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ORMEF: A FORTRAN CODE FOR COMPUTING DETAIL MULTI-EFFECT

MULTI-STAGE FLASH EVAPORATION DESALINATION PLANT DESIGNS

ABSTRACT

A program has been written for the IBM-709O computer which performs

design calculations for the Oak Ridge Multi-Effect Flash (ORMEF) desal

ination plant. Designs can be computed for plants having between 1 and

25 effects, with each effect having a maximum of 99 stages.

The output of the code gives the process parameters, costs, geometry,

and other design information of interest.
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AUTHOR'S NOTE

The description of the code presented in this report represents the

June, I965> version of the computer program. The costs calculated by

the code should be viewed as examples since the cost equations are

being continually revised to agree with current cost estimates. In

addition to the cost changes, the code has been programmed to make

design calculations for the demister, deaerator and condenser tube

bundle.
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ORMEF: A FORTRAN CODE FOR COMPUTING DETAIL MULTI-EFFECT

MULTI-STAGE FLASH EVAPORATION DESALINATION PLANT DESIGNS

IDENTIFICATION

MULTI-EFFECT MULTI-FLASH: Distilled Seawater

Machine: IBM-709O Language: FORTRAN II

Union Carbide Corporation

Nuclear Division

Oak Ridge Gaseous Diffusion Plant

PURPOSE

This program was built to compute the process parameters and design

characteristics of the MEMS-type desalination plant.

The code output provides a detailed stage-to-stage heat and mass balance

for each stage, as well as the overall temperature profile and flow

rates. In addition, the output gives the geometry of the plant and the

estimated cost.

RESTRICTIONS

Hardware

The code is written for the IBM-7O9O with the following hardware:

on-line tape units - input-10, output-9, pool-A7

off-line card-to-tape

off-line tape-to-card

off-line tape-to-printer.

System

The code is written in FORTRAN II language with no programmed pauses or

stops. The program consists of a main program with several subroutines.

All input and output is by magnetic tape for use in monitor-type

operations.
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METHOD

Description of the Problem

The multi-effect multi-stage desalination plant is, basically, two or

more one-effect plants operating in series. Figure 1 shows a schematic

diagram of the ORMEF model which this program defines. The system

receives heat through the brine heater from some external source. This

heat supply is transferred from each effect to the following cooler

effect and is finally rejected in the bottom or lowest temperature

effect. Each effect contains a recovery and a reject section which

operates in the same manner as a one-effect plant operates. The shell

side brine flow into each effect is fed by the hot effect adjacent to it

or by the brine heater. The tube side flow for each effect is fed from

the adjacent cooler effect or from the ocean or coolant supply. The

make-up flow is not concentrated until it is mixed with the recycle of

the top effect just before entering the brine heater. The plant model

requires a seawater pump, a make-up pump, a product pump, a blowdown

pump and a recycle pump for each effect.

For identification, the effects have been numbered consecutively from 1

to E beginning with the highest temperature effect. The stages in each

effect are also numbered consecutively from 1 to N beginning with the

highest temperature stage of that effect. The plant reject section

refers to the reject of the lowest temperature effect. The plant

recovery section refers to all the sections of the evaporator, with the

exception of the reject, of the lowest temperature effect.

The independent process and geometry variables for a case are:

a) number of effects

b) steam temperature

c) ocean or coolant temperature

d) plant blowdown temperature

e) maximum brine temperature of each effect
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f) performance ratio of each effect*

g) number of stages in each effect

h) number of modules and plant levels

i) plant production rate

j) feed, blowdown and product salt concentrations

k) tray characteristics (vertical space between trays, level

height, splash plate length)

l) intermediate tube sheet thickness

m) pumping heads and pump efficiency

n) tube diameters

o) heat transfer characteristics (tube metal thermal conductivity,

fouling factors, flooding factors)

p) tube side brine velocities.

In addition, a number of other items such as unit costs, annual charge

rates, etc, are read in and used in the cost calculations. These

variables are itemized in USAGE.

The code will compute the temperatures, flows, geometry and costs for

the plant defined by the above independent variables. No provisions for

optimization have been built into the program.

At the time that the multi-effect code was proposed, the single-effect

code was already operational, Since the single-effect plant is a

special case of the multi-effect plant, the multi-effect code was

written utilizing the single-effect plant code as a subroutine. As a

result, there are calculations in the subroutine which are superfluous

to the ORMEF code. These calculations were for optimization purposes

and for providing a choice of independent variables. All of this coding

which is not pertinent to ORMEF has been omitted from the written report,

however, it does appear in the Fortran listing.

* The performance ratio of each effect is the ratio of the production

rate of the effect (lb/hr) to the heat input to-the brine heater

(Btu/hr/1000),
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Equations

1. Multi-Effect Multi-Stage Flash

CBE = (CR)(C0)

WPE = 0.344432 X G

WBE = WPE ICP"GF
VCBE-Cp

The assumed production of each effect is calculated as follows:

WPS(M) = RS(M) X WPE/RPE

The product entering each effect from the effect above is given by:

k=M-l

WPIN(M) = \ WPS(k)
ki

After the calculations for each effect have been completed, the

product rates are calculated with the following equations.

W^S(E) = ps(i) — ps(2) psTe
QS(1)XQS(2)X...QS(E) + QS(2)XQS(3 )X.. .QS(E) + •" QS(E

WRS(E) = Ugl - (WPE +WBE)
W0S(M) = WRS(M+l) + WBE + WPE M < E

WPS(M) = PS(M)[WRS(M) + WPE + WBE]

These values for WPS are then compared to the assumed values to

determine if the calculation is complete.

2. TCVAL

P = (THF-TB)/ACPSN

TGF ~ THF " (RP)(CPBT)(1 + SSF1)



(AMBN)(P)
CPTNK ' TGF + TB
(CPTK)(TB-T0)

CPTNK

WF = WP/P

W0" = Q X WF

PNK = (TCF-TB)/ACPTNK

TK = THF - (PNK)(ACPSNK)

CB = (CR)(C0)

WR = W0[CBS(M+1) - CCN(M+l)] - (WPIN(M) + WP)(CBS(M+l) - CP)
CBS(M+1) - CBS(M)

where M refers to the effect number. If the coldest effect (E) is

being computed, then

CBS(M+l) = Cfi

CCN = C0

Otherwise these values are available from previous calculations.

WC = W0 - WB - [WPIN(M) + WP]

WR = WF - WB - [WPIN(M) + WP]

rrF [WF-WPIN(M+l)](CB) + (WP)(CP)
WF - WPIN(M)

RH0K = TK_TB

RH0NK =

NNK

THF-TK

NK

SUMA = (NT0TAL)(THF-TA) - (NT0TAL-NNK)(NNK)(RH0NK)

k=NK-l k=NNK-l

-(RH0NK) \ K-(RH0K) \ k
k=l k=l

SMAQ = (WF)(CPBT)(THF-TCF)(FFHL)



S(M-l) [WBE+WPE-WPIN(M)-WPS(M)]CBS(M)+WPS(M)XCP
1 ' WBE+WPE-WPIN(M)

SfM ,x _ (WR)(HE1-HE2) - [WBE+WPE-WPIN(M)](HE3-HE1)
iBb^M-lj - [WBE+WPE-WPIN(M)](CPBM) + THF

where CPBM =
(HE4-HE3)

TBS(M-l) - THF

HE1 = enthalpy at THF and CCF

HE2 = enthalpy at THF and CB(M)

HE3 = enthalpy at THF and CBS(M-l)

HE4 = enthalpy at TBS(M-l) and CBS(M-l)

TV1 = TBS(M-l) - BPR - DTPD

where BPR = boiling point rise at TB(M-l) and CBS(M-l)

Note: The nonsubscripted variables apply to the effect being

computed.

3. GSC

This subroutine calculates the temperature and flow balance for each

stage and the overall physical properties used in TCVAL. The inde

pendent variables involved in the heat and mass balance for a stage

are TS1, TV1, SMT2, WS1, WP1, WT, WT1, WT2, CTT1, CTT2, C and RH0.

These variables are assigned values as follows:

covery: WT = WF ;

WT1 = WT - (WBE+WPE)

WT2 = WT - WT1

CTT1 = CTT2 = CCF M

CTT1 = CB "1

CTT2 ~_

— M
C0 !

RH0" = RH0NK

Reject: WT = W0

WT1 - WT - (WBE+WPE)

WT2 = WT - WT1

CTT1 = CTT2 = C0" M = 1



CTTl = CB(M+l)~

CTT2 = C0
-M > 1

RH0 = RH0K

Stage 1: TS1 = THF

SMT2 = TCF

WS1 = WF - WPIN(M)

WP.1 =
WPIN(M)

CI = CCF

tvi =
calculated in TCVAL

Remaining

Stages: TS1(N) = TS2(N-l)

TVI(N) = TV2(N-1)

3xMT2(N) = SMTl(N-l)

wsi(n) = WS2(N-l)

wpi(n) = WP2(N-l)

The calculations for each stage are done in ascending order, begin

ning with the hottest stage (stage l) of the effect. The calcula

tion procedure for each stage has been outlined in the single-effect

code report. The procedure for this code is the same, with the

following exception:

CPT

where

ana

4. STAG5G

(CPT1)(WT1) + (CPT2)(WT2)
WT

CPT1 = f SMT2D
CPT2 = f SMT2SM

TS1-TS2

2
CTTl

TS1-TS2

2
CTT2

This program calculates the geometry necessary to estimate the cost

of the plant. In addition, a number of other design characteristics

are calculated for output.



Overall Heat Transfer Coefficient:

The film coefficient on the tube side is calculated using a correla

tion of the data for forced convection by Sieder and Tate.

0.027Cp GF
, _ b /-,)

^°P\ f%\ fGD

Cp - specific heat

u - absolute viscosity

k - thermal conductivity

D - tube inside diameter

GF - mass flow rate.

The subscripts b and w refer to the temperature at which the par

ticular fluid is evaluted; w refers to wall temperature, b refers

to bulk temperature.

The condensing film coefficient is calculated using a corrected form

of the Nusselt equation for condensation on vertical banks of hori

zontal tubes. The correction factor was correlated with data from

the University of Michigan,*

Correction ,c0pF) = io23795 +0„03536o8 XS-0.00157035 X S2 (2)
Factor v r

I 2n 3^ ,Igp k hhQ =0.728 (CORF) /V4| DS^/S (3:
where hi - h„ + 0.375 Cp AT

fg fg P
h0 - heat of vaporization

p - condensate density

g - gravitational acceleration

AT - temperature drop across condensate film

S - number of tubes in a vertical bank

* Briggs, Dr E. and Young, E. H,, The Condensing of Low Pressure Steam
on Horizontal Titanium Tubes, The University of Michigan, Department
of Chemical and Metallurgical Engineering Heat Transfer Laboratory,
Report No. 55; December 1963-
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D - tube outside diameter

C - specific heat of condensate.

The correction factor (C0RF) is held constant at its value for

S = 10 whenever S exceeds 10.

The overall heat transfer coefficient based on the outside tube area

is calculated using the equation for heat flow through a cylindrical

wall.

ii T \ 1/ o

U - overall heat transfer coefficient

D - tube diameter

h - film coefficient

k - tube metal thermal conductivity

R - fouling factor, a factor expressing the resistance to

heat flow resulting from scaling on the inside of the

tubes and noncondensable buildup on the outside of the

tubes.

The subscripts o and i refer to the outside and inside of the tube,

respectively.

Since the heat rate through the condensing and convective films

must be equal to the overall heat rate, equations (5) and (6) must

be satisfied.

AT = U0/ho (5)

USD

Tw = O* + Tb (6)
1 1

where Q - overall log-mean temperature difference

T - tube inside wall temperature
w

T - tube side bulk temperature.
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The solution of equations (l) through (6) requires an iterative pro

cedure. First, two assumptions are made.

Assumptions:

1. T 0„65(T -T, ) + T,
w K c b' b

2. AT = 0.35(T -T, )
v c b

where T is the condensing temperature,
c

Iteration:

Step 1 h., h and U are calculated using equations (l) through

(i). °
Step 2 AT and T are calculated using equations (5) and (6).

w

Step 3 AT and T calculated in Step 2 are checked against their
w

assumed values. If they do not check, the values are

replaced with the calculated values and control is

returned to Step 1. When the assumed values check the

calculated values, the calculation is complete.

This above heat transfer calculation is used to calculate the

coefficients for each stage and for the brine heater.

Stage heat transfer calculations:

T = TV2
c

T = (SMT2-SMTl)/2.

Initialization:

GE = 3600 X RH0E1 X VE

For M < IE

Recovery: RHJ = RH0NK

GF = GE

D0 = D0E

= pU = (SMT2-SMT1)/^ JvglgMrei
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DI
=

DIE

KT = BIKTE

S = SE

V = VE

R
=

0>001 +
(RE-Oo001

5

)(I-D
M = 1, n < 5

R = RE M = 1, n > 5

R
=

RE M > 1.

Reject: RHJ

GF

D0

DI

KT

S

V

R

=

RH0K

GE(M+l)

D0E

DIE

BIKTE

SE

VE

RE

For M = IE

Recovery: RHJ

GF

D0

DI

BIKT

S

V

R

=

RH0NK

GE

D0E

DIE

BIKTE

SE

VE

RE

Reject: RHJ = RH0K

GF = 3600 X RH0R1 X VR

D0 = D0R

DI
=

DIR

BIKT = BIKTR

S = SR

V = VR

R — RSR.
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Heater heat transfer calculations:

T = TS
c

T = (THF + TCF)/2

0 = THM = (THF - TCF)/fe

D0 = D0H

DI = DIH

KT = BIRTH

S = SH

V = VH

R = RSH

GF = GH = 3600 X VH X RH0H1

Stage condenser geometry:

AS = QH/'UBAR X 0M

12 X AS X DIG

TS-TCF

TS-THF

SLS =
576 X D0 X WT

Volume flow of each stage's fresh water production:

WV

CFMV = 60 X TS2 eXP

Volume of product water reflashed:

12.4632-0.021987(TV2)+1.8849X10"5(TV2)2

L2.4636-0.021987(TS2)+1.8849X10 5(TS2)2

nnwrv WPl(HPl-HP2)
CFMWZ = 60(HV+HP2)TV2 6XP

where

HV = 1061-655+0.43095TV2+1.2819X10 TC22-0.8824X10 TV25

Tray characteristics:

TSTH
TRAYLH = SLS +

12
0„5

:fmwv
VVEL 12OXTRAYLHXFREBDXAM0DUXALEV

.4
TRAYFL = [l2 TWFA TPAYLH-3 6-0.63SPL310 + q

y.ld r-^TTonO,b610
TSl+459.69

Mf
3
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If TRAYFL is greater than 500,000, then TRAYFL is set equal to

500,000.

WBS = WSy(AM0DU X ALEV)

TRAYWD = WBS/TRAYFL

r,T?OTT-m 3600 X TRAYWD X TRAYLH X BDEPH X RH0RESRESIDT = ^

PV = 2„17868l8-0.70443622(l0"1)TV2+0.9394l286(l0"5)TV22

-0.53958083(10"5)TV25+0,18139197(10"7)TV2

DELP = PV - PV n
n n-1

Recovery:

PT
DPREQ =

WS1
-,2

9266.112XRH0B

Reject:

CL

_3600XWTMEX(BDEPH-0.25)XAM0DUXALEV_

-i2
WS1

DPREQ 9266.112XRH0B [_3600XWTMR(BDEPH-0.25)XAM0DUXALEV_

TRAYFLXTRAYWD

36OOC0EFA n/ 9273•6XDENBRXDELP

ORHT = A/TRAYWD

ws = wf(thf-tcf)/cpbt(i+ssfi)(1093 ,,88-0.5703TS

+ 1.2819(10"^)TS2-0.8824(10"6)TS5)

i=ntjz5tal

BAR0M = \ 0M(l)/NT0TAL
1=1

Heater geometry:

(HHF-HCF)(WF)
UBARXTHM

UTTJ J^XAHXDIE^XGH
HLH = 576(D,0H)(WF)

HNH =
12(AH)

7T(D0H)(HLM)
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5- Demister

If either UALP or UMAX = 0, the demister calculations are omitted.

Demister calculations for each stage:

TSAVG = TS(I)+TS(I+1)

TSAVE = TSAVG + 459.69

GAVE = C(l) + C(I+1)

wv

GDM = (AM0DU)(ALEV)(SLS)(TRAYWD)

BIGTE = TSAVE-BPR

6452.5621 837533.21"
PS = Exp 14.150119 -

10.729 X TSAVE

18,015 X PS

BIGTE (BIGTE)2

XDM = (GDM)5(VG)2 X10

If MXDM) < 4.4

EINDM = Exp [8.941-0.1570 MXDM)]

If ^z(XDM) > 4.4

EINDM = Exp [4,42+0.870 &i(XDM)]

Set XLDM = 0.333

EFFDM = 1*° " (eindmKcave)

If EFFDM < 0

Set AREADM = 0.0

DPTDM = 0,0

DTDM =-. 0.0

E0UTMX - (EINDM)(CAVE)

No demister is required.
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If EFFDM > 0

VL = LP
p(TSAVG,CAVE)

XY0RK = ton.

YY0RK = Exp [-4.99499+(-0.725195-0.O3O1573xXY0RK)(XY0RK)]

f\ VT '
EINDM X 10 X —

VG

TT„T VIS (TSAVG, CAVE)
UPL = 2.42;

UY0RK = YY0RK(32.2)(O.99)-;VG

46XVL(UPL)°"2

3, °5

If UY0RK > UMAX

Set UY0RK = UMAX

UDMIN = UY0RK

AREADM

UDMIN

(WV)(VG)
(AM0DU)(ALEV)(36OO.)(UDMIN)

ADMMAX = SLS X TRAYWD

If AREADM > ADMMAX

Write out AREADM > ADMMAX

SET AREADM = ADMMAX

WVXVG

(AM0DU)(ALEV)(36OOJ(AREADM)

ALPDM = (0.666) ton (UDMIN) - O.656

E0UTDM = (EINDM) Exp [(ALPDM)(XLDM)(-1.0)]

C0UTDM = E0UTDM X CAVE

EFFDM = 1.0 -^^™
EINDM

If AREADM < ADMMAX

SUMDMA = SUMDMA + AREADM
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UG = 10"5[0.122 + 1.001 X 10"5TSAVE + 2.892 X 10_7TSAVE2

- 7.693 X 10_11TSAVE5]

WIDDM = AREADM/SLS

ANREDM
UDMIN

!46)(VG)(UG)

FFDM = Exp [0.450494](ANREDM) °-27^7

DPDDM

XDPL

(FFDM)(XLDM)46.0(UDMIN)2
3(144,)(32.2)VG(0.99)

UDMIN

1 -«*•'
YTinm - (WV)EINDM X10~6
ALityJM - (ALEV )(AM0DU) (AREADM)

DPWDM = O.O36I x Exp(0.573379) XXDPL2- 5 5XLIQDM° 7

DPTDM = DPDDM + DPWDM

P0UTDM = PS - DPTDM

T0UTDM = Y7p ~ ^59.69
B + [C+Dx(E-^X)J /

where A = 1675066.42 C = 4l635557-0 E = 14.150119

B = -6452.5621 D = 3353132.8 X = P0UTDM

TSP = - -p, - 459.69
B + [C+Dx(E-^X)] /

where A, B, C, D, and E are same as for T0UTDM.

X = PS

DTDM = TSP - T0UTDM

DTPDPS = DTPDP

DTPDP = DTPDS + DTDM

wvc- WV
WVox " (AM0DU)(ALEV)
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ALPDM = 0.666 X ^.(UALP) - O.656 UY0RK > UALP

ALPDM = 0.666 X MUY0RK) - O.656 UY0RK < UALP

E0UTDM = EINDM X Exp [-12.0(ALPDM)(XLDM)]

C0UTDM = E0UTDM XIQ'6 XCAVE
1,0 + E0UTDM X 10

WPRjftDM = (WVST)(1.0 + E0UTDM X 10 )

SMPRD = WPR0DM for Stage 1

WSALT = (WPR0DM)(C0UTDM)

SMSALT = WSALT for Stage 1

SMPRD(I) = SMPRD(I-I) + WPR0DM(l) for stage > 1

SMSALT(I) = SMSALT(l-l) + WSALT(l)

CPR0D = SMSALT/SMPRD

At this point, a calculation for each stage has been completed, with

a demister on each of the stages. The following calculations take

the demisters off the top stages until the salt concentration of the

product is greater than or equal to 100 X 10" .

Demister removal calculation (done for each stage):

If CPR0D(NT0TAL) < 100 X 10

Set DTDM = 0

SUMDMA == 0

AREADM == 0

DPTDM = 0

DTDM = 0

DTPDP = DTPDS

WPRSAV == WPR0DM

WSALSV == WSALT

E0UTDM == EINDM

-6
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cwcsav = CW +2C(I+1)

C0UTDM = (EINDM) X10"6 (CNCSAV)
1.0 + EINDM X 10

6
WPR0DM = WVST (1.0 + E0UTDM X 10 )

WSALT = (WPR0DM)(C0UTDM)

For Stage 1

SMSALT = WSALT

SMPRD = WPR0DM

For Stage > 1

SMSALT(I) = SMSALT(I-1) + WSALT(l)

SMPRD(l) = SMPRD(l-l) + WPR0DM

nTTOrfT, SMSALT

SMSALT(NT0TAL) = SMSALT(NT0TAL)+ WSALT(l) - WSALSV

SMPRD(NT0TAL) = SMPRD(NT0TAL) + WPR0DM(l) - WPRSAV

, , , > SMSALT(NT0TAL)CPR0D(NT0TAL) = SMPRD^T^AL)

If CPR0D(NT0TAL) > 1.00 X 10

WPR0DM = WPRSAV

WSALT = WSALSV

SMPRD(K) = SMPRD(K-l) + WPR0DM(K)

smsalt(k) == SMSALT(K-l) + WSALT(K)

CPR0D(K) smsalt(k)
" SMPRD(K)

SUMDMA = SUMDMA + AREADM^)
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Cost of demisters:

C0STDM = (SUMDMA)(10.5)(ALEV)(AM0DU) q^ •

6. P0WERU

AMBDAS = 1093.88 - 0.5703 (TSTEM) + 1.2819 X10" (TSTEM2)
6 ^

- 0.8824 X 10 (TSTEM-0

I=N_T0TAL

RLR = £ SLS(I) +(^O(TSTH)
I=NK+1

I=NT0TAL

RNR = \ Z(I)/(NNK)
I=NK+1

i=ntjz5tal

\ ubar(i) x as(i)
I=NK+1

UBARR I=NT0TAL

y as(i)
I=NK+1

I=NK

ELE = £ SLS(I) +(M-1^TSTH)

ENE

1=1

I=NK

l Z(I)
1=1

NK

I=NK

\ UBAR(I) XAS(I)
UBARE = ^-i-

I=NK

AS(I)

1=1
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AE =

TT X D0E X ELE X ENE

12

AR =

IT X D0 X RLR X RNR

12

>re D0 = D0E M < IE

D0 = D0R M = IE

I=NTj$TAL

UBAR(I) X AS(I)

UBARA
1=1

AE + AR

Surface area cost:

CTUBER(M) = AR X SMA1

CTUBER(M) = AR X SMA2

= NK

M < E

M = E

D0 < 1ENITSE

ENITSE

ENITSR

ENITSR

2 X NK - 1 D0 > 1

= NNK D0 < 1

2 X NNK - 1 D0 > 1

APTSE
3.8I9I X D0E X ENE „
^uo X ALEV X AM0DU D

CITSE = 2XALEVXAM0DUXENITSI "7 ^XAPTSF + ENEXCDITS7.343XAPTSE + 2xALEVXAM0DU_

CETSE = 4XALEVXAM0DU 44.772XAPTSE +
ENEXCDETS

2XALEVXAM0DU

^TUBEE(M) = AE X SMA1

APTSR
5.8191 X D0 X RNR

X ALEV X AM0DU
+ 3 X HST

CITSR = 2XALEVXAM0DUXENITSR "7 ^XAPTSR + MRXGDIT^7.343XAP1SR + gxALEvxAMjzjrju^

CETSR = 4XALEVXAM0DU
", 1 00 ATvnoT, RNRXCDETSJ44.722XAPTSR + 2xALEVXAM0DU



7. C0STS

Heads and Power
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x6xsmallf(dir,vr)xrlrs(i)vr2
' DIRX32.174

w _ 5,7676768X1O"1OXHDELXW0S(E)
^ SMALLE

M > 1

HREC(M) =HE +6XS^LFF(DIE V^)[ELES(M)+RLRS(M-1)3VE2 +Hgis
DI.EX32 .174 v '

. , s _ 3.7676768X10~10XHREC(M)XWR.S(M)
'P K ' SMALLE

M = 1

HREC(M) =HE +HH +HS1S(M) +6XSMALLFF(DIE VE)XELES(M)XVE2
x ' DIEX32.174

6xsmallff(dih,vh)xhlhxvh2
DIHX32.174

VtiRVC(M) =3.7676768X10'10XHREC(M)[WFS(M) -WBE-WPE]
V K ' SMALLE

M=E-1( M=I

\lV M=2

6XSMALLFF(DIE,VE)> \ ELES(M)+ \ RLRS(M)? VE£
=2 M=lHMKD'P = HE+HSlS(l)+HH+

6xsmallff(dih,vh)xhlhxvh2
DIHX32.174

DIEX32.174

, _ 3.7676768X10 10XHMKUP[WPE+WBE]
^ SMALLE

tdM-ott. 3-7676768X10"10XHBLXWBE
^BLD = SMALLE
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P(7(pRT1 5•7676768xio"10XHPRXWPE
P^PRD = SMALLE

(WPE+WBE) e(0-013TBE-6a2l)
^ ' 346670

M=E

P0 = P0DEL +P0MKUP + \ HREC(M) +P0BLD +P0PRD +P03
M=l

Flow Rates and Costs

WMAKUP = (WPE + WBE)/480

M=E

WREC0V = \ WFS(M)/(E X480)
M=l

WBL0W = WBE/480

WPR0D = WPE/480

WREJCT = W0S(IE)/48O

WPUMP = W0S(l) + WBE + WPE + WFS(l) M = ±

M > 1

M=E

W03(E) +2(WBE+WPE) + \ WRS(M) -WRS(l) +WFS(l)
M=l

WPUMP = t= liQ„ =

Chemical Cost

CR \ „ „ _-6TNACDY = 15.68(C0) (p^Ti )0 X 10

acid = 1000 + 32000(acacid)(tnacdy)0 + 12000(tnacdy)0'5

+ 8.39(tnacdy)(365)(lfacid) -%• > 25 .
10



ACID = 9125(LFACID)( TNACDY) -^? < 25
£ -

CL0RIN = 363.5 X 10 [O.25W0S(E)+WPE]F

CAUSTC = 146.117 X 10" GF ' CR

DEF0M = 608.82 X 10 GF .„_ .

CC2 = ACID + CL0RIN + CAUSTC + DEF0M $/year

UNCHEM = CC2/WMAKUP

Deaerator Cost

8500 (WBE+WPE)

CR-1

6 „„ I CR

DEACS1

0.34667 x106 T°E26

UDEAWM = DEACSl/WMAKUP

DEACS2 = 16150(P03)

UDEAHP = DEACS2/(1OOOP03/O.746)

Pump Cost

M=E

PMCFL0 = [0. 54+0.00175(HDEL)](WREJCT)+ \ [0.9+0.00175(HREC(M)) ffffl
M=2

+[0.9+0.00175(HREC(l))3W^|5 +[0.63+0.00175(HBL)](WBL0W)

+[0.6+0.00175(HPR)] (W.PR0D)+[0. 54+0.00175(HMKUP) JWMKUP

UNFUMP = PMCFL0/WPUMP

Motor Cost

PMCP0
0.746

M=E

20., 57(P0DEL+P0MKUP+P0BLD+P0PRD )+20.98 \ P0REC(M)
M=l

UNDRVE = PMCP0/(1OOO X (P0-P03)/0.746)
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Electrical Cost

EEC = 7.69 X 1O5(P0)/O.746

UNELCT = EEC/(P0 X 1000) or 10.3

Valves and Piping Cost

VPC = [0.8854-0.017846(ALEV)](WREC0V)+[0,50969-0.0049231(ALEV)](WREJCT)

+[0.70854-0..024385(ALEV)](WPR0D)+[0.0074615(ALEV)+0.24315](WBL0W)

+[0.0033076(ALEV)+0.17677](WMAKUP)

UNPIPE = VPC/WREC0V

Water Intake Cost

WAIT = 0,5(WREJCT)

UINTAK = WAIT/WREJCT

Site Cost

SITE = 105(WREJCT)

UNSITE = SITE/WREJCT

Area Cost and Heater Shell

UNARAE = SMA1

UNARAR = SMA2

UNARHT = A3

UNSHHT = A4

Cost of Adding a Stage

M=IE

\ [CITSE(M) + CITSR(M) + CETSE(M) + CETSR(M)]
M=l

USHELN =
M=E

\ ANS(M)

M=l
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Evaporator Shell Cost

UNSHELV = 1.474 - O.OI85 X ALEV

Operating, Maintenance and Miscellaneous Cost

UNMSCL =
10 O.OO63G

WPR0D

UN0PR

UNMAIN

CC2

DEACST

PMC

EEC

VPC

WAIT

SITE

EA

BHC

ES

CIBC

0C2

CD

0.267

°-13 xw (£)
WPR0D

= 0.0017

= UNCHEM X WMAKUP

= UDKAWM X WMAKUP + UDEAHP X 1000 X P03/O.746

= UNPUMP X WPUMP + UNDRVE X 1000 X (P0-P03)/0.746

= UNELCT X P0 X 1000

= UNPIPE X WREC0V

= UINTAK X WREJCT

= UNSITE X WREJCT

UNARAE X

M=E M=E-1

AEC(M) + \ ARS(M)
m=i ifci

UNARAR x ARS(E)

= UNARHT X AH + UNSHHT X AH

M=E m=e

= (USHELV) \ V0LMS(M) +(USHELN) ^> ANS(M)
M=a M=l

= UNMSCL X WPR0D

= UN0PR X WPR0D

PMC+SITE+WAIT+EA+ES+VPC+DEACST+EEC+BHC+CIBC

I?
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CAPI1 = CD X 10 X AJ

CAPI2 = CAPI1/G

CAPI3 = (SMALLP x CAPI1)/(0.365FG)

AMSC2 = UNMAIN X CAPI1

P0CST1 = 24 X1O6(SMALLD)(P0)/G
P0CST2 = 0.365FG (P0CST1)

HC1 = (24.)(SMALLB)(WPE)(RPE X G)

HC2 = O.365FG (HC1.)

CC1 = CC2/(0.365FG)

0C1 = 0C2/(O.365FG)

AMSC1 = AMSC2/(0.365FG)

DAJ = (SMALLP)(AJ)

DEA2 = (DEAC3T)(PAJ)

PMC2 = (PMC)(PAJ)

EEC2 = (EEC)(PAJ)

VPC2 = (VPC)(PAJ)

WAIT2 = (WAIT)(PAJ)

SITE2 = (SITE)(PAJ)

EA2 = (EA)(PAJ + SMAPPP)

ES2 = (ES)(PAJ)

CIBC2 = (CIBC)(PAJ)

BHC2 = (BHC)(PAJ)+(SMAPPH)(BHC-UNSHHTXAH)
BHCl

TCI = HC1+CC1+P0CST1+PMC1+SITE1+WAIT1+ES1+EA1+VPC1

+EEC1+BHC1+0C1+AMSC1+CIBC1+DEA1

TC2 = (TC1)(0.365FG)

RETUB2 = (SMAPPP)(EA)+(8MAPPH)(BHC-UNSHHTXAH)

RETUB1 = RETUB2/O.365FG.

8. DINTPL

Refer to Report Number ORNL-TM-1542.

9. B0PR

Refer to Report Number ORNL-TM-1542.

DEAL = DEA2/(0.365FG)

PMC1 = PMC2/(0.365FG)

EEC1 = EEC2/(0.365FG)

VPC1 = VPC2/(0.365FG)

WAIT1 = WAIT2/(0.365FG)

SITE1 = SITE2/(0.365FG)

EA1 = EA2/(0,365FG)

ESI = ES2/(0.365FG)

CIBC1 = CIBC2/(0.365FG)

ITXAH)
BHCl = BHC2/(0.365FG)
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10. SMAP

Refer to Report Number ORNL-TM-1542.

11, SUBAJ

Refer to Report Number ORNL-TM-1542.

Nomenclature

1. Multi-Effect Multi-Stage Flash

CBE - blowdown salt concentration, weight fraction

C0 - ocean salt concentration, weight fraction

CP - product salt concentration, weight fraction

CR - ratio of blowdown to ocean salt concentration

G - total plant production rate, gpd

PS - recovery ratio, lb-product/lb of effect recovery tube flow

QS - ratio of the reject to the recovery tube flow

RPE - total plant performance ratio, lb-product/1000 Btu

RS - performance ratio of a given effect, lb-product/1000 Btu

WBE - plant blowdown flow, lb/hr

W0S - coolant flow rate, lb/hr

WPE - total plant production rate, lb/hr

WPIN - product flow into the first stage of an effect, lb/hr

WPS - production rate of an effect, lb/hr

WRS - recycle flow rate of an effect, lb/hr

Subscripts:

E - total number of effects

M - effect number.

2. TCVAL

ACPSN - average ratio of heat of vaporization to shell side

specific heat in evaporator, °F

ACPSNK - average ratio of heat of vaporization to shell side

specific heat in recovery, °F

ACPTNK - average ratio of heat of vaporization to tube side

specific heat in recovery, °F

AMBN - average heat of vaporization in evaporator, °F
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CB - blowdown salt concentration, weight fraction

CBS - blowdown salt concentration, weight fraction

CCF - salt concentration of flashing brine entering the first

stage, weight fraction

CCN - salt concentration of the tube side flow in the reject,

weight fraction

Cp - ocean salt concentration, weight fraction

CP - product salt concentration, weight fraction

CPBT - average tube side specific heat in heater, Btu/lb-°F

CPTK - average tube side specific heat in reject, Btu/lb-°F

CPTNK - average tube side specific heat in recovery, Btu/lb-°F

CR - ratio of blowdown to ocean salt concentration

FFHL - heat loss to ambient from evaporator, fraction

NK - number of stages in recovery

NNK - number of stages in reject

NT0TAL - total number of stages

P - recovery ratio for evaporator, lb-product/lb-recovery

tube flow

PNK - recovery ratio for recovery section, lb-product/lb-

recovery tube flow

0, - ratio of seawater intake to recovery tube flow

RH0K - temperature decrement per stage in the reject, °F

RH0NK - temperature decrement per stage in the recovery, °F

RP - performance ratio, lb-product/1000 Btu

SMA.Q - total heat lost to ambient from the evaporator, Btu/lb

SSF1 - heat lost to the ambient from the heater, fraction

SUMA. - summation of the difference between stage temperature

and the ambient temperature for all the stages, °F

TB - blowdown temperature, °F

TBS - blowdown temperature, CF

TCF - maximum tube side brine temperature, °F

THF - maximum brine temperature, °F

TK - shell side brine temperature leaving recovery, °F

T0 - coolant temperature, °F

TV! - product temperature entering the first stage, °F
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GSC

Overall Parameters for the Effect

CB - blowdown salt concentration, weight fraction

CCF - salt concentration of flashing brine entering the first

stage, weight fraction

Cp - ocean salt concentration, weight fraction

N - stage number

RH0K - temperature decrement per stage In the reject, °F

RH0NK - temperature decrement per stage in the recovery, °F

TCF - maximum tube side temperature, °F

THF - maximum shell side temperature, °F

WF - recovery tube flew, lb/hr

WPIN - product flow entering the first stage, lb/hr

Overall Parameters for the Plant

M - effect number

WBE - plant blowdown, lb/hr

WPE - plant production rate, lb/hr

Stage Parameters

CI - salt concentration of shell side brine entering, weight

fraction

CPT - average tube side specific heat, Btu/lb-°F

CPT.1 - specific heat of recycle flow, Btu/lb-°F

CPT2 - specific heat of the make-up flow, Btu/lb-°F

CTTl - salt concentration of the recycle flow, weight fraction

CTT2 - salt concentration of the make-up flow, weight fraction

RH0 - shell side temperature decrement, °F

SMT1 - minimum tube side flow temperature, °F

3MT2 - maximum tube side flow temperature, °F

TS1 - temperature of shell side brine entering, °F

TS2 - temperature of shell side brine leaving, °F

TV1 - temperature of product flow entering, °F

TV2 - temperature of product flow leaving, °F



WP1

WP2

WS1

WS2

WT

WT1

WT2
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product flow entering, lb/hr

product flow leaving, lb/hr

shell side brine entering, lb/hr

shell side brine leaving, lb/hr

total tube side flow, lb/hr

recycle tube flow, lb/hr

make-up tube flow, lb/hr

4. STAGEG

A - weir cross-sectional area required with the pressure drop
2

available, ft
2

AH - brine heater condenser surface area, ft

ALEV - number of plant tray levels

AM0DU - number of plant modules

AS - condenser surface area of a stage, ft"

BAR0M - average log-mean temperature difference of an effect, °F

BDEPH - brine depth in trays, ft

BIKTE - tube metal conductivity in the evaporator recovery,

Btu/hr-ft2-°F/ft
BIKTH - tube metal conductivity in brine heater, Btu/hr-ft -°F/ft

BIKTR - tube metal conductivity in evaporator reject,

Btu/hr-ft2-°F/ft
CFMWV - product flow of a stage, cfm

CFMWZ - product reflashed in a stage, cfm

CL - loss coefficient of interstage orifice

C0EFA - orifice coefficient of interstage orifice

CPBT - average brine specific heat in brine heater, Btu/lb-°F

DELP - pressure drop available into a stage, psi

DENBR - density of flashing brine leaving a stage, lb/ft

DI - inside tube diameter, in.

DIE - plant recovery condenser tube inside diameter, in.

DIH - heater condenser tube inside diameter, in.

DIR - plant reject condenser tube inside diameter, in.

D0 - tube outside diameter, in.

2
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D0E - plant recovery tube outside diameter, in.

D0H - heater tube outside diameter, in.

D0R - plant reject tube outside diameter, in.

DPREQ - pressure drop required between two stages, psi
2

GE - mass velocity in recovery, lb/hr-ft
2

GF - tube side mass velocity, lb/hr-ft
2

GH - mass velocity In heater, lb/hr-ft

HCF - brine enthalpy entering heater, Btu/lb

HHF - enthalpy of brine leaving the heater, Btu/lb

HLH - brine heater length, ft

HNH - number of condenser tubes in the heater

HP1 - enthalpy of product entering a stage, Btu/lb

HP2 - enthalpy of product leaving a stage, Btu/lb

HV - enthalpy of saturated vapor at the condensing tempera

ture of a stage, Btu/lb

M - effect number

NK - number of stages in the recovery sections

NNK - number of stages in the reject section

NT0TAL - total number of stages

0M - log-mean temperature difference in each stage, °F

0RHT - weir height required in each stage, ft

PV - pressure in a stage, psia

QH - heat transferred across the tube bundle in a stage,

Btu/hr

RESIDT - residence time of tray flow in a stage, seconds

RH0 - flashing brine temperature drop for a stage, °F

RH0B - density of flashing brine entering each stage, lb/ft

RH0E1 - tube side brine density at hot end of evaporator recovery,

lb/ft5
RH0H1 - brine density at hot end of heater, lb/ft

RH0RES - density of flashing brine entering each stage, lb/ft

RH0R1 - tube side brine density at hot end of reject, ib/ft^
-1 2

RSE - fouling factor in recovery, Btu -hr-ft -°F
-1 2

RSH - fouling factor in heater, Btu -hr-ft -°F
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-1 2
RSR - fouling factor in reject, Btu -hr-ft -°F

SE - flooding factor in recovery

SH - flooding factor in heater

SLS - tube length exposed in a stage, ft

SMT1 - tube side brine temperature entering a stage, CF

SMT2 - tube side brine temperature leaving a stage, °F

SPL - splash plate length, in.

SR - flooding factor in reject

SSF1 - heat loss to ambient in heater, fraction

TCF - brine temperature entering the heater, °F

THF - maximum brine temperature, °F

THM - brine heater log-mean temperature difference , °F

TRAYFL - maximum tray flow allowed in a stage, lb/hr-ft

TRAYLH - tray length of a stage, ft

TRAYWD - minimum allowable tray width for a stage, ft

TS - steam temperature, °F

TSTH - intermediate tube sheet thickness, in.

