exit, psia
Pressure of prime steam at turbine inlet, psia

Heat transferred across brine heater surface, Btu/hr

Heat available in VIE blowdown stream, Btu/hr

Total heat input at top of MSF plant, Btu/hr

Heat available in discharge effect product stream, Btu/hr
Heat available in VTE feed stream, Btu/hr

Heat available in incoming prime steam, Btu/hr

Heat available in VTE product stream, Btu/hr

Heat available in suction effect product stream, Btu/hr
Quality of steam at turbine outlet

Fraction of ocean flow rejected in MSF plant

Reactor and turbine plant electricity requirement, Mwe/th
Overall plant performance ratio, 1lb product/lOOO Btu
Vapor compressor performance ratio, 1b product/lOOO Btu
Turbine output, hp

Entropy of superheated vapor entering compressor, Btu/°F—lb
Capital cost of MSF site work, $

Cost of steam to brine heater, $/MBtu

Electricity cost, $/kw-hr

Specific volume of vapor at compressor suction, ftB/lb
Specific volume of vapor at compressor discharge, fti/lb
VTE tube I.D. in suction effect, in.

Ambient temperature, °F



TBPUT2
TC1
TC2
TDC
TDE
TDSC

TFEED
THFA
TS

TsC
TSE
TSEC
TTURBI
VAPTSC

VCGPD2
VPLDIS
Vs

WA

WB2
WCPM
WCPND
WD2
WEF2
WP2

WS
WSTEAM
WSl
Ws2

WS3
WVF
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Turbine output, Btu/hr

MSF water cost, $/kgal

MST water cost, $/year

VC discharge effect condensing temperature, °F

VC discharge effect evaporating temperature, °F

Mixed stream evaporator temperature entering suction effect,
o [

VTE brine feed temperature, °F

MSF brine feed temperature, °F

Steam temperature, °F

VC suction effect condensing temperature, °F

VC suction effect evaporating temperature, °F
Evaporating temperature in VIE suction effect tubes, °F
Temperature of prime steam at turbine inlet, °F

Heat of vaporization of water at suction effect condensing
temperature, Btu/lb

Product made in VC plant, gpd

Vapor compressor discharge flow, cfm

Vapor compressor suction flow, cfm

Available work per pound of prime steam, Btu/lb

VTE blowdown flow, 1lb/hr

Combined vapor flow entering suction effect, 1lb/hr
Condensate flow, 1b/hr

Vapor Tlow from discharge VIE effect, lb/hr

Feed flow to VIE effect, 1b/hr

Total product flow from VIE effects, lb/hr

Total prime steam flow, lb/hr

Turbine exhaust steam flow, lb/hr

Steam required to operate VC plant, 1b/hr

Vapor flow from suction VIE effect, lb/hr; also, the condensate
leaving discharge VIE effect

Steam required to operate turbo-generator plant, lb/hr

Vapor flow from flash tank, lb/hr
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ZUBARD - VTE heat transfer coefficient, discharge effect, Btu/hr—ft2—°F
ZUBARS - VTE heat transfer coefficient, suction effect, Btu/hr—ft2—°F.
2. ¢RSEF1

This program has been previously documented.

3. B@PR
BPR - Boiling point elevation, °F
C - Balt concentration, weight fraction
T - Temperature, °F.
4. DINTPL
C - Balt concentration, weight fraction
ERR - Flag which may indicate trouble if greater than O
1T - Signal flag used to determine routing of DINTPL flow.
5. WATH
AQ-AS - Coefficients used to fit data
H - Enthalpy of pure water, Btu/lb
T - Temperature of pure water, °F.
6. PSIA
TF - Saturated water vapor temperature, °F
P - Saturated water vapor pressure, psia
X,A)B)
c,D,E ~ Coefficients used to fit data.
7. VAPTS
P - Pressure of water vapor, psia
S - Entropy of water vapor, Btu/°F-1b
T - Temperature of water wvapor, °F
AC,AlL,

A2 - Coefficients used to fit data.



T

AO,AL,
A?,BO,
BL,B2

TS
P

BO,GL,
G2,G3,
PHEL,
PHE3,
PHE12

TS
PS

MO, ML,
M3, M12
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8. VAPTH

Pressure of water vapor, psia
Enthalpy of water vapor, Btu/lb

Temperature of water vapor, °F

Coefficients used to fit data.

9. VAPV

Temperature of water vapor, °F
Pressure of water vapor, psia

Specific volume of water vapor, ftB/lb

Coefficients used to fit data.

10, VAPH

Temperature of water vapor, °F
Pressure of water vapor, psia

Enthalpy of water vapor, Btu/lb

Coefficients used to fit data.

11. VAPS

Temperature of water vapor, °F
Pressure of water vapor, psia

Entropy of water vapor, Btu/°F-1b

Coefficients used to fit data.
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12, UCALC
CFN2 - VTE tube length correction factor
CMT - Average salt concentration in VIE tube, weight fraction
T - Temperature, °F
TUBLEN -~ VIE tube length, ft
URBC - Uncorrected VTE overall heat transfer coefficient,
Btu/hr—ft2-°F
ZUBAR - Corrected VIE overall heat transfer coefficient,
Btu/hr—ft2-°F
13. CgsTvC
AD - Area of discharge VIE effect, ft2
AJ - Higher cost factor
AMWT - Total turbine power requirement, Mwe
AS - Area of suction VTE effect, £t°
AUNIT - lNumber of units
Al -~ VTE tubing purchase price, $/ft2
A2 - VTE tubing installation price, $/ft2
CAPF - Plant load factor
CAPI1 - MSF capital cost, $
CAPTPT - Total VC capital cost, $
ce - VC compressor cost, $
CCKG - VC compressor cost, $/kgal
ccyY - VC compressor cost, $/year
C¢F¢KG - VC compressor foundation cost, $/kgal
C¢F¢UN - VC compressor foundation cost, $
CHFPY - VC compressor foundation cost, $/year
CMUNT ~ VC compressor cost, $/unit
CPNCST - Condenser + cooling water loop cost, $/year
CPSIKG - Cranes and building cost, $/keal
CPSINS - Cranes and building cost, $
CPSINY - Cranes and building cost, $/year
C¢SMAY - Maintenance and supplies cost, $/year

CPSMKG - Maintenance and supplies cost, $/ksal



32

DUCT - Compressor ducting cost, $

DUCTKG - Compressor ducting cost, $/kgal

DUCTY - Compressor ducting cost, $/year

ECVTKG - Electrical equipment cost, $/kgal

EECVTE - Klectrical equipment cost, $

EECVTY - Electrical equipment cost, $/year

EFFCYC - Turbine cycle efficiency, 260°F exhaust temperature, fraction
FLCKG - Cost of producing electricity, $/kgal
ELCST - Cost of producing electricity, $/year
ELSTM - Cost of producing steam, $/year

ETP - Turbine cycle efficiency, 92°F exhaust temperature, fraction
EVC - Area cost of VC effects, $

EVCKG - Area cost of VC effects, $/kgal

EVCST - Area cost of VC effects, $/year

FACTPR - Factor used to convert $/year to $/kgal
FIXC - Fixed charges for reactor, ¢/MBtu

FUEL - Fuel cost for reactor, ¢/MBtu

GEN - Generator cost, $

GENCST - Generator cost, $/year

GENKG - Generator cost, $/kgal

GENUNT - Generator cost, $/unit

GMSF - Product made in MSF plant, gpd

GT@T - Total product made in combined plant, gpd
GVTE -  Product made in VC effects, gpd

IPVC - Turbine output, hp (same as SHAFHP)
HTCSKG - Heat cost, $/kgal

HTCST2 - Heat cost, $/year

LEND - Length of VTE tubes in discharge effect, ft
LENS - Length of VIE tubes in suction effect, ft
¢PFERKG - Plant operating cost, $/keal

¢PERY - Plant operating cost, $/year

PIPER - Blowdown piping costs, $

PIPEBY - Blowdown piping costs, $/year

PIPEF - Feed piping costs, $



PIPEFY
PIPEP
PIPEPY
PIPKG
PIPT
PIPTUR
PIPTRY
PIPTY
PIPVC
PIPVCY
PMSTMC
PYGEN
PET@T
PYVTE
PR
PRIMAT
PUMP
PUMPXG
PUMPY
QIN
RATEIN
SHELKG
SHELL
SHELLY
STTEKG
ST TEW
SITEY
SMALLB
SMALLD
SMALLE
SMAP
SMAPP
TBFUT2
TCSTC
TCSTP

i
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Feed piping costs, $/year

Product piping costs, $

Product piping costs, $/year

Total
Total

piping cost, $/kgal
piping cost, $

Turbine exhaust piping cost, $

Turbine exhaust piping cost, $/year

Total
Vapor
Vapor
Prime
Power
Power
Power
Vapor

Prime

piping cost, $/year

compressor discharge piping cost, $
compressor discharge piping cost, $/year
steam cost, $/MBtu

generated/unit, Mwe

available in turbo-generator steam, Btu/hr
required to operate VIE pumps, Mwe
compressor pressure ratio

steam required for plant complex, Mw

VTE brine pump cost, $

VIE brine pump cost, $/kgal

VIE brine pump cost, $/year

Heat available in incoming prime steam, Btu/hr

Nondepreciating fixed charge rate, fraction

Shell
Shell
Shell

cost, $/kgal
cost, $
cost, $/year

Site cost, $/kgal
Site cost, $

Site cost, $/year
Cost of steam to brine heater, $/MBtu
Electricity cost, $/kw-hr

Pump efficiency, fraction

Depreciating fixed charge rate, fraction

Retubing charge rate, fraction
Turbine output, Btu/hr
Turbine cost chargeable to VC plant, $

Turbine cost chargeable to turbo-generator, $
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TCSTL - Average plant complex water cost, $/kgal
TCST2 - Average plant complex water cost, $/year
TC1 - MSF water cost, $/kegal
TC2 - MSF water cost, $/year
TP¢W - Power requirements per turbine, Mwe
TS - Steam temperature, °F
TSE - VC suction effect evaporating temperature, °F
TUR - Turbine cost, $
TURBK - Turbine cost factor
TURBN - Turbine cost factor
TURCST - Turbine cost, $/year
TURKG - Turbine cost, $/kgal
TURUNT - Turbine cost, $/unit
VCTPKG - VC water cost, $/kgel
VCT@T - VC water cost, $/year
V¢LDIS - Total VC discharge volume, cfm
VS - Total VC suction volume, cfm
VsucC - Steam specific volume at compressor suction, ftB/lb
WB2 - VIE blowdown flow, 1b/hr
Wie - VIE feed flow, 1b/hr
WP2 - VTE product flow, lb/hr
WS - Total prime steam flow, lb/hr
WSTEAM - Turbine exhaust steam flow, 1b/hr
WSl - Steam required to operate VC plant, 1b/hr
WS35 - Steam required to operate turbo-generator, lb/hr
X$PER - Reactor operating and maintenance cost, ¢ /MBtu.
) USAGE
Input

The data‘for a particular case are entered as follows: three data cards
are read in "VAPC#M", one data card is read in "MAIN", and eleven data
cards are read in "INPUT". Figure % presents the data cards required

for one PRVAC-TF case.



DWG. NO. G-67-804A

CARD 1
/ 10N 20 |21 30131 40 1 41 50151 60161 70171 80
RC LEND LENS TS DiSID SUCID c@ CRVC
CARD 2
/ TSE DELTS DELTAD ETP EFFCYC GT@T TBA
CARD 3
/PTURBI TTURBI REAPG
CARD 4
/ 23
NITER
CARD 5
/ 12113 24 |25 36137 48149 60161 72173 80
TITLE}(UP TO 72 JALPHA-NUMERIC CHARA(TERS)
CARD 6
/ 89 16| 17 24125 32133 40|41 48 Y9 56157 64165 72173757680
CASE G RP CR IC
CARD 7
/ R R T R i i
TS THF T8 % TA c CP 1C
CARD 8
{NKDDU ALEV [ AUNIT |TGHTALE | T@OTALR| FREBD {TRAYDP CL SPL IC

Figure 3




M
ON

DWG. NO. G-67-804B

CARD 9
/ 819 16117 24|25 32|33 40141 48 49 56157 64165 72p3 7976
SMALLE SMALLP| RATEIN |  WPL CAPF IC
CARD 10
D@H | WALLH | D@E | WALLE | D@R WALLR A3 SMAT | SMA2 | IC
CARD 11
/BIKTH BIKTE BIKTR |CSLTBH [ CSLTBP | CSLTBR IC
CARD 12
/RH RE RSR SH SE SR VH VE VR IC
CARD 13
HD HH HBL HPR FFHL SSF1 IC
CARD 14
FACID {ACACID| DPLIM XS@D | XNNN| XLLL IC
CARD 15
IC

Figure 3 (Continued)
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Three data items are set in "VAPCPM", vapor compressor efficiency
(EFFC@M), evaporator pumping factor (EIPE), and ratio of specific heats
for water vapor (GAM),

Since the ¢RVAC—TF program is essentially a combination of two unique
operating programs, several data items appear twice, once in the
"VAPC@M" date input and once in the "INPUT" data input. These are:
steam temperature (TS), ocean salt concentration (C@), total product
rate (GTYT), and overall concentration ratio (CR). Ambient tempera-
ture appears in PRVAC-TF as TBA and in "INPUT" as TA.

1. Description of Cards

a. Card 1 (Format 8E10.4)

VTE tube I.D. in discharge effect, in.

(l) Fraction of ocean intake flow rejected in MSF plant
(2) Length of VIE tubes in discharge effect, ft
(3) Length of VTE tubes in suction effect, ft
(4) Steam temperature, °F
)
)

VIE tube I.D. in suction effect, in,
(7) Ocean salt concentration, fraction

(8) Vapor compression plant concentration ratio

b. Card 2 (Format 8E10.4)

(1) VC suction effect evaporating temperature, °F

(2) Temperature drop across VIE tubes in suction effect, °F

(3) Temperature drop across VTE tubes in discharge effect, °F

(4) Thermal cycle efficiency, 92° exhaust temperature, fraction

(5) Turbine cycle efficiency, 260°F exhaust temperature,
fraction

(6) Total product rate, gpd

(7) Ambient temperature, °F

(8) Overall plant concentration ratio
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c. Card 3 (Format 5E10.6)

(1) Pressure of prime steam at turbine inlet, psia
(2) Temperature of prime steam at turbine inlet, °F

(3) Fraction of plant power required for reactor operation.

d. Card 4 (Format I2)

(1) Allowable number of MSF iterations.

e. Card 5

(1) Title of case (72 alpha-numeric characters).

f. Card 6 (Format 9#8.0, I3)

Case number

Total product rate, gpd
1b product

Estimated MSF performance ratio, =3sfmprs

1)

2)

3)

M) Blank
5) Blank
6)
7)

Overall plant concentration ratio

Blank
8) Blank
9) Blank

(10) Card number - 1 (column No. 75).

g. Card 7 (Format 9r8.0, I3)

(1) Steam temperature, °F

(2) Maximum brine temperature, °F
(3) Blowdown temperature, °F

(4) Ocean temperature, °F

(5) Blank

(6) Ambient temperature, °F

(7) Ocean salt concentration, weight fraction
(8) Product salt concentration, weight fraction
(9) Blank

(10) Card number - 2 (column No. 75).
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h. Card 8 (Format 9F8.0, I3)

(1) Number of modules

(2) MNumber of levels

(3) Number of units

(4) Total number of stages in heat recovery section

(5) Total number of stages in heat reject section

(6) Vertical height available for vapor escape from the trays,

ft
(7) Tray depth, ft
(8) ILoss coefficient of interstage orifice
(9) Splash plate length, in.
(10) Card number - % (column No. 75).

i. Card 9 (Format 9F8.0, I3)

(1) Pump efficiency, fraction

(2) Blank

(3) Blank

(4) Depreciating fixed charge rate, fraction
(5) DNondepreciating fixed charge rate, fraction
(6) Plant life, years

(7) Plant load factor

(8) Blank

(9) Blank

(10) Card number - 4 (column No. 75).

j. Card 10 (Format 9F8.0, I3)

(1) Brine heater tube 0.D., in.

(2) Brine heater tube wall thickness, in.

(3) Recovery tube 0.D., in.

(4) Recovery tube wall thickness, in.

(5) Reject tube 0.D., in.

(6) Reject tube wall thickness, in.

(7) Unit cost of heater tubing and tube sheets, $/ft2
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(8) Unit cost of recovery tubing and tube sheets, $/ft2
Unit cost of reject tubing and tube sheets, $/ft2
(10) Card number - 5 (column No. Th).

Card 11 (Format 9¥8.0, I3)

(1) Tube metal conductivity in brine heater, Btu/hr—ft2—°F/ft

(2) ‘'Tube metal conductivity in evaporator recovery,
Btu/hr—ft2~°F/ft

(3) Tube metal conductivity in evaporator reject,
Btu/hr—ft2—°F/ft

(4) Tube life in brine heater, years

(5) 'Tube life in evaporator recovery, years

(6) Tube life in evaporator reject, years

(7) Blank
(8) Blank
(9) Blank

(10) Card number - 6 (column 75).

Card 12 (Format 9F8.0, I3)

(1) Fouling factor in brine heater, Btu L-hr-ft2-°F

(2) TFouling factor in evaparator recovery, Btu—l-hr—ft2—°F
(3) TFouling factor in evaporator reject, Btu_l—hr-ft2—°F
(4) Flooding factor in brine heater

(5) Flooding factor in evaporator recovery

(6) Flooding factor in evaporator reject

(7) Tube velocity in brine heater, ft/sec

(8) Tube velocity in evaporator recovery, ft/sec

(9) Tube velocity in evaporator reject, ft/sec

(10) Card number - 7 (column No. 75).

Card 13 (Format 9F8.0, I3)

(1) Pumping head from ocean to plant site, [t
(2) Head loss in pumping between the plant and brine heater,

't
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(3) Blowdown pump head, ft

(4) Product pump head, ft

(5) Fouling factor multiplying factor used to reflect tech-
nological improvement

(6) Heat transfer coefficient multiplying factor used to

reflect technological improvement

(7) Blank
(8) Blank
(9) Blank

(10) Card number - 8 (column No. 75).

n. Card 14 (Format 9F8.0, I3)

(1) Blank

(2) Temperature drop associated with submergence effects, °F

(3) Slope of item (2) with temperature

(4) Heater shell design pressure drop, psia

(5) Blank

(6) Blank

(7) Condenser tube pitch/tube diameter ratio

(8) Calculates condenser for every 1/XNNN stages. Remaining
condensers are calculated by interpolation

(9) Calculate tube rows in every l/XLLL stages. Remaining
tube rows are calculated by interpolation

(10) Card number - 9 (column No. 75).

0. Card 15 (Format 9¥F8.0, I3)

(1) - (9) are Blank
(10) Card number - 10 (column Nos. 74 and 75).

OQutput

The output from the MSF plant appears first, with the case title being
used to title each page. The input data from cards 1 - 4 and 6 - 1k
are printed followed by any signals or iterations required in the MSF

cost routines.
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Two pages of MSF output summarize the costs and important overall flows,

temperatures, and performance geometry.

The MSF stage-by-stage output follows in five separate groups.

The last two output pages contain vapor compressor information. The
last page summarizes vapor-compression costs and presents an average

overall plant water cost.

Operating Instructions

Since ¢RVAC—TF is a very large program, it was necessary to redesign
program flow using the overlay linkage system. Therefore, it is neces-
sary to include all subroutines listed on the loading map within the
designated link. Order within a given link is not important. An
alternate input-output buffer system 1s used to allow approximately
20,000 extra octal storage locations to be made available for the

program.

GRVAC-TF consists of a main program (VAPC@M) and thirty-four sub-
routines arranged in five linkages. The program is loaded on the
machine by stacking the main program and all O link subroutines (in any
order). The remaining links should be loaded as shown on the loading
map to decrease machine time. Each remaining link should begin with an
overlay card. An end-of-file card and a set of data complete the deck.
There are no programmed stops or pauses. The program takes its input
from tape 5 and writes its output on tape 6. Card-to-tape and output

translation is done off-line.

Example

To illustrate the use of @RVAC-TF, a sample problem is included. The
variables used as input data (in the order they are required) are as

follows:
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I. VAPCEM
RC = 0.0 cg = 0.0336 EFFCYC = 0.2137
LEND = 10.0 CRVC = 1.328 GT@T = 0.750E9
LENS = 10.0 TSE = 237.0 TBA = 90.0
TS = 260.0 DELTS = 8.0 PTURBI = 965.0
DISID = 3.0 DELTAD = 8.0 TTURBI = 540.0
SUCID = 3.0 ETP = 0.3425 REAPF = 0.01327
In the body of VAPCPM, the following variables are seb:
EFFCPM = 0.80 EIPE = 0.20 GAM = 1.32
II. MAIN
NITER = 10
III. INPUT
TITLE = 72 ALPHA-NUMERIC CHARACTERS
CASE = 18.0 RP = 10.0 Card No. = OOL
G = 750.0E6 CR = 1.8
TSTEAM = 260.0 TP =  65.0 CP = 0.000025
THF = 250.0 TA = 80.0 Card No. = 002
B = 92.6 cg = 0.0%36
AMPDU = 8.0 TPTALR = h.o CL = 4.0
ALEV = 8.0 FREBD = 1.6 SPL = 12.0
AUNITS = .0 TRAYDP = .0 Card No. = 003
TYTALE =  %0.0
SMALLE = 0.86 RATEIN = 0.0k CAPF = 0.9
SMALLP = 0.06 WPL =  30.0 Card No. = OOk
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D@H = 0.750 DR = 0.750 SMAL = 1.859
WALLH = 0.042 WALLR = 0.0k42 SMA2 = 1.859
D@E = 0.750 A3 = 1.859 Card No. = 005
WALLE = 0.0h2

BIKTH = 26.0 CSLTBH = 30.0 CSLTBR = 30.0
BIKTE = 26.0 CSLTBP =  30.0 Card No. = 006
BIKTR = 26,0

RH = 0.000% SE = 16.0 VE = 7.0
RE = 0.000% SR = 16.0 VR = 7.0
RSR = 0.0005 Vi = 7.0 Card No. = 007

SH - 16.0 :

D = 35.0 HPR = 92.0 SSFL = 0.0
HH = 25,0 FFHL = 0.0 Card No. = 008
HBL = 0.0

CPSTB = 2.0 A6 = 3.95%2 XNNN = 4.0
FACID = 0.5 A7 = 3.6412 XLLL = e
ACACID = 0.0 XS@D = 1.30 Card No. = 009
DPLIM = 14,696

Card No. = 010

The output for this case 1s given in Figure 5.

Coding Information

1. Time Reguirements. Approximately 2—1/2 minutes is required to run

a single case with 4% MSF stages. This assumes no compilation of

source decks 1s required.

2. Flow Charts and Source Program. Figure 4 is a flow diagram of the

subroutine UCALC. Figure 6 presents a complete listing of all the

Fortran IV source programs used in ¢RVAC—TF.



ENTER WITH
TUBLEN, T,
CMT

CFN2=1.0

CEN2 = £(T)

YES NO

WRITE "T"
SET T = 100

IS CMT < 0.1008 ?

UK =0
CMT = 0.1008

DWG. NO. G-67-805

X = f(CMT, T)
URBC = X

URBC2 = X
DUDC = f(URBCT)

CFN1=1.0
CALCULATE
ZUBAR

END

Figure 4
SUBROUTINE UCALC

URBCT = X
CMT= 0,10
DK =1




VAPCOM UAT
CARC M
CARC N2
0.237000E ©3
CARC G3

0.96500CE G3

UNDRFLOW AT 604
UNCRFLOW AT 4u0
UNDRFLOW AT 604
UNDRFLOW AT £43
UNDRFLOW AT 604
MAIN DATA
CARD Ou
10
INPUT CATA
CARC 06
0.180000€ 02
CARLC Q7
3.2600C00F 03
CARLC 138
8,00
CARC 09
0. 860000 -0,
CARE 1T
0.750000 .0
CARC 11
26.C000 26
CARC 12
1.083030 0.
CARC 13
35.00
CARC 14
2.000060  C.5

OPEN CHANNEL US

ODPEN CPHANNEL US

A INPUT
C.iogonre o2 0.i00000NE 62 N.26C0ONE 13 0.304000E O
C.3C0CCLE C 0.80L0008 Ot 2. 34%2500C€E G N.213700¢E G
C.54CC00E Q3 0.132700F-M
12 IN MQ
05 IN MQ
12 IN MQ
37 IN MQ
12 IN M
INPLTY
INPUT
C.750002E 39 0.17C000E 02 -0.0N0000€E-19  -0.N0COC0E-19
C.250000E €2 0.9260C008 02 2.65U0N0E N2 =0,
8.C0 5.00 4C.0ocC u, 00 1.60 4.00
- 060000 0.0uL00CN 33.000000 D.900UNGC 0.3
42000 0.75CCO0 C.OH2000 Q.750000  J0.042003  1.859000 1.8
. 000 26.CCON 3r.cocon %b-DDﬂD 20.0000
00020 C.CCCSC  16.CNCOC t6.70080 16.00000 7.00000 7.
25.00 C. 92.00 Q. 0.
gecoco G. 1he 696LCH  3.9732720  3.641200  1.3003800
ED ANNUAL CCSTS ARE N.U49275626E 06 VS 0.73212737€ D
ED ANNUAL CCSTS ARE N.49758266E 06 vS (0.72839083E O

FIGURE 5

0.300C00E G 3.33600CE-01

G.75CCCCE 09 0.90C00CE 02

N.18C0COE 01 0.

N.800N0NE 02 Ne33600Ce-0!

y.0C 12.00
$330C -GC.

<9060 1.859000
ocogo 7.00000
y y

&

¢

C. 132B00GE Ot

-0

0.25C000E-CQu

on



SPECIAL CASE FOR LIBRARY CODE

PROCUCT ABOVE~GPD Oah16402FE 9 PREDUCT FRCY SEMS 133339 124F (9 TOTAL PRODUCT RATE-GPD
CVAP HEAT LCSS ({PCT) B POWER {3/KW HR)

TOTAL STAGES Ui, PLANT LOAD FACTCR 0.9000 HEAT ($/MB8TW)
STEAM TEMP 2¢0.C0 PUMP EFF D.8600 ANNUAL CAP | /YEAR
MAX BRINE TEMP 251 .64 DELIVERY HEAD 35.00 EVAP AND REJ RETUBING CHARGE
QCEAN TEMP 65.00 REJFCT HEAD 50.20 HEATER RETUB ING CHARGE
AMBI ENT TEWP 20.70 EVAP HEAC 50.20 REJECT AREA ($/5QFT)
SEA WATER SALT CONC 0. {3340 HEATER HEAD 25.00 EVAP AREA {$/SQFT)
PROCUCT SALT CONC 0. COCE2 BLCWDCWN HEAD 0. BRINE HEATER ($/SQFT)
CONC RATIJ C{B)/C{O} 1.80CC0 PRCOLCT HEAT 116.63 PRINE FEATER SHELL $/SQFT
RECOVER RATIO P Coil9C2
PERFORMANCE RATIO 7032 HIGHER COST te 2138 INTEREST RATE
REJECT/EVAP TUBE FLOW Q. g.6L22 HEATER HEAT LOSS (PCT) O. PRODUCT TEMP
PLANT LIFE 3C.0 TURPE LIFR, HEATER 30.06 TUBE LIFE, EVAP,

BRINE HEATER EVAPORATCR REJECT
FLOODING FACTOR 16.C0 16.00 16.0C
TUBE CONDUCTIVITY 26,00 26.00 26.00
TUBE VELOCITY 7.0G0 7.00 T.LCC
TUBE 00 Ne 75CLCO 0.75000 G.75CCQ
TUBE 10 Ce 660 0.66600 Oe6668C
FOULING FACTOR C.acc3co 0.000300 0.0066san
TEMP DROP/STAGE RHO 3.5184994 4,322¢C99
TUBE FLOW LB/HR Ca96uU3u494E C9 Ta96443494E 09 0.58080506E GF
NO OF STAGES L 4
HEAT TRANSFER COEF C.8011 8335 (3 T.T1HI94028E 03 0.51536003E 033
CONDENSER AREA Cel321C735E 7 De 14279565E 018 Q. i792u3647E U7
TUBE LENGTH M. 25604076E 2 N.27888517E Q2 J.60879859F 02
NO OF TUBES Ce26277761E Cb Te26077144UE 06 0.150108929E 06
TUBE HEAD LOSS Ce12125127E G2 1.77697362E 02 0. 151638308 02

£OST $/YEAR £/KGAL
HEAT -0 =T RECOVERY RATIO (CALC)
CHEMICAL 0.266704038 07 0. 108250&5E-01 PERFORMANCE RATIO {CALC)
POWER -0. -. Ay E BOILING POINT RISE
PUMPS AND MOQOTORS 0.10952459F 07 Neuui55238E-02 AVE THERMAL FORCE/STAGE
CAP CHEM 0.263624495 016 0.{0700132e-02
SITE WORK 0.21520277€ Q5 D.873u7653E-04 RLOWCOWN TEMP
SEA-INTAKE 0.042258266F 06 O.17152014E-02 ERINE TEMP INTO HEATER
EVAPORATOR SHELL O.15628382¢ 07 0.63u0u893E-02
EVAPQRATOR AREA 0.31565377F Q7 Jet28119248E-01
BRINE HEATER Ce37242592K 06 0.15116222E-02
VALVES AND PIPING 0.523863182F 06 0.21294037E-02 U-8AR AVERAGE
ELEC EQUIPMENT 0.30209219€ 06 Je.12261479E-02 PCWER (MECA-WATTS)
OPERAT ING COST (I8 O PRODUCT RATE (LB/HR)
MAINTENANCE AND SUPPLIES g. 0. RECYCLE FLOW (LR/HR)
CRANES, INSTRU, BUILDINGS, CONCRETK 0.16200745E 06 3e65756449E-03 SEA WATER RETURN (LB/HR] Ce
DEAERATOR 0.36106970C D6 De14654925E-02
TOTAL COST J0.18910917E 08 Gall285814F-01 BLOWOOWN FLOW (LB/HR)
STEAM FLOW {LB/HR)
k1 $/GPL $/KGAL

CAPITAL INVESTMENT 0.13739811 49 J.18319748€ 40 Ge3346C727E-0!

D. T49BTO31E 09

1.8590
1.1670

0.04k00
Fi.163
30.00

C. 119202
7.032
2.165
13.322

93.607
234,377

692.09
151.061

Oel1423064E 09
0.3R362988BF U9

0.32256273E 09
D.17389050€ 08



DEAERATOR POWERy Mh
PUMPS AND “OTORS
SITE WORK
EVARPORATOR AREA
DEMISTER

HEIRS

DEAERATOR

RETUB CHARGE(3/YR)
NO. OF MODULES
FREE BOARD, FT
BRINE CEPTH, FT

N.13266205E N2
C.i5M3961i€ Q&
(.295505(5¢8 06
D.43383603F U°P
J.37288603E 07
J.235075¢89¢ T/
0.L9578942F OF

C.
D.82C000C3F 04
0. 1602CCOCAE 04
G.10Cceccior 04

COEF A 1.7G6T
FCR
EVAP SHELL VOLUME G.u5797861E 06
EVAP TUBE BUND WID (FT) 5. 5000
W TME 0.256557228 (2
HSTE J.560LCCCCLE M
EVAP FLASHINGC AREA 0. 373255E Q6

MAX AREA OF ORIFICE-

ORIFICE L35S COEFF

EVAP 19.28179

4. 0C00

STAGE 1 PR¥SS HFAC
ELFC EQUIPMENT
WATER INTAXE
CRANES INSTRU,
CHENM SYS CApP COST
C RANE

MCTYOR COSY

RETUB CHARGE ($/KGAL)
ND OF TRAY LEVELS
TRAY WIDTH FACTCR
LEVEL HFIGHT

{ MCODULE
REJECT SHELL VOLUME
REJ TUB= BLND wIC (FT)
wWTMR
HSTR

REJECT FLASHING AREA

MAX AREA OF ORIFICE-REJECT

BLCG, CCNCRETE

1.68789522¢€ 02
Us8ibS1699E 07
De58026812E 07
0.2225¢004E C7
Ne34199517 §7
De5uu0su77¢ 06
TeS61A943ME (7

0.

0.80N00CC0E O
0.9800NCCNCE OO
0.56000C080€E 01

N.85368662E 05

Louh3y
0.22412760E 02
1.560NUCCCE G

Ja84187136E 0I5
0« 16809592€ 02

FIGURE 5 (Continued)

VAL VES AND PIPING
SHELLy DMSTR,WEIR
RRINE HEATER
INSTRUMENTATION
AYUTLDINGS

PUMP COST

JUBF SHREET THICKNESS IN
SPLASH PLATE LENGTH, IN

MAX TRAY FLOW

0. 72039661 E
0. 21 45C455E
J.51139554¢€
Ca 1H375296E
0e24297595E
Oa GU226676E

or
08
07
o7
06
a7

8. 7500
1200

500500.000

8%



STAGE TTD
1 11.5899
2 10.8857
3 13.9141
4 1.9370
5 10.9595
6 150.9807
7 it.0018
8 11.0225
9 11.0u29

10 11.0625
i 11.0819
12 110
13 11.1196
Ph 1i.1262
t5 Pie.hub}
6 1i.16186
T Hi,.1788
18 11.195%
19 11,2101
20 11.2283
21 11.2450
22 11,2615
23 11.2761
24 11.2907
25 11.3050
26 11,3192
27 11.3302
28 11,3414
29 1143518
30 11.3404
31 1 1.3554%
32 11.3593
33 11,3629
A4 11.353%
35 11,3465
36 1143395
37 1143322
38 11.30043
39 11.2818
U0 11.2583
Li 1.66u2
42 13,3245
43 16.0556
bh 19.0517
45

cT

C.03360
C.0336C
C.03360
C.0336C
C.03360
J.013360
C.03360
C.03326C
Ce(1336C
{03360
Ca3326C
C.03360
Da03360
0.0336C
C.0336C
Ce0326C
C.0336C
C.0336C
L.00336C
C.01336C
Ca1336C
«0336C
13360
-0336C
.3336C
«0336C
-013360
«0336C
-(1336C
03360
33360
.03356E
.03360
-03360
(13360
.0336C
03360
03360
213360
.0336C
C.0336C
£.0336C
C.0326C
L.0334C
C.03360

oy T o MmN o ovs St N s T Y o ot S O ot B ot S v ot T O o B |

Cl

0.83346C
0.05221
0.0524¢C
0.05258
dJ.05277
0.05295
0.0053514
0.05%22
0.05351
C.0537C
G.005388
0.054C7
3.05425
G.05844
U.N5u63
0.05481
C.055CC
0.053518
0.05537
0.0555¢6
0.05574
3.05593
J.056812
0.856 21
0.056u9
3405668
Ja.35687
G.05705
U.05724
3.05743
0.05762
0.0573C
0.057%¢
1.0581¢€
3.05837
3.05856
1.05875
0.05893
1.05¢142
J.05931
0.0595C
G.05973
0.35996
C.06020
0.03263

SPICIAL CASE FOR LIBRARY CODE

c2

C.05221
N.0%241
f.0525¢
C.05277
C.05295%
1.05414
C.053232
C.05551
0.0547C
1.05488
C.05u0}7?
C.05u2%
T,054hY
(1.05u63
N.05u481
C.0550C
1.055%1 ¢
(.005537
C.05554
C.0557y
C.05594%
C.0%612
C.05631
C.05649
0.[0556¢
C.05687
C.05705
C.0O5724
C.057u3
C.05762
C.05780
0.0579¢9
0,058 &
C.05&37
C.05856
C.O5H75
C.05493
C.05912
0.059231
C.0595C
0.058%973
C.05996
C.0672C
0.06003

&N

(e 264 RE2 A9F
e 33015301 E
e 329451 UOFE
C.32022112¢E
U 32899256E
e 32878241 E
Ce 328556 75E
C. 32833%39¢E
Ue 328111 18E
Lo $2790087E
Cs 3270682 556E
T 327TU6T59E
e 3272561 9E
i1e 327058T71E
Te 32685201 E
Lo 326064829E
Ce 326L44833E
e 32627479E
e 32602626E
Ce 32583701 E
Co 3256431 3E
Ca 325509627E
Qe 325303698¢F
Lo 32512348E
Lo 32L9405LE
Ue 32U 80925E
Ua 320671 T7HE
(e 3245064 7E
Do 32434224 F
Do 32u3uN27E
2. 3231881 3E
Co 32403943E
(e 32389921 E
e 324 0660MKE
e 3239371 0E
(e 323R1959C
1 323708N4E
Ce 32u408712E
Cs 323990u7E
Ce 32391 380E
s 391 684 79E
Ce 3597832 78E
Ue 39895212E
C.206u40251E
Ce 1R638790E

UBAR

8J6.56
805.75
802.16
798.50
TRu.Th
790.89
786 .94
782.89
778.74
774 .49
770.144
765.69
76110
756.59
751.75
Thé,91)
Thl.9h
T36.89
731.72
726.486
721.09
T15.62
7i0.05
704,37
698,59
592,72
686.73
ART .65
6ETU L5
668.18
651.80
655.31
ALB.T I
642,05
635.28
628 . 40]
6521 81
614,38

607.22

599.97
535.89
517.28
49971
uB7.96
397.87

HI

2801.80
2777.88
2751.25
2724.28
2696.94
2669.26
2641.23
2612.87
258L. 18
2555418
2525.87
2u496,.27
2ub6.38
2436.21
2405.78
2375.08
2344 .1y
2212.9¢
2281.56
224%.95
2218413
2186412
2153.93
2121.57
2089.05
2056.38
2023.57
1993.64
1957.61
1924 .44
1891.22
1857.92
1324455
1791444
1757.063
t724,.13
1690.62
1A57.07
1623.52
1590.0t
1995.95
1529.19
tub2.22
T411.56
1380.16

HO

2530.77
2545.02
2534 .57
2523.92
2512.91
2501 .61
2489 .95
2477 .94
2865.58
2452 .90
2439 .88
2426.52
2u12.83
2398.84
2384 .52
2369 .87
2354 .92
2339.7C0
2324 .03
2308 .09
2291.83
2275.3%
2258.56
2241 .46
2224.06
2206.53
2188.68
2170.55
2152.13
2133.71
211896
2095.94
2076.66
2057.58
20038.15
2018 .47
1998.53
1979.03
1959.13
1938 .99
1931.68
1804.99
1700.01
162,65
1580.58

FIGURE 5 (Continued)

oM

12.95
12.56
12.59
12.61
12. 64
12.66
12.68
12.70
12.72
1274
12.76
12.78
t2.8C
12482
12.83
12.85
12.87
12.88
12.90
12.92
12.93
12.95
12.96
12.98
12.99
1 3.00
13.014
13.02
13.43
13.04
13.04
12.05
13.05
13.04
{3.0u4
12,03
13.02
13,00
2,98
12.95
13.9C
16.66
19.414
2€.81
23.58

AS

0.253612E
0.326112€
0.326195€
0.326864E
0.327592E
0.328420E
0.329291€
0.330225€
0.331223€
0.332308E
C.333449E
0.334662€
0.335948E
0.337337E
0.33B790E
0.380321E
C.341936E
C.343689F
0.345382€
0.3k 7236€
0.349169E
0.351289€
0.353446E
0.355704E
0. 358C58E
0.36CT06E
0.363353E
0.36611 7€
0.369000E
G.372353€
0.375638E
0.379057€
0.382626E
G.387025E
C.39 1 1B0E
0.395515E
0.400033¢
G.405B60E
D41 1218E
O 16824
0.525989E
C.461686E
C.410688E
0.191840E
0.198635E

LS

4,953
6. 369
6.371
6.384
6.398
S.U1H
6.431
be 449
61469
6. 490
6512
6.536
6.561
6.588
6,617
b OLT
6,678
6.712
6. Th5S
5,782
6.819
6.B61
6.903
6,947
6.993
7.045
7.096
7.150
7.207
T.272
7.336
T.403
7473
7.55%9
7.640
1.725
7.813
Te927
8. 031
8. 141
17.8u46
15.664
13.934
b, 509
6.739

W-w SF

C. 12741 0E
C.16992C€
C. 16761 DE
L. 165670E
C.163777E
Co161953E
C.160162E
C.158LI6E
C.156712€
L. 155062E
C. 15344 8E
C.151R75€
L. 150345E
C.14B86BE
Co1BTHZHRE
Ce tHODOI9E
Ca 14U 6SUE
Co I 43352E
T.142019E
C.14C757E
C.139526E
C.138372€
0.137226E
£.136116E
Co 1 35036E
ol 34068E
C.133086E
T.132136E
C.131219E
o 1 30466E
C.129667E
. 128897€
C. 128161 E
C.127698E
Col2THITE
C.12657T1€
C. 126056€
[.125942E
C. 125630E
0. 125357E
C.267654E
C.212236E
C.184385€
C.159126E

61



STAGE

WV

C.29uJ8TIBE
1.292054832E
0.2900557T4E
0.268807590¢
1.2861 {765k
Ga28L18121E
7.28226552E
J.2BC37C74E
J.2784G680E
U.27664221E
De2748LH67E
1.27299L25E
027119904 E
1.269L2196E
T.26766L50E
D.26592420E
0.26L20289¢
.26249438E
J0.26081145¢E
C.259)4168E
1.257u8878E
1.25585225E
0425823 190E
0.25262822¢
N.2510392!¢
D.2494674TE
C.2u790966F
0.24636752E
0.2448BLTISE
0.24332757€
0.24183014E
G.24034%610E
£.23887650F
1423742104
T.23597984E
0.23455160E
N1.23313665E
N.23173625¢€
(3.23034858¢
85.22897346E
74272457 34E
1.27742328¢€
1.27541689¢E
0.9u4657046E
0.1 7874832E

Sp
WS2

0. 81842285
Ce8ib12170F
C.E81222114LE
C.BC9340028E
C.BL6HLTOIGE
N.803637588

0.8CL&1LI2E G

C.I9RCHILHE
0.795224L3E
G.79245959¢E
0.78971150F
D.TRAQRBIS6E
D.78u26957¢
De7815753uF
Qe 778EQA/GE
B.77423945¢k
De774597u2¢
Q77097243
Be76836431¢E
0. 765717289¢
0.763198L0k
CoT6LEIINTE
07580697 15¢E
L. 75557C86E
O.753C60N46F
Ne75796578E
D. 7440 8668F
C. 7T4562500¢E
Co 7421 TUS9E
De7u07H131E
Ne738323{1E
Ce73591954¢
0.733530C78¢
O.73115656F
0.72879676E
0. 72645120k
0. 7241 198TF
N.7218C250F
Ce719u9902F
C.71720928E
Ce 714414 73E
Ce 71 168CU6E
0. T00E8629E
0.70615223F

CIAL

CASE FOR LIBRARY CUDE

wP2

Ce 1HH392A6E
L. 149313724k
Ca 15221379
T4 15509u455E
Le 157955 74E
T 163797THUE
Cea tA362059F
Le 16612370E
Lo 169208 6E
Co 17197540E
17472348¢€
1774533%2¢
183165328
132859054 ¢
18553618k
iER19542E
1908374L5E
1934620 3E
19607150 E
e 198661 76F
Ce 201123694 E
1. 2N379537E
L. 206337A9E
C.2N886377E
Lo 21374467
Ue21386973E
Fe21634313E
Co21881121E
L.22126020E
(5« 22369348E
Ce 226111 78E
Ca22851524¢
Ue 230904 20E
£.23327821E
Ce 2356381 E
L.23798353E
1. 240314 019
C.28263225¢E
Lo 28493574 E
(e 2L722548E
Ce 25002375E
1. 25279478E
Ce 25554 84H4E
Ca256495MNE
[.25828249¢

99
a9
09
no
9
6o
79
39
09
1o

TV2 7S

245,96 251,64
242.42  248.142
238.91  2u4.60
235.40  2ui.08
23:1.90 237.56
228.39  23%.05
22w .88 230,53
221437 227.01
217.86  223.u49
2i8.35 219.97
210.83  216.45
207.32 212.93
2{13.81 209 .42
200433 205.980
126.78 202,38
193.27  198.86
189.75 195.34
{86.24 191.82
182.72 188.30
179.21 184,79
175.6%  18i.27
b72.47 177,75
168.65 i74.23
i65.03  1T0.78
151 .61 167419
158.09 163.68
154.56 160.16
153 .04 {56.64
47 .51 i53.12
i83.98  1u49.60
thdeuh 146,708
36491 142.56
133.37  139.05
129.82 135.53
126.27 132.01
122.71 128.49
119.16  124.97
115.958  121.45
112,00 117.93
108.42  1i4.u2
104e26 110.90
99.85 106.58
95.39 102.25
1.6 97.93
90.37

FIGURE 5 (Continued)

752

28,12
244,67
241 .08
237 .54
234,05
230.53%
227 01
223,49
219 .97
216445
212.93
209 .42
205.90
202.38
198 .86
195 .34
191.82
18€& .30
184.79
i81 .27
17775
17T46.23
170.714
167 .19
163.68
160,16
156.64
153,12
149 .60
thé .08
142 .56
129 .05
135.53
132.01
128 .49
124 .97
121 .45
117.93
114,42
110,90
104 .58
102.25
97.93
93.61

Ti

231.54
228.01
224,47
22C.94
217.44
213.88
21C. 35
2006.82
273.29
199.76
196.23
192,70
189.16
185.63
182,10
178457
179.04
17651
167.98
164, 4h
160.91
157.38
i53.84
1504314
146,78
143.24
139.71
136417
122.63
129.09
125.55
122.01
118.4%7
114,92
111.38
107.83
104.28
10072
97.17
93.61
86.53
79.3%
12.12
68.48
65.0C

T2

234, 38
22t.54
228.01
224447
22C. G4
21 Teui
213.84
210,35
206.82
203.29
199.76
196.23
192.73
189.16
185.463
f82.10
178.57
175,04
17159
167.968
164,44
i60.91
157. 38
153.84
150. 31
146.78
I43,24
129,71
136447
§132.63
129.09
125455
122.01
118.47
114,92
fit.38
107.83
104,28
100.72
97.17
93.61
86.53
79. 34
72.12
68,48

BRINE CF#™

0.6970C1HE
0.734253¢
N.774032¢
0.816547¢E
1.86201 {E
0.910666E
J.562T65E
«10186CF
0.107846E
Cad14271E
D.12417C¢E
N.128584F
D.136557F
elB5]39E
Je154383¢C
Ceibu3uie
0.175099¢
0.186707E
D.199252¢
0.212823E
D.227514E
J.243434E
0.26C7C3E
0.279552€
0.299827¢
0.321997E
D.3461 408
0.37246LE
O.401197€
T.u432597€
0.4566955E
C.50u4593E
G.545881E
0.59i1234E
Oeb4 1§ 24E
J.696083€
D.756721E
J.823738¢
C.B97925E
£.980195¢&
Oe§344Q0E
O.{50448E
J.168727E
N.656B27¢

PRCC LFM

g6 L.

06 C.98614TE
06 C.i1Ts204E
G6 C.i15429€E
06 [.i25uB5E
06 T.136uUG6E
06 C.iu8urge
07 C.161544E
a1 C.175826E
07 LC.i9i473E
G7 C.208561E
07 L[.227249€F
07 C.247769¢
07 C.270298E
07 C.294965E
07 [.322044%
07 C.351804¢
€7 C.384680F
07 C.u20364E
07 C.460024E
07 LC.503689E
07 C.552225¢E
C7 C.605460E
07 T[.6643]18E
a7 C.7294)2€E
07  C.802504E
07 C.882597E
07 C.9TI514E
07 C.107033E
87 C.3118282¢E
27 [D.130575¢E
87 C.i44287E
07 C.159608E
07 Ca3177u56E
07 C.196786¢E
07 C.21Bu98E
U7 C.242947E
07 C.272065E
07 C.303u434E
07 C.338922€E
08 C.4hu7034E
08 C.545852E
08 C.637542E
07 C.694552€

04



ONE LEVEL OF ONE

STAGE

VXN N EWN -

VAPOR VEL
FT/SEC

12.561253
10.373804
10.616662
11.175201
11.769291
12.399926
13.072132
13.788187
14551451
15.364305
16.23208%
17.158417
18147632
19.203030
20.332267
21.540398
22.833514
24.214398
25.705999
27.300C35
29.011981
30.841988
32.Bt45u0
34.93818)
37.228670
39.659905
42.302560
45.153701
BB.222425
51.509106
55.083024
584952164
634144090
67.565196
T2.u41077
77736994
B3.497999
89.51 1 huk
964228339
1013.552001
62.870829
80.407697
104.738C03
88.04 1487
0.

MODULE
TRAY FLOW
LB/HR F

0.5C00CCF
0.500000€
0.5000CCE
0.50000CE
0.5CC0C0E
0.50C0008
0.5GC0CCE
D.50000CE
0.5000CCE
0.580000¢
0.50C000¢
0.50C00CF
0.5C000C6E
G.50000CE
0.5000C0k
0.5000008
0.50C0C0e
0.50C000¢
0.506000F
0.5CCOC0E
0.5C00G0E
0.50C000E
0.50C0CCE
0.5G00C0E
0.5C0C0ECCE
0.500000E
8.5000008
0.5000C0¢
0 .5CC0cce
0.500000¢
{1.500400€
C. 500060
g.5C000cCrE
0.5G0080¢E
0.500000€
D.50C0008
0.5000cC0¢E
0.56C000k
0.500000E
0.500000&
0.500000E
0.50C00CE
0.500000¢€
0.500000€
O.

