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ABSTRACT 

Design an9 cost modifications were made to ORNL's Computer Programs MSF-

21 and VTE-21 originally developed for the rapid calculation and design 

optimization of multistage flash (MSF) and multieffect vertical tube 

evaporator (VTE) desalination plants. The modifications include addi­

tional design options to make possible the evaluation of desalting 

plants based on current technology (the original programs were based on 

conceptual designs applying advanced and not yet proven technological 

developments and design features) and new materials. and equipment costs 

updated to mid-1975. 



,.-

1. INTRODUCTION 

MSF-21 and VTE-21 are models of the multistage flash (MSF) and the 

vertical tube evaporator (VTE) processes developed at ORNL in the early 

1970s for rapid calculation and design optimizaton of desalination 

plants. These programs were originally developed as subprograms of an 

overall system of programs termed ECON-21 consisting of six parts and 

documented under ORNL-TM-3535. MSF-21 is Part V and VTE-21 is Part VI 

of this set of documents. 1 • 2 

MSF-21 and VTE-21 were not developed for the purpose of making detailed 

design computations and· therefore apply various computational C;tpproxi­

mations for more rapid calculation and overall design optimization. 

Thus the design computations of MSF plants are based on the first and 

last stages of each section (recovery and reject) and a typical middle 

recovery section. As a result of this procedure the program runs 

rapidly but does not give stage by stage parameters. 

The basic designs applied in these programs are ORNL's conceptual de­

signs3•4 of advanced 250 Mgd MSF and VTE desalting plants, applying 

novel design features such as large train sizes of 62.5 Mgd, concrete 

evaporator shells, two-level brine flow (MSF), and very long tubing 

extending through half of all recovery section stages of the MSF plant. 

Both programs comprise a number of subroutine which can be divided into 

four sections. 

1. 

2. 

A main section (MAINM and MAINV for MSF and VTE respectively) where 

initialization is made, the structural units of the plant are 

defined, and all relevant other subroutines are called. 

A design section comprising two subroutines, one for heat and mass 

balances (PLANTM and PLANTV for MSF and VTE respectively) and one 

for sizing of physical plant dimensions, equipment sizes, steam and 

electrical loads, and all other quantities which are necessary to 

compute the capital and product water costs (SIZEM and SIZEV for MSF 

and VTE r.espeeti.vely). 
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3. An economics section comprising three subroutines: (a) subroutine 

PRICES in which all unit equipment and materials costs for both the 

MSF and VTE are calculated, (b) subroutine FNANCE in which the 

overall economics parameters such as the fixed charge rate and the 

indirect capital cost component factors are calculated, and (c) a 

subroutine (COSTM and COSTV for MSF and VTE respectively) which 

finally calculates the capital and unit product water costs, based 

upon the values calculated in the two previous subroutines. 

4. An output section, in which all output is printed. 

The main purpose of the present modifications is twofold: to make 

possible the calculation and design optimigation of desalting plRnts 

based ·on current technology and smaller sizes (rather than plants in­

corporating unproven design features) and to update the cost functions 

to the prices prevailing in mid-1975. 

The design modifications made are mainly in the structural design and 

the design of the noncondensed gas removal (NCG) system and the feedwater 

pretreatment system. These modifications are described in Section 2, 

and the relevant changes ~n the Fortran statements of the programs are 

marked on the detailed· listings given in Appendices A to H. 

All costing modifications and updating are described in Section 3 and 

shown in the Fortran listing given in Appendices I toM. ·The changes 

made in the output subroutines are listed in Appendices N and 0. 

All notations used in this report are identical to those applied in the 

original programs documented in refs. 1 and 2. For ready understanding· 

of the modifications described here, :i.t fs therefore necessary to read 

this report along with the original documents describing the programs 

MSF-21 and VTE-21. 

10' 

.· 

• 
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2. CONCEPTUAL DESIGN MODIFICATIONS 

2.1 PLANT STRUCTURAL DESIGN 

2.1.1 MSF Plants 

General - In MSF plants the evaporator shell and foundation cost is one 

of the two largest cost components, contributing about 30% of the total 

direct capital cost. This is, of course, a function of the plant dimen­

sions which are· determined by applying certain design criteria. In a 

long tube design, with a given tubing surface area .(or performance 

ratio), the following factors affect the evaporator dimensions and.total 

volume: 

1. the maximum allowable mass flow per evaporator width (lb hr- 1 ft- 1), 

2. tube velocity and tube diameter, 

3. maximum length of tubing or number of water boxes, and 

4. evaporator height determined by the freeboard between the tube 

bundle and the evaporator floor and the geometric shape of the 

tube bundle. 