TS1 - flashing brine temperature entering each stage, °F

TS2 - flashing brine temperature leaving each stage, °F

TV2 - condensing temperature in each stage, °F

UBAR - overall heat transfer coefficient for each stage,

Btu/hr-ft2-°F
UBARH - overall heat transfer coefficient in heater,

Btu/hr-ft2-°F
VE - recovery tube velocity, ft/sec

VH - heater tube velocity, ft/sec

VR - reject tube velocity, ft/sec

WEL - vapor velocity leaving the tray of each stage, ft/sec

WBS - brine flow entering a tray in each stage, lb/hr

WF - tube flow in evaporator recovery, lb/hr

W0 - tube flow in evaporator reject, lb/hr

WP1 - product entering each stage, lb/hr

WT - tube flow in each stage, lb/hr

WTME - tray width in reject, ft

WV - product made in each stage, lb/hr



5. Demisters

ADMMAX -

ALEV

ALPDM

AM0DU

ANREDM -

AREADM -

BIGTE

BPR

G(I) -

CAVE

CNCSAV -

CpSTDM -

C0UTDM -

CPR0D

DPDDM

DPTDM

DPWDM

DTDM

DTPDP

DTPDPS -

EFFDM

EINDM

E0UTDM -

FFDM

GDM

NT0TAL -

P0UTDM -
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maximum area available for installing demister, ft

number of plant levels
-CtL

a in term e for calculating demister efficiency

number of plant modules

Reynolds number based on superficial velocity through

demister

2
area of demister, ft

stage temperature minus BPR, °F

boiling point elevation in a stage, °F

salt concentration of the flashing brine entering a stage,

weight fraction

average brine concentration, weight fraction

average brine salt concentration, weight fraction

total cost of demisters, $

concentration of entrained brine passing through demister,

weight fraction

weight fraction of salt in product water at point i,

weight fraction

pressure drop through demister based on dry vapor, psi

total pressure drop through demister, psi

additional pressure drop through demister for wet vapor,

psi

pressure drop through demister expressed as equivalent

temperature drop, °F

input value for DTPD, °F

location for saving DTPDP

efficiency of demister

amount of entrainment in vapor reaching demister, ppm

amount of entrainment in vapor leaving demister, ppm

friction factor for demister
2

superficial mass velocity through demister, lb/hr-ft

number of stages in the effect

pressure at exit face of demister, psia
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PS - pressure at inlet face of demister, psia

SLS - length of the stage, ft

SMPRD(I) - total product flow at point i, lb/hr

SMSALT - total salt flow at point i, lb/hr

SMSALT(l) - total salt flow at point i, lb/hr
2

SUMDMA. - total demister area, ft

TpUTDM - saturation temperature at exit face of demister, °F

TRAYWD - tray width, ft

TS(l) - temperature of the tube side brine entering the

stage, °F

TSAVE - average brine temperature, °R

TSAVG - average brine temperature, °F

UALP - maximum value of U to be used in calculating QC

UDMIN - same as UY0RK

UG - viscosity of vapor, lb/sec-ft

UMAX - maximum superficial velocity desired through demister,

ft/sec

UPL - brine viscosity, centipoise

UY0RK - superficial velocity through demister, ft/sec

VG - specific volume of vapor, ft /lb

VIS - viscosity of brine, lb/hr-ft

VL - specific volume of liquid, ft /lb

WIDDM - width of demister, ft

WPR0DM - product rate for stage (i), lb/hr

WPR0IM(l) - product rate for stage (i), lb/hr

WPRSAV - location to save WPR0DM(l)

WSALSV - location to save WSALT(l)

WSALT(l) - salt rate for stage (i), lb/hr

WV - stage production rate, lb/hr

WVST - vapor flow rate per tray, lb/hr

XDM - parameter for calculating entrainment leaving brine

surface

XDPL - parameter for calculating pressure drop through

demister



XLDM

XLIQDM

XY0RL

YY0RK

6. P0WERU

AE

ALEV

AMBDAS

AM0DU

APTSE

APTSR

AR

AS

CDETS

CDITS

CETSE

CETSR

CITSE

CITSR

CTUBEE

CTUBER

D0

D0E

D0R

E

ELE

ENE

ENITSE
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thickness of demister, ft

second parameter for calculating pressure drop through

demister

parameter for calculating allowable velocity through

demister

parameter for calculating allowable velocity through

demister.

recovery condenser area of an effect, ft

number of plant levels

heat of vaporization of the steam, Btu/lb

number of modules

2
recovery tube sheet area of an effect, ft

2
reject tube sheet area of an effect, ft

2
reject condenser area of an effect, ft

2
stage condenser area, ft

charge for drilling the end tube sheets, $/hole

charge for drilling the intermediate tube sheets,

$/hole

cost of plant recovery end tube sheets, $

cost of plant reject end tube sheets, $

plant recovery intermediate tube sheet cost, $

plant reject intermediate tube sheet cost, $

recovery tubing cost for an effect, $

reject tubing cost for an effect, $

tube outside diameter, in.

plant recovery tubes outside diameter, in.

plant reject tubes outside diameter, in.

number of effects

recovery length of an effect, ft

number of tubes in the recovery of an effect

number of intermediate tube sheets in the recovery of

an effect



ENITSR

HST

I

M

NK

NNK

NT0TAL

RLR

RNR

SLS

SMA1

SMA2

TSTEM

TSTH

UBAR

UBARA

UBARE

UBARR
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number of intermediate tube sheets in the reject of an

effect

height of a level, ft

stage number

effect number

number of stages in the recovery of an effect

number of stages in the reject of an effect

total number of stages in an effect

length of the reject of an effect, ft

number of tubes in the reject of an effect

stage length, ft
2

plant recovery tube cost, $/ft
2

plant reject tube cost, $/ft

steam temperature, °F

intermediate tube sheet thickness, in.
2

heat transfer coefficient of a stage, Btu/hr-ft -°F

average heat transfer coefficient for an effect,

Btu/hr-ft2-°F
average heat transfer coefficient for the recovery of

an effect, Btu/hr-ft2-°F
average heat transfer coefficient for the reject of an

effect, Btu/hr-ft2-°F
stage length, ft.

C0STS

Heads and Power

DIE

DIH

DIR

ELES

HBL

HD

HDEL

HE

plant recovery tube inside diameter, in.

heater tube inside diameter, in.

plant reject tube inside diameter, in.

recovery length of an effect, ft

blowdown pumping head, ft

pumping head to the plant site, ft

delivery pump head, ft

height of the recovery, ft
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HH - head loss in headers between the heater and the

evaporator, ft

HLH - length of the heater, ft

HMKUP - make-up pump head, ft

HPR - product pump head, ft

HR - height of the reject

HREC - pumping head for the recycle pump of an effect, ft

HS1S - pressure difference between the first and last stages

of an effect, ft

M - effect number

P0 - total power requirement for the plant, megawatts

P03 - deaerator power requirement, megawatts

P0BLD - blowdown pump power requirement, megawatts

P0DEL - delivery pump power requirement, megawatts

P0MKUP - make-up pump power requirement, megawatts

P0PRD - product pump power requirement, megawatts

P0REC - recycle pump power requirement, megawatts

RLRS - reject length of an effect, ft

SMALLE - pump efficiency, fraction

SMALLF - friction factor

TBE - plant blowdown temperature, °F

VE - plant recovery tube side velocity, ft/sec

VH - heater tube side velocity, ft/sec

VR - plant reject tube side velocity, ft/sec

WBE - plant blowdown flow, lb/hr

WFS - recovery tube side flow of an effect, lb/hr

W0S - reject tube side flow of an effect, lb/hr

WPE - plant production rate, lb/hr

WRS - recycle flow of an effect, lb/hr

Costs Equations

A3

A4

ACID

AES

unit cost of heater tubing and tube sheets,
2

unit cost of heater shell, $/ft

annual cost for acid treatment, $/year

recovery condenser area in an effect, ft
2

'ft"



AH

AJ

ALEV

AM0DU

AMSC1

AMSC2

ANS

ARS

BHC

BHCl

BHC2

CAPF

CAPI1

CAPI2

CAPI3

CAUSTC

CC1

CC2

CD

CDETS

CDITS

CETSE

CETSR

CIBC

CIBC1

CIBC2

CITSE

CITSR

CL0RIN

C0

CR

DEACST

DEACS1
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brine heater condenser area, ft

indirect capital cost factor

number of plant levels

number of plant modules

cost of maintenance and supplies, $/Kgal

annual cost of maintenance and supplies, $/year

number of stages in an effect
2

reject condenser area in an effect, ft

brine heater cost, $

brine heater cost, $/Kgal

brine heater annual cost, $/year

plant load factor

total capital investment, $

total capital investment, $/gpd

total capital investment, $/Kgal

annual cost for caustic treatment, $/year

total chemical treatment cost, $/Kgal

annual chemical treatment cost, $/year

direct capital investment, 10 $

charge for drilling end tube sheets, $/hole

charge for drilling intermediate tube sheets, $/hole

cost of recovery end tube sheets for an effect, $

cost of reject end tube sheets for an effect, $

cost of miscellaneous buildings and equipment, $

cost of miscellaneous buildings and equipment, $/Kgal

annual cost of miscellaneous buildings and equipment,

$/year

recovery intermediate tube sheet cost for an effect, !j

reject intermediate tube sheet cost for an effect, $

chlorine treatment cost, $

ocean salt concentration, weight fraction

ratio of blowdown to ocean salt concentration

cost of deaerator and drive, $

cost of deaerator, $
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DEACS2 - cost of deaerator drive, $

DEA1 - cost of deaerator and drive, $/Kgal

DEA2 - annual cost of deaerator and drive, $/year

DEF0M - annual cost of defoaming treatment, $/year

D0E - plant recovery tubes outside diameter, in.

D0R - plant reject tubes outside diameter, in.

E - number of effects

EA - direct capital cost of evaporator condenser tubing and

tube sheets, $

EA1 - cost of evaporator condenser tubing and tube sheets,

$/Kgal

EA2 - annual cost of evaporator condenser tubing and tube

sheets, $/year

EEC - electrical equipment direct capital cost, $

EEC1 - electrical equipment cost, $/Kgal

EEC2 - annual electrical equipment cost, $/year

ES - direct capital cost of evaporator shell, $

ESI - cost of evaporator shell, $/Kgal

ES2 - annual cost of evaporator shell, $/year

G - product rate, gpd

HC1 - heat cost, $/Kgal

HC2 - annual heat cost, $/year

LFACID - acid plant load factor

0P1 - operating cost, $/Kgal

0P2 - annual operating cost, $/year

PMC - direct capital cost of pumps and motors, $

PMC1 - pump and motor cost, $/Kgal

PMC2 - annual pump and motor cost, $/year

PMCFL0 - cost of pumps, $

PMCP0 - cost of motors, $

P03 - power required by the deaerator, megawatts

P0CST1 - power cost, $/Kgal

P0CST2 - annual power cost, $/year

RETUB1 - retubing cost, $/Kgal



RETUB2

RPE

SITE

SITE1

SITE2

SMALLB

SMALLD

SMALLP

SMAPPH

SMAPPP

TBE

TCI

TC2

TNACDY

UNCHEM

UDEAWM

UDEAHP

UNPUMP

UNDRVE

UNELCT

UNPIPE

UINTAK

UNSITE

UNARAE

UNARAR

UNARHT

UNSHHT

USHELV

USHELN

UNMSCL

UN0PR

UNMAIN

VOLUME
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retubing cost, $/year

plant performance ratio

direct capital cost for site and site work, $

cost of site and site work, $/Kgal

annual cost of site and site work, $/year
6unit cost of heat, $/l0 Btu

unit cost of power, $/kw-hr

annual capital charge factor, yr "J"

annual capital charge for retubing heater, yr

annual capital charge for retubing evaporator, yr

blowdown temperature, °F

total product cost, $/KgaI

total annual cost, $/year

tons of 93^ H SO, required per day for acid plant

unit chemical treatment cost, $/gpm

unit cost of deaerator, $/gpm

unit cost of deaerator drive, $/hp

unit cost of all the pumps, $/gpm

unit cost of pump motors, $/hp

unit cost of electrical equipment, $/kw

•unit cost of valves and piping, $/gpm

unit cost of water intake system, $/gpm

unit cost of site and site work, $/gpm
2

unit cost of recovery tubes and tube sheets, $/ft

unit cost of reject tubes and tube sheets, $/ft
2

unit cost of heater tubes and tube sheets, $/ft
2

unit cost of heater shell, $/ft

unit cost of evaporator shell, $/ft

unit cost of adding a stage, $/stage

unit cost of miscellaneous buildings and equipment,

$/gpm

unit cost of operating expenses, $/gpm

unit cost of maintenance and supplies, $/$ of capital

total shell volume (all modules) of the plant, ft

-1



VPC

VPC1

VPC2

WAIT

WAIT1

WAIT2

WBE

WBL0W

WFS

WMAKUP

W0S

WPE

WPR0D

WPJMP

WREC0V

WREJCT
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direct capital cost of valves and piping, $

cost of valves and piping, $/Kgal

annual cost of valves and piping, $/year

direct capital cost of water intake system,

cost of water intake system, $/Kgal

annual cost of water intake system, $/year

blowdown flow, lb/hr

blowdown flow, gpm

recovery tube flow, lb/hr

make-up flow, gpm

seawater flow, lb/hr

product rate, lb/hr

production rate, gpm

total throughput of all pumps, gpm

recovery tube flow, gpm

seawater flow, gpm

USAGE

Input

1. Description of Cards

'The data items are listed in the table below in the order that they

must appear on each card.

TABLE I

Card

1

2

3

4

5

6

7

8

9

N

G

HD

DIR

SE

SMALLE

CR

HR

D0E

SH

SMALLD

PATEIN WPL

AM0DU ALEV

CASE RPE

THS(l) RS(1)

THS(M) RS(M)

TS

HE

DIE

BIKTR

TA

HH

D0H

BIKTE

SMALLB SMALLP

CSLTBP CSLTBH

TSTH FREED

E TBE

cp

HBL

DIH

CP

HPR

RSR

BIKTH CAPF

SMA1 SMA2

C0EFA DTPD

TWFA SPL

T0E CDITS

VR

FFHL

RE

ACACID

A3

CL

BDEPH

CDETS

VE

SSF1

RH

FACID

A4

HST

UMAX

VH

D0R

SR

UALP

ANS(l) THS(2) RS(2) ANS(2) THS(3) RS(3) ANS(3)

ANS(M) T0TALR
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The number of data cards (n) required depends on the number of

effects in the plant. For instance, a two-effect plant requires

only nine data cards. A three-effect plant requires ten cards since

another card is needed to enter T0TALR.

The items in the table above are defined as follows:

Card 1:

G

CR

TS

TA

C0

CP

VR

VE

VH

Card 2:

HD

HR

HE

HH

HBL

HPR

FFHL

SSF1

D0R

Card 3:

DIR

D0E

DIE

D0H

plant production rate, gpd

ratio of blowdown to ocean salt concentration

steam temperature, °F

ambient temperature, °F

ocean salt concentration, weight fraction

product salt concentration, weight fraction

plant reject tube side velocity, ft/sec

plant recovery tube side velocity, ft/sec

brine heater tube side velocity, ft/sec

pumping head to the plant site, ft

height of the plant reject, ft

height of the plant recovery, ft

header losses between the evaporator and the heater,

ft

blowdown pump head, ft

product pump head, ft

heat loss to the ambient from the evaporator, fraction

heat loss to the ambient from the heater, fraction

reject tube outside diameter, in.

reject tube inside diameter, in.

recovery tube outside diameter, in.

recovery tube inside diameter, in

heater tube outside diameter, in.



DIH

RSR

RE

RH

SR

Card 4:

SE

SH

BIKTR

BIKTE

BIKTH

CAPF

ACACID

FACID

Card 5:

SMALLE

SMALLD

SMALLB

SMALLP

SMA1

SMA2

A3

A4

Card 6:

RATEIN

WPL

CSLTBP

CSLTBH

C0EFA

DTPD

CL
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heater tube inside diameter, in
-1 2

reject fouling factor, Btu -hr-ft -°F
-1 2

recovery fouling factor, Btu -hr-ft -°F
-1 2

heater fouling factor, Btu -hr-ft -°F

reject flooding factor.

recovery flooding factor

heater flooding factor

reject tube metal thermal conductivity, Btu/hr-ft-°F

recovery tube metal thermal conductivity, Btu/hr-ft-°F

heater tube metal thermal conductivity, Btu/hr-ft-°F

plant load factor

acid plant annual capital charge rate, yr

acid plant load factor.

pump efficiency

power cost, $/kw-hr

heat cost, $/l0 Btu

annual charge rate for the water plant, yr
o

recovery condenser area cost, $/ft
2

reject condenser area cost, $/ft
p

heater area and tube sheet cost, $/ft
2

heater shell cost, $/ft

-1

interest rate, fraction

plant life, years

evaporator tube life, years

heater tube life, years

orifice coefficient

temperature loss due to pressure drop through the tube

bundle, °F

orifice velocity head loss.



Card 7:

AM0DU

ALEV

TSTH

FREBD

TWFA

SPL

BDEPH

HST

Card 8:

CASE

RPE

E

TBE

T0E

CDITS

CDETS

UMAX

UALP

Card 9:

45

number of modules

number of plant levels

intermediate tube sheet thickness, in.

vertical distance available for vapor escape from the

trays, ft

tray width factor

splash plate length, ft

brine depth, ft

height of each level, ft

case number

total plant performance ratio, lb-product/10 Btu

number of effects

blowdown temperature, °F

ocean temperature, °F

cost of drilling intermediate tube sheets, $/hole

cost of drilling the end tube sheets, $/hole

maximum superficial velocity desired through the

demister, ft/sec

maximum velocity to be used in the calculation of CH

for the demister, ft/sec

THS(l) - maximum brine temperature in effect I, °F

RS(l) - performance ratio of effect I, lb-product/10 Btu

ANS(l) - number of stages in effect I

T0TALR - number of stages in the plant reject

Format

All data items except CASE are assigned a field of F8.5. CASE is

assigned a field of F8.0. The data items are arranged on the data

cards as shown in Table I in the fields specified.



46

3. Choice of Variable

T0TALR is treated as an independent variable if it is entered.

Otherwise, it is treated as a dependent variable. All other input

variables are treated as independent variables and must be entered

unless the value of the variable is meant to be zero.

Output

The output contains all the input variables in addition to the calculated

plant characteristics of interest. The computed information includes an

overall description of each effect, plant power requirements, costs and

a detailed description of each stage in the plant. The descriptive

information includes temperatures, flow rates, geometry and heat trans

fer characteristics.

Operating Instructions

The program consists of a main program and several subroutines. The

program is loaded on the machine by stacking the subroutines and main

program, in any order, followed by an end-of-file card and the data

cards. There are no programmed stops or pauses. The computation stops

when an end-of-file condition is detected on the input tape. The program

takes its input from logical tape 10, and writes its output on logical

tape 9- Card-to-tape translation of input onto tape 10 is done off-line.

Tape 9 is listed off-line under program control.

In summary

Read input cards on tape (off-line)

Mount the following tapes:

Input 10

Output 9

Clear keys

Load program

After final stop, write (off-line) from tape 9.
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Example

The following example is calculation for a plant with an overall per

formance ratio of 15, salt concentration ratio of 2, and a 91-75° blow-

down temperature. The input and output for the example case are given

in Figures 2 and 3-

CODING INFORMATION

Time Requirements

The calculation requires approximately two minutes of machine time for

each case. This time, of course, will vary with the number of stages

and/or effects in the plant.

Flow Charts and Source Program

Figures 4, 5, 6, and 7 give the flow charts for the overall Multi-Effect

Multi-Stage Flash Program and subroutines GSC, TCVAL, and STAGEG,

respectively. The source program is given in Figure 8.
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61901. RP 15.00000 CR 2.00000 0. Q 0. TB
0.10265840E 08 0.22282665E 07 6.38612495E 07

ROE 0.

0.66000000E 02

PLANT PRODUCT RATE GPD 0.24999999E 09 PLANT PRODUCT RATE LB/HR 0.86107999E 08 BRINE DEPTH FT 0.09999999E 01
PLANT PERFORMANCE RATIO 0.15000000E 02 PLANT BLOWDOWN FLOW LB/HR 0.86082370E 08

0.62735732E 07

5.00
8.0

0.750

LEVEL HEIGHT FT 0.55999999E 01
TRAV WIDTH FACTOR 0.
STAGE ORIFICE COEF l.OOj)
MODULE SHELL VOL 0.73469119E 06

REACTOR THERMAL EFF 0.

TOTAL NO STAGES

OCEAN SALT CONC

PRODUCT SALT CONC

SALT CONC RATIO

66.

0.03360

0.00001

2.000

STEAM FLOW LB/HR

NO OF MODULES
NO OF TRAY LEVELS

TUBE SHEET THICKNESS IN

STEAM TEMPERATURE

OCEAN TEMP
BLOWDOWN TEMP

BRINE HEATER

FLOODING FACTOR

FOULING FACTOR

TUBE METAL CONDUCTIVITY

TUBE VELOCITY

EFFECT NO

295.00

65.000

VAPOR ESCAPE HEIGHT FT

SPLASH PLATE LENGTH IN

1.00000 TUBE OUTSIDE DIA

0.00030 TUBE_INSIDE DIA
26.000 TUBE FLOW LB/HR

6.000 HEAT TRANSFER COEF

FLOODING FACTOR

EVAPORATOR RECOVERY

1.00
EVAPORATOR REJECT

1.00

FOULING FACTOR

TUBE VELOCITY

TUBE METAL CONDUCTIVITY

TUBE OUTSIDE DIAMETER

TUBE INSIOE DIAMETER

TEMP PROP PER STAGE

TUBE FLOW LB/HR

NO OF STAGES

HEAT TRANSFER COEF

CONDENSER AREA
TUBE LENGTH

NO OF TUBES

EFFECT NO

0.000300

6.000

26.00

0.75000

0.680000

1.98962
0.58000708E 09

15

0.88443102E 03

JK 26880661E 07
0.76578771E 02

0.17877304E 06

FLOODING FACTOR

FOULING FACTOR

^VAPORAT0R RECOVERY
1.00

0.000300

TUBE VELOCITY

TUBE METAL CONDUCTIVITY

TUBE OUTSIDE DIAMETER

TUBE INSIDE OIAMETER

TEMP DROP PER STAGE

TUBE FLOW LB/HR

NO OF STAGES

HEAT TRANSFER COEF

CONDENSER AREA

TUBE LENGTH
NO OF TUBES

6.000

26.00

0.75000

0.680000

2.97427

0.46990590E 09

26

0.91179382E 03

0.43672886E 07

J>.15763480E 03
0.14110105E 06

0.000300

6.000

0.97933502E 03

0.71422679E 06

0.25778849E 02

0.14110522E 06

EVAPORATOR REJECT

1.00

0.000300

6.000

26.00

0.75000

0.680000

3.16920
0.43759594E 09

0.83984940E 03

0.73830715E 06

0.29748722E 02

0.12639771E 06

0.10000E 01

0.93000

0.580007086 09

0.98101944E 03

PERFORMANCE RATIO

RECOVERY RATIO P

RATIO OF WO TO WF

RECYCLE FLOW LB/HR

RETURN FLOW LB/HR

1.600 REACTOR SIZE M-W 0.16803248E 04
TOTAL MEGA WATTS ELEC 0.I00956E 03

12.0000

CONOENSER AREA 0.64227930E 06

HEATER LENGTH 0.25536890E 02

NO CONOENSER TUBES 0.960700E 05

4.20300

0.041558

0.810197

26.00 MAX BRINE TEMP SHELL SIDE 0.29000000E 03

0.75000 MA)^BRINE_TEMP TUBE SIDE 0.27999198E 03
0.680000 BLOWDOWN TEMP F 0.24999908E 03

2.03133 COOLANT TEMP F 237.476917

.46990163E 09 BLOWDOWN FLOW LB/HR 0.148il908E 09
5 PRODUCT RATE LB/HR 0.24103989E 08

0.40783010E 09

0.29769670E 09

AVERAGE THERMAL FORCE 0.75896358E 01

AVERAGE HEAT TRANSFER COEF 0.90438126E 03

PERFORMANCE RATIO
RECOVERY RATIO P

6.72600
0.082118

RATIO OF WO TO WF 0.931338
MAX BRINE TEMP SHELL SIDE 0.25000000E 03

MAX BRINE TEMP TUBE SIDE 0.23747692E WT
BLOWDOWN TEMP F 0.15999226^03
COOLANT TEMP F 146.281515
BLOWDOWN FLOW LB/HR 0.10951689E 09

PRODUCT RATE LB/HR

RECYCLE FLOW LB/HR

RETURN FLOW LB/HR

AVERAGE THERMAL FORCE

AVERAGE HEAT TRANSFER COEF

0.38587796E 08

0.29771127E^>9
0.26543261E 09

0.91300636E 01
0.90135770E 03

FIGURE 3. OUTPUT FOR EXAMPLE PROBLEM



EFFECT NO

FLOODING FACTOR

EVAPORATOR RECOVERY

1.00

EVAPORATOR REJECT

1.00 PERFORMANCE RATIO 4.07100

FOULING FACTOR

TUBE VELOCITY
TUBE METAL CONDUCTIVITY

TUBE OUTSIDE DIAMETER _
TUBE INSIDE DIAMETER

TEMP DROP PER STAGE

TUBE FLOW LB/HR

NO OF STAGES

HEAT TRANSFER COEF

CONDENSER AREA
TUBE LENGTH

NO OF TUBES

HEADS ANO POWER

PUMP EFF1CIENCY

DELIVERY HEAD

BLOWDOWN HEAD

EVAPORATOR HEAO

DELIVERY PUMP

MAKE-UP PUMP

RECYCLE PUMP EFFECT 1

BLOWDOWN PUMP

PRODUCT PUMP

DEAERATOR

TOTAL PLANT REOUIREMENT

0.000300

6.000

26.00

0.75000

0.68000C

3.87007

0.000500 RECOVERY RATIO P 0.053508
6.000 RATIO OF WO TO WF 0.504478^
26.00 " MAX BRINE TEMP SHELL SlOE 0.16000000E 03

0.75000 MAXJiRINE^TEMPJTUBE SIDE 0.1462815IE 03
0.680000 SLOWDOWN TEMP F 0.91999999E 02

6.90948 COOLANT TEMP F 65.000000

0.43762139E 09

14^
0.76248036E 03

0.32104B54E 07

0.12936646E 03

0.12639196E 06

0.22076861E 09

2

0.59316255E 03

0.77573257E 06^
0.61892389E 02
0.63833001E 05

0.83600000E 00

-0.

-0.

REJECT HEAD

PRODUCT HEAD

0.44799999E 02

HEADIFTI POWER MEGA-WATTS
0.92713560E 02 0.92246083E 0J_

0. 16994125E 02
0.27113742E 02

0.21898916E 03

0.14752209E 03

0.13551564E 03

0.857876S9E 02

-0.

0.91999999E 02

0.18182435E 02

0±10261296E 02
-0.

0.35702504E 01

0.38473424E 01

0.89193798E 02

BLOWDOWN FLOW LB/HR

PRODUCT RATE LB/HR

RECYCLE FLOW LB/HR

RETURN FLOW LB/HR

0.86082366E 08

0.23416210E 08
0.26540558E 09
0.48580008E 08

AVERAGE THERMAL FORCE
AVERAGE HEAT TRANSFER COEF

0.10075006E 02

0.72938987E 03

0.79799999E 02

0.91999999E 02

HEATER HEAD 0.25000000E 02

OUNIT J^OSTS _
OEAERATOR S/GPM

*/HP

0.36321107E 01

0.12047900E 02

PUMPS AND MOTORS */GPM 0.10084815E 01
$/HP 0.20836895E 02

ELECTRICAL EQUIP $/KW0.10306E 02

VALVES AND PIPING t/GPM 0.5C872175E 01 WATER INTAKE S/GPM

EVAPORATOR AREA */FT2

HEATER SHELL */FT2

CHEMICAL t/GPM-YR

POWER $1KW-HR

EVAP AND REJECT RETUBING

INDIRECT CHARGE

ACIO PLANT CAP CHG

COSTS

PUMPS AND MOTORS

SITE WORK

SEA INTAKE

EVAPORATOR SHELL

EVAPORATOR AREA

BRINE HEATER
VALVES AND PIPING

ELEC EQUIPMENT

0.20199999E 01

0.14699999E 01

0.3J7139829E 01
0.00330000

0.32675879E-01

.12086751E 01

0.10

WATER PLANT LOAD FACTOR

♦-DIRECT

0.59729419E 07

0.24981445E 07

0.22996730E" 06
0.98455929E 07

0.25238094E C8

0.31150546E 07

"-"0.12027824- 07
0.91869610E 06

»/YEAR

0.40428337E 06

0.16908891E 06

0.15565521E 05

0.66640686E 06

0.25329377E 07

0.28178117E 06

0.81411295E 05

0.62182683E 05

0.50000000E 00 SITE WORK */GPM 0.54315212E 01

REJECT AREA J/FT2 0.20199999E 01
EVAP^AND REJECT SHELL^/FT3 0.132600E 01

$/STAGE 0.58503781E 05
OPERATING */GPH 0.31651263E OlMAINT. AND SUPPLIES t/YR-t-CAPO.1700E-02
HEAT $/MBTU 0.11399999E-00 ANNUAL CAP CHG 1/YR 0.0560
HEATER RETUBING CHG 0.32675879E-01 INTEREST RATE 0.03130

HEATER AREA $/FT2

MISC CAPITAL */GPM

0.338000E 01

0.143541E 02

0.90 ACID PLANT LOAD FACTOR 0.90P

*/KGAL

0.49227808E-02

0.20589215E-02

0.18953451E-03

0.81145433E-02

0.30842469E-01

0.34311254E-02

0.99130955E-03

0.75717120E-03

FIGURE 3 (Continued)
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CRANES,BLCG,CONCRETE,ETC

DEAERATOR

HEAT
CHEMICAL

POWER
OPERATING

MAINTENANCE AND SUPPLIES

0.25749999E 07

0.13650814E 07

CAPITAL INVESTMENT

REACTOR COST

TURBO GENERATOR COST

RETUBING COST

-DIRECT AND INDIRECT

0.64013068E 08

0.72475583E 08

0.72763938E 07

0.17429094E 06

0.92396631E 05

0.51594532E 07

0.13323168E 07

0.23205727E 07

0.56779727E 06
0.10882221E 06

0.13969307E 08

t/GPD

0.25605227E-00

FIGURE 3 (Continued)

0.21222641E-02

0.11250731E-02
0.62824395E-01

0.16223036E-01
0.28256594E-01

0.69138177E-02

0.13250802E-02

0.17009810E-00

0.40638155E 06

S/KGAl

0.43649703E-01

0.49483295E-02

H



EFFECT

STAGE TTD CT

7.5637 0.05399

2 7.6489 0.

3 7.6546 0,

4 7.6602 0.

5 7.6862 0.

6

7

8

9

10

11

7.7077 0.

7.7288 0_,
7.7497 C.

7.J702 0.
7.7904 0.

7.8102 0.

12 7.8296 0.

13 7.8487 0.

14 7.8674 0,
_15 4.8962 Oj
16 11.4857 0.

05399

05399

05399

05399

05399

05399

05399

05399

05399

05399

05399

05399

05399

03360

03360

CI

0.06301 0

0.06324 0,

0.06348 0,

0.06371 0,

0.06395 0,

0.06419 C

0.06442 0

0.06466 0

0.06490 0

0.06513 0

0.06537 0

C2

06324

06348

C6371

06395

06419

,06442

,06466

,06490

.06513

.06537

,06561

0.06561 0.

0.06585 0.

0.06609 0.

0.06633 0.

0.06675 0.

06585

06609

06633

06675

06718

QN

0.16912146E 10
0.16572343E 10

0.16572078J 10
0.165 71630E 10

0.16556773E 10

0.16556480E 10

0.16555863E 10

0.16555010E 10

0.16554326E

0.16553444E

10

10

0.16552797E 10

0.16552033E 10

0.16551211E 10

0.16550726E 10
0.29516428E 10

0.29562519E 10

UBAR

822.03

813.50

805.08

796.51

787.72

778.78

769.70

760.47

751.09

741.56

731.88

722.06

712.10

701.99
608.41

56 8.90

HI HO

1833J,
1801.

1769.

1737.

1705,

63 5070.14

69 5017.09

89 4970.90

95 4923.96

93 4873.47

81 4822.79

61 4771.51

35 4719.65

02 4667.23

67 4614.28

29 4560.80

1673.

1641.

1609.

1577.

1544.

1512.

,91 4506.82

,54 4452.36

,20 4397.44

,50 4395.89

,94 3646.32

1479

1447

1415

1381

1273

FIGURE 3 (Continued)

OM

9.40

9.45

9.46

9.47

9.49

9.51

9.53

9.56

9.58

9.60

9.62

9.64

9.66

9.67

10.20

17.37

AS

0.218797E 06

0.215464E 06

0.217581E 06

0.219785E 06

0.221460E 06

0.223484E 06

0.225605E 06

0.227829E 06

0.230166E 06

0.232617E 06

0.235193E 06

0.237896E 06

0.240732E 06

0.243713E 06

0.475855E 06

0.299095E 06

LS

8.816

8.682

8.767

8.856

8.924

9.005

9.091

9.180

9.275

9.373

9.477

9.586

9.700

9.820

37.966

23.863

TUBE NO

0.1263

0.1263

0.1263

071263
0.1263

92 E 06

92E 06

92E 06

92E 06

92E 06

92E 06

92E 06

92E 06

92E 06

92E 06

92E 06

0.1263

0.1263

0.1263

0.1263

0.1263

0.1263

0.1263

0.1263

0.1263

0.6383

0.6383

92 E 06

92E 06

92E 06

30E 05

30E 05



1 0.14Q26179E 07

2 G.13939241E 07

3 0. 1385327JJE 07
4 0.1376 7944E 07
5 0.13683325E 07

6 0. 13599513E 07

7 0. 13516650E 07

8 0. 13434395E 07

9 0. 13353007E 07

10 0. 13272189E C7

11 0. 13192331E 07

12 0.,13113O05E 07

13 0.,13034374E 07

14 0.•12956729E 07

15 0..22955334E 07

16 0.22713263E 07

WS2

0.37399159E 09

0.37259766E 09

0.37121233E 09

"0.36983554E 09
0.36846720E 09

0.36710725E

0.36575558E

0.36441214E 09

0.36307684E 09

0.36174962E 09

0.36043038E 09

09

09

0.35911908E 09

0.35781564E 09

0.35651997E 09

0.35422443E 09^
0.35195310E09

WP2

U.64094403E 08

0.65488327E 08

0.66873653E 08

0.68250447E 08

0.69618779E 08

0.7O978730E 08

0.72330395E 08

0.73673834E 08

0.75009j\34E 08
0.76336352E 08

0.77655585E 08

0.78966885E 08

0.80270322E 08

0.81565994E 08

0.83861527E 08

0.86132853E 08

TV2

153.86

149.99

146.12

142.25

138.40

134.55

130.70

126.85

123.00

119.15

115.29

111.44

107.59^
103.74

96.90

90.00

TS1

160^00
156.13

152^26
148.39

144.52

140.65

136.78

132.91

129.04

125.17

121.30

117.43

113_.56
109.69

105.82

98.91

TS2

156.13

152.26

^48.39
144.52

140.65

136.78

^32.91
129.04

125.17

121.30

117.43

113.56

109.69

105.82

98.9_1
92.00

FIGURE 3 (Continued)

Tl

142.34

138.47

134.59

130.71

126.84

122.97

119.10

115.23
111.36

107.48

103.61

99.74

95.87

92.00

78.51

65.00

T2 BRINE CFM PROD CFM

146.30

142.34

138.47

134.59

130.71

126.84

122.97

119.10

115^23
111.36

107.48

0.198090E 07
0.214906E 07

J3.233439E 07
0.253888E 07
0.276486E 07

0.301500E 07

Oj329238E 07
0.360038E 07
0.394307E 07

0.432498E 07
0.475157E 07

0.522888E 07

0.576418E 07

0.636605E 07

0.136767E 08

0.165199E 08

0.122749E 06

0. 324002E 06

0.363688E 06

0.408526E 06

0.456591E 06

0.513589E 06

0.578111E 06

TT.651359E 06

0.734669E 06
0.829565E 06

0.937850E 06

0.106167E 07

0.120350E 07

0. 136633E 07

0.301534E 07

0.385582E 07



EFFECT

ONE LEVEL OF ONE MODULE

VAPOR VEL TRAY FLOW TRAY WIDTH RES TIME DELP DELP

STAGE FT/SEC LB/HR FT FT SEC _P_V_ AVAILABLE _REQUIRED_ A ALPHA DTPD

1 30.783196 0.500000E 06 18.769711 3.843421 0.40910E 01 0.37084E-00 0.17428E-00 0.55656E 01 2.269 0.79

2 33.940341 0.500000E 06 18.699580 3.786995 0.37202E 01 0.34208E-00 0.17274E-00 0.57693E 01 2.269 0.80

3 36.489733 0.500000E 06 18.629883 3.831332 0.33781E 01 0.31518E-00 0.17122E-00 0.59841E 01 2.269 0.82

4 39.267506 0.500000E 06 18.560617 3.877323 0.30629E 01 0.28857E-00 0.16973E-00 0.62266E 01 2.269 0.84

5 42.422630 0.500000E 06 18.491777 3.913506 0.27744E 01 0.26539E-00 0.16825E-00 0.64646E 01 2.249 0.83

6 45.820348 0.500000E 06 18.423360 3.956195 0.25090E 01 0.24370E-00 0.16679E-00 0.67169E 01 2.229 0.83

7 49.541468 0.500000E 06 18.355363 4.000718 0.22653E 01 0.22345E-00 0.16536E-00 0.69845E 01 2.210 0.82

8 53.620896 0.500000E 06 18.287779 4.047170 0.20418E 01 0.20455E-00 0.16394E-00 0.72687E 01 2.191 0.82

9 58.098718 0.500000E 06 18.220607 4.095781 0.18373E 01 0.18690E-00 0.16254E-00 0.75717E 01 2.172 0.82

10 63.C21574 0.500000E 06 18.153842 4.146542 0.16504E 01 0.17041E-00 0.16115E-00 0.78958E 01 2.153 0.81

11 68.442631 0.500000E 06 18.087481 4.199669 0.14800E 01 0.15499E-00 0.15979E-00 0.82443E 01 2.135 0.81

12 74.421314 0.500000E 06 18.021519 4.255208 0.13250E 01 0.14053E-00 0.15844E-00 0.86214E 01 2.117 0.81

13 81.028063 0.500000E 06 17.955954 4.313280 0.11845E 01 0.12695E-00 0.15711E-00 0.90328E 01 2.099 0.81

14 88.342905 0.500000E 06 17.890782 4.374125 0.10575E 01 0.19434E-00 O.15580E-00 0.72702E 01 2.081 0.80

15 47.452007 0.500000E 06 17.825998 17.514543 0.86317E 00 0.15866E-00 0.17129E-00 0.80093E 01 2.013 0.77

16 91.822251 0.500000E 06 17.711221 10.953794 0.70451E 00 0. 0.16877E-00 0. 2.003 0.79

FIGURE 3 (Continued)



EFFECT 3

STAGE AREA DM DPTDM DTDM CPROD WIDDM
1

0.

.22242193E

.23478901E

J2

02

0.

0,

.3U388641E-

.29610334E-

-01

-01

0,

0,

.28874207E--00 0.•26995629E-05 0,.26164709E 01
2 •30468750E--00 0,.29346770E-05 0,.27740311E 01
3 c,.247C7286E 02 0..29032193E--01 0,•32395172E--00 0,.31576872E-05 0,.28935985E 01
4 c..26265358E 02 0.•27847185E--01 u,.33731842E--00 0..33943720E-05 0,.30487875E 01

5 c..28609587E 02 0..25281657E--01 0..33287048E--00 0..36516581E-05 0,.32903608E 01
6 c..31207912E 02 0..22932694E--01 0,•32860565E--00 0..39339480E-05 0,.35549803E 01
7 u..34092779E 02

02

0.

0,

.20784061E-

.18820498E-

-01 0,,32463074E--00 0..42452621E-05 0,.38452137E 01
8 0..37299594E -01 u..32C.84656E--00 U..45897863E-05 0,.41639064E 01
9 0,.4C871057E 02 0..17027736E--01 0..31731415E--00 0,.49721632E-05 0..45142919E 01

10 c..44854841E 02 0.•15392458E--01 0..31400299E--00 0,,53976497E-05 0,.49000201E 01

11 0,.49306O37E 02 0.,13902215E--01 0..31U89783E--00 0,.58722601E-05 0,.53252027E 01
12 0,.54288G08E 02 0.,125454C8E--01 0,.30 807495E--00 0.,64029290E-05 0..57945098E 01
13 0..59873863E 02 0.,11311212E--01 0.•30547333E--00 0..69976742E-05 0,.63132147E 01

14 0.66147739E 02

15 0.13527246E 03

16 C.16287155E 03

0.10189582E-01

0.78513830E-02

0.69870619E-02

0.30312347E-00

0.26778412E-00

0.28543091E-00

0.76658038E-05

0.71461472E-05

0.77255605E-05

0.68873177E 01

0.36524310E 01

0.69472852E 01

FIGURE 3 (Continued)
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EFFECL 2
. . ___

-
-----

STAGE TTD CT CI C2 QN UBAR HI HO OM AS LS TUBE NO

1 7.5592 0.04578 0.04826 0.04841 0.13826072E 10 966.98 2460.62 5947.27 8.97 0.159332E 06 5.751 0.1411C1E 06

2 7.5 806 0.04578 6.04841 0.04856 0.13753386E lb 963.31 2442.14 5927.76 8.99 0.158842E 06 5.733 0.141101E 06

3 7.5862 0.04578 0.04856 C.04870 0.13753046E 10 959.60 2423.46 5909.44 8.99 0.159351E 06 5.752 0.141101E 06

4 7.6222 0.04578 0.04876 0.04885 0.13743867E 10 955.67 2404.55 5884.57 9.03 0.159273E 06 5.749 0.141101E 06

5 7.6258 0.04578 0.04885 0.04900 0.13752191E 10 951.81 2385.39 5865.24 9.03

"" 9.04
0.159938E

0.160507E

06

06

5.773

5.793

0.1411C1E

0.141101E

06

6 7.6311 0.04578 0.04900 0.04915 O.13752058E 10 947.85 2365.98 5845.07 06

7 7.6640 0.04578 0.04915 0.04930 0.13742603E 10 943.68 2346.36 5819.05 9.07 0.160533E 06 5.794 0.141101E 06

~8 7.6673 0.04578 0.04930 0.04945 0.13751260E 10 939.57 2326.49 5797.88 9.08 0.161264E 06 5.821 0.141101E 06

9 7.6725 0.04578 0.04945 0.04959 0.13751192E 10 935.36 2306.39 5775.87 9.08 0.161896E 06 5.844 0.141101E 06

10 7.7052 0.04578 0.04959 0.04974 0.13740323E 10 930.94 2286.10 5748.15 9.11 0.161966E 06 5.846 0.141101E 06

11 7.7080 0.04578 0.04974 0.04989 0.13750464E 10 926.56 2265.58 5725.21 9.12 C.162782E 06 5.876 0.141101E 06

12 7.713C 0.04578 0.04989 0.05004 C.13750111E 10 922.10 2244.83 5701.41 9.12 0.163476E 06 5.901 0.1411C1E 06
13 7.7456 0.04578 0.050O4 0.05019 0.13738339E 10 917.42 2223.91 5672.04 9.15 0.163600E 06 5.905 0.1411C1E 06

14 7.6225 0.04578 0.05019 0.05034 0.13803679E 10 913.35 2202.63 5669.89 9.04 0.167265E 06 6.037 0.141101E 06

15 7.6390 0.04578 0.05034 0.05049 0.13750868E 10 908.57 2181.24 5642.88 9.05 0.167287E 06 6.038 0.141101E "6

16 7.6441 0.04578 0.05049 0.05064 C.13750671E 10 903.75 2159.70 5616.53 9.05 0.168082E 06 6.067 0.141101E 06

17 7.6492 0.04578 0.05064 C.05079 0.13750348E 10 898.84 2137.97 5589.60 9.06 0.168903E 06 6.096 0.141101E 06

18 7.6541 0.04578 0.05079 0.05094 0.13750344E 10 893.83 2116.06 5562.10 9.06 0.169754E 06 6.127 0.141101E 06

19 7.6591 0.O4578 0.05094 0.05109 0.13750017E 10 888.74 2093.98 5534.02 9.07 0.170628E 06 6.159 0.141101E 06

20 7.6640 0.04578 0.05109 0.05124 0.I3749804E 10 883.56 2071.72 5505.38 9.07 0.171533E 06 6.191 0.141101E 06

21 7.6888 0.04578 0.05124 0.05139 0.13739165E 10 878.21 2049.33 5472.79 9.10 0.171992E 06 6.208 0.1411C1E 06

22 7.6913 0.04578 0.05139 0.05154 0.13749232E 10 872.85 2026.76 5443.30 9.10 0.173106E 06 6.248 0.141101E 06

23 7.6960 0.04578 0.05154 0.05170 0.13748929E 10 867.40 2004.03 5413.03 9.10 0.174099E 06 6.284 0.14U01E 06

24 7.7C07 0.04578 0.05170 0.05185 0.13748886E 10 861.86 1981.15 5382.22 9.11 0.175127E 06 6.321 0.141101E 06

25 7.7054 0.04578 0.05165 0.05200 0.13748495E 10 856.23 1958.13 5350.87 9.11 0.176184E 06 6.359 0.141101E 06

26 7.7099 0.04578 0.05200 0.05215 0.13748459E 10 850.50 1934.97 5319.00 9.12 0.177280E 06 6.399 0.141101E 06

27 7.5196 0.05397 0.05215 0.05231 0.14649265E 10 851.54 1945.96 5268.89 9.13 0.188498E 06 7.595 0.126398E 06

28 7.7783 0.05397 0.05231 0.05247 0.14648996E 10 843.67 1918.79 5188.85 9.39 0.184949E 06 7.452 0.126398E 06

29 8.0370 0.05397 0.05247 0.05264 0.14648906E 10 835.74 1891.48 5110.57 9.65 0.181645E 06 7.319 0.126398E 06

30 8.2957 0.05397 0.05264 C.05280 0.14648557E 10 827.73 1864.02 5033.92 9.91 0.178562E 06 7.195 0.126398E 06

FIGURE 3 (Continued)



wv

1 0.
2 0.