T

Cé
ot
Cé
i)
06
Qg6
Cé
Go
C6
(]
26
o
Co
Cé
g6
06
i)
g6
cé
as
Je
3]
gé

TRAY WIDTH

FY

25. 655721
25.563821
25. 472553
2%« 381910
25.291687
25.202475
25. 1134668
25. L2540
24,5376k
24, #5081 3
24, 164362
2. 67348
2h.59517Y
24, 508u2y
2L, 824229
24, 3401584
28.257483
24, 1 TH91 9
24, 092888
2u.C11385
23.33Cu03
23. AR9937
2%. 769983
23. 690536
23, 611589
23.53%139
23. 455181
234 377709
23.300719
23.224206
23. 1481664
24, 72594
22.997u486
22.922837
22. 843642
2. TTH8BIQ
22, 101601
22.628746
224556328
22. 484 354y
22.81279C
224325459
22.238764
224152696

Ge

RES TIME
SEC

1.7257303
2.611L85
2.616240
2.626403
2. 537054
2o HUBHLY
2. 4660390
2.472765
2. 4685666
2.699314
2.713437
2.728162
2.743527
24759769
2.776570
20 TOLOL ]
2.7212248
2.3314670
2.950553
24370849
2.891 345
2.914097
2.937481
2. 961 364
2.9860398
3.013u462
3.0u0827
3.,169238
3.798731
3.132441
3.165561
3. 199907
3.235609
3.278799
3.319430
3.362518
3.u436875
3.18630198
3.515132
3.569u53
8.71Th 664
T.171265
$.275156
2.826117
G.

SPECTAL CASE FOR LIBRARY CGDE

PV

0.27782E
0.26084E
D.24LB6E
0.22968¢€
0.215272¢€
0.201632¢€
0.18870E
D.1THU5E
Je 1 6UBTE
0.153914€
D.1u357€E
0.13381E
Oe12461E
0.11594E
U.10777€
0.10009¢E
J.92874¢€
D.R6095E
U.79740E
0.73782€
J0.68204E
0.62981E
0.58099¢€
0.53539¢€
J.kP2B5E
OJu5315E
O.u3617TE
0.38177E
J.34979E
3.32004E
0.29284E
0.2668TE
3.24320E
0.22124E
03.20097¢€
0.18228E
J.16589E
O 1492NE
O.13465E
O.12135E
D.10741E
0.94245E
3.82549¢E
0.7288u4€
0.70559E

CELP
AVATLABLE

De1697TE
0.15983E
D« 15175E
G.1u398E
0.1 365LE
Da.12936E
J.12246E
0.1 1584€E
0. 10951€
0.10343E
0.97603¢€
D920 36E
0.86730E
0.816K4T7TE
3. 7T6T95E
T.72172E

D.67792E O

T.63550E
0.59572€
T+55788E
J.52229E
D.48820¢E
N L5595E
N.425u2E
0.39703E
3.36974¢
D.34u01E
0.31978E
N.29753E
N.27598E
1.25572E
0.23670E
.21961E
N.202T1E
1. 18685E
Te17197E
D.15883E
O.14551E
0.12298E
Ne13945E
Ne13163E
Oe11697E

1.966L5E~

.
O.

FIGURE 5 (Continued)

Nt
01
a1
[
a1
a1
[SH]

81

CELP

REQUIRED

C.24591F
C.2u04EE
C.23828¢
C.23619E
C.23413E
0.2321CE
C.22009¢
C.22812E
0.22616E
C.22u424E

1 0422234

Ce220k¢E
C.21861E

1 CL.21679€E

C«21498F
C.21320€
C.211U5€
C.20972€
C.2C801E
D.20632E
C.2C465E
0.20301¢

1 0.20138E

C.19978€
C.19819E
C.19663E
C.19509E
Ce19356E
0.19206E
C.13057€
C.1891CE
0. 18765E
0.18622E
C.l8481E
C.18341E
C.18203E
C.18067E
0.17932€
C.t7799€E
C.17667E
0.2298CE
C.22773€
C.2257CE
C.2237CE

sl
Le

A

1.36319E
0.37266E
0.38077€
0.38920¢€
.39791E
0.40703€
G.u41653E
0.L2643E
0.435671E
O.ub7u5E

; 1.45865E

G.u47033E
J.uB8287E
B.u9519E
0.50846E

1 1.52233€

3.53672E
0.55207E
0.56788E
0.58u4k45E
B.60159E
D.61974E
0.63872E
0.65860E
0.67905¢k
0.70089E
B.72377€E
Qe 74 7T76E
0.7722CE
J.79868E
0.82652¢
B.85579¢t
0.885C8E
0.9t 774E
0.95227E

> 0.98891E

Bet0251E
B.10670CE
Oe11120E
0.10819€
0. 1109LE
0.11716E
0.12831E
0.

.

ALPHA

2.159
2.180
2,169
2.159
2.149
2.140
2.132
2.123
2.115
2.108
2.0

2.0094
2.088
2.083
2.078
2.074
2.070
2.068
2.064
2.061

2.058
2.058
2.859
2.060
2.061

2.067
2.074
2.081

2.089
2.105
2.122
2.139
2.158
2.191

2.225
2.2561

2.298
2.356
2.416
2.478
2.310
2.399
2.538
2.443
0.

DTPD

0.51
e 5k
0.5
0. 55
0.55
Cab5
.55
0.56
Ce56
Ce 57
Oeb7
.58
O.58
0.59
C. 60
Cabl
0.62
G.063
.63
o b4
0. 65
B.66
(.68
L. 69
G.70
C.72
O 78
076
J.78
C. 81
C. 84
0. 87
0.9C
C.94
0. 99
1.03
.C8H
le15
fa22
1.30
foll
1.25
140
le32
te6C

18



STAGE

PO oo e 4 e me ar e e e e
OO0VD N U EWN=DT 0D~ U E RS -

N

AREA ©M
0.
0.20090223¢
0.20425335¢E
0.20777106E
D.21 143865
0.21526658E
D.21925865E
0.22342515¢
B.22777435¢E
0.22221685E
0.23706051E
0.242C1762E
J.2L719905E
0.25261774E
0.25828612E
0.26u421763E
0.27C0u2743¢E
0.27693214E
0.288uk43 i 3€
0.29979437E
De31182426E
0.32455120E
0.33807835¢
D.352445690E
0.3677205LE
0.38389779¢
B.u0116288E
D.41956050€
0.53918165¢E
1.45995208¢
D.48224069%E
0.506C7056E
0.53157029¢E
1.558u5718¢t
0.58753499E
D.61872498E
0.65222]) 16
0.687323029¢
0.72564158E
B.7668B7T767E
0.86410601E
0.96665480E
0.10838200E
D.12178733€
D.89184%104E

SPEC AL

NPINM

C.

Da16277239E-CH
C. 16459y 78 -0}
Ca166209CE~014
G 1679u535E~Ci
C. 169701 64-01
C.i7i48)726~01
0.17328555 -G1
Co17511372E-01
0.17696612E-C1
0. 17884499 -C)
0.18075061E-C1
C. |82644GAE -0}
Ce18UH6UYS2E -0t
0.18663501E-C1
0.188656226-C)
0.1907CB71E-CI
0.192752246-C)
0.18981217E-01
D.18769867€-C)
0. 18556317601
C. 18342290 -
0. 18126209 -0t
0. 1790C66C7E-CI
0. 17684392E -01
O.1TH64T9UE -
0. 172394576 -C1
0.17011402E-01
0. 16781 482E-C1
0.16556564F -C1
0. 163241 L0E -
0.16088881E-01
0. 1585£820E =01
0. 15628840 -01
0. 153928CNE -0t
0.15154221E -0
0.14912996E -01
0. 14699625 -C1
0. 144652 66E ~C1
0. 14226874 7€ -0}
O.171144321E-01
0.15727873¢ -0t
0. 1444 3908E -C1
0.13298213%€-01
0.1214955CE -C1

CASE FOR LIBRARY (CODE

CTCw™

C.

Pe33645630F-0)
Ce3581237T3E-01
Ta3881AL55E-D)
Ce b6 3631
Cet3281555E-01
Celi61TI09AE-0!
D.u9301{47E-01
[a52627563E-01
C.562823438-04
C.6C211182€8-01
C.HLUL5496E-01
T« 69091 797E-01
C.74111938E-01
D.79551697E-01
Ce8544 %21 76-01
Ne Q189405 TE-01
C.9891510CE-01
C.iC377502E 40
C.1C9ui315 30
C.1155014NE 00
C.12199402E 0C
C.12889862E 0O
C.136343728E 0OC
Celbu2u334E OO
N 152810914E 00
(16193390 00
O.17171478E OC
C.18225861E 0O
C. 193695078 0C
N.2059021 08 QO
N.2190246 4 00
0.23322296E 0O
C.2u8817u4E 0O
Ne265L342 7€ (00
0.28342438E 00
C. 30287933k 0C
Ce 32463837 QG
D.35778595E Q0
0.3729782¢1E QD
D. 496185308 00
.50799561E GO
0.52173615E 00
0.53842926E GO
.52835844€ 00

CPRCL
0.67178536E-02
0¢3519L019E-03
.23069531F-03
Gel7u75428£-D3
Ueildinuéd8c-03
0.11849034€E-073
0.11232162E-03
0.90153359C-04
0.R065731ue~-Cu
0.73035469E~0y
D.66T79395E-U4
061549734 0-04
0.5711128LE~-04
0.53295869¢-Nu
1.49979985€-0h
0.47070899£~04
J.48497603~-04
Jeu220u7956£-04
J.u401557196£~-0Y4
0.38312704E-04
0.36646398E~C4
0.35¥32784£-04
D.33751924FE-04
0.32487409E-04
0.31325319£-04
3.30253830E-04
0.292629856-0b
0.28354213E-0Yy
J.274901328-0b
0.26694202E-0Y
0.25950941E~Ch
0.25255487E-0%
De24603548E-04
0.23991098L-Cy
02241 4965E-04
0.22872189E-Cu
0.22360418E-04
J.21880050¢€-04
0.21429482c-(C4
0.21007181€-04
0.20470977E-0Ou
Q.i29761001E-{14
0.19525343E-04
0.19385204E-04
Da19131626E-04

FIGURE 5 (Continued)

WIDDM

1eL429EL9TUE
J.328746R37E
U.3u4223478
0.3u48u72¢€
0.354E0754E
0.36025221E
0.365€EH9T4E
OD.37171146¢
0.37772086E
G .33290598¢t
0.39020596¢
0.39¢91641F
0.un235272¢
O0.LICTE3TNE
O0.418CA750E
0.u25¢0882E
0. 1433409466E
Oo.bubin5137E
0.u457323733¢
O0.u72€3582E
0.488€69313¢
0.50525317¢E
0.52297808¢€
D.54151015E
0.561C0830F
0.581C9152¢E
0.60249713E
0.625CLUB1ISE
O0.6LEB30ITE
0.672957¢67¢
G.698G7956E
0.72645402¢€
0.75547752E
B.7829Tu6TE
D.81541685€
D.8LELUSTHE
G.88380419E
C.21&8U94L8E
C.95427794E
0.994C6897E
0.49492532E
0.63272973€
B0.80184u99€
0.i0229148E
O.143277134E
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SPECTAL CASE FOR LIBRARY CODE

TUBE BUNDLE IN EVAPORATOR SKECTION

TUBE J00, INCHES
VERT RIHS
BUNDLE HT, FT

0. 75CCL0€ QL
0.67CCCOF 02
0.u7C06u2€ 01

TUBE BUNDLE [N REJECT SECTIOQON

DO0@m~O L& LA —

TUBE 2D, INCHES
VERT RIWS
BUNDLE HT, FT

DPINIT
0.2779C889E-02
0.25652562E-C2
0.23514235€-102
J.21375908E-02
0. 19237581E-02
0.201383016-C2
N.210230228-02
B.21915742€-02
0.22808463€-02
5.239C72656-02
J.250C6C68E~-02
0.261Cu870E-T2
0.27203673E-C2
U 2B562756E~E2

. 2992388 1E-02
0.312839258~-02
0. 326u4009€E-02
. 3435C154E-02
0. 36056298E-02
(1. 3776244 2E-02
3. 39468587E-02
O 41611068E-02
0, 4375354C€E-C2
N.45856017E-02
J.48038498E-02
C.50741398E-C2
Js53444302E-C2
G.56147236E-02
G.58850111€E-12
0e62259235E-C2
e 6566R360E-02
0. 69077485E-02
O.72486610€-02
(1« 7THTUUI20DE-02
C.8)003230€-02
[.85261540€E-02
(.89519850€E-02
0e9u55201 1E-02
0.99584172E~-C2
O. 10461633E-C1
0.35302149€-02
B.509927280E-C2
De723531u45€E-C2
Deu7653106F-02
B.17127268E-111

C.750CrC0E OC
O.67C0C0E 02
0.470642E O
DTINIT
Ba54244995£~-C2
152261 3536-C2
0.50277710E-02
Q. h829ufi6TE-C2
Dau63104256-02
J.5186C809E-C2
De578111QuE-02
G.62961578E-L2
0.68511663r=-02
C.77152252F-C2
0.85792542E-02
OePuU328315-02
D.10307312-C1
Qe 1166530 yE-TY
Qe 1 30233765--01
O. 14381 409-C1
0.1573944 1601
D.179576870-C
0.2017593uE-C1
B.2239418CF-C1
Da2861248270-01
C.28276u43E-C|
Oa319404860E-C1
D.35604487 7601
0392684985~
Oa.u5484Su3F-}
0.517005926-Ci
J.57916¢815E-01
Ja6013269CE-C1
Da7uB8lYL5E-CH
0.85636139c-C1
1.96387863:~-C}
0.10713959 CQ
0.12610435: 10
O.145C69128 CO
O.16403389= (G
0. 1829986865 LN
0.21422577C CO
D.2u5u5288F (C
D.27667599E LC
J.10C302734 GG
0.166275028 Q0
D.26426697: CC
0.19499969F G
O. 7585086778 CC

NO OF TUBES/EBNCLE

HORIZ ROWS

SUNDLE WICTH, FT

NC OF TUBES/BNCLE

HORTIZ R0WS

PUNDLE WIRTH, FT

DPCLR
012567043102
Qe 11791 587E-02
O.11016130E-02
0.102u067T4E-02
0.94652176F-03
0.992000180E-03
D.1037u784E~-02
0.10829568€6~-02
0.1128483516-02
Oe.118485096-02
0.12412567TE-02
0.12976%25¢£-02
0.135403983¢£-02
Oetu2460041E-02
0.149518256£-02
0.156572u6£-02
D.163626675-02
0. 1725524 7E-02
3.18147826£-02
0. 120040602
0.19932985&-02
De21867262E5-02
0.22201538F-02
0.233358314€E-02
0.,26470091 F-02
0.25928072728-02
J0.273700u53E-02
0.288206346-02
0.30270815€-02
0.32131299E-02
0.33991 784E-02
0.35852248k-02
0.37712753¢€-02
0.u400920216-02
D.42471290€6-02
B.L48503558E-02
0.u47229826E-02
g.501293290£-02
0.53029954£-02
0.55930018€E-D2
O.156115008-02
0.22435784£-02
0.31290203:-02
.21 186536:-02
0.69300681 E-02

0.203728E
0.310000E
01.2500008¢&

O«117273E

0.180000¢8

Ne1BU3T5E

CTCLR

0.24490356E-02
O.24t47034E-02
0.23803711E-02
0.23460388€-02
0.23117065E-02
0.25848574E-02
(.28572N083E-C2
0.31299591E-02
3402710002
0.38280u87E-02
Neu2533875€-02
Celb787262E-02
Te510L06LE-02
J.58097839E-C2
D.65155029F-02
0.72212219E-02
0.79269u09E-02
7.93560913E-02
0.10185242€8-01
D.11314392E-01
0.12443542E-01
Oe 14341 354E-0t
De16239166E-01
0.18136978E-0 1
1.20034790£-01
0.23283005€-01
0.26531219€-01
0.29779u43uE-C1
133027 6U9E-T §
0.38732529€-C 1
O.ubk3740BE-QI
0.50142288€-014
0.55847168E-01
(e66136796E-01
Ne763664256-01
1.86626053E-01
0.96885681£-01
Dattu15354E OO
O0.131u2140E OO
0.14868927E 00
0.45654297TE-0
D.73371887E-D1
N. 11487579 0O
J.868u5398F~01
D.311ut663E €O

O4
02
at

ou
o2
ai

S/C RATIO

BUNDLE WIDTH + 3

S/C RATIO

BUNDLE WIDTH + 3

DTCNE
0.78735352E-C2
O.76u0E 386E-02
De7u081421E-02
Oe 71 754u56E-02
O.69u27490CE-C2
0.77705383e-02
0.859822746E-02
O.982¢81149E-C2
0.10253906E-C1
De 1 1543278E-TY
0.128326u42E-01
G. 14122009E-01
0. 15411 377E-O1
O.17u4751286-01
B.19538879E-C)
0.21602631E-C)
D.23666382E-C1
0.270123779e-C)
0.303861176E-C1
0. 33708572E-C1
O.37055969€-C1
B.u42617798E-C!
C.uB179626E-01
0.53741455E-CI
0.59303284€E-01
0.687675458E-01
0.78221812E-0t
0.8769¢6075€e~C1
0.9716C339E-01
Q. 11361694 CO
0. 13307355 OC
0, 14653015€ CC
O.16258676E CC
O.19221115€ £C
0.,22143555€ CC
0.25065994E GC
D.27988U34E CC
0.32837931E 0D
0.37687428E 0O
B. 42536926 Q0
0. 188€8164E L0
D.239¢64691E CO
0.37918276E GQ
0.28184509€ CC
0. 10659234E C1

0.13000ce
0.55C000e

0.13C00CE
O.44U4375E

8]}
g1

ot
a1

€6



RC#
Co#
EFFLYCH

EFFCOMA

VS#

YOLDISH
SHEAFEP#
TBOUT2#

TSC#
AB24
HBLOW#
QEBLOW#H
WY F#&

POBTU
AUNTT
RPOV AL

GVTE
SMALLE
TURBN
TLSTP
COFOUN
PIPEP
CAPTOT

[} s R e }

21370E

0.8C0N00E

0.22318E
Be17256E
0. 1CS05E
0.26752E

G.24500E
0.43735E
J.19746E
0.86358¢
0.81226E

J.41649E
0.86000E
0.66608¢E
J.81338E
0.16392€
D.6C693E
0.11436E

«336N0E-

ot
QG

Co

c8
(8
ia
a3
ce
C3
]
06
ce

g2

LENDA
CRVCH
GTOTH#

EIPEH

SPVOL#
SPVOLD#
CMHP2¥
CONDIS#

TDLC #
wh24
HOISH
NoLISH
WCOMH

POREA
QIN
WS

GMSF
Ag
TURRK
COMUNT
SHELL
PIPVC

0. 10CE6CC g2
G.132808 [
C.7500Ct C9

0.200C

(o0
m

e

De17946E £2
Oe13876E 2
0.2 CL4CE C6
0.38118E=-C1

0.7255188 €3
C.h8R37E O8
C.l11957C O
0.29215E 11
0.69650c €38

0.61829E N2
Dei5901E 11
0.16493F £8

B.333518 L9
012138 Ot
0.30440E O
Oetlplyye 27
0.974662E C7
g.>1981e O7

LENSH
TSE#
TBA Y

INPUT DATA

C.10000F G2
G.23700€ G3
0.93003F B2

VARIAPRLES SET

GAMY

CMPSH
CMPD#
PR#
CONSUCH

TDEH
WP2 4
HTOCH
CPRCD#
HTSC#

POWATR
wh
ASTFAM

COST ITEMS CALCULATED

0.13200F 014

0.22652€ 02
0.32629€ 02
O.14404E DI
O.4b621E-01

0.2u718€ 03
C.14385E 09
0.22373E O3
0.30613E 14
0.21340E 03

0.15000€ O3
0.20604F 003
J.13320¢ 08

TS#
CELTSH#
PTURBL#

IN PRCGRAM

CALCULATED VARIAPLES

C.2¢000€ O3
C.BC0C0DE O
.965C0E 03

CAPF
vSuc
POVTE
TURUNT
SITEW
FIPTUR

0.90000E 0O
Ne17946E 02
O.T6643Ef 01}
0.76464F O7
J.44791E D6
3.60649¢€ 06

CMTLCH# U.31415€ 03
CIAV-SH ([.30776€ (02
CIAM-C# 3.27062E 02
TDSC# J«24715E N3
WS 24 O.7ustue 08
HSUCH# J.11598E Ok
eSUCH 0.86540€ 1t
PO 0.151306E 03
WS 1 N.12984g 08
IN CSTVP
SMap 0.6C0C0E-01
HPVC 0.1C505€ O7
ELSTM 0.25232E 07
CENUNT O.1u4513E 07
pPUMP 0.49473€ O7
EECVTE 0. 3C326E 06

FIGURE 5 {Continued)

LISID#
DELTAD#
TTURB 1#

ASH
NS #
ALPHASH

VAPTSCH
WE24
HLTF#
QFEED#
TFEEDH

POTOT
WS3

SMALLB
PMSTMC
ELCST
CONCST
PIPEF
COSINS

0.3C0CO0E Ot
0.BO0CCCE Ot
0.54C00E 03

O.49664E 07
0.52695E 05
0.23437€ 0Ot

0.9u886E 03
N.58C81E 09
0.19679€ D3
D.114308 12
D.23438E 03

0.72294E 09
0.35088€E Q7

J0.69162E-01
0.15162€ 00
1.35204E 07
0.T73755E 05
C.17257€ D7
C.41433E 06

SUCID#
ETP4
REAPC#

AD 4
ND #
ALPHAD#

RPVCH
WMIX#
HM X #
QM x#
THIXH

ZUBARS
ZURARD

SMALLD
AMNT
TC <YC
HTCST2
P1PEB
pucy

0.30000€ 0O
C.34250¢€ GG
O.132708E-01

U.5167uE O7
0.54828€ 05
0.21759€ O}

0.53623c 02
0.58081E 09
0.20140€ B3
0.1 1697E 12
0.23816€ O3

J0.16653€ Ou
0.17543E Oy

0.2i071E-02
0.99569€ 03
0.30098E 08
D.19008E 08
0.15516€ D7
0.13977€ 07

7S



PIWER COST
PRIME STEAM COST
STEAM TQ BRINE HTR

HEAT COsSTY
COMPRESSOR COST
COMP FOUND COST
COMP CUCT COST
TURBINE COST
GENERATOR COST
EVAPORATOR COST
SHELL COST

VTE BRINE PUMPS
VALVES AND PIPING
ELECTRIC EQUIPMENT
CRANES AND BLDG
SITE WORK

TOTAL ¥C CAPITAL

OPERATING (VC+SEMS)

MAINT+SUPPL (VC+SEMS)

VC WATER COCST

$,DIR+IND

Ce72233951E
0.16392063E
Ce 139771 94E
Ca38232249€
Ce725665U5E
Ce37514963E
0.976519CHE

C.49n72902E
L.668B7789E
Ce3032630UE
C.u 1432690k
Couu790698E

dé6

Co 1 1435665E

TITAL WATER COST (VC+SEMS)

o9

0.35203558E

N.19008223¢
0.433408371E
0.98352379¢€
0.83863163¢E
0.22939349E
D.43539928F
0.30220881¢€
De5859TILIE

0.29683T42E
0.400132673E
D.1B195782F
0.2u859613E
De26RTHLIGE

D.94920238E
0.15135286E

0.29100542€
0.40011459E

a7

05

o8
08

O.14288608€-C1

U771515REE-01
0.17591221€8-02
B.39919738€-04
8.34038828E-03
D.931037456E-02
0.17672218E-02
D.12266212€-01
0.2378572C€-02

0.12048195€-02
0.16289263E~02
0.73854011E-0b
0.10090153€-03
0.10907932E-003

0.28526753E-02
0.61310140E-02

0.118) 1483 OC
O.16240065€ 0OC

FIGURE 5 (Concluded)

$/MMB TU

$ /KW—HR

0.2107098¢E-02
0. 15162031 QO
C.69161669c-01

44
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56

VAPCOM - FEFN SCURCE STATEMENT -  IFN(S) -

TWO EFFECT BACK PRESS.TURBINE i3RI VEN VAOOR CCMPRESSICN SYSTEM CN
TOP 3F SEMS

CATE 2/1/67

OLIN FLUTED TUBES I VTR EFFLCTS

KOUTPT IS A COUNTER USEC T2 CCMNTRCL STAGE PY STAGE CALCULATICNS
ANG QUTPUT

KOUTPTH0 GIVES NO OUTPUT CR STAGE PY STAGE CALCULATICNS

KOUTPTH#1 GIVES FORMAL OUTPUT ANL STAGE fY STAGES CALCULATIONS
KQUTPTH2 GIVES ONLH PO FOR CCNVERGFNCE L0OOP

COMMON/MAR22/GTOT

COMMON /GEOME /AMODUSALEV ,AULNI T, TCTALE ¢ TOTALR,FRERC,TRAYDF,HST,+CL,
tSPL

COMMON/ECON/ SMALLE , SMALLD ,SMALLE, SMALLP,RATEIN,WPLy CAPF,THERM,
1PMSTMC

COMMON /OP 1/ SMAPPP, HR, SMAPPH, Hf, UNARAR, UNARAE, Au, AJ, WCO,

09726767

VAPCCO20
VAPCLL2S
VAPCCO3C
VAPCLN3S
VAPCCOLT
VAPCLOCLS
VAPCCOSC
VAPCCCSS
VAPCCDAC
VAPCLO6S
vAPCCOTC
VAPCLCELT7S5
VAPCLCLOARC
VAPCLAES
VAPCCLOC
VAPCCL95

I UBARE, UBARR, UTHE, AE, AR, ATHE, THEL, ENE, THEN, FFE, HFR, THEHVAPCCIOC
2T, HC2, HCt, CC2, CCI, POCST2, POCSTI, ALPEAR, PMC2, PNCI, CCCAP2,VAPCCICS

cccapt, SITE2, SITEIl, WAI T2, WAITHI, ES2, ES!, EA2, EAl,
BHC2, BHCY, VPC2, VLCI, UBPH, FEC?, EECI, PO, CC2, CCI,
sS¢v2, SCMmMt1, (CIBC2, CIBCt, UEA2, DEAM, TC2, TCl, CAPLI,
Ca>12, CAPI3, P0C3, +S1, PMC, EEC, VPC, SITE, WAIT,
ES, &, CIBC, PHC, CCCAP, CCSTIN, MWZIRC, CRANE, PRLDG,
DFACST, PMCPO, PMCFLC, RETUR2, RETURI, CPREG(INO}), AMSC2,
AMSC
COMMON/PHYS/TI
REALMWTH; LF,MEGPD 1 y NS NDyNPH , LFNSHLEND, LENPH, LENAUX 3 Ny M, MSC,
INAUX, TC,MFFR ,MFGP D2, LAMDA J LANEX 3K o KC 1 sKC3 3 KCU yKS24K14K2,LF2
100 READ{S, 8000)RC,LEND,LENS,TS,DISID,SUCID,
[ COsCRVCyTSEWDELTSDELTAL,ETP yEFFCYC,GTOT, TBA
8000 FORMAT(8EID.U4)
READ(5,80305 ) PTURRI,TTURRE ,REAPC
2005 FORMAT(SEIZ,.4)
WRITE(6,8010) RC4LENDyLENS,TS,2ISID,SUC!D,
I CO,CRVC,TSE,DELTS,DELTAD,ETP,EFFCYC,5TOT,TRA,
2 PTURBI,TTURBI,REAPO
8010 FORMAT({IH],5X, I THVAPCOM DATA INPUT/
I tH 7HCARD OI1/1H BE1S.6/1H 7HCARD N2/iH TEIS5.6/ K THCARD 03/
tIH 3E15.6)
EFFCOM4.,.30
GAM#L .32
CAL. VAPH({TTLRBI,PTURBT,HTURRI)

O D~ N E W

X=10 BOILING POINT ZLEVATION 2/1/65

CONSUCHCO*CR VC
IVC#O
KOUTPT 4N
TBOUT 242.5%GTOT

105 CONTINUE
CHCINSLUC
CALLROPR({TSE,CONSUC,ALPHA)
ALPHASHALPHA+L.(
THTSE-ALPHAS
CALL PSIA(TY,CMPS)

FIGURE 6

VAPCCII1G
VAPCOII5
VAPCCI12C
VAPCC125
VAPCG1t3C
VAPCCI 35
VAPCCIuC
VAPCCIUS
VAPCCISD
VAPCOI155
VAPCCI6C
VAPCOI6S
VAPCCIT7C
VAPCOITS
VAPCOIRC
VAPCLC185
VAPCCI?C
VAPCOI95
vAPCG20C
VAPCLC205
VAPCC21C
VAPCO215
vapC022C
VAPCO225
VApPCC23C
VAPCO235
VAPCG24C
VAPCO245S
VAPCLC25C
VAPCC255
VAPCC26C
VAPCL265
VAPCC27C
VAPCG275
VAPCC28C
VAPCLC2RS
VAPCLC29C

4
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VAPCOM - EFN  SOURCE STATEMENT

TSC#TSE+4DELTS

CALL VAPH{TSE,CMPS,HSUC)
CALL VAPS(TSE,CMPS,SIN)

CALL WATH(TSC,HTSC)

CALL PSIA(TSC,PSC)

CALL VAPH(TSC,PSC,HVSC)

VAPTSCHHVSC~HTSC

ASSUMPTION OF CONDIS ASSUME WS? #WD2

CRF#( 1.—14/CRVC)
CONDIS#C3/( 1 .~CRF/2.)
ALPHADHALPHA S}
TOE#TSC+ALPHAD

X=1J BCILING POINT ELEVATIGN 2/1/65

C#CONDIS
CALLBOPR(TDE,C,ALPHA)
ALPHADAALPHA+I.O
TDEATSC+ALPHAD

IVCHIVL +]

TOCATCE+DELTAD

CALL PSIA(TDC,CMPD)
PRECMPL/CMPS

CALL VAPV{TSE,CMPS,S5PVOL)
CMPIOW2ATBOUTZ*EFFCOM

CMHP 2 HLMPOW2/2546.6
SHAFHP #TBOUT2/25u46. 6
GAMF#(GAM—~1.)/GAM

PRF#( PR¥*¥GAMF)-1.

CALL VAPTSICMPD,SIN,TOUT)
CALL VAPHUTOLT,CMPD,HDI)
HD#( HD I-HSUC }/EFFCOM+HSUC
CALL VAPTHI(CMPD,HD,CMTD)
CALL VAPH(CMTD,CMPD,HDTS)
WS2#TROUT2/(HDIS-HSUC)
CALL WATH(TDC,HTDC)
WVF#AS2¥{HTDC-HTSC) /{VAPTSC)

APPROXIMATE SOLUTION OF TOSC

TOSCA{WS2¥ TOE+WVFETSC )/ {WS2+ WVF)
CBHCO*CRVC
WRZ2ECONDIS*W52/(CB~CONDIS)

1142

CALL DINTPL(TSE,.CB,.HBLOW)

CALL DINTPL({TDE,CONDIS,HCON)
CALL PSIA(TDE,PDE}

CALL VAPH(TDE,PDE HVTDF)

57

IFN(S) -

WR2H#{WR2% (HCON-HR LOW) +W S2* (HCON-H SUC) +WVF* (HVSC-HTSC) )/

FH{HTSC-HVTDE)
WF2HWS2+WD2+4WB2
CASS I #CONDIS
CONDTIACO*WF2/ (WR244%WS2)

IFCABS{CONDI1-CASSI)-.CLOGI)Y 130,130,115

FIGURE 6 (Continued)

09/2¢/67

VAPCL295
VAPCL30C
VAPCO3AS
VAPCC3IC
VAPCG31S
VAPCC32C
VAPCO 325
VAPCL33C
VAPCLC335
VAPCC3LC
VAPCO345
VAPCC35C
VAPC(C355
VAPCC3AC
VAPCO365
VAPCO37C
VAPCL3TS
VAPCC38(C
vAPCO38s
VAPCD390
VAPCLC 395
VAPCC4OC
VAPLCOUOS
VAPCGHIC
VAPCCMI5
VAPCEL2C
VAPCOU2S
VAPCOU3C
VAPCC4H35
VAPCCLLO
VAPCOLLS
VAPCOLSC
VAPCOUSS
VAPCCL6C
VAPCLLES
VAPCCLTC
VAPCOUTS
VAPCCuEC
VAPCOLES
vAPCOLIL
VAPCCLOS5
VAPCES0C
VAPCESQS
VAPCCSIE
VAPCECSIS
VApPCLS2C
VAPLLCS525
VAPCCS3C
VAPCOS35
VAPCCS54D
VAPCOS54S5
VAPCESSE
VAPCESSS
VAPCLCS6D
VAPCES6S
VAPCCSHTC

13
15
17
19
21

24

27

29

3
34

36
38

40



115
120

130

135
140

145
8015
150

58

VAPCOM - EFN SCURCE STATEMENT - IFN{S} -

CASS2#(CASSI+CONDI1) /2.
CONT INUE
CONDIS#CASS2
WB2H#CONDIS*WS2/{CB~CONDIS)
CALL DINTPL(TDE,CONDIS,HCON)
WD2#(WB2% { HCON-HBLOW} +WS2% (HCON-HSUC) +WVF* {HVSC-HTSC) )/
I (HTSC-HVTDE)
WF2HWS2+WD 2+ wB 2
CONDI2HCO*WF2/(WB24WS2)
IF(ABS(CONDI2-CASS2)-.0C001) 135,) 35,125
SLOPEH#(CONDI2-CONDI1)/{CASS2-CASSI)
B#CONDI2-SLOPE*CASS?
CASS3#B8/(1.-SLOPE)
CASS24CASS3
GO T2 123
CONDISH#CONDI !
GO TO 14D
CONDIS#CONDIZ2
CONT INUE
IFCIVC.LELT)IGO TO 11IC
CALL OINTPL(TDE,CONDIS,HCON)
CBH#CI*CRVC
CALL UINTPL(TSE,CB yHRLOW)
QDIS#WS2%HDIS
WP2HWS2+WD2
QPRODHAWP2%HTSC
OBLIWHWB2*HBLOW
QFFED#QPROD+QBLOW-TROUT?
HLTFA#QFEED/WE2
CALL CINTPL(TDE,CQO,HI1)
CALL DINTPL(TDC,CO,H2)
CPH(HI-H2)/(TDE-TDC)
BSH#HI-(CP*TDE)
TFEED#(HL TF~BS)/CP
IF((TS-10.).LT.TFEEDY GOTO 145
GO TO 150
WRITE(6,8015)

FORMAT( IH ,50HTCF TOO HIGH, TSE TCC LOW OR EVAP CELA-T TOO KIGH))

CONTINUE

QSUC #WS2%HSUC

VSH#WS2%SPVOL/60.

VCGPN2#2.90323% {WS2+WD2)

WMIXAEWB2+WP 2

CUIXS(CONDISEWB2)/WMIX

QU IX 4QRLOW+QPROD

HMIX#QHIX/WMIX

CALL DINTPL(TSE,CMIX,HI)

CALL DINTPL{TDC,CMIY,H2)
CPH#{HI-H2)/{TSE-TDC}

BSHEHI-{CP®TSE)

TMIXA#(FMIX-BS)/CP

CALL. VAPVI(CMTD,CMPD,SPVCLD)
DIAMCSHIVS®L,/(3.1u16%50C.%60.)) %%.5
VOLDISH#WS2%SPVOLD /6 .
DIAMCO#{VOLD IS* 4.4/ ( 34 1016%500.,%560.)) %%, 0

FIGURE 6 (Continued)
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GLIN ALLDOY FLUTED TUBES

TSECHTSE-ALPHAS

UDELTH#TSC~TSEC

CALL UCALC(UDELT,LFNS,TSEC,LCNSLC+ZUBARS)
UDELTH#TDC-TSC

CALL UCALC (UDELT,LEND,TSC,CONDIS,ZUBARD)
WCOMH#WL 2+ WVF

AD#AS2%(HDIS~HTDC )/ (ZUPARD®DEL TAD)

CALL VAPH({TDSC,PSC,HVSUC)

ASHIWD2%( HVSUC-HT SC ) +WVF% (HVSC-HTSC)) /(ZUBARS*CELTS)
ARCON#AD+AS

ND#AD/(LEND* 3, 141 6%DISID)
NSH#AS/(LENS® 3. 141 6%SUCID)
RPVCH#WP 2% 100./TROUT2

CALL PSIA{TS,PC)

CALL VAPH{TS,PC,HVTRRS)

ESTIMATE OF EVAPORATOR PUMPING
EIPE#U.2
POESHGTINTXFIPE/ 1.ED

CALL WATH(TS,HLTRRS)

WAREFFCYC* (HTURBI-HLTRBS)

HTURBO #HTURD I- WA

WSTHTBIUT2 /WA

AAA#{ HTURBI-HLTRRS)
POBTUZ24PIES*2.5U0E6/. TUb
WS3H{PIBTU2+REAPOXWS I #AAA) /{ WA-REAPQ®AAA)
WSHAST+WS 3
QUAL#(ETURBO~HLTRBS )/ (HVTRES~HL TRES)
WS TEAMAWS%*QUAL

WCOND#WS-WSTEAM

QBRE#TBOUT24+WSTEAME (HVTRBS-HL TRARS)
POTOTHUWSI%WA

POREAAREAPO*WS *AAAXTL4A/2.5L6E6
Q#QBR~-TBIUT2

AAHTOBC & (WF2%¥(CR~1,)/CR-WP2)
BBH¥WR2*{ TFEED-TSE )-0

THEA# (AAXTFEED+BB®TBA) /(A2+RB)
IF({JUTPT.EQ.I)IGOTOI5S

CALL MAIM(WP2,WB2,RC,QBR, TSC s TFEED, THFA,KOUTPT,CTOT1,PC)
IF(COUTPT.EQ.3) GOTQI6C

KOUTPTH#I

ESTIMATE PROPER TBOUT2
TROUTZ24TBOUT2%#GTOT/GTOT I
END TBZUT2 SCALING

GO TO {05
CALLMAIN(WP2,wB2yRCyQBR,TSC, TFEED , THFA , KQUTPT ,GTCT I ,F0)
POBTUHPOBTUZ2

POWATRAPOBTU%.TUE/(2.546E6)

QINAWSH(HTURBI-HLTRBS)

FIGURE 6 (Continued)
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RPOVAL #{GTOT7/2.90333)*170C./QIN
t6C CONTINUE
WRITE(5,8020) RCHyLENDSJLENS,TS,LI1SIN,SUCTD,C0,CRYC,
I TSEZCELTS,UELTAD, TP, FFCYCyGTCT,TRA,PTURRI,
2 TIURPIsREAPO,EFFCOMCIPE,GAN
BO2C FORMAT{IHT,55%X, INHINPUT DATA/1H 55X, | OH-—=== ~==-= /
1 THD BERCALEIT 5, I X SHLEND Y, E15.5, 1 X SHLENS#,E15.551 X,
2 BHTSH, EIT .5, IXs6HDISIDHE1L.S, 1XAHSUCID#,E1L.5/1H 3HCCH,
3 E17.5, Xy SHCRVCH#9E I SaS, I X UHTSE#,F16.5,1 X, 6HCELTS#,E1 4,5,
b 1%, THCEL TADH#,E13.5,1X, UHETP 45 16.5/1H THEFFCYCH#H,EI3.5,1X,
S5 SHGTOT#,E15.5, I Xy UHTBAN,E16.5,1X,7THPTURBI #,E13.5,
6 I Xy THTTURRIH®,E13.5,1X, CHRTEAPCHE1L.5/1H0,48X,
7
8

2UHVARTABLES SET IN PROGRAM/IH UBXy28H-————~m—m e mm e

I HJy THEFFCOMAELE I 3.5, IXySHFTIPE#LE 154541 X, BHGANME,E16,.5)
WR ITE(0,8025) VvS,SPVCL ,CMPS,CMTD,AS,AD,VOLDTS,
1 SP2VOLDyCMPDyDIAMCS,NSyNDy SHAFHP,CMHP? 4P 3,
2 DIAMCDy ALPHAS,ALPHAD, TBOULTZ,CCNCIS,CONSUC
8025 FORMAT(IHO, S0X, 2CHCALCULATED VARIARLES/IH 50X,
I 20H-=———mm e e /
! THO 3 3HVSH# 3F 1 705, 1 Xy AHSPVCL#,ETU.5,41 X,
1 SHCMPSH#; E1S5.5, IX, SHCMTDH 15,5, 1 X, 3HASH#,E17.5,1X,
2 3HADH,EIT5/71H THVOLDI S#45-0 3.5 1 Xy THSPVOLL# 4 E13.541X%,
3 SHCMPLH,E 155, I Xy THDIAM=SH, E13.5,1 X,3HNSH ,E1T.5,]1X,3HNDH,
L EIT7T.5/71H THSHAFHPH# L, E13.9, 1 Xy 6HCMHP2 #,Elli. 541 X, 3HPR#,
5 BE17 o5, Xy THDIAM-DH#,E13.5,IX, THALPHASH#,“13.5,1X,
6 THALPHAD#,E13.5/ IH THTIBOUT2#,51 3,541 X,
& THCONLCISH#,E13.5,1X,THCONSUC#,013.95)
WRITE(4,8030) TSC,TDC,TLE,TDSC,VAPTSC,RPVC,
WB2, WD2, WP 2, WS2 4 WF2 4 WML X,
HBLOW; HDIS s HTDL s HSUC o HL TF , HMT X,
CBLOW,QDIS,QPROD,SSUC sQFEED,OMI X,
WVF o WCOM,HTSC ,TFEED, TMIX
8030 FORMAT(IHO UHTSCH sE 1645 1 X BHTOCH yF1 6.5+ X UHTLE#,E16.5,41X,
3 SHYDSCHYEIS.5, 11X, THVAPTSC#3E13.5,1X,
USHRPVCHsE15.5/1H LHWB2#,E1605, 1 Xy MHWD2# ,E) 645,101 X,
SUMHWP 24, E16.53 IXsUHWS2#,51 6.5, 1 Xy uHWF2#,F16.5,1X,
OSHWMIX#,E15.5/1H 6HHBLOWH ¥ 1445, 1 X,5HHDISH#,E15.5,1X,
TOHHTDCHEI S5, 1 Xy HDHHSUC H4E 1 5a 59l Xe SHHLTF 4 ,E15454 1 Xy
BSHHM IX#yE1 S5/ 1H SHOBLOW# + 1 4,5,1 X,5HQDISH#,E15.5,1X%,
FHEHQPRODH ) E 18 .5, I Xy SHQSUCH,515.5,1 X,6HQFEED#,E14.5,1X,
ISHOMIXH,E15.5/1H UHWVF#,E16. 5,1 Xy SHWCOME,E1S.541X,
25HHTSCHETIS W5 422Xy OHTFEED R 4o S5yl Xy5HTMIXE yEI15.5)
WRITE(5,8035)POBRTUsPORKA,POWATR ,PC,PCTOT,ZUBARS ,AUNIT,C IN,
I WAs WS14WS3, ZURARD,,PPOVAL yAS,WSTEAM
8035 FORMAT(IHO,S5HPORTUETS5.5,1Xy SHPCREALEIS5,5,1X,6HPCWATR,
TEI L oSy IXy 2HPOZEIBLS ) IXyBHPOTOTZE15.591 Xy THZUBARS LEI13.5/
2 1H SHAUNIT,E15.5,1X,
2 SHOQINS EIT o5 IX 9 2HWASET oS s 1 X3 3HWST 3E1Te591 X93HWS3,
3E1T.59 11Xy THZUBARD 4,E13.5/1H ,6HRPCVAL,EIM.5,1X,
3 2HASyE1B 45y I Xy 6BHWSTEAMLE [ L4a 5)
GMSF#GTOT-VCGPD2
PRIRTUHWSTEAM * (HTURSB [-HLTRBS)
PRIMWTAPRIBTL/.34115E7
CAL. COSTVC(SMALLD,SMALLB,PR,VSHAUNIT,TSE,SMALLP,+QIN,TS,
IWSyWS3,PDTOT,AS,ADPMSTNMC yCAPF ; WS1 2 VCGPN2 4, SPVCL y SHAFKP,
2TBOJT2,WRB2,WF2, WP 2y GMSF LLENS,LEND,SMALLE,SITE,CAPI?,
3WSTEAM 3 VILDISyTC24,TCI 4PRIMWT yREAPCLETP4FFFCYC)
GO TO 103
END

SE W
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MN IA - EFN SCURCE STATEMENT -~ IFN(S) -~
SUBROUTINE MAIN(BILL!,,BILL2+8BILL3,RILLY ,BILLS5,BILLS,BILLT, MNIACOOS
IIBILL,BILL8yBILLY) MNTACOI0
COMMON /GEN/CASE G 4RP,y XRP 0y XCsL s XUyCRy XCR, RCE,ROER MNIACO!S
COMMON/TEMPC/TSTEAM,TS(10C)y THF, TR, XTH, TC,TP,TA,CC,CP MNIACDZC
COMMON /GEOME/AMODU,ALEY JAUNI T, TCTALE,TOTALR,FRERC,TRAYDP,HST,CL, MNIAOQN25
1SPL MNTACO30D
COMMON /ECON/SMALLE SMALLD y SMALLB, SMALLP ,RATEIN,WPL, CAPF,THERM, MNIACDR3S
1PMSTMC MNIACOMO
COMMON/TUBING/ DOH,OIH,D0E,DIE,DO0OR,DIR,Al A2 ,A3,BIKTF,BIKTE, MNTACOUS
IBIKTR, CSLTBH,CSLTBP,LSLTBR MNTAQCSO
COMMON/FOULIN/RH,RE yRSR4SH,SE, SR, VH, VE, VR MNIACESS
COMMON/PUMPHT/HD, HH ,HBL yHPR,y FFHL, SSF I MNIACCHC

COMUON/AMISC/CPSTB,FACIC,ACACID,DPLIMyAb A7 4 XSOL s XNNNyNNNyXLLL, LLLMNIAGDS5S
COMMON/DATA| /BDEPH,DTPD»SSF2,TCTAL ,UMAX ,UALP,PI ,TWFA,TSTH,COEFA, MNIACQO7C
TORITE, ITER MNIACOTS
COMMON/AZ I /DTPDPLI0C) ,TITLE(LS) MNIACOBC
COMMON/TCVLI/ ACPSN, ACPSNK, ACPTNK,CPBT,CPTK, CPTNK,AFMBN,TCF,WX, MNIACOBS
IWF, W), CBy WC, WB, WR,RHONK, RHCK, ERR,CCF, NITER, NK,NTOTAL, PN,RPN,MNIACCOC

2TC, ALPHAl, wWPN, DELCT, DELST, IGSC, SMAQ, SUMA, TK MNTACO9S
COMMON/TCVL2/ TTD(ICQ),SMTCICCY, SMT20100), CT(I100), WS(100), MNIACIOC
1CC100Y, TVOIGD), WYLICC), Q4 0170, WP(1I0), AS(I0D0),SLS (100) MNTIADIGS
COMMON /PHY S/ 11 MNT2CHIC

COMMON /2P 1/ SMAPPP, HR, SMAPPH, HE, UNARAR, UNARAE, Au, AJ, WCO, MNIACIIS
UBARE, UBARR, UTHE, AE, AR, ATHE, THEL, ENE, THEN, FKFE, HFR, THEHMNIACI2C

I
2T, HC2, HCI, CC2, CC!y POCST2, POCSTI, ALPEBAR, PMC2, PMCIl, CCCAP2,MNIAQIZ25
3 CCCAPY, SITE2, SITEl, WwWAIT2, WAITI, ES2, ESI1, EA2, EAl, MNTAC 130
4 BHC2, AHWCI, VPC2, VPCIl, URPH, EEC2, EECI, PC, CC2, CCIl, MNIAQI35
5 SC42, SCM|, cIscz, CIBCt, DEA2, DEAl, TC2, TCIl, CAPII, MNTIACIUOC
6 CAP12, CAPI13, PO3, +St, PMC, EEC, VPC, SITE, WAIT, MNIAQIUS
7 ES, kA, CIBCy, BHC, CCCAP, COCSTIN, WEIRCs CRANE, BLEGG, MNIACISC
8 DEACST, PMCPO, PMCFLO, RETUR2, RETUB!, CPREQ{IDD), AMSC2, MNIAC155
9 AMSCI MNIACI6C
COMMON/STAGE I/ ACIODY,CFMWVII0C), CFMWZ(IDD), UBARCINT), CM(I100), MNIADI1AS
THOCTOO0).HTCICO)Yy WWFSITC) ,yWEV{I0C)Y,, TRAYFL{100),TRAYWC{100), MNTAGITE
2RESIDT(100), PV(IOT),DELP(INC), DTPOPSIIOD) MNTAQITS
DIMENSION QUIGC)PLICY HPLIMIIO),ALIM10) LTCOID) MNTACISC
CIMENSION QMAX(10) yQRPLETT) MNTAC185
COMMON /MAINI1/ SSF, HFG MNTACI9C
COMMIN /STGI/ ATR, ATR, CTR, CTA MNTAD195
COMMON/JAN 18/WP | MNTAC2CO
COMMON/JAN23/CFRy TFRyWB 1, TP ,WPRG SC, WPEGSC 4WPTGSC MNTAC205
COMMON/ZJANZ2T /WM, SUMALP, SUMCH, WPNK,CPSN,CPSNK MNTAC210
COMMON/JAN 31 /KOUTPT MNTIAQ2I5
COMMON/FEBU/GTOT 1 ,THFA,RC ,NBK MNIAC22C
COMMON/FEBH/SSFUBR MNTAG225
WP EHRTILLI MNIAC23C
WB1#BILL2 MNTAC235
RC#BILL3 MNTAC240
QBR#AILL Y MNTAC2u5
TPI#BILLS MNIAC250
TCF#BILLG MNTIALC255
THFEARBILLTY MNTIAC260
KOUTPTHIBILL MNTIAC265
GTOT I #BILLR MNTAC27C
PO#BILL®? MNTAC275

FIGURE 6 (Contimued)
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MNTA - EFN SCURCE STATEMENT ~ IFN(S)

IF(COUTPT LNELOIGO TG 1CC
TPCT#0.005
READ [ 5, 8000 INITER
BOOD FORMAT(IZ2 )
WRITE(6,80005) NITER
8305 FORMATUIHO 5%, ISHMAIN DATA INPUT/IH THCARD D4 /14)
IREADRD
A #1.0
C READ INPUT DATA
CALL INPUT (IREAD)
100 CONTINUE
IREAD#I
TSOIIETSTEAM
WINSR#0.0
XTC#0.0
NTOTAL #TOTAL+0. 1
TC{3)80.0
SSFH#1 .0
SSFUBR¥L.D
C COMPUTE EVAPDRATOR AND REJECT ELEVATICN IF NOT SPECIFIED
C SAVE INPUT VALUES OF KEY DATA
Q1) #U
PLI)HO
ERR#0 .12
CALLTCVALAIPU 1), QU1 ,TC( 1))
BIL_7#THFA
IRILL #K0UTPT
BILLS#GTOTI
BILLI#4PO
IFIERR.GT.TJ.MIGO T 105
IF(CIUTPT ANEL I JRETURN
CALL JUTPUT
RETURN
105 KOUTPTHS
IBILL#KQUTPT
RETURN
END

FIGURE 6 (Continued)
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BPRI - EFN SCURCE STATEMENT -~ [IFN{S} -~

FUNCTION BPE (C,T) 8PRICOOS

1#0 BPRICOIC
CALL BOPR{T,C,BP) BPRICODIS

100 TVET-BP BPRICO2C
CALL BOPR{TV,C,BPE) BPRICO25
IF(1.EQ.5)G0OTO 105 BPRICO30
IF(ABS(BPE~BP)/BPE LT..0CCI)T 45 BPRICO35

BP #BPE BPRICOME
6070100 BPRIQOUS

105 RETURN BPRICOSE
END EPRICOS5

FIGURE 6 (Continued)
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TCva - EFN SOURCE STATEMENT ~ TFN{S) -

SUBRDUTINE TCVALIPYAL,QVAL,TCVA) TCVALCLOS
COMMON/GEN/CASE,G4RP, XRP,P, X0, Cy XU/, CRy XCR, ROE,ROER TCVALCI O
COMMON/TEMPL /TSTEAM,TSUIOD),y THF, I3, XTR, TCyTP,TALCC,CP TCVACOLS
COMMON /GEOME /AMQDU 4 ALEV JAUNT Ty TCTALE ,TOTALR,FRERE, TRAYDP,HST,CLy TCVARD2C
1SPL TCVaCg2s
COMMON/ECON/SMALLE » SMALLD y SMALLP, SMALLP ,RATEIN,WPL, CAPF,THERN, TCVACEAC
1PMSTVC TCVACN3S
COMMON/TUBING/ DOH,CIH,DOF,DIE,DOR,GTIR, Al A2 ,A3,RIKTF,RIKTE, TCVAGQOLT
JBIKTR,CSLTHH,CSLTBP,CSLTBR TCVACGUS
COMMON/FDULIN/RH, RE yRS5R s SHy STy SRy VH, VE 4 VR TCVACOSC
COMMON /PUMPHT/HD, HH ,HB L ,HP%, FFHL, SSF TCVALDSS
COMMON /AMISC/CPSTR yFACID (ACACIG ,DPLIMAA A7 4 XSOD ¢ XNNN ZyNNN,XLLL»LLL TCVAQDAED
COMMON /DATAI/BUEPHDTPD 2SSF2, TCTAL UMAX JUALP ,PI »TWFA,TSTH,CCEFA, TCVARDSS
IORITE, ITER TCVACCDTC
COMMON /AZ V /DTPDPLICE) ,TITLELIS) TCVAONTS
COMMON/TCVLI/ ACPSN, ACPSNK, ACPTANK,CPRT,CPTK, CPTNK,AMEN,TCF,WX, TCVACO8D
1WF ;) CBy WCy WBy WR,RHONK, RMGK, ERR,CLF, NITER, NK,NTCTAL, PN,2PN,TCVACUSBS5
2TC, ALPHAL, wPN, DELCT, DELST, IGSC, SMAQ, SUNMA, TK TCVALCOC
COMMON/TCVL2/ TTID(ICC) o SMT{ITO), SMT2(100), CTOID0), WS {I0D), TCVAD9S
ICC120), TV{ICO), WY(ICD), QHOICT), WP IO, ASLIND) ,SLS(1I07) TCvACICD
COMMON /TCVGSC 7/ CTDCS TCVACIOS
COMMON /PHYS/ T TCVACHIC
COMMON /MAINI/ SSF, HFG TCVAGILS
COMMON/JIANIB /WP ) TCvaAL 20
COMMON/JAN23/CFR, TFRyWB 1, TPl ,WPRG SC 4y WPEGSC ,WPTGSC TCvaAQi25
COMMON/JIAN2T /WM, SUMALP, SUMCH, WPNK,CPSN,CPSNK TCVACI3D
COMMON /JAN 31 /KOUTPT TCVAD L3S
COMMON /FEBU/GTOT] , THFA ,RC ,OBR TCVAD 140
COMMON /3P 1/ SMAPPP, HR, SMAPPH, HF, UNARAR, UNARAE, A4, AJ, HWCO, TCVACIA4S

—f
-

cCccapt, SIVE2, SITEl, WAIT2, WAITI, ES2, ESI, E£AZ2, EAL,
BHC2, BHCI1, VPC2, VPCI, UHPH, EEC?, EECI, PC, CC2, CCl,
SC42, SCmi, cIBC2, CIBC!, DREA?, DEAMI, TC2, TCI, CAPII,
cap12, <CAPI13, p03, HSI, PMCy EEC, VPC, SITE, WAIT,
ESy FA, CIBC, BHC, CCCAP, COSTIN, WwSIRC, CRANE, BLDG,
DEACST, PMCPO, PMCFLC, RFETURZ, RETUBI, OPREQ(IO0N), AMSC2,
AMSC
IF{ERR) 385,100,385
C ASSIGN INITIAL VALUES TO FLAGS AND COUNTERS
C ITER#COUN TER ON NUMBRER [TZRATICNS THROUGH SUBRR-GSC
c NITER #MAXIMUM NUMPER I TERATIONS RFFORE SKIPPING CASE
C ERA4FLAG WHICH INDICATES TROUBLE, {OHOK,+#SKIP CASE)
C
c
c

ODNDVE NN —

IIAFLAG WHICH PHYSICAL PROPERTY DESIRED
FLAG, (O#GST NOT CONVERGED,+#4GST CONVERGED,CONTINUE)
AQ#AN OBSELETE ERROR RETURN SIGNAL
100 TJEANAL.O/().04SS5F 1)

TERS#1.0+SSF !