While the first two factors can be varied by applying appropriate input 

values in the MSF-21 code, the later two factors were fixed in accor­

dance with the criteria applied in ORNL's 250 Mgd MSF conceptual design. 

In order to make the computer program more applicable to current design 

practice as well as to plant sizes much smaller than the 250 Mgd con­

ceptual design, additional design options have been added. 

Tuhe Bundle Design and Height of Evaporator Shell 

The height of the MSF shell of the recovery section (HERC0V) and the 

reject section (HREJCT) is calculated by the original MSF-21 program as 

the sum of built-in values for the height of the tube bundle above the 

evaporator floor and the calculated height of the tubesheet. The latter 

is calculated by adding 0.5 ft to the height of the tube bundle (HBNDLE). 
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HBNDLE was calculated by assuming an elliptical tube bundle having a 

width (WBUNDL) equal to the width of the product tray less 0.5 ft. 

This procedure was modified to allow a design with a specified geometric 

shape of the tube bundle. The new procedure is as follows: 

WBUNDL· = (XT(l26)*APTSE1)**.5 , 

where APTSEl is the calculated tube bundle area and XT(l26) an input 

value defining the ratio WBUNDL/HBNDLE. APTSEl is calculated by: 

APTSEl ~ XT(l27)*ARTUBE , 

where ARTUBE is the area required to place the tubes at a defined pitch 

and XT(l27) an input value >1 for allowances of additional area for non­

condensable gas removal openings or baffles. 

As for the height of tube bundle above the evaporator floor, the built­

in fixed value has been replaced by an input parameter XT(l20) for the 

recovery section and XT(l29) for the reject section. 

For a design specifying a number of brine flow levels in the evaporator 

(LEV), the additional height for each additional flow level was specified 

by built-in values. These values were replaced by XT(l2i) and XT(ll~) 

for the recovery and reject section respectively. 

MSF Evaporator Width - 'fhe outside wiuLlt a~ the. hot end (WHOT) and at 

the cold end (WCOLD) were originally calculated by adding built-in 

values for the thickness of the external and internal walls to the 

internal evaporator wi~th, calculated according to the allowable brine 

flow per width of the brine tray. The built-in values which were 

adequate for only a concrete evaporator shell were replaced by the 
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following additional input parameters: 

XT(l22) = External wall thickness at the cold end of the 
·'il evaporator, ft 

.. 

XT(l23) = Internal wall thickness, ft 

XT(l29) = Ratio of exte~nal wall thickness at the hot end 
to that at the cold end. This parameter is only 
applicable for a concrete evaporator shell. 

Variation of Tube Length - This design variable affects the number of 

water boxes (and tube sheets) and, therefore, the total length of the 

evaporator, and consequently, the total pressure drop through the 

recovery stages (recycle brine) and the reject stages (makeup + reject 

flow). The maximum tube length is defined by a new input variable 

XT(200) and is applied to.calculate the following: 

a. Number of tube bundles in recovery section (ENRSS)~ ENRSS = 
ELE/XT(200) + 1 (truncated to an integer), where ELE is the 

total length of the tubes in the recovery section. 

b. Total length (in ft) of recovery section (RECOLN). RECOLN 

ELE + (ENRSS-1)*9.667 + 20.0. 

c. Required head of recycle pump. To the previous function 

calculating this value, the additional pressure drop 

(ENRSS-l)*VHLR in the water boxes has been added; VHLR 

is the head loss per water box calculated by: 

X0(204)*.0155*VE*VE, where VE is the tube velocity 

and X0(204) an input parameter defining the number 

of velocity head losses in each water box. 

The same variations have been made also for the reject section. All of 

the relevant Fortran statements are included in subroutine SIZEM. A 

full listing of this subroutine, indicating the new statements by 

asterisks, is given in Appendix E. 
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Structural Units of the Plant - In the original MSF-21 code the main 

structural units are defined according to the following criteria: 

1. Number of tube bundles (BNDLS): BNDLS = FF/12.5 + .5 (truncated 

to an integer), where FF is the desalting plant capacity in Mgd. 

2. Number of modules (MODU): MODU = 0.5*BNDLS. This implies that 

each repetitive structural unit or module contains two tube bundles. 