3 0.

4 0.

5 0.

13727736EJ7
13655517E 07

13583677E 07

13512637E 07

13442009E 07

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25^
26

27

28

29

13372313E 07

^303136^07
,13234437E 07

•13166619E 07
,13098951E 07

, 13032384E 07

12966007E 07

12900297E^ 07
12835740E 07

12771352E 07

12707359E 07

12643788E 07

12581043E 07

.12518509S 07

12456588E 07

12395044E 07

12334261E 07

,12273730E 07

•12213955E C7

, 12154295EJ7
.12095456E 07

•12824258E 07

.12758299E 07

. 12693058E 07

WS2

0.44443204E 09
0.44306649E 09

0.4417U813E 09

0.44035686E 09

0.43901265E 09

0.43767542E 09

0.43634511E 09

0.43502166E 09

0.433705COE 09

0.43239510E 09

0.43109187E 09
0.42979526E 09

0.42850523E 09

0.42722165E 09

0.42594451E

0.42467376E

0.42340940E

09

09

09

C.42215129E

0.42089944E

0.41965378E

0.41841427E

0.41718084E

09

09
09

09

09

0.41595346E 09

0.41473207E 09

0.41351664E 09_
6741230709E 09
0.4110246 7 E_09_
0.40974883E 09

0.40847953E 09

WP2

0.25476762E 08

0.26842314E 08
0.28200682E08

0.29551945E 08

0.30896146E 08

,32233377E 08

•33563691E 08

,34887134E 08

.36203796E 08

,37513690E 08

0.38816928E 08

0.40113529E 08

0.41403558E 08

0.42687132E 08

0.43964268E 08

C.45235003E 08

0.46499381E 08

0.47757486E 08

0.49009336E 08

C.50254995E 08

0.51494499E 08

0.52727924E 08

0.53955297E 08

55176692E 08

56392J^22E 08
57601667E 08

58884093E 08

60159922E 08

61429228E 08

245.03 250.00

242.05

239.08

236.13

233.16

230.18

227.24

224.26

221.29

218.34

215.37

212.39

209.45

206735
203.37

200.40

197.43

194.45

191.48

188.50

185.55

182.57

179.60

176.63

173.65

170.68

167.51

164.34

161.17

247.03

244.05

241.08

238.10

235.13

232.15

229.18

226.21

223.23

220.26

217.28

214.31

211.33

208.36

205.39

202.41

199.44

196.46

193.49

190.51

187.54

184.57

181.59

178.62

175.64

172.67

169.50

166.33

TS2

247.03

244.05

241.08^
238.10
235.13

232.15

229.18

226.21

223.23

220.26

217.28

214.31

211.33

208.36

205.39

202.41

199.44

196.46

193.49

190.51

187.54

184.57

181.59

178.62

175.64

172.67

169.50

166.33

163.16

Tl

234.47

231.49

228.51

225.53

222.55

219.57

216.60

213.62

210.64

207.66

204.68

201.70

198.73

195.73

192.76

189.78

186.80

183.82

180.84

177.86

174.88

171.90

168.92

165.95

162.97

159.99

156.56

153.13

149.70

T2 BRINE CFM PROD CFM

237.47

234.47

231.49

228.51

225.53

222.55

219.57

216.60

213.62

210.64

207.66

204.68

201.70

198.73

195.73

192.76

189.78

186.80

183.82

180.84

177.86

174.88

171.90

168.92

165.95

162.97

159.99

156.56

153.13

0.331357E 06
0.346505E 06

0.362521E 06

0.379474E 06

0.397414E 06

0.416427E 06

0.436570E 06

0.457923E 06

0.480582E 06

0.504612E 06

0.530148E 06

0.557261E 06

0.586083E 06

0.616763E 06

0.649389E 06

0.684117E 06

0.721105E 06

0.760545E 06

J)A802588E 06
0.847458E 06

JJ.895358E 06
0.946554E 06

0.100127E 07

0.105982E 07

0.112247E 07

0.118961E 07

0.134972E 07

0.143798E 07

0.153318E 07

0.229286E 05

0.145T70E 05

0.161389E 05

0.177069E 05
0.198013E 05

0.218772E 05

0.238966E 05

0.265683E 05

0.292290E 05

0.318058E 05
0.352457E 05

0.386621E 05

0.419604E 05

0.484743E 05

0.509212E 05

0.557210E 05

0.609479E 05

0.666418E 05

0.728466E 05

0.796107E 05

0.86 3686E 05

0.949942E 05

0.103774E 06

C.113361E 06

0.123835E 06

0.135283E 06

0.158188E 06

0.173863E 06

0.191127E 06

30 0.12628091E 07 0.40721671E 09 0.62692037E 08 158.00 163.16 159.99 146.28 149.70 0.163592E 07 0.210153E 06

FIGURE 3 (Continued)
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EFFECT

ONE LEVEL CF ONE MODULE

VAPOR VEL TRAY FLOW TRAY WIDTH RES TIME DELP DELP

STAGE FT/SEC LB/HR 1=T FT SEC PV AVAILABLE REQUIRED A ALPHA DTPD

1 8.119955 0.5000COE 06 22.290241 2.330198 0.27325E 02 0.14131E 01 0.18229E-00 0.34627E 01 2.000 0.50

2 8.519526 0.500000E 06 22.221602 2.325800 0.25912E 02 0.13530E 01 0.18091E-00 0.35254E 01 2.000 0.50

3 8.882511 0.500000E 06 22.153325 2.337204 0.24559E 02 0.12818E 01 0.17954E-00 0.36083E 01 2.000 0.50

4 9.302803 0.500000E 06 22.085406 2.339276 0.23277E 02 0.12390E 01 0.17819E-00 0.36563E 01 1.970 0.50

5 9.698795 0.500000E

0.500000E

06

06

22.017843

21.950633

2.353142

2.365485

0.22038E

0.20854E

02

02

0.11845E

0.11215E

01

01

0.17685E-00

0.17553E-00

0.37255E

0.38143E

01

01

1.970

1.970

0.50

6 10.123781 0.50

7 10.611644 0.500000E 06 21.883771 2.369149 0.19732E 02 0.10812E 01 0.17422E-00 0.38702E 01 1.942 0.50

8 11.076121 0.500000E 06 21.817255 2.384049 0.18651E 02 0.10320E 01 0.17293E-00 0.39468E 01 1.942 0.50

9 11.575162 0.500000E 06 21.751083 2.397369 0.17619E 02 0.97553E 00 0.17165E-00 0.40444E 01 1.942 0.50

10 12.148285 0.500000E 06 21.685250 2.401682 0.16643E 02 0.93900E 00 0.17039E-00 0.41071E 01 1.914 0.50

11 12.693913 0.500000E 06 21.619755 2.417945 0.15704E 02 0.89474E 00 0.16914E-00 0.41920E 01 1.914 0.50

12 13.281865 0.500000E 06 21.554593 2.432258 0.14810E 02 0.84434E 00 0.16790E-00 0.42996E 01 1.914 0.50

13 13.957423 0.500000E 06 21.489763 2.437384 0.13965E 02 0.84471E 00 0.16668E-00 0.42830E 01 1.887 0.50

14 14.341111 0.500000E 06 21.425261 2.499535 0.13121E 02 0.77014E 00 0.16546E-00 0.44692E 01 2.012 0.63

15 15.097606 0.500000E 06 21.361083 2.503048 0.12350E 02 0.73212E 00 0.16427E-00 0.45672E 01 2.012 0.64

16 15.823863 0.500000E 06 21.297226 2.519024 0.11618E 02 0.69556E 00 0.16308E-00 0.46688E 01 2.012 0.65

17 16.592112 0.500000E 06 21.233689 2.535403 0.10923E 02 0.66043E 00 0.16191E-00 0.47742E 01 2.012 0.65

18 17.405119 0.500000E 06 21.170470 2.552282 0.10262E 02 0.62669E 00 0.16075E-00 0.48835E 01 2.012 0.66

19 18.265916 0.500000E 06 21.107565 2.569545 0.96356E 01 0.59430E 00 0.15961E-00 0.49969E 01 2.012 0.66

20 19.177633 0.500000E 06 21.044972 2.587301 0.90413E 01 0.55958E 00 0.15847E-00 0.51313E 01 2.012 0.67

21 20.203498 0.500000E 06 20.982689 2.597807 0.84817E 01 0.53367E 00 0.15735E-00 0.52358E 01 1.992 0.68

22 21.210930 0.500000E 06 20.920714 2.618966 0.79480E 01 0.50515E 00 0.15624E-00 0.53626E 61 1.992 0.69

23 22.299400 0.500000E 06 20.859042 2.638169 0.74429E 01 0.47785E--00 0.15514E-00 0.54942E 01 1.992 0.70

24 23.454539 0.500000E 06 20.797673 2.657952 0.69650E 01 0.45174E--00 0.15405E-00 0.56309E 01 1.992 0.70

25 24.680931 0.500000E 06 20.736604 2.678206 0.65133E 01 0.42679E--00 0.15298E-00 0.57730E 01 1.992 0.71

26 25.983699 0.500000E 06 20.675832 2.699099 0.60865E 01 0.42856E--00 0.15191E-00 0.57410E 01 1.992 0.72

27 24.553324 0.500000E 06 20.615355 3.244357 0.56579E 01 0.40281E--00 0.17637E-00 0.59009E 01 1.992 0.75

28 26.692081 0.500000E 06 20.551233 3.183228 0.52551E 01 0.37833E--00 0.17507E-00 0.60665E 01 1.992 0.75

29 29.C10013 0.500000E 06 20.487442 3.126382 0.48768E 01 O.35507E--00 0.17378E-00 0.62390E 01 1.992 0.76

30 31.523041 0.500000E 06 20.423976 3.073419 0.45217E 01 0. 0.17251E-O0 0. 1.992 C.77

FIGURE 3 (Continued)
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EFFECT_
STAGE

1 0.

2 C.

3 0.

4 '0.
_5__0.
6 0.

7 q.

9

10

11

12

13

14

15

16

17

18

19

0.

_P-
0.

0.

0.

0.

0.1C555774E 02

0. 10862663E 02

0.11194105E 02

0.11527266E 02

0.11879205E 02

0.1226Q450E 02

0.

0.

b.
0^.
0.

0.

0.

0.

0.

0.

0.

0.

DPTDM

0.36808719E-01

0.36503416E-01

0.36140385E-01

0.35833685E-01

0.35505205E-01

0.35115581E-01

0.

0.

0.

0.

0.

0.

0.

0.

b.
o.

o.

o.

•13402557E-00

, 13971710E-00

14549255E-00

.15177917E-00

, 15830994E-00

.16495514E-00

CPROD

.20405639E-03

0.20279183E-03

0.20172396E-03

0.20062026E-03

0.19958463E-03

0.19857212E-03

0.19752889E-03

0.19651418E-03

0.19667247E-03

0.19856653E-03

0.20163955E-03

0.20576398E-03

0.21102032E-03

0.19655973E-03

0.18402116E-03

0.17304635E-03

0.16335942E-03

0.15474661E-03

0.14703939E-03

WIDDM

0.13871479E 01

14136158E 01

14323888E 01

14568701E 01

14757834E 01

14962951E 01

15225133E 01

0.15431824E 01

0.15731715E 01

0.16158503E 01

0.16511675E 01

0.16895992E 01

0.17373231E 01

0.17767844E 01

0.18199287E 01

0.18734498E 01

0.19176987E 01

0.19662814E 01

0.20264908E 01

20 0.12643593E 02 0.34788278E-01 0.17225647E-00 0. 14010160E^-03 0.20762783E 01

21 0.13C49141E 02

22 0.13489497E 02

23 0.13932022E 02

24 0.14412325E 02

25 G.14902737E 02

26 C.15434042E 02

27 0.16489574E 02

28 0.172581831 02
29 0.18057394E 02

30 0.18929662E 02

0.34437390E-01

0.34022148E-01

0.33675207E-01

0.33263377E-01

0.32897331E-01

0.32470389E-01

0.J, 36 587 88E^01
0.32814004E-01

0.32015643E-01

0.31151238E-01

0.17983246E-00

0.18751526E-00

0.19600677E-00

0.20459747E-00

0.21394348E-00

0.22347260E-00

0.24572754E-00

0.25476837E-00

0.26454163E-00

0.27417755E-00

0.13382389E-03

0.12811700E-03

0.12290613E-03

0.11813260E-03

0.11374392E-03

0.10969669E-03

0.10571426E-03

0.10203990E-03

0.98640763E-04

0.95489870E-04

0.21311667E 01

0.21991327E 01

0.22553582E 01

0.23253481E 01

0.23877578E 01

0.24639606E 01

0.22180960E 01

0.23728212E 01

0.25255151E 01

0.27005094E 01



JFFECJL

STAGE TTD CT CI C2 QN UBAR HI HO OM AS LS TUBE NO

1 6.3093 0.03744 0.03744 0.03752 0.11428861E 10 602.95 2676.54 7772.22 7.26 0.261070E 06 7.437 0.178773E 06

2 6.3131 0.03744 0.03752 0.03760 0.11429103E 10 656.24 2667.05 7545.57 7.26 0.239746E 06 6.8 30 0.178773E 06

3 6.3171 0.03744 0.03760 C.03768 0.11428868E 10 719.60 2657.48 7306.87 7.27 0.218513E 06 6.225 0.178773E 06

4 6.3210 0.03744 0.03768 0.03776 0.11428537E 10 796.14 2647.85 7054.40 7.27 0.197395E 06 5.623 0.178773E 06

5 6.3248 0.03744 0.03776 0.03784 0.11428841E 10 890.32 2638.18 6785.98 7.28 0.176425E

0.154982E

06

06

5.026

4.415

0.178773E

0.178773E

06

6 6.3581 0.03744 0.03784 0.03792 0.11426154E 10 1008.64 2628.52 6490.66 7.31 06

7 6.3616 0.03744 0.03792 0.03800 0.11428025E 10 1006.77 2618.18 6483.03 7.31 0.155219E 06 4.422 0.178773E 06

8 6.3653 0.03744 0.03800 0.03808 0.11428021E 10 1004.86 2607.70 6475.02 7.32 0.155433E 06 4.428 0.178773E 06

9 6.3690 0.03744 0.03808 0.03816 0.11427762E 10 1002.92 2597.11 6466.69 7.32 0.155651E 06 4.434 0.178773E 06

10 6.3401 0.03744 0.03816 0.03824 0.11431814E 10 1001.16 2586.36 6466.96 7.29 0.156595E 06 4.461 0.178773E 06

11 6.3445 0.03744 0.03824 0.03832 0.11427974E 10 999.14 2575.52 6457.86 7.30 0.156770E 06 4.466 0.178773E 06

12 6.3483 0.03744 0.03832 0.03840 0.11428107E 10 997.10 2564.55 6448.54 7.30 O.157013E 06 4.473 0.178773E 06

13 6.3520 0.03744 0.03840 0.03848 0.11427846E 10 995.01 2553.46 6438.91 7.30 0.157257E 06 4.480 0.178773E 06

14 6.3557 0.03744 0.03848 0.03856 0.11427748E 10 992.89 2542.25 6428.96 7.31 0.157511E 06 4.487 0.178773E 06

15 6.3594 0.03744 0.03856 0.03864 0.11427668E 10 990.74 2530.92 6418.69 7.31 0.157772E 06 4.495 0.178773E 06

"16 6.3214 0.04576 0.03864 0.03873 0.11667168E 10 989.93 2535.87 6350.33 7.50 0.157045E 06 5.668 0.141105E 06

17 6.7960 0.04576 0.03873 0.03881 0.11666845E 10 984.28 2521.63 6218.27 7.98 0.148471E 06 5.359 0.141105E 06

18 7.2968 0.04576 0.03881 0.03889 0.11661237E 10 978.60 2507.22 6090.08 8.49 0.140396E 06 5.067 0.141105E 06

19 7.7702 0.04576 0.03889 0.03897 0.11666381E 10 973.17 2492.62 5976.49 8.96 0.133724E 06 4.827 0.141105E 06

20 8.2446 0.04576 0.03897 0.03906 0.11666490E 10 967.82 2477.84 5870.00 9.44 0.127665E 06 4.608 0.141105E 06

FIGURE 3 (Continued)
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EFFECT

STAGE WV WS2 WP2 TV2 TS1 TS2 Tl T2 BRINE CFM PROD CFM

1 0.12416350E 07 0.57881962E 09 0.12416350E 07

07

07

"07
07

286.21

284.22

282.23

280.24

278.25

290.00

288.01

286.02

284.03

282.04

288.01

286.02

284.03

282.04

280.05

277.91

275.91

273.92

271.93

269.93

279.90

277.91

275.91

273.92

271.93

0.157824E

0.161890E
0.166089E

0.170430E

0.174932E

06

06

06

06

06

-0.835104E

0.232887E

0.479707E

0.741232E

0.101828E

05

2

3

0.12370314E

0.12324C88E

07

07

0.57758259E

0.57635017E

09

09

0.24786664E

O.37110752E

03

03
4

5

0.12278030E

0.12232985E

07

07

0.57512236E

0.57389906E

09

09

0.49388782E

0.61621767E

03

04

6

7

8

9

0.12187272E

0.12142543E

0.12098014E

0.12053544E

07

07

07

07

07

07

0.57268033E

O.57146607E

0.57025627E

0.56905O91E

0.56784993E

0.56665333E

09

09

09

09

09

09

0.73809039E

0.85951581E

0.98049595E

0.11010314E

0.12211291E

0.13407884E

07

07

07

08

08

08

276.29

274.30

272.31

270.32

268.30

266.31

280.05

278.06

276.07

274.08

272.09

270.10

278.06

276.07

274.08

272.09

270.10

268.11

267.94

265.95

263.95

261.96

259.97

257.97

269.93

267.94

265.95

263.95

261.96

259.97

0.179576E

0.184392E

0.189377E

0.194533E

~0.19988bE
0.205411E

06

06

06

06

06

06

0.129170E

0.162175E

07T95067E

0.229891E

0.271272E

0.305943E

04

04

04

04

10

11

0.12009777E

0.11965929E

04

04

12

13

14

15

16

17

0.11922732E

0.11879400E

0.1ie36483E

0.11793886E

0.11S97554E

0.11953458E

07

07

07

07

C7

07

O.56546105E

0.56427310E

0.56308945E

O.56191O06E

0.56071029E

0.55951494E

09

09

09

09

09

09

0.14600157E

0.15788097E

0.16971745E

0.18151134E

0.19350889E

0.20546235E

08

08

08

08

08

08

264.32

262.33

160.34
258.35

256.32

254.29

268.11

266.12

264.13

262.15

260.16

258.12

266.12

264.13

262.15

260.16

258.12

256.09

255.98

253.99

251.99

250.00

247.49

244.99

257.97

255.98

253.99

251.99

250.00
247.49

0.211147E

0.217083E

0.2232361
0.229615E

0.241334E

0.248483E

06

06

06

06

06

06

0.347265E

0.390997E

0.437274E

0.486241E

0.549723E

0.606939E

04

04

04

04

04

04

18

19

20

0.11910073E

0.11866496E

0.11823688E

07

07

07

0.55832393E

0.55713727E

0.55S95490E

09

09

09

0.21737242E

0.22923892E

0.24106260E

08

08

08

252.28

250.25

248.22

256.09

254.06

252.03

254.06

252.03

250.00

242.48

239.98

237.47

244.99

242.48

239.98

0.255911E

0.263612E

0.271618E

06

06

06

0.658609E

0.731392E

0.799342E

04

04

04

ON
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EFFECT 1

VEL CF ONE MOOULEONE LE

VAPOR VEL TRAY FLOW TRAY WIDTH RES TIME DELP DELP

STAGE FT/SEC LB/HR FT FT SEC PV AVAILABLI

01

01

REQUIRED

0.18739E-00

0.18638E-00

A ALPHA OTPD

1 2.935736 0.500000E 06 29.003063

28.940981

2.986259

2.730100

0.54183E

0.52527E

02

02

0.16555E

0.16149E

0.42212E

0.42625E

01

01

1.801

1.801

0.50

2 3.297531 0.500000E 06 0.50

3 3.736648 0.500000E 06 28.879129 2.474449 0.50912E 02 O.15750E 01 0.18538E-00 0.43046E 01 1.801 0.50

4 4.279123 C.500000E 06 28.817509 2.219637 0.49337E 02 0.15358E 01 0.18439E-00 0.43475E 01 1.801 0.50

5 4.963968 0.500000E 06 28.756118 1.966062 0.47802E 02

02

0.14754E

0.14600E

01

01

0.18341E-00

0.18244E-00

0.44238E

0.44352E

01

01

1.801

1.771

0.50

6 5.878335 0.500000E 06 28.694953 1.706142 0.46326E 0.50

7 6.025782 0.500000E 06 28.634017 1.710852 0.44866E 02 0.14229E 01 0.18147E-00 0.44807E 01 1.771 0.50

8 6.179208 0.500000E 06 28.573304 1.715281 0.43443E 02 0.13865E 01 0.18051E-00 0.45272E 01 1.771 0.50

9 6.337628 0.500000E 06 28.512813 1.719747 0.42057E 02 0.13726E 01 0.17956E-00 0.45381E 01 1.771 0.50

10 6.468253 0.500000E 06 28.452545 1.733133 0.40684E 02 0.13151E 01 0.17861E-00 0.46241E 01 1.804 0.55

11 6.639052 0.500000E 06 28.392496 1.737069 0.39369E 02 0.12806E 01 0.17768E-00 0.46735E 01 1.804 0.55

12 6.812753 0.500000E 06 28.332666 1.741841 0.38088E 02 0.12469E 01 0.17675E-00 0.47240E 01 1.804 0.56

13 6.992212 0.500000E 06 28.273052 1.746627 0.36842E 02 0.12138E 01 0.17582E-00 0.47755E 01 1.804 0.56

14 7.177560 0.500000E 06 28.213655 1.751529 0.35628E 02 0.11813E 01 0.17491E-00 0.48281E 01 1.804 0.56

15 7.369079 0.500000E 06 28.154472 1.756521 0.34446E 02 0.11732E 01 0.17400E-00 0.48321E 01 1.804 0.56

16 6.007450 0.500000E 06 28.095503 2.266887 0.33273E 02 0.11407E 01 0.18446E-00 0.48878E 01 1.804 0.56

17 6.574358 0.500000E 06 28.035515 2.134941 0.32133E 02 0.10947E 01 0.18349E-00 0.49762E 01 1.804 0.56

18 7.197170 0.500000E 06 27.975747 2.010520 0.31038E 02 0.10780E 01 0.18252E-00 0.50014E 01 1.777 0.57

19 7.820505 0.500000E 06 27.916197 1.907857 0.29960E 02 0.10475E 01 0.18156E-00 0.50605E 01 1.777 0.57

20 8.480560 0.500000E 06 27.856864 1.814603 0.28912E 02 0. 0.18061E-00 0. 1.777 0.57

EFFECT 1

STAGE

1 0.

AREA DM

0.

DPTDM

2

3

0.

0.

0.

0.

4

5

0.

0.

0.

0.

0.

0.

6 0.

7 0.

8 0.

9 0.

10 0.

11 0.
12 0.

13 0,

14 6.

15 6,

16 6.

17 6.

18 0,

19 0,

60290720E 01

60847612E 01

61404931E 01

61988457E 01

62584034E 61

63195522E 01

65812054E 01

66293242E 01

66789947E 01

67328639E 01

0.35862184E-01

0.35974732ErQl
0.3665779 ll-Ol
0.36207758E-01

0.36318058E-01

0.36427597E-01

6.35989011E-01
0.36254596E-01

0.36516478E-01

0.36753888E-01

0.

0.

0.

0.

DTDM

0.52192688E-01

J).53764343E-01
0.55465698E-01

0.57136536E-0I

0.58914185E-01

0.60691833E-01

0.6i668396E-01
0.63888550E-01

6". 66236774E-01
0.68618774E-01

CPROD

0.25673961E-03

0.25099991E-03

0.24516102E-03

0.23921103E-03

0.23313618E-03

0.22685908E-03

0.22222082E-03

0.21860510E-03

0.21567113E-03

0.19477996E-03

JK17766ei5E-63
0.16337269E-03

0.15126742E-03

0.14087868E-03

0.13186430E-03
6.123827981-63
0.11674260E-03

0.11044805E-03

0.10481872E-03

WIODM

0.77204482E 00

0.84339525E 00

0.92808404E 00

67 1030"15 50 E""01"
0.11554217E 01

0.13176041E 01

0.13271390E 01

0.13370831E 01

0.13472121E 01
0. 13575219E~ 01
0.13680199E 01

6.i3842475E 61
8.13946322E 01

0.14057465E 01

0.14170695E 01

0.11701036E 01

0.12461771E 01

0.13278959E 01

0.14047536E 01

20 G.67892807E 01 0.36981712E-01 o. 71044922E-01 0.99753970E-04 0.14832756E 01

FIGURE 3 (Continued)
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DWG. 66-7030

FIGURE k. MULTI-EFFECT MULTI-EFFECT STAGE FLASH PROGRAM



YES

417

6U

( START J

INITIALIZE

ASSIGN VALUES TO WSl, TSl,
CI, WPl, TVl, WT, WTl, WT2,

SMT2, RH0, CTTl, CTT2
COMPUTE TTD AND TS2

401

ASSIGN A
VALUE TO C2

410

COMPUTE TV2, TS2C, DTBPR

NO

ORNL DWG. 66-7031

411

COMPUTE WV, C2C COMPUTE TTD

YES

413

COMPUTE WP2, WS 2,
QLN, QH, SMT1

COMPUTE OVERALL
PHYSICAL PROPERTIES

f RETURN J

NO

412

SET C2 = C2C

FIGURE 5- SUBROUTINE GSC



(start)

initialize m,
total, ntotal,

thf, tb, to, rp, wp,
CB, TS

CALCULATE
DELCT, DELST

ASSUME VALUES FOR

ALPHAI, ACPSN, ACPNSK,
ACPNK, CPBT, CPTK,

CPTNK, AMBN

COMPUTE P, TCF,
Q, WF, WO, PNK,

TK, WB, WC, WR

CALCULATE

CCN

( RETURN )

NO
M = 1

\ YES

' "

CALCULATE TVl,
TBS(M-I)
CBS(M-I)

" r

CALL

GSC

65

OBIiL DWG. 66-7032

COMPUTE CCF,
RHON

NO IS ^\
FALR =0 ^ YES

V

SET NUMBER OF STAGES IN

REJECT OF LAST EFFECT =

TOTALR

*r

CALCULATE

NNK, NK, RHOK,
RHONK

V

SET ITER =

ITER + 1

SET FLAG = 1

FIGURE 6. SUBROUTINE TCVAL



1
SET

RHJ = RHOK

GF = GR

DO = DOE

DI -DIE

BIKT = BIKTE

(return)

66

ORBL DWG. 66-7033

FIGURE 7. SUBROUTINE STAGEG
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8/20/65*ID mothershddemister for terry VERSION 2
*CHARGE<4025)

*DUMP(60000»7746I ,D)

*TAPF( I3,INPUT) (9-OUTPUT)

*TAPF( 5-INPUT)(6.0UTPUT)

*TAPE(7,P00D

*ASSIGN(7»A7)

*TAPE(8,POPL)

*ASSIGN(8»A8)

*DUMP*(57700,7746 1,D>

^EXECUTE

* LABEL

C MULTI-EFFECT MULTI-FlAsH PROGRAM

C MAIN PROG FOR MULTI-EFFECT MULTI

COMMON X.Y.W

COMMON DATANO

DIMENSIONXI 150.4) ,Y( I5D)

EQUIVALENCE! I I , II )

EOLIVALENCF

3/9/65 PARSLEY

STAGE 3-18-65 PARSLEY AND MOTH

MANOOOI

MAN0002

ERSMAN0003

MAN0004

MAND005

MAN0006

MAN 0007

MAN0008

MAN0OQ9

MANOOl0

MANOOI|

MANOOl2

MANODl3

. MAN00I4
MANOOl5

MANOOl6
MAN00I7

, MAN0018

MANOOl9

» MAN0020

MANOO?I

» MAN0022

MAN0023

» MAN0024

MAN0025

MAN0026
MAN0027

MAN0D28

MAN0029

MAN0030

MAN0031

MAN003?

. MAM0033

MAN0034

» M A N 0 0 3 5

MANDQ36

M A N 0 0 3 7

) MAN0038

MAN0039

MAN0040

MAN0D4I

MAN0042

MAN0043

MAN0044

MAN0045

MAN0046

I00MAN0047

MAN0048

I(YU) -CCI ) •
2<Y(8)-PCMI ) »

3<Y( 12) ,ES| ) ,

4( Y( 16) >EEC| )»

5(Y(20) .DEAl ) ,

EQUIVALENCE
I(Y(28 ) -THF) •

2<Y(32)»CP) .

3(Y(36),U)

EQUIVALENCE

I(Y(43)»HD) »

2(Y(47) ,HBL) »

3(Y(5 I).SMALLP)

4(Y(55) »SMA2) .

5(Y(59) »TP)

EQUIVALENCE

I(Y178).BAROM) .

2(Y(82) .CSUBP) .

3(Y(86) >PO> ,

41Y(90) ,WB) ,

EQUIVALENCE

I(Y(103).BIKTH)

2(Y( I07) .VE) ,

31Y( II I ) .DOR) »

4(Y( I I5) ,RH) .

5(Y( I 19) ,RHOK) .

6(Yl I23) ,NK) .

7(Y(127).UBARR).

8(Y( I31 ) .HLH) .

(Y( I ) ,CR ),

(Y(5) ,PCRI )
(Y(9) .PMCI )
(Y( I3) ,FAI )

(Y( 17) ,OCI )

(Y (2 I) .T C I)

(Y(25).G).
IY(29)'TO).

(Y(40)

(Y(44)

(Y(48)

(Y(52)

(Y(56)

!Y(751

(Y(79)

(Y(83)

(Y(87)

(Y(9I )

(Y(I 00

(Y( I04

(Y(|08
<Y< I |?

(Y( I 16

(Y(|?0

(Y( 124

(Y( 12

<Y< I32

9(Y( 135) .ENE).fY( I36),RNR

COMMONNTOTAL.TS.THF.TO.CO.CP.CR.V.G.SMAPP.SMAL

IH.SMALLB.SMALLP.SMAI .SMA2.0.U.ERR.II.JJ.KK

COMMON HP.CT.CQH.SMT.TTABLE.TTD.TV.WP.WS.WV

COMMON DELST.DELCT.CB.RHO.SUMQH.TB.TCF.TK.TOTA

IWPN.WR.AMBDA

COMMON AS ,SLS, UBAR, OM , HO. HI, TVTT, 2
COMMON TAU.CCF.NK.PNK.RHOK.RHONK.ALPHAI,ACPTNK

IACPSN.CPTK.ACPSNK.RHONK

DIMENSION TTABLEI20) »WS( I00).,TS( I00) ,C( I00) ,WP
I).CT( 100) ,TTD( I00) , SMT(IOO)

FFHL).

HR ) »

HPR) .

SMAPPP).

A3) .

PN) .

TB) .

ACPSN).

WX ) .

WY)

»SH) ,

,BIKTE) ,

,VR) ,

.DIH),

»R E ) »

.WF) ,

»NNK).

).AH) ,

>ELE ) .

.(Y( I37)

(Y(?) ,RP) ,

(Y(6) .PCEI )
(Y(|0)

(Y(14)

!Y( |8)

(Y(26)
(Y(30)

(Y(34)

(Y(4l )

(Y(45)

(Y(49)

(Y(53)

(Y(57)

(Y(76)

(Y(8D)

(Y184)

(Y(88)

(Yl I01 ) ,SE) .

(Y( I05) .PIKT

(Y( I09)»DOH)

(Y( | I3) .DIE)

(Y( I I7) ,RSR)

(Y(3).HCI),

(Y(7).PCBHI).

SlTEl ) . (Y( I| ).WAIT | ) ,

BHCl ) » (Y( i5) .VPC I) .
SCM|), (Y(19).CIBCI).

TOTAL). (Y(27).TSTEAM)

TA) » <Y(3 I ) »CO).

0) .

CAPF). !Y(42) .SMALLE)

HE) . (Y(46) .HH) .

SMALLD).(Y<50).SMALLB)

SMAPPH) , (Y(54) »SMA| ).
A4)» !Y(58) .RATFIN)

RPN). (Y(77) .ALPBAR)

TCF) . (Y(8 I ) .AMBN >»

ACPTNK ). IY(85) ,UBPH).

WR) , (Y(89) »WC)»

(Y( I02)»SR),

R) .(Y( I06).VH) ,

, (Y( I I0),DOE) ,

. (Y( I 14) .DIR) .

, (Y(I18).RHONK)

(Y( I22) .WO) .

H) . (Y( I26) .UBARE)

, (Y( I30) .AR) ,

. (Y( I34),HN) .

,HFE) .(Y( I39) .HFR

LD. SMALLE.DO,DI.

(Y(|25).UBAR

(Y( I29) »AE)

(Y(133).RLR)

HBH).(Y(138)

L.T.WB.WC.WF.WO,

,CPTNK,

(100) ,TV( I00 ).HP(

FIGURE 8. SOURCE PROGRAM



DIMENSION WV(100),GH(100) ,CFM(I00) MAN0049
DIMENS IONAS( I00) ,SLS( IOQ) , UBAR! |00),OM(|00),HO(|00),TVTT(|OMAN0050
I0) ,Z( IOG) ,HI( IOf) MAN005I
COMMON CPSNK, AMBN, AMBNK, HFG, CPT, CI. ALPBAR, SMT2 MAN0052
I»R.S.HR.HE.HH ,PI MAN0053
DIMENSION SMT2MD0) MAN0054
COMMON CFM, HC,EC,CPSN ,CC , MAN0055
I Al ,A2,PCD.PCPMC.PCPR.PN.WIDTH, SUM2I , MAN0056
2SUM22»SUM24»SUM26,SUMALP.TZ,TSTEAM,WPNK .WX.WY MAN0057
COMMON DIH, DOH. AIH.A2H MAN0D58
I . HLH. RHC. AH. PCH.UBARH-. UpPH , HN. NH MAN0Q59
COMMON SUMN. SOMAS. SUMLS, PR ,BIK .NITER MANOQoO

COMMON BIKTF, BIKTH. DOE. DIE. SE.VE. BAROM. PO. Sh. VH MAN006I
COMMONHCI .HC2.CCI .CC2.PCR1 .PCR2.PCEI .PCBHI .PCBH2.PCMI .PCM2.PMCI . MAN 0062
IPMC2.SSCI .SSC2.ECI .EC2.VPCI .VPC2.EEC I.EEC2.BHCI .BHC2.0CI .OC2.SCMI .MAN0063
2SCM2.TCOI .TC02.TCI .Tc2 ,HD ,H3L ,HPR ,CAPF.AJ ,XM ,E.A3.A4,A5 .A6.A7.A8, MAN0064
3HELP MAN0065
3 .PCL2.CAPI I,r.API2,CIBC I.CIBC2 .AP.CSUBP MAN0066
COMMPNRH.RF .CP«T MAN0D67
COMMON ESEL .XCR.RP MAN0068
DIMENSION EBEl(!00,6) MAN0069

COMMONDOR.DIR.BIKTR.SR.RSR.VR.TA.FF.HFE.HFR.HBH MAN 0070
1 .CFMWZ.CFMWV.HS.HV.FFHL.SUMA.SMAQ.QLN .AE.AR.ELE.RLR.ENE.RNR MAN007I
2 ,XRP .UBARE.URARR.RPN.SSF.SSFI MAN0072
DIMENSIONCFMWZ! I00 ),HS( I00).CFMWVI 100) MAN 0073
I,FOUT( !00) ,DHOUT( I00) MAN0974
COMMONXT6.0RITE MAN0075
COMMONSITE.SITFI .SITe2,WAIT,WAITI,WAIT2,ES,ESI,ES2, MAN 0076
IFA.EA I.EA2 MAN00^7
COMMON P03.HSI ,PMC.EEC,VPC,CIBC MAN0078
COMMONACID.TmACDY.CLORIn.CAUSTC.DEFOM MAN 0079
COMMONACACID.FACID.WT.WTRAY.RESTM MAN 008 0
1 . AT.FE,FH,FR,H2,POI .P022.P02.PSTAI .RHOE.RHOR.RHOH,CHRIS MAN008I
2.ROE MAN0082
COMMONTP.AIO.WCO.UTHE.ATHE.THEL.THEN.HT.CTHEI .CTHE2. MAN0083
ICTHE3.PCTHEI.PCTHE2,THEK.THES,THER,SMALLR,THERC.THEFT.CTHE4,VTHE MAN0084
2 .BOBH.FMOD.BOBDH.FOUT.DHOUT.FBOBI .FBOB2.FBOB3.FSTARI .FSTAR2. MAN0085
3FSTAR3 .BOBACBOBFA MAN0D86
COMMON DEACST.DKA2.DFAI.DYEAR.DKGAL .RATEIN MAN0087
I,-WPL.CSLTBP MAN0088
COMMONVVEV,TRAYFL,WBS.TRAYWD.RES IDT, MAN0D89

ITSTh,FREBD,AMODl',ALEV,TWFA,SPL»BDEPH, MAN0090
2CTA.HST .FSHELL.RSHFLL .CSLTRH,SMAPPP.SMAPPH .SSF2 MAN009I
DIMENSIONVVFV!!00),TRAYFL(iOO),WBS(|00), MAN0092
ITRAYWD! I00) .RESlDT! I00) MAN0093
I.ALPHA! 100) MAN0D94
COMMON PV.A.ORHT.DELP.DENBR .COEFA MAN0D95
DIMENSION PV! I00) ,A( |00) ,ORHT( I00 ),DELP( |00) .DENBR! I00) MAN0096
COMMON REASIZ,REACST,T0ELEC.TURCST,CAPI3,RETUB2.RETUBI.THERM MAN0097
COMMON WPS .RS.WPIN.CBS.TBS.TOS.ANS.THS.WBE.WPE.E.IE. ALPHA MAN0098
I.SUMWP MAN0099
COMMON C3E.RPE.TBE .SSFI MANOlOO
DIMENSION WPS!25)»RSI25).WPIN(2M>CBS(25).TBS(25)»TOS<25).ANS(25).MANO|0|
|THS(25) MAN0IG2
DIMENSION PODEL!25) .HREC(25).P0REO25) »W0S(25) ,WFS(25i .HSOB(25) . MANOl03
1 ELES125).RLRSI25).WRS125),HSIS125) MAN0I04
2 ,AES(25) .VOLMS!25).ARSI25) MAN0|05
I.HLHS(25) MAN0ID6
COMMON ARS.ELES,HREC.HS|S,HSOB.PODEL.POREC.RLRS,VOLMS, MAN0|D7

FIGURE 8 (Continued)
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IWFS.WOS.WRS.AMBDAS.POCSTI ,POCST2»SUMLE.SOMLR .SUMPOR.SUMWR»WTME . MAN 0108
2WTMR »AES MAN0I09
I,HLHS MANOI10
COMMONTOE. HDEL. POBLD,VOLM.HMKUP.POMKUP,WZZ,POPRD,AMSCI .AMSC2 . MANOlll

ICD.DEACS I.DEACS2.PMCFLO.PMCPO MANOI 12

COMMON UDEAHP.UDEAWM.UINTAK.UNARAE.UNARAR.UNARHT.UNCHEM. MANOI13

IUNDRVE.UNELCT.UNMAIN.UNMSCL.UNOPR.UNPIPE.UNPUMP. MANOl14
2UNSHHT, UNSITE.USHELN, VOLUME.WBLOW,WMAKUP,WPROD.WPUMP.WRECOV.WREJCTMAN01 I5
DIMENSION PS(25) .QS(25) ,TCFS(25) MAN0I20
DIMENSION RHOKS!25 )»RHQNKS!25) .BAROMSI25) .WCS!25) .NKSI25) . MANOl 2 I
IENESI25) .NNKSI 2")) .RNRS125 ).UES125) »URS( 25) ,WBSU(25) ,UBARA(25) MAN0I22
COMMON RHOKS,RHONKS,PS.qS,RPS,TcFS.BAROMS.WCS.NKS MANOI16

COMMON ENES.NNK3.RNRS.UES.URS ,WBSU .USHELV.APLANT.ATOT.UBARA MANOI17

COMMON DTPD.CL MANOl 18
COMMON TOTALR

COMMON CTUBEE.CETSE.CTUBER.CETSR.CITSE.CITSR.CDITS.CDETS

DIMENSIONCTUBEFI25 ).CETSEI25) .CTUBERI25) ,CETSR(25 ).CITSE(25).CITSR4025000 I

I (25)

DIMENSION SUMQ(25) »PDQ(25) .SAVEWP(25) MANOl 19

C$****«*YCRK TYPE DEMISTER

COMMON UMAX, SUMDMA. DTPDP. COSTDM

COMMON UALP.DTpr.ps

COMMON AREADM.DPTDM.DTDM.CPROD.WIDDM

DIMENSION AREAD '( I00) .DPTDM( I00) ,DTDM! I00) .CPROD! I00).WIDDMI I00)
I.DTPDPS! I00) .DTPDP(lOO), SUMDMA<25)

COMMON YDTPD
DIMENSION YDTPO!8. I00).