CHPVAL

TS{1)#TSTEAM

QEOVAL

FLAG#0.0

ITER#D

IGSC #0

ILOoSE#C

FIGURE 6 (Continued)

UFARE, UBARR, UTHE, AE, AR, ATHE, THEL, ENE, THEN, HFE, EFR, THEHTCVAQISO
HC2, HCI, CC2, CC), POCST2, POCSTI, ALPRAR, PN(C2, PMCl, (LCAP2,

TCVAGLSS
TCVvAC16C
TCVAC16S
TCVACITC
TCVAQITS
TCvACI8D
TCVALIBS
TCvAaC19C
TCVAQ195
TCVAC2CT
TCVAC205
Tovacaice
TCVAQ215
TCvagzac
TCVAL225
TCvaG23C
TCvAD235
TCVAQ24C
TCVAG245
TCvagcosc
TCVAQ2S5
TCvad2sC
TCvAO265
TCvAC27C
TCvaAO275
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TCVA - EFN SOURCF STATEMENT ~  IFEN(S)
#1
NTOTALATOTAL 0. )
CELCTHTS(1)-TO

CELSTH#TS( 1 )-THF

C ASSIGN STARTING VALUES TO VARIABLES

ALPHA 1 4#2.0
ACPSN#1050.0
ACPSNK#11350.0
ACPTNK #1050.C
CPRT #0.92
CPTC#3.96
CCF#CO
CPTNS #L .90
AMBNA#1C00.C
ANWP #3004  432%G

C BLOWDOWN TCMP, AND PERFORMANCE RATIC GIVEN

105

BORPCW#0.0005

BORBPCWH#N.0OQ!I

EOBPCT40.00)

BOBPCT#.01

EOBPCW#.0

AMBE # 990.0

AMER 4 1D0)10.C

CTPDE # <5

CTPDR # .5

THF H#THFA

WMH#AP 1 + WB]

WCHAM%RC

WOHEWC + WM

CB#CR*CO

WPTHWO%(CB-CO}/(CB~CP) ~WC *{CB-CC)/(CB-CP)
WBHAD —WP T~WC

CFI#1WM%C0 —~wP 1%CP) /WP

IHFRA]

FLAG3#C.0D

1142

CALL DINTPL{TCF,CO,HNCF)

CALL DINTPL(TPI,CP,HCPTP)

CAL. DINTPL(THF, CB, HRHF)

CAL. DINTPL{THF, CFI1, HEI)

CALL DINTPL(TCF, CB, HRCF)

WRH{ WMXHMCF + QBR ~WPI®*HCPTP —wWBl *HBI) / (HRHF -HRCF)
WE H#dM +WR

CEFRE(WR % CB +wPI*CFIl ) / (WR + WDRI)

HFR# (wB1%*HB I +WREHRHF) /(WP +WR]}
TERATTT(CFR,HFR )

TBHTI+ (QBR +WPT*(2.C +LTPLR)II/(WC + WPT +wB)
FLAGU#2.0

P # TB - BPE(CB,TB) — DTPOR

1142

CALL CINTPL(TP, CP, HCPTP)

CALL CINTPL (TB,CB,HCBTH)

CALL DINTPL{TB, CO, HMB)

CALL DINTPL(TO, CO,HO )

ALPH#HCPTP - HCBTB

HB #{ JBR+WO *HO ~WCHEHMB ~WPTXALP) /(WP T+W ")

FIGURE 6 (Continued)
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YCVAC28C
TCVAC28S
TCVAQ29C
TCVAC295
TCVACSCC
TCVALC 305
TCVvAC3IC
TCVAC31S
TCVAL32C
TCVAO325
TCVAC33C
TCVAC335
TCVAC 3LE
TCVAD 345
TCVAC35L
TCVALC355
TCVAC3AC
TCVAQ365
TCVAC3TC
TCVAC3T75
TCvAC38C
TCvAl 385
TCVALC39C
TCVAL395
TCVACHOC
TCvAQKOS
TCVACL|C
TCVACH)S
TCVACH2C
TCVAQL2S
TCvACH3C
TCVACA35
TCVACLHUQ
TCVAQUUS
TCVAQuSC
TCVACUHSS
TCVACK6C
TCVAQLGS
TCVAQUTC
TCVAQWTS
TCVACAUBL
TCVAOu8S
TCVACLQC
TCvADu9S
TCVACSCC
TCvACS05
TCVACSID
TCVACS1S
TCVACS2C
TCVAQOS525
TCVACS30
TCVACS3S
TCVACSKHC
TCVACSMS
TCVALCSSC
TCVACS555

23

25

27
29
31
33



120

125
130

135

150
155

160

165

170
175

180

185

190

195
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TCVA - EFN SCURCE STATEMENT

TBC #777(CA,HB)

HZ #H0

IF(ABS{TBC-TB)/TBC - .OUOC1) 125,120,120
TB#78C

GOTO115

IF{FLAGY) 135,130,125

FLAGu# 4.0

TBHTARC

GO T2 115

TBE#TB+TFR ~TCF

TBECH4TEE

CBE#CH

CBECH#CRE

TPE#TBE~2.0~-DTPDE

FLAG2140.0

FLAGI9#00.0

1142

CAL. DINTPL (TBE,CBFR,HCBE)

CALL DINTPL (TB ,CB ,HCBTRB)

CBE#CP + (CB~CP) *{1.0C - (HCBE-HCBTB)/AMBR)
IF(ABS(CBE-CBEC)/CBE - C.O0EDCH) 155,150,150
CBECHCRE

GO TO 145

WBEA{WE+WR I/ (1.0 ~(HCBE-HCS5TB) /AMRR)
IF(FLAGI9) 165,160,165

FLAG19#19.0

CBECH#CBE

GO T3 145

CONTINUE

1142

CALL DINTPL({TPE,CP,HCPTPE)

HTPE #{ wO%* ( HMB-HO ) +WPTHHC PTP+{ WD+ wWR) *HCPTB-WREX(HCRE-HCPTPE) }/
F{WP] +WR+ WBT)

TPEXATTT(CP,HTPE)

TPX#TPE+DTPDE

CALL BOPR(TPX,CRE,RPR)

TBE#TPE + BPR + DTPDE

[F{(ABRS(TBE ~TBEC)/TRE ~C.COOI1T75,1 73,170
TBEC#THE

GO TD 1u5

WPE#WR + WB1 -wBE
IF{FLAG21)185,180,185
FLAG21#21.0

TRECH#TPE

GO 70 110

CONTINUE

WPRAWBE -WB -WR

WPRIH#WPT-WP I -WPE

CRBELT#{WB=CB +WRXCB 4+WPR%CP) /WBE
HFRCHWPEXAMBE/ (WR +WD 1) +HCPE
TE(ARS{HFRC —HFR}/HFR ~C.00051220,193,190
IHFR # [HFR + 1
IF{THFR-1)195,195,2[C

HC 1 #HFRC

HA 1 #HFR

THF#0 .99% THF

IFNIS)Y -

FIGURE 6 (Contimued)
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TCVACS60
TCVACLS65
TCVACSTQ
TCVACSTS
TCVACSAC
TCvACH85
TCVACHIL
TCVAQOS9S
TCvACHOD
TCVAC6KTS
TCVACSIC
TCVAQALS
TCvAGH2C
TCVALH25
TCVACH3C
TCVAQ 635
TCVACHUD
TCVACHUS
TCVACHS5C
TCVAQAHSS
TCVACH6L
TCvAO665
TCVACHTL
TCVAQSHTS
TCvAQsBL
TCVADABS
TCVALA9C
TCVAQ695
Tovagmnec
TCVACTOS
TCVACTIO
TCVYACTIS
TCvAC72C
TCVACT25
TCVvACT73C
TCVACT35
TCVACTMO
TCVACTHS
TCVACTSEO
TCVAQTS5
TCVACTSHE
TCVACT65
TCVACTTC
TCVAGTTS
TCVACTRC
TCVACT8S
TCVALTOC
TCVYAC785
TCVACRCC
TCVALROS
TCVACRIC
TCVACHIS
TCVACH2C
TCVACRA25
TCvaCe3D
TCVACA35

35

47
49

60

62

63
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2015
210

215

220

225

230

235
8000

240

245
250

255

265
270

275

280

TCvA - EFN SOURCE STATEMENT

GO 70 110
HC2#HFRC
HAZ2#HFR

HAH#{HC2#HA | —~HA2%HC1t) /(HC?2 -HC!I

TFRA#TTT(CFR 4HA)
THE2HTHF«TFRA/TFR
THFOI F#THF 2~ THF
THECH#THF +THFDIF
IF(THFC-TCF) 210,21G,215
THFDIF#DL.5%THFDIF

GO T3 205

THFATHFC

HC [ #HC 2

HA T #HA2

GO T3 110

T<H#TRE
IFIFLAG3)230,225,23C
FLAG3#3.0

GO T2 110

CONT INUE

IF(UTSTEAM ~2,5).LT.THF)GOTO 2145

GO T2 240

WRITE(6, 80O00)THF ,CR,TSE, TSTEAW
FORMAT(IH L43HTHF IS TOO HISH (CR TOO LOW CR TSE TOO LOW),4EI3.6)

ERR# 1S,
RETURN
CONTINUE

FLAG#D MEANS NO CONVERGENCE SC CONTINUE
FLAG#+ MEANS CONVERGENCE~-CALL STAGE GEO.

IF{FLAG)355, 245,355
[F{ROEI250,275,25C
THFTK#TFR-TBE
IFUITER-U) 260,255,255
ZNNKANK
RHONC # THF TK/ ZNNK
INKH#NNK

RHDCH( TK-TH) /ZNK

GO 1D 290

NK#THFTK /ROE+(.5
INNCH# NK
RHONK # THF TK/ ZNNK
NNK#{ TK-TB)/ROER +D0.5
TE{NNK-1)265,265,27C
NNK #2

INK#NNK
RHOC# ( TK-TR) / ZINK
NTOT AL #NNK+NK

TOTAL #NTD TAL

GO TO 293
TAUR{TFR-TK)}*TOTAL/ (TFR-TB)
[F(TOYALR)285,285,28C
INK#TOTAL~TOTALR
NCHZNK
RHONK A (TFR-TK)/ INK
RHICH#(TK-TB)/TCTALR
NNK#TOTALR

70

-HA2 +HAl)

IFN{S) -~

AND CCSTS

FIGURE 6 (Continued)
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TCcvagsuC
TCVAQBMS
TCVAORSC
TCVACSBSS
TCVACS8SC
TCVAD 865
TCvagere
TCVvACATS
TCVAQESC
TCVACRAS
TCvAC89C
TCVAC895
TCvACoRC
TCVAC905
TCVAC9IC
TCVAR91S
TCvarL9z2c
TCVAQ925
TCVAC?3C
TCVAC935
TCVACOLC
TCVAQ9LS
TCVAGHSE
TCVAC9SS
TCVACOSC
TCVAC965
TCVAC9TC
TCVAD9T?S
TCVACS8C
TCVAC98S
TCVAR99C
TCVAL995
TCvAICCC
TCVAIODS
TCcvalICIC
TCVAICIS
TCvaC2C
TCVAID2S
TCVAI Q3L
TCVAL035
TCvaLChO
TCVAIDOLS
TCVAINSC
TCVAI(55
TCVAID6C
TCVA106S
TCVALGTE
TCvaIgrs
TCvA1080
TCVAI08S
TCvaAiC9C
TCVAIC9S
TCvA) 10D
TCvaL10S
TCvaltic
TCv2ai1ls

80

96



285

290

295

30c

305

310

320
325
33C
335
340
3u5
350
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TCYA - EFN SCURCE STATEMENT -

G0 TO 290
NK AT AU
INKHNK
RHONK #( TFR=TK )/ ZNK
DENNHNTI TAL-NK
RHIK ¥ ([ T<~TB }/DENN
ITER#ITER+]
TTOUT)ATFR=TCF~ (RHONK4ALPHAL )
IFCITER=NTTER) 295,390,390
SMAQAWFCPBT#{TFR-TCF)*FFHL
SUMYC# 0.0
SUMNNK  #0.1)
NC IHYK -
0O 300J#14NK |
SUMNK # SUMNK+FLOAT ()
JENTOTAL-NK —1
DO 305K #1,J
SUMNNKASUMNNK+FLOAT (K)
SUMA#TOTAL*( TFR-TA ) ~RHONK
1 %5 UMNK -RHONK £ SUMNNK ~ (TOTAL-ZNK) # ZNK*RHONK
PHUX /WF
PN 4P
WXHAPE + WPR
RP#P%1.0E3 /(CPRT %= (THF -TCF))
RPN#RP
QHWD /WF
GHWX /04344432
GTOT 1 #G4WP 1%2.90333
CAL_GSC
IF(ERR) 385,315, 385
LGSC#I
IZHNTOTAL +1
I1#2
CALL DINTPL{TFR,CFR,HCFR])
CAL. DINTPLTS{NK+I),C(NK+1) ,HC2ZNK)
CALL DINTPL(TS(NTOTAL+1),CINTGTAL+1},HC2N)
AMB#WS(NK+1)/WPRGSC % (HC2NK—HC2N)
AMBE #(WR +WB 1) /WPEGSC* (HCFR-HC2NK)
CONVERGENCE CRITERTA IF TR GIVEN
RPN#PN*1.0E3/(CPBTX(THF-TCF)) *TJEAN
IF(ABS{TS(NK+1)~TBE)/THE -BORPCT) 320,105,105
IF(ABS{WPEGSC-WPE ) /WPE -BORPCW) 425,115,105
IF(ABS{WPRGSC ~WPR)/WPR —BOBPCW) 331,105,105
IF(ABS(WP TGSC—WPT ) /WPT—ROBPC W) $35,105,115
IF(ABS{TS(NTOTAL+1)-TB) /T8 ~RORPCTI340,105,105
IF(ABS(SMT(NTOTAL)-TO)/TO -BCBPCT)I3L5,175,105
IF(ABS(SMT(NK)~-TR 1/T8 -BORPCT) 350,105,105
CONTINUE
FLAG#1.0
G0 TH 105

CALCULATE STAGE GEQMETRY AND CCSTS

355

CALLSTAGEG
BORPCT#0.0001
CTPDEHDYPDP(NK)
CTPDRACTPDP (NTOTAL)
IFLERR ) 385,360, 385

IFN(S) -

FIGURE 6 (Continued)
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TCvAaLi2C
TCvall25
TCVYALI3C
TCvALI3S
TCVALILD
TCVALINS
TCYALI50
TCVALISS
TCVAILLALD
TCVAL165
TCvallre
TCVALTITS
TCcval 8
TCVALIB5
TCvar19c
TCVAL195
TCvAL120C
TCVAL205
TCval2i0
FCvalL21s
TCVAIL22C
TCVAL1225
TCVA123C
TCVA1235
TCVAL24C
TCVAI245
TCVAL125C
TCVA1255
TCVAl26C
TCVAL1265
Tcvaz2re
TCVAa1275
TCvar28C
TCVAL1285
TCVAL290
TCVvAa1295
TCvAL130C
TCVAL 305
TCVAL3LIL
TCVAL315
TCVAL32C
TCVAL325
TCvAlL33C
TCVAL335
TCVAI3uQ
TCVAI 345
TCval3sQ
TCVAL355
TCVAIL 360
TCVAL365
TCVAL3TC
TCVAL375
TCVAl380
TCVAl385
TCVAL39C
TCVA1395

1ua

7
151
155

178



360
365
37C

375
380

385

390
8005
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TCVA - EFN SOURCE STATEMENT =~

FLAG#0.0

IFTIGSC-2) 3¢5, 380y 380
IGSC#I +1GSC
IF(JMAX)373, 380,370
IF(JALP 1375, 280,375

GO T3 310

CALL COST (J3)
THF#TFR

WX HAP{NTITAL+1)

WPMAP { WP (NTOTAL+1)-WPI
TCVA4TC

BITERANITER

CONTINUE

RETURN

WRITE (6,8005 INITER
FORMAT(35H THIS CASE WILL NOT CCNVERGE AFTER
| |7 4 etk oo et e ook koo )
CALL STAGEG
CAL.COST(JJ)}

CAL. QUTPUT

ERR#111.0

RETURN

END

IFN(S) -

09726767

TCvaIunC
TCVAILOS
TCvAtLIC
TCVALLLS
TCvalu2Q
TCVAlu25
TCvAIL43C
TCVAIL3S
TCVALuYC
TCVvAluys
TCVAIN5C
TCVAIU5S
TCVALLGO
TCVAIX6S
TCvAI4TC

5y 1!H ITERATIONSTCVAIYTS

FIGURE 6 (Continued)

TCvAtuAa0
TCVAILES
TCVAILSC
TCVAIL9S
TCva1500
TCVAISOS
TCVALISIC

192

197

198
200
202
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*
$IBFTC GSCi DECK GSCICDOC

FIGURE 6 (Continued)



CHxxx

C INI

C ASS

Th

09726767
GsCl - EFN SQURCE STATEMENT - IFN{S) -~
SUBROUTINEGSC GSc1i1000s
SUBRIUTINE GSC FOR HMN -~ INCLUDES DEMISTER 9714765 Gscicotg
COMMON /GEN /CASE ,G4RP, XRP,P,X%X0,Q,XL,CR,yXCR, ROEsROER GSCI00tS
COMMON/TEMPC/TSTEAM,TS{10C)y THF, TR, XTB, TCyTP,TALCCHyCP Gsclon2e
COMMON/GEOME /AMODU,ALEY,AUNI T, TOTALE ,TOTALR,FRERD,TRAYGP,FST,CL, GSCI0D25
tSPL GSCitn3c
COMMON/ECON/SMALLE,SMALILD ,SMALLB, SMALLP,RATEIN,WPLy CAPF,THERM, GSC10035
I PMSTMC GSCIonuo
COMMON/TUBING/ DOH,DIH,DOE,DIE,DOR,DIR,Al4A2,A3,BIKTF,BIKTE, GSCICAusS
IBIKTR,CSLTBH,CS5LTBP,CSLTBR GSCICO50
COMMON/FOULIN/RH,RE,RSRy5HySEy SRy VH, VE, VR GSC1C055
COMMON/PUMPHT/HD, HH,HBL yHPR4 FFHL, SSF1I GSCICB60

COMMON/AMISC/CPSTB,FACICsACACID DPLIM,AH A7 3 XSOC s XNNNoNNNoXLLL, LLLGSCICD6S
COMMON/DATA) /BDEPH,UTPD,SSF2,TCTAL ,UMAX ,UALP,P],TWFA,TSTH,COEFA, GSCIQO70
IDRITE, ITER GSCICNT7S
COMMON/AZ 1 /DTPDP{IQC),TITLECIS) GsCiICtnacC
COMMON/TCVLI/ ACPSN, ACPSNK, ACPTNK,CPBT,CPTK, CPTNK,AMEN,TCF,WX, GSCICD8S
IWFyWDyCBy WC, WBy WR,RHONK, RHCK, ERR,CCF, NITER, NK,NTOTAL, PN,RPN,GSCICC90

27C, ALPHA1l, WPN, DELCT, DELST, IGSC, SMAQ, SUMA, TK GSCICE9S
COMMON/TCVL2/ TTDLICG),SMTLICCY, SMT2(103), CT(IND)s WS(I0D), GSCICi0C
1C0100), TV100), WVYI00), GH{ICC), WPLIDO), ASCID0),SLS{IN0) GSC10105
COMMON /TCVGSC /7 CTDCS gscianc
COMMON /PHY S/ TI GSCICH15
COMMON /MAINI/ SSF, HFG gsciti2ce
COMMON/JAN18/WP ) Gsc10125
COMMON/JAN23/CFR, TFRyWB 1y TP 4 WPRGSCy WPEGSC 4, WPTGSC GSCI1C13C
COMMON /JAN 2T /WM, SUMAL P, SUMCH, WPNK,CPSN,CPSNK GSCICI35

COMMON /3P 1t/ SMappPP, HR, SMAPPH, HE, UNARAR, UNARAE, A4, AJ, WCO, GSCICIMO
I UBARE, UBARR, UTHE, AE, AR, ATHE, THEL, ENE, THEN, KFE, HFR, THEHGSCIOI45
2T, HC2, HCI1, CC2, CC!,y POCST2y PCCSTI, ALPRAR, PNC2, PMC]l, CCCAP2,GSCIOISC

3 CCCAPI, SITE2, SITE!l, WAIT2, WAITI, ES?, ESI, EA2, EAIl, GSCICI5S
4 B8HC2, BHCI, vPC2, VPCI, URPH, EEC2, EECI, PO, (CC2, CCl, GSCHCI6O
5 SC42, SCM}, cCc1BC?, CIBCI, DEtEA2, DEAl, TC2, TCI1, CAPIl}, GSCIC165
6 CAP12, CAPI3, PO%, HSI, P¥C, EEC, VPC, SITE, WAIT, GSCICI7C
7 ES, EA, CIBC, PAHC, CCCA?, CCSTIN, WEIRC, CRANE, BLDG, GSCI0175
8 DEACST, PMCPC, PMCFLC, RETLP2, RETURI, CPREQ(IDO), AMSC2, GSCIC1i80
9 AMSCI GSCIC18S
CIMENSIONHP( 100),RHOTAP (10 GsciCi9C
TIALIZATION OF VARIARLES AND PARAMETERS GSCIgI9S
XPLT#0.0001 Gsctitz2ae
WPRGSCH#0.0 GSC1G205
N BNK GSCIC21C
NTOTAL #NTO TAL GSCIC215
NNK#NTC TAL -NK Gscica2z2c
SUMALPHN.O GSCIC225
SUM234C.0 GSC1C23C
SUM25#0.0 GSCIC235
SUMQHHAL LD GSCIC2uC
SUM2 A GSCIC02u45
SUMZ2240.0 GSCIC25C
SUMZ2u#C.0 GSCIC255
SUM26401.0 GSCIC26C
IGN VALUE OF I {(#STAGE NC BFING TREATED) GSCIC265
00215 T#1,NTOTAL Gscic27C
IF(I-1)125,125,10C GSCI1C275

FIGURE 6 (Continued)
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GSCH - EFN SOURCE STATEMENT - IFN{S)

ASSIGN VALUES TO MATRIX FOR CALCULATING STAGES 2 THRU N
10C 114} .
SMT{I+1)4SMTI
SMT2(1 )#SMT|
IF{ERR) 220,185,220
1as5 IFLI =NKYII0, 110,115
HEAT RECOVERY STAGES
110 WTH#WF
CT{I)#CCF
RHO#R HONK
CD 10 120
HEAT REJECT STAGES
115 WTHWO
CT(1})#CO
RHD #RHOK
120 TTDOIIATS( I} =SMTI-RHO~(TS(T}-TV(I))
TSOI+11#TS{T)-RHO
GO T3 13D
ASSIGN STARTING VALUES FOR CALCULATICN OF STAGT 1
125 WS{I)1# WB1 +uR
TS{I)H#TFR
C{IY#CER
WP TI)HuP1
TVIIN#TP]
HP{TI)#0.0
WY W F
SMT{ I+1)#TCF
SMT2(1 )#TCF
RHO#RHONK
CT(I)#CCF
TTOlT)#THF-TCF-RHO —ALPHAI
TSOI+1I#TS(I)-RHD
INDIVIDJAL STAGE CALCULATIONS BEGIN
130 CLI1+1)4CLT)
135 TVIT+11#SMTI+1)+TTO(T)
RHOTAP(T)#RHO
TABHATV{1+1)+DTPDP (1)
CAL. BOPR (TAB,C(I+1i),DTBPR)
TS2CRTVII+1)+DTBPR+DTPOPIT)
IF(ABS{TS2C-TS(T+ 1) )/TTR(I)-Co2C1) 145,140,140
150 TTDOI)H4TS{ I+ 1)-DTBPR-DTPDPII}-SNFT2(T)
G0 T3 135
145 142
TV (I+1) # TS (I+1) ~ DTBPR - TPOP (1)
CALLDINTPL(TV(I+1),CP,HF)

09726757

GsCitz8co
GsSC1C285
GsCica9C
GSC10295
GSC1C300
GSCIC405
GSCIC3t0
GSCIC3I5
GSCIC320
GSCI325
GSCiC33C
GSCIG335
GSCiC3sarC
GSC1C 345
GSCICa5C
GSCIT355
GSCI0360
GSC1C 365
GSCIC37C
GSCIG375
GSCIC48C
GSC1C385
Gscit39c
GSC1G395
GsSCi1ounn
GSCiCugs
GSCiCuIC
GSCiCul1s
GSCICu2C
GSCICu25
GSCICH3C
GSCICu3S
GSCiCunp
GSCiCuns
GSCICus0
6GSCI0455
GSCICusC
GSCITu6S
GSCICuTC
GSCIGHTS
GSC1048C
GSC1guns
GSCICu9C
GSCIBu9S
GSC1050C

HFGAID093.88-.5703%TV{I+1)+1.281 FE-LxTV{T+] 1 %42~ RB2LE~62TV{ 14 1)*%3GSCII505

CALLODINTPL{TS(I),CUI), HST)
CALLDINTPL(TS(I+41),C{I+1),HS2)
WVIT)YEWS{I IR (HS1-HS2) / (HF +HF 5-HS2)
C2CH(WSITIRCAT)-WVITIRCP) /{IWS{T)~WV{T})
IF(ABS{C2C~C(I+1))/C20-XPCT) 55,4150, 150
150 ClI+1)#C2C
GO TO 135
155 WPLI+1)}H#WP(I)4WV{I)
CALLODINTPLUITV(I)CP,HPT)
CALLODINTPLITV(I+1),CP,HP2)

FIGURE 6 (Continued)

GSCitsIe
GSCICSYS
GSC1CH20
GSCi1C525
GSCICS3C
GSCIC535
GSC 10540
GSCIG5u5
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GSCIES555
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GSCH - LFN SOURCE STATEMENT -~  IENI(S) -

WSEI4+1)#NST)-WV(T)
OLN#LSMAQX{TS{I)-TA))/SUMA
OH{T ) H#AST T IRHSI-WS{T+ 1} *HS2+ WP (1) %HPI WP ([ +1 ) *HF2~QLN
IT#1
ARGH#SMTLI+H)—{TS(I)~-TS(I+1))*0.5
IFCI-NK) 160,160,18C
160 SMT{TI+1I#SMT2( 1)~ RHO
165 I1#2
CALL DINTPL{SMT2(1),C0,HCOT2}
CAL. DINTPLISMT(I+1),C0,HCOTI}
CALL CINTPL(SMT{I+1},CB,HCPTI)
CAL. CINTPL(SMT2(1),CB,HCRT2)
CPME{PCOT2 —~HCOTI) /Z(SMT2(L) -SMT(I+1)}
CPRE(CHCRBT2 -HCBY1) / (SKT2(1) ~-SMT{I+1)})
SMTIC#SMT2(T) —QH{I) /(WM¥CPM +WR®CPR)
IF{ABS(SMTC ~SMT(I+1))/SMTLI+1) ~.0NA00S)YIT75,170,170
170 SMT(I+1)#SMTC

GO T2 165
ITS SMT(I) #SMTC

GO TO 185
18C 1142

CALL DINTPL (SMT{I+1}), CT(I}, HSMT)
HSMBHSMT —~QH(T)}/WT
SMTCIIATTT(CT(I ) HSM)
185 SUTI#SMT(I)
INCIVIDUAL STAGE CALCULATIONS CONPLETF
CALCULATE NECESSARY CUMULATIVE STAGE PROPERTIES
DELATS{I)I-TS(I+1)
AMBDA#QHI T )/ Wyl 1)
CPSHWV(I)*AMBDA/IWS(T)%*DEL)
[FUI-NK)190, 190,210
190 SUM2 1 #WVITI+SUM2]
WPEGSC#SUM2I
SUM2LASUM2Y +QH(T)
SUM26ASUM26+wY(T)  *AMBDA
SUMIHESUMQHAQH( T ) *wv (1)
SUMALPASUMALP+TS(I+1)=TVv{I+])
IF({THF-TR)/TOTAL+.5 - (THF ~-TCF -DTPDP(I) - CTRPR ))200,4195, 195
195 WRITE (6, BOCO)THF, 1B, TOTAL, TCF, DTPDP(I),DTRPR
BOCC FORMAT({{8H NOT ENOUGH STAGES /TE16.8)
ERR #1.0
G0 T3 223
200 IF{T-NK1}215,205,215
205 WPNC#SUM2I

SUM2L#SUM2U4/ wF
CPTNCH#SUM 24/ (TCF-SMTINK})
AMBNK #(SUM26 ) /WPNK

CPSNK #AMBNK* WPNK/ (WF* (THF~TS(NK+1)))
ACPSNK #AMBNK /CP SNK
ACPTNK #AMBNK /CPTNK
GO TO 215

21C SUM21H#SUM21+wWV( )
WPRGSCHWIPRGSC + WVI(I)
SUM25#SUM25 + QH(T)
SUM26H#SUM26+WV(T) *AMBDA
SUMAHAQHU I )= wV( 1) +SUMQH

FIGURE 6 (Continued)
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215

C CALCULATE OVERALL PLANT PROPERTIES

220

GSCH ~ FEFN

SUMALPASUMALP+TS(I+1)=TVv(I+])

CONT INUE

WPNASUM21
SUM25#5UM25/ w0

CPTC#SUM25/{ SMT2(NK+1)-SMTI(NTGTAL))

AMEBN #SUM26/WPN

CP SN HAMBNXWPN/ (WF % { THF~
ACPSN#AMBN/CPSN
ALPHAIRTS(I2)-TV(2)
SUMJIHASUMQH/ WPN
ALPBARSSUMALP/TOTAL
IT#2

CALL DINTPL (TCF,CCF,HCFI)
CALL DINTPL (THF,CCF,HHFI!)
CPEBT#{ HHF I-HCF 1)/ (THF-TCF)
WPTGSCHWP (NTOTAL+ )

RETJRN

END

SOURCE STATEMENRY -

T

IFN(S)Y -

TSUNTCYAL+1) )

FIGURE 6 (Continued)
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09/26767
17100 - EFN SOURCE STATEMENT - IFN{S) -
FUNCTION TTT( CRBR,yHR) TT10CC0S
COMMON/PHYS/ I TTICCO0
IT#1 TTICCO1S
CALL DINTPL(40.G, CP, CP) TTINC020
FLAG #0.0 TTICCO25
1T #2 TT10003¢C
CALL DINTPL (4LC.04+CB,y HuM TTICCLE35
10C TB #(HBR - H4O) /CP + uC.C TTICCCY0
CALL DINTPL(TB, CB, HBC) TTI0COMS
IF{ARS(HBC-HR) /HBC - C.CCD1) 11G,105,108 TTICCNSE
05 CP # (HBC~H4O) /(TB-4G.0) TTIDCOSS
GOT210C TTICCOAD
110 IFUFLAGY 120,115, 12C TTIGCO65
115 FLAG #1.0) TTICCOT0
GOTD 140 TTI8C375
12C YTT4TB Triceesc
RETURN TTICCN8S
END rrieceec

FIGURE 6 (Continued)
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CNDN - EFN SOURCE STATEMENT -  IFN(S) -

SUBROUTINE CNDNSR (XTITLE, NERR)
C*&%% CONDENSER SUBROQUTINE FOR STAGE BY STAGE CALCULATION
C#x%% SIMPLIFIED CONDENSER CALCULATICN -~ MOD HORIZONTAL FLCW 876765

Cxxx¥ THIS SUBROUTINE REQUIRES INTPL, APPRCX, AMATQ2, EVAL SUBRCUTINES

COMMON /MAY 1574

COMMON/GEOME /AMODULALEV ,AUNTI To TCTALE ,TOTALR,FREBLC,TRAYDX,HST, CL,

ISPL

09726767

CNDNCOOS
CNEONCDI O
CNDNCOI5
CNDNCO2C
CNEONQE25
CNDNDO3C
CNDNOD3S

COMMON/AMISC/CPSTB,FACID,ACACID,DPLIM,A6,A7 , XSO, XNNNy NAN, XLLL, LLLCNDNCOUD

COMMON/DATAI/BDEPH,DTPD ,SSF2, TOTALUMAX sUALPPI ,TWFA,TSTH,CCEFA,

IORITE, ITER

COMMON/TCVLI/ ACPSN, ACPSNK, ACPTNK,CPBT,CPTKy CPTNK,AMBN,TCF WX,

CNONCOuS
CNECNCOSE
CNDNCO55

IWFyWO,CBy WO,y WBy WR,RHONK, RHCK, ERR,CCF, NITER, AK,NTOTAL, PN,RPN,CNCNCD&C

27C, ALPHA), WPN, DELCT, DELST, IGSC, S$MAQ, SUMA, TK
COMMON/AZ 1 /DTPDPUICT) ,TITLE(IS)

COMMON/TCVL2/ TTID(ICE) s SMTLICCY,, SMT2(100), CT{INDYy WSIDD),
1CUID0)y TVIOD), WY LICC), RHOICT) s WPLI00O), AS(ING),SLS1100)

COMMON/STAGE !/ ALIDC),CFMWVIION), CEFMWZOIOD), UBAR(IOD), CM(I00),

THOCIOD )Yy HI{TCO) o WWFSCICC) , VWEVIIOT) , TRAYFLOIOU) s TRAYWD (10D},
SRESIDTLIB0 ), PV(ICI) 4DELP(I0C), DTPDPSLIOM

COMMON/CONDI/Z DPINIT(IOC), DTINITUIOO), DPCLR{I0DO), DTCLRLINO),

1CTCOND(CI0D)
COMMON /STGI/ ATR, BTR, CTR, CTA

COMMON /STG2/HOH, PR, DENRR({I10C), SUMLS, WVST(IOO), CO, DI, R,

b vy TVITCIO0Y2Z0100)y HV, HS50100), wBSO10MT)
COMMON /JCONDR I/ NERR, CCCR{3), K
COMMON /DEMI/ SLKPZ2, SUMDMA, TODMP(INC), APTSE, VCLM, APTSR

COMMON /DEM3/ VNO(1), DTUB:-P, TUBENQ, HNO(1),VBL{]1),HRLG, TRAYLP,

TTRAYHT({
15)y HBLY, TRAYW2, 22117

COMMON/STAGE2/ AH, BAROM,BWE ,BWRyCOSTOM 4 FLF,ESHELL 4HBH, FBLE,HBLR,
ITHLH, HNOE, HNOR,HN, HSTE, HSTR, JJy KK, RLR, RSHELL, TBNOE,TBNCR,

2UBARH, VBLE,VBLR,VNCE, VNOR, WIME, WTMR, WY
CIMENSION
20PFGOION), DPFTPLIGCY, DPMUICO) ,FFX(IDU), OPT (IO

CNDNC065
CNDNCO7C
CNOCNCN?S
CNDNC(8C
CNDNCI85
CNONEZCD
CNEONC295
CNDNCICC
CNDNCICS
CNDNCHIE
CNENC1YS
CNDNCI12C
CNDNC 125
CNDNG 130
CNOND 135
CNONCIWD
CNENCHe5
CNONGCI5E
CNENO 1S5
CNORC160
CNENG 165
CNINOITC

COMMON /CNDLINK /WG 10C) 3 IDNG,WONG Ty Wl y SPATRALDTUBF,TSAT(I0D),PSAT{IOCNDNDITS

TCY,VSATUIOO) 2 VELT 1) »SOD (1), HEL () yAREAB (1) ,ARFAT (1)
YPSAT(QUOOFL) #EXP(CTR + BIR/QUUOFL+ ATR/ {QNODFL*QACAFL))

YVSAT(OOD L FL,QOC2FLIAEXP(-N, 72240 + 1.177267 * ALCG(EIDIFL/QOR2FL)

1 -~0.01778461 % (ALCOUQUDIFL/GOO2FLY) %2
2 + C.O0C103758 % ( ALCG(LODIFL/QOD2FL ) ) #%3)

YVISGU&OI3FL ) #0{ (- 7693E-1D%QGTC3TL+.2892€-6)% GQUO3FL+ LI0T1E-2)%

TO003FLY L 1220) % | .CE-S

VLIJ(QODUFL) #.161537165~1 +(0RBBUTISIE-U + (-,82269193E-6 +
1.5704B57TE~8 * QOULFL) *QU7LFL) * NOO4FIL
YTPGI{GOOSFL JAEXP (-, 93620189 +(-L.7500582 +{~-0.11991543
14412220900 £-C1#R0OSFLIFN005F L) =LOCSFL)

CNONCI8C
CNEONC 185
CNENO 19U
CNONC 195
CNENE230
CMEONE205
CNLNC21C
CNDNE215
CNDNG22C
CNENG225
CNENC23C

YTPG2{GNIOFLI#EXP (~L.904283631 +(~£.8022548% +(-.79u487734E-014.9212CNDNC235

1678IE-2%3006FL)*GUNGFL) *COGAFL)
TREAT(QOOTFL) #-2.0 * ATR/ (PTR+ SQCRT{BTR®NTR-4 .1 *
1TR% [ CTR~ ALOG(ODO7FLY ) ))
ATR & —-8375332.21
BTR # ~6U52.5621
CTR # 1u.150119
CLTYRN # N.3
100 NERR#0

FIGURE 6 (Continued)
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09726767
CNDN -~ EFN SCURCE STATEMENT -~ IFN(S) -

PCT#0.001 CNDNC28C
LLL#XLLL+0.i CNDNO285
LL#L L~ CNENC29C
LEFTL# KK=-JJ +1 CNDNO295

DO 335 LLLL # JJy KK, LLL CNDNE30C
ISTAGE# LLLL _CNDNC 305
LEFTL# LEFTL-LLL CNDNC 310

105 TSATI#TDMP(ISTAGE)-u59,49 CNCNC315
TUBENO#ZZ{ ISTAGE) CNDNC32C

1 702.0%ALEV*AMODU) CNDNE 325
CHataxkREY ISIONS MADE 11-23-65 CNDNC33(C
IF(WYST{ISTAGE}) IO, 110,115 CNDND335
110 CPINITUISTAGE) #0.0 CNEND340O
OVINIT(ISTAGE)#0.0 CNDNO3uS
CPCLR({ISTAGE }#0.0 CNDNC35C
CTC_ROISTAGE)#(1.0) CNENC 355

GO TO 205 CNENO 36C

115 WAWYST(ISTAGE)/2.C CNEONG 365
TRAYLH#SLS{ ISTAGE) ~C.54TSTH/12.0 CNDNC37C
SODMIN # 1.3 CNLCNC375

XTR # TSAT! + 459,69 CNDNQO3AC

120 PSAT 1 HYPSAT(XTR)} CNDNO 385
PMIN #.001 CNONC39C

125 ICASE # | CNECNG399
SOD{ ICASE}#XSO0OD CNCNCuOC
LELP({1)# 0.0 CNEONCMCS

130 CTUBE # DTUBEP/12.0 CNDNCHu10
135 WGT 4 wW/3600.0 CNCNCHIS
ITER # ) CNENOu2C

XTR # TSATI1 + 459,69 CNDNCL25

XP1 # PSATI CNEONCu3C

140 VGI# YVSAT(XTR,XPI) CNCNCU35
VGS # VGI CNCNDLWO

45 DPACC # WGT x WGT * VGI /192664112 ¥ {TRAYL # TRAYHT({ICASE))*%2.0CNOCNOuLS
1 CNDNCU50
VEL (ICASE) # wGT * VGI/ (TRAYL ¥ TRAYHT (I1CASE)) CMENCUu55
OPTURN # VEL(ICASE) *%2 / (92664112 % VG1) * CLTURN =% CNENCu6C

P O1.0 + (TRAYHT (ICASE) / (TRAYHT (ICASE) + 3.01 )) *%2) CNENG U5
CPEDGE # (.4 = (1.25 ~ TRAYHT({ICASE) / (HST - 1.5}) + CNDNCu7C

P U1.0 — (TRAYHT (ICASE) / ( TRAYHT (ICASE) + 3.0) ))#%2 ) CNONCu75

2 ® VEL (ICASE) #22 / (9266.112 % VG 1) CNENQLAQ
IMIN # O CNECNOJW8S
MAX # D CNDNCHOC
FREBD # TRAYRT (ICASE) CNENCL95
VEBLL # HST ~ 0.6 * FREBD CNENCSEC

150 IVND # vaL1 /(C.866 »SOD(ICASE)®* CTURBE) + 1.0 CNDNO5SD5
1#) CNUNCSI10

155 UNO(ICASE} #FLOAT(IVNO) CNECNCSI5
IHND # TUBENC/ VNOUICASE) + C.9? CNENC520
IHND32 # TUBENO / VNO (ICASE) * [.5 + 0.7 CNENEH25

160 INO(ICASE) #FLOAT(THND}) CNEONOS3C
165 VRL2 4 HST - (VNO{ICASE) + HNGCU{ICASE))/ (2.0% VNC{ICASE) + CNENC53S
I HNO{ ICASE)}) * FRERD CNENC540
IVND # VBL2 /({C.B866 *SCD(ICASE)® CTUPE) + .0 CNDNG5MS
VNO( ICASE) #FLOAT{IVNO) CNENC55C
[HND # TUBENGO/ VNOU(ICASE) + C.9 CNENC555

FIGURE 6 (Continued)
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8000
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19C
195
200
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220
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240
|
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255
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1
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280
8005

285 VBLUICASE)#{UND{ICASE)~1.C)*0.866%SOD(ICASE)*DTUBE+DTUBE
SOD{ICASE)*CTUBE+DTUBE

83

CADN - EFN SOURCE STATEMENT

THND2 # TUBEND / VNG [ICASF) * 3,5 ¢+ (.9
ENC( ICASE) #FLOAT(IHNO)

IF (ABS(VBLI/VBL2 — 1.0) — .C1 ) 175, 175,
vaLl # vBL2

GO TO 165

IF { IHNO2 /NNN -99)185,185,180

WRITE (6,8000)1HNO2, VNC, HNC, TUBENG
FORMAT (1HO 22HTOO MANY ROWS, IMNO2 # Ik

IH 2X SHVNO # E13.6, 2X SHHNC # £13.6, 2X 9HTUBEND # £13.68)

GO TO 305

WG (1) # WGT /((VYNG (ICASE) - 1.0) * 2.0+
IDND # [IHNO2

SPAS # (SOO(CICASE) —1.0)% DTLBE

WONDT # WGT /TUBENO
WL# WONDT* VNO(1)/8.C
AXGND # SPAS * TRAYL *(2.0 * (VNQ (ICASE)
+ HNO (ICASE) - 1.7)

/

(

- IFN{(S)

170

HNC (ICASE)

1.0)

ARATIO # AXBND / (TRAYL *{TRAYHT (ICASE) + 3.0 ))

IF { ARATIO - 1.0) 22C, 22C, 205
ARATOX # 1.0 / ARATIO

CPEXP #(( 1.0 - ARATOX) ¥ WGT/(TRAYL % ({TRAYET

*%2 % VGl / 9266.112

CPCNTR # DPEXP

GO T3 243

IF (ARATIO - 0.715) 225, 225, 230

CONTC # Dab % (1.25 -~ ARATIO)

GD TO 235

CONTC # D475 % (1.0 - ARATIO)

CPCNTR # CONTC * (WGT / AXSND ) *%2 % yGj
DPACC2 # WGT * WGT % VGIX(1.0 / AXBND®%D

1.0/ (TRAYL *(TRAYHT (ICASE)} + 3.0)) %%*2 ) / 92266.112

Co0C (2) # 0.50 * SOD (ICASE)
€30 (3) # SOD ( ICASE)
IF (COOR (3) - 3.5) 260, 260, 255

€00 (3) # 3.5

GO TO 270

[F (COJR(3) -1.15) 265, 270, 27C
COOR {3) # .15

PSAT{ 1) # PSATI ~ DPACC - DPCNTR - DPACC2
- DPTURN - DPEDGE

IF (PSAT(1) - PMINY 280, 29700, 275

XP1 4 PSAT(I)