Half-modules containing only one tube bundle are also allowed 

whenever the BNDLS is an odd number. 

3. Number of trains (TRAINS). TRAINS is computed so that each train · 

contains a maximum of 2-1/2 modules but must not be smaller than a 

certain minimum defined by an input value (X¢(u3)), Each train hae: 

enclosing walls and a set of pumps, a brine heater, and a deaerator. 

4. Number of buildings (BLDGS). A building is defined as a separate 

structure with its own external walls and.contains two trains. 

(Whenever TRAINS is an odd number, one of the buildings contains 

only one train.) 

In order to make the program more flexible and allow it to compute 

specified designs (such as, for example given, BLDGS = TRAINS = M0DU 

BNDLS), the following modifications were made in subroutine MAINM 

(Appendix A): 

BNDLS 

M(DDU 

TRAINS 

BLDGS 

X0(208)*X0(43) 

BNDLS/X(D(209) 

X0(43) 

TRAINS/X(D(210) 

By assigning appropriate values to the input parameters X0(43), X0(208), 

X0(209) and X0(210), a design having one bundle per module, one module 

per train, and one train per building can be specif·ied. Half-modules 

and half-trains, however, cannot be specified. For a design o~ .two 

trains per building and/or two modules per train, X0(43) must be an even 

number. For a design of three trains per building and/or three modules 
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per train, X0(43) must be a multiple of 3, and so on. Basically, the 

above modifications require that the user predefine the design layout of 

the main structural units, if a design other than that defined by 

BNDLS = M0DU ~ TRAINS • BLDGS is desired. 

2.1.2 VTE Plants 

Structural Units of the Plant - VTE-21 defines the number of buildings, 

trains, and tube bundles similar to that defined in MSF-21. However, 

there is no definition of a module; but a train may contain, like a 

module in MSF-21, one or two tube bundles. The number of tube bundles 

is calculated as the nearest lower integer of FF/62.5 + .5. 

In the modified VTE-21 program, BUNDLS, TRAINS and BLDGS are defined 

with the same set of input parameters as in MSF-21. The relevant Fortran 

statements in subroutine MAINV, shown in Appendix B, are marked by 

asterisks., 

VTE-21 fits the VTE effects into a trapezoidal shell, in accordance with 

the proposed design layout defined in the 250 Mgd Conceptual Design. 4 

The total length of the plant is calculated by adding the final condenser 

shell with (LC0N) to the calculated length of all VTE effects. The 

condenser tubes, calculated as a function of the heat load and the 

tubing parameters, are placed in the trapezoidal shell, containing the 

VTE effects, right after the last effect. If the width of. the shell at 

the cold end is less than the calculated length of the condenser, the 

shell width at the cold end is enlarged accordingly. This layout, quite 

appropriat~ for large capacity trains, is not suitable for small capacity 

plants, or even for large plants composed of trains having 12.5 Mgd 

capacity. It was modified to contain a multiple-pass condenser having a 

length equal to the required width of the last VTE eHect. This design 

will require a two-pass horizont·al condenser for train sizes of 10 Mgd, 

or larger, and a three~pass horizontal or vertical.condenser for train 

sizes smaller than 10 Mgd. The relevant new Fortran statements included 

in subroutine SIZEV are shown in Appendix F. 
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Preheater Design - The modifications concerning tube length, tube bundle 

design, and height of the preheater, identical to those made in the 

MSF-21 code, were also made in the MSF preheater section of the VTE-21 

code. These modifications are included in subroutine SIZEV listed in 

Appendix F. 

Change in Design Parameters - For parametric studies it is desirable to 

be able to specify the maximum brine concentration and the condenser 

temperature as part of the input data. VTE-21 was originally written to 

use heat rate and feed rate factors (QEFAC and FDFAC respectively) 

rather than the quantities above, so as to avoid certain iterative 

calculations. The program has now been modifed so that the desired 

values of maximum brine concentration and of condenser temperature are 

the input parameters XT(lSl) and XT(l52). Subroutine PLANTV has been 

modified so that FDFAC and QEFAC are changed iteratively until the 

desired values of condenser temperature and maximum concentration are 

obtained. This thwarts the original intent to make the program run 

rapidly. In both cases Newton's method is used, and satisfactory con­

vergence is normally achieved in fewer than six iterations. The modi­

fications are included in subroutine PLANTV ·listed in Appendix D. 