COMMONDPRFO

DIMENSION DPREO! IDO )

180 FORMAT(9E8.5/ 9E8.5/9E8.5/ 8E8.5/8E8.5/7E8.5 )
TPCT#0.005 MAN0I23
NITER#25

C IF ORITE IS NOT EQUAL To 0 THE STAGE BY STAGE OUTPUT IS OMITTED

ORITESm.O

210 FORMAT!12.2F8.0 ) MAN0I25
READINPUTTAPE10, 180. G, CR.TS(I). MAN0I3I
I TA,CO,CP,VR,VF,VH, MAN0I32
2HD,HR,HE,HH,HBL,HPR,FFHL»SSFI,DOR, MAN0I33
4DIR,DOE,DIE,DOH,DIH,RSR,RE,RH,SR, MANOI 34
5 SE.SH.BIKTR.BIKTE. BIKTH.CAPF, ACACID,FACID , MAN0I35
6 SMALLE. SmALLD.TjMALLB. SMALLP »SMA I,SMA2 .A3 .A4 . MAN0I36
7.RATEIN.WPL.CSLTBP.CSLTBH .COEFA. DTPD.CL MAN0I37
READ INPUT TAPF I0 ,200,AMODU,ALEV ,TSTH.FREBD .TWFA»SPL .BDFPH.HST MAN0I38
AISSMAI MANOl 46
A2#SMA2 MAN0I47
SSF0I.O MAN0I48
XCR#CR MAN0I49
XU*U MANOI50
XO#0 MAN0I5I
p #0 MAN0I57
TSTEAM#TS(I) MANOl58
STFAMT#TSTFAM

1115 RtADlNPUT TAPE I0,200,CASE,RPE,F»TBE,TOE,CDITS.CDETS.UMAX.UALP

200 FORMAT I9F8.0) MAN0I30
WRITE OUTPUT TAPF 9 ,47,CASE.RPE.CR,0»U »TB MAN0I42
I,TOTAL,ROE MAN0I43

47 F0RMATI5HICASE F|0.Q,3X 2HRP FI0.5, 3X 2HCR FID.5.3X IHP FI0.5.3X MAN0I44
I IHQ FI0.5, 3X 2HTB FI2.5.3X.IHN F5.0.3X3HROEF8.3) MAN0I45
IGSC#0
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IE# E MAN0I28
READ INPUT TAPE I0 .200,(THS( I ),RS( I),ANS(I ),IftI .IE ) .TOTALR MAN0I29
NTOTAL# ANS!IE) +0.0| MAN0I40

HP#HD

H#HD

XTO#TOE MAN0I4I

IF(HR) I625, 1625, 1626 MAN0I52

1625 HR#ALEV*HST MAN0I53

1626 IF(HF) 1627, 1627, I361 MAN0I54

1627 HE#ALEV*HST MAN0I55

1361 0 #U MAN0I56

TSlI)#STEAMT

tsteam#steamt

err#q.o man0i59

sumwp#0.0 man0i60

i cbe#cr*co mam0i6i

IE#E MAN0I62

WPE#G*0.344432 MA.N0I63

DO II J*I , IE

NTOTaLSANS!J)

DO I I KK#I .NTOTAL

II YDT-JDt J.KK)#DTPD
3 WBE#WPE*(CO-CP)/(CBE-CO) MANOl 64

REWIND 7 MAN0I27

REWIND 8

SUMWP#0.0

SPDO#D.O MAN0I65

SUMQt IE+1 )#1 .0 MAN0I66
Iff IE MAM0I67

DO 300 J#l,IE MAM0I68

IF( I-IEI302.30I .302 MAN0169
30 I 7BSII )#TBE MANOl70

TOS(I)#TO MAN0I7!

SUMQ(I+l)#l.0 MANOl72

GO TO 303 MANOI73
302 TRS!I)#THS(I+l) MANDI74

TOS( I )#TCFS( I+ l) MAN0I7S

303 PS! I)#(THS( I)-T")S( I))/ 1I00. MAN0I76
TCFS(I)#THS(I)-I 000.0*PS< I)/(D.95*RS(I) ) MAN 0 177
OS!I>#( II00.0*PS!I)-TCFS(I)+TBS(I))/(TBS(I )-TOS( I )) MANOl 78
SUMO!I)#SUMQ(1+I)*OS(I) MAN0I79

DDQ< I )#PS( I1/SUMO! I ) MANOI80
SPDQ#SPDQ+?DQ(I) MAN0I8I
1*1-1 MAN0I82

300 CONTINUE MAN0I83

I#IE MAN0I84
SUMWP#0.0 MAN0I85

DO 100 J#|,IE MAN0I86

1F( I-IF > I01 , I0? , ICI MANOl87

|02 WOS!I)#WPE/SPDO MAN0I88
Gn TO 304 MANOI89

|0| WOS(I)#WRS(I+l 1+WBE+WPE MAN 0190
304 WRS!I )#WOS( Il/OS( I )-WBE-W°E MAN0I9I

WPS! I)#PS( I)*(WF!S( I1+WBE+WPE) MANOl 92
SUMW°#SUMWP+WPS(I) MANOI93

I#I-I MAN0I94
|00 CONTINOE MAN0I95

DO 32 I I#l .IE MANO 196

IF( I-l ) I103, I102, II03 MAN0I9"?
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I I02 WPIN ( I )ffV..n MANOI 98

GO TO 32 1 MANOI99

t I03 WPIN! I)#WPIN( I-l )+WPS(I-l ) MAN020Q

321 CONTINUE MAN020I

316 IftlE MAM020?

WPIN! IE+I )#WPIN! IF)+WPS( IF) MAN 02 0"

SPDQtfO.O MAN0204

3 15 DO 120 J#l,IE MAN02D5

NTOTAL#ANS(I)

DO (2 KK#I.NTOTAL

12 DTPDP!K'OtfYDTPD!I,KK)

IF! IF-I ) I03, I04. I03 MAN0206

104 CRSUltfCR^ MAN0207

TBStI)#TBF MAN0208

TOS!I)#XTO MAN0209

GOTO 105 MAM02IO

103 SUMWP#SUMWP-WPSI!+I) MAN02I I
TOS!I )#TCFS( I+ I ) MAN02I 2

I05 CALL TCVAL (I) MANQ2I3
: CALL OUTPUT MAN02 I4

SAVEWP!I>#WPS(I) MAND2I5

PSII>#0 MAN02 I6
OS(I)#U MAN02I7

TCFS( I)*TCF MAN02I 8

SUMO! I)#S'JMQ< I+ I)*QS( I ) MAN07I9
PDOI I )#PS( I )/SU'101 I ) MAN0?2n
SPDO#SPDG+PDO(I) MAN022!
I#I-| MA MO?22

120 CONTINUE MAN0223
SUMWPWO.D MAN0224

I#IE MAN0225

D03 10 J#l .IE MAN0226
IF II-IE13I 1,3 12.3 1 I MAND227

3 12 WOS!I)#WPF/SPDQ MAN022R
GO TO 4 MAN0229

311 W^S!I)#WRS(1+I1+WPF+WPF MAN02?"

4 WRS! I )#WOS( I)/QS( I J-WBE-WPE MAN023I
WPSI I)#PS( I )*(WRSI I1+WPE+ WPE) MAN02 32
SUMWP#SUMWP+WPS(I) MANn2 33

ISI-I MAN!02 34

310 CONTINUE MAN0235
DO 13 13 \#\»IE MAN0236

IF! I-l ) 13 II, 1312. I3M MAN0237
13 12 WPINII)#0.Q MANC238

GO TO 1313 MAN0239
1311 WPINII)#WPIN(I-1)+WPS(I-I) MAN0240
13 13 CONTlNUE MAN0241

WPINI IE+I )#WPIN( IE 1+WPS! IF) MAN0242
201 FOFMATi 3EI6.8/ I 7rl6.8)) MAN0243

DO 320 I#l,IE MAN0244

IF(ABSF((WPS(I )-SAVEWPI I))/WPS(I))-0.0005)320.3I6.3I6 MAN 02^
320 CONTINUE MAN02A6

SO'MPOR#0.0 MAN0247

I#IE MAN0248

DO 22 I JAM ,IE MAN0249
NT0TAL#ANS( I )

DO 14 LD«I,NTOTAL

14 DTPDP!LD)#YDTP0<I >LD)
IF IIE-I )2103,2104.2 103 MAN0250
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2 I

104 CBSII)#CBE MAN025I

TBSII)#TBE MAN0252

TOSII)#XTo MAN0253

GO TO 2105 MAN0254

1-3 SOMWP#SOMWP-WPS!I + I ) MAN0255

TOSII)#TCFS(I + I ) MAN0256

105 CALL TCVAL (I)

CALL STAGEGII )
IFIERR1600.605.600

MAN0257

605 CALL POWEROII) MAN0259

SAVEWP! I)#WPS( I ) MAN0260

TCFS!I)#TfF MAN0261

KKffl MAN0262

IFIUMAX12.85I .2

2 IFIOALP15.85I.5

5 IF! IGSC185I,6.851

6 CALL DEMIST!I)

WRITE TAPE 8, IIK .AREADMI IK) .DPTDM!IK).DTDMI IK) ,

ICPRODI IK) .WIDDMIIK)»IK#I .NTOTAL)

DO 7 LD ff\ .NTOTAL
YDTPDlI»LD)#DTPDP(LD)

IF! I-l )7,7, 15

15 DTPDP<LD)#YDTPD(I-l>LD)

7 CONTINUE

GO TO 8

851 CALL OUTPUT MAN0263

8 I#I-| MAN0264

22 1 CONTINUE

IF! IGSC19, 10,9

MAN0265

10 IGSC#I

GO TO 3

9 CALL COST MAN0266

KK#0 MAN0267

CALL OUTNEW MAN0268

600 IF! JEAN) 113.1115,113 MAN0269

1 13 CALLFXIT MAN0270

END MAN0271

FIGURE 8 (Continued)



LABEL

SUBROUTINE TCVALINMAIN)

COMMON X.Y.W

COMMON DATANO

DIMENSIONXI 150,4) .Yl |50)

EQUIVALENCE! I I , I I )

73

EQUIVALENCE

I(Y(4),CCI),
21Y(8).PCMI ).

3(Yl i2) .ES I),

4(Y( 16) .EECl ).

5!Y(20),DEAI ) ,

EQUIVALENCE

I(YI28) .THF) ,

2! Yl 32 I .CP) ,

3!Y(36)»Q)

EQUIVALENCE

I(Y(43),HD).

2(Y(47) »HBL) .

3<Yl5 1 1.SMALLP) .

4<Y(55 ).SMA2) .
5IYI59) ,TP)

EQUIVALENCE

I(Y(78) .BARCM) .

21Y(32) .CSUBP) .
3<Y(86) .PO) ,
41YI9D) ,WB) .

EQUIVALENCE

IIY( |U3) .BIKTH) ,
2!Yl 107) ,VE) ,

3< Y( | I i) ,DOR) ,

41Y( | I5) >RH) ,

51 Yl I 19) .RHOK) .

61 Yl 123) »NK) .

7! Y( 127) .UBARR) »

i(Y(|31).HLH)

IYl I ) ,CR) ,

IY(5) »PORI )

IY(9) .PMCI )

IY( I3) .FA I)

IY( 17) ,OCI )

(Y(2I ).TCI )

IY(25) »G) .

1YI29) .TO) .

1Y(2) »RP> .

<Y(6) .PCE1 ) ,
IY( |0)

(Yl|4)

(Yl 18)

(Y(26)

(Y(30)

(YI34)

(Y(4I )

IY(45)

(Y(49)

(Y!53)
<Y(S7)

IY(76)

(Y(80)

(YI84)

1Y(88)

SITF I) .

BHCl ) ,

SCMl),

(Y(3) ,

(Y(7) ,

IYI I I )

IY( 15)

1Yl I9)

HC I ) .

PCBHI ) »

.WAIT I) ,

.VPC I) .

.CIBCI ) ,

,TSTEAM)

,CO) ,

TOTAL). (YI27)
TAJ . IY(3 I )

P) .

CAPF), IYI42)

HE), (YI46)

SMALLD) . IYl 50 )

SMAPPH) ,i Yl54)

A4). (Yl58)

RPN) » IYI77)

TCF) . 1Y(8 I 1

ACPTNK) . IYI85)

WR) , IY(89 )

(Y(|0I),SF),
(Y( I05) ,BIKTR)
(Yl |09) ,DOH! ,

1Y( I 13).DIE).

!Y( 1 I7) ,RSR) ,

(Y(40) ,FFHL) .

(Y(44) »HR ).

(Y(48) »HPR) .
(Y(52) .SMAPPP)

IY(56) .A3) '

IYI75) >PN) .

(Y(79) »TB) »
1Y(83) .ACPSN) »
IY(87) »WX ).
IYI 9 I ) »WY )

(Y( |00) ,SH) ,

IYl 1O4I ,BIKTE) 1
(Y( I08) .VR) ,

IY( 1 12) >DIH) .
(Y ( || 6 ).R E ) ,
(Y(120),WF)»

1Y( I24) .NNK) ,
IYl 128) »AH) .

(Yl 132) .ELE) ,
(Yl|37

IYl |25) .UBARH)

IYl I29) .AE).

(Yl |33) ,RLR) ,

),HBH1 . (Yl 138) .HFE) » IYI

V,G,SMAPP,SMALLD.SMALLE
R . I I .JJ.KK

.TV.WP.WS.WV

TB.TCF.TK.TOTAL.T.WB.WC.WF.WO,

HI, TVTT, Z

,ALPHAI .ACPTNK,CPTNK,

100) ,CI 100) ,WPl I00) ,TVl 100) ,HP!

91 Yl 135) .ENE)»IYl 136) .RNR) . .

COMMONNTOTAL.TS.THF.TO.CO.CP.CR.
IH .SMALLB.SMALLP.SMAI ,SMA2.P.Q.ER

COMMON HP.CT.C.OH.SMT.TTAPLE.TTD
COMMON DELST.DELCT.CB.RHCSUMQH,

IWPN.WR.AMBDA

COMMON AS ,SLS, UBAR, OM . HO.

COMMON T All, CCF.NK.PNK. RHOK, RHONK
IACPSN.CPTK.ACPSNK,RHONK

DIMENSION TTABLEI20).WSl I00) ,TS(

I),CT( 100) ,TTD( I00) . SMTI I00)
DIMENSION WVI I00) ,QH( I00) ,CFM(

DI MENS IONAS! I00) ,SLS! I00) ,

ITVTTI 1001 ,Z( I00) ,HI 1 I00)

COMMON CPSNK, AMBN, AMBNK, HFG,

I,R,S,HR,HE,HH ,PI

DIMENSION SMT2! I00)

COMMON CFM, HC .EC .CPSN,CC .

I AI.A2.PCD.PCPMC.PCPR.PN.WI

2SUM22,SUM24.SUM?6»SUMALP.TC»TSTE
COMMON DIH, DOH, AIH.A2H

I , HlH, BHC. AH, PCH,UBARH, UB

COMMON SUMN, SUMAS, SUMLS, PR ,

IYl |0?

<Y( I06
(Y( I |0

<Y< I 14

(Y( I |8

(Yl 122

(Yl 126

(Yl 13

IY( 134

,SMALLE)

,HH) ,

,SMALLB)

,SMAl),

»RATFIN)

.ALPBAR1

.AMBN),

.UBPH).

.WC) .

) »SR ) »

).VH) »

).DOE) ,

)»DIR ) .

),RHONK)

),WO) »

).UBARE)

0) ,AR) ,
),HN) ,

1391,HFR

.DO.DI .

I00 )

UBARI I00) ,OM( I00 ),HOi I

CPT, CI , ALPBAR, SMT2

00)

DTH,

AM.WPNK

SUM2 1 ,

,WX,WY

PH, HN, NH

BIK
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COMMON olKTE, BIKTH, DOE. DIE, SE.VE, BAROM. PO. SH» VH TCV0060
COMMONHCI .HC2.CC I.CC2.PCRI .PCR2.PCEI .PCBHI .PCBH2.PCMI .PCM2.PMCI , TCV006I

IPMC2.SSCI .SSC2.ECI .EC2.VPCI .VPC2 .EEC I.EEC2 ,BHC1 .BHC2.0CI.OC2.SCMI.TCVD062

2SCM2.TC0I .TC02.TCI ,Tc2 .HD.HBL .HPR.CAPF.AJ.XM .E»A3.A4.A5.A6»A7.A8. TCV006 3
3 A9.PCE2.CAPI I.CAPI2.CIBCI .CIBC2 .AP.CSUBP TCV0Q64

COMMONRH.RF >Cf*'RT TCV0065

COMMON EBEL ,XCR,RP TCV0066

DIMENSION EBEL! I00,6) TCV0067

COMMONDOR.DIR.BIKTR.SR.RSR.VR.TA.FF.HFE.HFR.HBH TC.V0068
1 .CFMWZ.CFMWV.HS.HV.FFHL.SUMA.SMAQ.QLN .AE.AR.ELE.RLRjENE.RNR TCVD069

2 ,XRP ,UBARE,JBARR,RPN,SSF,SSFI TCV0070

DIMEnSIONCFMWZ! !00) ,HSI I001 .CFMWVI I00) TCV007I
I,FC'JT( I00) ,DHOUT 1 I00) TCV0072

COMMONXTB,ORITE TCV0073
COMMONS ITe,SITE I,SITe2,WAIT,WaITI ,WAlT2,ES,ESI ,ES2 , TCV0074
IEA,EAI,EA2 TCV0H75
COMMON P03,HSI ,PMC ,EEC,VPC,CIBC TCV0076

COMMONACID,TNACDY,CLORIN,CAUSTC,DEFOM TCV0077

COMMONACACID.FACID.WT.WTRAY.RESTM TCV0078
1 , AT,FE,FH,FR.H2,POl .P022.P02.PSTAI .RHOE.RHOR.RHOH,CHRIS iCVD079

2,ROE TCV0080

COMMONTP,AI0,WcO»UTHE»ATHE,THEL»THEN,THEHT, CTHEI,CTHE2, TCV008I

ICTHE3.PCTHEI.PCTHE2 .THEK.THES ,THER.SMALLR .THERC .THEFT ,CTHE4 ,VTHE 7CV0082
2 .BOBH,FMOD,BOBDH,FOUT,DHOUT,FBOB|.FBOB2.FBOB3.FSTARI.FSTAR2. TCV0083

3FSTAR3 .BOBAC.BORFA TCV0084

COMMON DEACST.DEA2.DEAI.DYEAR.DK6AL .RATEIN .WPL.CSLTBP TCV0085

COMKONVVEV,TRAYFL.WBS.TRAYWD.RES IDT, TCV0086

ITSTH,FREBD,AMODH,ALEV,TWFA,SPL,BDEPH, TCV0087

2CTA.HST .ESHELL.RSHELL .CSLTBH.SMAPPP,SMAPPH .SSF2 TCV0D88
DIMENSIOMVVEV1 I00),TRAYFL! I00) ,WBS( I00), TCV0089

ITRAYWD!l0O),RESiDTIIO0) TCV0090
I.ALPHA! i00) TCV0Q9|

DIMENSION PV! 100) ,A( |G0) ,ORHT( I00) ,DELPI I0 0) .DENBR! I00) TCV0092

COMMON PV.A.ORHT.DELP.DENBR .COEFA TCV0093

COMMON REASIZ.REACST.TOELEC.TURCST.CAPI3.RETUB2.RETUBI .THERM TCV0094

COMMON WPS,RS,WPIN.CBS,TBS,TOS.ANS.THS.WBE.WPE.E.IE. ALPHA TCV0095

I.SUMWP TCV0096

COMMON CBE.RPE.TBE .SSFI TCV0097

DIMENSION WPS(25) ,RS(25).WPIN(25).CBS!25)»TBS(25) ,TOS(25) .ANS(25).rCV0098

|THS(25) TCV0Q99

DIMENSION PODEL <25) .HRECI25) »PORECI 25 > »WOS(25) ,WFS(25) ,HSUB(25) » TCV0| OD

1 ELESI25) .RLRSl?5) .WRSI25).HS|S(25) TcVOlOl

2 .AESI25) .VOLMSI25).ARSI25) TCV0I02

I.HLHSI25) TCVOI03

COMMON ARS.ELES,HREC,HS|S,HSUB,PODEL.POREC.RLRS.VOLMS. :CV0|Q4

IWFS.WOS.WRS.AMRDAS.POCSTI,POCST2»SUMLE,SUMLR.SUMPOR.SUMWR.WTME, TcVOl05
2WTMR ,AES TCV0I06

I»HLHS TCVOi07

COMMONTOE, HDEL, POBlD,VOLM.HMKUP.POMKUP,WZZ.POPRD,AMSCI ,AMSC2 . TCV0ID8

ICD.DEACSI.DEACS2.PMCFLO.PMCPO TCVOI09

COMMON UDEAHP.UDEAWM.UINTAK.UNARAE.UNARAR.UNARHT.UNCHEM, TcVOl10

IUNlRVE.UNELCT.UNMAIN,UNMSCL.UNOPR»UNPIPE.UNPUMP» TcVOl|I
2UNSHHT,UNSITE,USHELN,VOLUME.WBLOW,WMAKUP,WPROD.WPUMP.WRECOV.WREJCTTCVOl I2

DIMENSION PS(25).QS125).TCFS125) TcV0||3
DIMENSION RHOKSI25) .RHONKS125).EAROMSI25) .WCSI25 1.NKSI25) . TCVOI 14

IENESI25) .NNKS!25) .RNRSI25) .UESI25) »UpS(25) .WBSUI25) .UBARAI25) TcVO1 I5
COMMON RHOKS.RHONKS.ps,OS,RPS.TcFS.BAROMS.WCS.NKS TcV0l|6

COMMON ENES.NNKS.RNRS.UeS.URS ,WBSU .UShELV.APLANT.AToT.UbaRA TrVD||7

COMMON DTPD.CL TCVOI18
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COMMON TOTALR

COMMON CTUBEE.CETSE.CTUBER.CETSR.CITSE.CITSR.CDITS.CDFTS
DIMENSIONCTUBEEI25).CETSEI25).CTUBERI25).CETSRI25),CITSE(25),CITSR402500 0I

I 125)

C$«*****YORK TYPF DEMISTER

COMMON UMAX, SUMDMA, DTPDP. COSTDM

COMMON UALP.DTPDPS
COMMON AREADM.DPTDM.DTDM.CPROD.WIDDM
DIMENSION AREADM1 I00)>DPTDM< I00) ,DTDM( I00) ,CPRODI I00 ).WIDDMI I00)

I.DTPDPS! I00) .DTPDP(lOO), SUMDMAI25)

FLAG#0.C TCVOI19

MtfNMAIN TCV0I20

TOTAL #ANS(NMAIN) TCV0I2I
NTOTAL#TOT.AL+0. I TCV0I39

SUMWPN#SUMWP TCVOI22

THF#THS(NMAIN) TCV0I23
T?#T3S(NMAIN) TCV0I24

TO#TOS(NMAIN) TCV0I25

RP#R SINMAIN) TCV0I26
WP#WPS(NMAIN> TCV0I27
WXAfWP TCVOI 28

CB»CBS(NMAIN) TCV0I29

XRP#RP TCV0I30

XTB#TB TCV0I3I

IFIERR1209,360,709 TCV0I32

360 TJEAN#I.0/1 I.0 +SSFI ) TCV0I33
TER5#I.0+SSFI TCV0I34

A9#0.0 TCV0I35

TS^TSTEAM TCVO136
ITER*0 TCV0I37

ltt\ TCV0138
DELCT#TS-TO TCV0I40

DELST#TS-THF TCV0I4I

ALPHAU2.0 TCV0I42
ACPSN#|050. TCV0I43

ACPSNK#|050. TCV0I44
ACPTNK#|050. TCV0145
CPBT#0.92 TCV0I46
CPTKS0.96 TCV0I47

CPT,NK#0.90 TCV0I48
AMBN#I000.0 TCV0I49

ANWP#344.432*G TCV0I50
IFIXTB)I5I0, 309,1510 TCV0I5I

1510 TB#XTR TCV0I52
P #(THF-TB)/ACPSN TCV0I53
WP#WX TCVDI54

PN#P TCV0I55
TSTA#TSTEAM-TA TCV0I56
TCF#THF- |.0E+3*P /(RP*CPBT *(I.O+SSFI)) TCV0I57
G #(AMBN*P /CPTNK-TCF+TB)/ TCV0I58
I(CPTK*(TB-TO)/CPTNK) TCV0I59

WF0WP/P TCVOI60
WO#Q *WF TCV0I6I
PNK*'(TCF-TB)/ACPTNK TCV0I62

TK#THF-PNK*ACPSriK TCV0I63
IF(XCR) I520, I52 I,1520 TCV0I64

1521 CR#(CP/CO-l,0/P )/(I .0-1,0/P ) TCV0I65

CB#CR*CO TCV0I66
1TER#NITER+I TCV0I67
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ERR#IO. TCV0I68
GO TO 209 TCV0I69

1520 WC#WO-SUMWPN*(CB-CP)/(CB-CO) TCV0I70
IFIM-IE17I I,710,71 I TCV0171

710 CBS(M+|)#C0 TCV0I77
CCN#CO TCV0I73

71 I CONTINUE TCV0I74
WB#(WO*(CBS(M+| )-CCN)-(WPlN(M)+WP)*(CBS(M+l 1-CP) )/(CBSIM+I )-CBS IM)TCVO|75
I» TCVO'76
WC#WO-WB-(WPIN(M)+WP) TCV0I77
WR#WF-WB-(WPIN!M)+WP) TCV0I78
IFIFLAG1206,712,206 TCV0I79

712 CONTINUE TCV02I 0
CCFSIIWF -WPINIM+I) )*CB+WP*CP)/(WF -WPINIM)) TCV02!I
RHONWRHO TCV02I2

IF(M-IF >82 I.300,821
300 IFITOTALR182I,821.30|
301 RHOK#(TK-TB)/T6TALR

NNK#TOTALR
NK#NTOTAL-NNK

ZNK#NK

RHONK#(THF-TK)/ZNK

GO TO 823

82 I TAU#(THF-TK)*TOTAL/(THF-TB) + l.
NK#TAU TCV02I4
ZNK#NK Trv0?l5
RHONK#(THF-TK)/7NK TCV02I6
DENN#NTOTAL-NK TCV02I7
RHOK#(TK-TB)/DFNN TCV02 I8

823 ITERWITER+I TCV02I9
TTD(I)#THF-TCF-(RHONK+ALPHAI ) TCV0220
IF!ITER-NITER)|204. 309, 309 TCVP221

1204 SMAQ#WF»CPBT*(THF-TCF)*FFHL TCV0222
SUMNKW 0.0 TCV0223
SUMNNK #0.0 TCV022A
NKItfNK-l TCV0225
D03J2I,NKI TCV0226

3 SUMNK#SUMNK+FLOATF( J) TCV022"T
J«NTOTAL-NK -I TCV0228
D04K#I,J TCV0229

4 SUMNNK#SUMNNK+FLOATF(K) TcV02^ri
SUMA#TOTAL*(THF-TA)-RHONK TCV023I
l*SUMNK-RHONK*SUMNNK -1TOTAL-ZNK)*ZNK*RHONK TCV0232
IFIM-I)42,42,341 TCV0233

341 TBS(M-I)#THF +1.0 TCV023^
IffM-l TCV0235
CBSI I )ff{ (WBE+WPE- WPIN! I+ I)-WPS( I+ I)) TCV0236
I *CBS<I + I1+WPSII+I )*CP)/(WBE+WPE-WPIN(I + I)) TCV02^7
COUNT#0.0 TCVD238
11*2 TCV0239
CALL DINTPLITHF.CCF.HEI) TCV024P
CALL DINTPLITHF.CB.HE2) TCV024I
CALLDINTPLITHF.CBSIM-I ),HE3) TCV0242

41 llff 2 TCVC243
THX#TBS(M-I) TCVP244
CALL DINTPLITBSIM-I ).CBSIM-1 ),HE4) TcV02^5
CPBM#(HE4-HE3)/(TBS(M-I)- THF) TCV0246
TBSINMAIN-I)#(WR*(HE|-HE21-IWSE+WPE- WPINIM) )*(HF3-HEI ))/ TCVQ247

II (WBE+WPE- WPINIM) )#CPBM) +THF TCV02'>8
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COUNT0COUNT+I. TCV0249

IFICOUNT-2 0.1350.309,309 TCV0250
350 IF!ABSFITBSIM-I)-THX)/THX - ,0005)40,41,4 1 TCV025I

40 TVI#TBS(M-|) TCV0252

COUNTWO.O TCV0254

43 llff 4 TCV0255
TVX#TV| TCV0256
CALL DINTPLI TV I,CBS(M-I ),BPR ) TCV0257

TV l#TBS(M-I )- RPR -DTPD TCV0258

IF!A3SFITVX-TVI )/ TVl -0.0005) 42,43,43 TCV0259

42 TVlI)#TVI TCV0260
44 CALL GSC (NMAIN) TCV026I

IZ#NTOTAL+l TCV0262
IFIXTR) I530, 153 I, I530 TCV0263

1530 RPN#PN*I .0E3/ICFBT*(THF-TCF) ) *TJEAN TCV0264
IF!ABSFITSINTOTAL+I )-T3)/TB-0.000 I) I532 , I5 I0 , I5 I0 TCV0265

I532 IF!ABSF(To-SMT(NTOTAL) )/TO-0.000l ) 1533,1510,1510 TCV02 66
1533 IF!ABSF(SMT!NK)-TS(IZ))/TS(IZ)-0.000|)I534,I5IO,I5|0 TCV02 67

1534 CONTINUE TCV0268
C CCN#(WR*CR+(WF-WR)*CO)/WF TCV0269
48 FLAG*I.

GO TO 1510 TCV027I
1531 GO TO 309 TCV0272
206 BITER#NITFR TCV0274

C4200 FORMATI3H0PN EI 6.8 .3EI 6.8 ) TCV0275
CCN#(WR#CB+(WF-WR)*CO)/wF TCV0275

209 RETURN TCV0276
309 A9099.O TCV0277

WRITE OUTPUT TAPE 9,310,NITER TCV0278
310 FORMAT135H THIS CASE WILL NOT CONVERGE AFTER 15, IIH ITERATIONSTCV0279

I |7h#***♦■><■*####*##** ) TCV0280

FRR-/I0. TCV028I
RETURN TCV0282
FND TCV0283
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* LABEL

C SUBROUTINE OUTNFW

SUBROUTINE OUTNFW

COMON X.Y.W

COMMON DATAN"

DIMENSICNX I I50 ,4 )»Y( |50)

EQUIVALENCE! I I , I I 1

78

EQUIVALENCE

I(Y(4).CCI1.

2(Y(8 1.PCM I ),
3!Yl 12) »ES I) ,

4<Yl 16) .EEC I) ,
51YI20) ,DEA I ),

EQUIVALENCE

I IY(28 ) ,THF! ,

2(Yl32 ),CP ),
3!Yl36),G)

EQUIVALENCE

1(Y(43 ),HD) ,

2!Y(47) ,HBL ) »

31Yl 5 I1.SMALLP) .

41YI 55 ),SMA2 ).

51YI59) >TP )

EQUIVALENCE

I(Y(78),BAROM),

2 IYI82) .CSUPP) ,

3(YI86) .PO) ,

4! YI90 ),WB) ,

FOUIVALFNCF

IIYl |D3) .BIKTH) ,
21Y( |07) ,VE) ,

3(Yl | I I) ,DOR) ,

41Y( I 15) ,RH) ,

5(Y( I I9) .RHOK) .

6(Y( I23) ,NK) ,

7(Y( 127) .UBARR) ,

8(Y( I3 I) ,HLH) .

(Y( I),CR ).

(Y(5) ,PCRI ) .
!Y(9),PMCI ) .

IY( I3) .EAI ) .

(Y( | 7) .nci ) »

(Y(2I ) .TCI )

IY!25) >G) .

(Y(29) .TO).

1Y(2) ,RP) ,

IY(6) »PCE I) ,

<y< |G) .SlTpi !,
(Y( |4 ! »RHC | ) ,

IY( )8) ,SCM| ),

IYI26) .TOTAL) ,

IY!30) ,Ta ) ,
(Y (3 4 ) ,P ) ,

1Y14I ).CAPF! ,

!Y(45),HE),

(Y!49).SMALLD),

IY(53 1 -SMAPPH) ,

(Y! ^7 1 ,A4) ,

IY(76 ) ,RPNi ,

(Y !8 0 ),* C F ; ,

IY!P4) ,ACPTNK)

(Y!83 ) ,WP) ,

I •< I I0 I ),SF ) ,

(Y!|05).PIKTR).

IY; I09! »DOH) .

(Y ! I I3 ).D IE ) ?

IY(:!7)»RSR),

IY( |25) ,0'BARH) •

(Y! I29) ,AE) ,

IYI |33) ,RLR) .

IY(3) »HCI ) .
(Y!7),PC3HI

(Y( I| )
I Y ( 1s )

(Y(19)

!Y127)

!YI3| )

(Y(40)

IY(44)

(Y143)

IY(52 )

(Y(56)

IYI7S)

IY179)
IY (8 3 )
1Y (8 7 )

( Y (9 I )

! Y( I00

iY( iOa

1Y( I08

IY I I I2
<Y(I16

(Y(120

(Y(124
(Y( I2

(Y( I32

9! Yl 135) .ENE).IYl I36!,RNR

FFHL ) ,

HR) »

HPR) ,

SMAPPP)

A3 ) ,

PN) ,

TP ),

ACPSN),

WX ) ,

WY )

,SH) ,

.PIKTE)

.VR) ,

»DI H ) ,

,RE) ,

,WF ) ,

,NNK ) ,

1 ,AH) ,

,ELE) ,

. (Y! ;37) ,HBH) . IY( 138} »HF

COMMONNTOTAL.TS,THF,TO,CO,CP,CR,V,G,SMAPP,SMALLD,
IH.SMALLB.SMALLP»SMAI ,SMA2,°.Q ,EPR,I; ,JJ.KK
COMMON HP .CT »C .OH .SMT .T T Ap L E ,TTn ,T V ,a'd ,;,:s. >;V

COMMON DEL ST, DFLCT»CP.PHO.SUMQH,TB,Tclr.TK, TOTAL ,T
IWP!\ ,WR ,AMBDA

COMMON AS ,SLS, UBAR, OM , HO, HI, "VTT, Z

COMMON TAU,CCF,NK,PNK,RHOK,RHONK,ALPHAI,ACPTNK,CP
IACPSN, CPTK,ACPSNK,RHONK

DIMENSION TTABLEI20) ,WS( I00) ,TS( 100) .C! '00) ,WP! |0
II.CT( 100) ,TTD( I00) , SMTI I00)

IY!42 1

(Y146)
IYI50)

IY I5 4 1

(v(58!

(YI77)

Iv !8 I 1

1 Y ( 8 r;- 1

IY (8 9 )

( Y !

( Yi

! Y (

(Y(

! Yi

( Yl

I Yl

I Y

;Y(

F) .

SMA

102

106

! I0

I I 4

I i£

I22

126

I n

134

( Y !

LLE

WAIT| ) ,

VPC I ) ,

CIPCI ) .

TSTEAM)

CO) ,

SMALLE)

HH) .

SMALLB)

SMAI),

P.ATp IN)

ALPBAR)•

AMBN ! ,

UBPH).

W C ) »

.S R ; .

.VH) .

.DOE!,

, D IR 1 ,

,RHONK) •

,WO) ,

,'JRAPF) •

1 .AR1 ,

,HN) ,

39),HPR1
DO.DI,

N-W0002
\rWnnT3

NrWO"04

N r••..!P•'• 05

NEW0006

NFW0007

N^wooog
N^WOGiQ

Nt-WOC I I

M-WOOl?

^Ea'COI 3

N E W01.1 I 4

W 0 0 17

w: o ie

W 0 :j i9

\? 1

•22

12 3

•w " u 3 2

ri-.' '"033

"/.•Or 3 4
'..••I'TTq c,

"v.1 o n ? 6

•/'",-•-3 p

"W 0 0 3 9

NEW

DIMENSION WV( 100) ,QH( I00)

DIMENSICNASI I00) ,SLS( ;00)

ITVTT! IOC) ,ZI 100) ,HI I|QQ)

COMMON CPSNK. AMRN. AMBNK
I»R .S.HR.HE.HH ,PI

COMMON CFM, HC.EC.CPSN.CC.

I A I,A2.PCD.PCPMC'PCPR,PN.WIDTH,
2SUM22,SUM24,SUM2 6,SUmAlP,TC,TSTeAM,WPNK
DIMENSION SMT2 I I00)

COMMON DIH, DOH, AIH.A2H

I . HlH, PHC. \H. PCH.OBARH, URPH. HN.

.WR.WC.W^.WO.

TNK.

Qi .TVl 100),HP!

).HOI I00) ,

SMT2

ioo.':

N

'.'£:. 6

047

Oi.8

N P '•/."'"'£ 9

NPW0r5i

NEW0052

,NE'»,0~54

NEWE055

KEW0:56

.NEW0057

N r'.-. 0 C ~ 8

N E '•'.'' 0 C 5 9

,CFM( i00 )

UBAR( 100) ,OM! I00

HFGi :pt, , ALPSAR,

SUM2I .