TSAT(I1) # TRSAT({XPI} - u459.69
COOR(21#CO0OR(3)

SPATRAHSP ASHTRAYL

CALL CNDMS(LLLL,COOR({1})

/ 9266.112

IDND1 # K

DP2 # PSATI —- PSAT (IDNO1)

SOD2 # SOD (ICASE)

G0 TI 285

WRITE (6,8005)PSAT({1)

FORMAT(IHO 4Xx 18HPSAT(1) TGO LCh # £16.8)
NERR# 1

G0 T3 305

HBLS #UENO{ICASE)-t. D)%

FIGURE 6 (Continued)
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CNONCS6C
CNENC565
CNONCS7C
CNENCSTS
CNEDNCSH8D0
CNDNC S8R5
CNDNC5S9C
CNDNE595
CNDNC6CD
CNCNEC DS
CNODNUSIC
CNONCS15
CNONCsH 20
CNENCE25S
CNDNES3C
CNDMTI635
CNENCOUC
CNENGAUS
CNENGASC
CNDNO655

+ 3.00)))CNDNC660

CNENCHHS
CNOND6TC
CNONC6T75
CNDNC68BC
CNECNC 685
CNCNGH9C
CNDUNC 6935
CNDNCTCC
CNECNR 705
CNENCTIC
CNDNC 715
CNONGT20
CNENDT25
CNUNO 730
CNDNG 735
CNONO 740
CNONC 745
CNEONOT750
CNENCTSS
CNONCT74C
CNENC 765
CNCNO 770
CNDNO 775
CNDNCO 780
CNECNGT85
CNDNO790
CNDNOT795
CNDNCACD
CNONC 805
CNENOBID
CNDNOHIS
CNDNO82C
CNENCB25
CNOCNC 830
CNDNCR35

99

140

b



8010

29C
295
300

305

310

315
32C
325

330

335

340
345
35C
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CHDN - ZFN SOURCE STATEMENT - IENL(S) -
HBLX # HBL G + A.r
HST # TRAYDOP + TRAYHT (ICASE)
AREAB (ICASE) # HBL G * VEL (ICASF)

AREAT (ICASE) # (HELX + TRAYW2) *({TRAYCP + TRAYKT (ICASE))
CPINIT{ISTAGE) # DPACC + DPCAT + DPACC? + DPTURN + CPECGE

CTINIT(ISTAGE) # TSATI - TSAT(1)
CPC_RIISTAGE) 4 PSAT(1) - PSAT(IDNCI)
DTCLRUISTAGE ) # TSAT(Il) — TSAT(IDNCI)
FORMAT( IH 15, TEI6.8)

L#ISTAGE

TE(_EFTL) 290,290, 30S
IF(LLLL-XK }295,305,3C5
IF(ISTAGE-KK }300, 3C5, 3CS
ISTAGE#KK

LLL_#KK

GO T2 105

CONT INUE

HBL | AHALX

SAVEXL #XLLL

CO 345 I#JJ.KK,LLL
KAT+LLL

IF(LL 1)315,350,315
TF(<-NK)330, 230, 320
IF{I-NK=1) 325,345,345
K#NC

XLLL #NK-1

LUTAXLLL-1.0
IF{XLLL 350, 250,330

CELTAL # (CPINIT(K) — CPINITII))/XxttL
DELTA2 # (DTINIT(K) — OTINIT(I)) /XLtL
CELTAS #{DPCLR{K) — DPCLR{T))/YLLL

CELTAL # (OTCLR{K}— OTCLRII}) /XLLL
IF(LL 1)3h5,345,335

00 340 JL#,LLI

ILAT +JL

XILI # FLOAT(IL-1)

CPINIT(IL)# CPINIT(I) + DELTA} % XILI
CTINITCIL)AODTINIT(T} +DELTAZ * XTLI
CTCoROIL)HDTCLRI(T ) + DELTAL xXILIT
OPC_RUILI#DPCLR(I ) + DELTA3 =#XILI
CONT INUE

CONT INUE

XLL_ #SAVEXL

RETURN

END

FIGURE 6 (Continued)
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STAGE - FFN SOURCE STATEMENT - IFN(S) -
SURRJUTINE STAGEG STAGCOS
Cxek®x STAGEGEOM FOR NORITAKE DEAERATCR AND b21 CEMISTER 10712/65 STAGCOIC
COMMON/GEN/CASE G 4RP, XRP,P,X0,0,XU,CRy,XCR, RCE,ROER STAGCOIS
COM4ON/TEMPC/TSTEAM,TS(100), THF, TR, XT8B, TC,TP,TA,CC,CP STAGCU20
COMMON/GEOME /AMODU,ALEV ,AUNI T, TCTALE, TOTALR,FRERC,TRAYDP,HST,CL, STAGCN25
1SPL STAGON3C
COMMON/ECON/ SMALLE» SMALLD ySMALLE,y SMALLP,RATEIN,WPL, CAPF,THERM, ST AGC35
1PMSTMC STAGCOuC
COMUON/TUBING/ DOH,DIH,DO0E,DIE,DOR,DIR, Al ,A2,A3,BIKT}H,RIKTE, STACCOuS
1 BIKTR,CSLTBH,CSLTBP,CSLTBR STAGQUS0
COMMON/FOULIN/RH,RE,RSR 3 SH, SE, SRy VH, VE, VR STAGEG055
COMMON/PUMPHT/HD 4 HH yHB L ,HPRy FFHL, SSF STAGCECsC

COMMON/AMISC/CPSTB,FACID,ACACID,DPLIM,AS AT s XSOC s XNNNyNNNoXLLL LLLSTAGGR6S
COMMON/DATAI/BDEPH,DTPD,SSF2,TOTAL,UMAX,UALP  PI ,TWFA,TSTH,CCEFA, STAGODRTO
{ORITE, ITER STAGCO?5
COMMON/ZAZ I /DTPDPUIDC)Y»TITLE(1S) STAGLO8C
COMMON/TCVLI/ ACPSN, AUPSNK, ACPTNK,CPBT,CPTK, CPTNK,AMEN,TCF,WX, STACCDNRS
I'NFyWD,C8, WC, WBy WR,RHONK, RHCK, ERR,CCF, NITER, NK,NTQTAL, PN,RPN,STAGCQO9C

2TC, ALPHAIL, wPN, DELCT, DELST, IGSCs» SMAQ, SUMA, TK STAGCO9S
COMMON/TCVL2/ TTOL100),SMTLICOY), SMT2(100), CT(100), WSC103), STAGCICC
1CLI00Y, TV(ICOY, wv{10OC), QHUILE), WPLID2D), ASCI0O0),SLS(100) STAGCICS
COMMON/STAGE 1/ ACIOC),CEMWVIICTE), CFMWZ(I0T), URAR(IDO), CMOIOD), STAGCIID
IHO(1OC) s HICICO),WRWFS(IOT) , VWEVIOD), TRAYFL(IDO),TRAYWC 1103, STAGOI1S
2RESIDTCI00), PVION),DELP(INCY, DTPOPS(I00) STAGG)2C

COMMON/STAGEZ2/ AH, RAROM,BWwE ,BWR,COSTOM,ELE,ESHELL,HBH, FBLE,HPRLR, STACLCI25
tHLH, HNOE, HNOR,HN, HSTE, HSTR, JJ, KK, RLR, RSHELL, TBAGE,TBNQR, STAGCI30

2UBARH, VBLE, VBLR,VNOE, VNOR, WTNE, WIMR, WY STAGC 135
COMMON/PHY S/ 11 STAGGILC
COMMON /MAINI1/ SSF, HFG STACGCIHS
COMMON /STGi/ ATR, “TR, CTR, CTA STACCISE
COMMON /STG2/HOH, PR, DENSR(IQC), SUMLS, wWVvST(100}, C0C, LI, Ry S, STACDISS
1V, TVTT{I00), Z0100), HV, HS0100),y WBS(10D) STAGO 160
COMMON /CSTH/ ASIEV, ANPLAT, SLPLAT, APLAT STAGC165
COMMON /CNCR 1/ NERR, CCCR{3), K STAGCHITC
COMMON /DEMI/ SLKP2, SUMDMA, TOMP(IDD), APTSE, VCLM, APTSR STACCIT7?S
COMMON/STG21 /TRAYLN,SLDEA,GR y WVKEEP, TTRAY, WVDEAI STAGGIRL
COMMON/STGCST/TRAWDP ,PTRARWD STACCI185
COMMON/FEBS/SSFURR STAGCI9C
YPSAT(OONOFL) #EXP(CTR + BTR/QUCOFL+ ATR/ (QOOOFL*QOOJFL)) STAGOI19S
FTIH(QDOIFL) #2.1786018-.7TCab 3622E-N *Q001 FL+.93941 2B6E~C3%*GOCIFL*XSTAGL200

12-.53958083E-05*Q001FL**3+,. 18139 QTE-07*QUGT FL*%*4 STAGC205
HEGH{QOOZ2FL ) #1093.88-0.57C3* L CO2F L4128 19E~-u*QDN2FL**2-1.B824E-6%QSTACC2I1C

1CO2FL %% 3 STACC215
ATR # ~837533.21 STAGL220
BRTR # -6452.5621 STACLC225
CTR # 14150119 STAGC23C
PT # 3.14159 STAGC235
CTA#6.65 STAGC24C
SUMLS#MN.0 STAGC245
NTOTAL #NTD TAL STAGC25LC
NCHNLC STAGC2S55
IBAR (.0 STAGC26C
SUMOM40.1] STAGLC265
TERS#1.0+SSF | STAGC27C
I11#5 STAGC275

FIGURE 6 (Continued)
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STAGE - EFN SCURCE STATEMENT - IFN{S5) -
CALLDINTPLITCF,CT(1),RHCE 1) STACO?8C
GE#360 O*RHOE I*VE STAGD285
CALUDINTPL{TR,CO,RHORY) STAGD29C
GR#36001.0%RHOR 1¥#VR STAGL295
CO270 141 ,NTOTAL STAGO30E
WYSTUT)#WVIT )/ (AMODUXALEVY) STAGC 315
IF{I-NK)IOD, 1004115 STAGR3iC
100 CO#DOE STACC315
RHJ#R HONK STAG( 320
DI#DIE STAGE 325
BIKT4BIKTE STAGE33C
105 R#RE STAGD33S
113 S#st STAGC 340
VHVE STAGC 345
GF #GE STAGE3S5C
GOTO 12 STACC355
115 CO#DOR STAGG36C
DI#DIR STACE 365
RHJ AR HOK STAGC 37D
BIKTHBIKTR STAGC 375
S#S STACG3AC
R#RSR STACC 3RS
VH#YR STAGE39C
GFH#GR STAGC395
120 ARGH{SMT2{I) +SMT(I1))*03.5 STAGCMOC
uBaAR(I140.0 STACOKOS
TVIT{I)I AN 35%(TV(I+1)-ARG) STAGEUIC
TAADLOD%I TV I+1)-ARG)+ARG STAGCHLS
HANC # CTVET+1)=SMT LI/ LTVITI+)~-SMT2(T1) )  STACCH2C
IF{HANK 1125, 125,130 STACCU2S
125 WRITE (6,8000)1 o SMT(I), SMT2(I) , TV(T+ ),LTPCPI{T) STAGQOU3C
3000 FORMAT( AHOHCTROUBLE IN U-BAR CALC, NES LCG SKIPFINC TO NEXT CSTAGCH35
PASE / I5, 5C16.8 ) STAGCuLC
ERR#1 ! STAGDhUS
RETJRN STAGOHSC
130 OM(ID)ALSMT2(T) =SMT(I))/ALOG (HANK) STAGDUSS
PCTHCP STAGCU6C
1146 STAGCuU6S
CALLDINTPLLARG,CT (1) ,AK) STAGCHTC
II#7 STAGCUTS
CALLDINTPL(ARG,CT(I),U) 5TAGCuURQ
1141 STAGOHES
CALLDINTPL{ARG,CT(I},C2) STAGOUIC
BIGC L H(DLO27*CZ¥U*a luxGF )/ ((GF%DI/(12.0%L) ) #%0.2% STAGQL9S
V{UXCZ/AKY* %0 . 664606667) STAGESDC
135 11#7 5TAGGSOS
CALL DINTPL{TW,CT(I),UW) STAGCS10
HI{I )R RIGKI/UW¥ (0. 1N STAGCS15
USAVEHRUBARI(I) STACLH2C
CODI#DO /D1 STAGDS25
BIK2Uu#2u.0%B IKT STAGCS3Q
RESTH#DO/BIK24*ALOG{DODI )+ R STAGCS35
IL#5 STAGCSUC
4 CAL_DINTPLA(TV(I+1),PCT,RHO) STAGOS54S
1146 STAGESSC
CALLDINTPLA{TV(I+1),PCT,SMK) STAGLS55

FIGURE 6 (Continued)
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STAGE - EFN SAOURCE STATEMENT -~ IFN{S) -

11#7

CALLDINTPLOTV(I+1]},PCT,U)

FEGH#1093.88-0.5703%TVIT+1)+] 28I9F~-U&xTV{I+1)*%2-N.BB2UE-6

IHTVET+ )3

IF {S-1.0) 1u5, 145, 15C
T45 BIGKHD.T28%( (50.0UF +8ERHO**2 % SVKE%3¥ (HF5+0.375%TVTT(1)) )/

T{U%S ) )*%x0.25% 1.31C

GO TD 155
150 BIGK#D.728%( {50 CUE+8#RHO#X2 xSV k3% (HF G+ 375%TVTT (1)) )/

{UXS ) )#x0.25%(1.2379L76 + . 35360826E~1%S —- 157D3L66F-2%S%%2 )
155 RO(I)#RIGK /(L0 *#+0.25%TVTT(I }**1,.25)

UBART#CODI/HICI)+REST+1.Q/HO(I)

UBAR(T)#1.0/UBAR!

TVTTNH#TVTIT(L)

TVIT{TIH4UBAR(T)*OM(I) /HC(I)

IFCABS(TVTIT(I)-TVTITN) /TVTTN-C.T1) 165,167,140
160 TWHARGH+UBAR(I)*OM(T1)*DO/(HT{ T )*L1)

GO T2 135
165 IF(ABS{UBAR(I)-USAVF)/UPAR(I)-L.0CNS5)1ITT,160,160
170 IF(1 =“NK 175,175, 1EC
175 WHWF

COIYHCCOF

GOTI 185
18C WiwW)

COTY4CO
185 ARGH(SMT2{ 1} +SMT(I})*0.5

I11#5

CAL_DINTPL{ARG,C( 1) ,RHO}

UBAI(I)ASSFUBR*UBAR(I)

ASCTIYAQHUT )/ (UBAR(T)I*0OM(]))

SLSCTII#12.0%AS{ TV %D1%%2%GF /L S7A.0%D0O*Y)

TF{I-NTOTAL) 195,191,195

Cxxx CALCJLATION FOR DEARFATOR

19C CONTINLE
CAL. DeAR]

C#%% END OF CALCULATION FOR DEARZATOR

~
v

GO 1O 203

195 Z(TI#12.0%AS{1)/7(DO *PTI*SLS(1))
CFM™ IS REALLY CFMuV

200 CRMWVIIMAWVITI/ZCOL.CHRTS(I+1))IXFXPL12.4636-0,702108T%«TS{1+4]1)+
1o 188UQE-L*TS(I+1)%%2)

a9/26/67

STAGES6C
STAGCSH65
STAGOS70
STACCSTS
STAGDS80
STAGCHAS
STAGDS9C
STACCS9S
STAGC6CC
STACCH05
STAGCS!IC
STAGC615
STAGCH2C
STACLH25
STACLS3C
STAGEH35
STAGCO6LD
STAGCHUS
STAGEASC
STAGCCASS
STAGCH6C
STAGLCHAS
STAGLSGTC
STAGCHTS
STAGOAH8C
STAGL6H85
STAGC69C
STAGOA9S
STAGC7CC
STAGOT7CS
STAGCTIC
STACCTIS
STACGC720
STAGL725
STAGLT73C
STAGET735
STAGC74D
STAGC7uUS
STAGC75C
OSTAGL 755
STAGOT76C

RV O0125%TV(I+1)~-32,125+410693.98-N.5703«TV{I+1)+).2819€E-u%TV(I+1)STAGO765

1%%2-0.882UE-6%TV(I+])%%x3
HPI#1.00125%Tv(T1)-32.125
HP2#1 00125 TV(I+1)~-232.125
CRMAZ{IYHWP (T (HPI=HP2)/{60.0%(HV+HP2) 2TV{I+1) }*EXP(12 4632~
1.021987%TVII+1)41.RRUQE-SHTV(I+1}*%2)
HSOT ) #(.0056+.02436/7 (DIeVv)®% C.32)«SLS(I) *12.0%Vk%2/ (D 1%64.348)
I *SSF
IF{CFMWZ(T}1205,210,210
205 CFMAZ{ 1)#0.0
21C SUMOMESUMOM+OM(T)
SUM_SHSUMLS+SLSI(T)
215 ZBARH#ZRAR +2( 1)
SLSPH#SLS{I}-C.5+TSTH/12.0
VVEV(IIHCFMYY( )/ (12C.C*SLSP *FREBD*

FIGURE 6 (Continued)
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8005
2440
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275
28C

285
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300
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STAGE - EFN SQURCE STATEMENT -~ IFNI(S) -

| AMODU%ALEV)

IF{ I- NTOTAL) 225,22C,225

TRAYFLIIIH#((12.0%TWFAXTRAYIN —3,6-.63%501)
11 OE+U/(0(610.0/70TS{I)4U59.6G) ) %*x3,12%
2(RH) /3.0)#%0.6)+850C0.1C )

GO TO 230

TRAYFLUTIA(( 12.0%TWFA®SLSP ~3.6-.63%SPL)
¥} QIEHR/ {610 0/7(TSII)+459.6G))%%x3,12%
2(RH) /3.0)*¢0,61+85CCC.C )
WBSCIYHWS(I)/(AMODUXALE V)

IF(TRAYFL(I)-1000C0.C)235,24C,240

TRAYFL( 1) #100000.0

WRITE (6,8005)1

FORMAT( 27HOTRAYFLOW SET # 100CC0.0 I5)

IF(TRAYFL(I) -SSF2)245,250,250

TRAYWD(II#WBS(I)/TRAYFL(T)

WWFS (1) # 1.0

GO TO 255

TRAYWD(I)AWBS(I)/ SSF2

WWFS (1) # TRAYFL (1) /SSF2

TRAYFL (1) # SSF2

LT #5

CAL_DINTPL(TS(I)HC{1),RHORFS)

IF{I-1)265,265,26C

DENBR{ [-1 } HRHORES
RESIDT{I}H (TRAYWD (1 )®SLSP *BDEPH*
TRHORES*36(00.0)/WRS(T)

PYITIA2.1786818-.TOUN3ZE22E-01%TVII4+!1 )+.723941286E-03%TV{I+1)%%2
1-.539580836~05*TVII+1}%%3 +,1813Q197E-07%TV([+1)*xy

CONT INUE

TENTITAL+!

PTRAFL BO12.0%THFARXTRAYILN -3.6-.63%5PL)
PR JOE+/{{610.0/{TVII)+450.6G) ) #%3,12%
2(RHY /3.0)*%0.6)485CC0.C }

TANC

TRAYNKASL S(NK)-0.54TSTH /12.¢C

PTRAFK U122, 0% TWFAXTRAYNK -3,6-.63*SPL)
121 O+ /( (61 0.0/ (TVINK) $45%, 69) )% %3, 12%
2(RHY /73.0)%%T.6)+85000.C )

WPZHWP (NTOTAL+ 1)/ {AMCDU%2.,.1)

IF(PTRAFL —-SSF2 )280,2715,2175

PTRAFL # SSF2

PTRAW! # WPZ / PTRAFL

WIDI # 2.0 *PTRAW] + TRAYWD [NTCTAL)

WPNCT# WP (NK) / (AMCDU * 2.0)

IF( PYRAFK ~SSF2 )} 290, 29, 245

PTRAFK # SSF2

PTRAW2 # WPNKI/ PTRAFK

WID2 # 2.0 % PTRAW2 + TRAYWD (AK)

IF(WIDY -®WID2) 300,3CC,295

PTRAWD # PTRAW!

TRAWDP #TRAYWE(NTOTAL)

G0 T3 305

PTRAWD # PTRAW2

TRAADP # TRAYWD (NK)

CONT INUE

FIGURE 6 (Continued)
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STAGE ~ EFN SQURCE STATEMENT - [IFN(S) =~

80iIC FORMAT(6ED6.B) STAGI 120
ASTEVHES . 3IE-S*(WB+WX]) STAGI125
NPLATHASIEV/ (AMODU* TRAYWO(NTCTAL)*SLDEA ) STAGI130
ANP_UATHFLOAT(NPLAT)+ .0 STAG1135
SLPLATHASIEV/ (ANPLAT*AMODUXTRAYWD (NTOTAL)) STAG) 40
APLATHSLPLAT*TRAYWD (NTOTAL) STAGI U5
N#NTOTAL STACIISC
NL 1#N— STAG1155
DELP(N)#0.0 STAG1160
AN} #D.0 STAGH165
COFA14COEFA%*3600.0 STACULITC
DO 310 TI#1,NLI STAGHITS
DELPCI)¥PVII)-PV(I+I) STAGI 180
ACT)#(TRAYFL{I)®XTRAYWD (1)) /(COF Al *SQRT(DENBR(I)*CELP(1)29273.6)) STAGIt@8S
310 CONTINUE STAGHI9C
1142 STAGHI9S
CALLDINTPLITCF,CCFsHCF) STAGH2QC
CALLDINTPL(THF,CCF yHHF) STAGI205
TSTEM#TSTEAM STAGI21C
AMPBDASH#IN93,88-0.STE3IRXTSTEMH 1 2RI QE-USTSTEN*%2-0.8824E~-6*TSTEM**3 STAGI215
WY BWFx( THFE-TCF ) /AMBDAS *CPBT*TERS STAG) 220
PRAAPN*1,0E+2/(AMBDAS*WY) STAG1225
BRINEHEATER STACI23C
11#5 STAG1235
CAL. DINTPL({THF,CCF,RHO) STAGI24D
GHH3600.0% VHERHO STAGI245
ARGH{ITCLF+THF )%0.5 STACYI25C
TT#0.35%{ TSTEAM~ARG) STACGI255
T #0.65%{ TSTEAM-ARG) +ARG STAG126C
THM#(THF-TCF )/ALOG{(TSTEAM-TCF) /( TSTEAM-THF)) STAGI1265
1145 STACI27C
CAL_DINT?L{ARG,CCF,AK) STACI275
IT45 STAGI280
CAL_LDINTPL{ARG,CCF,RHO) STAG1285
1147 STACI29C
CAL_DINTPL (ARG,CCF,1) STAGI295
ISR STAGH 30C
CAL_DINTPL (ARG,CCF,C2Z) STAGI 305
BIGK3#(0.027*C2*Us%Ca 1 UsGH)/ ((GHXDIH/(12.0%U) ) #%0.2% STACI3IC
TU*CZ /AK ) *x%(1,66666667) STAGI 315
315 1147 STAGE 320
CAL_DINTPL(Tw,CCF,Un) STAG1325
FITHEBICK 3/ Uwkx[. Yy STACI33C
USAVE #UBARH STAGI335
PCTH#0.LO STAC) 3uC
HFGA1093.88-C.5703%TSTEM 4] (2R19F-u*TSTEM #%2-G,.B8824E~-6»#TSTEM®X3STAGH 345
1145 STACI35C
CAL_DINTPL{TSTEAM,PCT,RHO) STAGI1 355
[T#5 STAC134C
CAL_DINTPL{TSTEAMPCTHAK) STAGI 365
1147 STAGCI3TC
CALLDINTPL(TSTEAM,PCTU) STAG) 375
COHDIHEDIH/DIH STAGI38C
BIK2L#2u ,0*BIKTH STAG1 3RS
PARTUADOH/BIK2u*ALOG (DOHD [H) + RH STAGT 49C
IF (SH - 1.0) 320, 320, 325 STAGY 395

FIGURE 6 (Continued)
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320 CAPKHO.728%((50.NUFE+EXRHOX*2 #AK ¥R 3% (HFG+0. 375%TT)) / (SH2U) I *%0.25

325 CAPK#0.728%((50.08E+EXRHOFF2XAK KR IKX(HFG+0375%TT) )/ (SH¥U) ) %%3.25

33C

338

340
345

350
355

360
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STAGE - EFN SCURCE STATEMENT -
1 % 1.310
GO 13 331

IFN(S) -

1% (1.2379476 + L.35360826E-1%SH~ 157034 66E-2%SH%%2 )

HOH#CAPK/ (DOH¥*0 L 25%TT**0,25)
UBAR | #DOMD TH/HIH+PARTU+ 1, C/HCH
TTN#TT

UBARH#1.3/UBAR |
TTH#IBARHETHM /HOH

IF(ABS{(TT=~-TIN)/TT)~-C .CI1)34C,335,335

TWH#ARGH+UBARH® THM&DOH/HIH
G0 T2 315

IF(ABS(UBARH~USAVE) /UBARM-C. CCCS) 345,335,335

12

CALLDINTPL (THF,CCFyHHF)
CALLDINTPL{TCF,CCF,HCF)
UBAIH#SSFUBR¥UBARH
AH#(HHF-HCF)*WF /(UBARH® THM)
ARGHE(TCF+THF)*J .5

IT45

CAL_.DINTPL (ARG,CCF,RHO2)
HLHA 12 0% AHXDIH&x 2% GH/ (57 6 0% DCH® WF)
HN A1 2.0%AH/(PI*DOH¥HLH)

HBH #(N.02140.02587/ (D 1HAVH )X, 42)
F#HLH %12, 0/DIH*VH$%2/60, 348
RARIV#5UMDM/TOTAL

NTOT | #NTOTAL+!

DO 35C T#1,NTOTH
CTPOPS{I}I4#DTPDP(I)

IF(IGSC - 2 ) 355, 36C, 36"
VH#VH

CALL DEMIST

RETURN

END

*SSF

FIGURE 6 (Continued)
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UBAR - EFN SCURCE STATEMENT - IFN(S) -~

SUBXOUTINE UBARHM(J,UB) UBAREGCOS
Cexx%x SYAGEGEOM FOR NORITAKE WITH DEMISTER AND CCNLCENSER 9/101/65 UBARLCDID
COMMON/GEN/CASE 4G 4RP, XRP,P, XC,CyXU,CRyXCR, ROE,ROER URARCOIS
COMMON/TEMPC/TSTEAM,TS(LI0C)y THF, TR, XTHB, TCeTP,TA,L,CC,CP UBARCD2C
COMVMON/GEOME /AMODU,ALEV ,AUNTI T, TCTALE ,TOTALR,FREBC,TRAYDP,H5T,CL, UBRAROD2S
1SPL UBRARCO3C
COMMON/ECON/ SMALLE, SMALLD 4SMALLB, SMALLP,RATEIN,WPL, CAPF,THERM, UBARUNI3S
1PMSTMC UBARCEOHD
COMMON/TUBING/ DOH,DIH,DOE,DIE,COR,DIR,At,A2,A3,BIKTF,BIKTE, UBARCOLS
IBIKTR,CSLTBH,CSLTBP ,CSLTBR URARCOSQ
COMMON/FIULIN/RH,REyRSRsSH,SEs SRy VH, VE, VR UBARL(D55
COMMON/PUMPHT/HDy HH ¢ HBL yHPRy FFHLy SSF I UBARCOSC

COMMON/AMISC/CPSTB,FACID,ACACIC,DPLIM,AA AT XSOL y XNNNyNANyXLLL,y LLLUBARCN6S
COMMON/DATAI /BDEPH,OTPD ,SSF2,TOTAL yUMAX ,UALP,PI ,TWFA,TSTH,COEFA, UBARCAOTO
IORITE, ITER UBARCOT?S
COMMON/AZ 1/0TPDPI0C) ,TITLF(15) UBARCCSD
COMMON/TCVL I/ ACPSN, ACPSNKy ACPTNK,CPBT,CPTK, CPTNK,AMBN,TCF,WX, UBARDNRS
IWFyWIyCBy WCy WBy, WR,RHONK, RHCK, ERR,CCF, NITER, NK,NTOTAL, PN,RPN,UBRARCC90

2TCy ALPHAL, WPN, DELCT, DELST, IGSC, SMAQ, SUMA; TK UBARCO9S
COMMON/TCVL2/ TTDUICC),SMTLICO), SMT2(01720), CTCI00), WS(10D), URARCIOC
1C0100), TVLICD),, WY LIEBO), oHUINT) y WPLI11ID) , AS{IDO),SLS(100) UBARO 109
COMMON/STAGE 1/ A(1DD),CFMWVLICE), CF¥WZ(10D), URAR(1OZ), CM(100), URBAROLIQ

THO LI OO) »,HILICO) ¢y WWFSLIRD) ,WVEVIIOCYH, TRAYFLI0OO0),TRAYWE (100), UBARCIITS
2RESIDTCIQ0), eV LOD),DELP(IOC), DTPOPS{I00) URARCH2C
COMMON/PHYS/ I UBAR(125
COMMON /MAINI1/ SSF, HFG UBARCI3C
COMMON /STGi/ ATR, BTR, CTR, CTA UBARC I35
COMMON /STG2/HOH, PR, DENRR{ILCC), SUMLS, WvsST(107), CGy EI, R, S, URARDILQ

I vy TVITOIOOD)Y, 20107), HVY, HSOITO), wWBSLIO) UBAROIU4S
COMMON/FEBS/SSFUBR UBARG1ISC

T#J UBARC1SS
IT#5 URARCI16C
CALLDINTPLI(TB,CO,RHOR ) UBARC14S

GR #3600 .0%RHOR | *VR URARGITO

10G LO#D3JR UBARDIT7S
DI#D IR UBARCIAC
RHJ#RHOK UBARC 18RS
RIKT#BIKTR URBARQIOL
S#5R UBARGI9S
R¥RSR UBARC2TCC
VH#YR UBARC2NS

GF 46R UBARCZ2IC

105 ARGH(SMT2(1) +SMT(I))*0.5 URARC21I5
UBARLT)#3.0 UPARC220
TVITO D) #0 . 35*(TVII+1)-ARG) UBARMIZ225

T #3.65%( TV I+| )-ARG) +ARG UBARD23C
HANCH (TVIT+1)~SMTLTIY/Z{TVII+I)-SMT2(]) ) WUBAR[D23S
IFTHANK )T 1D, 110,015 URARC2LT

110 WRITE (6,8000)1 5 S¥T(I), SMT2{I) , TV{I I},CTPCP(I) UBAR[C24S
2000 FORMAT( 6CHDTROUBLE IN U-RAR CALC. NES LCG SKIPFING TO NEXT CUBARD25C
1 ASE / I5, 5-16.8 ) URARE255
FRR#) .D UBARC26C
RETURN UBAR(26S5

115 QMUT)I#(SMT2(1) ~SMT{I}) /ALOS {HANK) UBARO27C
PCTH#CP UBARD27S

FIGURE 6 (Continued)
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120

125

URAR | - EFN SOURCE STATEMENT

I1#6

CALLDINTPL (ARG,CT{I),AK)
IT#7

CALLDINTPL (ARG,CT(I),U)
IT#I
CALLDINTPL{ARG,CT(I),C2)

IFN(S) -

BIGK I #{0N27*CZ*UX* L. I4*GF)/ ((GF*CI/(12.0%U) ) %%x0,2%

HU*CZ/AK ) *%0 ., 66666667)

1T 47

CALL DINTPL{TW,CT{I),UW)
HI{TI)# BIGKI/UW*%x0. 14
USAVEHUBAR(])

CoDI#Du /01

BIK2U#24,0%B IKT
REST#DO/BIK24*ALOG(DODI )+
1145
CAL_DINTPL{TV{I+1),PCT,RHO)}
IT#5
CAL_DINTPL{TVII+I1),PCT, SMK)
IT#7
CAL_DINTPL(TV(I+1)},PCT,U)

HFEGH#1073.88-0.,5703«TV(I+1 )41 . 281 9E-L*TVv({I+1)**2-0,8324E-6

1XTVIT+1)%%3
IF (S-1.0) 120, 130, 134

130 BIGK #0.728%( (S0 .OUE+8%RHQ*E2 & SMKE¥3x (HFG+0.375*TVTT{I)) )/

J{U=S ) xx0.25% 1. 3110
GO TO 140

135 BIGCHD 728 ( (S50 0LE+2%RHO**2 % SMK**3% (HFG+0.375%TVTT(1)) )/

1u5
15C
155
160
165

17C

TEURS ) ) %0 .25%(1.237947¢ + 4 35360828E—1 %S -
140 HO(I)#BIGK /{DO *#0.25%*TVTTI{I )%*%(,25)
UBAR T 4CODI/HI(I}4REST+! .O/HO ()

UBAR( T)#1.0N/LBAR]
AS{I)4QHI I}/ (UBAR(T}I*OMI(I))
TYTTNATVTTL(L)
TVITCI)RUBARLTII*OM{T ) /H. ()

IFCARSUTVITLL)-TVTTN)/TVTTIN-CaD1) 150,145,145
THWHARGHUBAR(T)*OM (T }1*DO/(HICT)*0I)

GO TI 121

« 157034 66E~2%3%%2

IF(ABS{UBAR(I)-USAVE ]} /URAR{T }1-C.0OCO5) 155,145,145

IF(1 ~NK)1€D, 160,165
WHWF

CLIYHCCF

GOTOH77

WHNWD

C{ 1) 4CO

ARGH{SMT2( 1) +SMTI(T1))*C.5
UB#UBAR(T)
UR#SSFUBR*UB

RETURN

END

FIGURE 6 (Continued)
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URARC280
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UBARC 395
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UBARQOHILS
UBARCH2C
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URARCH 3L
UBARCU35
URARCHUu(
UBARCUUS
UBARCHSC
UBAROUSS
URAROUAL
URARDUES
URARCUTC
UBARNDLTS
UBARCLEAC
UBARCULRS
UPRARCYH9C
UBARGY9S
UBARCHOC
UBARCSOS
UBARCSIC
URARCSIS
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URARC525
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$IBFTC WAT DECK WATCCCGE
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1ac

105

3

WAT - EFN S

(9]

SUBRJUTINEWATH(T,, H)
IF(T-3460.0 1100,105,105
AD#-32.179105

At #1.008808k4
A2#-1.1516996E-4
A3#4 . 8553836E-7

Al #~7  3618BT7T8E~- 1D
AS#9.6350315€E-13
GOTO LIS
AN#-9..341 1 TO6E2

Al #].06738B02E!
A2H-4 27T53836E-2
A3H?.4124UE-5
Aug-1 . G315357E~7
AS#4 L5602 6E-1 |

URCE

96

STATEMENT

HEAD A DET +A24THE2+A 34 TR 3+ AL X TH 5L+ A5 KT 45

RETURN
END

IFENES) -

FIGURE 6 (Continued)
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WATCCOCOS
WATCCO1D
WATCCOIS
WATCCO2C
WATCO25
WATCCO3C
WATCCL35
WATCOONO
WATCG4S
WATOCNSG
WATCL55
WATCCO6C
WATCCO65
WwATRCR7C
WATCCOT75
WATCONRCD
WATLCG08S
WATCGCOC
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0972¢/67
80100 - FFN SOURCE STATEMENT ~ IFN(S) - :

SUBROUTINEBOPR(T,C,RBPR) BOICCCOS
C **%%%&FIT FOR (] -~ 260NC AND 25 TC 260C 6/23/7LL BOICCOIC
TCOR#(T+460.0)/1.8 BOICCNIS
cc#C BO 10C02C
CCOR#19.819%CC/(1.0-CC) BO 1CC0O25
BPE#(565.757/TCOR-9.81559+!1 . 54739%AL0G(TCOR) BOI1CGO3C
] —{337.178/TCOR-6.41581+.922753*ALCG{TCOR) ) *CCOR+(32.681/TCOR~-.5538B01C0ON35
268+4,072022%ALOGITCOR) I *CCOR*%2) *CCOR/ (266919 .6 /(TCOR**BOI0COUE
32)-379.669/TCOR+.33u169) BO1CCOMS
BPR #1.8%BPE BOICECODSC
RETURN BO1DBOOSS
END BO1CCO6C

FIGURE 6 (Continued)
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09726767
suioa - EFN SCURCE STATEMENT - IFN(S) -
SUBRDJUTINE SUBAJ(CD RATEIN,AY) SUICCURS
COMMON /DP I/ SMAPPP, HR, SNMAPPH, HI, UNARAR, UNARAE, Ak, AJ suigeoic
[F{CD~-80,0)150, 105, 1CS SULGCo15
100 A)TS#1.02-1.25%CD* ). CE~4 suIncaze
GO O 110 SU1nCo2s
105 AJTS#1.01 SUt1een3c
HIC IF(CD-200.0) 115,120,128 SUICCN3s
P15 AJCT#1.113-0.0165%CD/I1CC.C SUICkoLe
AJSDH# 1 .N627- 0. 349E-3*CD+0. 9300 -6%CD X2 SUICCOuS
GO TO 125 sulccesc
120 2JCT#1.08 SUICCAS5
AJSD#I1.N3 sutaouset
125 TFR(CD-u40.00130, 135,125 SUICCT65
130 TIME#12.0+12.0%C0/u0.0 SuICcorc
G0 T2 150 SUITCCL7S
135 IF(CD-200.0) thl, 145, 145 syieenee
140 TIME #2u.0+436.0%(CO-KO.0) /1607 sutgaoes
GO T2 15D SUICCH9C
145 TIME#LR.] SUILCO9?s
150 AJICHI.N+D.037S*TIMFRRATEIN sytgeiac
AJHAIT S*AJYSD*AJCT*AIIC suU1BadIes
RETURN SUHIECTIC
END SUICCIES

FIGURE 6 (Continued)
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09726767
D1100 - EFN SOURCE STATEMENT -~ IFN(S) -

SUBROUTINE DINTPL(ARG,ARU,AXY]) CI1CCcOons
COMMON /PHYS/ 11 01100010

I#11 cCriacecis

C#ARY DI ICCEG2C

T#ARG criccuz2s
ERR#01.0 c1rigoco3c

GOTO( 100, 1209150, 152,135,040, 145) ,11 o11aco3s
100 IF(C-0.005)105,105,110 DItCCOMC
C*¥e=xEQUATION SPECIFIC HEAT FOR PULRE WATER CIICCPuS
105 AXY#1.0121559 4+(- 246184735 ~-C3+ . IM282155E-05%T) =T DIICCO50
GO TO 15 c11oenss
Cx#&%#*¥EQUATION SPECIFIC HEAT FOR BRINE DIMCCC60
110 AXY#.9694686+(2.0%(.104CUA5E-C3)*T)-(.2119929u*(C) CIICCD65
P o+(2.0%( - €uB29659E-L3)*CAT)+(~1.555779*(C#%2))+ giieagnre
2 {2.0%( 76721 6QE-02) % (C*¥%x2)*T)+{6.79°1008% (C*%3) )+ D11CC275
3 (2.0%(—-012610354 )% (C*x%3)*T) priIcease
115 CONTINUE Cricenss
GO TO 154 CIrtcecoec

C IT#2 C1IGCO95
C ENTHALPY OF SALINE SOLUTICN RANGE OF DATA WAS 0O - 24 PERCENT DIICCICE
C CONCENTRATION AND BC ~ 300 DLGREES FARENHEIT. DINCCICS
C criccric
120 IF(C-0.005 )} 125,125,13C DINCCIES
125 CAL. WATH (T, AXY) c118012C
RETURN CIInC125

130 AXY# -30.234836+(.56546859%T)+ (. 10u0UB5E-03%(T*%2)) CY10013C
I+ 72.470209%C )~ {91 19G29u%C*T)~(L64827659E-03*C*(T*x2)) CI11CC135

2 =(25e739723%({Cx%2) )~ {1 O5577G1 #{C*¥2)*T)+ (. T6721469E-02% o11c01uc
3 (Cxk2)e{T*£2) )~ {386,236E2%(C2%3) )+ {6.798100B%{C*%x3}x*T) CIIn01L5
4 —(01261035u% (Crx3)&{T%%2)) cricoisc

GO T21s0 L11CO15%

c IT#5 DItCOt6C
C DENSITY DF SALINE SOLUTION. RANGF OF DATA WAS O - 26 PERCENT CIICC165
C CONCENTRATION AND 4T -~ 30C DEGREES FARENHEIT. criooive
C CIICC175
135 AXYHO62.7T07172449.3640CR8%C- .4 3955304E-2%T crigoinac

1 ~e 3255466 TE~ I%CxT~ 607692 IE~ Uk Th%24,637240299E~4 crtaa18s

2T *%2%(C crigoiec

GOT3 150 CrICC195
o [T46 THERMAL CONDULCTIVITY CF SALINE SCTLUTICN. RANGE CF CATA D110C2G0
C 0 ~ 24% PERCFNT CONCFNTRATICN AND 40 - 300 CEGREES FARENHEITCIIQRC2CS
C crinGzice
40 AXY#( «2301579134+.697989E~3%T- 1 250AF-5%T*%2 crigoz2is
1= 20725~10%T*%3)x (-1 687105%C+1.0) crigcz2ce

CO 7O 150 Cricp22s

C I1#7 Cr1ee23c
C VISCOSITY OF SALINE SOLLTION. RANGE OF DATA wWAS 0 - 24 PERCENT cri1ngess
C CONCENTRATION AND 400 - 21C DEGRCES FAREMHEIT, pricea2uc
C Cricoaus
4S5 RATHU59.69 CII1CC250
AXYREXP{~10.592566+.4606532E-2%R-11.591155%C +DI1C0255

1 «126023229E-1%CH4R+4759,5%41/R+3863.7378*C/R) C110C260

I15C RETURN CIICC265
END crigeavc

FIGURE 6 (Continued)
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100

105

w0

120

125

130
135
10
!
tus
150

155

16C

104

09/2&/67

TWO ~  FFEN SGURCE STATEMENT - IFN(S) -
SUBRJDUTINFE DOUBLE (CQOR, VALUE y NERR) TWCrCros
CIMENSION XNRLU7),YSCD(IS),F(16,8) ,C00R(3) TWOCCNIC
COMMON/BLOC/ XNRL, YSOD 4 F ,NEN, MEN TWOCCOI5
NHENEN TWnlcn2e
MHEMEY THOCCN2S
X#COOR( ) TWOCBU3EG
Y#CIIR(2) TWCOC O35
TFOUXWCTOXNRL{M)eORLY.GTLYSODIN) ) uCRAIXJLTLXNRLII) eORLY JLTLYSCC( ) TWOCTUC
)) G2 TO 150 TWOCLTHS
NERR #U THOOCOSE
CO 100 T4#1,wm TWOOCDS55
Ja#l TWOCLN60
GO 100 J# 14N TWCLCO65
114 TWONCATE
IF(XEC.XNRL(E) «AND.Y.EQ.YSODIJ)) 5O TO 145 TWOCO2TS
IF(X.EQXNRL(M)) GO TO 155 TWOCCN8C
CO 110 I#1,M TWOLCUBS
IFUX-XNRL{T}) 105,11C,110 TWOOON9C
XTHXNRLIT=1) TWOCRDYS
X2 #XNRL(T) TWOCLCICC
K#I-1 TWOCCICS
GO TO 115 TWoCCIIC
CONTINUE TWOCLC IS
PHIX=X1)/(X2-X1) TWQCCI12C
IFLY.END.YSOD(N)) GO TO 16C TWOCO125
CO 130 I#14N TWONCI3C
IF{Y~YSOD(I)) 125,130,140 TWOLC135
YIHYSOC(I-1) TWOCC 14D
Y2#YSOUI(1) TWOCC1uS
L¥I-1 TWwonCist
GO 7O 135 TWOCJ155
CONTINUE TWOLC160
GHIY=YI1)/(Y2~-Y1) THOCC 165
VALUEA{ 1.0-P )% { 1. 0-R)RF {LyK)+GX (1 oMI=P)I*F{L+] 4K)+P%( ) .0~-CI*F(L,K+1)TWOCCITC

+PRQEF (L4 ,K+1) TWOCCITS
RETJRN TWOCC18C
VALUERF(TT,40) TWOLL 185
RETURN TWOOC19C
NER#1 TWOCD195
RETJRN TWOCC2CC
P4#0.0 TWOLC205
K #M TWOGCC21C
GO TO 120 TWCOD215
Q#0. 0 TWOQLE22C
L#N TWOCC225
GD TO 1un0 TWOCC23C
END TWOLL235

FIGURE 6 (Continued)
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$IBFTC BLKDAT DECK BLKCLCCOC

FIGURE 6 (Continued)



BLKDAT

BLOCK [CATA

DIMENSION XNRL(T),YSOD(!5},F(16,8)
COMMON/BLOC/ XNRL » YSOD oF yNEN,y MEM
DATA NEN,MEM/ 9,7/

SNURCE STATEMENT

09rs2¢&767

BLKCOOOS
BLKCCOIC
BLKCOOI15
BLKCCO2C

CATACXNRLUTI),1#1,7)/2.CE3,4,CE3,8.NE3,1?2.0E3,20.0E3,40.0€3, 10.0E4/BLKCCO25

DATA(YSOD(T),I#1,9)/0.15,1.2C,1.25,1.30,

DATALLF(I4J)4J81,7)141,9)/

14205 4171
2.195 ,.160
3.1855,.152
B.178 4 .146
5.167 +.136
61523,.124

7.13 ,.1103%,.088
8.124 ,.1003, .080
91105, .0895, .0703,.0¢13,.C514,.C413,.0278/

END

1.40,1.60,2.0,

1+ 1035,.C86
+« CBCT,.0627,
1+ (925,.L767,.058
yoCF‘SS’-GTn?quSqu
1+ C763,.0625,.0572,
1+0665,.054
y«C591,.CH80,.035

11195, 1ICT

FIGURE 6 (Continued)

BLKCOD3C
BLKCCT35
BLKCLCOWO
BLKCOBMS
BLKCCOSC
BLKCCOS55
BLKCCD6O
BLKLCON65
BLKEOOTC
BLKLCOO7S
BLKLCCN8C
BLKCOO85
BLKECTOC
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INPU - FFN SCURCE STATEMENT - IFN(S) =~

SUBRJUTINE INPUT {IREAD)

C*&%xxxTEMP REVISION FOR REACTFR COLPLING 12714765 INPUT

C %%k

INPJT SUBROUTINE FCR NCRITAKE 1/19/65 INPUT 1v
COMMON /GEN/CASE 4G 4RPy XxP,2y X0,y XUyCR,XCR, RCE,RQOER
COMMON/TEMPC/TSTEANM,TS(I1QC), THE,TR,XxThH, TC,TP,TA,CC,CP

COMMON /GEOME /AMODU yALEV JAUNT T, TCTALE , TOTALR,FRERL,TRAYDP,HST+CL,

15PL

COMMON/ECON/SMALLE s SMALLD 4 SMALLR, SMALLP,RATEIN,WPL, CAFF,THERVM,
{PMSTML

COIMMON/TURING/ DOH,DIH,DOE,DTE,GORyDIR, A1, 42,A3,RTKTF,RIKTF,
1BIKTR,CSLTBH,CSLTBP,CSLTBR
COMMON/FOULIN/RH,REZRSR,,SH,SCy SRy VH,y VE, VR
COMMON/PUMPHT/HD,,HH ,HBL ,HP= FFHL, SSF

0972¢/67

INPULCOS
INPULEIC
INPUCCTS
INPUCDZ2CE
INPUCLC25
INPUCE3L
INPULCLE35
INPUNRLC
INPUCTHS
INPULCDSC
INPULCOS55
INPUCO6C
INPUCL6S

COMMON/AMISC/CPSTR,,FACTIN ACACTD ,DPLIM48A A7 3 XSCT 4 XNNNGNANy XLLL,LLL INPUCGTC

COMMON/DATAI/BDFPH,UTPD,SSF2, TCTAL,,UMAX,UALP,PI ,TWFA,TSTH,CCEFA,

ICRITE, ITER

INPUCDTS
INPUCESC

COMMON/NO V257 C1i,C12, C13,C14, CI5, Cth, C21, C22, C23, C24, C31,INPLOCES

I €32, C33, C34, Cul, Cu2
COMMON/AZ 1 /DTPDR L ICN) ,TITLI (15}
CIMENSION FU10)

TWFA#0.9

TSTH#D.75

UMAX #L .0

UALP #303.0

COEFAY 1.0

C CONSTANT CI11 ADJUSTED FROM 3.274E3NT 9/27/6%

C

1an
f00C
80CS

105
801 C

C %%
Hn

IREAD#I

READ  ( 5,80CONUTITLE(T)18#1,12)
FORMAT({ 124 6)

FORMAT(9ERB.S)

2DEPH # 1.0

CTPDAD.6T

SSF2#500300.C

FREBD#FREBDS

EST # FREBC + TRAYDP

HPR#MPRS

TBH¥TBSAVE

XTR#TH

CIMENSION F(10)

READ (5 ,B80I10)(F(T),I#1,9),IC
FORMAT(9F8.0,13)

GOTOUL 1IN, 115,120,125 130, 135,104, 185,157,155),IC
[ GENERAL

CASE#F( 1)

GH#F( 2)

RP #F(3)

XRPHRP

PHE( L)

X0 #P

CHF(5)

XU 43

CR#F( 6}

XCRACR

ROE#F(T)

FIGURE 6 (Continued)

INPUCEOC
INPUGLEOS
INPUCICC
INPULC 105
INPUCTIO
INPUCTNS
INPUC12C
INPUC125
INPUC 1 3C
INPULC I35
INPUC ILC
INPUBT4S
INPUCISE
INPUCTSS
INPUCT6C
INPUT 165
INPUCITO
INPULCITS
INPUCIRC
INPUDIBS
INPUCIOC
INPUCT95
INPUL2CC
INPUC20S
INPUC2IDO
INPUC215
INOULP20
INPUO225
INPUL230
INPUC235
INPUC2UC
INPUC245
INPUD2SC
INPUC255
INPUC26C
INPULD265
INPUC27C
INPUC275



C¥%
115

C ¥
120

C*x%
125

C %
130

(13

INPU ~ EFN

ROERE#F(8)
GOTI 105

Il. TEMPERATURES AND CCNCENTRATICNS

TSTEAMAF( })
TSULI#F(])

THF#F(2)

TBHF( 3)

XTB#TH

TBSAVE#TB

TO#F( 4)

TPAF(5)

TA#F(6)

CO8F(T)

CP4#F(8)

GOT2 105

ITT. GEOMETRY
AMQOUSEF(]))

ALEVEF(2)

AUNIT # F(3)
TOTALE#F(Y)
TOTALR#F(S)
FRERD#F(6)
FRERDS4FRERD

TRAYDP # F(7)

HST # FREBD + TRAYDP
CL#F( 8)

SPL#F(9)

GO TO ID5

IV. ECONJOMIC FACTORS
SMALLE#F(1)
SMALLD#F(2)
SMALLB#F(3)
SMALLPHF(Y)
RATEINAF(5)

WPLAEF{6)

CAPFH#F(T)

THERMEF(8)

PMSTHC # F(9)

GOTI 105

Ve TUBING INFORMATION
DOH#F(1)

WAL_H # F(2)

OIH # COH - 2.0 % WALLH
COE#F( 3)

WALLE 4 F(Wu)

DIE # COE - 2.0 % WALLE
DOR#F(5)

WALLR # F{6)

CIR # BOR ~ 2.0 * WALLR
AZHF(T)

SMAL#F(R)

Al #5vA1L

SMA2#F(9)

A2 #SMA2

G013 145

VIi. TUBING INFORMATION

109

SOURCE STATEMENT

IFENES) -

FIGURE 6 (Contimued)

09s26767

iNrPuyC280
INPULC2RS
INPUD29C
INPUD295
INPUC300
INPULC 3OS
INPUC3IC
INPUC3)S
INPUC32G
INPULC325
INPUC33C
INPUL 335
INPUC 3MO
INPUO 345
INPUC3S5C
INPUD3SS
INPUC3AD
INPUC365
INPUCSTC
INPUO3T7S
INPUC3AL
INPUL 385
INPUC39C
INPUC 395
INPUCHNIC
INPUCHOS
INPUCHID
INPUCHIS
INPUCH2(Q
INPUCLZS
INPUCLEL
INPUGKL3S
INPUCHLO
INPUCLLS
INPUCKSC
INPUDHSS
INPUCHGT
INPUCH65
INPULCLTLC
INPUCLTS
INPUCHBL
INPUC YRS
INPUCuOC
INPUCHSS
INPUDSDC
INPULCS0S
INPUCSHIQ
INPULHIS
INPULSH2C
INPUG525
INPUCH3C
INPUCS35
INPUCSHC
INPUCSHUS
INPUEHST
INPUOSSS



135

C %=
14C

C &
TS

155

160

8015

110

INPU - FFN SOURCE STATEMENT - IFN(S) -

BIKTHH#F{1)

BIKTE#F(2)

BIKTR#F(3)

CSLTBH#F(Y)

CSLTRPAFL(S)

CSLTRRHEF(6)

GO TD 105

VII. FOUL ING AND FLOODING FACTCRS

RH # F( 1}

RE#F( 2)

RSR 4 F(3)

SH # F(u)

SEHF(5H)

SR # F(6)

VH § F(T)

VE#F( 8)

VR # F(9)

G0TI105

VIII. PUMPING HEAD AND HEAT LCSSES

HD#F( 1)

HH#F( 2)

HBL#F( 3)

HPRAF(4)

HP RS #HPR

FFHL#F(5)

SSFL#F(6)

GOT2105

IX. MISCELLANEOUS

CPSTB#F(1)

FACID & F(2)

ACACID # F(3)

CPLIV#F (L)

A6 HF(5)

AT H#HF(6)

XSCD#F(T)

XNNN 4 F(8)

NNN # XNNN + 0.1

XLLL#F(9)

LLLAXLLL+0.!