Newton's method came from differentiating the equations defining QN0M 

and QESP in the case of QEFAC; and WFX and HEN0~1 in the ca:se uf FDFAC. 

2.2 FEEDWATER PRETREATMENT SYSTEM 

TI1e computer programs MSF-21 and VTE-21 considered the consumption of 

the following chemicals: 

a. sulfuric acid (93% H2S04) 

b. caustic (NaOH) 

c. antifoam 

d. chlorine 

The equipment cost of the sulfuric acid system is calculated (in sub­

routine PRICES) as a function of the daily consumption, which in turn is 

calculated as a ·function of the plant capacity, concentration ratio and 

... 
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total seawater salinity in subroutines SIZEM (MSF-21) and SIZEV (VTE-21). 

The equipment cost for the injection of the other chemicals is calcu­

lated as a function of the plant capacity, only . 

The consumption of chemicals other than sulfuric acid is not calculated 

directly, but the .annual cost for these chemicals is evaluated by using 

several input parameters, defining the specific cost per unit of water 

treated (see Section 3.4). 

In the modified programs, the same systems are·used·for acid treated 

plant designs. The only exception is the addition of sodium sulfite for 

scavenging residual oxygen. It was assumed that this chemical will be 

injected by tne antifoam injection pumps. 

In order to make it possible to evaluate nonacid (polyphosphate or other 

additives) treated plants, the following modifications were made: 

1. A selector switch NFEED has been incorporated. If NFEED = 1, acid 

treated plants are evaluated. If NFEED = 2, a threshold pretreat­

ment system is evaluated. 

2. An input parameter X0(207) defining the specific consumption of 

polyphosphates (or other additives) has been added. 

For NFEED 2; the daily consumption of polyphosphate is calculated by: 

where 

TNACDY 12 x 10-9 x X0(207) x (WP + WB) , 

TNACDY daily consumption of polyphosphate or acid (if NFEED 

tons/day 

X0(207) • specific consumption of polyphosphate, ppm 

WP product water flow rate, lb/hr 

WB blowdown flow rate, lb/hr 

1) , 
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The relevant Fortran statements in subroutine SIZEM and SIZEV are in­

dicated in Appendices E and F respectively. 

2.3 NONCONDENSABLE GAS (NCG) REMOVAL SYSTEM 

The original computer programs determined the energy consumption of the 

deaerator steam-ejector system applied in the 250 Mgd conceptual designs 

with the aid of an empirical curve. This curve was fitted to express 

the mechanical power required to pump the off-gas from acid treated 

seawater, saturated with air, from the deaerator vacuum to atmospheric 

pressure. This calculated mechanical power was then added to the pumping 

power consumption of the desalting plant used to calculate the cost of 

electrical power consumption. 

In the modified programs the equivalent electric power consumption was 

replaced by the actual motive steam consumption of a two-stage steam-jet 

air ejector operated by saturated steam at a pressure of 100 psig. 

For a specified ejector operation at a given suction pressure, the 

ejector steam consumption was assumed to be proportional to the total 

NCG load, which is calculated as a function of the following three 

parameters: 

a.~· NCG concentration (ppm) in the makeup stream entering the deaerator, 

b. total makeup flow rate, and 

c. air inleakage into all vessels held under vacuum (deaerator and 

part of the evaporator stages or effects.) 

The total makeup flow rate is calculated for each case as a function of 

the blowdown concentration ratio and, for the other two parameters, 

input values are applied. 

Different input parameters were allocated for the acid and the threshold 

(i.e. polyphosphate or other additive) systems. For each of them, one 

variable defines the ai; :i,.nleakage (lb/hr) per evaporator train and a 

second variable defines the NCG concentration in the makeup water. 
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The plants applying threshold pretreatment obviously have a larger 

sea water makeup and a considerable larger amount of C02 will therefore 

be released in the evaporator. 

The NCG load and the steam consumption is now calculated in subrout.ines 

SIZEM (MSF) and SIZEV (VTE) by the following equations: 

for acid treated plant (NFEED = 1) -

X0(205) = X0(200)*TRAINS + X0(20l)*(WP + WB) , and 

for threshold pretreatment (NFEED = 2) -

where 

X0(205) = X0(202)*TRAINS*X0(203)*(WP + WB) 

X0(205) = total NCG load, lb/hr 

X0(200) 

X0(202) 

X0(201) 

xo (203) 

inleakage per train, lb/hr (in acid treated plants) 

same as X0(200), but for threshold pretreatment 

NCG concentration in makeup of acid treated plants, ppm 

same as X0(201), but for threshold pretreatment 

WP = total product water flow rate, lb/hr 

·WB total blowdown flow rate, lb/hr. 