.WX.Wv

NH

FIGURE 8 (Continued)



19

COMMON SUMN. SUMAS. SUMLS. PR ,3IK .NITER NCWD06P
COMMON BIKTE. RIKTH. DOE. DIE. SE.VE, BAROM. PO. Sh» VH NEW006I
COMMONHCI ,HC2.CC|,CC2»PCRI.PCR2,PCE|,PCBHI .PCBH2.PCMI .PCM2.PMCI , NEW006 2
IPMC2 .SSCI .SSC2.ECI .EC2.VPCI .VPC2.EECI .EEC2 ,RHCI .BHC2.0C I.OC2.SCMI .NEW0063
2SCM2.TCOI .TC02.TCI »Tc2,HD,HBL ,HPR,CAPF ,AJ,XM,E,A3 ,A.4 ,A5 ,A6 ,A7 ,A8 , NFW0064
3 A9,=CE2,CAPI I,CAPI2,CIBC| .CIBC2 .AP.CSU3P NEW0065

COMMONRH.RE ,CPRT NFW0066
COMMON EBEL .XCR.RP NEW006"7
DIMENSION EBEL(100,6) NEW0068
COMMONDOR.DIR.BiKTR.SR.RSR ,VR,TA,FF,HFE,HFR,HBH NEW0069

1 ,CFmWZ,CFMWV,HS,HV,FFHl,SUMA,SMAQ,QLN ,AE,AR,ELE,RLR,FNE,RNR NFW0070
2 ,XRP ,UBARE,UBARR,RPN,SSF,SSFI NEW007I
DIMENSIONCFMWZ( lOO).HS(lOO) ,CFMWVI I00) NFW0072
I,FOUT( 100 ).DHOUT ( I00) N!"W0073
COMMONXTB.^RITE NFW0074
COMMONS ITE.SlTF|.SITf2,WAIT,WAITI,WAIT2.ES,ES|,ES2, NFW007 5
IFA.EA 1,EA2 NFW0076
COMMON P03.HSI.PMC.EEC,VPC.CIRC NFW0077
COMMONACID,TNACDY,CLORIN,CAUSTC,DEFOM NEW0078
COMMONACACID,FACID,WT,WTRAY,RESTM NEW0079
1 , AT,FE,FH,-R,H2,POI ,P022,P02,PSTA I,RHOE ,RHOR ,RHOH,CHRIS NEW0080
2.ROE NEW008I
COMMONTP,A I0,WCO,UTHE,ATHE,THEL,THEN,THEHT, CTHEI.CTHE2, NEW0082

ICTHE3.PCTHEI .PCTHE2.THEK.THES ,THER,SMALLR.THERC.THEFT,CTHE4,VTHE NFW00 83
2 .30BH.FMOD.BOBDH.FOUT,DHOUT,FBOBI ,FBOB2,FBOB3 ,FSTAR1 ,FSTAR2, NEW0084
3FSTAR3 ,BOBAC,RORFA NEW0085
COMMON DEACST,DrA2»DEAl,DYEAR,DKGAL .RATEIN NEW0086
I,WPL,CSLTBP NFW0087
COMMONVVEV,TRAYFL, WBS,TRAYWD,RES IDT, NEW008 8
ITSTH.FREBD.AMODII.ALEV.TWFA.SPL.BDEPH, NEW0089
2CTA.HST .ESHELL.RSHELL .CSLTRH .SMAPPP,SMAPPH ,SSF2 NEW0090
DIMENSIONVVEV! |00) ,TRAYFL! I00),WBSl|00), NFW009I
ITRAYWD!100).RESIDTI100) NEW0092
I.ALPHA! ICO) NEW0093
COMMON PV.A.ORHT.DELP.DENBR .COEFA NEW0094
DIMENSION PVI 100) ,A( |00) .ORHTl I00) .DELPl I00) .DENBRI I00) NEW0095
COMMON REASIZ,REACST,T0ELEC,TURCST,CAPI 3.RETUB2,RETUB I.THERM NEW0096
COMMON WPS,RS.WPIN.CBS,TBS,TOS,ANS.THS,WBE,WPE.E.IE. ALPHA NEW0097
I.SUMWP NFW0098
COMMON CBE.RPE.TBE .SSFI NEW0099
DIMENSION WPS! 25) »RS(25).WPINI25).CBS(25).TBS(25) .TOSI 25) »ANS(25).NEW0|00
ITHSI25) NEWOIOI
DIMENSION PODEL125) .HREC(25) .POREC(25> »WOS*(25) .WFSI25).HSUBI25). NEW0IO2
1 ELES125).RLRSI25) .WRSI25) ,HS|S(25) NEW0I03
2 .AESI25) .VOLMS125).ARSI25) NEW0I04
I.HLHSI25) NEWOl05

COMMON ARS.ELES,HREC,HSIS.HSUB,PODEL.POREC.RLRS,VOLMS, NEW0I06
IWFS,WOS,WRS,AMRDAS,POCSTI ,POCST2,SUMLE,SUMLR,SUMPOR.SUMWR,WTME, NEWOl07
2WTMR ,AES NEWOl08
I.HLHS NEWOl09
COMMONTCE. HDEL. POBlD,VOLM.HMKUP»POMKUP,WZZ.POPRD,AMSCI .AMSC2 . NEWOl 10
ICD.DEACS I.DEACS2.PMCFLO.PMCPO NEWOl II
COMMON UDEAHP.UDEAWM.UINTAK.UNARAE.UNARAR.UNARHT.UNCHEM, NEWOl12
lUNDRVE.UNELCT.UNMAlN,UNMSCL.UNOPR.UNPIPE,UNPUMP, NEWOl13
2UNSHHT,UNSITE,USHELN,VOLUME,WBLOW.WMAKUP,WPROD.WPUMP.WRECOV.WREJCTNEWO I14
DIMENSION PSI25) .QS125) .TCFSI25) NEW0II5
DIMENSION RHOKSI25) .RHONKSI25).BAROMSI25) .WCS(25).NKS(25)» NEW0II6
IENESI25) .NNKS12^1.RNRSI25).UES125) .URSI251 .WBSUI25) »UBARA(25) NFW0II7
COMMON RHOKS.RHONKS.ps,0S,RPS,TcFS»BAR0MS.WcS.NKS NEWOl18

FIGURE 8 (Continued)



COMMON ENtS.NNKS.RNRS.UFS ,URS ,WBSU .USHELV .APL ANT ,ATOT »URAR-" N-.,nliJ
COMMON DTPD.CL N'~w"I ;: 0

COMMON TOTALR

COMMON CTUBEE.C7TSE.CTUBER,CETSR.CITSE.CITSR,CD ITS,CDETS

DlMENSIONCTUBEE(25).CETSE(25),CTUBER(25),CETSR(25),ClTSE125),CITSR40?rO'JOI
1(25) 402503:2

C$**#*#*YORK TYPE DEMISTER

COMMON UMAX, SUMDMA. DTPDP. COSTDM

COMMON UALP.DTP2>PS

COMMON AR EADM.DP TDM.DTDM.CPROD,WIDDM

DIMENSION AREADM! I00 ).DPTDM( I00) ,DTDMI I00) ,CPRODi I00) .WIDDMI I00)
I.DTPDPSI I00) ,DTPDP! I00) , SUMDMAI25)

WRITE OUTPUT TAPE 6.I.G. WPE. BDEPH, RPE, WBE, HST . SUMN . WY» NFW0I2I
ISSF2. CO, AMODU, COEFA, CP. ALEV, VOLUME NEWOl22

TOEtfTOS! IE) NEWOI 23

WRITE OUTPUT TAPE 6.2. CR.TSTH. THERM. TSTEAM. FREBD. REASIZ. TOE»NFWOI 24
ITOELEC. N—Ol/s

I TBE. SPL NEW-'!?:;

WRITE OUTPUT TAPE 6 .3 .SH .DOH ,AH , R H, DIH, HLH, B IKTH ,WFS I I) » HN ,\ E ,-.'" i2 ~"
1.VH.UBARH N"WJ 178

DO 30 \#\ .IE NTWJ I29

IF! I-IE>260,26I .26C
261 WRITE OUTPUT TAPE 6.4.I. SE.SR. R S(I).RE» RSR, PSII). VE. VR , N-O0M7

IQSI I ).BIKTE.BIKTR» ThSI I 1, DOE. DOR»TCFSI I ),DIE»DIR.TBS( I) , NEWOl M
2RHONKSII), RHO KSII), ToS(I) NE«|V)

GO TO 262

260 WRITE OUTPUT TAPE 6,4,I, SE,SE» R S(I),RE, RE » PSII), VE» VE. N-WOiiO
IQSI I ).BIKTE.BIKTE. ThS(I), DOE. DOE ,TCFS (I ).DI F »D IE .TBS (I ). N- WO I''• \
2RHONKSII), RHO KSII), TOS1 I ) NEWOl ,2

262 WRITE OUTPUT TAPE 6» 5. WFS(I). WOS!I). WBSU(I), NKSII), NNKS(I), NEWDI33
I WpS(I), UES(I), URSlI). WRS(I). AESII), ARS (I), WCS(I), EL FS 1I)N •• WO 1--.^
2. RLRSII), ENESII). RNRSlI). BAROMS(I), UBARA II) N =W0i--.

30 CONTINUE N-.•'" ' ?6

I FORMAT!24H0PLAN" PRODUCT RATE GPD IX EI6.8, 3X24HPLANT PRODUCT RANEw'1137
ITE LB/HR IX EI6.8.3X I5HBRINE DEPTH FT IX E 16.8/ Ni:w0i3S

224H PLANT PERFORMANCE RATIO IX EI6.8. 3x 25HPLANT BLOWDOWN FLOW LBNEWVJIJ9
3/HR EI6.8.3X I3HLEVEL HEIGHT FT IX EI6.8/ N " W 0 I4 0
4I6H TOTAL NO STAGES 9X FI6«0. 3X I6HSTEAM FLOW LB/HR 9X EI6.8. 3X NfWOlii
5I7HTRAY WIDTH FACTOR El 5.8/ NEwOI42
6I6H OCEAN SALT CONC 9X FI6.5.3X I3HNO OF MODULES |2X FI6.2, 3X NEW0I43
7I8HSTAGE ORIFICE COEF FI4.3/ NEWr'<^

8I8H PRODUCT SALT CONC 7X FI6.5, 3X I7HNO OF TRAY LEVELS 6X FI 6.I NEWji^5
9.3X I6HMODULE SH^LL VOL EI6.8) NFWC'46

2 FORMAT!I6H SALT CONC RATIO 9X F|6.3, 3X 23HTUBE SHEET THICKNESS INNEW0IA7
12X FI6.3. 3X I9HREACT0R THERMAL EFF FI3.5/ NEWGiae

2I8H STEAM TEMPERATURE 7X FI6.2, 3X 22HVAPOR ESCAPE HEIGHT FT 3x NEw'0 149

3FI6.3.3X I6HREACTOR SIZE M-W EI6.8/ MH OCEAN TEMP I4X FI6.3, 44XN£WG]^r

42IHT0TAL MEGA WXTTS ELEC El 4.6 / NEW0I5 1
514H blowdown temp nx F16.2. 3X 22Hsplash plate length in 3x fi6.4.newoi 52
6/IH ) NFV/oi5-

3 FORMAT! I3H BRIM: HEATER / I6H0FLOODING FACTOR 9X FI6.5, 3X NEW0I54

II6HTUBE OUTSIDE DIA 9X EI6.5. 3X I4HC0NDENSER AREA E I7.8/ NEWQI55
215H FOULING FACTOR IOX FI6.5. 3X I5HTUBE INSIDE DIA IOX F16.5, 3X NEWCI56
3I3HHEATER LENGTL 3X EI6.8/24H TUBE METAL CONDUCTIVITY IX F I6.3,3XNEW0:s"7

4I5HTUBE FLOW LB/HR IOX EI6.8.3X I8HNO CONDENSER TUBES EI4.6/ NEW0I58
5I4H TUBE VELOCITY MX FI6.3, 3X I8HHEAT TRANSFER COEF E2I.8) MEW0I59

4 FORMAT!IHO/I0H0FFFECT NO 15/ 25X 19HEVAPORATOR RECOVERY 5X NEWOl60
II71-EVAPORATOR REJECT / I6H FLOODING FACTOR 9X 2F20.2.3X I7HPERFORN EW 0 i6 !

2MANCE RATIO F I5.5/ I5H FOULING FACTOR IOX 2F20.6.3X I6HREC0VERY RNEWi.li.,2

FIGURE 8 (Continued)
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3ATIC P FI6.6/I4H TUBE VELOCITY MX 2F20.3.3X I7HRATI0 OF WO TO WNEW0I63
4F FI5.6/25H TUBE METAL CONDUCTIVITY 2F20.2, 3X 25H.MAX BRINE TEMPNEW0I64
5 SHELL SIDE EIC8/22H TUBE OUTSIDE DIAMETER 3X 2-20.5, 3X NEW0I65
624HMAX BRINE TEMP TUBE SIDE EI 6.8/ 2 IH TUBE INSIDE DIAMETER 4X NEW0I66
72F20.6, 3X I5HBlOWDoWn TEMP F EI6.8/ 20H TEMP DROP PER STAGE NEWCI67
85X.2F20.5, 3X I4HCOOLANT TEMP F FI7.6) NEW0I68

5 FORMAT! I7H TUBE FLOW LB/HR 8X 2E20.8. 3X I9HBLOWDOWN FLOW LB/HR NEW0I69
I3XEI6.8/ I3H NO OF STAGES I2X 2120, 3X I8HPRODUCT RATE LB/HR 8X , NEW0I70
2EI6.8/ I9H HEAT TRANSFER COEF 6X 2E20.8,3X I8HRECYCLE FLOW LB/HR NEW0I7I
38X,EI6.8/ I5H CONDENSER AREA I0X» 2E20.8.3X I7HRETURN FLOW LB/HR NEW0I72
4 9X EI6.8/ I2H TUBE LENGTH I3X 2E20.8. / NEWGI73

5I2H NO OF TUBES I3X 2F20.8. 3X 26HAVERAGE THERMAL FORCE NEW0I74
6EI6.8/ 65X 3X 26HAVERAGE HEAT TRANSFER COEF NEW0I75

1 E 16.8) NFW0I76
6 FORMAT!I6H0HEADS AND POWER / I6H PUMP EFFICIENCY 9X E|6.8. 3X /NEW0I77
II4H DELIVERY HEAD MX EI6.8. 3X MHREJECT HEAD I4X E I6.8.3X NEW0I78
2IIHHEATER HEAD 5X E16.8/ I4H SLOWDOWN HEAD MX EI6.8, 3X NEW0I79
3I2HPRODUCT HEAD I3X EI6.8) NEW0I80

7 FORMATI25H EVAPORATOR HEAD EI6.8) NEW0I8I
8 FORMAT! IHO 28X 8HHEADIFT) 8X I6HPOWER MEGA-WATTS / NEW0I82

M4H DELIVERY PUMP MX 2E20.8/ I3H MAKE-UP PUMP I2.X 2E20.8/ NEW0I83

22IH RECYCLE PUMP EFFECT.12. 2X 2E20.8/I2IX 12,2X 2E20.81) NEW0I84

9 FORMAT!I4H BLOWDOWN PUMP MX 2E20.8/ I3H PRODUCT PUMP I2X 2E2D.8/ NEW0I85
1IOH DEAERATOR 35X E20.8/ 24H TOTAL PLANT REQUIREMENT 2 IX E20.81 NEW0I86

10 FORMAT!IH0|IHOUNIT COSTS / I7H DEAERATOR $/GPM 8X EI6.8.3X NEW0I87
I22HPUMPS AND MOTORS $/GPM 3X EI6.8, 3X2 IHELECTRICAl EQUIP S/KW NEW0I88

2 E I 1-5 / I2X 5H$/HP 3x EI6.8. 20X 5HS/HP 3XE 16.8/25H0VALVES AND PNEW0I89

3IPING S/GPM EI6.8, 3X I9HWATER INTAKE S/GPM 6X EI6.8, 3X NEW0I90

4I6HSITE WORK S/GPM E 16-8/ 22H EVAPORATOR AREA S/FT2 3X EI6.8. 3XNEW0I9I
5I8HREJECT AREA S/FT2 7X EI6.8, 3X I8HHEATER AREA S/FT2 E 14.6/ NEW0I92
6I9H HEATER SHELL $/FT2 6X EI6.8, 3X 27HEVAP AND REJECT SHELL S/FT3NEW0I93

7EI4.6, 3X I8HMISC CAPITAL S/GPM EI4.6/ 44X I8X 7HS/STAGE EI 6.8/NFWCI 94

8I8H CHEMICAL S/GPM-YR 7X EI6.8. 3X I6H0PERATING S/GPM IX E I6.8 ,NEWO I95

930HMAINT. AND SUPPLIES S/YR-S-CAP E|0.4) NEW0I95
WRITE OUTPUT TAPE 6. 6,SMALLE,HD. HR, HH, HBL, HPR NEW0I97

WRITE OUTPUT TA^E 6. 7, HE NEWCI98
WRITE OUTPUT TAPE 6. 8, HDEL, PODEL(l), HMKUP, POMKUP, II,HREC II ), NEW0I99

IPORECII). I#l,IE) NEW02QQ

WRITE OUTPUT TAPE 6. 9, HRL. POBLD, HPR, POPRD, P03, PC NEW020I

WRITE OUTPUT TAPE 6» I0, UDEAWM, UNPUMP. UNELCT, UDEAHP,UNDRVE. NEW02Q2
IUNPIPE, OINTAK, UNSITE, UnARAE, UNARAR . UNARHT, UNSHHT .USHELV, NEW0203

2UNMSCL. USHELN, UNCHEM, UNOPR. UNMAIN NFW0204

20 FORMAT! I5H POWER $ IKW-HR IOX FI6.8, 3X I2HHEAT S/MBTU I3X NEW0205

IEI6.8, 3X 20HANNUAL CAP CHG I/YR FI2.4/ 25H EVAP AND REJECT RETUNEW0206

2BING EI6.8, 3X I9HHEATER RETUBING CHG 6X EI6.8. 3XI3HINTEREST RATNEWD2Q7

3E 3X FI6.5/ I6H INDIRECT CHARGE 9X EI6.8, 3X 23HWATER PLANT LOADNEWD208

4 FACTOR 2X FI6.2, 3X 22HACID PLANT LOAD FACTOR FI0.3/ NEW02C9

524H ACID PLANT CAP CHG I/YR IX FI6.2) NEW02I0

WRITE OUTPUT TAPE 6. 20, SMALLD, SMALLB, SMALLP. SMAPPP, SMAPPH, NEW02II

IRATEIN, AJ, CAPF, FACID, ACACID NEW02I2
21 FORMAT! 6H0COSTS / IHO 3dX 8HS-DIRECT I3X 6HS/YEAR I4X 6HS/KGAL/NEW02I 3

II7H PUMPS AND MOTORS 8X 3E20.8/ IOH SITE WORK I5X 3E20.8/ NEW02I4

21 IH SEA INTAKE I4X 3E20.8/ I7H EVAPORATOR SHELL 8X3E20.8/NEW02I 5
3I6H EVAPORATOR AREA 9X 3E20.8/ I3H BRINE HEATER I2X3E20.8/NEW0216

4I8H VAlVES AND PIPING 7X 3E20.8/ I5H ELEC EQUIPMENT I0X3E20.8/NEWC2I 7

525H CRANES,BLDG.CONCRETE.ETC 3E20.8/I0H DEAERATOR I5X3E20.8/NEW02I 8

6 5H HEAT 40X 2E20.8/ 9H CHEMICAL I6X 20X 2E2D.8/NEW02I 9

76H POWER 39X 2E20.8/ IOH OPERATING 35X 2E20.8/NFW0220

825H MAINTENANCE AND SUPPLIES 20X 2E20.8/ 6H0TOTAL 39X 2E20.8) NEW022I
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22 .FORMAT!IHO 23X 2IHS-DIRECT AND INDIRECT 7X 5HS/GPD I5X 6HS/YEARNEW0222
II4X 6HS/KGAL / NEW0223
2I9H CAPITAL INVESTMENT 6X 2E20.8. 20X E20.8/ NEW0224

3I3H REACTOR COST I2X E20.8/ NEW0225

42IH TURBO GENERATOR COST 4X E20.8/ NFW0226

5I4H RETUBING COST MX 43X 2E20.8) NEW0227

WRITE OUTPUT TAPE 6. 2 I,PMC.PMC2»PMC I. SITE. SITE2, SiTEI » WAIT, NEW0228

IWAIT2, WAITI, ES, ES2, ESI, EA, EA2, EAI, BHC. BHC2. 3HCI. VPC. NEW0229
2VPC2, VPCI, EEC, EEC2, EEC I, CIBC, CIBC2, CIBCI, DEACST, DEA2 , NEW0230

3DEAI, HC2, HCI . CC2 , CCI . PCCST2. POCSTI , OC2. OCI , AMSC2. NEW023I

4AMSCI , TC2, TCI NEW0232
WRITE OUT PUT TAPE 6, 22. CAPII.CAPI2. CAPI3, REACST, TURCST, NEW0233

IRETUB2, RETUBI NEW0234
KK#Q NEW0235

CALL OUTPUT NEW0236

RETURN NEW0237

END NEW0238

FIGURE 8 (Continued)
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FLASH COSTS

.939412

-7*TVZ

)*SSF

+ 0.2 138177

6E-3*TVZ

*-*4

•s-»2

* LABEL

C MULTI-EFFECT MULTI-

SUBROUTINE COST

GTV2F!TVZ)

I #2.17868 18-0.7

2-0.53958083E-5 *TVZ

SMALLFF(D,V)*<( .0056

FGADFIXD )ff EXP

FLADFIXD )#0.7439

COMMON X,Y,W

COMMON DATANO

DIMENSIONXI 150

EQUIVALENCE! I I

EQUIVALENCE

1IY(4) ,CC 1 1 ,

2 1YI8).PCM I ).
31Yl 12) -ES | ),

4(Y( 16) ,EECI ) ,

51YI20) ,DEAi 1 ,

EQUIVALENCE

I IY<28) ,THF) ,

21 Y(32 ) ,CP) ,

3!Yl36),Q)

EQUIVALENCE

I IY(43 ) .HD) .

21Y147) .HBL) ,

31YI5I).SMALLP)

4!YI 55 ).SMA7 1 »

5(Yl59>,TP)

EQUIVALENCE

I(Y(73) .BAROM) .

21YI82) .CSUBP) .

31Yl86) ,PO) .

41Yl90 ),WB) ,

EQUIVALENCE

I(Y( 103) ,BIKTH)

21Yl 107) ,VE) ,

31 Y( II I) ,DOR ).

41 Yl I 15) ,RH).

51Y( 119) .RHOK) .

61Yl 123) .NK) .

71Yl 127) .UBARR )

81Yl |3I) »HLH) .

91 Yl I35) »ENE) ,IY( 136
COMMONNTOTAL.TS.THF

IH,SMALLB.SMALLP.SMA

COMMON HP.CT.C.QH.S

COMMON DELST.DELCT.

IWPN.WR.AMBDA

COMMON AS ,SLS. UB

COMMON TAU.CCF.NK.P

IACPSN.CPTK.ACPSMK.R

DIMENSION TTABLEI70
I ).CT1 100) ,TTD( I00) ,

DIMENSION WVI I0J) ,Q

DIMENSIONAS1 I00),SL

|TVTT! |00) ,Z( I00),HI

COMMON CPSNK, AMBN.

I ,R .S.HR.HE.HH .PI

0443622E~I*TVZ +0

**3 +0.18 139I97E

+0.0 2436/1D*V)«*0.3 2

F(0.0748067*LOGF(XD)

I /SQRTF(XD)

(LOGF(XD) 1**21

CST

CST

CST

CST

CST

CST

CST

CST

CST

CST

CST

CST

CST

CST

CST

CST

CST

CST

CST

CST

CST

CST

CST

CST

CST

0001

0002

OOO3

0004

0005

0006

0007

0008

0009

00 10

00! I

0012

0013

0014

00! 5

0DI6
00 17

00|8

00! 9

0020

002 I

0022

0023

0024

00? 5

0026
0027

00 2 3

002 9

0030

0031

0032

0033

00^4

00 3 5

0036

0037
003 8

0039

OO4O

0 04 I

0042

0043
OOa.4

004 5

0046

0047

0048

0049

0050

005 I

0052

0053

0054

0055

0056

0057

0058

0059

4) .Y( |50)

II 1

1 Yl I) ,CR) .

Y(5).PCRI)»

Y(9),PMCI)»
Y I I7 ! »FA I) »

Y( 17) .OC1 ) .
Y (2 I 1 . T C 1 1

Y(25 ) »G) ,

Y(29).TO).

(YI2)

IY(6) .PCEI 1 .

(Y( |0

(Yl |4

(Yl |8

(Y(26

(Y( 3O

(Y(34

Y(40),FFHL). (Y(4l

Y(44) ,HR ). IYl 45
Y( 48) »HPR ) . (Y( 49

Y( 52 ).SMAPPP) , (Yl53

Y(56).A3)' (Y(57

Y175) .

Y(79) .

Yl83) ,

YI87) .

Y(9 I) .
Y( I00)

Y(IO4)

Y( I08)

Y( I 12 )

Y( I 16)

Y( 120)

Yl I24)
IYI 128

Yl 132)
'.RNR)
.TO.CO

i,SMA2

MT.TTA

CB.RHO

(Y(76

(Y(8Q

N) . 1Y(84

(YI88

PN) »

TBI .

ACPS

WX ) .

WY)

,SH)

>BIK

,VR)

,DIH

,RE)

,WF)

,NNK

) ,AH

,ELE

, (Yl

,CP,

,P,Q

RLE,

.SUM

TE),

IY! |0
IY( |0

IY I I0

(Y! II

(Yl I I

1Yl I2

IY ! I

1. (Y! I3

137) .HBH) .
CR.V.G.SMA

.ERR.II,JJ

TTD'TV.WP.

0H.T3.TCF,

AR. OM » HO. HI. TVT

NK.RHOK,RHONK.ALPHA

HONK

),WS( I00) ,TS( I00) ,C< !00)»WP( I00) ,TV( I00),HP(

SMT! I00)

H( I00) »CFM( 100 )

S( I00) , UBAR( I

( |00)

AMBNK, HFG. CPT, CI

.RP) IY(3),HCI).

(Y(7) .PCBH1 )

SITEI ) , 1Y( I I )

BHCI 1 . (Y( I5)

SCM| ) , (Yl 19)

TOTAL)

TA) .

P) .

IYI27)

IY ( 3 1 )

CAPF), !Y(42)

HE) , 1Y(46)
SMALLD),!Y(50)

SMAPPH).IYl54)

A4)» (YI58)

RPN). IYI77!

TCF) , (YI8I)

ACPTNK)»IY(85)

WR ) , 1YI89)

,SF) , IYI

.BIKTR).1YI

»DOH) .

.DIE) .

.RSR) ,

.URARH)

29)»AE)»

>RLR) »

IYl 138) »HPE> ,

PP.SMALLD.SMA

,KK

WS.WV

TK,TOTAL,T,WB

! Y!

IYl

1Y!

IYl

(Yl

IY

I Y(

102

I06

I I0

I 14

I 18

122

126

1 13

I34

IY 1

LLE

,WC

", z

.ACPTNK,CPTNK,

WAIT I ) ,

VPC I 1 »

CIBCI ) ,

TSTEAM) •

CO) .

SMALLE)

HH) ,

SMALLB)-

SMAI),

RATEIN ) •

ALPRAR ) •

AMBN ) .

UBPH) .

WC ) .

,5R) .

.VH) .

.DOE) »

,DIR) .

.RHONK)

.WO) .

.UBARE)

) .AR ) .

. H N ) ,

39) ,HFR

DO,DI ,

WF,WO»

CST

CST

CST

CST

CST

CST

00) ,OM! I001 ,HO( I00) »

, ALPBAR, SMT2

CST

CST

CST

, CST

CST

, CST

CST

CST

1 CST
CST

CST

CST

CST

CST

CST

CST

CST

lOOcST

CST

CST

CST

CST

CST

CST
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DIMENSION SMT2M00) CST0060
COMMON CFM, HC,EC ,CPSN,CC, CST006I
I Al,A2,PCD,PCPMC.PCPR.PN,WIDTH, SUM2I, CST0062
2SUM22,SUM24,SUM26,SUmALP,TC.TSTEAM,WpnK .WX.WY CST0063
COMMON DIH, DOH, AIH.A2H CST0064
I , HLH, BHC. AH, PCH.UBARH, UBPH, HN, NH CST0065
COMMON SUMN, SUMAS, SUMLS, PR ,BIK .NITER CST0066

COMMON BIKTE, BIKTH, DOE» DIE, SE,VE, BAROM, PO, SH, VH CST0067
COMMONHCI ,HC2,CC I,CC2,PCRI ,PCR2,PCEI,PCBH1 .PCBH2.PCMI .PCM2.PMCI . CST0068
IPMC2.SSCI .SSC2,EC I.EC2.VPCI.VPC2.EECI .EEC2.BHCI .BHC2.0CI.OC2.SCMI ,CST0069
2SCM2.TCOI .TC02.TCI .Tc2,HD,HBL ,HpR,CAPF ,AJ .XM ,E.A3»A4.A5.A6.A7,A8 , CST0070
3 A9.PCE2.CAPI I.CAPI2.CIBCI.CIBC2 .AP.CSUBP CST007I
COMMONRH.RE .CPBT CST0072
COMMON EBEL .XCR.RP CST0073
DIMENSION EBEL(t00,6) CST0074
COMMONDOR.DIR.BIKTR.SR.RSR.VR.TA.FF.HFE.HFR.HBH CST007 5
1 .CFMWZ.CFMWV.HS.HV.FFHL.SUMA.SMAQ.QLN ,AE.AR.ELE»RLR,FNE»RNR CST0076
2 ,XRP .UBARE.UBARR.RPN.SSF.SSFl CST0077
DIMENSIONCFMWZI |00) ,HS( I00),CFMWV( 100) CST0078
I.FOUT! I00) ,DHOUT! I00) CST0079
COMMONXTB.ORITE CST0080
COMMONSITE.SITEI .SITF2.WAIT,WAIT I.WAIT2.ES.ESI ,ES2. CST008 I
IEA.EAI,EA2 CST0C82
COMMON P03.HS I,PMC.EEC,VPC.CIBC CST0083
COMMONACID.TNACDY.CLORIN.CAUSTC.DEFOM CST0084
COMMONACACID.FACID.WT.WTRAY.RESTM CST0085
1 . AT,FE,FH,FR,H2,Pol .P022.P02.PSTAI .RHOE.RHOR.RHOH.CHRIS CST0086
2.ROE CST0087
COMMONTP,AI0,WCO»UTHE,ATHE,THEL,THEN,THEHT, CTHEI .CTHE2, CST0088
ICTHE3.PCTHEI.PCTHE2,THEK.THES,THER,SMALLR.THERC.THEFT,CTHE4.VTHE CST0089
2 .BOBH.FMOD.BOBDH,FOUT.DHOUT,FBOBI ,FBOB2,FBOB3,FSTARI .FSTA.R2, CST0090
3FSTAR3 ,BOBAC,BOBFA CST009I
COMMON DEACST,DEA2»DEAI.DYEAR.DKGAL .RATEIN .WPL.CSLTBP CST0092
COMMONVVEV,TRAYFL.WBS.TRAYWD.RES IDT, CST0091
ITSTH,FREBD,AMODU,ALEV,TWFA,SPL,BDEPH, CST0094
2CTA.HST ,ESHELL,RSHELL »CSLTBH.SMAPPP.SMAPPH .SSF2 CST0095
DIMENSIONVVEV! I00) .TRAYFL! 100),WBS( I00) , CST0096
ITRAYWDI100).RESIDT1100) CST0097
I.ALPHA(IOO) CST0098
DIMENSION PVI 100),A( |00).ORHTI 100) .DFLPI |00).DFNBR! 100) CST0099
COMMON PV.A.ORHT.DELP.DENBR .COEFA CSTOIOO
COMMON REASIZ,REACST,T0ELEC.TURCST,CAPI3,RETUB2,RETUBI.THERM CST0 10 1
COMMON WPS,RS,WPIN.CBS,TBS,TOS.ANS,THS.WBE,WPE.E.IE. ALPHA CST0I02
I'SUMWP CST0I03
COMMON CBE.RPE.TBE .SSFI CSTO1O4

DIMENSION WPS I25).RS I25) »WPINI 25).CBS I25).TBS(25) .TOS(25)»ANS(25).CST0!05
ITHSI25) CST0106
DIMENSION PODEL(25) .HREC125)»PORECI 25).WOSI25).WFSI251.HSUBI25). CSTO1O7
1 ELESI25).RLRSI25),WRS(25).HSISI25) CST0|08
2 .AESI25) .VOLMSI25).ARS(25) CST0I09
l,HLHS(25) CSTOIIO
COMMON ARS.ELES.HREC,HSIS.HSUB.PODEL,POREC.RLRS,VOLMS, CSTOMI
IWFS.WOS.WRS.AMBDAS.POCSTI,POCST2.SUMLE.SUMLR.SUMPOR.SUMWR.WTME» CSTOl12
2WTMR »AES CSTOl |3
I.HLHS CSTOl14
COMMONTOE. HDEL. POBLD.VOLM.HMKUP»POMKUP,WZZ.POPRD.AMSCI .AMSC2» CSTOl 15
ICD.DEACSI .DEACS?.,PMCFLO,PMCPO CSTOl 16
COMMON UDEAHP.UDEAWM.UINTAK.UNARAE.UNARAR.UNARHT.UNCHEM, CSTOl17
lUNDRVE.UNELCT.UNMAIN,UNMSCL.UNOPR.UNPIPE.UNPUMP. CSTOl|8
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2UNSHHT,UNSITE.USHELN,VOLUME,WBLOW.WMAKUP,WPROD.WPUMP.WRECOV.WREJCTCSTOI 19
DIMENSION PSI25).QS(25).TCFSI25) CST0I20
DIMENSION RHOKSI25) .RHONKSI25).BAROMSI25).WCSI251.NKSI25). CST0I2I
IENESI25).NNKSI25).RNRSI25),UES(25),URS(25) .WBSUI25) .UBARAI25) CST0I22
COMMON RHOKS.RHONKS.PS.QS.RPS.TCFS.BAROMS.WCS.NKS CSTOI23
COMMON ENES.NNKS.RNRS.UES.URS ,WBSU .USHELV ,APLANT,ATOT.UBARA CST0I24
COMMON DTPD.CL CSTOI25
COMMON TOTALR

COMMON CTUBEE.CFTSE.CTUBER.CETSR.CITSE.CITSR.CDITS.CDETS
DIMENSIONCTUBEEI25) .CETSEI25) .CTUBERI25) ,CETSR(25),CITSF(25).CITSR4025000 I

I(25)

C$******YORK TYPE DEMISTER

COMMON UMAX. SUMDMA. DTPDP. COSTDM

COMMON UALP.DTPDPS

COMMON AREADM.DPTDM.DTDM.CPROD.WIDDM

DIMENSION AREADM! I00),DPTDMI I00),DTDMI I00) .CPRODI I00) .WIDDMI I00)
I.DTPDPSI |00) .DTPDPIlOO), SUMDMAI25)
NN0NTOTAL CST0I26
NNK#NN-NK CST0I27
COSTDM#0.

DO500j#|,IE

500 COSTDM#SUMDMA(J)*|0.5*AlEV*AMODU*.33 3/•2 5+COSTDM
C DELIVERY PUMPS CST0I28

C CST0I29

I#IE CST0I30
HDEL#HD+HR +6.0#SMALLFF(DIR»VR)* RLRSI I)*VR**2/(DIR*32.174) CSTOl3 1
PODEL #3.7676768E-|0 *HDEL *WOSI I)/SMALLE CST0I32

C CST0I33

SUMLRWO.O CST0I34
SUMLE#0.0 CST0I35

DO300J#l .IE

SUMLE#SUMLE+ELES(J)

HSUBIJ)«HE

300 CONTINUE

IE l#IE- I

DO30IJ#l.IEI

SUMLR#SUMLR+RLRS(J)

301 CONTINUE

SUMPOR#0.0 CST0I42

DO 123 M#l»IE CST0I43

IFIM-I)121,121,122 CST0I44
122 HREC(M)#HSUB(M)+6.0*SMALLFF(DIE,VE)*(ELES(M)+RLRS(M-I))*VE**2/ I CST0I45

IDIE*32.I74) +HS1 SIM) CST0I46

POREC(M)#3.7676768E-l0* HRECIM1* WRSIM)/SMALLE CST0I47

GO TOI23 CST0I48

|2| HRECI I)#HSUB< M+HH+HSISI I )+ 6.0*SMALLFFIDIE.VE)*ELESI I)#VE**2/ CST0I49
I(DIE*32.174) +6.0*SMALLFF(DIH,VH)*HLH *VH**2/(DIH *32 . I74)CSTOI 5

PORECI I)#3.7676"768E-|0*HREC( I)*(WFS( I)-WBE-WPE)/SMALLE

123 SUMPOR# SUM POR+PORECIM) CST0I52

C MAKE-UP PUMP CST0I53

C CST0I54

C BLOWDOWN PUMP CSTOI 55

IF!IE-I 1400.401 ,400 CST0I56

401 HMKUP#0.0 CST0I57

POMKUPtfO.O CST0I58
GOTO402 CST0I59

400 HMKUP#HSUB(IE)+6.Q*SmALLFF(DIE.VE>*<SUMLE+SUMLR)*VE**2/(DIE*32.I74CST0I60
I)+HSIS( I)+HH+6.*SMALLFF(DIH»VH)*HLH*VH**2/<DIH*32. 174)

POMKUP#3.767676»E-l0*HMKUP*(WPE +WBE1/SMALLE CST0I62
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C CST0I63
C RECYCLF PUMPS CST0164
C CST0I65

402 P0BLD# 3.767676SE-I0* HBL*WBE/SMALLE CSTCI66
C CST0I67

C PRODUCT PUMP CST0I68
C CST0I69

SME3# 3.7676768E-I0/SMALLE CST0I70
POPRDtf SME3*HPR* WPE CSTOl7 I

C HEADS AND POWER CSTOI 72
C CST0I73
C DEAERATOR CST0I74

P03#(WPE+WBE)*EXPF10.0l37*TBE-6. I21 )/ 0.34667E+6 CST0I75

C TOTAL POWER CST0I76
POff PODEL+POMKUP +SUMPOR +POBLD +POPRD +P03 CSTO I77

C COSTS CST0I78
C POWER CST0I79
C CSTCI80

C PUMPS AND MOTORS CSTO18 I

WPEWBE#WPE+WBE CST0I82

WMAKUPAUWPE WBE1/480.0 CST0I83
SUMCERtfO.O

SUMWF»0.0 CST0184
SUMWR#0.0 CST0185

VOLUMEWO.O CST0I86
SUMAEW0.00 CST0I87

SUMARtfO.OO CST0I88

SUMN #0.00 CSTOl89

DO 101 I#l,IE CST0190
VOLUME#VOLMS(I1+VOLUME CST0I9I

SUMAE#SUMAE+AES!I) CSTOl92
SUMN#SUMN+ANS(I) CST0I93

SUMCER#SUMCER+CITSE(I1+CITSRII>+CETSE<I1+CETSRII)

SUMAR#SUMAR+ARS(I) CST0I94
SUMWR#SUMWR+WRS( I) CSTOI 95

SUMWF#SUMWF+WFS(I) CSTGI96
|0| CONTINUE CST0I97

H2#HH+HSI CST0I98

FG#CAPF*G CST0I99

GE#'S*SMALLE CST0200

WRECOVAf SUMWF/(E*480.0) CST020I
WBLOW#WBE/480. CST02D2

WPROD#WPE/480.0 CST0203

WREJCTWWOSIIE)/480. CST0204

IFIM-I )45l ,450,45 I CST0205
450 WPUMP#(WOS(I1+WBE+WPE+WFSII))/480. CSTO2O5

GO TO 452 CST0205

451 WPUMP#(WOS( IE1+2.0* WPEWBE + SUMWR -WRS( I)+WFS( I) )/480. CSTO2O5

452 UDEAWMffO.O CST0205

UDEAWMtfQ.Q CST0206

APLANT#SUMAE+SUMAR CST0207

ATOT#APLANT+AH CST0208

UDEAHP#0.0 CST0209

UNPUMP#0.0 CST02I0

UNDRVE#0.0 CST02II

UNELCT#O.C CST0212

UNPIPE0O.O CST02I3

UtNTAK#0.0 CST02I4

UNSITE#0.0 CST02I5
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UNMAIN#0.0 CST02I6
UNARAE#0.0 CST02I7
UNOPR#0.0 CST02I8
UNARAR#0.0 CST02I9

UNCHEM#0.0 CST0220
UNARHT#0.0 CST022I

UNMSCL#0.0 CST0222
UNSHHT#0.0 CST0223
USHELN#0.0 CST0224
USHELV#0.0 CST0225
FG#G*CAPF CST0226

IFIUNCHEM12, I,2 CSTD227
1 TNACDY#I5.68*C0*(CR/(CR-I.0))*G*I.OE-6 CST0228

IFIG* I.OE-6-2 5.0) 102,102,103 CST0229

I03 ACID#IOOOO.O+32 000.0*ACACID*TNACDY**0.686+I2000.0*TNACDY**0.3 CST023 0
l+8.39*TNACDY*36^.0*FACID CSTD2 3I
GOTO 104 CST0232

102 ACID#9I25.0*FACID*TNACDY CST0233
I04 CLORIN#363.5E-6*I0.25*WOS(IE)+WPE)*CAPF CST0234

CAUSTC0I46.II7E-6* FG* ICR/ICR-I.0)) CST0235

DEFOM#608.82E-6*FG *CR/(CR-I.O) CST0236

CC2»ACID+CL0RIN+CAUSTC+DEF0M CST0237
UNCHEMi¥CC2/WMAKUP CST0238

2 IF(UDEAWM>4,3,4 CST0239
3 DEACSl#0.0245I8995*WPEWBE/TBE**0.26 CST0240

UDEAWM#DEACSI/WMAKUP CST024I
4 IF(UDEAHP)6,5,6 CST0242

5 DEACS2#I6I50.0*PO3 CST0243
UDEAHP#DEACS2/( I340.4826*P03) CST0244

6 IF(UNPUMP)8,7,8 CST0245
7 TERM2#0.0 CST0246

TERM3W0.0 CST0247

IF! IE-I 1403,404.403 CST0248

403 DO3O7J02.IF CST0249
TERM2*!0.9+0.00|75*HREC(J))*WRS(Jl/480. +TERM2 CST0250

307 CONTINUE CST025I
TERM3#(0.54+0.0 0 I75*HMKUP)* IWBE+WPE) CST02 5 2

1/480.0 CST0253
404 PMCFLO#<0.54+OO.OOI75*HDEL)*WREJCT + TERM2 + I0.9+0.00|75*HRECI I)) CST0254

l*WFS( I1/480.0 + (0.63+ 0.00 I75*HBL>*WBLOW + (0 .6+ 0.00 I75*HPR1*WPRODCST0255

2+TERM3 CST0256

UNPUMP#PMCFLO/WPUMP CST0257

8 IF(UNDRVE) I0,9,|0 CST0258
9 PMCPO«l340.4826t(20.57*(PODEL+POMKUP+POBLD+POPRD)+20.98* SUMPOR) CST0259

UNDRVE#PMCPO/( I340.4826*IPO-P03)) CST0260

10 IFIUNELCT) 12, II » 12 CST026I

C II EEC#ID308.3Il*PO CST0262

C UNELCT#EEC/(|000.0*PO) CST0263

11 UNELCT#|0.3 CST0263

12 IFIUNPIPE) 14. 13.14 CST0264

13 VPC#236.0*(WRECOV*480.0)**0.5 CST0265

UNPIPEtfVPC/WRECOV CST0266

14 IFIUINTAK)16.15.16 CST0267

15 WAIT#0.5*WREJCT CST0268

UINTAK#WAIT/WREJCT CST0269

16 IFIUNSITE)18.17,18 CST0270

17 SITE#I.0E3*WREJCT**0.6 CST027I
UNSITE#SITF/WREJCT CST0272

18 IFIDOE-.5)181.13 I, 182 CST0273
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181 FDOESFLADFIDOE) CST0274
GOTOI8.5 CST0275

182 FDOE#FGADF(DOE) CST0276
185 IFIDOR-.5) 183,183, 184 CST0277
183 FDORWFLADFIDOR) CST0278

GOTOI86 CST0279
184 FDORSFGADFIDOR) CST0280
186 IFIDOH-0.5) 187,187,188 CST028I
187 FDOH#FLADF(DOH) CST0282

GOTCI89 CST0283

188 FDOH#FGADF(DOH) CST0284

189 IFIUNARAE) 192,19 I,192 CST0286
191 UNARAE#SMAI

192 IFIUNARAR)194,193.194 CST0288
193 UNARAR#SMA2

194 IF!JNARHT)24,196.24 CST0290
196 UNARHT0A3

24 IF(UNSHHT)26.25.26 CST0299
25 UNSHHT#A4 CST0300
26 IF(USHELV)28.27.28 CST030I
27 USHELVWI.474-0.0I85*ALEV CST0302
28 IFIUSHELN130.29.30 CST0303
29 USHELN#0.0 CST0304