GO TO 105

CONT INUE

TOTAL ¥TOTALE+TOTALR

JTOTALA#TITAL + 1.}

CO 140 I#1,JTOTAL

CTPDPUI)#DTPD

WRITE (6,8015)CASE, G,RP, DO,L, CRy RCE ,ROER,TSTFAM,THF,
t TByT2,TP, TA, CG,y CPyANMODU,ALFV,
2AUNIT, TOTALE, TOTALR, FRERD, TRAYDP,CL,SPL,SMALLE,SMALLL,
3 SMALLB, SMALLP ,RATEIN, WPL, CAPF ,THERM , PMSTNC,DCH,
4 DOEyWALLE yDOR,WALLR, A3, SNMAL,SMA2,BIKTH,BIKTE,
5 BICTR, CSLTBH,CSLTRP,LSLTAR, ®H,RF,RSR,
6 SHy SE, SRy VH,VE,VR,HD ,HH,HPL,
THPR, FFFL, SSFI1,CPSTE ,FACID,
3 ACACID,DPLIM, A& , A7 , XSCD + NNN fLLL
FORMAT(IHO 5%, | GBHINPUT DATA INPLT/IH ,

1 7THCARE J6/1F BFI5.6/1H 7THCARD TT7/1H 8EI15.6/1H 7THCARD 08/

09/72¢767

WALLH,

FIGURE 6 (Continued)
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INPU - EFN SOURCE STATEMENT - IFN(S) -~
2 1H 9F10.,2/1H THCARD 09/1H 9FIC.6/1H THCARC 10/1H 9FI0.6/ iNPULBLD
3 IH 7THCARD 11/71H 6FIC.L4/1H THCARD 12/1H 9F10.5/1H THCARD 13/ INPUCHUS
b IH 6F10.2/1H THCARD 14/1H 7FIC.6,216) INPUCSSC
165 IF(TB)YI170, 185,170 INPUL E55
17C €AL. CHKTB(RP,T8,GsC0+CR,CP,OTPU,TO, TBMICK) INPULEST 49
IF{TR~TBMICK YIRS, 175,175 INPUCRAS
175 TBEATBMICK-1.0 INPUCRTC
TBHTBE INPUORTS
XTBETH INPUORRC
WRITE (6,802C)TRBE,TRAMICK INPULC R85 53
8020 FORMAT{IH 25HTB ADJUSTED FCR THIS CASE 2E16.8) INPUCS9C
IF(T8~-T0 +5.0) 180, 1B, 145 INPULESS
180 WRITE (6,8025)TR,T0 INPUOORC 55
8025 FORMAT{27H PERFORMANCE RATIO TCC HIGH 2FE16.8) INPUDOCS
185 CONTINUE INPUCRILC
Cli#2.565 INPUCP15
C12 # .34935994f-(1 INPUCR2C
Cl3 # -.4h260299E~CI INPULG925
Clh # .95146883F~-02 INPUC93C
CI1S # -.,u45266271E~C2 INPUC?35
Cle # .25147928E-C2 INPUT 94O
CCONSTANT C21 ADJUSTED FROM 3.5371CCH 9/27/65 INPULOBS
C21#5.866 INPUC9SC
C22 # 13.23733728 INPUL955
C23 # 3.13u82249 INPUCP6C
C24 # .38165671E~02 INPUC 965
CCONSTANT C31 ADJUSTED FROM 6.3705619 9/27/65 INPUECRTC
C31411.9995 INPUCOTS
C32 # N.3515¢8C5 INPUC9RC
C33 # 0.19559172 INPUL 985
C3h # .61242599E-C2 INPUC99C
CCONSTANT Cul ADJUSTED FROM 1.93615 10/6/65 INPUGI95
CUlM(3.ud6+u8.762%(ALEV-1.0)) /ALEYV INPUICOOD
Cu2 4 0.07126LYy INPULICOS
190 RETURN INPUICID
END INPUIDIS

FIGURE 6 {Continued)
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CND - EFN SOURCE STATEMENT -~ IFNI(S) -~
SURRDUTINE CNDNS {LLLL,COCR) CNDOCCOS
CONDENSER SUBROUTINE FOR STAGE BY STAGE CALCULATION CNDOCO1I0
SIMPLIFIED CONDENSER CALCULATICN - MOD HORIZONTAL FLCW 8/6/765 CNDOCODIS

THIS SUBRQUTINE REQUIRES INTPL, APPRCOX, AMATQ2, EVAL SUBRCUTINES CNDCOG2C
COMMON/GEOME /AMODU,ALEV ,AUNI T, TCTALE , TOTALR,FRERLC,TRAYDX,+ST,CL, CNDCCO25
1SPL CNBECDAC
COMMON /AMISC/CPSTB,FACID,ACACID,DPLIM,A6,A7 ,XSOC  XNNNyNNNyXLLL,LLLCNDBOO3S
COMMON /DATAI/BDEPH,DTPD,SSF2,TCTAL,U¥AX,UALP,PT ,TWFA,TSTH,CCEFA, CNDCOO4O

IORITE, ITER CNECCO4S
COMMON/AZ ) /DTPDPLICC) ,TITLF(15) CNDOCOSEO
COMMON/TCVL2/ TTD{ICC),SMT(1C0), SMT2(10D0)Y, CT(IDD), WS CIOO), CNDROONSS
1CC100), TVOICO), WYLICD), QHOICC), WPLIDND), AS{100),SLSL10D) CNDCOU6D
COMMON/STAGE 1/ A(I0C),CrMwv{100), CFMWZ (10D}, URAR{ION), CM(100), CNDOCD6S
1HO(100),HI (100} yWWFSLIOC) , VWEV(10CY, TRAYFL(10D),TRAYWD (100, cNpuoaore
2RESIDT(i00), PV(10Q),DELP(1IDC), DTPDPS(IDD) CNDDODO7H
COMMON/CONDI/ DPINIT(ICC), DTINIT(100}, DPCLR(100), DTCLR{IO0), CNOLC80
IDTCNDC(100) CNECenes

COMMON/STAGE2/ AH, BAROM,BWE ,BWR,COSTDM ,ELE,ESHELL,HBH,+BLE,HBLR, CNDECC9D
1HLH, HNOEs HNOR,HN, HSTE, HSTR, JJ, KK, RLR, RSHELL, TBNOE,TENCR, CNCC(ON95

2UBARH, VRLE,VBLR,VNCE, VNOR, WTME, WTMR, WY CNDCC OO
COMMON /STGI/ ATR, BTR, CTR, CTA CNEfIG 105
COMYON /STG2/HOH, PR, DENBR({10C), SUMLS, WVST(ICO), CO, DI, Ry Sy CNDOGIIO
1 VvV, TVTIT(100), 2{10), HV, HSLICO), WwBSUIOM CNDCO 115
COMMON /CNDR I/ NERR, CCCRL3), K CNDCC120
COMMON /DEMI/ SLKP2, SuvDMA, TOMP(I100), APTSE, VCLM, APTSR CNCCOI25
COMYON /DEM3/ WNO(1), DTUBFP, TULBENO, HNC())},VBL()),HBLG, TRAYTDP, CNDBCOI3C
FTRAYHT( CNDCCI35

15), HBL!, TRAYW2, 27111 CNDCCInQ
COMMON/CNDLNK/ WG 10C) » IDNC,WCNC T, wly SPATRA,CTUBE,TSAT{100),PSAT(IOCNCTOIUS

10)yVSATLION) 4 VEL( 1) ,SOD (1) 4HBL(1) ,AREAB (1) ,AREAT (1) CNOCRISC

COMMON /JP I/ SMAPPP, HR, SMAPPH, HE, UNARAR, UNARAE, A4, AJ, WCO, CNCCCI55
URARE, UBARR, UTHEK, AL, AR, ATHE, THEL, ENE, THFN, HFE, FFR, THEHCNRCC16C

|
2T, HC2, HC!, CC2,y CCI, POCST2, POCSTI, ALPPAR, PNMC2, PNCIi, CCCAP2, CNCCC165
3 CcCcapl, SITE2, SITEIl, WAIT2, WAIT!, ES2, ESI, EA2, EAl, CNDOO170
4 BHC2, BHC!, VPC2, VPCI, URPH, EEC2, EECtI, PO, CC2, CCly, CNDOCITS
5 sC%2, Scm1, CIBC2?2, CIBCI, DEA2, DEAl, TC2, TCi, CAPLI, CNDRC180
6 CAPI2, CAPI3, PO3, HSI1, PMC, EEC, VPC, SITE, WAIT, CNCEC 185
7 ESy EA, CIBC, BHC, CCCAP», CCSTIN, WEIRC, CRANE, BLDG, CNEOC19C
8 DFACST, PMCPO, PMCFLC, RETUB2, RETUBI, CPREC(I100), AMSC2, CNDLCC195
9 AvSCI CNDCC2CC
DIMENSION CNECC205
20PFEGL108), DPFTPOINIO), OPMIILO) ,FFX(100), CPTLICE) CNECU210
YPSAT(RNQOFL) #EXP(CTR + BIR/QGCOFL+ ATR/ (QOODFL=QOTIFL)) CNECC215
YVSAT(GDD I FL,QNO2FLIHEXP(—0. 72240 + 1.17267 * ALCG(QADIFL/RDN2FL) CNDOO22C
1 -0.0177861 * (ALCG(GCNOIFL/QON2FL)) #%2 CNEL2C225
2 + C.0CIN3758 % { ALNG(GOBIFL/QOD2FL))#%3) CNDOU23C
YVISGIGDO3FL) #(((-.7693E-10%QCU3FL+.2892E-6)* COO3FL+ 1001E-2)% CNDCC235
1Q023FL+ .1220) * 1.0E-5 CNDEC2u0
VLIJ(QUOMFL) #.161537168-1 + (. u88ulISIE-4 + (-.R2269193E~6 + CNDCC215
1.570uu577E~8 * QOOLFL) *QCCUFL) # CQOCMFL CNDEO25C
YTPGI(QROOSFLIAEXP {~.93620189 +{~0.7500532 +(~-0.11991543 CNDEC255
14, 12220994 €-C1*Q005FL )X CACSF L) *COCSFL) CNDOC26C
YTPG2{UDIEFLIBEXP {~0. 94283631 +(-C.8022548% + (-, 79uB773uE-OI+.9212CNDOC265
16780€-2%Q006FL)Y*Q0DEFL) *CO06F L) CNDCC27C
TRSAT(QOO7FL) #~2.C * ATR/ (RTR+ SQRT(BTR*DTR-4.0 * ACNDLO275

FIGURE 6 (Continued)
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CND ~ EFN SOURCE STATEMENT -~ IFEN{S) -~

ITR* (CTR- ALOG(QOO7FL)Y )
1#0

NNN#NNN

NNNS # NN

LEFTOV#IDNO

DO 235 J#1, IDNO NNN
1#1+1

KH#EI+]

LP128 4D

LEFTOVH#LEFTO V-NNN

IF (LEFTOV)ICO, 105,105

K#1+]

IF(I-ICND ) 115,110,115

K#T+1

WG < ) # WGI{I) - WCNDT *FLCA T{NNN)
IF (WG { K ))120,125,125

WG < ) # 0.0

WGAVGH{WG( ) + WG(K) J)%[.5

GSTAR # (WL +WGAVG) / SPATRA
XTR # TSAT(I) + 459.69

VISG #YVISG(XTR)

XNREX 4 DTUBE * GSTAR /V1SG6G
IF{XNREX -2000.0)Y130,135,135
COOR C(1}#200C.0

GO TGO 14D

COOR( 1) & XNREX

CALL DOUBLE(COOR 1 FFX (1) 1ERR)

IF{TERRIILS, 150,145

WRITE (46,8000 )IERR,COCR(1),COCR(2),CO0R(3) ,FFX(I)
FORMAT( T6HOERROR IN INTPL I5,4E1h.3)

RETURN

XPI # PSAT(I)

IF(XP1)155,155,160

WRITE (6,8005 )T, PSAT (I)

FORMAT (1HD 44X 5H T # 14, 4LX2THPSAT (1) TNC LOW # Elh.6)
RETURN

VL # VLIQUXPT)

VSAT{ T)#YVSAT{XTR,,XPI)

VOV # VL/VSAT(I) '

XLVFEX # 1.0 /{VOV +  WGAVG/ WL}

[FIXLVEX ~ Ua1) 165,165,170
TPCG # 1.0
GO TD 185

IF{XLVFX=1.0)175,175,18(
XLVFLN#ALOG{ XLVFX)
TPOGH#YTPGY {XLVFLN)

G) TD 185

XLVFLN#ALOGIXLVFX)
TPOGHYTPG2({XLVFLN)
IF(TPOG-1.0E-3}19C,1685,195
TPOGH#1.O0E~3

PSAT( K) # PSAT(I) - DELP(})
XP1 # PSAT( K )
IF(XP1)155,155,20C

TSAT(K )} # TRSAT{XPI) - U459.6F5
XTR # TRSAT(xPI)

FIGURE 6 (Continued)
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CND - EFN  SOURCF STATEMENT - IFN(S) -

VSAT(K )} #YVSATIXTR,XPI) CNROCS6L
VSATAY #(VSAT(E) + VSAT( K )) * 0.5 CNDOGS65
CPEGCI) # 4. *FFX(L1) * GSTAR %42  #VSATAV/9266.112 CNELCO570
IFLOAT(NYN ) CNELDOST5
CPETP(1) # DPFG(I) * TPOG CNENN5AC
DPMUI) AUWGL K )% WG( K )% VSATU K ) — WwG(I) % WG(I) % VSAT{I)) CNCCC585
1/09266.112 % SPATRA % 2 ) CNDOG59C
OPT(T) # DPFTP(I) CNEOCS595
IF(ABSIDELP( 1)/ DPT(I) - 1.0) - .001)205,205,225 CNDCCHOC
205 PSATL K ) # PSAT(I) - DPT (1) CNEOC605
XPT # PSAT( K ) cNDROsIC
IF(XP1)155,155,210 CNDCO615
210 TSAT( K ) # TRSAT(XPI) = 45G,A9 CNTRO62C
XTR # TRSAT(XPI) CNCECA25
VSAT( K ) #YVSAT(XTR, XPI) CNCC630
IF(LEFTOV 1215,235,235 CNEDCUA35
215 IF (J - IONO) 220,225,235 CNDOGOYE
22C I#1+1 CNOCLABS
J # 1040 CNORCASE
K# 1+ ' CNDOCASS
NNNE  NNN-LEFTOV -1 CNEOC66E
60 TO 115 CNDCCA65
225 CELP{ 1)# DPT(I) CNOOCATE
LP128#LP128+1 CNBNCHTS
IF(_?128-171195,195,23C CNDCO6AC

230 WRITE (6,87010 )1,DELP(1),DPT(I),I STAGE CNECLCARS 128
801C FORMAT(3H I 16, 2E1&.8, 6HISTAGE 316) CNDRC69T
235 CONTINUE CNDLC69S
NNN # NNNS CNBOC70C
RETURN CNTCOT70S
END CNBOCTIG

FIGURE 6 (Continued)



116

09/7267K7

*
$IBFTC DEMST DECK LEMSCCOC

FIGURE 6 (Continued)



117

: 09/26757
DEMST ~ EFN SOURCE STATEMENT -~ IFN(S) -

SUBROUTINE DEMIST cCEMSCONS
C*%%x% STAGEGEOM FOR NORITAKE DEAERATCR AND 421 CEVMISTER 10/12/65 CEMSCCIO
COMMON/GEN /CASE G ;RPy XRP Py X0,QyXU,CRyXCR, RCE,ROER DEMSOO15
COMMON/TEMPC/TSTEAM,TS(10C), THF,TB,XTB, TCyTP,TA,CCyCP DEMSCO20
COMMON/GEOME /AMODU S ALEV,AUNI T, TCTALE ,TOTALR,FREBC,TRAYDF,HST,CL, CEMSC025
1SPL DEMSGO3C
COMMONJECON/SMALLE , SMALLD ySMALLB, SMALLPyRATEIN,WPL,y CAPF,THERM, DEMSOO35
I PMSTMC DEMSGOME
COMMON/TURING/ DOH,DIH,COEsDIE,DCR,DIRy Al ,A2,A3,BIKT+,BIKTE, CEMSCIMS
IBIKTR,CSLTBH,CSLTBP,CSLTBR CEMSCGO50
COMMON /FOULIN/RH,RE 4RSR,SH,SE, SR,y VH,VE, VR CEMSCNOS55
COMMON/PUMPHT/HD s HH,HBL yHPR,y FFHL, SSF1I DEMSCOSC

COMMON/AMISC/CPSTB,FACID,ACACID)DPLIMAALAT s XSOL 4 XNNNyNAN,XLLLyLLLCEMSCD6S
COMMON/DATAI /BDEPHDTPD 4SSF2 3 TCTALJUMAX ,UALP,PI s TWFA,TSTH,CCEFA, [DEMSONTC
ICRITE, ITER DEMSCO?5
COMMON/AZ 1 /DTPDPITOM) 4, TITLEL1S) CEMSCO8BO
COMMON/TCVLI/ ACPSN, ACPSNK, ACPTNK,CPBT,CPTK, CPTNK,ANBN,TCF,WX, DEMSLNRS5
IWF+W0,CByWCyWB, WR,RHONKy RHCK, ERR,CCF, NITER, NK,NTOTAL, PN,RPN,DEMSCU9C

2TCs ALPHAL, WPN, DELCT, DELST, IGSC, SM24Q, SUNMA, TK CEMSLEC95
COMMON/TCVL2/ TTDUIOC),SMTLICE), SMT2(1C0), CT(100), AS0100), DEMSC1CA
1CC1aal, TVICO), wWY(ICC), GHUICD), WPQIDOD) » AS(ID0O),SLS{10D) CEMSCIDS
COMMON/STAGE L/ A(100),CFMRVIICC), CFMWZ(IDND), UBAR(ION), OVM(100), OEMSCIHIC
VHO(ICC) yHICICO) W WWESTICE) vWEVIIOD) y, TRAYFL(133),TRAYWC (107), DEMSC IS
2RESIOT(IOG)Y, PVLIGC),DELP(IOC), DYPDPS(IDO) CEMSCI12C
COMMON/DMSTI/ AREADM(I1CC) ,BPTD¥{ICO) ,DTCM(100), CPRCCUIND),WICCMIILEMSTI25
1C0) CEMSG13C
COMMON /COND!/ DPINIT(IOTY , DTINIT(103), DPCLR(10O3), CTCLR(1IDO), DEMSOI135
1BTCND(180) CEMSCI4Q

COMMON/STAGE2/ AH, RAROM,RWE ,BWR,CCSTDM,ELE,ESHELL+HBH, FBLE,HBLR, CEMSCIHS
1HLH, HNOE, HNOR,HN, HSTE, HSTR, JJs KK, RLR, RSHELL, TBNCE,TRNOR, DEMSCI150

2UBARH, VBLE,VBLR,VNOE, VNOR, WTME, WTMR, WY CEMSCtAS
COMMON/PHY S/ 11 DEMSCH6C
COMMON /MAIN1/ SSF, HFG LEMSCI65
COMMON /STGY/ ATR, BTR, CTR, CTA CEMSOITCO
COMMON /STG2/HOH, PR, DENBRUICC), SUNMLS, W¥ST(10D), B0, CI, R, Sy, DEMSOITS
)V, TVTITLIOD), Z€100), HV, AS{ICOY, WBSUIOD) CEMSL180
COMMON /CST1/ ASIEV, ANPLAT, SLPLAT, APLAT CEMST185
COMMON /CNOR 1/ NERR, CoCr(3}, K DEMSCIQC
COMMON /DEMI1/ SLKP2, SUNDMA, TDMP(I1U0D), APTSE, VCLM, APTSR DEMS195
COMMOMN /DEM3/ ARGZ(15) DEMSC20C
COMMON /DEAITNI/ RANR CEMSC205
CIMENSION WPRODM({ICGC),EINDMOICE), SMPRD(ING)Y ,WSALT(I00),SHSALT (100) BEMSD21C
COMMON/STG2I /TRAYLN,, SLDEA,GR ,WYKEFEP, TTRAY,, WVDEA! DEMSO21S
YPSAT(QNONFL) #EXP(CTR + BTR/QCCOFL+ ATR/ (QODQFL®QONDOFL)) DeEMSC220
FTIHIQODIFL) #2. 178681 8- . 7040 36226 -01 GO0 FL+.9394 1 2BAE-03%CN0IFL**DEMSL225
12-.53958083E-05%QUOIFL:x3+,]1 813G19TE-O7 %00 FLX*U CEMSC230
HFGHIQCO2FL) #1593.8R-C.57T03*QRC2F L+ 1 .28 19E-4%C002FL*32-0.8R824E~6%QUEMSO235
1CO2FL %% 3 DEMSC24C
NTOTE #NTOTAL+! DEMSC24S
SLKP2 # SLS{NTOTAL) CEMSC25C
WVKP2 # WVINTOTAL) DEMS(0255
WV{NTOTAL ) #AWVKEEP CEMSC260
SLSUNTOTAL J# TRAYLN + [.5 - TSTH/ 12.0 DEMSE265
Cxx*x YORK DEMISTER TYPE W21 I101/11/764 DEMSO27C
[F(umMaxy) 100,105,180 CEMSC275

FIGURE 6 (Continued)



163
105
o

120

125

130

i35
1ug

145
150

155
399

16C
165

17C

175
8000

18c

118

DEMST -~ EFN SOURCE STATEMENT - IFN(S) -

IF{UALP) I 10,105, 011C

RETJRN

SUMDMA 0.0

CTPDSH OTPD

00 260 1#1,NTOT!

IF (I - NYOTI) 128, 115, 115

TSAVG # TTRAY

CAVEH# CO % (wB+ WX) / (WB + WX —~ WVDEAI )
CINTOTAL+2)HCAVE

GO T3 125

TSAVG  #{TS(I) + TS(I+1)) * (.5
CAVEA(CII)+C(I+1))=C.5

TSAVE # TSAVG + 459,49
SLSPH#SLS{IN-0.5+4TSTH/12.0

CALL AROPR (TSAVG,CAVE,PPR)
BIGTE#TSAVE-PPR

) # OEXP(Iu 150319 — 6u52,5621/ BIGTE - 837533.21 /BIGTE*%2)
VG # 10.729 * TSAVE /(18,015 *P§ )
IF(AV(I)) 130,130,135

AREADM(T)#03.0

CPTDW(1)#0D.0

WIDDM(IV#0 .0

WPRODM (1) H#0.0

GO T2 24D

IF (I - NTOTI)} 145, 140, 140

GOM  #wV (1) / (AMODU *ALEYV %*SLSP *TRAYWDI(I-1))
GO T3 150

GDM # WVII)/ (AMODU *ALEV *SLSP  *TRAYWC(I))
XDM 4 GOM k3% VG x%x2 x| ,0F-8

XOMLN# ALOG( XDM)

IF{XDMLN -5.9) 155, 140G, 160

IF(XDMLN -4.4) 399, uGC,urd

EINDM(I) # EXPUIDLUBI-Co)570%#XDMLN)
EINDMIIT) # EXPF{R.9u1-C.1570%X0VMLN)

GOTI 165

EINDMOI)Y4 EXP{4.4240.870%XDMLN)

XLDOM #D0.333

EFFDM# 1.0~ 1JC.0/(EINDM{ 1) *CAVE)

IF(EFFTM) 170,170,180

EOQOUTMXYEINDM (1)*CAVF

AREADM(TI#0.1)

CPTDM{1)#0.0

CTOM( 1) #3.0

WRITE (6,8000)I,EQUTMX

097267467

CEMSC28C
DEMSC285
DEMSC29C
CEMSC295
DEMSG 30C
CEMSC 305
DEMSC31C
CEMSC315
UDEMSG320
CEMSC 325
DEMSC33C
DEMSC335
DEMSD34C
DEMST345
DEMSCASC
CEMSC355
DEMSO360
DEMSE365
DEMSC37C
CEMSEATS
CEMSG3R80
DEMSO385
DEMSC 390
CEMSC39S5
CEMSOLOC
OEMSCHOS
DEMSCHIC
CEMSCLI1S
CEMSCu2C
BEMSCu25
DEMSCu3C
CEMSCU35
CEMSUu»M0
DEMS{ILLS
DEMSCLSC
CEMSCUS5
CEMSCRAC
CEMSOu6S
DEMSTUTC
CEMSCu75
CEMSCuRL
DEMSCuBS
CEMSGHU9C
CEMSCU95

FORMAT( 31THONO DEMISTER REQUIRED, STAGE NO 12, 25H MAX ENTRAINMENT DEMSCSHAC

# El132.6)
GO T2 220
1145
CALL DINTPL{TSAVG, CAVE, RHOY)
VL# [ /RHDY
XYOR<H ALOG(EINDM(I) *1.0E-6 =(VL/VG) **0.5 }
YYORYC #  EXP{ —L4.99u499 + (-C.725165 - T.0301573 #XYCRK) #XYCRK)
I8 7
CALL CINTPL( TSAVG, CAVE,VIS)
UPL & VIS/2.42
UYOR< #(YYORK * 27277 V5 / U VL % UPL %% (1,2)}) ** (.5

FIGURE 6 (Contimued)

CE¥SCHES5
CEMSCHIC
CEMSC515
CEMSES20
BEMSCS525
CEMSCS3C
CEMSCS35
CEMSCS5u0
CEMSTHLS
CEMSOS5C
GEMSLCSSS
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IF(JYORK-UMAX)I90,185,1F5 DEMSCSAE
UYDORLK #UMAX DEMSES65
UDMIN 4 UYORK CEMSCSTC
IF (I - NTOTH) 200,195,195 DEMSCS75
AREADM(TI) #( WV(ID)®= VG / (AMCDU * ANPLAT * 3600.0 * UDMIN) ) DEMSCS58C
| *ANPLAT/ALEV CEMSCS85
ADMMAX # APLAT * ANPLAT/ ALEV CEMSO590
GO0 TO 205 DEMSOS595
AREADM(T) # wWvlI)x vG / (AMCDU * ALEV * 3600.0 * UDMIN) DEMSC60C
ADMMAXASL SP  *TRAYWDR(I) CEMSCADS
IF(AREADM{ I)~ADMMAX) 215,215,210 CEMS0AIC
WRITE (6,8005)I,AREADM(T),ADNMNMAX DEMSG615
FORVMAT (42HOAREA DM TS GREATER THAN ADMMAX. STAGE # 18, DEMSCH2C
12E15.8) CEMSE625
UDMIN #WV{I)*VG/(AMODUXALEV* 360, I*AREATM(T)) CEMS063C
ALPDMAD.666%ALOG(UDMINY~0.1873 DENMSO635
EQUTOMAEINDM (1) *EXP(ALPDMEXLDM%(-1.01)) CEMSC&40
CIUTOM #EQUTDM=CAVE CEMST6US
EFFDM#L I~ EOUTDM/EINDML(T) CEMSEO5C
SUMDMA # SUMDMA  + AREAUMILIT) CEMSE655
UGH | OE-5 *(0.122 + 1.I0) E-3 * TSAVE + 2.892E-7 % TSAVE #%2 DEMSCH6C
1-7.693 E~11 * TSAVE *%3 ) CEMS0 665
WIDDM(I)#AREADM(I)/SLSP CEMSC6TL
ANRE C¥ #UDMIN /(11C0.0% VG * USB) CEMSE6TS
FFEDM # 1.12°7 * ANREDM #%(-0.2747) CEMSCHRC
CPDDM # FFDM = XLDM *1I1C.C%x UDMIN  %**2 7/  (4320.7 * VG) DEMSCABS
CIDMEEINDM (I }* | .O0E-¢cxUDNMIN*360N.0/VG DEMSC69C
S2DMASORT(VG/VL -1.0) CEMSCH95
S2LDUAALDG(DIDM) DEMSOTAC
C3DMAIG LS - 1.287%#5S2LDM +L.3784 *S2L0OM %42 CEMSCTCS
DPWDM# 4.322F-4 *EXP(C3OM*(UNDNIN / $20M -0.075)) CEMSOTIC
DPTOM{I) # DPDDM + DPWDW CEMSCTIS
POUT CM # PS - DPTDM{I) DEMSET72C
TOUTOM#21675066.42/(-6452,5621 +SQRT(U1635557.0+3353132.8%( 14,1511 1CEMSCT2S
19-ALDGIPOUTDM) })) 459,69 CEMSE73C
TSPH16T5066.42/(-6452,5621 +SQRT(B1635557.00¢3353132.8%{14,150119-ACEMSOT3S
1LOGIP SN -45%2.6% CEMSCTHC
DTOMC 1) # TSP -TOUTDM DEMSCT4S
CTPOPSUT)#CTPDP(T) DEMSCTSC
IF(JYORK~-UALP)230,23C,225 DEMSB755
ALPDMAD.666%ALOGIUALP)-C. 1873 DEMSOT6C
GO TD 235 DEMSCTA5
ALPDU#3.666%ALOGIUYORK)-0.1873 DEMSCTTC
EQUTDOMAEINDM(T)*EXP (-1 . C*ALPDNM=XLDMX12,7D) DEMSDT75
COoUT DM ¥(EOQUTDM* | LCE~6¥CAVE) /(). +EQUTDM%*T L JE-6) DEMSD78BO
WPRODMI D) #WVST(I)*(1.0+£0UTDNM*] .0E-6) CEMSCT785
IFCI-1)245,245,250 CEMSCT9C
SMPAD(T)#WPRODM(T) CEMSCT95
WSALT(T)#WPRODM (T )IXCOUTDM CEMSCARCC
SMSALTII)#WSALTIT) DEMSCHOS
GO TD 255 CEMSCSIC
SMPROD(TI}ASMPRD(I- 1) +WPRCDMI(T) DEMSO8B15
WSALTUI)#WPRODM(I)I%*COUTOM DEMSC820
SUSAL TUI)#SMSALT{I-1)}+WSALTLI) DEMSC825
CPROIDIII#SMSALT{I)/SMPRO(T) CEMSOE3C
TOMP( I)}#BIGTE-DTOMIT) DEMS0E35

FIGURE 6 (Continued)
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260 CONTINUE CEMSC8UC
1#0 CEMSORLS
TOPRIDASUPROINTOTY) DEMSCASC
TOCPROH#CPRODINTCT ) CEMSCB55
TOSALTHSMSALTINTOTI) CEMSCHR6C

265 IF(CPROD(NTOT)! )- CP ) 277,325,325 CEMSORES

27C T#1+1 DEMSCSTL
WPRSAVHWPRODMI(T) CEMSCRTS
WSAL SVAWSALT(I) CEMSCRRC
IF{av(1})280,28C,275 DEMSCARS

275 EQUTDMAEINDMI{T) DEMSCRIC
CNCSAY BIC(TI)4+C (I+1))*0.5 CEMSCRGS
COuUYDM # EINDM (1) * 1.0t-4 * CNCSAV / (1.0 + DEMSC90U

I EINDM (1) * 1. E-6) ULEMSCQ05
WPRIDOM{ L) AWVST(T)%(1.C+cOLTDVM*1.0E-6) CEMSC91C
WSALTUT)#WPRODM (I }*COUTDM CE¥MSC915
28C IF{I-1)285,285,290 CEMSCO2C

285 SMSALT({I}H#WSALT(T) CEMSO925
SMPRD (1) # wPRODM (1) DEMSCQ3C
GO TD 295 CEMSC935

290 SMSALT(IIHSMSALT{I-1)+WSALT(I) CEMSCOUC
SMPD (1) # SMPRD (T—1) + WPRODM (1) CEMSC9u5

295 CPROD(OIV#SMSALT(I)/SMPRI(T) DEMSCOSC
SMSALTINTOT! J#SMSALT(NTOT! ) +WSALT(I)-WSALSY DEMSL955
SMPRIO(NTITY JASMPRDINTOTE ) +WPRODM(I}-WPRSAYV CEMSC96C
CPRIDINTITY D#SMSALT(NTCTI ) /SVMERD(INTOTI ) LCEMSC®?65
IF {CPROD (NTOT) ) - CP } 320, 320, 300 DEMSCATL

30C WPRIDM (1) # WPRSAV DEMSCOT75
WSA_T (I} # wSALSYV CEMSC980
IF(I-1)310,305,31C DEMSC 985

305 SMPID(t)I#WPRODM( 1) DEMSC99C
SMSALTLTI#WSALT () DEMSCI95
CPRODU 1 )#SMSALT L1 )/SMPRDIUT) CEMSITCC
SMSALT(NTOTI }#TOSALT DEMSIUNS
SMPROINTITI)4TOPROD DEMSIOID
CPRODINTOTI)#TOCPRO DEMSIOLS
GO TO 325 DEMS102C

310 SuMDvA#(0.0 DEMS1025
CO 315 K # I, NTOT1 DEMS 1230
SMPRD (K) # SMPRD (K-1) + WPRODM (K} DEMS1235
SMSALT (K) # SMSALT (K-1) + wSALT (K) CEMSIOUG
CPRID (K) # SMSALT (K) / SMPRD (K) CEMS1345
SUMDMAH SUMDMA+AREADM (K) CEMSINSC

315 CONTINUE DEMS1055
GO TO 225 CEMSI360

320 DTOM( 1) #0.0 DEMSI065
SUMDMA # 0.0 CEMSI10O7C
AREADM{ I}#0.0 DEMS1075
OPTDM{ 1)#0.0 CEMS1080
DTOM{ 1) #0.0 DEMSIC8S
CTPOP( I Y#DTPDS DEMSICOC
IFCI-NTOTI ) 270, 325,325 DEMS 1095

325 COSTOM#(19.80C% XLDM/C.333 ) XSUMDMA® ALEV*AMCCU CEMS 1100
SLSINTOTAL) # SLKP2 CEMSI1105
WV INTOTAL ) #WVKP 2 DEMSItHIC
IF (VVEV (NK) - 150.0) 340, 3u4C, 330 DEMSTIE5

FIGURE 6 (Contimed)
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FREBDP # FREBD * VVEV (NK) / I5C.C

WRITE (6,8010)FREBDP, FREBD

TRAYDP # HST - FREBD

FREBD ¥ FREBOP

HST # TRAYDP + FREBD

FORMAT (IHO 20HFREEBOARD REVISED TO , E13.6, 2X UHFRCM , E13,.6)
ARGZ (2) # DOE

C %2 xTRAYDP H#ARGZIT7)

ARGZ [ 7)Y#HST-FREBD

Coke ¥k TRAYHT#ARGZ(B)

ARGZ (B I#FREBD

ARGZ( 14 )R TRAYWOINKI%# (a5
JERR#0

JJI#

KK #NK :

CALL CNDNSR (TITLE( 1), JERR)
IF{JERR)}350, 345,350

Cxxx%%xBUNDLE WIDTH # ARGZ(13)

345

350

355

36C

365

370

BWE#ARGZ( 13)

HSTE#ARGZ( 7) +ARGZ(8)

VNOEHARGZ( 1)

TBNDEH#ARGZ(3)

HNOE#ARGZ ( &)
ESHELU#HSTE*ALEVXELE* (WTME+ 2. C*BWE)
VBLE#ARGZ (5)

HBLE#ARGZ( 6)

APYSE # (VBLE + 0.667 ) * {(HBLF + D.667)
ARGZ (2)#DOR

ARGZ {14 )4 TRAYWDINTOTALY*(.5

JERR &0

JIHNK+ )

K<HNTOTI

SXLLL#XLLL

XLLL #1.0

CALL CNDNSR (TITLE(1), JERR)
XLLL#SXLLL

IF{JERR Y350, 355,350

ERR#23.0

RETURN

BWREARGZ( 1 3)

HSTREARGZ( 7)+ARG2(8)

TBNOR#ARGZ (3)

VNORHARGZ( |)

HNORJ#ARGZ (W)

RSHELL HHSTR*ALEV¥RLR* (WIMR+2 . C#BWR)
VOLMAESHELL+RSHELL

VBLRHARGZ(5)

HBLR #ARGZ( 6)

APTSR#(VBLR + [J.667 ) * (HBLR+T.667)
CO 375 I#1,NTOT)
CTCOND(IYHADTINIT(I)+DTCLRI(T)

IF (TS(I+1) - 180,0) 345, 365, 370
DTPDP(IY#DTOMIII+DTINIT(II+DTCLR{I}) + FACID

I+ACACIC * (180.0- TS (1I+1) )

GO T2 375
CTPOCP{I4DTOMCI)4+DTINIT(IIDICLR{TI)} + FACID

FIGURE 6 (Continued)
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CEMS1295
DEMS1300
DEMSI 305
DEMSI310
DEMSI315
DEMS132C
DEMSI 325
CEMS1 330
CEMS1335
DEMS1 340
DEMSI 345
DEMS) 35¢C
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375 CONTINUE DEMSI4CC
I # NTOTH DEMS 1405
OTPOP( I HADTOM(IN+DTINIT{I)+DTCLR(I) DEMSIHID

380 RETURN CEMS1Iu4LS
END BEMSIL2C

FIGURE 6 (Continued)
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*
$IBFTC DEARIV DECK DEARCCOO

FIGURE 6 (Continued)
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DEARITY - FEFN SCURCE STATEMENT -~ IFN(S) -
SUBROQUTINE DEART CEAROCDOS
STAGEGEOM FOR NORITAKE DEAERATCR AND 421 CEMISTER 10712765  LEARCIIC
COMADN/GEN/CASE G 4RPy XKP 2Py XCy Gy XUpCRy XCRy ROE 4ROER CEARCOIS
COMMON/TEMPC/TSTEAM,TS(10C), THF,TR,XTR, TC,TP,TA,CC,CP CEARCE2C
COMMON/GEOME /AMODUZALEVAUNT T, TCTALE ,TOTALR,,FRERL,TRAYCF,+ST,CLy CEARCG2S
1SPL DEARCO3C
COMMON/ECON/ SMALLE,SMALLD y SMALLBy SMALLP,RATEIN,WPL, CAPF,THERM, CEARCO3S
1P4STVMC CEARCAQ
COMMON/TUBING/ DOH,PIH, 0E,DIE,CORyDIR, Al A2 A3, RIKTF,BIKTE, CEARGOLS
IBIKTR,CSLTBH,CSLTBP,CSLTBR CEARCOSC
COMMIN/FIUL IN/RH, RE JRSR , SHy SEy SRy VHy VE , VR DEARGNSS
COMMON/PUMPHT/HD s HHyHBL ,HPR, FFHL, SSF I CEARCD6C
COMMON/AMTISC/CPSTR,FACID ACACID,DPLIM,AA A7 yXSOL s XNNNy NNy XLLL, LLLCEARGNIGS
COMMON/DATAI/BDEPH,DTPD,SSF2 s TCTAL,UMAX,UALP,P] ,TWFA,TSTHyCCEFA, CEARCOTLC
1ORITE, ITER CEARGNTS
COMMON/ZAZ 1 /DTPDP(I10U) »TITLF(15) CEARCORC
COMMON/TCVI. 1/ ACPSN, ACPSNK, ACPTNK,CPBY,CPTK, CPTNK,AMBN,TCF,WX, CFEAR(CUBS
IWFyW2,CByWCy By WR,RHONK, RHCK, ERR,CCF, NITER, NK,NTOTAL, PN,RPN, CFARCE9C
2TC, ALPHAI, WPN, DELCT, DELST, IGSC, SMAQ, SUMA, TK DEAREN95
COMMON/TCVL2/ TTO(ICC),SMT(ICCY, SMT2(100), CTUI00), WS{100), LEARCIOC
1COIDTY, TVIIDO), WVYIICD), SHOICU), WP(190), AS(100),SLS (100} CEARDINS
COMAON/STAGE 1/ AL 100),CFMWV(IGE), CFMWZ(100), URAR(ION), CM(100), DEARDIIC
IHO (10C),HICI1CO) y WWFS{ICCY s VWEV(IGCY, TRAYFL(I1DD),TRAYWC (100), DEARDIIS
2RESIDT(I00Y, PV(100),DELP(10C), DTPDPS(100) CEARC12G
COMMON/DMSTI/ AREADM(ICC),CPTDM(1C0O),0TOM(I1A0), CPRCO(100),WIDCM( I CEARE 125
100) DEARG13C
COMMON/CONDI/ DPINIT(ICE) , DYINIT(ID00), DPCLRI(!DOY, CTCLROIAOD), CFARDI!35
10TCNDL100) DEARCILO
COMMON/STAGE2/ aH, KARQOV,BWE ,BWR,COSTDM,ELE,ESHELL,HBH,FBLE,HBLR, CEARCIUS
IHLH, HNOE, HMNOR HN, HSTE, HSTR, JJ, KK, RLR, RSHELL, TBNQE,TBNCR, LCEAR0OISD
2UBAdIH, VBLE, VBLR,VNOE, VNOR, WTME, WTMR, WY DEARCISS
COMMON/PHYS/TI DEARCISL
COMMON /MAINI/ SSF, HFG CEARCI 65
COMMON /STGY/ ATR, BTRy CT¥, CTA CEAROITO
COMMON /STG2/HOH, PR, DENBR{1CC), SUMLS, wyST(103), CO, DI, R, S, DEARCI?S
1 v, TVIT(100), 2(100), KV, HS(ITO), wBS(100) DEARC 180
COMMON /CSTI/ ASIEV, ANPLAT, SLPLAT, APLAT CEARG!8S
COMMON /CNDR I/ NERR, CCCRI3), K DEARC IS0
COMMON /DEMI/ SLKP2, SUMDMA, TDMP(I10O0), APTSE, VCLM, APTSR CEARLC 195
COMMIN /DEA1O/ RNR DEARC200
COMMON/STG21/TRAYLN,,SLDCA,GR, WWKEFP, TTRAY,WVCEAI CEARCZ205
YPSAT(QONOFL) #EXP(CTR + BTR/QOCOFL+ ATR/ (QOOOFL*QOOOFL)) DEARC210
FTIH(QOOI FL) #2. 1 7868 18-.70uk36226~01 *QUNIFL+.93941286E-03#C00 | FL##CEARG21S
12~ 5395808 3E~05%Q001FL*%3+.1€139] QTE-D7 #QDT1 FL**Y DEARQ220
HFGH{QGD2FL) #1093.8P-0.57C3%COC2F L+ 1 .2819E -4 #Q002F L*32-0.8824E~-62QCEARD225
1002FL*% 3 CEARD230
[HNTO TAL CEARC?235
SLKP I #SLS(NTOTAL) DEARC240T
CALL BOPR (TS 1 1,C(I),8PR) DEARC24S
TRAYLN # SLSINTOTAL) -0.5 + TSTH /12.0 DEARO250
NTOT 1 4 NTOTAL + 1} CEARD25S
I #NTOTH CEARLCO6C
KNTTV#C.0 CEARD265
TVLASTHTS( I }-BPR-0.5 OEARO27C
TVLASXHTVLAST+L59,.65 CEARD27S

FIGURE 6 (Continued)
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PYLASTHYPSAT(TVLASX) DEARO28C
PVTRAYSPVLAST-2.0%G.C542 DEAR(O28S
PVTRAY#PVLAST DEARC29C
SMTIT#TVLAST CEARD295
SMTIX#TVLAST+U459,.69 DEARC3OC

10C FTI#YPSAT(SMTIX)-PVTRAY DEARC305
FTIP#{-BTR/SMTIX¥x2 ~ 2.0 *ATR/ SMTIX¥*¥3)*PVTRAY DEARC3IC
TVTRAY#SUTI] : DEARQ3IS
IF{ABS(FTI )/ (PVLAST -PVIRAY)}-0.001) 120,105,105 DEAR(C 320

105 SMTI#SMTI-FTI/FTIP DEAR(C 325
SMTIXASMTI + 459.69 CEARC33EG
KNTTVARKNTTV+] CEAR(C335
IFCIS-KNTTV) 110, 11C, 100 CEARQ34C

110 WRITE (6,8000) DEARQD34S
8000 FORVAT({ 68H TROUBLE IN DEACRATCR., Tv CALC WONT CCNVERGE AFTER 50 DEARC3SC
t ITERATIONS } DEARC35S
WRITE (69 BCOSIKNTTV,,FTI,,FTIP,SVTI ,PVLAST,PVTRAY DEAR( 360
8005 FORMAT(IHOI4,TEI6.8) DEARC365
ERR#954.0 DEARC3TC

5 RETURN CEAR{ATS
TVDEA#TVTRAY-DTPDP(NTOT! ) CEARO3RC
CALL BOPR (TB,CO 1B PR) DEARQ385
TTRAY#TVTRAY + BPR DEARZ39C
IF{TTRAY-TB) 130,130,125 CEARD3Q5

125 TTRAY#TB CEARCHOC
TVTIRAY4TTRAY~-BPR CEARCHOS
TVDEA # TVTRAY -DTPDP(NTOTI) DEARCHIC
PVTRAY#2. 1788818~ 4 TCLA36226~CI%TVIRAY+, 239041286 E-03%TVTRAY*%2~,5390EARCHIS
15808 3E-DS*x TVTRAY4 %34 1813919 TE~CT7XTVTRAY Yy DEARCL2{
WRITE (6,80IC)PVTRAY,PVLAST DEARCN25
8010 FORMAT (IHO uX 9QHPVTRAY # , Elb.8, 4X 9HPVLAST # , DEARCL3O
130 TVINTOTI+])}#TVDEA CEARCH35
TV (NTOT1 +1) # TVDEA DEARCHUQ
TYXHETV{I+1)4+ 459,69 CEARCLYS
PYLTI)# YPSAT({TVX) DEARCHSC
HFG#HFGH( TR) CEARCHSS
IF{TTRAY- T8) 140, 140,135 DEARCHG0

135 WVDEA 40.0 DEARCUES
ITH#I DEARCUTC
CALL DINTPLITB, CO, CPZ) CEARCUTS
WVDEA2#4(WB+WX) /320, 0+ {(WB+WX) * {(TTRAY —-TB) *CPZ / HFC CEARCuELC

GO TO 145 DEARCUES

14C 1142 DEARCROC
CALLDINTPL{TE,CO yHTR) DEARCHGS
CALLDINTPL( TTRAY,CC s HTVT) CEARDSNC
WVDEA LA ((WB+WX)E(HTP-HTVT)) DEARCSO5
1/UHEG+(HTB~-HTVT)) DEARLCHIC
WVDEA2#{WB+WX)/ 320.7C CEARCSHIS

145 WYKEEP#WV{NTCTAL) CEARQS2C
CEAR#1.D CEARGS25
WVINTOTAL) # WVINTOTAL) ~ WVDEAZ - WVDEAI CEARCS3C
WYSTINTOTAL ) #WV(NTOTAL) /(AMODU*ALEV) CEARD535
[F(AVINTOTAL))II50,15C, 165 CEAROSHO

150 WVYDEIP#WVDEAL CEARDOS4S
WVDE2P #WVDEA2 DFEARDSSC
WYDEA2 # WVKEEP ~WVDEAY CEARCSHS

FIGURE 6 (Continued)
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WRITE (6,801 5)AVKEEP, WVDEIP, WVDE2P, WV {(NTOTAL), WVDEA2

0

9728767

DEAR(DS60Q

8015 FORMAT(UUHOWVDEAT + WVDEAZ2 IS GREATER THAN WVI(NTCTAL) /iF S5E16.8)DEARES6S

WVINTOTAL ) #0.0

WVST (NTOTAL) # 0.0

IF(WVCEA2) 155,155,160
155 WVDEA2#0.0

WVDEA | #WVK EEP

WRITE (648C2C)WVDEIP, WVKELP

8020 FORMAT (35HOWVDEA1 TS GREATER THAN WVINTOTAL) /IH 2E16.8)

160 CONTINUE

DEARH(WVDE2P + WVDEIP)/WVKFEPR
165 WVINTOT! ) # WVDEA2 + wWVDEA|

WYSTUIIAWV T )/ (AMODURALEV)

UDEA#(WVDEAI+WVDEA2 )RHFGH(TVDEA)

QHINTOT! ) #ODFEA
QHINTOTAL ) #QFE(NTOTAL)-QH(NTOT! )
IT#1

CALLDINTPL(TO,CINTQOTAL},CPTO)
SMTDEA#TI+QDEA/ (WOXCPTO)
IF{TVDEA-SMTDEA) I TG, 170,175
17C WRITE (6,8025)SMTDEA, TVDEA
Rf125 FORMATI 30HO SMTDEA IS GREATER THAN TVOEA 3E16.8)
SMTDEA#TVDEA-5.0
175 SMT2 (NTDT1 ) # SMTLEA
SMTLT) 470
CTINTOTAL+ 1) #CTINTOTAL)
CALL UBRARKM( T, UBRDEA)
UBAX (I} # 1.0/UBRDEA + D.667 / HC {1}
UBAR (1) # 1.0 / URAR (1)
ADEA#{QDEA*ALOG({TVREA-TO)/{ TV2EA-SMTDEA)) )
/TUBAR(T)*{SMTDEA-TN))
ADEA#ACEA*DEAR
AS{NTOT! J#ADEA
RNRASTHDEWO/(PI®DIR*%2%GR)
SLDEAH#ADEA/Z(PI®*DOR/ 124 C#RNY)
SLS{I )#SLDEA

WP(NTOTI JHWP (INTOTAL) +WVINTCTAL)

WPINTOTI +1)}#WP(NTCTI J+WVINTCTY )
ZINTOTED#12.0%ASINTOT 1) /(DO *PTFSLS(NTOTI))
T & NTOTAL

SUT (L)IHSMTDEA
CALL UBARHM(I,UBARZ)
UBAR (1) # URARZ
CTUI+1)#CT(L)
WYSTOIIHWY () / {AMODURALEV)
IF(Wv (1)) 180,180,185

180 ALASTH#D.O
AS(L ) H#HALAST
SLSINTOTAL)Y# (0.0
ZINTOTALY#0.0
GO T2 195

185 ALASTHWORCPTOXALOG(ITVINTOTI }=SKFTCFA) /{TVINTCTI)-SMT2(NTCTAL))
I BAR{INTOTAL)

190 AS(I)AALAST
SLSONTOTALDIH#ALAST/(PI*DCR/12.0%RNR)
ZOT)H12.0%ASLE) /(DO %PI=SLS(T))

FIGURE 6 (Continued)
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DEARTYV - EFN SCURCT STATEMENT - IFNIS) -
195 RETURN UEARCENO
END DEARTAMS

FIGURE 6 (Continued)
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$ORIGIN COSTLY ucAarLnac
$IBFTC UCALCM DECK UCALLCLES

FIGURE 6 (Continued)
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UCALCM - EFN SOURCE STATEMENT - IFN{S)

SUBROUTINE UCALC(UDELT,TUBLEN,T,CMT,ZUBAR)
UBAR VALUE BASED ON ACTUAL AREA
UBAR VALUE BASED ON K#125, 65 WALL
A RUBBER BAND/A REAL#1.28

BAR#CMY

ITUBLNFYTUBLEN

IFCITUBLN.GTL5) GOTOI10T
CFNZ2#1.01/(0.6736 + 0.001088 % 7 )
GO 70 105

CEN2 #1 .0

CONT INUE

FIT A FOR LOW TEMPERATURES

FIT A FOR TEMP. RANGE 100 TC 300

VERTICAL DOUBLE FLUTED TUBES, COLIN ALLOY, 12/12/66

Al# D.945989E9E+03

A2#% D.552u3699E+01

A3#-0.11646098E+05

Al #-0.45611828E+02

AS# 0.793084¢1E-02

Ab# D.20333492£+06

AT #+0. 3941 1 727E+0)

AB#-0.25223411E400

AQ #-0.28923298E-Ch

ALO#-C. 1653141 1E+Q7

Al1# D.4)7789u5E+0U

AVZ2# 0.83445226E-03

Al13# C.56979CITE+D!

Al u#-LC.U3195339E+02

A1S#-0.14243670E~CI

Al6# 0.88897284E-01

Y4T

IF(Y.LT.I00.)G60T0 123C

LH#BAR

IF{Z.LE..1008) GOTO 125

TJKED

Z#,1008

X#EAT+A2FY +A3%7 +Au¥7 %Y +ASEY *%kQ24AH%7 %%2
VEATRY & ZX%24A8%Y &%2%7 +ADFY *%k34A1(0%7 *%3
2HANNRY KT EXIHA|2%Y %347 +AP3RY HE2%T H%D
34A XY RK2KT xEZHAISRY ¥x&3%7 EEx24 A1 HEY $%3%7 4k 3
IF{IJK.EQ.0)GOTO120

URBC2 #X

DUDCH#(URBC I-URBC2)}/.CCMA
URBC#URBC i +( BAR~, 1008} %DUDC

GO T2 135

URBC 1 #X

Z#.1000C

[JK#1

GO 7O 115

XHAL +A2%Y +AZKT +AWET *¥Y +ASEY $%24A6%7 *%x2
FAATEY % 7%X2+4AB%Y ®%2%] +AGKY **3+AI[k7 #%3
24AV1EY KT AR SHAI2%Y HK3HT 4ATSRY RE2%RT w%2
SHAIURY ¥E2%K7 FRIGAIGRY X 3%H7 FX24ALORY %3 %7 %3
URBC#X

GO TO 35

WRITE(6,80001)Y

FORMAT(2H T#FE16.8)

Y#100.

GO TO 11D

CONT INUE

CENI#1.0

AEFTH#125.0

RATIO ACTUAL AREA/RUBBER BANC 4 1.28

CENZ#(1.0/URBC)I/(1.T/UREC ~0.CCL043 +(0.000043%125.0)/AKFT)

ZUBAR HURBC®CFNT *CFN2 #CFN3
RETURN
END

FIGURE 6 (Continued)
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*
$IBFTC CH<TB! DECK CHKTCCCO

FIGURE 6 (Continued)
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CHKTB - EFN SOURCE STATEMENT - IFN(S) -

SURRQUTINE CHKTB (RP,TR,FF,CC,CRyCP,DT ,TC,TBNMICK)
COMMON/PHY S/ 11

DCTPDACT+0.5

WP#,34nh32 %FF

CBH4#CR*(O

WRHAWP*{CI-CP )/ (CB-CO)

142

CALL CINTPL( T0,CO0,.X1)

TBA4TE

CALL BOPR(TBA,CB,BPR)

TPA#TBA~-BPR-DTPD

CALL CINTPL(TPA,CP,X2)

CALL DINTPL{TPA,CB,X2)

CMTCK #X2-X3

CALL DINTPL(TBA,CB,XH4)

CMICK #{X4=-X2)/({TBA-TPA)

CRX# WP/{WP+wB)

EMICK #1000 .0%CRX /RP + (CMICK *{TBA -TPA) +DMICK)I*CRX +X]
TPHICK#90.0

CALL CINTPL (TPMICK,CR,YMICK)

TPCILE #TPMICK +5.0

11#2

CALL DINTPL(TPCOLE,CB,YCOLF)
IF{ABS({HMICK~-YCOLE)/HMICK)-C.CCOOI)115,110,110
TLEON # TPCOLE —-(HMICK-YCCLE )} *{ TP¥ICK-TPCOLE) /{YCOLE-Y¥ICK)
TPMICKSTPCOLE

YMICKHYCOLE

TPCIOLE#TLEON

GO TO 105

TBMICKATPCOLE
IF(ABS((TBMICK~TBA)/TBMICK)}-CL.CLO1)125,120,120
TBA4TRMICK

GO TO 100

CONT INUE

RETURN

END

FIGURE 6 (Continued)
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*

$IRFTC PSTAA DECK PSTACCOC
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FIGURE 6 (Continued)



100

1405

133

PSIAA ~ EFN SOURCE STATEMENT -~

SUBROUTINE PSIA(TF,P)
TH{TF+459.691/1.8
IFITF.LE.122.)G0TOICC
A#3.3u6313

R#L, I 4113E-2

CHT.5154BU4E-9
C#1.3794uBIE-2
E#L.S56UU4E~] |

X#O6UT L 27-T
PHIU,OF59%218,167/EXP({2,3025851%X/T) *¥( {A+B®X
HORXEEIHEXRXF XU )/ (| (+DEXT) )
GOTO 105

CONT INUE

XR#OUT27-T

A#3.2u4378 14

B#S,86826E-3
CH1.)TC2379€-8
D#2.1878462E-3

PRI .6959%21 8. 16T/EXP{(2.3025851%X/T) *( {A+PxX+
FCEX*%3) /{1 .+D%X)) )

RETURN

END

—

IFNES)Y -

FIGURE 6 (Continued)
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%
$ IBFTC VAPTSS DECK VAPTCCQOC

FIGURE 6 (Continued)
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VAPTSS - EFN SCURCE STATEMENT - IFN{S) -

SUBRQUTINE VAPTS(P,S,T) VAPTCEES
ZEDHLSTUTT*ALOGIO(P)=3.29U0+.93551%S+,3253 ] #5%%2 VABRTCOIC
A24u L0 .-24.86%S VAPTLCI1S
AVHNTT7 3+ 70.%S VAPTLCL2C
AQ#203. VAPTLL25
THAO+A I XTI ED+A2% ZEDX*2 VAPTCO3C
CPHI &/ (-951 341 1.3U2%5-2,T36%5%%2) VAPTELIZ35

100 CALL VvapS({T,P,SC) VAPTCOME
CELS#SC-5S VAPTCU4S
CELTH-(T+U59 .69 )%DELSH (1. +DELS/(2.%CP)) /CP VAPTLCEST
IF(ABS(DELT) LT .. CLS)IGOTOIES VAPTLOSS
THT+DELT VAPTCDAL
GOTO 100 VAPTLT65

105 RETURN VAPTCLT7C
END VAPTEOTS

FIGURE 6 (Continued)
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*

$IBFTC VAPTHE DECK VARPTCIICC

FIGURE 6 (Continued)
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VAPTHH - EFN SCURCE STATEMENT - IFN{S) -~
SUBROUTINE VAPTH{P,.H,T) VAPTCCDS
AD¥-2827.7 VAPTLO1D
Al #3.039] VAPTCOIS
A2#~-.000354)2 VAPTCO2C
BO#24.218 VAPTCLC25
814071079 VAPTCO3C
R2#.45205E-4 VAPTCO35
THAD+ATRH4A24Hx% 24P /(BT +B | *H+B2 ¥H %2 ) VAPTEOUC
CPIVHALI A2 s ¥A24H-PX (B [ 42, %B2%H) /{BC+B 1 #H+B2 XH%x%2 ) %2 VAPTOOHS
100 CALL VAPH({T,P,HC) VAPTCO50
CELTH#CPIV*(H-HC) VAPTLOSS
IF(ABS(DELT).LT..005)GCTOICS VAPTCOAC
THT+DELT VAPTCIAS
GOTI 100 VAPTCOTC
105 RETURN VAPTCOTS
END VAPTCOAC
\

FIGURE 6 (Continued)
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¥
$IBFTC VAPVV DECK VAPYCNDE

FIGURE 6 (Continued)



139

09/72¢/767
VAPVY - EFN SCURCH STATEMENT -~ IEN(S) -~
SUBRJUTINE VAPVITS,PS,V) VAPVEIOS
PHEPS/ 14,6959 VAPVCCIC
T#{TS+459,69)/1.8 VAPVLCCIS
TAU#L /T vVApPvE(2C
BO#1 oB9—26U4162%TAUX[D.*¥¥ (BO8TL.xTAUX%2) VAPVEN25
GCIlAS32.5086%TAU-] L62L6ESFTALR®2 VAPVC(30
G2¥,21828~142697E5*TAURX2 vAPVLDO35
G343.635E-0-46,768% [TAUR%3%], LEA)*%R VAPV LD
PHEI #B0*% 2%G I*TAU VAPVENUS
PHES#BOX® G 2HTAURE 3 VAPYCOSC
PHEI2ARO% & 3%G3%TAU**) 2 VAPVEOSS5
PHEI 2#~PHE 12 VAPVED6C
BARDI4PHEI ¥P+PHE 3&P &% 34+ PHE | 2% Px¥ |2 VAPYLR65
VC #4 o 55504 %T /P +R VAPVLCDOTC
VH(1 o /762.128)%VC VAPVCOTS
RETURN VaApVLUBD
END vAPVLII85

FIGURE 6 (Continued)
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VAPHH - EFN SOURCE STATEMENT - IFN(S) -

SURRQUTINE VAPH{TS,PS,H)

PHPS/1h,6959

TH(TS+459,69)/1.8

TAU#L./T

BO#L 4802611 624%TAUR I D 3% {BDHTC ¥ TAU®R2)
DBOA-2641,62% | 0. %%{PLRTL, ¥ TAL®*2)%(2.3025851*80870.%¥2.%TAU¥**2
1+1.)

Gl HB82.5Ub%TAL-1 .6 284ESXTAU*R2
CGI#B2.546-2.%1.62UEE5%TAU
G2#.21828-1,2697E 5% TAUR%2
CG2#~2.%14269TES*TAU

G383 ,625F -4~ 6,THBX(TAUX®3%}, [ER)* %R

CG3 # ~2U . %6, 768% 1. EEXTAURK3)} %8/ TAL
FO#BD+TAUXDBO

FI#BD4%2%G I TAUATAUSBO®R#2 %G| 4+ TAUXS2%RO% %2 %G|
142 4 TAUX*2%B0%G 1%DBO
FIUBORAURG2e TAURE I+ 3, 2 TAUSXI . BCARY RG24+ TAUR Y
| #BOS XU DG2+4 ¥ BO*H3xTAUX* Ux52*080

FI28TAURE | 2%E0% 4] 3%xG3+ | 2, % TAUR* | 2400 %% J25 3+
ITAUR% | 3%B0 %% | 3% DG 3+ 1 3. % TAUKK | 3% RO %% 2¥G3%0 80
Fl2#~-F12

FPHU 1 aOEM/ 1012.95)% (14 72%({T-273, 16) 4 (T45566E-U/2.) % {T*%2~
1273, 16%%2) 44 7,B365%AL0GIT/273.16)42502,36)
HCHFQ P +F 1 #P X2 /2 (+F3%P k& U/ ,+F 12%P%* |3 /13,

| +FP

HE(N 35,57/ 100C00. ) *HC

RETURN

END

FIGURE 6 (Continued)
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¥
$IBFTC VAPSS DECK VAPSCECC

FIGURE 6 (Continued)
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VAPSS - EFN SOURCE STATEMENT -  IFN[S) -

SUBRJUTINE VAPS({TS,PS5,S)

REAL MO,M1,M2,M12

PEPS/10L.6959

TH{TS+459.69)/1.8

TAUELL/T

BO#1 «BY9=2601 JH2F¥TAUFICo % (BNETC.HTAUXX2)
CBO#-~ 2801 4 62% |G+ {BOBTL.*TAURR2) % (2, 302585180870, %2 % TAU*%2
1+1.)

GI#82.5U6%TAL~1.62LAES* TAUXK?

DGI1#R2.5u6-2,%] ,6246E5%TAY
G2#.2192B~1.269TES* TAURX%2
CG2#—~2.%1 4 269TE5%TAY

G343, 6356~ - 6. T6BF (TAUXX3%|, CER) %7

DG # ~2U *6.THB* (| JERXTAULX3)*+8/TAL
FO#BD+TAU*DBO

F1yBO*%=2%GI¥ TAU+TAU*BO®%2%G] + TAUX*2%B0O%*2 *(G]
142 & TAURX2XBC%G I¥DRO

FARBO*a UG x TAURE 2+ 2,k TAURRI 2D Ok RG22+ TAU ¥
F2BO%ER*DG2 +4 o BO0*x IxTAUXR 42322000

FI2#TAURE ] 2% 30%% | 3% G341 2. 4 TA LR | 25RO *&] 3463+
FTAUR® 1 35RO %% [ 320G 341 3. x TAUSK | 3% 0% %] 2%G3*¥DHO
F124-Fi2

PHE | #BO®X 242G [ ¢ TAY

PHESHBOH*R UG 2R TAU®X 2

PHET 2 #B0%#* | 3%G3xTAU*%* |2

PHEI2#-PHE 12

MO FO-BD ) *TAY

MIH(FI-PHE!)}*TAU

M3H#( F3~-PHE2)*TAU

MI2#(FI12-PHE 12)%TAU

SCH-445550U%ALOG(P) +MO¥P+MIRPAE /2 +MBED RN /Y,
1 +M 12%pxx13/1 2.4 (100CC/1C12.65) (1. u72¢AL0GI{T)+
27.5566E~U%T~UT.R365/T—1..485417)
S#{435.57/718000.)%SC

RETURN

END

FIGURE 6 (Continued)
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$ORIGIN COSTLY SMAPCONC
$IBFTC SMAP| DECK SMAPLCLCS

FIGURE 6 (Continued)
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SMAP | - EFN SCURCFE STATEMENT - 1FN{S) -
SURROUTINE SMAP (WPL,CSLTUR,RATEIN,SMAPD) SMAPCCIC
IF(WPL-CSLTUB)IOS,1CCH,1C5 SMAPCDIS
100 SMAPP#L.O SMAPCO2C
GO TO 125 SMAPCU25
105 TERP #WPL/CSLTUB SMAPCO3C
SUMI#¥0.0 SMAPCD35
ITERPH#TERP SMAPCCHD
IF(TERP~-FLOATUITERP})INIS5, 110,115 SMAPCTIYS
110 ITERP #ITERP~ | SMAPCOSC
115 DO 120 TI#),1TERP SMAPLOSS
120 SUMI#SUMI+ (1 O+RATEIN)#%{(WPL-FLCAT(I)2CSLTUR) SMAPLDGD Vi
SMAPP §RATE IN*SUMI/{ (| JC#RATEIN) *#wPL-14 1) SMAPCOAS 17
125 RETURN SMAPCOTC
END SMAPCOTS

FIGURE 6 (Continued)
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2
$IBFTC COS DECK coscernee

FIGURE 6 (Continued)
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cos - EFN SCURCE STATEMENT -  IFN(S) -
SUBRDUTINE COST{JJ) COSCCrLS
COMMON /MAR22/GTOT COSCLCIC
COMMON/GEN/CASE 4G oRPy XRP,P, X0yiy XU, LRy XCRy RCE,RCER €OsSnLnis
COMMON/TEMPC/TSTEAM,TS(IDCY, THF, TB,xT8, TC,TP,TA,CC,CP cosocnac
COMMON/GEQME /AMODUALEV,L,AUNI T, TCTALE ,TOTALR,FRERL,TRAYDP,HST,,LLy, COSCCN25
1SPL COSCLN3C
COMMON/ECON/ SMALLE § SMALLD o SMALLE 4 SMALLP ,RATEIN,WPL, CAPF,TRERM, cosoen3s
JPMSTMC cosncoug
COMMON/TUBING/ DOH,DIH,D0E,DIE,CCRDIR A1 482 ,A3,RIKTH,RIKTE, COSCCIuS
IBIKTR,CSLTRAH,CSLTBP ,CSLTBR COSCCUSE
COMMON /FOULIN/RHyREZRSR,SH, ST, SRy VHy VE, YR CoSCLNSS
COMMON /PUMPHT/HD y HH yHB L (HPR, FFHI, SSF COSCLNAC

COMMON/AMISC/CPSTRB,,FACIG yACACID ;OPLIN A AT 4 XSOL $XNNNyNNNgXLLL,LLLCOSETDES
COMMON/CATA] /BDEPH,DTPD ,SSF2,TCTAL UMAX,UALP,PT ,TWFA,TSTH,CCEFA, COSCCOITC
IORITE, ITER COSCLnTS
COMMON/AZ I/DTPDPICC),,TITLE(15) coscinac
COMMON/TCVLI/ ACPSN, ACPSNK, ACPTNK,CPBT,CPTK, CPTNK,AMEBN,TCF,WX, COSCO0O85
I WF WOy CRyWC,y kB, WR,RHONK, %“HCK, ERR,CCF, NITER, NK,NTOTAL, PN,RPN,COSCCCSLC

2TC, ALPHAl, WPN, OELCT, DFLST, IGSC, SMAC, SUMA, TK COSLLE9S
COMMON/TCVL2/ TTOULICE) ,SMT(ICE), SMT2(170), CTOI1G0), WS(100), costcion
1CC100), TVIILOY, WYOICE),, OHOICC),, WP(1TOY, ASOINO),SLS(100) Coscoias
COMMON/STAGE I/ ACIGD) ,CFMWVIICRY, CFMWZ(IDD), UPAR{IND), CMLIDN), COSTOIIC
VRFOUICC Y HICICO) s WwwWFSUICLE) o WEVIING) y TRAYFLUIDD) o TRAYWE (10 ), COSEC11S
2RESIDT(108 ), PV(IOD) ,DELPCIOC), DYPDPS(I00) cosncti2c
COMMON/DMSTI/ AREADM(INL) ZOPTD¥(10D) ,O0TDM(I0D), CPROC(IDD),WILEMIICOSCOI25
1C0) CoSCC13C
COMMON/CONDI/ DPINIT{ICD), DTINITOIOC),, DPCLRUIDO), CTCLRUIDO), COsSECI35
ICTCNDOIND) caostgrug

COMMON/STAGE2/ AH, BAROM,BWE ,BWR,COSTDOM,ELE,ESHELL,HBH,FBLE,HELR, COSCCI45
IHLHy HNDE, HNOR,HN, HSTE, HSTR, JJ, KK, RLR, RSHELL, TBNCE,TENCR, COSCCI50

2UBARH, VBLE,VBLR,VNCE, VNOu2, WT¥E, WIMR, WY COSCL155
COMMON /PHYS/TI Cosc1eL
COMMON /MAINI1/ SSF,y HFG COSCOi65
COMMON /STGI/ ATR, RTR, CTR, CTA coscgive
COMMON /STG2/HOH, PR, DENBR{ICLC), SuUMLS, wvsT(1DOO), CO, DI, R, S, COSCCI?S
1V, TVITUI0O0)s ZOICLYy HY, HSOICD)» WRSOIOD cosceiec
COMMON /CSTI/ ASIEV, ANPLAT, SLPLAT, APLAT COSCLIAS
COMMON /CNOR I/ NERR, CCCR(3), K coscfiot
COMMON /DEMI/ SLKP2, SuUNxDMA, TOMP{I0O), APTSE, VCLM, APTSR COSCC195
COMMON /DEM3/ ARGZ(IS) cosceanc
COMMON /DEAIL/ RNR goscezns

COMMON /OP 1/ SMAPPP, HR, SMAPPH, HE, UNARAR, UNARAE, AL, AJ, WCC, COSCC210
UBARE, UBARR, UTHE, AE, AR, ATHE, THEL, ENE, TKEN, FFE, }FR, THEHCOSCL215

1
2T, HC2, HCI, CC2, CCl, POCST2, PCCSTI, ALPEAR, PNC2, PNMCI, CCCAP2,COSCL22C
3 (Ccccapt, SITE2, SITE!, WA1T2, WAITI, ES2, ESI, EA2, EAl, Cosciz2s
4 BHC2, BHCI, VPC2, VvPC!, LURPH, EEC2, EEC!, PC, CC2, CCI, COSNC23C
5 SCv2, SCMI1, <CIBCZ, CIBC!y, DEA2, DEAl, TC2, TCIl, CAPILI, COSEC235
6 CApP12, CAPI3, PO3, HSt, P¥MC, EEC, VPC, SITE, WAIT, cCosCroup
7 €S, EA, CIBC, B8BHC, CCCLAP, CCSTIN, WEIRC, CRANE, BLDG, COSC02u5
8 DEACST, PMCPO, PMCFLO, RETUR2, RETUBI, CPREQUIDD), AMSCZ, coseeasc
9 AMSCI COSCC255
COMMDN/NOV25/C11, C12, C13, Clu, Ci5, Ct6,C21, C22, C23, C24, C3i,COSCE26L
1 C32, C33, C34, Cl!, Clu2 COSNB265
COMMON /CSTLK /ADFA sENTTSDy WOC N, PMP, FG, SMAPPR, LDEARTEB, EAR, EAE,TCOSOC27C
1 CBHy AMBDAS Coste275s

FIGURE 6 (Continued)
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cos ~ FFEN SCURCH STATEMENT - IFN{S)} -

COMMION/CSTLK 1 /STTEW,CTURED,C TUREE yCTLRE R, S¥AT 4SVMA2,SUNLEV,TRECND,

TENITSR
COMMON/JAN 2L /KOUTPT
GTV2(QCNDFL)

! H2 o 1 7T86RIB~, TONU362PE~C) #QONFL+ 93711 286 E~03*QNTUOFL*%2

2-.539580R30-D5%QICNFL¥E3 +. 181291 9TE-07*QOLOFL**4

09726767

cnsteore
CCsCC285
COsCecz29cC
COSCt295
CesCe3ae
COSCC 3NS5

FGADIRUOIFLYAEXP (O.CTU2LOT*ALON(OT NI FL) +0. 21381 77%ALCG(GCOOIFL)*%2) COSIUA3IC

FLAD{QCD2FL) #N. 743G 1 /SORT{LOC2F L)

CoSCC315

COSTI(LODB3FL, GNOWFL, QUNSFL) 4CHI + C12 % QODOuFL+ C13 * CNO3FL+ CCCSCC220

Pl % QDOUFL® QUIOAFL+ C15 * QLCSFL+ Clé6 * QNOuFL* QONSFL

COSTC325

COST21unl6FL, QRO7TFL) #C21) + C22 = QUO6FL+ C23 * QOOTFL+ C2u * QDODCOSCC33C

l6FL¥ QURTEL

CNSCr 335

COST3{:ICOEFL, QCO9FL) #C3) + C32 % QO08FL+ C33 % GOO9FL+ C3u * QOOCOSQHC34n

P9FL* QUN9FL
COSTUUGRIGFLI#AC KT +C 2% CF L

FORMAT (IH 4X 19H £IV CHECK ON, T # Tu)

SMAL #AL

SMA2 #AZ

IF(KOUTPTNELT)GOTOILC

CALL ARKEA

CALL SkELL

IF(KOUTPTNELHIGOTO265

Ve SEAWATER TNTAKE COST REVISED 9Q/2u/65

IHATIY H5.0/7AUNTT

AINTAK #1.0

IYWATTH3.0MN02253%SQRT{WOCN/(AINTAK#3,))

TFUIYWATIT-18)120, 120,115

AINTAK# 1. O+AINTAK

GOT) 11N

YWATTHFLOATOIYWAIT)/1S5.L

WAITSL#(1.26¢68 F-3 + 5.635 E~-4 + 1.2915 E-3)% WOCN
! + Bl 6,90 % 60FCC.C%x YRATT:%] .90 % AINTAK*®* N,97 *] .25
2 + 284,08 & L0CC.C* YWAIT x%x1.10 * AINTAK *203.80 *1.25
AATIT) 4 15L610.0¢ AL22Uu5E-4 * wCCN

WAIT2 f 9800C.LC*2.C % AINTAK

WATT 34 DJ717TE * [ wWOCN / AUNIT )*%0,65 *AUNIT

WAITRE W16,90 * 6UCC.O* YWAIT*%] .90 % AINTAK*%* 3,97 *].25
WATTSH 20U (B * ANTC.Cx YWATT *%1,.1C * AINTAK #%0.87 *1,25
WATTSL 4 WAITI + WATT 2 + WALT3 + WAITH + WAITS

OPEN CHANNEL INTAKE SYSTEM 1/2C/766

AINTAK # 1.0

WOUT # WOCN - WX

IYWALIT # 002353 % SQRT(WOLT /{AINTAK % 6.7T) )

IF (IYWAIT - 18) 135,145,130

AINTAK # AINTAK + 1.0

GO TO 125

YWAIT # FLOAT(IYWAIT) / 15.0

WAITS # 29768C.04 2.2245 -4 % WCCN
WARTT7 # 136,92 * 10CC.OEYWALT *%1,9 % AINTAK #*%0.86 * .25

! + 132.25 % | CCO.0% YRATT *%f,1 % AINTAK *%1,56 % 1.25

WATITS # (138910.0+ 242518 £-5 * WCCN) * 1,25
I+ (1240880.0+ 3.1414 £~4 = WOCN) * (.25

WAITO # 578870.0+ 2.3582 -4 % [WOCN = WX)
WAITIO 4 480C0O.0% AINTAK

WATT I # 1.0450 %= (WOCN/AUNIT) %% [D,.65 % AUNIT

FIGURE 6 (Continued)
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Cos - FFN STURCE STATEMENT - IFN{S) -
WAITCH # WAITE + WAITY + WAI TS + WAILTO + WAITIO + WAITIH| COS0CsH60
AJPH 1.22 COSECC%65
1Ay # O cosfpesTo
140 WAITS2 # WAITSL % SMALLP * AJP €OSCCs575
CREDGE # 75000.0 cesnesac
WAITC2 # WATITCH % SMALLP * AP+ DRFDGE CosCases
145 IF (WAITS2 - WAITC2) 150, 150,155 COsC0590
150 WAIT # WAITSL COSCE595
CREDGE # 0.0 cosaisnc
WRITE {6,80051WALITS2, WAIT(2 ‘ €ostoens
R30S FORMAT(UZHOSUBMARINE LINES USEDR ANNUAL COSTS ARE Ei6.843X (OSCCéIC
1 2KHVS E16.8) COSCCAES
GO TO 160 costhe2C
155 WAIT # WAITCEK COsSCO625
WRITE (6,8C1ICIWATITC2, WALITS2 COSCCo630
8010 FORMAT{LOHOOPEN CHANNEL USED ANNUAL COSTS 2RE E16.843X2HVS  COSCLA3S
1 E16.8) COSCCAauC
160 IF {IAJ) 165, 165, 22C COSCHLS
165 CONTINUE coscoe650
c THIS SUBROUTINE COMPUTES VALVE AND PIPING €OST ALSC BRINE HEATER COSCELE5S5S
CALL VALVE CoOsS{Loest
C COSCO665
c COSUCLTLC
Cax%  VIIl. ELECTRICAL EQUIPMENT RFVISED FOR SCALING 9/29/65 COSCa6TS
170 EEPERHZ JO% SITEW +2.0%HLH4TLE+RLR + SLS{NTCTAL+1))LCOSCCHBL
EECH1175039.0 + 732C.C *AUNIT +60. 164 *EEPER +).94506E+6%*(P0/75.2)*C0SC0685
1%] COSGCEH9C
C CosBCo695
Cawnx IX, CHEMICAL TREATMENT CAPITAL COST REVISEC 9/21/65 coscerac
175 TNACDYdUo UOUE-L% [ WB+WX) €0s00705
CLORINA . 6U25E- 6% WOCN cosnacric
CALCITH#I.281E=-h%WX COSCC715
CEFOMHTLOT IE-6X (WB+WX) Cosggr2c
CCCAP A1 2BUSE+6X { TNACDY /77300 D)%%ML 7 CosCg725
1431 PEHE+5%(CLORIN/ 62,0 x%0.7 CoSBE73C
244 .2325E+5%{CALCTT/ICBOL.O)*% 0. 7 . COSGC735
344 3890E+U%(DEFOM/ 328 0%k, 7 cosaarud
Y42, 0835+ ({WX+WB )/ 1T2.CE+6) %%, 7 €osngrus
5 4+ 58750.0% {G/25C.F+6) *x%xC, Costo7s0
IF{XCR)1AS, 180,185 €0sSnG 755
180 THETH#TCF COSDC760
Go T2 190 ’ COSCOTe5
185 THETHTR COSQOT77C
Cxx%x CHEMICAL SYSTEM CHEM COST £/25/65 COSCGT75
19C CC2#B.U*TNACDY + O.05876 * (1. 2BUSE+6%(TNACOY/TT300.012%0,.7) cosCecrac
b +83.0%CLORIN +10.0%CALCIT +8u[, D*DEFONM £oscagres
UNCHEMACC2/ { WB + WX) COSRC79C
c COSCGT95
Cxex X, INSTRUMENTATION COST SCALING FACTOR 9722765 coscesaoc
COSTIN €OsS0080S
| # t60661.0% (G /(AUNIT * 50,E+6))1*%x0,2 % AUNIT * (5.0/7AUNIT)**0.2€0SC0081C
2 o+ 2565.0% (G/{AUNIT * TOTAL) / (1250.E+6/ 210.0)) *20.2 COscrsis
3 % TOTAL % ALNIT % {  210.C/ {AUNIT * TOTAL)) *»%0.2 cosceazc
c ' cosceeazs

Crxx X1 SITE WORK REVISED 3/F/¢6 CosSnCRr3g
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cos - EFN SCURCE STATEMENT -~ IFN{(S) -

TOTALL # HLH + ELE + RLR + SLS (NTOQTAL +1)

SITEI# TOTALL * SITEW * (D0.8735 + (0.06295)

SITEHASITE!
| + (TOTALL + SITEW) % (€6.7958 + bl u36 + T1.041 + 16.177)
2 + (2.0% TOTALL + SITEW) % 164670

XII-A. CRANES FOR TURBINE PLANT REVISEC 9/2u/65

CRANE

1 # 22CC00.0% (WF/ (AUNIT % 123.8 E+6)) %20, 5 = (G/250. E+6) *%0.3
2 + 171880.0% (WOCN/(AUNIT * 69.92 F+6)) #30.5 * (G/250. E+6) %**0.3

XI11-B. BUILDINGS WITH SCALING FACTOR REVISEC 9/21/65
BLDG # (260u3.0+ 142287.04 u725C.0) * (G/250.E+6) **¥0.4

CIRCHCRANE+BLDG +COSTIN

WPROD # GPMP

UNOPRHC T IOUUE+EX (G* | JOE-£)* 20, 3238/ WPRND
0C2 # UNJPR * WPROD + DREDGE

N9/2¢767

CosCGe3s
cosccaug
COSCCAuS
coscessgo
cosoceass
COsSCCa6C
COSCCA4S
€osacsrt
COSCLEeTs
cospceet
COSCCERS
COosCORr9LC
cosco8a9s
COSCCeOcC
Cosar9Cs
coscaetc
coscaorl1s
coscco2c

CO#{PMC+SITE +WAIT +EA +ES +VPC +DEACST +EEC +BHC +CIRC+CCCAP)COSELCQ25

1 %) .0E~6

CALL SUBAJI(CDsRATEIN,AJ)}

IF (TIAJ) 230, 230G, 235

aJpP # AJ

1A # 1

GO TO 140
T BOJXKKEEP ING

CYEAR # SMALLP * A

SAVEG#G

GHGTOT

FGHCAPF%G

CHRIS#1.JE+3/365.0
PJHSMALLP*>AY

CAPT 1 #CD* ) .OE6%AY
CAPI2#CAPTII/G

CAPI3H#SMALLP* CAPI I/ (D.365%FG)
UNMA TN #0.0060
AMSC2 #UNMA IN*CAP I

POWER COST OF ELECTRICITY FCR MOTORS 2 / 23 /66
PORTU # PO * 3,413 E+6

POCSTI # 2u.CE+6 *SMALLL #*P0/G
POCST 240 365%FG*POCST
FG365#.365%FG

CKGAL #1.0E+43/(365.0%FG)
PCIA2UOXSMALLB%UWX/ (RP*G)
HC2#HC 1 /DK GAL

CCIACCZ/FG365

CC1ADCZ/FG365

OPFRATING COST IS CALCULATED I\ VAPQR CCMPRESSCR PROGRAN

OC2¥N .
0C1#0.0
AMSC I §AMSC 2/ FG365

FIGURE 6 (Continued)
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OSs - EFN SCURCE STATZMENT - 1FNIS) -~

MAINT AND SUPPLIES COST IS CALCULLATED IN VAFCR CCMP PRCCRAVM

!

AMSC2#0.0

AMSC 1 40.0

PAJHSMALLP*AJ

CCCAP24CCCAP*PAY

CCCAP IH#CCCAP2/FG365

CEA2 # DEACST * PAJ + SMAPPR * CTURED
PMC2# PMC*PAY

EEC24ELC*PAY

VPC2#VPCXPAJ

WATT24NATTHPAY

SITE2#SITE*PAY

EAF2 4 EAE % PAJ + SMAPPP % (TUBEF
EAR2 # EAR % PAJ + SMAPPR # CTURER
EA2 # EAE2 + EAR2

BHC2 # BHC * PAJ + SMAPPH * TCRH * ANQODU
ES28ES* PAY

CIRCZ4CIBC*PAY

CEAI #DEA2/FG 365

PMC1#PMLC2/FG 365

EECI#EEC2/FG365

VPCI#VPC2/FG 265

WAITI AWAIT2/FG365
SITEI#SITEZ2/FG365

EATHEA2/FG365

RHCI # BHC2/FG365

ES1# ES2/ FG365

CIRCIACIRC2/FG365

SCMI#ANMSC)

SCM2 #A¥SC?2
TCIAHCI+CCI4POCSTI4PMCI+SITE I+ WAL TI+ESI+EAI+VPCI+EECI+RFCI+CC I
+AMSC1+CIRCH+DEAY +CCCAPI

TC24TCI1* 0.365%FGC

AT #1 «55E6/RHONK %% [, RG25

WTIRAY AWF/WT
RESTMA{WTRAYR(ELE+RLRI*1]1223C.(0) /(TOTAL *%F)
CSUBP #AMBDAS/(ACP SN+ACPTNK)

TC#TCH

CAPIBHCHR I S*¥SMALLP*CAPLI/FH

RETURZ # CTUBEE * SMAPPP +{(CTURER + CTURED) * SMAPPR
+ SMAPPH & TCBH * AMODU

RETUBIACHRIS*RETUB2/FG

RLR # RLR + SLS (NTOTAL +1)

AR # AR + PI * DOR/I12.0 * RNR % SLS (NTCTAL+1)
FORMAT (1HO 16y 6£16.8)

CONT INUE

GHSAVES

RETURN

END

FIGURE 6 (Continued)
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AREAY - EFN SOURCE STATEMENT =~ IFNIS) -
SUBROUTINE AREA AREADDNDS
Cxx%%*%COST FOR MOTOR DRIVEN PLANT 3/ 23 7 66 AREA0NDIC
COMMON/GEN/CASE +GyRPy XRP,PyX0,Qs XUy,CR,y¥CR, RCE,RQER AREAQOIS
COMMON/TEMPC/TSTEAM,TS(I10C), THF, TR, XTB, TCoyTPyTA,CCyCP AREACT20
COMMON/GEOME /AMODUALEV ,AUNT T, TCTALE , TOTALR,FRERLC,TRAYCF,H5T,,CLy ARFEACD25
1SPL AREAQOZC
COMMON/ECON/SMALLE ,SMALLD ySMALLD, SMALLP,RATEIN,WPL, CAPF,THERM, AREAGC3S
| PMSTMC AREACOME
COMMON/TUBING/ DOH,DIH,DOE,DIE,DOR,DIR,Al,82,A3,BIKTF,BIKTE, AREAQQOUS
I1BIKTR,CSLTBH,CSLTBP,CSLTBR AREACDSC
COMMON/FIULIN/RHGREJRSRySHySEy SRy VHy VE, VR AREADDSS
COMMON/PUMPHT/HD y HHyHBL 4HPR, FFHL, SSF AREAQDSGT

COMMON/AMISC/CPSTB,FACIN ACACID ;DPLIM AL A7  XSOC o XNNNG,NANSXLLL, LLLAREADNTSS
COMMON/DATA I /BDEPHUTPD,SSF2, TCTAL  UMAX ,UALP,PI ,TWFA,TSTH,CCEFA, AREAQCTC
JORITE, ITER AREADGTS
COMMON/AZ I /DTPODPLICE) »TITLE(15) AREACHIBL
COMMON/TCVL 1/ ACPSN, ACPSNK, ACPTNK,CPBT,CPTK, CPTNK,ANBN,TCF,WX, AREAQUBS
ITWE WO 4CB,y WC, WB, WR,RHONK, RHCK, ERR,CCF, NITER, NK,NTOT AL, PN,RPN, AREACLIOC

27C, ALPHAL, WPN, DELCT, DELST, IGSC, SMAQ, SUMA, TK AREACD9S
COMMON/TCVL2/ TTYDULIGE) 4 SMT(ICC)y SMT2(100), CT(IDQY, WS{10D), AREACICEC
1CO100), TVHICO), wWV{ICO), GHING), WPLI00), AS(I100),SLS(100) AREACIOS
COMMON/STAGE I/ ACICC) ,CFMWV(t00), CFMWZLIDN), URAR(IDO) s OM{100), AREADIIO
IHOCICC )y HILIED) o WWF SCITC) o VVEVIIOC) y, TRAYFLOIOD) ,TRAYWE(IDO), AREADILS
2RESIDT(100), PVOION),DELP (IOC), DYPDPS(100) AREACI2C
COMMON/DMSTE/ AREADMUICT) ,DPTIDM(100) ,DTMI00), CPROD(IOO},WILTM(IAREALC 125
100) AREALC13C
COMMON/CONDI/ DPINIT(ICC) , DTINIT(IOD), DPCLRUION), ETCLRUIOD), AREADI 35
ICTCND (1) ARTACIND

COMMON/STAGE2/ AH, TAROM,BWE yBWR,; COSTOM,ELCESHELL,,HRH,FBLE,HBLR, AREALIYS
IHLH, HNOE, HNOR,HN, HSTE, HSTR, JJ, KK, RLR, RSHELL, TBNCE,TBNCR, AREADIAD

2UBARH, VBLE,VBLR,VNOE, VNCR, WTME, WTMR, WY AREADISS
COMMON /PHYS/ 11 ARFADIAD
COMMON /MAINI/ SSF, HFG AREADLAS
COMMON /STGI/ ATR, 8TR, CT, CTA AREADITO
COMMON /STG2/HOH, PR,y DENRR(ICT), SUMLS, WVST(I10O), [O, DI, R, S, AREAQITS
1 Vy TVIT(100)y ZUIDC), HV,y HS{ITOY, WBS{IOD) ARF A8
COMMON /CSTI/ ASIEV, ANPLAT, SLPLAT, APLAT AREAGTRS
COMMON /CNDR 1/ NERR, CCGCR{3), K AREADI9CT
COMMON /DEMI/ SLKP2, SUMDMA, TRMP{IND), APTSE, VCLM, APTSR AREAD 195
COMMON /DEM3/ ARGIZI(I1S) AREAC20D
COMMON /DEAIO/ RNR ARTAC205

COMMON /0P 1/ SMAPPDP, HR, SMAPPH, HF, UNARAR, UNARAE, Au, AJ, WCO, AREAG2I0
UBARE, UBARR, UTHE, AE, AR, ATHE, THEL, ENE, THEN, FFE, HFR, THEHAREA(QZ2IS

)
2T, HC2, HCI, CC2y CLI1, POCHT2, POCSTI,y ALPLAR, PNC2, PMCIl, CCCAP2, AREALC22[
3 CCCAPt, SITE2, SITEl, WAIT2, WATT1, ES?, ESI, EA2, EAl, ARFEAC225
4 BHCZ2, BHCI, vPC2, VPCI, LBPH, EEC?, FEECI, PC, C(CC2, CCIl, AREAQZ23D
5 SC42, SCMi, CI8C2, CIBCi, 0EA2, DEA, TC2, TCI, CAPII, AREAQZ3S
6 CAapl12, CaAPI3, P03, wSl, PMC, EEC, VPC, SITE, WAIT, AREAC2LL
T ES, tA, CIBC, BHC, CCCAP, CCSTIN, WEIRC, CRANE: PRLOG, AR AD2uS
8 DEACST, PMCPD, PMCFLC, RETUB2, RETUBI, CPREQ{INN}, A¥SL2, AREAL25C
9 AMSCI AREAD2S5
COMMON/NOV2S5/C1H, Ct2, C13, Clh, C15, C16,C21, C22, €23, C24, C314AREAC2AC
1 C32, €33, C34,y Cul, CuZ AREADZES
COMMON/CSTLK/ADEA (ENITSD,WOCN,GPMP, FG, SMAPPR, CEARTB, EAR, EAE,TAREAL27(
| CBHy, AMBDAS AREAC27S

FIGURE 6 (Continued)
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AREAY - E£FN SOURCE STATEMENT

COMMON/CSTLK I/SITEW,CTURED,C TUBEE yCTUBER,S¥AI ,SVMA2,SUMLEV,TRRCNC,

IENITSR
COMMON/STGCST/TRAWDP ,PTRA WU
NTOTAL 4NTO TAL
100 WIME#C.O0
WTMRH#02.0
SUMLEVH#IHST® (ALEV-1.C)+HST+5.4)
CALL SMAP(WPL,CSLTRP,RATEIN, SMAPPP)

CALL SMAP (WPL, CSLTBR, RATEIN, SMAPPR)

CALL SMAP(WPL,CSLTRH,RATEIN, SMAFPH)
COSTS

SUBA2 #(0.0)
SUBATHC.O
SUMAS140.0
HEE#N LD
FFER#OLC
AE#0.1]

AR #0.0
ELE#0.0
RLRAD.C
ENE#O.C
RNR#0O.0
TSTEMHTSTEAM

AMBDASH 109 3.8B-0.57C3%TSTENM+ | 281 GFE~U*TSTEM*%2-1.882UE-6*TSTEM*%3

SUMAS #0.0

FHLD.O05640.024 36/ (DIR¥ VR #%(,32) *SSF

FR #F
CNEA#T. 12647250 IR /DCR
FGH#CAPF5G

GE#G*SMALLFE

IEN(S) -~

CALCULATE TURE LENGTH,NO. TUBES, AREA IN RECCVFERY

CONI10T#1,NK
HEEAHFE4HS( 1)
ELE#ELL+SLSCT)
ENE#ENF+Z (1)
SUBATHSUBRAT+LRAR(I)®AS(])
IF(WTME-TRAYWD (1)} 1T5,1 10,110
105 WTMEA#TRAYWD( 1)
PIT SUMASTESUMASE+ASTT)
AMODWD H#UALEV * {TRAWDP + 7,£834%3) +
I+ 2,0% PTRAWD ) / ALFYV
WOTRALl # AMODWD ~ 0.8332 - 2.0 % RWE

(AL=V

WDTRA2 4 AMODWD ~ C.8333%3 - 2.C * PTRAWD

SITEW # AMODL * {WDTRA! * TRAYWD(1)/TRAYWD(NK)
I+ 0.8333 * {AUNIT - 1.0) -~ 1.5 % (AMODU -~

WOTRAZ 4 WDTRA! % TRAYWE({1) / TRAYWD (NK)

UNTTW 4§ SITEW JAUNTT

1.7) * 2.0% BWE

AUNIT)

CALCULATE TUBE LENGTH , NC. TU®ES, AREZA IN REJECT

JANC+ |

LCOI25T14J,NTOTAL

HEREHFHHS{T)

RLRARLR+SLS(T)

RNRHRNR+Z (1)
115 SUBAZ2HSUBA2+UBAR(TII*AS(I])

TF{ATMR-TRAYWD(T)) 12041254125
120 WTIMRETRAYWD( 1)

FIGURE 6 (Continued)
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AREACH25
AREACLH30O
AREACH3S
AREACUUQ
AREACHUS
AREACUSC
AREACHSS
AREATLGL
AREACHES
AREACHLTC
AREACHTS
ARFAQLAD
AREACUBS
AREACHQC