USHELN#SUMCER/SUMN 40250025
30 IFIUNMSCD32.3I .32 CST0305
31 UNMSCL*! I.0E6+0.0063*G)/WPROD CST0306
32 IF(UNOPR>34,33,34 CST0307
33 UNOPR#(0.I3E+6*(G*I.OE-6)**0.267)/WPROD CST0308
34 IFIUNMAIN136.35.36 CST0309
35 UNMAIN#0.0017 CST03I0

36 AJ#0.0 CST03I I
CC2#0.0 CST03I2

DEACST#0.0 CST03I3
PMC#0.0 CST03I4
EEC#0.0 CST03I5

VPC#0.0 CST03I6
WAIT#0.0 CST03I7
SITE#0.0 CST03I8
EA#0.0 CST03I9
BHC#0.0 CST0320
ES#0.0 CST032I
CIBC#O.D CST0322
OC2#0.0 CST0323
AMSC2#0.0 CST0324

37 IFICC2)39,38.39 CST0325

38 CC2#UNCHEM*WMAKUP CST0326
39 IF(DEACST)4I.40,41 CST0327
40 DEACST#UDEAWM*WMAKUP+UDEAHP*I 340.4826 *P03 CST0328
41 IF(PMC)43,42.43 CST0329
42 PMC#ONPUMP*WPUMP+UNDRVE*l340.4826*IP0-P03) CSTO33O
43 IF(EEC)45,44,45 CST033I
44 EEC#UNELCT*PO*IOOO. CST0332
45 IFIVPC147,46.47 CST0333
46 VPC» (.8854-0.0|7846*ALEV)*WRECOV+(0.50969-0.004923I*ALEV) *WREJCTCST0334

I+10.70854-0.024385*ALEV)*WPR0D +10.00746 I5*ALEV +0.24315)*WBLOWCST0335
2+(0.0033076*ALEV+0.I 7677>*WMAKUP CST0336

47 IF(WAIT)49,48.49 CST0337
48 WAlT*UINTAK*WREJCT CST0338
49 IF(SITE)5 I,50,5 I CST0339

FIGURE 8 (Continued)



50 SITE#UNSITE*WREJCT CST0^40
51 IFIEA153.52.53 CSTP34I
52 EA#UnARAE*(SUMAF+SUMAR-ARS(IE)1+ UNARAR*ARS(IE) CST0342
53 IFI3HC)55,54.55 CST0343
54 BHC#AH*(UNARHT+UNSHHT) CST0344
55 IFIES157,56,57 CST0345

56 ES#USHELV*VOLUME*AMODU+USHELN*SUMN+C0STDM
57 IF(CIBC)59,58.59 CST0347
58 CIBC#UNMSCL*WPROD CST0348
59 IFI0C216I.60,61 CSTO349
60 OC2#UNOPR*WPROD CST0350
61 CD#(PMC+SITE +WAIT +EA +ES +VPC +DEACST +EEC +BHC +CIBC)*l.0E CST035I

1-6 CST0352
62 IF!AJ)64,63,64 CST0353
63 CALL SUBAJ ICD,RATE IN,AJ) CSTO354
64 CAPIl#CD*l,3E6*AJ CST0355

CAPI2#CAPII/G CST0356
CAPI3#SMALLP* CAPIl/(0.365*FG) CST0357

65 IF!AMSC2167.66.67 CST0358
66 AMSC2#UNMAIN*CA^I I CSTO359
67 POCSTl#24.0E+6*SMALLD*PO/G CST0360

POCST2#0.365*FG*POCSTI CST036I
68 HCl*24.0*SMALLB*WPE/(RPE*G) CST0362

FG365#0.365*FG CST0363
HC2#EG365*HCI CST0364
CCI*CC2/FG365 CST0365
OCI0OC2/FG365 CST0366
AMSCI»AMSC2/FG355 CST0367
PAJ#SMALLP*AJ CST0368
DEA2#DEACST*PAJ CST0369
PMC2ff PMC*PAJ CST0370
EEC2#EEC*PAJ CST037I
VPC2#VPC*PAJ CST0372
WAIT2#WAIT*PAJ CST0373
SITE2#SITE*PAJ CST0374
EA20EA *(PAJ+ SMAPPP) CST0375
BHC2#BHC*PAJ+ SMAPPH*IBHC-UNSHHT*AH 1 CST0376
ES2#ES* PAJ CST0377
CIBC2#CIBC*PAJ CST0378
DEAI#DEA2/FG365 CST0379
PMCI0PMC2/FG365 CST0380
EECI#EEC2/FG365 CST038I
VPCIWVPC2/FG365 CST0382
WAITI#WAIT2/FG365 CST0383
SITEI#SITE2/FG365 CST0384
EAI#FA2/FG365 CST0385
RHCI# BHC2/FG365 CST0386
ESI* ES2/ FG365 CST0387
CIBCI#CIBC2/EG365 CST0388
TCI ffHCI+CCI+P0C5TI+PMCI+SITEI+WAITI+ESI+EAI+VPCI+EECI+BHC I+OCI CST0389
I+AMSCI+CIBCI+DEAI CST0390
TC2#TCI* D.365*FG CST039I
REASIZ#(PO/THERM +WX/(34 I3.*RP1 1/I I.0-0,007/THERM) CST0392
REACST#54.0*(REASIZ/I.0E31**0.567 CST0 393
TOELEC#PO+0.7*REASIZ/I00.00 CST0394
TURCST#45.0*(TOELEC/I 000.0)**0.829+5.47*T0ELEC/1000.0 CST0395
RETUB2#SMAPPP*SUMAE+SMAPPH*(BHC-UNSHHT*AH) CST0396
RETOBI# REXUB2/FG365 CST0397
REACST#REACST *l.0E+6 CST0398
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TURCST#TURCST*|.0E+6 CST0399
TC#Tci CST0400
WRITE OUTPUT TaPE 9 .23 .SUMCCE,SUMCCR.SUMAE.SUMAR.SUMCER.SUMN

23 F0RMATI7E16.8)

RETURN CST040I

END CST0402
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* LABEL

SUBROUTINEGSC (

C GSC

COMMON X.Y.W

COMMON DATANO

DIMENSIONX!150,

EQUIVALENCE! I I,

EQUIVALENCE
I(Y(4)»CCI),

2(Y(8).PCM I ),

3(Y( 12) .ES| ) ,

41Yl 16) .EEC I) .

5(Y(20),DEA| 1 ,

EQUIVALENCE

IIYI28) »THF) .

2IYI32) .CP) .

3(Y(36).Q)

EQUIVALENCE

IIY(43> »HD) »

21YI47).HBL).

31Y15I1.SMALLP).

4! Yl 55 ).SMA2) »
5(YI59) ,TP)

EQUIVALENCE

I(Y(78) .BAROM).
21 Yl82) .CSUBP) ,

3IYI86) .PO) ,

41Y190) ,WB) .

EQUIVALENCE

IIY( I03) .BIKTH) .
21Y1 107) .VE) ,

31Yl 1I |) .DOR) .
41Yl I 15) »RH] .

51 Yl 119) .RHOK).

6(Y( 123) .NK) ,

71Y( 127) .UBARR) .

8!YlI3i)>HLH)»

91Yl I35) .ENE) . IY

COMMONNTOTAL.TS

IH,SMALLB.SMALLP
COMMON HP.CT.C,

COMMON DELST.DE

IWPN.WR.AMRDA

COMMON AS ,SLS
COMMON TAU.CCF,

IACPSN.CPTK.ACPS
DIMENSION TTABL

I ) .CT( 100) ,TTD( I

DIMENSION WVI 10

DIMENS10NASI(00

ITVTT! 100) ,Z( I00

COMMON CPSNK, A

I,R,S,HR,HE,HH

DIMENSION SMT2I

COMMON CFM, HC

I Al,A2,PCD

2SUM22,SUM24,SUM

COMMON DIH, DOH

I , HLH, BHC,
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M)

4),Y(150)

II)

(Y( I),CR) ,

(Y(5),PCRI),

1Y(9),PMCI),

IY( I3) ,EA I) ,

(Y( 17) ,OCI ) ,

(YI2I 1 ,TCI 1

(YI25) ,G) .

(Y(29) »TO) »

(Yl

(Yl

(Yl

(Yl

IY(

(Yl

(Yl

!Y(

(Y(

(Y(

(Y(

(Yl

(Yl

<Y(

(Yl

(Y(

(Yl

(Y(

IYl

IYI

IYl

(Yl

2) >RP> »
6) .PCEI ).

(Y(3) ,HCI ) ,

(YI7) .PCBHI ) ,

1Yl I I) ,WAIT| ) ,

(Y( 15) .VPCI 1.

(Y( 19) ,CIBCI 1.

(YI27).TSTEAM)

(YI3I).CO),

IY(40) .FFHL) .

(Y(44) ,HR) .

(Y(48) .HPR) .
IYI52) .SMAPPP) .

IYI56) .A3) .

(Y(

(Y(

( Y(

IY(

(Y(

(Y(

( Y(

!Y(

(Y(

( Y(

(Y(

I Y(

(Y

IY(

I I36) .

.THF.T

.SMAI

QH.SMT

LCT,CB

75) ,PN)»

79) >TB) »

83! .ACPSN)
871 'WX)»

91 ) »WY)

I00) ,SH) ,

I04).BIKTE
I08) .VR) ,

112) .DIH) ,

116 >.RE) »

120),WF) .

I24! ,NNK ) .

I I28) .AH) »

I32)»ELE) ,

RNR) .(Yl |3

O.CO.CP.CR

SMA2.P.Q.E

.TTABLE.TT

.RHO.SUMQH

) »

|0)

14)

18)

26)

30)

34)

41 )

45)

49)

53)

57)

76)

80)
84)

88)

|0|

|05
I09

I I 3

I I 7

125

S ITEI ).

BHCl)»

SCMl).

TOTAL).

TA) .

P) .

CAPF).

HE) .

SMALLD)»

SMAPPH).

A4) .

RPN) .

TCF) .

ACPTNK) .
WR) ,

.SE) .

.BIKTR).

.DOH).

.DIE).

»RSR),

.UBARH) »(Y(

(Y

I Yl

7) .HBH

.V.G.S

RR. II

D.TV.W

.TB.TC

1 I29) ,AE) ,

I33

IY<42),SMALLE)

1YI46).HH),

IYI50).SMALLB)

IY(54) .SMAI ).

IYI58).RATEIN)

IYI77) .ALPBAR)

IYI8I 1.AMBN)»

IY185).UBPH).

(YI89)»WC).

(Yl I02 )»SR) .

(Yl106).VH).

1Y( I I0).DOE) .

(Y( I 14)»DIR) .
IY( I 18).RHONK)

(Y( 122) .WO) .

IYI126).UBARE)

(Yl 130) .AR) .

1Yl I34) »HN) .

E).(Yl 139)»HFR

SMALLE.DO.DI.

. UBAR, OM , HO, HI, T

NK,PNK,RHOK,RHONK,ALPH

NK,RHONK

E120) ,WSI I00) ,TS( 100) ,
00) , SMTI I00 )

0) ,QH( I00) ,CFM( I00 )

) ,SLS( I00) , UBAR

>,HI I 100)

I1BN, AMBNK, HFG, CPT,

,PI

|0D)

,EC,CPSN,CC,
.PCPMC.PCPR.PN,WIDTH,

26.SUMALP.TC.TSTEAM»WP

AIH.A2H
AH, PCH,UBARH, UBPH, H

,RLR) ,

). (Y( 138) »HF

MAPP,SMALLD.

JJ.KK

P.WS.WV

F.TK.TOTAL.T.WB.WC.WF.WO.

VTT, Z

Al .ACPTNK,CPTNK.

CI 100),WP( I00),TV( 100) ,HP(

( I00),OM( !00

CI. ALPBAR,

1 ,HO( I00),

SMT2

SUM2 I,

NK ,WX,WY

N. NH
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common sumn. sumas. sumls, pr ,b1k .niter gsc0060
common bikte. bikth. doe. die, se,ve, barom, po, sh» vh gscoo6i
commonhci ,hc2,cc |,cc2,pcri ,pcr2,pcei ,pcbhi .pcbh2.pcmi .pcm2.pmci , gsc0062

ipmc2.ssci .ssc2.eci .ec2,vpci .vpc2 .eec i.eec2.bhci .bhc2.0ci .oc2.scmi .gsc0063

2scm2.tcoi .tc02.tci »tc2,hd.hbl.hpr.capf»aj.xm.e»a3.a4.a5»a6.a7,a8. gsc0064
3 a9.pce2.capi i.capi2,cibci .cibc2 .ap.csubp gsc0065

commonrh.rf ,cpbt gsc0066

common ebel ,xcr,rp gsc0067

dimension ebel(|p0,6) gsc0068

commondor.dir.biktr.sr.rsr.vr.ta.ff.hfe.hfr.hbh gsc0069

i .cfmwz.cfmwv.hs.hv.ffhl.suma.smaq.qln ,ae,ar,ele,rlr,ene.rnr gsc0070
2 .xrp .ubare.ubarr.rpn.ssf.ssfi gsc007i

DIMENSIONCFMWZ! |00) ,hS( |00) .CFMWV! I00) GSC0072
I.FOUT1 I00) ,DHOUT! I00) GSC0073

COMMONXTB.ORITE GSC0074

COMMONS ITE .SITE I.SITE2.WAIT.WAITI »WAIT2.ES,ESI »ES2 . GSC0075

IEA.EAI.EA2 GSC0076

COMMON P03.HS I,PMC»EEC,VPC»CIBC GSC0077

COMMONACID.TNACDY.CLORIN.CAUSTCDEFOM GSC 0078

COMMONACACID.FACID.WT.WTRAY.RESTM GSC0D79

1 » AT.FE.FH,FR,H2,POI .P022.P02.PSTAI .RHOE.RHOR.RHOH.CHRIS GSC0080

2,ROE GSC008I

COMMONTP, A IO.WCO.UTHE.ATHE.THEL.THEN.THEHT, CTHEI »CTHF2» GSC0082

ICTHE3.PCTHEI.PCTHE2.THEK.THES,THER.SMALLR.THERC.THEFT.CTHE4,VTHE GSC0083

2 .30BH.FMOD.BOBDH.FOUT,DHOUT,FBOBI ,FBOB2 ,FBOB3 ,FSTARI ,FSTAR2» GSCD084
3FSTAR3 .BOBAC.BOBFA GSC0085

COMMON DEACST,DEA2.DEAI.DYEAR.DKGAL ,RATEIN ,WPL,CSLTBP GSC0086
COMMONVVEV, TRAYFL, WBS, TRAYWD,RES IDT, GSC008 7

ITSTH,FREBD,AMODU,ALEV,TWFA,SPL,BDEPH, GSC0088
2CTA.HST ,ESHELL,RSHELL .CSLTBH.SMAPPP,SMAPPH »SSF2 GSC0089
DIMENSIONVVEVI I00) .TRAYFLI I00 ),WBS( I00) . GSC0090
ITRAYWD1 100) .RES1DT! 100) GSC009I

I.ALPHA! I00) GSC0092

DIMENSION PV! 100),A( |00).ORHTI I00) ,DELP! |00).DENBR! I00) GSC0093
COMMON PV,A,ORHT.DELP,DENBR ,COEFA GSC0094

COMMON REASIZ,R;ACST,TOELEC,TURCST,CAPI3,RETUB2,RETUBI.THERM GSC0095

COMMON WPS,RS,WPIN.CBS,TBS.TOS.ANS,THS.WBE.WPE.E.IE. ALPHA GSC0096
I.SUMWP GSC0097

COMMON CBE.PPE.TBE .SSFI GSC0098

DIMENSION WPS(25) »RS(25)»WPIN(25),CBS(25),TBS<25) .TOS(25!.ANS(25),GSC0099
|THS(25) GSC0I00

DIMENSION PODELI 25) ,HREC(25).POREC(25) ,WoS(25) ,WFS(25) ,HSUB(25) . GSCOl0 I

1 ELESI25),RLRS(25)»WRS(25).HS|S(25) GScOlO?
2 .AES(25) ,VOLMS(25),ARS(25) GSC0I03
l,HLHS(25) GSC0I04

COMMON ARS,ELES,HREC,HSIS.HSUB,PODEL,POREC,RLRS,VOLMS, GSCOl05
IWFS.WOS.WRS.AMBDAS.POCSTI,POCST2»SUMLE»SUMLR.SUMPOR.SUMWR.WTME. GSC0|06
2WTMR .AES GSC0I07

I.HLHS GSCOI 08
COMMONTOE, HDEL. POBlD.VOLM.HMKUP.POMKUP.WZZ.POPRD.AMSCI.AMSC2. GSC0I09
ICD.DEACSI.DEACS2.PMCFLO.PMCPO GSCOl10

COMMON UDEAHP.UDEAWM.UINTAK.UNARAE.UNARAR.UNARHT.UNCHEM, GSCOl II
lUNDRVE.UNELCT.UilMAIN,UNMSCL.UNOPR.UNPIPE,UNPUMP. GSCOl12
2UNSHHT,UNSITE.USHELN,VOLUME.WBLOW,WMAKUP,WPROD.WPUMP.WRECOV.WREJCTGSCOI I3
DIMENSION PS(25).QS(25),TCFS(25) GSCOI I4
DIMENSION RHOKSI25 ).RHONKS(25) .BAROMSI25).WCSI25) .NKSI25) . GSCOl I5
IENESI25).NNKS!2K).RNRSI25).UESI25) .UrSI 25) .WBSUI25) .UBARAI25) GSC0II6
COMMON RHOKS.RHONKS.ps,qS,RPS»TcFS,BAROMS»WCS»NKS GSCOI I7
COMMON ENES, NNKS, PNRS.UfS.URS ,WBSU .USHELV.APLANT.ATOT.UBARA GSC0M8
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COMMON DTPD.CL GSCOl 19

COMMON TOTALR
COMMON CTUBEE.CETSE.CTUBER.CETSR.CITSE.CITSR.CDITS.CDETS

DIMENSIONCTUBEEI25).CETSE(25),CTUBER(25),CETSR(25).CITSE(25).CITSR402 500 0I

I(25 )

C$******YORK TYPE DEMISTER

COMMON UMAX. SUMDMA. DTPDP. COSTDM
COMMON UALP.DTPDPS

COMMON AREADM.DPTDM.DTDM.CPROD,WIDDM

DIMENSION AREADM< I00),DPTDMI I00) ,DTDMI I00),CPRODI I00) ,WIDDMI I00)
I,DTPDPSI 100) ,DTPDPM00), SUMDMAI25)

XPCT#0.000l GSC0I20

DIMENSION WTII25), WT2I25) GSC0I2I
NK#NK GSC0I22
NTOTAL#NTOTAL GSC0I23
SUMALP#0.0 GSC0I24
SUM23#0.0 GSC0I25

SUM25#0.0 GSC0I26
SUMQH#0.0 GSC0I27
SUM2I#0.0 GSC0I28
SUM22#0.0 GSC0I29

SUM24#0.0 GSC0I30
SUM26#0.0 GSC0I3I
D0499I#I,NTOTAL GSC0I32

IF!I-l1492,492,493 GSC0I33
493 11*1 GSC0I34

SMT!I+I>#SMTI GSCOl35
SMT2II )#SMTl GSC0I36
IFIERR1490,1420,490 GSC0I37

1420 IFII -NK) 142 I, 142 I,1422 GSC0I38
1421 WT#WF GSC0I39

RHO#RHONK GSC0I40
WTl(M)# WR GSC0I4I
WT2IM)* WT-WTl(M) GSC0I4?
TTD! I)#TS( I)-SMTI-RHO-ITS!I )-TV( II) GSCOI 43
TSlI+I)#TS<I1-RHO GSC0I44
GO TO 49 GSC0I45

1422 WT#WO GSC0I46
WTl(M)» WC GSC0I47
WT2(M)# WT-WTI(M) GSC0I48
RHOtfRHOK GSCOI 49
IF(M-IE)40,4I,40 GSC0I50

41 CTI I)#(WT| (M)+WT2(M) )*CO /WT GSC0I5I
GO TO 42 GSCO I52

40 CT1I)#(WT|(M)*CPS(M+I)+WT2(M)*CO )/WT GSC0I53
42 CT(I+I)#CT(I) GSCOl54

1423 TTD! I)#TS(I 1-SMTl-RHO-ITS! I)-TV(I )) GSC0I55
TS(I+I)#TS(I)-RHO GSC0I56
GOT040I GSC0I57

492 WSlI)#WF-WPIN(M) GSC0I58
TS(I)#THF GSC0I59
C(I»#CCF GSC0I60
WP( I)ff WPINIM ) GSC0I6I
WT#WF GSCO I62
WTl(M)# WR GSC0I63
WT2(M)# WT-WTI(M) GSC.0I64
TTDI I)#THF-TCF-RHONK-ALPHAI GSCO165
HP(D#0.0 GSC0I66
SMTII+|)#TCF GSC0I67
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SMT2II )#TCF GSC0I68
RHO#RHONK GSCOI 69
TSl I+I )*TS(I1-RHO GSC0I70

49 IFIM -I 150,51 ,50 GSC0I7I
51 CT( I)#(WTMM1+WT2IM) )*CCF /WT GSC0I72

CTU + I)#CT(D GSC0I73

GO TO 401 GSC0I74
50 CT(I)#(WT|(M)*CBS(M1+WT2(M)*CO 1/WT GSC0I75

CT(I+I)#CT(I) GSC0I76
40| CI I+ I)*C( I1 GSC0I77
410 TVlI+I)#SMT(I+I)+TTD(I) GSC0I78

11*4 GSC0I79
TAB#TV(I+| J+DTPDPII) GSC0I80
CALLDINTPLITAB.CII + I),DTBPR) GSC0I8I
TS2C#TV(I+I)+DTBPR+DTPDP(I)

IF(A3SF(TS2C-TS( I+I ))/TS2C-XPCT)4 I7,4 II,4 11 GSC0I83
411 TTDII)#TS(I + IJ-DTBPR-DTPDPI I1-SMT2I I 1

GOTO4I0 GSC0I85
417 II#2 GSC0I86

CALLDINTPL(TVII+|),CP,HF) GSCOI 87
HFWHF-200. GSC0I88
HFC*I093.88-.570 3*TV(I + I1+ 1.28I9E-4*TV( I+ I)**2-.8824E-6*TVI I+ I)**3GSC0I89
CALLDINTPL(TSII),C(I),HSI) GSC0I90
HSI#HS|-200. GSC0I9I
CALLDINTPL(TS(I+|).C(I+|),HS2) GSC0I92
HS2WHS2-20Q. GSC0I93
WV(I)#WS(I)*(HSI-HS2)/(HF+HFG-HS2) GSCOI94
C2C#(WSII)*C<I1-WVII)*CP)/(WS(I)-WV(I)) GSCO195
IF! ABSFIC2C-CI I•:• I))/C2C-XPCT )4 I3.4 12,412 GSCOl 96

412 CII+I)#C2C GSC0197
GOT04IO GSC0I98

413 WP! I+ I)#WP( I)+WV( I) GSC0I99
CALLDINTPLITVI I).CP.HPI ) GSC0200
HPI0HPI-2OO. GSC020I
CALLDINTPL(TV(I+|),CP,HP2) GSC02 02
HP2#HP2-200. GSC0203
WSlI+I)#WS(I)-W"(I) GSC0204
QLN#(SMAQ*(TS(I1-TA)1/SUMA GSC0205
QHII)#WS(I)*HS|-WS(I+I)*HS2+WP(I)*HP|-WP(I+I)*HP2-QLN GSC0206

^'9 11*1 GSC0207
ARG#SMT(I +I)-(TS(I )-TS(I+|))*0.5 GSC02 08
ARG#SMT2<I>- (TSUI- TS(I+I))*0.5 GSC0209
CALL DINTPLIARG.CT (I).CPTI) GSC02I 0
CALL DINTPLIARG.CT! I+I),CPT2) GSC02II
CPT#(CPT!*WT|(M)+CPT2*WT2(Ml)/WT GSC0212
SMTI I)#SMT( I+I )-QH(I 1/(WT*CPT) GSC02 I3
SMT|#SMT(I) GSC02I4
DEL#TS( I)-TS( I+I) GSC02I5

4 14 AMBDA#QH( I)/WV( I) GSC02I6
CPS#WV(I1*AMBDA/(WS(I)*DEL) GSC02I7
IF(I-NK142I,421,428 GSC02I8

421 SUM2l#WV(I1+SUM2I GSC02I9
SUM24#CPT*(SMT2( I )-SMT(I ))+SUM24 GSC0220
SUM260SUM26+WVII) *AMBDA GSC022 I
SUMCH#SUMQH+QH(I)*WV(I) GSC0222
SUMALP#SUMALP+TS(I+I)-TV(I+I) GSC0223
IF!I-NK)499,422,499 GSC0224

422 WPNK#SUM2I GSC0225
CPTNK#SUM24/(TcF-SMT(NK)) GSC0226
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AMBNK#(SUM26 )/WPNK GSC0227
CPSNK#AMBNK*WPN'</( WF*( THF-TS 1NK+I )! ) GSC0228

ACPSNK0AMBNK/CP.SNK GSC0229

ACPTNK#AMBNK/CPTNK GSC0230
GOT0499 GSC023!

428 SUM2I»SUM2l+WV!I) GSC0232
SUM25#SUM25+CPT*(SMT2(I )-SMT(I)) GSC0233
SUM26#SUM26+WV(I) *AMBDA GSC0234

SUMQH#QH( I )*WV( I 1+SUMQH GSC0235

SUMALP#SUMALP+TS( I+ I)-TV( I+ I) GSC0236

499 CONTINUE GSC0237
WPN#SOM2l GSC0238

CPTK#SUM2 5/(SMT2(NK+I1-SMTINTOTAL)) GSC0239
AM3N#SUM26/WPN GSC0240
CPSNS'AMBN*WPN/! WF« (THF- TS INTOTA.L + I))) GSC024I

ACPSN#AMBN/CPSN GSC0242

431 ALPHAI#TS(2)-TV(2) GSC0243
SUMQH#SL'MQH/WPN GSC0244

ALPBAR#SUMALP/TOTAL GSC0245
2F GSC0246
II#2 GSC0247
CALL DINTPL(THF,CCF,HCFTH) GSC0248

IF( IE-I )I.2. I GSC0249
1 CALL DINTPLITCF.CO.HCOTCF) GSC0249

CALL DINTPLITV! I),CP,HCPV| ) GSC0250
CALL DINTPLITCF.CB.HCBCF) GSC025I
CPBT#(WF*IHCFTH-HCOTCF)+WPIN(M)*(HCPVI-HCFTH) GSC02 5 2

l+WR*(HCOTCF-HCBCF) )/IWF*(THF-TCF) ) GSC0253
GO TO 490 GSC0253

2 CALL DINTPLITCF.CCF.HCOTCF) GSC0253
CPBT# IHCFTH-HCOTCF)/ (THF-TCF) GSC0254

490 RFTURN GSC0254
END GSC0255
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* LABEL AJ DOn|
SUBROUTINE SUBAJI CD.RATEIN.AJ) AJ 0002
IFICD-80.0) 1000, 1001 ,I001 AJ 0003

1000 AJTS#I.02-1.25*CD*I.OE-4 AJ 0004
GO TO 1002 AJ 0005

1001 AJTS0I.OI AJ DQ06
1002 IFICD-200.0) 1003, I004, |004 AJ 0007
1003 AJCT0I .113-0.0I65*CD/I00.0 AJ 0008

AJSDtfl.0629-0.3^9E-3*CD+D.9300E-6*CD**2 AJ 0009
GO TO 1005 AJ 0010

1004 AJCT0I.O8
AJSC7SM .03

1005 IFICD-40.0) 1006. 1007,1007
1006 TIME#l2.0+l2.0*CD/40.0 AJ 0014

GO TO 1010 AJ 00|5
IC07 IFICD-200.0) 1008, 1009,1009 AJ 0O|6
1008 TIME #24.0+36.0*(CD-40.0)/160.0 AJ 0017

GO TO 1010 AJ 0018
1009 TIME#48.Q AJ D0|9
1010 AJIC0I.0+0.0375*TlME*RATEIN AJ 0020

AJ#AJTS*AJSD*AJCT*AJIC AJ 0021
RETURN

END
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TPJT

LABEL

SUBROUTINE OU

COMMON X,Y,W

COMMON DATANO

DIMENSIONXI15

EQUIVALENCE!I

EQUIVALENCE

I(Y(4) ,CCI ).
21Y(8).PCMI ).

3IYI 12) .ES| ),

4!Yl 16) .EEC I) »

5 1Y(20) ,DEAI ),

EQUIVALENCE

I IYI28) .THF) .

21YI32) .CP) .

31Y(36>.0)
EQUIVALENCE

I IY(43) .HD) ,

21Y147).HBL) .

3(Y15I ).SMALLP

4(Y(55).SMA2) .
5!Yl59).TP)

EQUIVALENCE

I IYI78 ).BAROM)

2! Yi 32) .CSUBP)

31 YI86) »P0) »

4(Y(90) ,WB| ,

EQUIVALENCE

IIYl |03 I.BIKTH
21Y( !07) .VE) .

3IYI || I) .DOR) »

4<Yl I 15) »RH) ,

51 Y( M9) .RHOK)

61Yl 123) .NK),

7IY1 127) .UBARR

8IYI |3I) ,HLH) .

91Yl 135) .ENE) .

COMMONNTOTAL.

IH,SMALLB.SMAL

COMMON HP.CT,

COMMON DElST,

IWPN.WR.AMRDA

COMMON AS ,S

COMMON TAu.CC

IACPSN,CPTK,AC

DIMENSION TTA

I ) ,CT( I00) ,TTD

DIMENSION WVI

DIMENSIONASI1

ITVTTI 100) ,Z( I

COMMON CPSNK,

I,R,S,HR,HE,HH

COMMON CFM,

I AI.A2.P

2SUM22,SUM24,S

DIMENSION SMT

COMMON DIH, D

I , HlH, BHC

COMMON SUMN,

0,4) ,Y( 150)

I, I I 1

IY( | ),CR! ,

(Y(5) ,PCRI ) ,
IY(9),PMCI 1 ,

(Yl I3) »EAI ) ,
IY( 17) »OCI ) .

(Y(21 ) .TCI )

(YI25) ,G) ,

1YI29) 'TO) ,

) ,

1Y(4U)

(Y(44)

1Y(48)
IYI52)

(YI56)

(YI75)

(Y(79)

, (Y(83)

(Y(87)
IY(9 I )

(Yl I00

), 1Y(|04

(Y(|08
<Y( I12
IY( I 16

. <Y(|20

(Yl 124

) . (Yl 12

(Yl 132

IY(|36).RNR
TS»THF,TO,CO

LP,SMAI,SMA2

C,OH,SMT.TTA

DELCT.CB.RHO

FFHL) .

HR) .

HPR ) »

SMAPPP)

A3 ) .

PN) »

TB) .

ACPSN)i
WX ) .

WY)

»SH) ,

.BIKTE

.VR) ,

.DIH),

.RE) .

.WF) .

.NNK ) .

).AH) .

»ELE ) .

. IY I |3

.CP.CR

.P.Q.E

BLE.TT

SUMQH

) »

(YI2) .RP) .

(YI6) .PCEI ).

(Y(3) .HCI ) .

IY(71 .PCBHI ).
IYl|0)

IY I 14 1

IY I I8 1

IYI26)
IYI30)

(Y(34)

IYI4I1

(YI451

(Y(49)

(Y(53)

(YI57)

(YI76)

(YI80)

(YI84)

(YI88)

(Y( |0 I
(Y(|05

IY( |09

<Y(|I3

(Yl||7

(Yl |25

SlTEl 1.

BHCl 1 .

SCMI 1 ,

IYI M 1

(Y! 15)

IYl19)

TOTAL). IY127)

TA) . IYI 3( )
P) .

CAPF), (YI42)

HE), (Y(46)

SMALLD) , IYI50)
SMAPPH) .IYI54)

A4) . IYI58)

RPN) . IY(77)

TCF) , (YI8I 1

ACPTNK) . IY185)
WR), !Y(89)

,SE! , IYl 102

.B1KTR ),IYl I06

.DOH) » IYl | |0

.DIE) . IYI M4
»RSR), IY(||8

IYI122

.UBARH) . IYl I26

WAIT | ) ,

VPC I 1 .

CIBCI 1 .

TSTEAM)

CO) .

SMALLE)

HH) ,

SMALLB)
SMAI ) ,

RATEIN)

ALPBAR)

AMBN ) ,

UBPH) ,

WC) ,

,SR 1 ,

,VH) .

.DOE 1 .

.DIR) .

.RHONK)

.WO) .

.UBARE)

(Y! 129) ,AE) .

(Y(|33

(Y(|30).AR)

»RLR) . IYl I34) »HN> .

7) .HBH) . (Yl 138) .HFE) . IYI 139) ,HFR

.V.G.SMAPP,SMALLD. SMALLF.DO.DI .

RR.II.JJ.KK

D.TV.WP.WS.WV

,TB.TCF.TK.TOTAL»T.WB.WC.WF.WO.

LS, U

F.NK,

PSNK,

BLEI2
I IDO)

IDO) ,

00) ,S

00) ,H

AMBN

P

HC.EC

CD.PC

UM26.
21 I00

OH, A

An »

SUMA

BAR. OM , HO.

PNK.RHOK.RHONI'
RHONK

0),WS(IOO),TS(IOO),C(IOO),WP(IOO),TV(|00).HP(
. SMT! I 00)

QH( I 00) ,CFMI

LS(I 00) ,

I ( |00)
. AMBNK, HFG. CPT, CI. ALPBAR. SMT2

I

.CPSN.CC,

PMC,PCPR,PN,W1

SUmAlP.TC.TSTE

HI, TVTT, Z

JK,ALPHAI ,ACPTNK,CPTNK,

IH.A2H

PCH.UBARH, U

S. SUMLS. PR

1(100 )

UBAR( I00) ,OM( I00) ,HO( I00) ,

JIDTH,

l"EAM,WPNK
SUM2 I ,

,WX,WY

BPH, HN,

BIK

NH

.NITER
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COMMON BlKTE, BIKTH, DoE, DIE, SE,VE, BAROM, PO» SH, VH PUT0060
COMMONHCI .HC2.CCI .CC2.PCRI .PCR2.PCEI .PCBHI ,PCBH2,PCMI ,PCM2,PMCI , PUT006 I
IPMC2.SSCI ,SSC2,"CI .EC2.VPCI .VPC2.EECI ,EEC2 ,BHCI ,BHC2,OCI,OC2,SCMI ,PUT0062
2SCM2.TCCI .TC02.TCI .Tc2,HD.HBL.HPR.CAPF»AJ,XM,E»A3.A4.A5»A6»A7.A8. PUT0063
3 A9.PCE2.CAPII.CAPI2,CIBCI.CIBC2 .AP.CSUBP PUTD064
COMMONRH.RF .Cf'BT PUT0065
COMMON EBEL ,XCR,RP PUT0066
DIMtNSION ^REL!100.6) PUT0067
CCMMONDQR,DIR,3IKTR,SR,RSr,VR,TA,FF,HFE,HFR,HBH PUT 0068
1 .CFMWZ.CFMWV.HS.HV.FFHL.SUMA.SMAQ.QLN .AE.AR.ELE.RLR.ENE.RNR PUT0069
2 .XRP .U3ARE.UBARR.RPN.SSF.SSFI PUT0070
DlMENSIONCFMWZf tGO) ,HS( I00),CFMWV( 100) PUT007 I
I,ECJT( !00) ,DHOUT! I00) PUT0072
COMMONXTB.ORITE PUT0073
COMMONSiTe.SiTfi ,SITe2,WAIT,WAIT I,WalT2.ES,ESI ,FS2. PUT 0074

I EA,EA I , EA2 PUT007CS
COMMON P03.HSI ,PMC,EEC,VPC.CIBC PUT0076
COMMONACID.TNACDY.CLORIN.CAUSTCDEFOM PUT 007 7
COMMONACACID.FACID.WT.WTRAY.RESTM PUT 0 078
1 . AT,FE,FH,PR,H2,POI ,P022 ,P02,PSTAI ,RHOE ,RHOR ,RHOH,CHRIS PUT0079
2'ROE PUT0080
COMMONTP.AIQ»WcO.UTHE»ATHE.THEL.THEN,THEHT, CTHEI »CTHE2, PUT008I
ICTHE3.PCTHEI ,PCTHE2 ,THEK,THES,THER,SMALLR,THERC,THEFT,CTHE4,VTHE PUT 0082
2 ,BOBH,FMOD,30BDH,FOUT,DHOUT,FBOBI .FBOB2.FBOB3.FSTARI .FSTAR2. PUT0083
3FSTAR3 .BOBAC.BOBFA PUT0084
COMMON DEACST,DEA2.DEAI.DYEAR.DKGAL ,RATEIN PUT0085
I.WPL.CSLTBP PUTCP86
COMMONVVEV,TRAYFL.WBS.TRAYWD,RES IDT, PUT 0087
ITSTH,FREBD,AMODJ,ALEV,TWFA,SPL,BDEPH, PUT 0088
2CTA,HST ,ESHELL,RSHELL ,CSLTBH,SMAPPP,SMAPPH ,SSF2 PUT0089
DI MENSIONVVEV( IJO) ,TRAYFLI I00),WBSI I00) , PUT0090
ITRAYWD! |00) ,RESIDT( 100) PUT009I
I,ALPHA! 100) PUT0092
COMMON PV,A,ORHT,DELP,DENBR ,COEFA PUT0093
DIMENSION PVI 100) ,A( I00),ORHT( I00),DELPI I00),DENBR!100) PUT0094
COMMON REASIZ,REACST,T0ELEC,TURCST,CAPI3,RETUB2,RETUBI.THERM PUT0095
COMMON WPS,RS>WMN»CBS,TBS,TOS,ANS.THS,WBE,WPE»E»IE> ALPHA PUT0096
I.SJMWP PUT0n97
COMMON CBF.RPE.TBE .SSF| PUT0098
DIMENSION WPS(2C. ).RS(25).WPINI 25>.CBSI25).TBSI25) .TOS!25).ANSI25).PUT0099
ITHSI25) PUT0I00
DIMtNSION PODEL125) ,HRECI 25).PORECI 25).WOSI25),WFS(25).HSUBI25). PUTOIC!
1 ELESI25) .RLRS!25) .WRSI25).HSISI25) PUTO1O2
2 ,AES(25) .VOLMS125).ARSI25) PUT0I03
I.HLHSI25) PUT0I04
COMMON ARS,ELES.HREC,HSIS,HSUB,PODEL,POREC,RLRS,VOLMS, PUT0 105
IWFS,W0S,WRS,AM3DAS,P0CSTl.POCST2.SUMLE.SUMLR.SUMPOR.SUMWR.WTME» PUTOl06
2WTMR ,AES PUTOl07
I.HLHS PUTOI 08
COMMONTOE, HDEL, POBlD,VOLM.HMKUP.POMKUP,WZZ.POPRD,AMSCI ,AMSC2, PUT0|09
ICD.DEACSI.DEACS2.PMCFLO.PMCPO PUTOlID
COMMON UDEAHP,UDEAWM,UInTAK,UnArAE,UNARAr,UNARHT,UNCHEM, PUTOl II
IUNDRVE.UNELCT.JNMAIN.UNMSCL.UNOPR.UNPIPE.UNPUMP, PUTOl12
2UNSHHT,UNSITE,USHELN,VOLUME,WBLOW,WMAKUP,WPROD.WPUMP.WRECOV.WREJCTPUTOI|3
DIMENSION PS(25).QS125).TCFSI25) PUT0II4
DIMENSION RHOKSI25) .RHONKSI25).BAROMSI25) .WCSI25).NKSI25) . PUTOl |5
IENESI25)»NNKS(25).RNRSI25).UESI25).URSI25) .WBSU125) .UBARAI25) PUTOl|6
COMMON RhOKS.RHONKS.pS.QS.RPS.TcFS.BAROMS.WCS.NKS PUTOl|7
COMMON ENES.NNKG.RNRS.UES.URS ,WBSU .USHELV,APLANT,ATqT,UBARA PUTOl |8
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COMMON DTPD.CL PUTOl19
COMMON TOTALR
COMMON CTUBEE.CETSE.CTUBER.CETSR.CITSE.CITSR.CDITS.CDETS
DIMENSIONCTUBEE125 ).CETSE(25).CTUBER(25),CETSR(25),CITSE(25).CITSR4025000I

I(25)

CI****#*YORK TYPE DEMISTER

COMMON UMAX, SUMDMA, DTPDP, COSTDM

COMMON UALP,DTPDPS
COMMON AREADM,DPTDM,DTDM,CPROD,WIDDM

DIMENSION AREADM! I00 ),DPTDMI I00),DTDMI I00) ,CPRODI I00),WIDDM( I00)
I,DTPDPS( 100) ,DTPDP(I00), SUMDMAI25)

COMMON YDTPD

DIMENSION YDTPDI8,I 00)

COMMONDPREQ

DIMENSION DPREOII00) PUT0I20
NN#NTOTAL PUTOl2 I
NNK#NN-NK PUT0I22
IF(KK)I,2,I PUT0I32

| WRITE TAPE 7, II,TTD(I ),CT(I) ,C( I),CII+I ),QH(I), PUT0I33
IUBAR II),HI(I),HO(I )»0M(I),AS( I),SLS(I 1,Z(I 1,I#| ,NT0TAL) PUTOl34
WRITE TAPE7. (I,WV(I).WS(I + I),WP( I+ l),TV(I+ I),TS( I)» TSPUT0I35
I(I+ I1.SMT! I),SMT2( I 1.CFMWVI I).CFMWZI I)»I»!| .NTOTAL) PUT0I36
WRITE TAPE 7. <I.VVEV!I).TRAYFL!I).TRAYWD!I),RFSIDT(I), PUT0I50
IPV! I),DELP( I) .DPREQI I).A II ).ALPHA II),YDTPD(KK,I ).Itf I.NTOTAL)