+ 0.8233 + 2.C*PWE) ARFACLGS

AREACSOC
AREACSDS
AREACSIC
AREACSIS
AREALS2C
AREADS25
AREACS3LC
AREACS35
AREAQSUT
AREACSUS
AREACSS(0
AREALS55

U



AREAY - FEFN SCURCE STATEMENT -  TFNI(S) -

125 SUMASHSUMAS+AS(T)
C CALCULATE £VAP, AND REJFCTY CVERALL GECMETRY
SUBASHSUBA |+SUBA2
UBARE#SUBA 1/SUMASH
UBARRH#SUBAZ/ SUMAS
ZNKH#NK
RNRARNR/UTOTAL- INK)
ENE#RENT/INK
ELFHELEAFLOATINK~1)*TSTH/12.C
AEA#P I*LOE*ELEXENE/12.C
RASBHFLOATINTOTAL=-NK~1)}*TSTH/12.C
RLR#RLR+RASH
AR 4P T*COR*RLR#RNR/12.0
130 AP#SUMAS+SUMAS|
SMALL AZAYT+A2
AT #SUMAS+SUMAS |
UBPH# SUBAS/AP
C
Cxx%% I, TURING AND TUBFE SHEET COST CALCN REVISEL FOR SCALING 9/20/65
TBLBR # D.984L ~ 1.2903 % 0OE + 0.57707 * DOE #%2
CTUBEE#SMAI® (] ,22B55E+7/ AEI*x(. [ * AE * |,20
V4TELRR®( 1. 22855E+7/2E )% %x0s 1%AE*], 27
IF{DOE-1.0) 135,14C, 140
135 ENITSEH#FLOATINK- 1 )¥ 2. 0%ALEVXFANCLU
GO TO L5
140 ENITSEHFLOAT (2%NK—[)%2, (*ALE V*ANQTU
145 CITSEH#ENITSE®*| 2N (4,59(*«APTSE
141530 (63426,0/{APTSEXINITSE )Y ) ¥+, I *APTSE
2.024%{ B.2u176E+8 JIENCXENTTSE) Y 220 .}
INE/{2.3%ALEVXAMODU))
ENETSEAU.O*ALEVFAMODY
CETSEHENETSE® ,20% (35, 820%AP TSC
144 .380%(3252.62 /(APTSEXENE TSE) ) **[Q. 1 *APTSE
24, 0670%(528318.00/ (ENE*2.0) }¥%C. I ¥ENE/ (2 . 0% ALEVXANOTU))
CxxxdkUNIT COST FOR TUBES + TUBE SHEFTS
EAE # CTUBEE + CITSE + CETSE
UNARAE # EAE / AE
Caxixskx REJELT SECTION
TRLBR # 0.98u4 - 11,2903 * 0OR + 0.57707 % DOR *%2
ADEA  4RNR*P [¥DOR/12.C:SLE(NTOTAL+!)
NITSD# SLSINTOTAL+1)/4.T
ENITSD 4 2.0 % ALEV ¥ AMCUU  #FLOAT{NITSC)
CTURERH#SMAZ2% (1,6073E+6 /(AR + ADEA) }*%xT.1 * AR * 1,23
14TR_RR*¥(1.6078E+6/7 (AR + ADLA)}**0.1 * AR * .20
C*¥#%xCOST FOR ENTERMED TUBE SHE®TS
NITSR#RLR/6.0 -1.0
IF{DOR-1.0) 150,155,155
150 ENITSRAFLOATINITSR )2, UXALEV¥ANQODU
GO T2 160
155 ENITSRAFLOAT(2% NITSR 142 . 0%ALEV¥AMOCU
L6C CITSREFNITSR*!,20%( ¢.81%APTSR
140.510% (. 8UFIBE+U/(APTSRE(ENTI TSR + ENITSD) M) *%0.1 *APTSR
2+0.0u8 *( 1.07437 E+8 JIRNR*[ENTITSR + ENITSC))I%*(,|
3 R*RNR/{2.0%ALEVXAMODU))
ENFTSR#M.OXALEVEAMODY
CETSRAENETSR*1.20% (45, | u5%AP TSR

FIGURE 6 (Continued)
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ARFAY - FFN GURCE STATEMENT -

144 .083=( 2122.0 /(APTSR®ENETSH) ) *%0, | ®*APTSR

[FN{S) -

2+40.201*%(3357TU0.C/(RNR¥2,0) 1%L I1%RNR/(2.0%ALEVHXANMOCU))

EAR # CTUBER + CITSR + CFETSR
UNARAR # EAR / AR

EA # EAE + EAR

RETURN

END

FIGURE 6 (Continued)
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SHEL - FFN SCURCE STATEMENT - IFN(S) -~
SUBRJUTINE SHELL SHELCLEDS
Cx%*%%(C0ST FOR MOTOR DRIVEN PLANT 3/ 23 /7 66 SHELCNIC
COMMON /GEN/CASE ,G4RPy XRP,P,X0,(,%XU,CRyXCR, RCE,RCER SHELCIS
COMMON/TEMPC /TSTEAM, TSLI10C)Y, THF,TR,XT8, TC,TP,TA,CC,CP SHELCN20
COMMON/GEOME /AMODU,ALEV,AUNI T, TCTALE y TOTALR,FREBC,TRAYCP,HST,CL, SHELCC2S
1 SPL SHELCU3C
COMMON/ECON/ SMALLE, SMALLD , SMALLB, SMALLP,RATEIN,wPL, CAPF,THERP, SHELCO35
1PMSTMUC SHELCOKC
COMMON/TUBING/ DOH,DIH,DOE,DIE,DOR,DIR,21,42,A3,B8IKTH,BIKTE, SHELLCI34S
IBIKTR,CSLTBH,CSLTBP,CSLTBR SHELCNSE
COMMON/FOULIN/RH,REZRSRySH,SE 4 SRy VH,VE, VR SHELC355
COMMON/PUMPHT/HDy HH yHBL 4HPR, FFHL, SSF I SHELCO6C

COMMON/AMISC/CPSTB,FACID,ACACID,DFLIMyAA, AT, XSCC,XNNNyAAN, XLLL,LLLSHELCO6S
COMMON/DATA | /BDEPH,DTPD,SSH2, TCTAL,UNAX,UALP,P] ,TWFA,TSTH,CCEFA, SHELCOVC
10RITE, [TER SKEELCOTS
COMMON/AZ L /0TPOPLIOR) ,TITLF(15) SHELONAC
COMMON/TIVLE/ ACPSN, ACPSNK, ACPTANK,CPBT,CPTK, CPTNK,AMEN,TCF,WX, SHELCCAS
IWFy WD, CHy WCy WB, WR,RHONK, RH(OK, ERR,CCF, NITER, NK,NTCTAL, EN,RPN,SHELCECOC

2TCy ALPHALl, WPN, DELCT, DELST, IGSC,s SMAQ, SUFMA, TK SHELCD9S
COMMON/TCVL2/Z TTDOICC),,SMT(ICG) , SMT2(1170), CTCIN0), WSHLIDD), SHELDINE
1CC100), TVIICO), WVIICT )y QHUIEC), WPLETO), AS(100),SLSCI0NO) SHELCICS
COMMON/STAGE I/ A(ICR),CFMWV{I0ON)Yy CFMWZ(IND), URAR(IDD), CM(I100), SHELCHIC
IHOCTOC )y HICICO) » WWESTICT) yvWEVIOD) , TRAYFL(100),TRAYWC (10D, SHELD IS
2RESIDT(1N00)y PVIICCY,DELP (I0C), DTPOPS(100) SHELOI20
COMMON/DMSTI/ AREADMICT) ,HPTDM(ICD) ,0TDMING), CPROCUICU),WIDCM(ISHELDI2S
1co) SHELC13C
COMMON/CONOI/Z OPINTITULICE)y DTINITUIOC)y DPCLROIGD)y CTCLRUIOG ), SHELD135
TCTCNDL 10T) SHELC IWC

COMMON/STAGEZ2/ AH, DAROM,BWE ,BwWR,COSTOM,,ELE,ESHELL yHBH, FBLE,HBLR, SHELCIU5
1HFLH, HNOE, HNOR,HN, HST{, HSTR, JJ» KK, RLR, RSFFLLs TBNCL,TENOR, SHELCISC

2UBAH, VBLE,VBLR,VNQE, VNOR, WTME, WTMR, WY SHELO 155
COMMON/PHYS/ 11 SHELO16C
COMMON /MAINI/ SSF, HFG SHELC 165
COMMON /STGI/ ATR, RTR, CTR, CTA SHELOIT7C
COMMOY /STG2/HOH, PR, DENBR(ICC), SUMLS, WVST(INO)}, COy CIly, Ry S, SHELC!TS
fv, TVITOICO), Z0I10T), BV, HS(1CO), WBS(10D) SHELC IR
COMMON /CSTI/ ASIEV, ANPLAT, SLPLAT, APLAT SHELCIRS
COMMON /CNDR I/ NERR, CCCR(3), K SHELCHOC
COMMON /DEMI/ SLKP2, SuN~DNMA, TCONP(IDC), APTSE, VCOLM, APTSR SHELC 195
COMMON /DEM3/ ARGZ(15) SHELL2CC
COMMON /DEAIC/ RNR SHELC205

COMMON /DOP I/ SMAPPP, HR, SMAPPH, HE, UNARAR, UNARAE, A4, AJ, WCO, SHELD2IC
1 UBARE, UBARR, UTHF, AE, AR, ATHE, THEL, ENE, THEN, KFE, FFR, THEHSHELC2!S5
2Ty HC2, HCI, CC2,y CCt, POCET2, PCCSTI, ALPRAR, FENC2, PM(C]l, CCCAP2,SHRLC22C

3 CCCap|, SITE2, SITE!, WAIT2, WAITI, ES2, ESI, EA2, EAl, SEELG225
i BHC2, BHCY, VvPL2, wvPCI, L2FH, EEC?, EECt, PO, CC2, CCHt, SKELC23C
5 Sc4?, scmiy, c1BCc2, CIBCH, ©0LA2, DEAl, TC2, TCIl, CAPII, SHELC235
6 CaAP12, CAPI3, POZ%, HSI, P»¥C, EEC, VPLC, SITE, WAIT, SHELT2MC
7 ES, Ay CIRC, PRHC, C(CCCAP, (CCSTIN, WzIRC, CRANE, BLLG, SHELG24S
8 DEACST, PM(CPO, PMCFLC, RCITUR2, RETURI, CPREQ(ICD), AMSC2, SHELC2SC
9 AMSCH SHELL25S

COMMON/NOV25/C1 by C12, C13, Tlu, C15, C16,C021, C22, C23, C24, C21,SHELC26C
I €32, C33, C3L4; Cul, CU2 SHELC 265

COMMON/CSTLK /ADEA «ENITSL s WCT N, PMP, FG, SM2PPR, CEARTR, EAR, EAE,TSHELC2T7C
I CRH, AMEDAS SHELC275

FIGURE & (Continued)
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SHEL - EFN SCURCE STATEMENT

COMMON/PIWR21/P01,P02,wWPRCE

CIMENSION DP{10M7), COLCST(ION), EXTCSTLION,

y TRACST (I1CO)
CIMENSION ARITCIO0)

COMMON/LCSTLK I/SITEW,CTUPED,CTUPEE ,CTUBER,S¥AL ,SNVA2,SUNMLEV,TRBCNG,

ENITSR
GTV2{QCNOFL)

H2.17P6818-,7CHUZ622F-C12QLN0FL+ 93941286503 %CNO0FL %2

TFN(S)

2-4539580836~-05«QU0NFL**3 +.]1 8131 97E-~O7*COOOFL%*Y
FGAD(RTOIFL) KEXPIG.CTUBIOTALCG{QURI FL) #N 21381 77*ALCG( QOO FL)*#2)SHELD 325

FLADIQED2FL) #0. 78391 /SQRT (a002F L)

XINTCS(100)

037267467

SHELC2EC
SHELC2R5
SHELC29C
SHELC295
SHELCSNC
SHELD 335
SHELC3IC
SHELC SIS
SHELLC320

SHELG 330

COSTIH{RON3FL, QOOUFL, QTOSFLY #C1) + C12 % QDDuFL+ C13 * CON3FL+ CSHELL33S
Fih * QUOAFL* QNO3FL+ CI5 * QUCSHFL+ Clé * QNOuFL* COOSFL
COST2(Q0D36FL, CGUOTFL) #C2!1 + C22 * QOU6FL+ C23 * QON7FL+ C24 * QUOSHELD3LS

6FLE QLCOTFL

SHELLC 340

SHELO3SE

COSTA{(LONEFL, QNO9FL) #C31 + C32 % QUOAFL+ C33 * QUUOFL+ C3u * QUDSHELLC355

8FL* QUO9FL
COSTU{QDIOFLIACHI+CU2%0 L1 0FL

IT. SHELL COST BASED ON MQUULATION 9/27/65

SMCoLC 4 0.0

SMEXTW # 0.0

SMINTW # 0.0

SMTRAC 4 (1.0

AR T #0.0

AR22 0.0

AR3340.0

ARULHLD

NTOCTIANTOTAL +1

CO 115 1 # 1, NTOTI

CP (1) # ABS{PVII) - 14.69¢)

IF {CP(I) ~ DPLIM) 118, 11%, 115
CP{I) 4DPL IM

CONTINUE

CO 195 I # 1, NTOTAL

IF (1 - NK) 12C, 122, 125

BWD # RWE

GO TO 133

BWD #BRR

COSY OF COLUMNS, FOCTINGS,PARTITICNS
FORMAT{IH T7E16.8)

AREA L4 SITEW *SUMLEV

AR (1) # AREA]

AR VI AARFAI+AR]]

FUNCE # COSTI({ALEV, SLS(I), DP(I))}
IF {ALEV ~ 1.0) 135, 135, 1u(C

FUNCIT # J.8 * FUNCI

COLCSTIT) # FUNC1 % AREAI

IF (I ~ NTOTAL) 45, 150, 15C
SMCOLC #SMCOLC +COLCST (I)

COST OF EXTERIOR WALLS
AREAZH(SLS{I)+TSTH/12.0)%2.0% (SUMLEV+
AR22 #AR2Z22+AREA2

FUNC2 # COSTZ2{(SLS(I), DP(I})

EXTCST (1) # FUNC2 * AREAZ

SMEXTW #SMEXTW +EXTCST(I)

COST OF INTERIDOR LONGITUDINAL wALLS

SITEW

FIGURE 6 (Continued)
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SHFL - FFN  SNURCE STATEMENT -  IFN(S) -

160 ARFAZH(SLS(IN+TSTH/ZIZ2.DI:SUMLEVH(AUNIT-1.0)
AR3ZH#ARZIZ+AREAZ
FUNC3 # COST2( SLS(T}, P(I))
XINTCS{T) # FUNC3 * ARFAS3
165 SMINTW # SMINTW + XINTCS (1)
C#%%4% COST OF RRINE TRAY
P70 AREAUH(ITRAYWDR (I )+ 2.0 (HST-FREBN)IH{SLS(I)+TSTH/12.0)*AMCDURALEY
AR #ARLL + AR EAN
IF (SLS(IY -~ 7.0) 175, 175, 18C
C*%FUNCY CHANGED FROM FUMCH # 2,435 1076765
175 FUNCLU#{3,90345,258%[ALEY=1.0))/ALEY
CO T3 185
TBC FUNCHHCOSTL{SLS(I),ALEV)
185 TRACST (1) # FUNCU * AREAY
I9C SMTRAC # SMTRAC +TRACST (1)
195 CONTINUE
Cx%x%x COST OF END wWALLS
2CC FUNC2 % COST2(SLS (NTOTAL+1), D (NTCTAL+1))
205 ENDAL 25FUNC2% SITFW * SUMLEYV
FUNC? H#COSTZ2ISLSINK+1) ,DP{NK+1))
210 ENDWL 31FUNC2 ¥*SITEw #*SUMLEV
SMEXTWASMEXTW*( 19632C 11/AR22 ) %%, N3
215 SMEXTAWH#SMEXTW+ENDWLZ+ENDWL S
C*%% WATER CEFLECTOR COSTS {(TUBE RUNDLE)
ARFASEL{ALEV-1 0)E (2, CEEWE~3,.11) *¥ELF®AMONU
AREASRY(ALEV~ 1 0)* {2, 0%0WR~3,C) ¥RLR*AMCNU
CFLECR#3.826%AREASE + | 1. T740C%AVEASR
Cxxx WATYERFALL ODISTRIBUTION SYST-M IX.A.!(MISC.)
WTRDSASSUMLEV® (DL 5% {SUMLEV-HST=-%.4) + 2.0)
WIRDSVHWTROSA®SITEW
WTRDSTAWTRDSV*3.277
C#*%%x CONCRETE FCNS AND SLAB CCSTS
SUM_U¥ELE+RLR+SLSINTOTAL+T)
FNDSLBR¥  RDEPH HALEVRSUMLXWTMEXANODL/ 3.94U3 E+S
1%113u500.0
CHxkx EXPANSICN JOINT COSTS (CCULD RE TEMP,PRESS FUNCTICN)
UNTTWHSTTEW/AUNTT
XNVERT # 0.0
PERIMI # (2.0 % UNITW + 2.0 * SUMLFV) * {(THF - T8) / 157.4 * 8.0
EXPJCI1 # PERIM! %= AUNITY * 25,03
PERIM2 # 2.0 * SUML+ SUMLEV =* TCTAL
EXPJC2 # PRERIM2 % (AUNIT - {,.0) = 2,0 % 29,03
C#*% TNTERMEUIATE LONGITUDINAL JTINTS
IF(UNITW-50,0)220,22C,225
220 PERI%34N,.0
GO T2 265
225 TINTIATSII)
ALTINTH3.QUIE+5/TS(1)%%1,675
NIJNT BUNTTW/ALTUNT
NJNTS % NJNT
ANJINT ¢ FLOAT{ NJUNT)
PERI¥340.0
AJNTL #( W0
0O 260 I#1,NTOTAL
230 IF(TONTI-TS{I41)~2C.C1255,255,4235
235 PERIMIBHPERIM34+AINTLEANINT %2, C

FIGURE 6 (gontinued)
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09726767
SHEL - EFN SOURCE STATEMENT - IFN{(S) -~
TINTHHTSIT) SHELCBuC
AJNTL #0.0 SHELO8US
ALTINTH3.QUIE+S5/TS{I)¥%1, 625 SHELC 850 106
NINT BUNTTW/ALTINT SHELO855
ANUNT # FLOAT( NJINT) SHELCR6C
IF (NJNTS ~ NJUNT) 245, 245, 24C SHELD 865
240 XNVERT # XNVERT + ANJNT SHELOBTC
NJNTS # NUNT SHELDFRTS
245 IfF ( TS(I) - TS (I+1) - 2C.0 ) 23C, 239, 250 SHELCE8C
250 PERIM3 # PERIM3 + SLS(I} * ANJINY = 2.0 SHELLE85
XNVERT # XNVERT + ANJNT * 2.0 SHELQARSCD
TINTI#TS(I + 1) SHELORSS
AINTL#0.0D SHELL9OO
ALTINTHI.QUIE4S/TS(I41)%%x],625 SHELEO0O5 18
NJINT HUNITW/ALTINT SHELC?910
ANJNT 4 FLOAT( NJINT) . SHELO91S
GO T3 260 SHELLC92C
255 AINTLHAINTL+SLS(T) SHELE?25
XNVERT # XNVERT + ANJINT SHELD93C
260 CONTINUE SHELC935
XNVERT # XNVERT + ANJNT SHELCOMO
PERIMIFPER IM 3+ [AJUNTL + SLSINTCTI)) * ANJNT = 2.0 SHELC9u45
265 EXPJCIHPERIM 2%AUNIT*28.C3 SHELC95C
Cx#* VERTICAL JOINTS FOR INTERMEDIATE LONGITUDINAL JCINTS SHELG955
PERIMu# SUMLEV % XNVERT SHELC96C
EXPICh # PERIML * AUNIT % 28.03 *2.0 SHELCR65
EXPINTHEXPJC I+EXPJC2+EXPIC3 + EXPJCL SHELO9TC
Cx¥xx TOTAL COST OF EVAPORATOR SHELL SHELO?75
Cxx%xx REVISIONS TO EVAP SHELL COST 9/29/65 SHELC9EC
SMCILCHSMCOLLC~-COLCSTINK)~-COLCSTINTCTAL) SHELD985
AR TI#ARTI-AR FIMNK)~ART {NTOTAL) SHELT P90
SMCOLCHSMCOLC*(5140CC.0/ARIT ) %% C3 SHFLO995 132
SMINTWESMINT W (65662, 0/AR34) %%, 03 SHELICCO 133
SMTRACHSMTRACH{ SHO2CUC/ARUY Y *%(, | SHEL TGOS
CHx%  REVISION TO SMVALV 1/18/66 SHELIOC 134
HATCH# AMODU * (4,0 * ALEYV + 8.0 +(0.1 * TCTAL 41,014 ({TCTAL-1.0)) SHELITIS
PRLIEZH40.0 SHELIC2C
VRLIEZ #0.0 SHELIN25
D0 285 I#1,NTOTI SHEL13C
IF(PVII)-14,.696) 275,27L,21710 SHEL 11335
270 PRLIEZA4PRLIEZ+1.0 SHEL 14O
GO TO 285 SHEL1O4S
275 IF(PV(1)-3,75)290,28(,280 SHEL 1050
28C VRLIEZHVRLIEZ+1.0 SHEL 1355
285 CONTINUE SHELI126C
29C VRLIEZIVRLIEZ#PRLIEZ SHEL1(6S
SMVALVH#(825.50%PRLIEZ+ 660 LCxVRLIEZY * AMODU SHELIOTC
1+ 205680.0%{HATCH / 431,0) **C.8 SHELIOTS 150
TF{ALEV~1.0)295:,295,3C0 SHELIO8E
295 DFLECR#0.0D SHELI(8S
GD 70 305 SHELIGRC
300 ODFLECRYDFLECR*( 10028C.C/(AREASE+AREASR) ) %%, | SHEL 11195 155
305 WTRDST # WTRDST * (772723.0/ WTRDST) *%7.03 SHELIICC 157
FNDSLE # FNDSLE %= ( 1134500.0/7 FNDSLB) #%0.03 SHEL112S
Cx%x DEMISTER + SUPPORY COST 1LC/12/745 SHELIIIC 158
COSTOM # COSTOM + 100.05 % SUMDMA * ALEV ¥ AMCDY SHEL T 1S

FIGURE 6 (Continued)
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SHEL - EFN SCURCE STATEMENT - IFN(S)

I1-E ADJUSTABLE WEIRS REVISED 9/2u/565

WEIRC # 19092u0.0%({{WTME — (WTVME/B.0) % 0.8)
I % FLOAT{NTOTAL - 1) * ALEV * ANMODU)/ 57430.0) **0.9
ES # SMCOLC + SMEXTW + SMINTw + SMTRAC + CCSTCW

| +WEIRC+SMVAL V4DFLECR+WTRDST+EXPINT+FNDSLEB

ESHELL # ELE * SITEW * SUMLEV

RSHELL # RLR * SITEW * SUMLEV

VOLY # ESHELL + RSHELL

USHELV # ES / VOLM™

ITT.PUMPS AND DORIVES WITH SCALING REVISED 9/20/65

C CALCULATE SYSTEM HEAD IN TCP AND BCTTCM STAGES

315

32C
325

GTV21HGTV2(TV(2))
TF{XCRrR} 315,320,315
GTV2NACTV2 (TVINTOTAL+1Y))
HS1H#23%{ GTV21-GTV2N)

GO TO 325

HS t#2.3%(GTV2]-14.7)

H2 #HH +H S

C CALCULATE +EADS AND POWER

Cs%x CALCULATIONS FOR HEAD REGUIRENMEANTS REVISEC 1L/ 5 65

330

3u0

345

FRICR#SSF%{(0.0056+0.C2436/(DIR*VR)*%(432)
FRICEHASSF*(0.0056+C.C2426/(DIE*VE I **(1,32)
FRICH#SSF* (0.0056+C.C2436/(DIH*xVH)%%[,32)
HEADR #6 JO*FR ICR*RLR#*=VR*%2 /(DIR*352.174)
HFEADE#o JO*FRICE*ELEXVE®*2/(DIE*32.174)
HEADHAG JOXFR ICHXHLHS VH2%2 /(D IH*32.174)
HE#SUMLEV

HR #SUMLEV

IF(XCR)335,325, 330

HDE. # HD + BEADR + 2C.°C

GTV21 ¢ GTV2(TS(1))

CTV2N # GTV2(TS{NTCTAL +1) )

HS1 # 2.3 = (GTv21 - GTV2N )

HREC # HE + FH + HS1 + HEADE + HEADH 4+ 1h.5
GTV3lL # 29.7

GTV3IN § GTV2(TV (NTCTAL +1I) )

HS2 # 2.3 * (GTV31 - GTV3N)

HPR # FS2 + 35.0 + 5.0
HDEA # HE + 25.0 ~ 2C.C
GO T3 3]

FDEL #RCHHR +HE+HS | +HFADR+HEAD R+HEADH

HREC#C .0

PCNSTH#3.7T676768F~10

IT # 1

CAL. DINTPL (70, CO, CPIN)

WOTJRB # 0.0

WOVENT # 0.036 % (WP + WX)
POREC#PCONST*HREC*WF/SMALLE
POR_DHPCNST*HBL*WH/SMALLE
POPIDAPCNSTHFPR*=WX/ SMALLE

PDOCEA 4 PCNST * HDEA * (WX + WP+ WOVENT) / SMALLE
WOCN # WO + WOVENT

PODEL # PCNST % HDEL * WOCN / SMALLE
POIH¥PODEL+POBLD+POPRD +PODEA

PO2#POREC

POZHEXP( O137%TB=6.1211%{Wi—WC) /0.34667F+6

FIGURE 6 (Continued)
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SHELIITS
SHEL 118C
SHELI RS
SHEL11QC
SHELI195
SHEL12CC
SHEL120C5
SHELI210
SHELI1215
SHEL 1220
SHEL 1225
SHELI23C
SHFL1235
SHEL I 24C
SHEL 1245
SHEL125C
SHEL 1255
SHELI26C
SHEL 1265
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SHELI32C
SHEL 1325
SHEL 133C
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SHEL T 345
SHEL) 350
SHELT 355
SHEL136C
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SEHEL - £FN SCURCE STATEMENT - TFEN(S) -
PO4PD1+PD2+PC3 SHELIWNC
350 IF(XCR)355,355, 360 SHELTLWOS
355 PMCPOH#2TS5T73.,726%(POI1+PC2) SHEL 41O
GOTI365 SHELINHIS
360 PMCPOAI3LRD.UP26%(20.57%P01+2 (. 9E%PG2) SHELIAWZ2E
365 UNDRVEASPMCPO/{1340.,u826%(POI+P(C2)) SHEL 1425
8005 FORMAT (IHD 16, 6E16.8) SHEL 1 43C
C SHEL 1435
37C 11 # 5 SHELI4LE
CALL CINTPL (TO, CO, RHC ) SHELINRLS
GPMJ # WOCN / (R,022 * RHO ) SHELIASE
CALL DINTPL ( SMT (NK)}, C (NK) , 2HC ) SHEL 1455
GPMR # WF  / (8.022 % RHO ) SHELIu6C
CALL CINTPL {TS(NTOTAL+!) , CP vy RHO ) SHEL1U4&S
GPMP # WX / (8.022 = RHO ) SHELIYTC
CALL DINTPL ( SMT (NK+1)}, {0, RKO ) SHEL 4TS
GPMDE#(WR + WX 4+ WOVENT) /(8.022 * RHO ) SHELT4RL
UDEL # 0.927 + 00175 &« HDEL SHELIL8S
UREC # 1.534 + GCI75 #HR=C SHELITWOC
UPRID % 0.786 + 00175 % HPR SHEL 14?5
UDEA # 1.5225 + D.O0175 *HCEA SHELIS5CO
PUPQ SHEL 1505
1 # UDEL % {(142400.0% AUNIT / GUNO)*¥% 0.2 * GPNMC % (5.0/AUNTT ) »x[0.1SHELISIO
PUMPR SHEL IS5
P # UREC % {(221700.0%AUNIT/ SPM ) 20,2 % GPVMR ¥ ({S5.0/AUNIT) #*20.1 SHELIS2C
pPUMP P SHFEL 1525
I # UPRODX* (3LS500.0% AUNIT/ GPMP) %% (0.2 % GPMP %{S.N/AUNIT)I*% U.1SHEL1530
PUMPDE SHEL1535
I # JDEA * {71300.0% AUNIT /GPMRT)*% 0.2 % GPMCE % (5.0/2UNIT)*20.1SHEL 1540
PMPPIT SHEL 1545
| # 2.023 & (23170C.M* AUNIT/ GP¥R) %041 *5PMR #(S5,0/AUNIT) =**0.1 SHEL1550
PMCFLO # SHEL 1555
| PUMPDO + PUMPR + PUMPP + PUMPDE + PMPPIT SHEL 16560
C SHEL 1565
Cxex  MOTOR CRIVES 3 / 23 / ¢6 SHELISTC
DRV4D SHEL 1575
I # 9192T7T.C% (2.237 *AUNTT /PODEL) *¥0,2 % PCODEL *(5.0/AUNIT)I*%Q.1 SHEL 1580
CRVMR SHFL1585
I # uD64B.O%( 11.931 =AUNIT /PCRFC) #%0.2 * PCREC *(5.0/AUNIT)I%*&0.1 SHELIS90O
DRVVP SHEL1595
I # 76233.0% (0.746 *=AUNIT /PCPRD) **¥0,2 * PCPRT *(5.0/AUNIT)**%0.1 SHELI16MC
CRVMDE SHEL 1605
I # 66863.0% (N.932 *AUNIT /PGDEA)#%x0.2 % FOCEA *(5.0/AUNIT)*%0.1 SHELIGIC
PMCPD ¥ SHEL1615
{CRVMO + DRVMR + DRYMP 4+ DRVMDE SHEL 1620
PUC#PMCFLO +PMLCPO SHEL 1625
I + TRABCND SHELI63C
Corkxx 1V CEGASSIFICATION SYSTEM™ (QOSTS (DEAERATCR) 9729765 SHEL 1635
C#*¥% DEAERATOR FOUNDATION SHELI164C
375 DEFNARY SITEYW  %SLSINTCTAL+L) SHEL 1 645
CEAFND#12.903%DEFNAR SHELI65C
C#x%% DEAEIATOR EXTERIOR WALLS SHEL 1659
CEXWARHA2.0%SLSINTOTAL41 ) {SUMLEVE STTEW ) SHEL166C
FUNC2H4COST2(SLSINTOTAL+1) ,OP (NTCTAL+1)) SHEL 1665
CEFNCHFUNC2 SHEL16TT
CEXALCHFUNC2%*DEXWAR SHELI6TS

FIGURE 6 (Continued)

190
1oL
197

260

2e2
204
2C6
208

210

216

218

203
205
207
209

211

213

215

217

219



164

SHEL -~ TFN SCURC: STATEMENT - IFNIS) -~
CH*%% DEAERATOR CONDENSER 11/ 1/A5
TBLBR v J.98ub4 — 1.72904 % 0OR + 0.57707 * LGOR *%2

CTUREC4SMA2% (| ,607RE+6 /(4R + ADEA) ) *%7.1 % ACEA % |,20]
I1+TRLPRE( 1. 6UTBE+6/ (AR + ADZA) ) %=0.1 * ACEA % 1.20
CH*%%%%C0ST FOR INTERMED TURE SHE®TS
CITSDH#ENTITSD#®1 .20%( €.RI%xAPTSR
1405104 .BUQ IBE+L/(APTSRE(TNT TSR + ENITSD) ) ) #%0,1 * APTSR
2+0.0u80%( 1LLTa 37 F+2 JIRNR=(ENITSR + ENITSC)I M) *x0.}
3 ¥RNR/(2.0%ALEV*AMCDU) )
DEARTR # CTUBFD + CITSL
C*x%x CEAERATHI? TRAY AND SUPPORTS
CETRARYASIFEV
CETRACHASTEV*33.L486
C*#% DEAERATIR BLOWER COSTS
RLOWRCHR.SHUOBE- 3% (W X+ WH )
DEAFND4DEAFND®* ( 775C. C/UEFNAR %%, %
CEXWLCHDEXWLCH (1 BENC.C/RE XVAR) #20,. 73
CETRACHDETRAC* (60 THL.C/LUE TRAR)*%0.73
BLCWRCHBLOWRC*( 1 72.2E6/ (WX+WH) ) =%, |
CEACSTHDEAFND4DEXWLC+DEARTO4LETRACHELOWRC
RETURN
END

FIGURE 6 (Continued)
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*
$IBFTC VAL DECK VALCCGOC

FIGURE 6 (Continued)
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09/26/67
VAL -~ EFN SCURCE STATEMENT - IFN{S) -~
SUBIIUTINE VALVE VALCCCOS
C*%%%%COST FOR MOTOR DRIVEN PLANT 32/ 23 1 65 VALOCOIO
COMMON /GEN /CASE 4G yRPy XRP ¥y XCy Ly XUyCRyXCR, ROE,RQER VALCECTS
COMMON/TEMPC/TSTEAM,TS(10OC), THE, TR, XTB, TCyTP,TA,CC,CP vaLcanz2ce
COMMON/GEOME /AMODU,ALEVAUNI T, TCTALE»TOTALR,FREBL,TRAYDP,KEST,CL, VALLGO2S
1 SPL VALCRO3C
COMMON/ECON/ SMALLE,SMALID ,SMALLE, SMALLP,RATEIN,WPL, CAPF,THERMNM, VALCCD 35
1PMSTMC VALQOGCHO
COMMON/TUBING/ DOH,DIH,D0E,DIE,DOR,DIR,Al ,A2+A3,BIKTF,BIKTE, VALCGOhS
FRIKTR,CSLTBH,CSLTRP ,LSLTBR VALDCOSC
COMMON/FOULIN/RH,REZRSRySHySE, SRy VH, VE, VR VALREGS5S
COMMON/PUMPHT/HD, HH yHB L yHPR, FFHL, SSF VALREGO6C

COMMON /AMTI SC/CPSTB,FACIU,ACACID,DPLINM,A6,A7,XSCL s XNNNoNAN, XLLL,LLLVALOCO65
COMMON/DATAI /RDEPH,OTPD ,SSF2,TCTAL,,UMAX,UALP,PI,TWFA,TSTH,CCEFA, VALCOQ7C
I10RITE, ITER ' VALCCNTS
COMMON/AZ1/DTPDPICT) ,TITLFLIS) VALCCe8C
COMMON/TCVLI/ ACPSN, ACPSNK, ACPTNK,CPBT,CPTK, CPTNK,AMBN,TCF,WX, VALCGCDARS
I'WFyWD,CBy WCy WB, WR,RHONK, %+HCK, ERR,CCF, NITER, NK,NTOTAL, PN,RPN,VALCCO9C

27C, ALPHAIL, wWPN, DELCT, DELST, IGSC, SMAQ, SUMA, TK VALCCC9S
COMMON/TCVL2/ TTD(IMC),SMTLIECH, SMT2(170), CT(100), WS (100}, VALCCtIOC
1CLI100)Y, TVIICO),y WVIICC), 2HICC), WPLITO), AS(120),SLS{10M) VALZGCICS
COMMON/STAGE N/ ACICT)CEMWVLICC)Y, CFMWZUICT), UPARCICOY, CM(100D), VALCC!IC
THOC1O0) y HICICA)Y y WWES(ITC) , VWEVLIOG)Y, TRAYFL(I1I0O),TRAYWC (100, VALCC IS
2RESIDT(100), PV(ICC),DELP(IOQL), DYPRPSIIDON) VALECTI2C
COMMON/DMSTE/ AREADM(ICC) ,LPTOM (I CD) ,ODTOM(100), CPROC(IOM),,WwICCM{IVALODI2S
1CBY VALOC!3C
COMMON/CONDI/ DPINIT(ICCY, DTINITOI1DO0), DPCLROIOD), CYCLROIOO), VALCC!35
TCTCND(100) VALCCINE

COMMON/STAGE2/ AH, BAROQV,BW ,Bwr,COSTOM,ELE,ESHELL,HRH, FBLE,HRLR, VALZCI4S
IHLH, HNOE, HMOR,HN, HST:, =STR, JJ, KK, RLR, RSHELL, TENCE,TENCR, VALCCISC

2UBAIH, VBLE, VBLR,VNNE, VNCR, WINE, WIMR, WY VALEC1SS
COMMON/PHYS/ T VALCC16C
COMMON /MAINI/ SSFy HFG VALCC 165
COMMON /STGI/ ATR, RTR, CT?, CTA VALCCI7C
COMMON /STG2/HOH, PR, DFNB(ILT), SUMLS, WVST{IUDO), CCy OI, Ry S, VALLCIT?S
1V, TVTT(100), Z01GC), HVy HE(CILD), wWBRS(1OM) VALCC IR0
COMMDN /CST1/ ASTIEV, ANPLAT, SLPLAT, APLAT VALCT 185
COMMON /CNDR 1/ NERR, CCrRL3), K VALCCI90
COMMON /DEMI1/ SLKP2, SUNMDMA, TONMP(IOQO), APTSE, VCLM, APTSR VALCC 195
COMMDN /DEM3/ ARGZ(15) VALCC20C
COMMON /DEAITC/ RNR VALCL275

COMMON /DP I/ SMAPPP, HR, SMAPPH, HE, UNARAR, UNARAE, A4, AJ, WCC, VALDC21D
URARE, UBARR, UTHE, AR, AR, ATHE, THEL, ENE, TKFEN, HFE, FFR, THEHVALCC215

!
27y HC2, HCt, CC2, CCl, BOCST2, PCCSTI, ALPEAR, PNC2, PNVCI, CCCAP2,VALCC22C
3 CCCAPI, SITE2, SITEIl, wWAIT2, WAITI, €S2, ESI, FEA2, EAl, VALCC225
4 BHC2, BHC!, vPC2, wVPCI, UPPH, EELC?, FECI, PC, CC2, CCl, VALDC23C
5 SsC42, SC™1, cIBCZ2, CIBCl, DEA2, DEBl, TC2, 7TCI1, CAPILI, VALDE235
6 Ca212, CAPI3, P03, HSI, PMC, EEC, VPC, SITE, WAIT, VALDC24C
7T ES, £A, CIBC, *fHC, CCCAP, CCSTIN, WFIRC, CRANE, BLEG, VALCC245
8 DEACST, PMCPO, PMCFLO, RETL2, RETUBl, CPREC{I103), AVNSC2, VALCELC?25C
9 AMSC] VALLCC255
COMMON/NOV25/CL1, C12, C13, Cih, C!5, Cl16,C21, 22, C23, C24, C31,VALEC26C
1 €32, €33, C34, Ckl, CL2 VALLC245
COMMON /CSTLK /ADEA LENTTSL y WL N,5EMP, FG, SM2PPR, CEARTR, EAR, FAE,TVALCC27C
| CRHy; AMPDAS VALCC275

FIGURE 6 (Continued)
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09/26/67
VAL - EFN SOURCE STATEMENT -~ IFN{S) -~

COMMON/CSTLK I/STITEW,CTURED,,CTUREE yCTURER,SMAT 4SMA2 ,SUMLEV,TRECND, VALCC28C
TENITSR VALCC285
NTOTAL4ANTO TAL VALDC29C
VALVES AND P IPING VALCO295
VALECC3CC

VI VALVES AND PIPING TURBINE PLANT 11/15/65 VALCC3CS
SITEWR#SITEW/237. 60 VALCCAIC
UFCTR # AUNIT / AMODU + [.6667 * (1.0 - (ANMODU / AUNIT) #% (—~1.3))VALLCCSIS
VPRI # W) /(AUNIT * 6.u487 £7) VALDO32C
IF(4C ) 100, 105,105 VALCG325
SAVEWC #WC VALCEG33C
WwC#0.0 VALTDO335
CONT INUE VALEC 340
VPRI 4 WC / (AUNIT % 3,0052E+7) VALCO3u5
VP I #133u0.0% VPRI%%*1,2 % AUNIT VALCEO350
VP12 # 26925.0% VPR **0,5 * SGRT{6.25 E+4% + ( 0,25 = SITEW) *%2) VALDO355
1/ 255.84 % AUNIT VALDG34C
VPIL # 16L4751.0% VPRIY *%[.5 % UFCTR * SITFWR VALLCC 365
VP13 # 9598.6 % VPR] %% [,8 % AUNIT VALDG37E
VPCI # VP11 + VP12 + VP13 + VPIY VALQOC37S
VPR2 # (WB + WX)/{AUNIT * <4.ulil £ +7) VALCC3AC
VPR23# (WB + WX)/(AMODU * 3, 4u30 £ +7) VALEC 285
VPRZ2U # {WR + wX) / 1.7215 E+8 VALAG39C
VP21 # 20542.0% VPR2*#|.,2 % AUNIT VALOD395
VP22 # 2uu00.0% VPRZ *%xC,5 % AUNIT VALBOLOO
VP24 # 15937 3,.10% VPRZ2hx%(].," VALCCLTS
VP25 # 90119.0% VPR2 %% (.5 % UFCTR % SITEWR vALRCWIO
VP23 # 3668B2.0% VPR23*% (.8 * AMCOU VALCOY1S
VPC2 # VP21 + VP22 + VP23 + VP2u+ VP25 VALCOL2C
VPR3 # (WO-WS~WX)/{AUNIT = 3,0C58E7) VALOCL2S
VPR32# (WO-WP=-WX)/ [.50(29 £+R VALCCH3C
VPR3I3# (WO-WB-WX)}/{AMODU * 3.0058ET) VALZO43S
VP31 4 11835,0% VPR3 %4 1,2 = AUNIT + 72732.0% VPR32 =*%1.2 VALCOHuO
VP32 4 1L47725.0% VPR32%%x (.S VALCCuuS
VP34 # 89681 .0% VPR32 *x C.5 * SITEWR VALLCUSC
VP33 # T367.2 % VPR32%% (0.2 % ANCDU VALCDUSS
VPC3 # VP31 + VP32 & VP33 + yP34 VALOOUSD
VPRU # WF/(ALNIT % 1.2081E9) VALLOuW6S
VPRULU A WF/(AMODU * 1,20F1F%) VALCORT7C
VPUl # 93318.0% VPRu%x],2 * AUNIT VALCC475
VPUL2 # uC79u.0% VPRY *#&[J,5 % (RLR + SLS (NTCTAL + 1) + 60.0) vALCOuRp
/ 118,54 % AUNIT VALZCu4ARS
VPLh #  20395.0% VPRE %% ([,5 % UFCTR * SITEWR * 5.0 VALCCU9C
VP43 # 21357.0% VPRE *% 0.2 % AUNIT VALCOUQS
VPCH # VPh) + VP42 + VP43 + VP44 VALCESOC
VPR # G / ( AUNTIT * 5C0.E+0) VALOGCS05
VPC5 # 129B6.0% VPRS * AUNIT VALCSIN
VPRS # WF/(AUNIT®1.,20C81 E++) VALIOS515
VP62 # uB8u8L .0 VPRe *%[,5 % AUNIT VALCES2C
VPOU #  116029.0% VPR *x 0,5 * UFCTR # SITEWR VALCLCS525
VP63 # 16336.0% VPR6 *% D.# % AUNIT VALLCS3C
VPCH6 # VP62 + VYPH3 + VPbLY VALOCS535
VPRT # WX/{ALNIT % |.722) £47) VALCOSUD
VPRT2 # WX / 8.6105 €+7 VALCCSuS
VPTE # 687642 % VPR7%®%),2 % AUNIT VALCCSSC
VP72 # 4320uu,0% VPRT2%%x (.5 VALECGS555

17

20
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24
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07/2¢€/57
VAL - EFN SCURCFE STATEMENT - IFN(S) -
VP74 # 545u0.0% VPRT72 *% [.5 * SITFuWR VALNCS6C 32
VPT3 # 16842.0% VPRT %% (.~ % ALNIT VALCCS65 23
VPCT # VPTIE + VP72 + VPT3 + VPTh VALTCSTC
VPRE # WB/(AWNIT * 1.7209 +7) VALEDST7S
VPRB2 4 WB / 8.6045 E+7 VALCCHBC
VP8I # 5019.u4 % VPRE %% [0 * AULNIT VALTES85 3y
VvPe2 # 12C30&6.0% VPREZXX [1.5 VALLCOS9C 25
VPRU # 37603.0% VPRAZEX[,5 % S[TEWR VALCCS595 26
VPB3 # 58T3,2 % VPRE *%x 0,9 % ACNIT VALCCANC 37
VPCB # VP82 + VP23 + VPH| + \VRAFN VALDD /NS5
VPRI # { WB + WX) / (AUNIT # 3.L43 E+7) VALCCS6IC
VPR224# ( WB + WX) / 1.7215 [4R VALCCé1S
SITELR #{ELE + RLR + SLS (nTCTAL+1) }/376,.U48 VALCCA2C
VP2l # |0858.0% VPRQ ** ],2 * AUNIT VALDG625 29
VP92 # 315106.0% VPR92%¥* (.5 % (2.7 % AMGOU * ALCY / 8C0.0)% SITELRVALDOA3C 40N
VPC? # VPOl + VP92 VALCCARS
VPRI 4 PO / (AUNIT # 16.U26) VALCC64C
SITWLR #( SITEW + ELE + RLR + SLS (NTOTAL +1) + 500.00)71743.96 VALCOAUS
VPIO!I 4 4972.6 * VPRIO =% 1,2 * AUNIT VALCTASC 42
VPI32 4 Tu687.0% VPRID *%x D45 ¥ SITWLR VALLCC655 43
VPI13J3 4 2625.0 % VPRID #%x {, & % AUNIT VALCCAHAC Ly
VPIOL # 10521.0% VPRILC %xx 7,5 % ALNIT VALOCAH65 L5
VP 105 # 7CC.Cx VPRIC *  AUVLT vaLCS 670
VPCP# VPCI + vPL2 + VPL3 + VPCU + VPCS5 + VPCS + VALCCAHTS
I VPCT7T + VPC8 + VvPCO VALGC62C
VPCHY # J.,07861 % VypCP VALCOARS
VPC #t vPCP + VPCI] VALROA9C
I1E UNPIPEH#VPC/WF VALCCAH95
C VALCC7CC
C*x% VII. BRINE FEATER COST SCALING FACTOR ACDELC 9/25/765 vALCCTa5
115 DTSBHAEOH/ 12.0%SORT(2,5Fu*HN/AUNIT) VALCST7IC g
ATSBH # P11 % DTSRH %%2 / 4,0 VALCCTI15
NITS# [[.20 *HLH/DOH -G.O VALCCT72C
ANITSHNITS VALCOT725
TBLBR 4 0.98Lu ~ }.2903 % 00H + 0.57707 * DCH *%2 VALDOT73C
TCHH 4 A3 % (1.11467E+6/ AH) 22T} * AH JAUNIT % 1.25 VALNCT735
| + TBLBR  *(1.1146GE+H / AH) *%0.1 * AH / AUNIT * 1.25 VALCCTuC 50
TSCBH # ATSBH % (3C.7C % 2,0 + 6.12 *= ANITS) * 1,25 VALNGT4S
1+ (D.0u9%2.0 +0.024%ANTTS) * [.25%HN/AUNIT vaLgarse
SHELLC # (12.29% ATSRH % HLH) VALDG 755
I % {1.107T9FE+4 / (ATSBH * HLIH )) *20.1 * ]1.25 VALCC76C 51
BHCH#{TCRH+ TSCBH+SHELLC )}*AUNIT VALDOT65
A E{TSCBE+SHELLC)*AUNIT/AH VALOST77C
120 UNSHHT#AY VALCGTTS
RETURN VALCC78C
ENT: VALQOCT785

FIGURE 6 (Continued)
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$ORIGIN COSTLY cuUTPLLOC
$IBFTC OUTP DECK QUTPCCLLS

FIGURE 6 (Continued)
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ouTP ~ EFN SGURCE STATEMENT - IEN[S) -
SUBROUTINE OLTPUT QUTPCEIC
QUTPUT FIR NCORITAKE 8/25/65 ouUTPCOIS
COMMON /GEN /CASE 4G 4yRP, XRP 4P, XC, G,y XUsCRy XCR, ROE,ROER ouUTPLD2C
COMMON/TEMPC/TSTEAM,TS{10C), THF, TR, XTB, TCyTP,TA,CC,CP CUTPCE25
COMMON/GEOME /AMODUSALEYV,AUNI T4 TCTALE, TOTALR,FRERL,TRAYCP,+ST,CLy, CUTPCO3C
1SPL QUTPLCN35
COMMON/ECON/ SMALLE, SMALLD 4SMALLH, SMALLP,RATEIN,WPL, CAPF,THERM, oUTPCOUN
IPMSTYC QUTPLOY4S
COMMON/TUBING/ DOH,DIH,DOE,DIE,U0R,DIR,Al4A2,A3,RIKTH,BIKTE, QUTPCOSC
1BIKTR,CSLTRH,CSLTBP,CSLTRR QUTPLDS5
COMMON/FOUL IN/RH,RE ;RSR ySH,SEy SRy VH, VE, VR QUTPLO6C
COMMON/PUMPHT/HD, HH yHB L yHPRyFFHL, SSFI CUTPCI6S
COMMON /AMTI SC /CPSTB,FACTUACACID,,DPLIM,AA AT 3 XSCL o XNNNyNNNy XLLL,LLLOUTPCOTC
COMMON /DATAI /BDEPH,TPD ,SSF2,TCTAL UNMAX,LALP,PI ,TWFA,TSTH,CCEF2, OUTPCO7S
IORITE, ITER OUTPCNRC
COMMON /AZ | /DTPDP{ICE),TITLEC15) CUTPLO8S
COMMON/TCVLI/ ACPSN, ACPSNK, ACPTNK,CPBT,CPTK, CPTNK,AMBN,TCF,WX, OUTPLZCYC
| WF W], CBy WCy Wy WR,RHONK, R4CK, ERR,CCF, NITER, NK,NTOTAL, PN,RPN, QUTPLL95
2TCy ALPHA1, WPN, DELCT, DELST, IGSC, SMAQ, SUMA, TK guTPCICE
COMMON/TCVL2/ TIDCICC) ySMTLICDY, SMT2(170), CT(100), WSSO0}, QUTPCIOS
1CC100), TVIICO), WYLIRC), OH(ITD), WP{17D), AS(I1ND),SLS(10D0) CuUTPRIIC
COMMON/STAGE I/ ACICZ),CFMWYLICT), CF¥WZ(103), UBAR(1O0), CM{I10QO), OQUTPCIIS
THOUIOC) s HICICD) y WWFSTICC) ,WWEVLIOCD)» TRAYFL(10Q) ,TRAYWC (109), ouTPCI20
2RESINT(130), PV(I00)},DELP{INC), DIPDPS{IDD) QuUTPC 125
COMMON/DMSTI/ AREADM(ICC) ,LPTDM(IUF) ,DTOM(100), CPRCC{I00),WwICCMIIOUTPCI3C
1C0) QUTPCI35
COMMON/CONDY/ DPINIT(IGCY, DTINIT(IN0), DPCLRUIOT), CTCLRIDG), CUTPCIHBE
1CTCND( 107) CUTPC 145
COMMON/STAGE2/ AH, RARON,BWE ,BWR,CCSTOM,ELE,ESHELL yHEH, FRLE, HBLR, GUTPCI5C
THLHy HNDE, HNOR,HN, HSTE, HWSTR, JJ» KK, RLR, RSHFLL, TRNOE,TENCR, OQUTPL[ISS
2UBARH, VBLE, VBLR,VNOE, VNO?, WINE, WTMR, WY QUTPLIAL
COMMON/PHY S/ [1 QUTPC165
COMMON /MAINI/ SSF, HF5 QUTPCITD
COMMON /STGI/ ATR, ®TR, CT3, CTA OuUTPCITS
COMMON /STG2/HOH, P2, DENRRLICE), SUMLS, WVST(ICO), CC, DI, R, S, OUTPCIAC
1 vy, TVTITUI0U)Y, Z{I0T), BV, HS{IEO)s WRS(I0N) CUTPLC 185
COMMON /CSTI/ ASIEV, ANFLAT, SLFLAT, APLAT ouTPLI19C
COMMON /CNDR |/ NERR, cecori{3l, K OUTPL 195
COMMON /DEMI/ SLKP2, SUNDMA, TDMP(INC), APTSE, VCLM, APTSR QUTPL20C
COMMON /DEM3/ ARGZ(15) CUTPL2C5
COMMON /DEAIL/ RNR ouTPC21LC
COMMON /2P 1/ SMAPPP, HR, SMAPPH, HF, UNARAR, UNARAE, A4, AJ, WCO, OUTPC21S
| URARE, UBARR, UTHE, AE, AR, ATHE, THEL, ENE, TFEN, EFE, FFR, THEHQUTPG22C
2T, HC2, HCI1, CC2, CC1, POCSTZ, PCCSTI, ALPEAR, PNC2, PNCIl, CCCAP2,CUTPC225
3 CCCAPI, SITE2, SITEl, wAIT2, WAIT!, ESZ2, ESI, EA2, EAI, CUTPL23C
4y BHC2, BHC!, VPC2, VPCIl, U3PH, FEC2, EECI, PO, CC2, CCl, OUTPL23%
5 $C¥2, scMi, C€IBC2, CIRC!, NEA2, DEA, TC2, TCi, CAPII, QUTPC24C
6 CAPI2, CAPI3, PO, HSt, P¥(C, EEC, VPC, SITE, WAIT, OUTPL24S
7 ES, FA, (CIBC, BHC, CCCAP, CCSTIN, WEIRC, CRANE, PLDG, ouTPL25C
8 DEACST, PMCPO, PM™CFLC, RETUR2, RETUB!I, CPREQUIND), ANSC2, ouTPC255
9 AMSCI CUTPL26C
COMMON/JAN I8 /WP | CUTPL265
COMMON /JAN 2T /Wit SUNMALP, SLMCH, WPNK,CPSN,CPSNK ouTPL2TC
CIMENSION ALPHAL1CD) pUTPLC2TS
NN AN TO TAL OUTPL2RLC

FIGURE 6 (Contimued)
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NNKHENN-NK ouytTPC285
C{ 1) #CCF CUTPLCZ29C
CSURP #2.0%AMBN/ (ACPSN+ACP TRK) cuTPLC295
PLPA#SUMLS QuTPCAnC
PNPH#SUMN QUTPC30S
WRITE (6,8000)( TITLE(I),I4£1,12) ouTeL 3L
ACOC FORMATLIME 12A6) CuUTPC 315
WPMWP 1 4WP {NTOTAL+2)-WPI guTpL32C
W HWPMKP] ouTPL 325
WP IAWP 1%2 ,90 233 QUTPLA3C
WPMWP 1 HWPMWP 1%2,.90333 ouTRC 335
WLy HWPINTOTAL+2))%2,5[333 QuUTPC3UE
WRITE (6, 8005)WP1,WPMWP T, RZIY QUTPL 345
WP I#WP1/2.90333 QUTPE35C
8005 FORMAT(IHD, 1 7THPRODUCT AROVF-G5PD,E1T7.64,3X,1 THPROCUCT FRCM SENS, QUTPCSSS
1E20.%, 23Xy 22HTOTAL PRODUCT RATE-GPELE20.7) CUTPE36LC
WRITE (648C1C)FFHL,SMALLD 4 TOTAL,,CAPF ,SMALLR,TSTERMM, SMALLE, QUTP(365
I SMALL P, THF,HD s SMAPPD ouTPC37C
801 C FORMAT(IHO, 37X, 21HEVAP HEAT LCSS  (PCTICUTPLATS
I TXF 8.3, UXIS5HPOWER ($/KkW HRIITXFIP.6/ ouTPC 8L
213H TOTAL STAGESIUXFR.C,3XITHPLANT LCAD FACTCR 8XF10.4,5X OUTPRO3RS
313MHEAT (S/MBTUMITXFI12.6/11H STEAM TEMPILXFIT.243X, ouTPCA9C
B EHPUMP FFFITXFID. L SXTTHANKUAL CAP [ /YEARTUX,FIOLU/ CUTPLC395
S15H MAX BRINE TEMP ICX FI1C.2,3X | 3HDELIVERY HEAD J4XF 8.2,5X QUTPCUCL
6 2BHEVAP AND REJ RETUBING CHARGE Flu.6) ouUTPCUNS
WRITE (6,8C15)T04HR, SMAPPH,; TA,HELUNARAR,CO,HH,UNARAE,CP,FEL,A3 CQUTPCHIC
8015 FORMAT(IIH OCEAN TEMP F24.2, 3X1 IHRFEJECT HEADIUXFID.2,5X ouUTPLUILS
| 22HHEATER RETUBING CHARGE F2C.0, /1 3H AMBIENT TEMPIZ2XFID.2,CUTPOU2EC
23X IHEVAP HEAD, 16X FIC.2,5X20HRZEJECT AREA (&/SCFT) 99X Fl 1.4/ QUTPCH25
320H SEA WATER SALT CONCSXFIDe5, 53X, 1 HHEATER HEACIUXFIO.2,5%, DUTPENZC
LIBHEVAP AREA (4/SQFT)I2X,FiD0.4/ OUTPCU35
5184 PRODUCT SALT CONCTXFIT.5,3X13HRLCWDCWN HEAD 12X F10.2,5X QUTP U0
621THBRINE HEATER {4/SQFT) 99X Fll.H) CUTPLLLS
WRITE (5,8020)CRyHPR,AL,,P,2P4Ad, RATEIN,Q,SSF1,TP,WPL, QuUTPCHSD
ICSLTBH,CSL TRP CUTPCYHSS
8020 FORMAT(21H CONC RATIO C(B)/C{CIUXFI0.5,3X)12HPRCCUCT KEACIZ2XFI11.2,50UTPRUsC
I1X25HBRINE HEATER SHELL $/SCFT  Fl5.4 QUTPCH6S
2 /16H RECCVER RATIO POXFION.G/ QUTPCHTL
4 18H PERFIRMANCE RATIOTXFIC. 3, 3XIHHIGHER COSTISXFIO Ul X, QUTPLLTS
S 13HINTEREST RATE 16X, Fllou/ cuUTPCuaC
625H REJECT/EVAP TUBFE FLOW Co. F10.%,3X, SUTPCULES

7 23HHEATER HEAT LOSS (PCT) 3XF 2.2,5X 12HPROCUCT TEVMP 17X Fl 1.3/ QUTPCH9C
8114 PLANT LIFE 14X FI0.123%, I7HTUPE LIFE, HEATER TXFID.2, 7X, OUTPCU9S

9 1AHTURE LIFE, EVAP, 11X FI0.2) CUTPCSIC
WRITE (6,8025)SHySE,SRHyHIKTH BIKTEWRIKTR,VH,VE, VR, CUTPESTS
| DOH, DOE.DORyDIHyDIEZDTRyRHy RE, RSRyRHONK QUTPOSID
2 RHIK g WFa WF s WO s NK s NNK s URARH,, LEARE , UBARR, QUTPCS!S
3 AHpAEZARSHLHELE ,RLR HN,ENE yRNR,y oyTePCs2C
LHBH, HFE, HFR QUTPES25
8025 FORVMAT{IHO30XI2HBRINE HEATER 9% ICHEVAPCRATOR |13X6HREJECT CUTPES30
| /V6HOFLOONING FACTGR W4X3F20.2/7 QUTPLCS35
2184 TURE CONDUCTIVITY2X3F20.2/14H TUBE VELCCITY AX3F23.2/ cuTePISuD
38H TUBL J2D12X3F20.5/8H TUBEZ TDI2X3F201.5/ OUTPCSALS
4 15H FOULING FACTOR 5X3F20.a/204 TEMP CROP/STAGE REC20X2F20.7/CUTPCS50
516H TULE FLOW LB/HRuX3E20.¥/13H NC OF STAGES 27X2120/ QUTPLS55
620H HEAT TRANSFER COEF 2E20.8/15H CONDENSER AREASX3E23.8/ OUTPCH6E
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712H TUPE LENGTHSX3C2C.R/128 NC (F TURES?X3020.8/ CUTPLH65
8I15H TUEE HEAD LOSS SX3EZ20.:) QUTPESHTC
IFCERRYIT1S, 10,115 CUTPLSTS

100 WRITE (6,81030) QuTPCSEL
8030 FORMAT{ IHOI2XUHCOST25X6KS /YEARI 3XAHE/KGAL ) oureLhH8sS
WRITE {6,803S)YHC29yHL 1 ,PN,CL2,CC1,RPN,POCST2,PCCSTI,ALPRAR, PNMC2, QUTPCHSC

! PMC 1, HAROM,CCLAP2,CCCAP! QUTPLS9S
2035 FORMAT(SHOHEAT 28X 2E2C.8,3X211IRECCVERY RATIC (CALCIUXF16.5/ QuTPCAOLC
19H CHEMICALZ2UX2E20.%y 3X2LHPERFCRMANCE RATIO (CALCIFIT, 3/ QuTeC6enNS
228H POWER 5X2820.8,3X22HAVFE BOILING PQINT RISOQUTPLSGIC
3E F19.3/ I TH CUMES ANC MOTCRS 16X2E27.8,0UTPCAIS
43X23HAVE THERMAL FORCE/STASE FI9R,3/23H CAP CHEWV CUTPL62C
510X 2E20.8) CUTPLE25
WRITE (6,8040)SITE2,SITEITBWATT2,WAITI, CUTPC63C

ITCF 4 ES2,ESH, EA2,EA),BHLCZ,BHCI QUTPA3S
BO40O FORMAT(IOH SITE WORK23X,2E200.8,3X,13HBLOWDCWN TENP  F28.3/ QUTPCOHLL
T11H SEA-INTAKEZ2X2:2C.#2, QUTPCALS

2 3X22HDBRINE TEMP INTO HEATFR F16G,3/ OUTPC65C
317H EVAPIRATOR SHELL I 6X2E20. 6, 4X/ QUTPCASS
416H EVAP)RATOR AREAITX2:2C.8/ QUTPCALC
513K BRINE HEATER2(OX2£2C.8) QUTPL66S
WRITE (6,80u5)VPC2,VPCI UBPH,,EFC2,FECT yPOyCC2,4CC1 o WZ,;SCH2,SCNMI, oUTPROGTC

! WR,CIBC2,CIPC1,WCDFA2,DEAI ,TC2,TCl yWB,WY,CAPI},CAPI2,CAP]2 OUTPCATS
8045 FORMATI(I8H VALVES A%D PIPINMGISXZ2E2M,8,3X134U—-BAR AVERAGE F28,2/ ouTpCseC
I15H ELEC EQUIPMENTIAX,22C. By 3XI BHPOWER (MEGA-WATTS) 7XF16.3/ QuUTPCERS
215H OPCRATING COSTISX2£20.4, 3X2CHPROCUCT RATE (LB/HR)S5XEI6.8/ ouTPC6OL
325H VAINTENANCE ANC SUPPLISS 8X2E20.8,3X20HRECYCLE FLOW (LR/HR) QUTPL 695
LSXEI6.6/36H CRANES, INSTRU, RUILDINGS, CCNCRETE F17.8,£20.8, 3X OUTPL7CC
S2UHSEA WATER RETURN {L2/HR) £17.8 /10H TEACRATCR 23X 2£20.8/ QUTRLC7CS
611H TOTAL COST 22X  2E2(.8,3X CUTPL7IC
T21HBLIWDIWN FLOW (LR/HRIUXT ) 6. 8/TAXI BHSTEAY FLCw {LB/KR)ITXEI6.8/1HOUTPLTIS
BC/u6X IHS15X5HS /GPOTUXEHS/KSAL/1I9H CAPITAL INVESTNMENT 14X3E20.8) ouTpC72C
WRITE (6,805C1P03,HS1,PNC#EL,VPC,SITE,WAIT,ES,F4,CIBC,PHC ,CCSTCMOUTPCT2S

! » CCCAP,COSTIN  ,WEIRC,CRANF,BLNG,DEACST,PNCFC,PNCFLC cuTPr73C
A050 FORMAT(IHII9HDEAERATOR POW R, MwWEI1A.B8,3XIARHSTAGE | PRESS KEACIIX,EQUTPL735
116.8/71F 16HPUMPS AND MOTORS R19.8,3X, I bHELEC EQUIPMENT CUTPCTUQ
215X, E16.8, 2X QUTPLC 745
21THVALVES AND PIPINGE16.8/10H SITF WCRKE26.8,3X CUTPC7S5C
312HAATER INTAKEI7TXE16.8, 3XI 7THSHELL, DMSTR,WEIR El6.8/ QUTPE 755
W16H EVAPDRATOR AREAF20.¢,3A29HCRANES INSTRU, PLLG, CCNCRETE E16.8,0UTPL76C

5 3%y 1 2FBRINE HEATER E£21.8/ (Y DEMISTER 10X E16.8,3X QUTPL 7565
618HCHEM SYS CAP COST 11X T1E.R,3XITHINSTRUMENTATICN Ei6.8/ QUTPRTTE

7 6H WEIRS ITUXEl6.8, 3XH6HCRANE  23XF1 6.8, 3XIOHBUILDINGS 7XE16.8/ OUTPCTTS
8 11H DEAERATOR  9XE16.R, 3XIIHYCTCR CCST I18XEl4H.8, ouTPC78C

9 3X10KPUMP COST  7XF16.¢) ouTPCT7AS
WRITE (6,8M55)RETURZ,RETUPI CUTRPL79C

8055 FORMAT{IHO, | EHRETUR CHARGE(S/YR)},F15.645X%, QUTPCTIS
1 20HRETUB CHARGE($/KGAL) ,E23.06) gutpPCRCC
RSHELLAHSTR*®ALE VHRLRY [(WTMR+2.C*EWR) OUTPCRCS
ESHELLAHSTEXALEVRELE* (WTNMI+2.7%BWE) ouTPCRIC
VOLMABESHELL+RSHELL ouTpCcALs
WRITE (6,8C6CIAMODU,ALEV, TSTH,FREPD, TWFA,SPL,RCEPHHST,SSF2,CCEFA,QUTPLCR2C

! ESHELL,RSHFLL ,BWE ,BWR WT¥E ,WTFR,HSTE,HSTR ouTPCR2S
BO6C FORMAT{I5H NG. OF MODULES 5X El6.8, 3X 17HNO CF TRAY LEVELS 12X cQuTpLe3p
1E16.8, 3X 2UHTUBE SHEET THICKN:ESS IN F9.u/15H FREE BCARC, FT 5X QuUTPCR3S

2E1648, 32X 1 THTRAY WIOTH FACTOR 12X £16.8, 3X 23HSPLASK PLATE LENGTHOUTP{FAUD

FIGURE 6 (Continued)
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3, IN F10.2/ 16H BRINE DEPTH, FT 4X El16.8, 3X 12HLEVEL HEIGHT 17X
b El6.8y3X 23HMAX TRAY FLOW Fl10.3/7 7H COEF A 13X F16.3/
SIHO30X 13H FOR | MODULE /I8H EVAP SHELL VOLUMEZXE16.9,3X
6 19HREJECT SHELL VOLUME IGX E16.8/24H FVAP TUBE BUNE WID (FT)
2F12.4
713Xy 22EREJ TURE BUND WID (FT),F23.1/
85H WTME 14X E16.8,3X UHWTMR 25XF1 6.8/ 5H HSTE,I4X,EI16.8,3X,
UHHSTR,25X,E16.8)
RESA#TRAYWD({NTOTAL )* (RLR~FLOAT{NTCTAL -NK—-1)%*0.5)%ALEV*AMOCU
EFSAETRAYWDINK)*(ELE-FLCATINK-1)*(.5) *ALEV*ANCDU
AME#WTME® (BDEPH-0.25)
AMR#WTMR* { BDEPH—-1.25)
WRITE (6,8065)EFSARFSA JAME ,ANMR LCL

8065 FORMAT(IHO, ! BHEVAP FLASHING ARFA,E1T7.643X,

1as

120HREJECT FLASHING AREA,9X,E16.8/1H ,
224 HMAX AREA OF ORIFICE-EVAP,FI1.5,3X%,
326HMAX AREA OF ORIFICE-REJSCT,E19.8/
4L1H IBHORIFICE LOSS COEFF,Fi1b6.4)
CO 105 I#1,NK
1145
CALL DINTPL(TS(I),C(I),RHOR)
CPREQUIIACL/ (92664 112%RHOBY* (WS(T) 7{3600.04AME*AMODU*ALEVY ) ) %%2
CONT INUE
JNKHENK +]
COLID THINK,NTOTAL
1145
CALL DINTPLUTS(I),ClI)yRHORB)
CPREQUINACL/ (92664 1 12%RHORI= (WS (I} /(3600 0AMREANODUSALEV ) ) #%2
CONTINUE
CONTINUE
WRITE (46,8000 TITLE(I) 141,12)
CALL QUTPUX
RETURN
END

FIGURE 6 (Continued)

D9s2¢&r767

OUTPCAYS
OUTPCRSC
oUTPLAR5S
QUTPOBLL
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SUBRJUTINE OLTPUX CuUTPONOS

C*ext QUTPUT FOR NORITAKE 8725765 ouTPC2IC
COMMON/TEMPC/TSTEAM,TS(10C), THE, TP, XTR, TCLTPyTALCCHCP CUTPENLS
COMMON/TUBING/ DOH,DIM,COESDIEZCORZDIR, Al yA2,A3,BIKTF,EIKTE, gurpir2c
JRIKTR,CSLTBH,CSLTBP,L,LSLTBR ouTPC2S
COMMON/SUBMAR/IDEMST,SURA (10C) ouTPLCO3LC
COMMON/MARH2(/NTOT I ouTPCr35

COMMON/TCVLI/ ACPSN, ACPSNK, ACPTNK,CPBT,CPTK, CPTNK AMEN,TCF,WX, QUTPOOUC
IWF WD, CBy WC,y WBy WR,H,RHONK, RHOK, ERR,CCF, NITER, AK,NTQTAL, PN,RPN,QUTPCNUS

27Cy ALPHAl, WPN, DELCT, DELST, IGSC, SM3Q, SUMA, TK ouTPoCSsE
COMMON/TCVLZ2/ TTDCICCY,SMTOILOY, SMT2(170), CTLINO)Y, WSCIOD), CUTRCOSS
ICC100), TVIICO) sy WVYITE), wHOILD) , WP(ITID), AS{ITO),,SLS(I0D) QUTPCLAC
COMMON/STAGE 1/ A(I10T)CFMwVIICDY, CFMWZ{I0T), UBAR(IOD), CM(IDD), QUTPLNES
THOUIACY HICICO) oWWESTICE) ,vVEVIDD), TRAYFLOIOOD) ,TRAYWC(IDT), ourPgOTl
2RESIDTCID0), PV(IOD),DELP(IDCY, DTPOPS(IDD) ‘ QUTPLCNOTS
COMMON/DMSTI/ AREADM{ICC) ,OPTO¥(ICO) ,DTCMOINGY, CPROC(ION),WICCMIIQUTPCOAL
1CO) QUTPCNRS
COMMON/CONDI/ DPINIT(ICL) , DTINIT(100), DPCLR(IOM), CTCLROIDO), cuUTPLCOC
1BTONDC100) CUTPCLYS

COMMON/STAGE2/ AH, RARGM,BWE 4BWR,COSTOM ,ELZ,ESHELL 4HBH,FELFELHBLR, CQUTPCIOC
IHLH, HNOE, HMOR,HN, HSTE, HSTR, JJ, KK, RLR, RSHELL, TENCE,TENCR, QUTPRIOS

2UBARH, VBLE,VBLR,VNRE, VNCR, WTME, WIMR, WY QUTPLIIC
COMMON /MAINI/ SSF, HFG CUTPC115
COMMON /ST5G1/ ATR, BTR, CTRy CTA ouTtPCI2C
COMMON /STG2/HOH, PR, DENBR{ICC), SUMLS, wWVST(100), CO, CI, R, Sy OUTPCI25
I Vs TVTTUI00)y ZUIGC),y HV, HSOICD), wWBSOIOD) ouTPCH3C
COMMON /CSTI1/ ASIEV, ANPLAT, SLPLAT, APLAT QUTPC135
COMMON/AMISC/CPSTB,FACTDACACID,,DPLIM A5 )AT o XSOC  XNNNyNNN,XLLL,LLLOUTPSILD
COMMON /CNDR I/ NERR, CCOR{3), K QUTPOILS
COMMON /DEMI1/ SLKP2, SUMDMA, TONMP(IOO), APTSE, VCLM, APTSR QUTPRC 150
COMMON /DEM3/ ARGZU15) QUTIPLISS
COMMON/AZ I /DTPDP IO ,TITL-(15) outeCiseC
COMMION /DEAILC/ RNR QUTP 165

COMMON /3P 1/ SMAPPP, HR, SHAPPH, HE, UNARAR, UNARAE, AW, AJ, WCO, OQUTPCITC
UBARE, UBARR, UTHE, AE, AR, ATHE, THEL, ENE, THEN, FFE, FFR, THEHOUTPCI75

!
2Ty HC2y HCIl, CC2y CCly POCST2y POCSTI, ALPEAR, PM(2, PNCIl, CCCAP2,0UTPLIAC
3 CCCAP}y SITE2, SITEl, WAIT2, WAIT|, ES2, ES!, EA2, EAIl, QuUTPC 185
4 BHC2, BHCI, vPL2, VvPCIH, UL®PH, EEC2, EEC1, PO, CC2, CCl, cutTPOIOC
5 SCv2, s¢mi, cCIpCc2, CIBCI, TEA2, DBEAL, TC2, TCI, CAPl I, CuUTPLIBS
6 CAPT2, CAPI3, P03, S, PNC, EECy VPC, SITE, WAIT, ouUTPC20C
T ES, EA, cIisC, ©BHC, CCCAP, CCSTIN, wWEIRCy CRANE, BLDG, oUTPC20S
& DFACST, PMCPO, PMCFLO, RETLR2, RETUR} , CPREQ(!1DOD), ANSC2, QUTPC21IC
3 AMSCH QuUTPCZIS
CIMENSION ALPHA(101) QuUTPC22C
IDEMSTHD QUTPT225
DECALCHD.D QUTPC23C
NTOT 1 ANTIO TAL +1 ouTPLC235
NN#NTOTAL QUTPL2LL
NNK#NN~NK CUTPLC215S
WRITE (6,8000) QUTPL25C
8CO0 FORMAT(OHOSTAGE 2X 3HTTDOXPHLTSX2HCI 6X2HC2 I0X2HGN QUTPLE255
| 9XUHUBARSX2HHI 6X2HHU TX2ZHOMGX2HA ST X2HL S XTHW~W SF QUTPL2ALC
2714 ) QUTPL 265
WRITE (680053 (I, TTD(I)LT(I)HC(I),C(I+1),CH(I), UBAR{ 1), HIQUTPC27C
TCIYs HOCT) o OM{I ) gASCII) pSESTT) ¢WWFS (1) ,1 41 ,NTOTAL) ouUTPR275
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B005 FORMATIIU,FB. U, 3FB.S,E1 B UFE, 2, FIU,6,FR,3,E(L.6) cuUTPL2C
IF(DECALC.EG.1.N) GC TC 1C7 CUTPL285
[ENTOTAL+1 ouUTPC29LC
WRAITE (648CHNITZCTLI)HC (T4 1) 3 CHLT) JURARLT) yHI (1) 4 HC(T),C¥{ 1), AS(QUTPC295
ITYySLSUT) CUTPC3LCC
E01C FORMAT{I14,8X,2F8.5, BX,t16.8,4F2,.2,E14,6,F3,3) ouTPLC3nNs
100 WRITE (6,8045)( TITLE(T) 1 ,412) ouTPC310
WRITE (6,8C15) cuTPL 315

8015 FORMAT(O6HOSTAGESX2HWVIUXBHLSZ I 3X3HWP2IDY3HIV25X 3HTST 5X GUTPC 320

I BHTS25X2HTI6X2BT23X9HBRINE CFM 33X QHPRAD MFM /e ) QuUTPL325
WRITE {6,8020) (T wVII)ywSII+ 1)y wPUT+1)yTVII+1),TS{I), TSII+1),SMT{OUTPC3I3C
JI)oSMT2(T )y CRMWY LT Y,CPMWZIT ) 41 %) ,NTOTAL) ouTPC 225
802C FORMAT(IL, 2E16.8,5FR,2, 2E1L.6) QUTPLC3LL
IF(DECALC.EQ.1.0) %52 T2 105 GUTPE34S
IANTOTAL+) CUTPO3SC
WALTHE (648029 1, wWVIT) WP{T+1),TV{I+1),SMT(I),S¥T2(1) QUTPC 355

RO025 FORMAT(TIU,E16.8, 16X,E16.8,FB.2,16%, 2F8,2) QUTPC 36D
VEV(I)40.0 QUTPLC 365
TRAYFL(OII#0.0 QUTPO37C
TRAYWD(I)HE.L QUTPC 375
RESIDT(I)40.1 ouTPC 38C
DELP( 1}#0.0D ouTe(3gs
EPREQE 1)#0 .0 CUTPEA9C
AL T)#0.0 QUTP395

10S CO 110 TH1,NTOT oureGudc
PED ALPHACT)ETSOI+)=TV(I+1) cutTeCyLnsS
ALPHA(NTIT ) #0000 OUTPCUIC
WRITE (6,804S)( TITLE(L),I1%),12) QUTPCLHIS
WRITE (4, BC30)0(T,VVEV(T),TPAYFL{I) s TRAYWD(I},RESICT(I), PV(I),DELOUTPCu2(C
IPLI) 4 OPREQUIN»ACT) ZALPHALT), LTPLPS(T ) I %1, NTOTI ) OUTPCH2S
8030 FORMATI{24HNONE LEVEL OF ONF NMODLLE /7X IDHVAPCR VEL 2X QHTRAQUTPLD4ZC
IY FLOW 3X 1OHTRAY WIDTH 3% EHRES TIMELAX LHDELP 8X UWRCELP/ OUTPGA3S5

2 6H STAGE 3X 6HFT/SOUTPCLUQ

3EC 6X HLB/HR FT  6X 2HFT (X SHSEC 10Y 2HPV 6X9HAVATLABLE uX QUTPLuLS
UEBHREQUIREL 8X I1HA 8X SHELPHA 2 X WHDTPD QUTPOUSC

5 FAIH FUIRaFI2.0604E 1 ha642F 11 6,4E12.5,F8.3,F5.2)) QUTPLCLSS
WRITE (6,8345)( TITLE(IY,T%1,12) QUTPLUGL
WRITE (6,87340C) CUTPCu6S
WRITE (648035)(1,ARFEADM(I),DPTRM(T),CTON(I), CPRCOD(T),WIQUTPCHTC
ICDM{T),141,NTOTI ) QUTPCLTS
8035 FORMAT(I6,5E16.R) ouTpPCuaCc
B0U0 FORYMAT{G6HOSTAGE 5X 7HAREA TM 12X SHDPTIDBM 12X LEDTDM 12X ouTPCHAS
I SHCPROD 12X S5HWIDD™ ) CUTPLCHIC
WRITE (6,80u5)( TITLE(L},T%1,12) CUTPCHUIS

KOME FORMAT(IH] 12A6) guTeCsNC
WRITE (6,805C)YD0E, TENOE ,YNOE yHNCE 4 XSCD, VBLEZHPLE,BWE ouUTPLSES

B050 FORMATIIHO 35H TUBF BUNDLF IN FVAPCRATOR SSCTICA / ouUTPCSIC

FIHO X 16HTUBE 0D, INCHES 2X El13.6,4X% [ AHNC OF TUBES/BNCLE E€13.6/0UTPCS15

2 1H 4X 9HVERT ROWS 9X EJ13.4, 44X 11HHCRIZ7 RCwWS 7X EI3.6, ouTPOS2C

3 uxX 10rS/D RATIC AX EIl3.6/ IH uX I4HBUNDLE HT, FT 4X E13.6, CUTPLS25

b ouX 18+RUNCLE WIDTH, FT El3.6, X 18HBUNDCLE WICTH + 3 E13.6) OuT2C53C
WRITE {(6,B055)C0R, TBNGR, VNCR, HNOR, YSOL, VEBLR, FBLR, BWR QUTPCS35

8055 FORMAT(IHO 3CHTUBE PUNDLE IN RUJECT SECTION / QUTPCSUL
PIHD kX J6HTUBE 0D, INCHES 2X El13,6,4X | 8HNC OF TUBES/BNCLE E13.6/0UTPLSUS

2 1M uX 9HVERT ROWS 9X C£i13.6, 4X | IHHCRI7 ROWS 7X E13.6, CUTPLSSC

3 bX 10HS/D RATIO 8X El2.67/ IH uX IuHBUNDLE HT, FT 44X E13.6, QUTPL5S555

FIGURE 6 (Continued)
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4 4X |8HBUNDLE WIDTH, FT E13.6, 4X IBHBUNDLE WICTH + 3 £13.6) ouUTPOSEL
IF(IDEMST.EQ.1) GO TO 115 ouUTPO565
WRITE (64806C)(IyDPINIT(I),DTINIT(I),DPCLR(I),DTCLR{T), DTCND(I),I0UTPOS70
1#1,NTOTH ) QUTPCSTS
8060 FORMAT(3H 1 5X 6HDPINIT 10X SHOTINIT 17IX6HDPCLR 10X 6HDTCLR CUTPCS5BC
I 10X 6HDTCND / oUTPCS58S
2 (15,5€16.8)) ouTPOS9G
GO TD 120 QUTPLS95
115 WRITE (6,8065)(1,DPINIT(I},DVINIT(I),OPCLR{I},DTCLR(I}, OTCNC{(T), OUTPT6OD
ISUBA{T)I#1,NTOT1) ouTPg60s5
8065 FORMAT(3H I 5X 6HDPINIT {C0X HHDTINIT I111X6HEPCLR 10X 6FLTCLR ouTPCHIL
I 10X 6EDTCND 10X WHSUE / QUTPLAILS

2 (15,6K16.8)) ouUTPCH2C

120 RETURN QUTPC625
END ouUTPOG630

FIGURE 6 (Continued)
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$ORIGIN COSTLY,REW cstveeac
$IBFTC CSTVP DECK CSTVLELS

FIGURE 6 (Continued)
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SUBRDUTINE COSTVC (DB yPRy VS, AUNIT,,TSE,SMAP,QIN, TS, CSTVCGIC
IWSsWS3,PDTOT,AS,AD,PMSTMC L,CAPF,WST yGVTE,VSUC4HPVC, CSTVCNIS
2TRBOUT2,WR2 4 WF2,WP2, GMSK LLENS,LEND,SMAILE,SITE,CAPII, csrTvoe2c
B3WSTEAM,VOLDIS,TC2,TC 1, PRIVMWT,RCAPC,ETPLEFFCYC) CSTVCL25

COMMON /P 1/ SMAPPP, HR, SMAPPH, HE, UNARAR, UNARAE, Ak, A) CSTVECN3C

COMMON/ECON/ SMALLE ,SMALLD ,SMALLR, SMALLP,RATEIN,WwPLy CAPF,THERM, CSTVEAa35
1PMSTMC CSTVCOuC

REAL LEND,LENS CSTVLCAS

GTOTHGMSF+GVTE CSTVLGSC

CSTVGU55

BWR REACTOR CALCULATIONS (MARCH 13,1967) CSTVLESC

CSTVLES

FUEL COST CSTVLR7C
FUEL #8.81 +2¢6,7 *RATEIN CSTVLAT7S
CsTvCoag

FIXED CHARGES CSTVLOES
FIXCH#8/ 20%SMAP/ ((PRIMWT/ 10N, ) #%.244) CSTVCLOC
CSTVLE9S

CsSTVvCICC

OPERATING AND MAINT CSTVC IS
XOPERHAY .35 #SMAPx%,232] /((PRINMWT/IDOC.) 22,314 ) CSTvC1IC
PMSTUCH(FUEL +FIXC +X0PER) /170, CSTVC 1S
cSTvC12C

COLLINS REPORT CSTVC125
SMALLCHD CSTVC13C
SMALLBYB CSTVC125
CSTVCInG

COMPRESSOR COST CSTVCIuS
CSTVCi5C

MOYERS COMPRESSOR COST CORRELATICN CSTVO155

CCHU I JC2ES+( 1392 %[ {HPVC/ (AUNTT*1.FE3) ) #%4,855) %ySUC** ,TU b )/ PR*% CSTVC16C
10 177 )%AUNTT*®AY CSTVL1AS

CCY#CCxSMAP csTvCire

COMUNTHCC/AUNIT CSTVCIT7H

csTvLinc
FOUNDATION FOR COMPRESSOR csTvL185
CSTVCLiQC
COFJUNAD. 1 2856%HPVC®*AJ CSTVCIi95
COFDY#COFJOUN%SMAP CSTVC2M0
CSTVC2EC5
csTvc21C

TURBINE COST CSTVC215

csrvii2z20

AMWT H{ TBOUTZ24POTOT)*, TH6/2.546E6 CSTVL225

TURBL #-.85E-U4 *T7S5+,3265 CSTVO23C

TURBN #. I1BE-LU%TS+.6614 csTv0235

TPOWHAMWT /AUNIT CSTvC2ug

TURHF{ TURBK®:{ TPOW**TURBN )~ I 4, U+ { (TPCW/ 1007 ) ¥*, 78821 ) # 1 JE6*AUNITRCSTVL 245
1 AJ CSTvC25C

TURCSTHTUR *SMAP CSTVEL255

TURUNTHTUR/AUNIT CSTVED26C

TCSTPATUR®WS 3/WS CSTVL265

TCSTCA#TUR-TCSTP csTvazrc

CSTVE275

GENERATOR COST csTveC28e

FIGURE 6 (Continued)
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CSTVP - EFN SCURCE STATEMENT -~ TFENLS)

POGENH#POTO T* o746/ {AUNT T L0 *2545,)

GENAL Ih uuWk (POGEN/TCCC. ) %%, 7852) 2| JE6XAUNTT®AY
GENCSTHGEN*SMAP

GENUNT#GEN /AUNIT

COST OF EVAPORATORS

ASSUME TURE LIFE#1S5 YEARS AND PLANT LIFE 30 YEARS
SMAPPH.(03211
TUBING PURCHASE PRICE
Al #2437
COST OF INSTALLATION AND RETUMING
£243.05
EVCHLASHAD )= A2%A Y
EVCSTH{AS+AD IRSMAPRADKA J+ (AS+AT )X SMAPPRA]
SHFELL CCST

SHELL#L.7QUx {AD+AS) *AJ
SHE_LYSHELL*SMAP

COMPRESSOR DUCTING COST

CUCT#.051599*%VS*A Y
CUCTY #CUC TxSMAPR

VTE BRINE PUMPS
PUMP 43,60 3E6%(WE2/3HELAEG) 5T, 9%AY
PUMPY #PUMP #SMAP

VALVES AND PIPING

FEED MSf TO VvTE

PIPEFH#I25TEE*WF2/512,5c6 *AJ
PIPEFY 4P IPEF ¥ SMAP

BLOWDOWN VALVES AND PIPING

PIPEBH.]130E6XWR2/306.6F6 %A
PIPERY AP IPER®SMAP

PRODJUCT VALVES AND PIPING

PIPEP#. JuU2E6#WP2/126, 806 *A
PIPEPY 4P IPEP #SMAD

VAPOR COMP DISCH PIPING

PIPVCH#1.60392E6%xVOLUIS/I15.283E6%AY
PIPVCYH4PIPVC*SMAP

TURE EXFAUST STEAM TO BRINE HTR PIPING

FIGURE 6 (Continued)
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LSTYL?2RS5
CSTvC29C
CSTVL295
CSTV(C3GL
CSTvO3CS
CSTVC3IC
CSTVC 315
cstvesac
CSTvL 228
CSTVC33C
CSTVLC 335
CSTvC3ng
CSTVC34S
CSTvC3s5C
CSTVC355
CSTVC36(C
CSTVL 365
CSTVC3TC
CSTVCATS
CSTVC3RC
csTvLs8s
CSTVE39C
CSTVIL 365
csTveune
CSTVCHEOS
CSTVCHIC
CSTVCLIS
CSTvCu2C
CSTVC425
CSTVCuH3C
CSTVCu35
CSTVChuC
CSTVCubuS
CSTvCus0
CSTVLCUSS
CSTVCu6C
CSTVCuU6S
csTvoure
CSTVCHT75
CSTVCLAC
CSTVCugs
CSTVChu9O
CSTVCu95
CSTvCs0r
CSTVCSCS
CSTVCSIC
CSTVCSI S
CSTvC52C
CSTVCH25
CSTVCS3C
CSTVL535
CSTVCSHL
CSTVC545
CSTVCSSC
CSTVCS55
CSTVES6C
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csTvp - EFN SOURCE STATEMENT -~ IFNIS) -~

PIPTURH#.38356E6+WSTEAM/ .1 C2245F 8%AyY
PIPTRYH#PIPTUR®SMAP

PIPTH#P IPEF+P IPER+PIPEP+PIPVC+PIPTLR
PIPTY#PIPEFY+PIPEBY+PIPEPY+PIPVCY+PIPTRY

SITE WORK

SITEWASITEXGVTE/GMSFE *Ay
SITEYASITEWXSMAP

ELECTRICAL EQUIPMENT

POVTE#3 . THTTE-IN¥WR2X (LENS+LEND+2C. ) /SMALLE
EECVTEH#.O0326E6%POVTE  *AJ
EECVTYHEECVTE*SMAP

CRANES AND BLDG, INSTRU

COSINSH3ITOUC* (WP2/126.8BE6) *%[.6%AY
COSINYH#COSINS®SMAP

OPERATING COST,$/YEAR
OPERY#L. 11 04E6* ((GVTE4GMSF)* 1, CE~5) %%0. 323847500,

CAPTOTHCC+ TURAGENHEVC+CCFOUN+ SHELL+PUMP
14PIPT +SITEW+EECVTEHCCSINS+OUCT

MAINT AND SUPPLIES

COSMAY#.006%(CAPTOT+CAPTY)
COST OF STEAM TO BRINE HEATER

SMALLBUPMSTMCH{ 1. ~EFFCYC/ETP) /UL ~EFFCYC)={{. 101 %AJ%SMAF
1 %{ 1 ~ETP)*EFFCYC ) /LETP*CAVF))

COST OF ON-SITE POWER

ELSTMYPMSTMC*QIN*® | L F— 6% WSI/WSHEFFCYC/ETD
1%#8760.%CAPF
CONCSTH#3,0217TE3X{(POTOT* 744/ LITC0.#2545.) ) (1 .-ETP)}/ETP
| *SMAP

ELCSTHELSTMHCONCSTHGENC STHTC STPXSMAP
SMALLDHELCST/(8.TOELXCAPFRPOTCT*, 7Thé /(1 7700.%2545.))
HTYCST24PMSTMC®QIN*®I LE-6 ¥A760. *¥CAPF
FACTOR#2. 739726/ L CAPF®(GVTE+GNSF) )
HYCS<GH#HTCST2%FALCTOR

CCKGH#CLY®FAC TOR

TURCKGH#TURCST*FACTOR

EVCCGHRZVYCST*FACTOR

ELCKGHAELCST®*FACTOR

GENCGHGENC ST*FACTOR

CUCTK GHDUC TY#FACTOR

COFOKGHCOFOY*FACTOR

SHELX G#SHELLY*FACTOR

PUMPK GAPUMPY*FACTOR

FIGURE 6 (Continued)
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CSTVESHS
CSTVESTC
CSTVD575
csTvessd
CSTVES585
CSTVES9C
CSTVES9S
CSTVO6OC
CSTVEANS
CSTVCSIC
CSTVAILS
CSTVCH2C
CsSTvCa25
CSTVE6H3C
CSTVCA3S
CsTvCoun
CSTVG U5
CSTVL65C
CSTVE 655
CSTVL 460
CSTVD 665
CSTVRSTC
CSTVOSTS
csTvoeng
CSTVESES
CSTVL 69T
CSTVLH95
csTvarec
CSTVCTES
CSTvETIC
CSTVCT71S
CsTvar2c
CSTVLT725
CSTVCT73C
CSTVC 735
csTvaoTan
CSTVLC 745
CSTVL5C
CSTVO 755
CSTVa760
CSTVOTAS
CSTVCTTC
CSTVOTTS
csTvo7ac
CSTVL 785
CsSTvL79C
CSTVC 795
CSTVEARD
CSTVLEDS
csTvesIt
CSTVR RIS
CSTvEAa2C
CSTVLR25
CSTVLR3C
CSTVEa3s
CSTvVCHUC
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PIPCGAHPIPTY®FACTOR

OPERK GHOPERY*FACTOR

COSMKGHCO SMAY*FAC TOR

SITEKGAHSITEY*FACTOR

ECVTKGHEECVTY*FACTOR
COSIKGHCOSINY*FACTOR
VCTOTHRTCST24CCY+TURCSTHEVCS T+CIY+GENCST

0Q9/72¢/767

CSTvoeus
CsTvL8s5C
CSTVL855
CSTVER6L
CSTVC865
CSTvCarC
CSTVCAaT75

1 +DUCTY4COFOY +SHELLY+PUMPY+PTIPTY+CPERY+COSMAY +SITEY+EECVTIY+CCSINYCSTVCERE

VCTOK GH#HTC SKG+CCKG+TURKGHEVOKG+CT YKG+GENKG
1 +DUCTKC+COFOKG+SHELKG+PUMPKG+PI PKG+OPERKG+COSVMKG+ SITEKCH
2ECVTLG+CDSIKG
TCST247C2+4VC 10T
TCST I #TC14VC TOKG
WRITE(6,80C0) GVTEGMSF ,CAPF ,SMAP,SMALLR,SMALLC,SMALLE,
! AJ,yVSUC,HPVC 4PMSTML  AMWT, TURDBN, TURBK ,POVTE,
2 ELSTM,ELCST,TCSTC,TCSTPCOMUNT, TURLNT ,GENUNT,CCNCST,
3 HTCST2,COFOUN,SHELL,SITEwW, PUMP,PIPEF,PIPEB,PIFEP,
4 PIPVC,PIPTUR,EECVTE,COSINS,DUCT,CAFTCT

8000 FORMAT{IHO,uESX,30HCOST ITEMS CALCULLATED IN CSTVPR/

145Xy 30H-——== —=~=m —mmmmmmeee oo e ST HO G UHGVTEZE1 6.5, 11Xy
2UHGASFLE1 6.5 IXy UHCAPF , L)1 6.5, 1 X UHSMAP, F16.5,1 X,
36HSMALLBy ETU .S, IXyAHSMALLD,,E ./ 1H 6HSVMALLE,EILL.S5,1 X,

U2HAY 3 E1BLSy IXy UHVSUC ,ET £.5, 1 Xy UHHPVE EN 6.5,1 X6 HEMSTNC,

SETUS ) IXy BHAMWT yE16.571H SHTLRTA,E15,5, 1 Xy SHTURPKHEL1545,

HGIX g SHPDOVTE s E 15,5 IXSHELST¥y E195.5 3 I XySHELCSTHEISS5,1X5FTCSTC,
TE1S5eS/1H SHTICSTP,E15.5,IXsAHCONUNT F LS, 1 X436 HTURUNT,EI U5, 1X,
RHHGENUNTE T UL S, I Xy BHCONC ST,2 1 85,1 X46HHTCST2,E14.5/1H ,
FEHCOFOUN) E1lU o5y IXgSHSHELL 4 1 54541 X, SHSTITEW,FIS5.5,1 X,

TUHPUMP , E1 6.5y I Xy SHPTPEF yE 1545, | X, SHPIPER,,E15.5/1H
25HPIPEPYEYSL.9, I Xy SHPIPVL 4 E15.5, I Xy 6HPIPTUR,EIU .S ,1 X,
36HEECVTEYE 14 5, 1X,6HCOSINS,E 4.5, I X, 4HDLCT, El6.5/1F 6HCAPTCT,
UETUL.S)

WRITF(A,BONO5)IELCST,=LCKS,SYALLD4P¥STNMC, SMALLB,

| HTCST2,HTCSKG,CC,CCY,COK:,CCFCUNL,CCFOY,COFOKG,

2 DUCT,DUCTY,DUCTKG,TURyTUXL STy TURKG,GEN,

2  GENCSTy)GENKG,EVC,EVCST,EVOKG, SHELL,SHELLY,SHELKG,PUMP, PUMPY,
3 PUMPKG

8005 FORMAT(IHI 64X, SHCOSTS/IH AU X, H———==/

I 1HDy 35X, 9H$, CIR+IND, 9X,

J6HS/YEAR, 11X bHS/KG, 10Xy THT/¥MP TU, 9X, TH ¢/ KW—HR/

21H 35X, QH————= = ) TX y bHm e y L1 Xy H== ==y 1 DX 7 Hommm e ,
39X, TH=mmmm e J1HD, BX, 10HPOWR CCST,30%,2516.B,16X,E16.8/
BIH BX, 16HPRIME STEAY COST,56%,-16.92/

51H 8X, IRHSTEAM TO RRINE HTR, 54X,E 16,8/

61HM, BX, 9HHEAT COST, 31X, 2E 14,8/

7TIH 8X, ISHCOMPRE SSOR COST, X437 1647/

311 BX, ISHCOMP FOUND COST, 9%y 3E10.8/1H 8%, 1 HHCCMP DUCT CCST4 10X,
U3E16.8/

AIH 8X, I2HTUKBINE CCST, 12X, F 16457

9IH BX, IBHGENERATOR COST, 10X, 361649/

1lH 8X, ISHEVARORATOR COSTy 9X,3516.8/

4 IH BX,IDHSHELL COST,1uX,2E1A.8/1HGC8X,15HVTE RRINE PUMPS,
59X+3E16.8)

WRITE(OH,BOI0IPIPTPIPTY,PIPKG,
4 EECVTEZERCVTY,RCVTKG,CCSINS,COSINY,CCSIKG,

5 SITEWySITEY,SITEKG,LAPTOT, CPFRY,,CPERKG,CCSMAY,COSMKE,

FIGURE 6 (Continued)

cstviess
CSTVOReD
CSTVCHA9S
CsSTvCoce
CSTVC905
cstveotl
CSTVEQLS
CsTvCo2C
CSTVE925
CSTvO93C
CSTVC?35
CSTVC OO
CSTVGRuS
CSTVL9SC
CSTVRO55
CSTVE 96T
CSTVO965
CSTVERTC
CSTVLOT75
CSTVCSSC
csTvooes
cstvoeqt
CSTVL 995
cstvione
csTvings
CSTVIOIC
CSTVIOLNS
csTvin2g
CSTVIDE2S
CSTVINZC
CSTVIN3S
CSTVIDRUD
CSTVIULS
CSTVINSE
CSTVILSS
CSTVILAT
CSTVIL6S
csrviare
CSTVINTS
CSTv1ia8sC
CSTVIGAS
CsSTvInOC
CSTVICY5
csTvitiac
CSTVHINS
CsSTviiag
CSTVINLS
CSTvii2¢
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6 VCTOT4VCTOKG,TCST2,TCSTI

8010 FORMAT(IH B8X,
4 FTHVALVES ANE PIPING,7X,3E16.8/
5iH 8X, IBHELECTRIC EOQUIPMENT, 6X,3E16.8/ {H 8X,

31SHCRANES AND BLDG?Xy3616.8/71H BX,?HSITE WORK 15X,3F16.8/

3IH BXy 16H=~>—m =~ ———e e HX | AH— e mm s e e /
UiH o 8X, 16HTOTAL VC CAPITAL, E£X,El16.8/
LIHDBX, YOHOPERATING (VC+SEMS) ,21 X, 2E1 6.8/
51H 8X, 21HMAINT+SUPPL (VC+STMS),19X,2E16.8/
31HU, 8X, 13HVC WATER COST,27X,2E1¢.8/1H 8Y,
Y26 HTOTAL WATER COST (VC+SEMS), 18X,2E16.871H1)
D#SVMALLD
BESMALLR
RETURN
END

FIGURE 6 (Continued)
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CSTV1125S
CSTVII3L
CSTV1135
CSTviiug
CSTVIILS
CSTVIISO
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CSTVIETS
csTviRee
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$CATA

FIGURE 6 (Continued)
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IBLDR

OVERLAY CRIGIN CARNS AND ASSIGNED LINK NUMBERS

COSTLY IS LINK 1y PARENT LINK IS
COSTLY IS LINK 24 PARENT LINK IS
COSTLY IS LINK 3, PARENT LINK IS
COSTLY REW IS LINK 4y PARENT LINK IS

FIGURE 6 (Continued)
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SYSTE

M

FILE BLOCK ORIGIN

FILES

e
2.
PRE-EXECUT ION
CALL ON OBJECT PROGRAM

OBJECT PROGRAM

L INK

U

CECK
VAPCOM

MNT A

BPR I
TCVA

GSCH

TT1O0
CNDN

STAGE

UBAR]

WAT
BO180G
sSuao
01100
TwW0
BLKDAT
INPU

ORIGIN
0276&u

06651

15173
15277

17650

21436
21574

30257

33756

35025
35206
35400
35617
36336
37152
374152

unuy6

INITIALIZATION

COCGE THRU
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