15 RETURN PUT0I52
2 IFIORITE) 15,16,15 PUT0I53
,6 l iff IE PUT0I54

REWIND 7 PUT0I55
REWIND 8

DO 3 Kff\ .IE PUT0I56
WRITE OUTPUT TAPE6.4.II PUT0I57

4 FORMATI7HIEFFECT 5X 15) PUT0I58
NTOTAL#ANS(II) PUT0I59
WRITEOUTPUTTAPE9.2 12 PUT0I60

212 FORMATI6H0STAGE 2X 3HTTD6X2HCT5X2HCI6X2HC2I0X2HQN PUT0I6I
|9X4HUBAR5X2HHI6;.2HH07X2HOM9X2HAS7X2HLS6X7HTUBE NO PUT0I62
2/IH ) PUT0I63

213 FORMAT16H0STAGE5X2HWVI4X3HWS2I3X3HWP2I0X3HTV25X 3HTS I 5X PUTOI 64
I3HTS25X2HTI6X2HT23X9HBRINE CFM 3X 9HPROD CFM /IH ) PUT0I65
READ TAPE 7. II.TTDI I>.CTI I)»CI I).CI I+ I)»QHI I). PUT0|66
IUBAR II).HI (I),HO( I)»OMI I).AS! I),SLS( I)»Z( I). ltf\ ,NTOTAL) PUTO I67
WRITE OUTPUT TAPE 9»2 I0,(I ,TTD II)«CTI I).CI I).C II+ I)»QHI I) . PUT0I68
IUBAR II1.HI (I),HO( I1>OM( I1.AS! I).SLS II),Z( I1.I#| .NTOTAL) PUTO I69
WRITE OUTPUT TAPE6.4.II PUT0I70
WRITEOUTPUTTAPE9.2I3 PUT0I7I
READ TAPE7. II,WVI I).WS(I + I),WP( I+|),TV II+ I).TS(I ). TSPUT0I72
I!I+I),SmT(I),SMT2(I )»CFMWV(I).CFMWZ!I).I#l.NTOTAL) PUT0I73
WRITE OUTPUT TAPE9. 2II ,II,WV(I ),WSI 1+I ),WPI 1+ I).TV(I + I).TS( I). TSPUT0I74
I(I+ I),SMT( I),SMT2( I ).CFMWVt I),CFMWZ( I) ,lff\ .NTOTAL) PUT0I75

210 FORMAT! I4.F8.4,3F8.5 ,E I6.8.4F8.2.E I4.6.F8.3,EI 4.61 PUT0I76
211 FORMAT!14.3E16.8.5F8.2, 2EI4.6) PUT0I77

READ TAPE 7. <I.VVEV!I).TRAYFL!I).TRAYWD!I).RESIDTII), PUT0I78
IPVII1,DELP II).DPREQI I>»AII).ALPHA! I) .DTPDPSI I),ItfI.NTOTAL) PUT
WRITE OUTPUT TaPE6»4,II PUT0I80
WRITE OUTPUT TAPE 9 .2 I.(I.WE V(I) .TRAYFLI I),TRAYWDI I).RESIDTI I), PUT0I8I
IPV(I).DELPII) .DPREQI I1.A! I1,ALPHA! I),DTPDPSI I), ltf\ ,NTOTAL)

21 FORMATI24H0ONE LEVEL OF ONE MODULE /7X IOHVAPOR VEL 2X 9HTRAPUT0I83
IY FLOW 3X I0HTRAY WIDTH 3X 8HRES TIMEI6X 4HDELP 8X 4HDELP/ PUT0I84
I 6H STAGE 3X 6HFT/SPUT0I 85
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100

2EC 6X 8HLB/HR FT 6X 2HFT 7X 3HSEC 1QX 2HPV 6X9HAVAILABLE 4X PUT0I86
I8HREQUIRED 8X IHA 8X 5HALPHA 2X 4HDTPD PUT0I87
3 /IH /(I4.FI2.6.EI4.6.2FI I.6.4EI2.5.F8.3.F5.21 ) PUT0I88
IF(UMAX) 12,85 1,12

12 IF(UALP)5,85I ,5

5 READ TAPE 8, II,AREADMI I1,DPTDMI I1,DTDMI I 1,
ICPRODI I),WIDDM(I 1,I#I ,NTOTAL)
WRITE OUTPUT Ta.PE6,4,II
WRITE OUTPUT TAPE 6, 1404

WRITE OUTPUT TAPE 6 , I403,I I,AREADM(I),DPTDM(I),DTDMI I),
ICPRODI I ! ,WIDDM II ), I ft I,NTOTAL )

1403 FORMAT! 16,5E 16.8)
1404 FORMATI6H STAGE 5X 7HAREA DM I2X 5HDPTDM I2X 4HDTDM I2X

I 5HCPROD I2X 5HWIDDM )
851 I lff\ I-|

3 CONTINUE PUT0190
RETURN PUT0I9I
END PUT0I92

FIGURE 8 (Continued)
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*• LABEL BOR000I
SUBROUTINEROPR(T,C»BPR ) BPR0002
Al#0. 10I4380E-I BPR0003
A2#0.102I8I5E+2 BPR0004
A3#-.6386588E-4 BPR0005
A4#0.6II8D05E-I BPR0006
A5#0.8809554E+I BPR0007
A6#0.2386759E-6 BPR0008
A7#0.22I4495E-4 BDR0009
A8#C.1714722 BPROOIO
A9#0.7l73776E+2 BPROOI I
A!0#0. I1706 I7E-1" BPRO0I2
Al l#0. I042795E-6 BPR00I3
A I2*0.3620461 BPR00I4
AI3#0.7823281E-4 Bt>R00l5
AI4¥-.521875 IE-6 BPR00I6
IFIC-0. 12)500,500,50 BPR00I7

500 IFIC-0.02) 1000,I 000,10 BPR00I8
1000 CXff.02 BPR00I9

GOT020 BPR0020
I0 CXffC BPR002 I
20 CONTINUE BPR0022

BPX#A I+A2*CX+A3-:-T+A4*CX*T+A5*CX**2 BPR0023
| +A6*T**2+A7*CX*T**2+A8*CX**2*T BPR0D24
2 +A9*CX**3+AI0*T**3+AIl*CX*T**3 BPRO025
3 +AI2#CX**3*T+AI3*CX**2*T**2 BPR0026
4 +AI4*CX**2*T**3 BPR0027
IFIC-0.02)30,300,300 BPR0028

300 BPRtfBPX BPR0029
GOTC40 BPR0030

30 BPR#C*BPX/.02 BPR003I
GOTO40 BPR0032

50 CONTINUE BPR0033

Al#-. I44I403E I BPR0034
A2#.379I963E2 BPR0035
A3#.I 08 I565E-I B°R0036
A4#-. I253869 3PR0037
A5#-. 16792 I2E3 BPRQ038
A6#-.4486056E-4 BPR0039
A7#.7590I68E-3 BPR0040

A8#.1200749EI BPR004I
A9#. 4579313E3 3PR0042

A I0#.40I0406E-7 BPR0043

A Il#-.439359E-6 BPR0044
AI2#-.I505255EI BPR0045

Al3#-.3665256E-2 BPR0046
AI4#.I2807D9E-5 BPR0047
Al5W.5852867E-2 B°R0048

A I6*0 . BPR0049
CX*C BPR0050

BPX#A I+A2*CX + A3-"T + A4*CX*T+A5*CX**2+A6*T**2 BPR005 I

I+A7*CX*T**2+A8*CX**2*T+A9*CX**3+AI0*T**3+ BPR0052
2AIl*CX*T#*3+A|2*CX**3*T+AI3*CX**2*T**2+AI4*CX**2* BPR0053

3T**3+AI5*CX**3*T**2+AI6*CX**3*T**3 BPR0054

BPPSBPX BPR0055
40 RETURN BDR0056

END BPR0057

FIGURE 8 (Continued)
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LABEL
SUBROUTINE SMAP (WPL.CSLTUB,RATE IN,SMAPP)

IF(WPL-CSLTUB)790,79 I,790

791 SM/>PP#0.0

GO TO 792
790 TERP#WPL/CSLTUB

SUM I#0.0

ITERPWTERP
IF(TERP-FLOATF(ITERP) 1799.798.799

798 ITERP#ITERP-I

799 DO 797 lft\ ,ITERP
797 SUMI#SUMI+(I.0+RATEIN)**IWPL-FLOATF(I)*CSLTUB)

SMAPP#RATEIN*SUMI/I II.D+RATEIN)**WPL-I.0)

792 RETURN

END

FIGURE 8 (Continued)
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* LABEL I
SUBROUTINE DINTPLIARG.ARU,AXY) 2
COMMON I 1 3

EQUIVALENCEIII.il) 4

ERR#O.Q 5

ltfl I 6

SAVET#T 7

SAVEC0C 8

C#ARU 9

T#ARG 10

GOTO! I.2.7,4.5.6.7) .II ||
1 XX0((l.-C)/|8.)/(( I.-C1/I8.+C/58.45)

CP#-.I25I2372EI+.226642I2EI*XX

AXY#CP 17

GO TO I0 19

C I I#2

C ENTHALPY OF SALINE SOLUTION RAnGE OF DATA WAS 0-24 PERCENT

C CONCENTRATION AND 40 - 300 DEGREES FARENHEIT.

C

2 XX#((l.-C)/l8.)/((l.-C)/l8.+C/58.45)

H#2 00. + . I100045-.E4-.22 560686E4*XX+ . I I2 2 7276E4*XX**2

!-.i25l2372EI*T+.226642I2EI*XX*T

AXY#H 27

GO TO I0 29

C I I#4

C BOILING POINT ELEVATION FOR SALINE SOLUTION . RANGE OF DATA WAS
C 2-28 PERCENT CONCENTRATION AND 77 - 392 DEGREES FARENHEIT.

4 CALL BOPR(T.C.AXY) 30

GOTO 10 31

C I I#5

C DENSITY OF SALINE SOLUTION. RANGE OF DATA WAS 0-26 PERCENT

C CONCENTRATION AND 40 - 300 DEGREES FARENHEIT.
C

5 AXY#6 2.70 7I 7 2 +49.364088*C-.43 9 553 04E-2*T

I-.32554667E-I*C*T-. 4607692 IE-4*T**2 + .63240 299E-4

2*T**2*C

GOTO 10 36

C llff6 THERMAL CONDUCTIVITY OF SALINE SOLUTION. RANGE OF DATA
C 0-24 PERCENT CONCENTRATION AND 40 - 300 DEGREES FARENHEIT.

C

6 AXY#(.30I579!3+.69 7989E-3*T-.I2506E-5*T**2

I-.2C72E-I0*T**3!*(-.1687I09*C+I.)

GO TO |0 39

C I I#7

c viscosity of saline solution, range of data" was 0-24 percent
C CONCENTRATION AND 40 - 210 DEGREES FARENHEIT.

7 R#T+459.69

AXY#EXPF(-I0.592 566+ .4606 5 32E-2*R-I I.59 I I55*C

l+. I26 02329E-I*C*R+ 4759.594I/R+ 3863.7378*C/R1

10 CtfSAVEC 45

T#SAVET 46

RETURN 47

END 48

FIGURE 8 (Continued)



* LABEL

SUBROUT

C$******YORK

COMMON

COMMON

DIMENSI

EGUIVAL

EQUIVAl

I(Y(4).C

21 YI8) ,P

3(Y( 12) ,

41 Yl 16) .

51YI20) ,

EQUIVAl

I IYI28) .

21 Y(32) .

31 YI36)

EQUIVAL

1 IY(43) .

2 1YI47) ,

3(YI51 1 .

41Yl55) .

5(Yl59) ,

EQUIVAl

I(YI78) .

21Y(82) »

31YI86)»

41 Y(90 ) ,

EQUIVAL

I!Y((03)
21 Yl |07)

3!Y( I II )

4IY1115)

5 IYl II9 )

6<Yl123)

71Y(127)

81Y( |3 I 1

9!Yl135)

COMMONN

IH,SMALL

COMMON

COMMON

IWPN,WR,

COMMON

COMMON

IACPSN,C

DIMENSI

I ),CT( 10

DIMENSI

DIMENSI

ITVTT! I0

COMMON

I,R ,S,HR

COMMON

I A

2SUM22.S

DIMENSI

COMMON

I , Hl

INE DEMI

TYPF DEM

X,Y,W

DATANO

ONXI150,

ENCEI I I ,

ENCE

CI ) ,

CM I ) ,

ES I) ,

EEC I ) ,

DEAl ),

ENCE

THF) ,

CP) ,

Q)

ENCE

HD) ,

HB'L ) ,

SMALLP).

SMA2).
TP)

ENCE

BAROM).

CSUBP) .

PO i .

WB) ,

ENCE

.BIKTH) ,

.VE) ,

.DOR ) .

»RH) ,

,RHOK) ,

.NK) ,

.U3ARR) ,

,HLH),

»BNE) ,(Y

TOTAL,TS

B,SMALLP

HP,CT,C,

DELST,DE

AMBDA

AS ,SLS

TAu.CCF,

PTK,ACPS

ON TTABL

0) ,TTD( I

ON WV! 10

ONASI100

0) ,Z( 100

CPSNK, A

,HE,HH

CFM, HC

I,A2,PCD

UM24.SUM

ON SMT2I

DIH, DOH

H, BHC

STIM)

ISTER

10*+

4) ,Y( |50)

I I )

IY(I),CR),

(Y(5),PCRI1

(Y(9) ,PMCI 1
!Y( I3) ,EAI 1

(Yl 17) »0CI 1

(Y <2 I 1 ,TCI 1

IY (2 5 ) .G ) .

(Y(29).TO).

IYI2)

(Y(6)

IY( |0

IYI |4

1YM8

IY(26

(Yl 3O

(Y(34

(Y(4I

IY(45

iY(49

(Y( 53

IY! 57

(Yf 76
IY (8 0

(Y(8^-

IY188

IY( I0
IYI |0

(Yl IU

IYI I I

(Y ( M

RP) .

PCEl ).

.SITE! ) •

,BHCI ).

,SCM| ) ,

.TOTAL)•

>TA) .

,P),

(YI3).HCI),

IYI7).PCBH I).

(Yl 1 I ).WAIT I ) ,

IYl i5) ,VPC I ) .

iYi I9) ,CIBCI ) ,

(Y(40).FFHL).

(Y!44)'HR1.
IY(48) »HPR) ,
IY(52) .SMAPPP]

IYI561 »A3) .

75) .

79 ) '

83 ) .
87) ,

9 1).

I00)

IO4)

108)
117)

116)

120)

I24)

I 128

I32 )

RNR)

O.CO

SMA2

.TTA

.RHO

) '

'Y'27)

(Y (3 I )

,CAPF) , IYl42)

,HE), IY(46)

,SMALLD) , IYl50)

,SMAPPH),IYl54)

,A4 ) , IY (58 )

,RPN), !Y(77)

,TCF) , Iv(8 I)
,ACPTNK ) ,IY(Se• )

,WR), Iv(89)

I ) »

5) »

9) ,

3) ,

7) ,

( Y(

(Y(

1 Y(

( Y(

1Y(

(Yi

( Y(

( Y(

(Yl

( Y(

(Y(

(Y(

( Y

(Y(

I 136) ,
.THF.T

.SMA I

QH.SMT

LCT.CB

PN) .

TR) .

ACPSN)

WX ) »

WY)

.SH) ,

,BIKTE

,VR) ,

,DIH) ,

,RE) ,

,WF) ,

,NNK) ,

) ,AH) ,

,ELE) ,

, (Yl 13

,CP,CR

,P,Q,E

BLE.TT

SUMQH

(Y( !2

IYi I

(Y I I3

7) .HBH) .

»V.G.EL.

RR. I I,JJ

D.TV.WP.

,TB,TCF,

5) ,

29)

3) ,

(Y(

SMA

,:<k

ws,wv

TK,TOTAL,T,WB,WC,WF »WO.

T, Z

.ACPTNK,CPTNK,

I00) ,WPI I00) ,TV( IDO) ,HPI

SE ), IY! |02
BIKTR) , IY( 106

DOH)» (YlI|0

DI F ) . IY I M 4
RSP) , iY( I 18

(Y! 122

UBARH) , IYl I26

,AE) , IY( I3

RLR), (Y! I34

I38) ,HFE) ,IYI

D,SMALLE,DC

BAR. ^M , HO. HI, TVT

NK.PNK.RHOK.RHONK»«LPHAI

NK.RHONK

EI20) ,WS( I00) ,TS( I00),C!

00) , SMTI I00)

0) ,QH( IDO) >CFM( IOD )

) »Sl_S( I00) , UBAR! I

TSTEAM)

CO) ,

SMALLE)

HH) ,

SMALLB)

SMA) ! ,

RATE IN)

ALPBAR)

AMRN) '

URPH),

WC) ,

,SR) ,

,VH) ,

.DOE ) '

,DI R ) ,

,RHONK)

,WO) ,

,UBARE)

) ,AR) ,

,HN) »

39) .HER

DI ,

00),OM( I00) ,HO( I00) ,

KFG, CPT, CI, ALPBAR, SMT2
) ,HI I I00)

I1BN, ambnk,

,PI

»EC,CPSN,CC,

,PCPMC,PCPR.PN.WIDTH,

26.SUMALP.TC.TSTEAM.WPNK

!DO )

, AIH.A2H

AH, PCH,UBARH, URPH, HN,

SUM2I,

,WX,WY

NH

FIGURE 8 (Continued)

STA000I

STAOD05

STA0006

STA0007

STA0008

STA0009

STaOOiO

STaOOII

STAD0I2

STAOOI3

STAD0I4

, STa00|5

STa00|6

STA00I7

STAOOI8

, STA00I9

STAOO2O

, STA002I

STA0D22

, STA0023
STA0024

, STA0025

STA0026
STAQ027

STA0028
STA0029

STAOO3O

STA003I
STA0032
5 T A 0 0 3 3

, STADO34

STACC35

, STA0D36

5TA0037

STA0038

) STA0039

STAOD40

STA004I

STA0042

STA0043

STA0044

STA0045

STA0046

STA0047

I00STA0C48

STA.0049

STA0Q50

STA005I

STA0052

STA0053

STA0054

STA0055

ST.A0056

STA0057

ST.A0Q58

STA0D59

STA0060
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COMMON SUMN, SUMAS, SUMLS, PR ,BIK STAPCol

I,NITER STA.006?
COMMON BIKTE, BIKTH, DOE, DIE, SE,VE, BAROM, PO, SH, VH STA0063

COMMONHCl ,HC2,CC I,CC2,PCRI ,PCR2,PCEI ,PCBHl .PCBH2.PCMI ,PCM2,PMC i, STA0064

IPMC2,SSCI ,SSC2, EC I,Ec2 ,VPC I,VPC2 ,EEC I,EEC2,BHCI ,BHC2 ,0C I,0C2 ,SCMI ,STA0065

2SCM2 ,TCO I,TC02,Tc I,Tc2 ,HD ,HBL ,HPR,CAPF ,AJ ,XM ,E ,A3,A4,A 5 ,A5,A7,AS, STAGC6 6

3 AS ,PCE2,CAPI I,CAPI2,CIBCI ,CIBC2 .AP.CSUBP STA0067

COMMONRH,RE .CPP.T STA'J068

COMMON EBEL .XCP.RP STA0D69

DIMENSION EBEL! I00,6) STA007D
COMMONDOR,DIR,3IKTR,SR,RSR,VR,TA,FF,HFE,HFR,HBH STAQG7I

1 .CFMWZ.CFMWV.HS.HV.FFHL'SUMA.SMAQ.QLN .AE.AR.ELE.RLR.FNE.RNR ST.A0072

2 ,XRP ,UBARE,UbARR,RPN,SSf,SSFI STA0073
DIMENSIONCFMWZI |00) ,HS( I00) .CFMWV! I00) STA0074

1,FOUT( 100) ,DHOUT! I00) STA0075

COMMONXTB,ORITE STA0076
COMMONSlTE,SlTEI ,SlTE2,WAIT,WAITI ,WAIT2 ,ES,ESI ,FS2, STA00 77

IEA.EAI.EA2 STA0C78
COMMON P03.HS I,PMC.EEC ,VPC .CIBC STA0D79

COMMONACID.TNACDY.CLORIN.CAUSTC.DEFOM STA 0 08 0

COMMONACACID,FACID,WT.WTRAY.RESTM STA008 I
1 . AT.FE.FH.FR.H2.POI .P022 ,P02,PSTAI .RHOE ,RHOR.RHOH.CHRIS STA0082

2,ROE STA0083
COMMONTp.AlO.WCO.UTHE.ATh'E.THEL.THEN.THEHT, CTHEI.CTHE2, STA0084

ICTHE3.PCTHEI »PCTHE2.THEK»THES ,THER .SMALLR»THERC.THEFT,CTHE4.VTHE STA0085
2 .BOBH.FMOD.BOBDH.FOUT.DHOUT,FBOBI ,FBOB2,FBOB3 ,FSTARI .FSTAR2. STA0086
3FSTAR3 .BOBAC.BOBFA STA0087
COMMON DEACST,DEA2,DEAI .DYEAR.DKGAL ,RATEIN STA0088

I.WPL.CSLTUB STA.0089
COMMONVVEV,TRAYFL. WBS.TRAYWD.RES IDT, ST A 009 0

ITSTH,FREBD,AMOD'J,ALEV»TWFA,SPL,BDEPH, ST.A009 I

2CTA.HST ,ESHELL,RSHELL .CSLTBH,SMAPPP,SMAPPH ,SSF2 STA0092

DI MENS IONVVEV! I00) ,TRAYFL1 I00 ),WBS( I00), STA 0093

ITRAYWDI I00),RES IDT I I00) ST A0094

I.ALPHA! I00) STA0095
COMMON PV,A,ORHT,DELP,DENBR ,COE"FA S"rAC096

DIMENSION PV! 100) ,A( I00) ,ORHTI I00),DELP!|C0),DENBR(ID0) S'A0E97
COMMON REASIZ,REACST,TOELEC,TURCST,CAPI3,RETUB2,RETUBI.THERM S*A0098

COMMON WPS,RS»WI-'IN»CBS,TSS,TOS»ANS.THS.WBE,WPE,E»IE> ALPHA STA0Q99

I.SUMWP STAG! 00
COMMON CBE.RPE.TBE .SSFI STAOIDI
DIMENSION WPS I2r).RS(25).WPIN(25).CBSI25).TBS(25) .TOS(25),ANS(25),STaO|02
ITHS(25) STA0i03
DIMENSION PODEL(25) .HREC(25),POREC125) ,WOS(25) ,WFS(25) ,HSUB(25) , STA0104
1 ELES125) ,RLRS(25) .WRSI25) ,HSlSI25) STA0I05
2 .AESI25) ,VOLMS!25),ARS(25) STaO|Q6
I.HLHSI25) STA0I07
COMMON ARS.ELES.HREC,HS|S,HSUP,PODEL,POREC,RLRS,VOLMS, STA0I08

IWFS,WOS,WRS,AMBDAS,POCSTI .POCST2,SUMLE,SUMLR ,SUMPOR .SUMWR,WTME, STaOI 09
2WTMR ,AES STAOl|0
I,HLHS STAOI! i

COMMONTOE, HDEL, POBlD,VOLM,HMKUP,POMKUP,WZZ ,PODRD,AMSCI ,AMSC2 , MANClll
ICD.DEACSI ,DEACS2,PMCFL0,PMCP0 MANOl !2
COMMON UDEAHP ,UDEAWM ,'JI NTAK ,UNAR AE ,UNARAR ,UNARHT ,UNCHEM, MAN DM 3
IONDRVE.UNELCT.UNMAIN,UNMSCL.UNOPR.UNPIPE,UNPUMP, MANOl[4
2UNSHHT,UNSITE.USHELN.VOLUME.WBLOW,WMAKUP,WPROD.WPUMP.WRECOV.WREJCTMANO! I5

DIMENSION PSI25).QSI25).TCFSI25)
DIMENSION RHOKS125) .RHONKS125) .BAROMSI25) .WCS125) »NK.S<25> » MANOI2 I
IENESI25) .NNKSI25) ,RNRS(25) ,UES(25) ,URS(25) ,WBSU(25) .UBARAI25) MANOl22

FIGURE 8 (Continued)
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common rhoks,rhonks.ps,qs.rps,tcfs,baroms»wcs,nks manoiis
common enes,nnko,,rnrs,ues,urs .wbs'j ,ushelv ,apl ant ,atot ,ubara manol 17
common dtpd.cl manoi18

common totalr
common ctubee.cetse.cturer.cetsr.citse.citsr.cdits.cdets
dimensionctubeei25) .cetsei25) ,ctuber(25) .cetsri25) ,citse(25) ,citsr4025000i

1125)

COMMON UMAX, SUMDMA, DTPDP, COSTDM

COMMON UALP.DTPDPS

COMMON AREADM,DPTDM,DTDM,CPROD,WIDDM

DIMENSION AREAD'K I00) ,DPTDM( I00) ,DTDMI 100) ,CPRODI I00) ,WIDDMI I00 )
I.DTPDPSI100) ,DTPDP(IDD), SUMDMA125)

DIMENSION EINDMI IDD) ,WVST1 I00) , WPRODMI I00) ,SMPRDI I00 ),
IWSALT! ICO) .SMSALT! IDO)

NTOTAL0NTOTAL

SUMDMA!M)#0.0

DTPDStf DTPO

Pl*3.14159 STA0II2
IF(UMAX 14*0,45 I,450

450 IFIUALP )452,45l ,452

45 I DO 453 1*1 ,NTOTAL

453 DTPDPSt I )#pTddd '• I )

RETURN

452 DO 402 1*1,,NTOT\L

TSAVG #(TS(I) + TS(I+I)) * 0.5
TSAVF tf TSAVG + 459.69

CAVE*(C( I )+C( I+ M )*0.5
GDM ft WV(I)/ ;amodu *ALEV *SLSI I )*TRAYWD( I ) )

I 1*4

CALL DINTPL(TSA''G. CAVE, BPR)

BIGTF*TSAVr-BPR

PS ft EXPF1 14. I50 I!9 - 6452.5621/ BIGTE - 837533.21 /BIGTE**2)

VG * 10.729 * TSAVE /(18.0 15 *PS )
XDM * GDM **3* VG **2 *!.0E-8

XDMLN * LOGF! XDM )

IFIXDMLN -4.4) 399, 400,400

399 EINDMII) ft EXPF I8 .94 I-0 . I570*XDMLN )

GOTO40!

4u0 EINDMII)* EXPF(4.42+0.870*XDMLN)

40 I XLDM *0.333

EFFDM*! .0-100./(EINDMI I )*CAVE)
IFIEFFDM)406,406,405

406 EOUTMX*EINDM*CAVF

AREADM!I)*0.0

DPTDM!I)*0.0

DTDM!I)#0.0

4-7 WRITE OUTPUT TAPE 6 , I407,I,EOUTMX
14-7 FORMAT!3IH0NO DEMISTER REQUIRED, STAGE NO 12, 25H MAX ENTRAINMENT*

I * E 13.6)

GO TO 408

40^ 11*5

CALL DINTPL1TSAVG, CAVE, RHOY)

VL* I.O/RHOY

XYORK * LOGFIEINDMII 1 *|.0E-6 *(VL/VG) **0.5 )

YYORK * EXPF! -4.99499 + (-0.725195 - 0.0301573 *XYORK) *XYORK)

11*7

CALL DINTPL! TSAVG. CAVE.VIS)

UPL * VIS/2.42

UYORK #1YYORK * .67920928 *VG / ( VL * UPL ** 0.2)) ** 0.5

FIGURE 8 (Continued)
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IF(UYORK-UMAX) I450, I45 I, I45 I
1451 UYQRK*UMAX

1450 UDMIN* UYORK

AREADM! I) * WVI I)* VG / (AMODU * ALEV * 3600.0 * UDMIN)
ADMMAX*SLS( J. )*TRAYWD! I )

IF(AREADM! I!-ADMMAX)420,420,42 I
42! WRITE OUTPUT Ta">E 6 , !42 I,I ,AREADM ( I ),ADMMAX
142! FORMAT (42H0ARE.A DM IS GREATER THAN ADMMAX. STAGE * 18,

I2E16.8)

AREADM ( : )*ADMMA.Y

UDMIN *WViI)*VG/IAMODU*ALEV*3 6 00.0*AREADM(I))

ALPD^#0.666*LOG"IUDMIN )-0.6 56

E0UTDM*EINDV!I) *EXP"<AlPDM*XLDM*(-1.0))

COUTDM *EOUTD""CAVE

EFFDM*! .O-EOUTDil/^INDMl I )

42 0 SUMDMA!M!*SUMDVA(M1+AREADM!1)

UG* I.OE-5 "(0.122 + I.OOl E-3 * TSAVE + 2.892E-7 * TSAVE **2

1-7.693 F-!! " TCAVE **3 )

WIDDMI I )*AP-; AD"! I )/S'LS! 1 1

ANRE DM *UDMIN /146.0* VG * UG )

FFDM *EXPF( [.'.4504941* ANREDM **!-0.2747)
DPCDM * FFDM * XLDM *46.0 * UDMIN **2 / (4499.0324 •» VG !

XDPL *UDMIN/ SQRTF1VG/VL- 1.0)

XLIQDM * WVII) *EIN DM!I) *I.0E -6 / (ALEV * AMODU * AREADM(I))

DPWDM * 0.036 1*1 EXPF !.573379) * XDPL ** 2.6583 * XLIQDM ** 0.1484":
I 7)

DPTDM(I) * DPDDv + DPWDM

POUT DM * DS - DCTDM( I )

TOUTDM*I6 75066.<02/(-6 4 52.56 2 I +SQRTFI4I635557.+ 3353132.8*1 14. 1501 IS

19-LOGFIPOUTDM ))') -459.69
TSD * I675066.4 2/1-6452.562! +SQRTFI4I635557.+ 3353132.8*1 14. 15 0 1 IS

19-LOGFIPS )1)) -459.69

DTDM!I)* TSP -TP'JTpM

DTPDPSII)*DTDDP(I)

4O8 DTPDPI I)* DTDDS + DTDM (!)
WVST! I )*WV1 I )/ (AMODU-t ALEV)

1F(UYORK-UALP) IA53, I453, I452

I4 52 ALPDM#0.6 66*LOG~(UALP)-0.656

GO TO 1454

1453 ALPDM*0.b66*LOGF!JYORK)-0.656

I4 54 EOUTDM*ElNDM(I)*EXPF!-l.0*ALPDM*XLDM#l2.0)

COUTDM #(EOUTDM*I .0E-6*CAVE 1/(1 .0+ EOUTDM*I .OE-6 1

WPRODM! I )*WVST ( I)* ( I.0 + EOUTDM-1: '.OE-6 )

IF( I-l )430,430,43 I

430 SMPRD(I)*WPRODM(I)

WSALT(I)*WPRODm:I)*COUTDM

SMSALT(I)*WSALT(i)

Gn TO 432

431 SMPRD(I)*S"PRD!I-|)+WPRODM(I)

WSALT(I)*WPRODM(I)*COUTDM

SMSALT( I )*S"SALTI I - I)+WSALT( I )

432 CPRODI I )*SMSALT( I )/SMPRD! • )

403 FORMAT( IHCI4.7F I6.8 '

404 FORMAT; 5X 7E I6.fl)

402 CONTINUE
1*0

434 IF(CPROD(.NTOTAD-! 00.0E-6) 433,435,435

433 1*1+1

WPRSAV*WPRODM(I)

FIGURE 8 (Continued)
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WSALSV*WSALT(I)
E0UTDM*EINDM( I 1
CNCSAV *(C( I )-'-C( I+ I) )*0.5

COUTDM * EINDM (I) * I.OE-6 * CNCSAV / (1.0 +
I EINDM (I) * 1.0 E-6)

WPRODMt I)*WVST( * )*( I,0 +EOUTDM*] .OE-6)

WSALT(I)*WPRODM(I)*COUTDM
IF!I-l1436,436.437

436 SMSALT! I)*WSALT(I )

SMPRD II) * WPRODM (I )

GO TO 438

4 37 SMSALT! I 1*SMSALT( I- I)+WSAlT( I )

SMPRD (I) * SMPRD (I-l) + WPRODM (I)

438 CPRODI I )*SMSALT( I)/SMPRDI I 1
SMSALT(NTOTAL)*SMSALT INTOTAL) +WSALT!I)-WSALSV
SMPRDINTOTAL)*SMPRD(NTOTAl) +WPRODM!I)-WPRSAV
CPROD INTOTAL1*S! ISALT(NTOTAL)/SMPRD(NTOTAL)
IF (CPROD (NTOTAL) - 100.E-6) 440, 440, 44 1

441 WPRODM (I) * WPRSAV

WSALT (II * WSALSV

DO 442 K * I, NTOTAL

SMPRD (K) * SMPRD (K-|) + WPRODM (K)
SMSALT (K) * SMSALT (K-|) + WSAlT (K)
CPRCD (K) * SMSALT (K) / SMPRD (K)
SUMDMA!M)*SUMDMA(M 1+AREADMIK)

442 CONTINUE

GO TO 435

440 DTDMI I 1*0.0

SUMDMA!M)*0.0

AREADM!I)*0.0

DPTDM!I)*0.D

DTDM!I)*0.0

DTPDP!I)*nTPDS

IF(I-NTOTAL) 433,435,435

435 COSTDM * SUMDMA * 10.5 *ALEV*AMODU
l*XLDM/0.25

102 RETURN STA03I5
END STA03I6

FIGURE 8 (Continued)



LABEL

SUBROUTINE PO
GTV2FITVZ)

I *2.17868

2-0.53958083E-

SMALLFFID,V)#

COMMON X,Y,W

COMMON DATANO

DIMENSIONXI 15

EQUIVALENCE! I

EQUIVALENCE

I(YI4),CCI ) ,

21Y18) .PCMI ),
31Yl 12) .ES I) ,

41Yl 16) .EEC I ).

51Y(2D) ,DEA| ) ,

EQUIVALENCE

I IYI28) ,THF) ,

21 Y(32 ),CP ),

31Yl36),Q)

EQUIVALENCE

I IY(43 ) ,HD) ,

21Y(47) ,HBL) ,

31Yl51 ) ,SMALLP

4<Y(55) ,SMA2 ),
5IYI59) ,TP)

EQUIVALENCE

I IYI78) ,BAROM)

21YI821 ,CSUBP)

31 YI86) ,P0) ,

4!Y(90) ,WB) ,

EQUIVALENCE
I IYl 103) .BIKTH

21Y( 107) .VE) .
3 IYl I II ) .DOR ) .

41 Yl I I5) .RH) ,

5 (Yl 119) ,RHOK)

61Yl 123) »NK) ,

7IY1127),UBARR

8(Y( I31 1 ,HLH),

91Y( 135) ,ENE) ,

COMMONNTOTAL,

IH,SMALLB,SMAL

COMMON HP,CT,

COMMON DELST,

IWPN,WR,AMBDA

COMMON AS ,S

COMMON TAU,CC

IACPSN,CPTK,AC

DIMENSION TTA

I),CT( 100) ,TTD

DIMENSION WV!

DIMENSIONA.S! I

ITVTTI I00) ,Z( I

COMMON CPSNK,

I,R,S,HR,HE,HH

COMMON CFM,

I AI,A2,P
2SUM22,SUM24,S

109

WERUIM'

18-0. 70443622E-I*TVZ +0.93941286E-3*TVZ

5 -::-TVZ **3 +0 . I8 I39 I97E-7*TVZ **4

I.0D56+0.02436/1D*V)**0.32)*SSF

*«2

0,t.) ,Y( |50)

I , I I )

IY( I) ,CR ),

(Y(5 ),PCPI ) ,
IY(9) ,PMCl ) ,

1Y( I3) ,EA| ) ,

(Y( 17) ,OCI ) ,

(Y(2I ) ,TCI )

1Y (2 5 1.G ) .

IYI29) ,TC)»

(Y(2)>RP).

(Y(6) .PCE I ) .

YI3) ,HCI ) ,

YI7) ,PCBH ! ) ,

SITE I ),

BHCl),

SCM! i,

Yl II )

Yl I5)

Y ( 19)

Yl 27)

YI3I )

IY(40) .FFHL ).

(Y(44) >HR).
(Y(48) .HPR) ,

) » (Y(52) .SMAPPP1.

(Y(56).A3).

1Y( |U)

IY(|4)

IYI |8)

(Y(26)
(Yl30)

IY(34)

(Y!4! )

(Y145)

(Y(49)

1Y(53)

(Y157)

(YI76)

(Y(80)

IYI84)

(YI88)

TOTAL), I

TA) , (

P) ,

CAPF), !

HE) , 1

SMALLD),(

SMAPPH),I

A4) , (

YI42 )

Y(46)
Yl 50)

YI54)

YI58)

YI77)

YI8 I )

YI85 )

YI89)

Yl |02

Yl 106
Yl I I0

Yl 114

Y ( I 18

Yl 122

Yl I26

(Yl I3

Y( 134

) .!Y(

MALLE

(Y(75)

. (Y(79)

. (Y(83)

(Y(87)

(YI9I )

(Y(|00)

), (Yl1O4)

IYI I08)

IY( M2)

<Y(I|6)

, (Y(120)

<Y(124)

) . 1Yl 128

1Yl I32)
1Yl 136) ,RNR)
TS,THF,TO,CO

LP ,SMAI ,SMA2

C,OH,SMT.TTA

DELCT.CB.RHO

PN) ,

TB) ,

ACPSN),

WX ) ,

WY)

,SH) ,

,BIKTE) ,

,VR) ,

,DIH),

,RE) ,

,WF) ,

,NNK),

) ,AH),

.ELE) »

.(Y(|37)

,CP,CR,V

,P,Q,ERR

BLE,TTD,
,SUMQH,T

RPN ) , I

TCF), 1

ACPTNK) , (

WR ) , (

(Yl |0| ),SE) ,

IYl |05) ,BIKTR;

(Yi I09),DOH),

IY(|I31.DIF),

(Y( I |7) ,RSR) ,

(Y( |25) ,UBARH

|Y( I29) ,AE) .

IY( 133) ,RLR) , I

.HBH) »(Yl 138) .HFr

.G,SMAPP,SMALLD,S

»II.JJ.KK

tv.wp.ws.wv

b,tcf,tk,total,t,wb,wc,wf,wo,

WAIT| 1.

VPC I 1 ,

CIBC! ) ,

TSTEAM)

CO) ,

SMALLE)

HH ) ,

SMALLB)

SMAI),

RATEIN)

ALPBAR )

AMBN),

UBPH) ,

WC) »

.SR ) .

.VH) .

.DOE ) ,

,DIR ) ,

,RHONK )

,WO) ,

.U5ARE)

) .AR ) ,

,HN) ,

39)»HFR

DO , D I ,

LS, UBAR, OM , HO, HI, TVTT, Z

F.NK.PNK.RHOK.RHONK.ALPHA I.ACPTNK.CPT

PSNK,RHONK

BLE(20) ,WS( I00) ,TS( 100) ,C( I00) ,WP( IDO

( IDO) , SMT( I00)

100) ,QH( I00) »CFM( 100 )

00) ,SLS( IDO) , UBAR(

NK,

) ,TV( I00) ,HP(

,HO( I00) ,

MT2

00),HI ( I00)

AMBN. AMBNK, HFG, CPT,

,PI

HC.EC.CpSn.CC.
CD. PCPMC.PCPR.PN,WIDTH,

UM2 6,SUmAlP.TC.TSTeAM.WPNK

00) ,OM( IDO)

CI , ALPBAR, S

SUM2I ,
,WX,WY

FIGURE 8 (Continued)
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DIMENSION SMT2II00) POW0060
COMMON DIH, DOH, AIH,A2H POW006I

I , HLH, BHC, AH, PCH,UBARH, UBPH, HN, NH POW0062

COMMON SUMN, SUMAS, SUMLS, PR ,BIK POW0063

I,NITER POWQ064

COMMON BIKTE, BIKTH, DOE, DIE, SE.VE, BAROM, PO, SH, VH POW0065

COMMONHCI ,HC2,CCI ,CC2,PCR| ,PCR2,PCE| ,PCBHI ,PCBH2,PCMI ,PCM2,PMCI , POW0Q66

IPMC2,SSCI ,SSC2,EC I,EC2,VPCI ,VPC2,EEC I,EEC2,BHCI ,BHC2.0CI ,0C2,SCMI .POW0067
2SCM2.TC0I ,TC02,TCI »Tc2 .HD.HBL»HPR.CAPF,AJ,XM,E,A3,A4,A5,A6.A7.A8. POW0068

3 A9.PCE2.CAPII,CAPI2,CIBCI.CIBC2 ,AP,CSUBP POW0069

COMMONRH.RE .CPBT POW0070

COMMON EBEL .XCR.RP POWG0 7I

DIMENSION FBELI100.6) POW0072
COMMONDOR,DIR,BIKTR,SR,RSr,VR,TA,FF,HFE,HFR,HBH POWOO73

1 ,CFmWZ,CFMWV,HS.HV,FFhl,SUMA,SMAQ,QLN .AE.AR.ELE.RLR.ENE.RNR POW0074

2 >XRP .UBARE.UR.ARR.RPN.SSf.SSFI POW0075
DIMENSIONCFMWZ( 100) ,HSI I00) .CFMWV! !00) POW0076

I,FOUT ( I00 ),DHOUT I I00 ) POW00~'7

COMM0NXTB,ORITE PCW0078

COMMONS ITE,SITE I,SIT£2,WAIT,WAITI ,WAIT2,ES,ESI ,ES2 , POWOO79

IFA.EAI »EA2 POW0080

COMMON P03.HSI ,PMC,EEC,VPC,CIBC POW008I

C0MM0NACID,TNACDY,CL0RIN,CAUSTC,DEF0M POW008 2

COMMONACACID.FACID.WT.WTRAY.RESTM POW008 3

1 , AT.FE,FH,FR,H2,POI ,P022 ,P02,PSTAI ,RHOE,RHOR,RHOH,CHRIS POW0084

2,ROE POW0085
COMMONTP.AIO.WcO.UTHE.ATHF.THEL.THEN.THEHT, CTHEI»CThE2. P0W0D86

ICTHE3.PCTHE I.PCTHE2.THEK.THES,THER,SMALLR,THERC»THEFT,CTHE4,VTHE POWOO87
2 »BOBH,FMOD,BOBDH,FOUT,DHOUT,FBOBI ,FBOB2,FBOB3,FSTARI ,FSTAR2, POW0C88

3FSTAR3 .BOBACBOBFA POW0089

COMMON DEACST,DEA2»DEAI ,DYEAR ,DKGAL ,RATEIN POW0090

I,WPL,CSLTBP POW009I
COMMONVVEV,TRAYFL,WBS,TRAYWD,RES IDT, POW0 09 2

ITSTH,FREBD,AMODU,ALEV,TWFA,SPL,BDEPH, POWD09 3
2CTA.HST ,ESHELL,RSHELL ,CSt_TBH ,SmAPPP ,SMAPPH ,SSF2 POW0094
DIMENSIONVVEVI I00) ,TrAYFL( IUO) ,WBS( I00) , POW009 5
ITRAYWD! I00) ,RES IDT! I00) POW0096
I,ALPHA! I00) POW0DQ7
COMMON PV,A,ORHT,DELP,DENBR ,COEFA POW0098

DIMENSION PV(I00),A(|00) ,ORHT II00) ,DELP( I00 ),DENBRI I00) POWQ099
COMMON REASIZ,REACST,TOELEC,TURCST,CAPI3,RETUB2,RETUBl,THERM POWOIDO
COMMON WPS.RS.WPIN.CBS.TBS.TOS.ANS.THS.WBE.WPE.E.IE. ALPHA POWDIO!
I.SUMWP POWOI 02

COMMON CBE,RPE,TBE ,SSF| OQW0I03
DIMENSION WPS(25),RS(25),WPlN(25),CBS(25 1,TBS(25).TOSI25),ANS(25),POWO|04

ITHSI25) POW0I05

DIMENSION PODELI2 5 ).HRECI 25).POREC(25) .WOSI25) .WFSI25) .HSUBI25) . POWDl06
1 ELESI25).RLRSI25) .WRSI25),HSlS(25) POWOI 07
2 ,AES(25) ,VOLMS!25),ARS(25) POW0I08
I,HLHS(25) POWOI09
COMMON ARS,ELES,HREC,HSIS.HSUB,PODEL,POREC,RLRS,VOLMS, POWOI10
IWFS,WOS,WRS,AMRDAS,POCSTI .POCST2.SUMLE.SUMLR.SUMPOR.SUMWR.WTME» POWOl II
2WTMR ,AES POWOl|2

I.HLHS POWOl I3
COMMONTOE. HDEL. POBlD,VOLM.HMKUP.POMKUP,WZZ.POPRD,AMSCI,AMSC2. POWOI14
ICD.DEACSI .DEACS2.PMCFLO.PMCPO POWOl I5

COMMON UDEAHP.UDEAWM.UInTAK.UnArAE.UnARAR.UNARHT.U.NCHEM. POWOI16
lUNDRVE.UNELCT.UNMAlN.UNMSCL.UNOPR.UNPIPE,UNPUMP. POWOl17
2UnSHHT, UNS ITE.USHELN. VOLUME.WBLOW,WMAKUP,WPROD,WPUMP.WRECOV.WREJCTPOWD I18

FIGURE 8 (Continued)
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DIMENSION PSI251 ,0SI25) ,TCFS( 25) POWOl |9
DIMENSION RHOKSI 25) »RHONKS(25) .BAROMSI25).WCS(25)»NKS(25), POW0I20
IENESI25)»NNKSI25),RNRS(25),UES(25),URS(25) ,WBSU(25) ,UBARA(25) POW0I2I
COMMON RHOKS,RHONKS,PS,QS,RPS,TCFS,BAROMS,WCS,NKS POW0I22

COMMON ENES.NNKS.RNRS.UES.URS ,WBSU ,OSHELV,APLANT,ATOT,OBARA POW0I23

COMMON DTPD.CL P0W0I24

COMMON TOTALR
COMMON CTOBEE.CETSE.CTUBER.CETSR.CITSE.CITSR.CDITS.CDETS

DIMENSIONCTUBEB(25).CETSEI25).CTUBER(25),CETSR(25),CITSEI25).CITSR4025000I

I(25) 40250003

C$******YORK TYPE DEMISTER

COMMON UMAX, SUMDMA, DTPDP, COSTDM

COMMON UALP,DTPDPS

COMMON AREADM,DP TDM,DTDM,CPROD,WIDDM

DIMENSION AREADM! I00) ,DPTDM! 100),DTDMI I00) ,CPRODI 100) ,WIDDM! I00)
I,DTPDPSI 100) ,DTPDP(|00), SUMDMAI25)

C HEADS AND POWER POWOI 25
C POW0I26

PI*3.14159 POWGI29
HOG*I.O POW0I30
CALL SMAP(WPL,CSLTBP,RATEIN,SMAPPP) P0W0I3I
CALL SMAP1WPL.CSLTBH.RATEIN.SMAPPH) POW0I32

C COSTS POW0I35
SUBA2*0.0 POW0I36

SUBAI*0.0 POW0I37
SUMASI*0.0 POW0I38
HFE*0.0 POW0I39
HFR*0.0 POW0140
AE*0.D POW0I4I
AR*0.D POW0I42
ELE*0.0 POW0I43
RLR*0.0 POW0I44
ENE*0.0 POWDI45
RNRWO.O P0WDI46
TSTEM*TSTEAM POW0I47
GF*G*CAPF POW0I48
AMBDAS*I093.8 8-0.5703*TSTEM+I .28 I9E-4*TSTEM**2-0.8824E-6*TSTEM**3 POWOI 49

SUMAS*0.0 POWOl50
J*NK+I POW0I5I

DO960I*J,NTOTAL POW0I52
HFR*HFR+HS(I) POWOI53
RLR*RLR +SLSI I) POWO I54
RNR*RNR+Z(I) POW0I55

120 SUBA2*SUBA2+UBAR( I )*AS(I ) POWOI 56
960 SUMAS*SUMAS+AS(I) POWOl59

D096I I*I .NK POW0160

HFE*HFE+HS(I) POWDI 6 I
ELE#ELE+SLS(I) POW0I62
ENE*ENE+Z(I) POW0I63
SUBAI*SUBAI+UBAR( I)*AS( I) POWOI 64

96 1 SUMASI#SUMASI+AS( I) POWO I67
SUEAS*SUBA|+SUBA2 POW0I68
UBARE*SUBAI/SUMASI POW0I69
UBARR*SUBA2/SUMAS POW0I70
ZNK*NK POW0I7I
RNR*RNR/(TOTAL-ZNK) POW0I72
ENE*ENE/ZNK POW0I73
ELE*ELE+FLOATF!NK-i)*TSTH/12.0 P0WDI74
AE*PI*DOE*ELE*EME/12.0 POW0I75

FIGURE 8 (Continued)
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RAS3*FL0ATF(NT0I"AL-NK-| )*TSTH/ I2.0 POWO I76
RLR*RLR + RASB POWOI 77

IFIM-IE1501,502,501

50 1 D0*DOE

GOT0503

502 DO*DOR

503 CONTINUE

AR*PI*DO *RLR*RflR/12.0 POW0I78

ESHELL*(CTA*PI*DOE**2*ENE*ELE) POWO179

I/(5 76.0*AMODU)+HST*ALEV*WTME*ELE POWOl80
RSHELL*(CTA*PI*DO **2*RNR*RLR) POWOI 8 I

I/I576.0*AMODU)+HST*ALEV*WTMR*RLR POWOl82

VOLM*ESHELL+RSHELL POWOI 83
RLRS(M)*RLR POW0I84
FLES(M)*ELE POW0I85

AES(M)*AE POWOI 86
WRSU(M)*WR POW0I87
ARS(^)*AR POW0I88

VOLMS(M)*VOLM POWOI 89
HLHS(M)*HLH POW0I9J
GTV2l*GTV2F(TV(2 )) POWOI 9 I
GTV2N*GTV2F(TV(NT0TAL+I)) POWOl97
HSI*2.3*(GTV2I-GTV2N) POW0I93
HS|S(M)*HS| Pnwoi94
WFS(M)*WF Pnw0l95
RHOKSIM)*RHOK pny0l96
RHONKS!M)*RHnNK P^WOI 97
RAROMSIM)*BAROM P^W0I98
WCSIM)*WC POWOI 99

NKS(M)*NK POW0200
FNES(M)*ENE POW020 I
NNKS(M)*NTOTAL-NK POW0202
RNRS(M)*RNR POW0203
UES(M)*UBARF POW0204
UPS(M)*UBARR POW0205
UBARA(M)*SUBAS/(SUMAS+SUMASI) POW0206
QS(M)*0 POW0207
PS!M)*P POW02P8
TCFS(M)*TCF POW0209

C SURFACE AREA COST 40250G2I
IF(M-IE)256,257,256 40250022

256 CTUBERfM)*AR*SMAI 40250023
GOT0258 40250024

257 CTUBERfM)*AR*SMA2 40250025
258 CONTINUE 40250001

IR(DOE-I .0)250,25 I,251 40250006
250 FNITSE*NK 40250008

GOT0252 40250010
251 ENITSE*2.*FL0ATF(NK)-I.

252 IF1D0 -I.1253,254,254

253 ENITSR*NNKS(M)

G0T0255

254 ENITSR*2.0*FLOATF(NNK) -I.
255 CONTINUE

ALEMO*ALEV*AMODU

ALEMO2*2.0*ALEMO 40250024
C TUBE SHEET AREA

APTSE*3.8I9I*D0E**2*ENE/(288.*ALEM0)+3.*HST
C INTERMEDIATE TUBF SHEET COST

FIGURE 8 (Continued)
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CITSE(M)*2.*ALEM0*ENITSE*IAPTSE*7.343+ENE*CDITS/(2.*ALEM0))

C END TUBE SHEET COST ,n„cnnnn
CETSEIM)*4.0*ALEMO*(APTSE*44.772+ENE*CDETS/(2.0*ALEMO)) 4025DD20

C SURFACE AREA COST 4025000 1
CTUBEE(M)*AE*SM\I 4D250003

C REJECT SECTION 40250001
C TUBE SHEET AREA 4D25DD03

APTSR*3.8I9I*DO**2*RNR/(288.0*ALEMO)+3.0*HST 40250
C INTERMEDIATE TUBE SHEET COST 40250013

CITSR(M)*ALEM02*ENITSR*(ApTSR*7.343+RNR*CDITS/ALEM02) 4025001 !
C END TURE SHEET COST 40250015

CETSR(M)#4.0*ALEMO*(APTSR*44.772 +RNR*CDETS/ALEM02) 4025DO17
RETURN POWD2I0
END POW02II
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* LABEL
C STAGEGEOM

SUBROUTINESTAGEG (M)

C STAGE-GEOMETRY-CALCULATIONS REVISIONS 4-
COMMON X.Y.W

COMMON DATANO

DIMENSIONXII50,4),Y(150)

EQUIVALENCE! II,I I)

2 1-64

EQUIVALENCE

I1YI4 ),CCI ) ,

2! Y<8 ),PCMI ),
3! Y( 12 ),ES | ) ,

41Yl 16) ,EECI ) »

5(Y(20) ,DEAI ) ,

EQUIVALENCE

I(Yl28) ,THF) ,

2!Yl32).CP) ,

3IYI36),Q)

EQUIVALENCE

IIYI43) .HD),

2!Y(47) ,HBL) .

3!Yl51 ).SMALLP) .

41Y(55) .SMA7) »

5!Y(59)»TP)

EQUIVALENCE

I(Y(78),BAROM).
21Y(82) .CSUBP) .

31YI86) »PO) ,
4!YI90) ,WB) ,

EQUIVALENCE

I(Yl 103) .BIKTH) .

21Yl 107) ,VE) ,
3(Y( || I) ,DOR) ,

4IYI | |5) ,RH) ,

51Y( | 19) ,RHOK) ,

61Yl 123) .NK) ,

7IY! 127) ,UBARR) ,

!(Y( 13 1) ,HLH) ,

!Y( I),CR) ,

(Y(5) ,PCRI ) ,

(Y(9) ,PMCI 1,

(Y( |3) ,EAI 1 ,

(Y( 17) »OCI ) .
(Y(2I).TCI)

(Y(25).G).

IYI29) .TO) .

RP) .

PCE I) .

SITEI).

BHCl).

SCMI).

TOTAL).

TA) .

P) ,

CAPF) ,

HE) .

SMALLD) .

SMAPPH).

A4 ) »

RPN1 .

TCF) ,

ACPTNK ).

WR) ,

) .SE!.
).RIKTR),

) ,DCH),

).DIE)»

).RSR) .

(Y(2) .

(Y(6) .
(Yl|0)

<Y||4)

(Yl |81

IYI26)

IYl30)

(Y(34)

(YI4I )

(Y(45)

(Yl49)

(Y(53!

(YI57)

(YI76)
(YI80)

(YI84)

IYI88)

(Yl |0 |

1Yl|O5
(Y ( IC 9
<Y(113

(Yl 1 17

(Yl125

(Yl 12
IY( 177

IY(3) .HCI ) .

IYI7) ,PCBH I) ,

IY(40) ,FFHL ),

1Y(44)>HR),

IY(48) .HPR) ,

IY(52 ).SMAPPP) ,

1YI56) .A3) '

<Y(75) »PN) .
(YI79) .TB) .

IYI83).ACPSN)»

IY(87) .WX ).
IY(9 I),WY)

(Y( |00) ,SH) ,

<Y( 104) ,BIKTE) ,

(Y(|08),VR),
(Y( I 12) ,DIH) ,

IY( | 16) ,RE) ,
IY(120),WF),

1Yi 124) ,NNK) ,
IYl 128) .AH) .

IYl 132) ,ELE) , ,...
9(Y( 135),ENE),(Yl I36),RNR),(Y( I37) .HBH). I

COMMONNTOTAL.TS.THF.TO.CO.CP.CR.V.G.FL.S
IH,SMALLB.SMALLP,SMAI ,SMA2,P,Q,ERR,I I,JJ,
COMMON HP.CT.C.QH.SMT.TTAPLE.TTn.TV.WP.W

COMMON DELST,DFLCT,CB,RHO,SUMQH,TB,TCF,T

IWPN,WR,AMBDA

COMMON AS ,SLS, UBAR, OM , HO, HI, TVTT

COMMON TAU,CCF,NK,PNK,RHOK,RHONK,ALPHAI ,
IACPSN,CPTK.ACPSNK,RHONK
DIMENSION TTABLEI20),WSI I00 ).TS I I00 ),cI I

I 1,CT( 100) ,TTD( I00) , SMT(IOO)

DIMENSION WVI 100) ,QH( I00) .CFMilOO )

DIMENSI ONAS! 100),SLS(I DO), UBAR! 10

ITVTT! IDD) ,Z( 100),HII |00)
COMMON CPSNK, AMBN, AMBNK, HFG, CPT, CI,
I,R,S,HR,HE,HH ,PI

COMMON CFM, HC , ECCPSN ,CC ,
I A I ,A2,PCD,PCPMCPCPR.PN,WIDTH,

2SUM22 ,SUM24.SUM26.SUMALP.TC.TSTEAM.WPNK
DIMENSION SMT2I100)

COMMON DIH, DOH, AIH.A2H

(Yl I I )

(Y(15)

(Yl19)

IYI27)

(Y(3I )

) ,UBARH) ,

9) ,AE) ,

) ,RLR) ,

Yl138),HF

MALLD.SMA

KK

S,WV

K. TOTAL »T,WB .WCWF ,WO,

(YI47)

(Y(46)
(Y(50)

1YI54)

<Y(58)

(YI77)

IYI8I 1

(YI85)

(Y189!

IYl |C?

IYI106
<Y( MO

(Yl I 14

IYI I18
(Y! 122

(Yl 126
1Y ( I3

1Y( 134
F),(Yl

LLE,DO

WAIT I) ,

VPC! ) ,

CIBC I ) »

TSTEAM).

CO) ,

SMALLE).

HH) »

SMALLB).

SMAI ) ,

RATEIN) »

ALPBAR).

AMBN ) .

UBPH).

WC) ,

,SR ) ,

,VH) ,

,DOE),

♦ DIR) ,

,RHONK),

,WO) ,

,UBARF),

) ,AR) ,

,HN) ,

39),HFR)

DI ,

7, rjT1] I

OTA0032

3TAO003

3TA00D4

;TA0005

•, r A 0006

>TA,UQ07

0TA0008

'; ra 0 0 0 9

:>Ta00i0

iTAOOlI

•i A 00 i2

.TaOO • 3
•ra n ^ i4

:T -\ 0 r 15

''A .-'.: !6

A

0!9

07 0

A 0 0 7 I

•-002 2

0 0 " 2 3
A 0 0 2 A

A 0 0 7 5

A 0 0 7 6

A0r!27

A 0 " 78
A0/"?9

A 0 0 ^ 0

A 0 Dt I

A 0 0 3 2

, Z

ACPTNK,CP

00),WPl I0

0),OM( I00

ALPBAR,

TNK,

0) ,TV( 100) ,HP( 100.

) ,HO( I00) ,

SMT2

>"A 00-^4
•y. ?•'?'}
••'?• 00 ••> 6

•JA0037
• A 0 0 '•! 8

•TaOO '9

-"A 0040

•~AOP'. I

'r- r"^-2

TA0P^4

"7,0 0x5
-ADp^6

TA 0 04 7

TaGOa.8

' A0'":0

'A 005 I

"r0 0^2

"7 CO53

rADG54

"/.GOES

"A0r:56

l'A0057

rA 0058

170059

SUM2I ,

,WX,WY
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I , HLH, BHC. AH, PCH,UBARH, UBPH, HN, NH STA0060
COMMON SUMN, SUMAS, SUMLS, PR ,BIK STA006!

I'NITER STA006?
COMMON BIKTE, BIKTH, DOE. DIE, SE,VE, BAROM, PO, SH, VH STA0063
COMMONHCI ,HC2,CC I,CC2,PCRI .PCR2.PCEI .PCBHI .PCBH2.PCMI .PCM2.PMCI , STA0064
IPMC2.SSCI ,SSC2,EC I.EC2.VPCI .VPC2.EECI.EEC2.BHCI .BHC2.0CI.OC2.SCMI .STAC065
2SCM2.TCOI .TC02.TCI ,Tc2,HD,HBL.HPR,CAPF.AJ.XM .E.A3,A4,A5,A6,A7,A8, STA0066
3 A9.PCE2.CAPI I.CAPI2.CIBCI ,CIBC2 ,AP,CSUBP STA0067
COMMONRH,RE ,CPBT STA0068
COMMON EBEL ,XCR,RP STA0069
DIMENSION FBEL(|00,6) STAD070
COMMONDOR,DIR,BIKTR,SR,RSR,VR,TA,FF,HFE,HFR,HBH STA007 I
1 ,CFMWZ,CFMWV,HS,HV,FFHL,SUMA,SMAQ,QLN ,AE,AR,ELE,RLR,ENE,RNR STA0072
2 ,XRP .UBARE.UBARR.RPN.SSF.SSFI STA0073
DIMENSIONCFMWZI |00 ),HS( |OD) ,CFMW'V( I00) STA 0074
I,FOUT( I00) ,DHOUT! |00) STA0075
COMMONXTB.ORITE STA0076
COMMONSITE.SITEI,SITe2,WAiT,WAITI,WAIT2.ES,ESI,ES2, STA0077
IEA.EAI,EA2 STA0078
COMMON P03.HSI ,^MC.EEC,VPC.CIBC STA0D79
COMMONACID.TNACDY.CLORIN.CAUSTCDEFOM STA 008 0
COMMONACACID.FACID.WT.WTRAY.RESTM STA00 8 I
1 . AT.FE.FH,FR,H2,POI .P022 .P02.PSTAI .RHOE.RHOR.RHOH.CHRIS STA0082
2,ROE STA0083

COMMONTP.A IO.WCO.UTHE.ATHE.THEL.THEN.THEHT, CTHEI .CTHF2. STA008 4
ICTHE3,PCTHE I.PCTHE2.THEK,THES,THER.SMALLR,THERC.THEFT,CTHE4,VTHE STA0085
2 .BOBH.FMOD.BOBDH,FOUT.DHOUT,FBOBI ,FBOB2,FBOB3,FSTAR| ,FSTAR2, STA0086

3FSTAR3 ,BOBAC,P0RFA STA0087
COMMON DEACST,DEA2,DEAI,DYEAR,DKGAL .RATEIN STA0088
I,WPL,CSLTUB STA0089
COMMONVVEV,TRAYFL,WBS,TRAYWD,RES IDT, STA0090

ITSTH,FREBD,AMODU,ALEV,TWFA,SPL,BDEPH, STA009 I
2CTA.HST ,ESHELL,RSHELL ,CSLTBH,SMAPPP,SMAPPH ,SSF2 STA0092
DIMENSIONVVEV! I00) ,TRAYFLI I00),WBS( I0D), STA0093
ITRAYWDI 100) .RESIDTI 100) STA0094
I.ALPHA!100) STA0095
COMMON PV,A,ORHT.DELP.DENBR .COEFA STA0096

DIMENSION PV! 100),A( |D0) .ORHTI IDO) .DELPI 100) .DENBR! 100) STA0097
COMMON REASIZ,RrACST,T0ELFC.TURCST.CAPI3,RETUB2.RETUBI.THERM STA0098

COMMON WPS,RS.WPIN.CBS,TBS,TOS.ANS.THS.WBE,WPE.E.IE. ALPHA STAD099
I.SUMWP STAOI00

COMMON CBE.RPE.TBE .SSFI STA0I01

DIMENSION WPS I25) .RS(25)>WPIN<25)»CBS(25).TBS(25)»ToS(25).ANS(25).STa0|02
ITHSI25) STADI03
DIMENSION PODELI 25).HREC(25).PORECI 25).WOSI25),WFS(25).HSUBI25), STAOI04
1 ELES!25).RLRSI25) .WRSI25).HSISI25) STAD1O5
2 .AESI25) .VOLMSI25).ARSI25) STA0I06
I.HLHSI25) STAOI07

COMMON ARS.ELES.HREC,HSIS,HSUB,PODEL,POREC,RLRS,VOLMS, STA0I08

IWFS,WOS,WRS,AMBDAS»POCSTI,POCST2.SUMLE.SUMLR.SUMPOR.SUMWR,WTME. STaO|09
2WTMR .AES STAOl|0

I.HLHS STAOI I I
COMMONTOE, HDEL. POBLD.VOLM.HMKUP.POMKUP.WZZ.POPRD.AMSCI.AMSC2. TCVOID8
ICD.DEACSI .DEACS2.PMCFLO.PMCPO TCVOI 09

COMMON UDEAHP.UDEAWM.UINTAK.UNARAE.UNARAR.UNARHT.UNCHEM, TCVOI10
IUNDRVE.UNELCT.UNMAIN,UNMSCL.UNOPR.UNPIPE,UNPUMP. TCVOI II
2UNSHHT,UNSITE.USHELN,VOLUME.WBLOW,WMAKUP,WPROD.WPUMP.WRECOV.WREJCTTCVOl12
DIMENSION PSI25).QSI25).TCFSI25) TCVDI13
DIMENSION RHOKSI25).RHONKSI25).BAromS(25).WCSI25),NKS(25), TCVOI14

FIGURE 8 (Continued)



116

IENESI25) ,NNKSI25),RNRS(25),UES(25) ,URS! 25) ,WBSU(25! .UBARAI25) TCV0II5
COMMON RHOKS.RHONKS.PS.QS.RPS.TCFS.BAROMS.WCS.NKS TCV0II6
COMMON ENES.NNKS.RNRS.UES.URS ,WBSU .UShELV , APLANT,ATOT,UBARA TcV0M7

COMMON DTPD,CL TCVDII8

COMMON TOTALR
COMMON CTUBEE,CETSE,CTUBER,CETSR,CITSE,CITSR,CDITS,CDETS

DIMENSIONCTUBEEI25) ,CETSE(25) ,CTUBER(25) ,CETSR(25),CITSEI25) ,CITSR402 5000I

1(25) 40250003

C$******YORK TYPE DEMISTER

COMMON UMAX, SUMDMA, DTPDP, COSTDM

COMMON UALP,DTPDPS

COMMON AREADM,DPTDM,DTDM,CPROD,WIDDM

DIMENSION AREADM! IOQ),DPTDM! I001,DTDMI I00) ,CPRODI 100),WIDDMI 100)

I,DTPDPSIIDD) ,DTPDP(I00), SUMDMAI25)

COMMON YDTPD

DIMENSION YDTPDI8, I00)

COMMONDPREQ

DIMENSION DPREQI100)

PI*3. 141 59 STAO! I2

CTA*6.65 STAOI I3

SUMLS*0. STAOI14

ZBAR*0. STAOI I5

SUMOM*0.0 STAOl 16

TER5*I.0+SSFI STAOI17

I 1*5 STAOl I8

CALLDINTPL(TCF,CT( I>,RHOEI 1 STAO119
DIMENSION GEI25) STA0I20

GE(M)*3600.*RHOEl*VE STA0I2!

IFIM-IE) 130,3 I,I 30 STA0I22

31 CALLDINTPL(TB,CO,RHORI 1 STA0I23

GR*36DD.*RHORl*VR STA0I24

GO TO 32 STADI25

I3D GR*GEIM+I 1 STAO I26

32 DOI2I 1*1,NTOTAL STA0I27

IFIM-IE)260,26I,260

260 IF!I-NK)262,262,263

262 RHJ*RHONK

GF*GE(M)

G0T0264

263 RHJ*RHOK

GF*GR

264 DO*DOE

DI*DIE

BIKT*BIKTE

IFIM-I )32 I,318,321

318 IF (1-6)320.321,321
320 R * .0010 - .00014 * FLOATF (I-l)

GO TO 3 19

32! R*RE

319 S*SE STA0I34

V*VE

GOTOI2

261 IF(I-NK)10,10,11

10 DO0DOE STA0I29

RHJ*RHONK STA0I30

DI#DIE STAOl3 I

BIKT*BIKTE STA0I32

IFlM-l )22l ,219,721
219 IF I1-6)220,221 ,221
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220 R * .0010 - .00014 * FLOATF (I-l)

GO TO 19

221 R*RE STA0I33

19 S#SE STA0I34
V*VE STA0I35

GF*GE (M) STA0I36
G0T0I2 STA0I37

II DO*DOR STADI38
DI*DIR STA0I39

RHJ*RHOK STA0I40
BIKT*BIKTR STA0I4I

S*SR STA0I42
R*RSR STA0I43
V*VR STAOI 44

GF*GR STADI45

12 ARG*(SMT2(I) +SMT(I))*D.5 STA0|46
UBAR(I)*0.0 STA0I47
TVTT II)*0.35*(TV!I + I)-ARG) STAOI 48

TW*0.65*(TV(I+|1-ARGl+ARG STA0I49
HANK* (TVlI+I1-SMTII))/(TV(I+I1-SMT2!I) ) STA0I50

IF(HANK) 1,1,2 STA0I5I
1 CALL PDUMPITHERM.I I. I) STA0I52

ERR#I.O STA0I53
RETURN STADI54

2 OMII)*(SMT2(I) -SMTII)l/LOGFIHANK) STA0I55
PCT*CP STA0I56
11*6 STA0I57

CALLDINTPLfARG.CT! I) ,AK) STA0I58
11*5 STA0I59
CALLDINTPL!ARG.CTI I),RHO) STADI60
11*7 STA0I6I
CALLDINTPLIARG.CTI I),U) STA0I62
II*| STA0I63

CALLDINTPL!ARG.CTI I ),CZ> STA0I64
BIGKI*(0.02 7*CZ*U**0. l4*GF)/( (GF*DI/( |2.0*U) )**0.2* STAOI 65

I(U*CZ/AK)**0.66666667) STADI66
3 11*7 STA0I67

CALL DINTPL(TW,CT(I>»UW) STA0I68
HI(I)* BIGKI/UW**0.14 STA0I69
USAVE*UBAR(I) STADI7D
DODI*DO /DI STA0I7I
BIK24*24.0*BIKT STA0I72
PEST*DO /BIK24*L0GF(D0DI)+R STA0I73
11*5 STA0I74

70| CALLDINTPLITVII+I ).PCT.RHO) STA0I75
11*6 STA0I76
CALLDINTPLITVII+I) .PCT.SMK) STAO177
11*7 STA0I78
CALLDINTPLITVI I+ I1.PCT.U) STAOI 79
HFG*I093.88-0.5703*TVI I+ I 1+ 1.28|9E-4*TV(I + I1**2-0.8824E-6 STAOI 80
l*TV(I + I1**3 STAO I8 I

17 BIGK*0.72 8*( I50.04E+8*RHO**2*SMK**3*IHFG+O.375*TVTTI I 111/ STADI 82
l(U*S 11**0.25*11.2379476 + .35360826E-I*S - .I5703466E-2*S**2 1 STADI83

18 HOI I)*BIGK/(DO -:'*0 .2 5*TVTT II1**0.25 1 STA0I84
UBARl*DODI/HII I1+REST+l,0/HOI I) STAO I85
UBAR!I)*l.O/UBARI STA0I86
AS!I)*QH(I1/IUBARI I'*OMI II) STAOI 87
TVTTN*TVTT(I) STA0I88
TVTTI I)*UBAR( I)*OM<I)/HO< I) STAO I89
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IF!A3SFITVTTII 1-TVTTn)/TVTTN-0.0 I15.4.4 STAOl9 0
4 TW*ARG+ UBAR( I)*0M( I !*D0/(HI I I )*DI1 STA0I9I

GO TO 3 STAOI 92

5 IF!ABSFIUBARI I)-USAVE)/UBAR(I 1-0.0005) I20,4,4 STA0I93

120 IF( I -NK)82 I,82 I,822 STA0I94

82 1 W*WF STAOI 95

C*CCF STA0I96

GOT0823 STA0I97

822 W*WO STAOI 98
C*CO STA0I99

823 ARG*(SMT2(I) +SMT(I')*0.5 STA0200
I 1*5 5TA020!

CALLDINTPL!ARG,C,RHO) STA0202

SLS(I)*|2.*AS(I)*DI**2*GF/I576.*D0*W) STA0203

Z(I)*|2.0*AS(I)/(DO *PI*SLS(I)1 STAD204

CFM IS REALLY CFMWV STA0205
CFMWVI I)*WV( I)/I60.0*TS(I + I) )*EXPF( I2 .4636-0.02 I987*TSII + I)+ STA0206

10. I88 49E-4*TS( I+I 1**2) STA020"7

HV*I.00I2 5*TV( I+ I 1-32. 125+I 093.88-0.5703*TV(I + I 1+ 1.28 I9E-4*TV(I + I1STA020 8

l**2-0.8824E-6*TVII+I1**3 STA0209
HP 1*1.00I25*TV(I 1-32. 125 STA02I 0

HP2*I.Q0I25*TV(T + |)-32.I25 STA02 M
CFMWZ!I1*WP( I)*!HPI-HP2)/(60.0*IHV+HP2)*TVII + I))*EXPF(I2.4632- STA02I 2

!D.02!987*TV!I+I)+I.8849E-5*TV(I+I)**2) STA0213

HSI I )*( .0D56+ .02436/ (DI*V)»* D .32)*SLSI I)* I2.0*V**2/IDI*64.348) STA02I4
l*SSF STA02I5

SUMOM*SUMOM+OM(I) STA02I6

SUMLS*SUMLS+SLS( I ) STA02I"7
428 ZBAR*ZBAR+Z!I) STA02I8

TRAYLH*SLS(I1+TSTH/12.0-0.5

VVEVi I)*CFMWV(Il/I I20.0*TRAYLH*FREBD* STA0219
IAMODU*ALEV) STA0220

TRAYFL(I)* I I2.0*TWFA*TRAYLH-3.6-.63*SPL) S~A022i

1*1 .OF+4/I (610.0/ITS! I 1+459.69) )**3. 12* STA0222
2IRHJ /3.0)**0.61+85000.0 STA0223

IF!TRAYFL! I)-50j000.0)20,20,2 I

2 I TRAYFL! I 1*500000.0

20 WRSII)*WS(I)/(AMODU*ALEV)

TRAYWD! I )*WBS( I )/TRAYFL! I 1 STA0225

11*5 STA0226

CALLDINTPLITSl I 1,C(Il.RHORES) STAD227

IF( I-l ) 1600. I60r, 160 I STA0228

I6CI DENBRII-I)*RHORES STA.0229
16-0 RESIDTII)*(TRAYWD(I)*TRAYLH*BDEPH* STA023F1

!RHORES*360 0.0 l/V.'BSI I 1 STA023 i

PV1 I)*2. 17868 I8-0.70443622E-I*TVI I+I !+0.9394 I286E-3*TV(I + I 1**2 STAD232

I-0.53958D83E-5 *TV(I+I)**3 +0 . I8 I39 I97E-7*TVI I+ I)**4 STA0233

121 CONTINUE STA0234

N*NTOTAL STAC23r^
NLI*N-I STA0236

DELP(N)*0.0 STA.023'7

A(N)*0.0 STA.D238

ORHT(N)*0.0 STAD239

COFAI*COEFA*36D0. STA0240

DO 30 1*1,NLI STA024!

DELPI I )*PV( I)-PV( I+ I ) STA0242

A! I )*(TRAYFL!I)*TRAYWD(I) )/(COFAI*SQRTF(DENBRI I)*DELP(I)*9273.6)) STAD243

ORHTII)*A(I)/TRAYWD!I) STA0244
30 CONTINUE STAC245
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11*2 STA0246
CALLDINTPLITHF.CCF.HHF) STA0247
CALLDINTPLITCF.CCF.HCF) STAD248
TSTEM*TSTEAM STA0249
AMBDAS*I09 3.8 8-0.5703*TSTEM+I .28 I9E-4*TSTEM**2-0.8824E-6*TSTEM**3 STA02 50
WSY *WF*(THF-TCF)/AMBDAS *CPBT*TER5 STAD75!
WY*WSY STA0252
PR*WPN*I.0E+3/IAMBDAS*WY) STA0253
BARCM*SUMOM/ANS!V)

RRINFHEATER STA0257
WTME*0.0 POWOI 27

WTMR*0.0 POW0I28

J*MK+I

DO 960 I*J,NTOTAL
IF(WTMR-TRAYWD!1)1988.960.960 POWOl5 7

988 WTMR*TRAYWD! I1 POWOI 58
960 CONTINUE

DO 96 I 1*1 ,NK

IF(WTME-TRAYWD(1)1989.961.961 POWO165
989 WTME*TRA.YWD (I1 POWO 166
96 1 CONTINUE

C(I)*CCF PUT0I24
AME*WTME*(BDEPH-0.25) PUT0I30
AMR*WTMR*(BDEPH-0.25) PUT0I3I
DO 500 1*1,NTOTAL PUT0I37

500 ALPHAI I1*TSII + I1-TV1 I+ I1 PUT0I38
P0519 1*1.NK PUTOl39
II#c PUT0I40
CALL DINTPLITS! I),C(I1.RHOB) PUT0I4I
DPREQI I)*CL/(97C6. II2*RHOB)*(WS( I1/(3600.0*AME*AMODU*ALEV1 1**2 PUTOI 42

519 CONTINUE ?UI2143
JNK*NK+I PUTOl44

D05!8I*JNK,NTOTAL PUT0I45
!IS5 PUTOI 46
CALL DINTPLITS! I1,C( I) ,RHOB) PUT0I47
DPREQI :i*CL/(9766.M 2*RHOB)*IWS( I)/(3600.0*AMR*AMODU*ALFV) )**2 PUTOI 48

5 18 CONTINUE PUTOI49
EFSA*TRAYWD(NK)*ELE*ALEV*AMODU PUTO!28
RFSA*TRAYWD!NToTAL)*RLR*ALEV*AMODU PUTOI 29
IF(M-l )I02, 10 I,I02 STA0258

|U| THM*(THF-TCF)/LOGFlITSTEAM-TCF)/(TSTEAM-THF)) STA0259
ARG*(TrF+THF)*0.5 STA0260
llffb STA026I
CALL DINTPL(THF.CCF.RHO) STA0262
GH*3600.0*VH*RHO STA0263
TT*J.35*1TSTEAM-ARG) STA0264
TW*Q.65*(TSTEAM-ARG)+ARG STA0265
11*6 STA0266
CALLDINTPL!APG.CCF.A'O STA0267
llffb STA0268
CALLDINTPL!ARG.CCF,RHO) STA0269
11*7 STA0270
CALLDINTPL(ARG.CCF.U) STA027I
11*1 STA0272
CALLDINTPLIARG.CCF.CZ) STA0273
BIGK3*!0.0 27*CZ*U**0. I4*GH)/( (GH*DIH/( I2.0*U ))**0.2* STA0274
|(U*CZ/AK)**0.66666667) STA0275

6 11*7 STA0276
CALLDINTPL(TW,CCF,UW) STA0277

FIGURE 8 (Continued)
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H IH*BIGK3/UW**0. 14 STA0278
USAVE*U3ARH STA0279

PCT*0.0 STA0280

HFG*I093.88-0.57D3*TSTEM +1.28I9E-4*TSTEM **2-0.8824E-6*TSTEM**3STA02 8I

ll#5 STA0282
CALLDINTPL(TSTEAM, PCT,RHO) STA0283

11*6 STA0284

CALLD1NTPL(TSTFAM,PCT»AK) STAD285

11*7 STA0286

CALLDINTPLITSTEAM,PCT.U) STAD287

DOHDIH*DOH/DIH STA0288

BIK24*24.0*BIKTH STA0289

PARTU*D0H/BIK24 *LOGFIDOHDIH)+RH STA0290
I00| CAPK*0.72 8*( (50.04E+8*RHO**2*AK**3*IHFG+O.375*TT) 1/ ISH*U1 1**0. 2 5 STA029I

I * (1.2379476 + .35360826E-I*SH- .I5703466E-2*SH**2 1 STA0292

231 HOH*CAPK/(DOH**U.25*TT**0.25) STA0293
UBARI*DOHDIH/H|H+pARTU+l.0/HOH STA0294

TTN*TT STAD295

UBARH*I.D/ueARI STA0296
TT*UBARH*THM/HOH STA0297

IF(ABSFI (TT-TTN)/TT)-0 ,0|)8.7,7 STA0298

7 TW*ARG+UBARH*THM*DOH/HIH STA0299

GO TO 6 STA03D0

8 IF!ABSFIUBARH-USAVE1/UBARH-0.0005) I000,7,7 STA030I

1000 11*2 STA0302
CALLDINTPL(THF.CCF.HHF) STA0303

CALLDINTPL(TCF.CCF.HCF) STA0304

AH*IHHF-HCF)*WF/(UBARH*THM) STA03D5

ARG*(TCF+THF)*0.5 STA0306

11*5 STA03D7

CALLDINTPL!ARG.CCF.RH02) STA03D8

HLH*I2.0*AH*DIH**2*GH/(5 76.0*DOH*WF) STA0 309

HN*I2.0*AH/(PI*DOH*HLH) STAD3I0

I02 RETURN
END STA.03I6

FIGURE 8 (Continued)



121

BIBLIOGRAPHY

1. Briggs, D. E. and Young, E. H., The Condensing of Low Pressure Steam

on Horizontal Titanium Tubes, The University of Michigan,

Department of Chemical and Metallurgical Engineering Heat

Transfer Laboratory, Report No. 55* December 1963.

2. Keenan, J„ H. and Keyes, F. G., Thermodynamic Properties of Steam,

New York: John Wiley & Sons, Inc., May 19^+9•

3. Oak Ridge National Laboratory Desalination Cost Notebook, Unpublished.

k. Stoiighton, R, W. and Lietzke, M. H., "Calculation of Some Thermo

dynamic Properties of Sea Salt Solutions at Elevated Temperatures

from Data on NaCI Solutions," J. Chem. Eng. Data, 10:25^ (July

1965).

5. Unterberg, W., Thermophysical Properties of Aqueous Sodium Chloride

Solutions, University of California, Los Angeles, Report No. 6k-21,

May 196k.





1.

2-31.

32.

33*
34.

35-
36.
37*
38.
39*
40.

4l.

42.

43-
44.

45*
46.

47-
48.

49.
50.

51.
52.

53.
54.
55-
56.
57*
58.

59*
60-61.

62-63.
64-66.

67.

69-73.
74.

75.
76.

77-
78.

79-
80,

81,

82.

123

Internal Distribution

s.

c.

F.

R.

D.

A.

R.

p#

D.

C.

M.

R.

H.

R.

H.

A.

C.

J.

H.

J.

L.

A.

M.

I.

D.

G.

R.

A.

E. Beall

C. Burwell

L. Culler

A. Ebel (K-25)
M. Eissenberg.

P. Fraas

P. Hammond

N. Haubenreich

M. Lang (K-25)
E. Larson (K-25)
I. Lundin

N. Lyon
G. MacPherson

E. MacPherson

McCurdy

Miller

Mothershed (K-25)
Moyers

Noritake (K-25)
A. Parsons (K-25).
P. Pasquier (K-25)

Perry
Skinner

Spiewak
B. Trauger
D. Whitman

Van Winkle

M. Weinberg

M.

J.

R. B. Winsbro (K-25)
G. Young

Central Research Library (CRL)
Y-12 Document Reference Section (DRS)
Laboratory Records Department (LRD)
Laboratory Records Department — Record Copy (LRD-RC)

External Distribution

R. L. Clark, Bechtel Corporation, San Francisco
F. C. Di Luzio, QSW, Washington
D. Gailen, Bechtel Corporation, San Francisco
Herbert S. Isbin, University of Minnesota
T. A. Johnston, General Atomic

Johnson, Bechtel Corporation, Los Angeles
Jones, University of Illinois
Mar, Boeing Company, Seattle
Mcllvain, Catalytic Construction Company
Nealon, Bechtel Corporation, San Francisco

W. N.

B. G.

Brian

D. R.

I. W.

P. M. Rapier, Bechtel Corporation, San Francisco



124

83-87. W.A. Williams, AEC, Washington
88. M. Zizza, Burns & Roe, Incorporated, New York

89-103. Division of Technical Information Extension (DTIE)
104. Research and Development Division, 0R0

105-106. Reactor Division, ORO


	image0001
	image0002