The total steam consumption is calculated by: 

X0(206) 9.6 X 10- 3 X0(205) [106 Btu/hr] • 

2.4 LISTING OF ADDITIONAL INPUT AND CALCULATED DESIGN VARIABLES 

X0(200) = Air inleakage per evaporator train - acid treated plants, 

lb/hr 

X0(201) = NCG concentration in makeup of acid treated plants, ppm 

X0(202) = Air inleakage per evaporator train- nonphosphate treated 

plants. 11>/J:tr 
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X0(203) NCG concentration in makeup of phosphate treated plants, ppm 

X0(204) = Number of velocity head losses per water box 

X0(205) 

X0(206) 

X0(207) 

Total calculated NCG load, lb/hr 

Total calculated ejector steam consumption, 10 6 Btu/hr 

Specific consumption of polyphosphates (or other additives), 

ppm in makeup 

X0(208) = Number of tube bundles per evaporator train 

X0(209) = Number of tube bundles per evaporator module 

X0(210) = Number of evaporator trains per building 

XT(l20) Height of recovery stages tube bundles above the evaporator 

floor, ft 

XT(l21) = Additional height of recovery stages for each additional brine 

flow level (LEV> 1), ft 

XT(l22) 

XT(l23) 

External wall thickness at the cold end of the evaporator, ft 

Internal wall thickness, ft 

XT(l24) = Ratio of external wall thickness at the hot end to that at 

the cold end (only applicable for concrete shells) 

XT(l25) Additional height of reject stages for each additional brine 

flow level (LEV> 1), ft 

XT(l26) = Ratio of tube bundle width to height 

XT(l27) 

XT(200) 

Ratio of total tube sheet area to area calculated to contain 

tubes only 

Maximum length of MSF tubing, ft 

2.5 ADDITIONS TO GLOSSARY 

A glossary of Fortran variables added to program MSF-21 or VTE-21 by the 

changes described above is given here. 
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APTSH = Tube sheet area of brine heater, ft 2 

C~NPAS Number of flow passes in final condenser 

ENRJS = Number of applied tube lengths in reject stages 

ENRSS Number of appli~d tube lengths in recovery or preheater stages 

ENRSSH = Number.of applied tube lengths in hot section of recovery 

stages (concrete design only) 

LPHE 

NFEED 

NFHS 

Total length of preheater tubing, ft 

Selector switch defining pretreatment method 

ENRSS 

NRJS = ENRJS 

NRSS = ENRSS 

NRSSH = ENRSSH 

VHLR = Calculated head loss in recovery water box, psi· 

VHLRJ 

VHLRS 

Calculated head loss in reject water box, psi 

Calculated head loss in preheater water box, psi 
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3. COST UPDATING AND OTHER COSTING MODIFICATIONS 

3.1 GENERAL 

All cost functions originally applied in the MSF-21 and VTE-21 computer 

programs were based on 1967 prices and, as already discussed, on the 

technology of large and advanced 250 Mgd conceptual designs. These 

functions were partially replaced by other cost functions and/or updated 

to mid-1975 prices by applying escalators based on commonly used cost 

indices. Indices published by the Bureau of Reclamation, Chemical 

EngineeringJ and the Engineering News-Record were applied. for various 

equipment components detailed in the next subsection. For energy and 

operating materials costs, the computer programs have input variables so 

that any price levels can be applied. However, since some additional 

·energy and materials consumptions were incorporated in the design modi­

fication, several new cost functions had to be added. All modified cost 

functions included in subroutines PRICES, COSTM and COSTV (Appendices I, 

J, and K) are marked by an asterisk, and all applied escalators are 

summarized in Table 1. All modified and new cost factors are also 

defined in a new subroutine (subroutine TITLER given in Appendix M). 

3.2 MODIFICATIONS AND UPDATING OF DIRECT CAPITAL COST COMPONENTS 

The following direct capital components are evaluated in ·the MSF-21 and 

VTE-21 computer programs: 

(1) Condensing Surface 

(2) Evaporator Shell and Foundation 

(3) Brine Heater 

(4) Final Condenser (VTE only) 

(5) Valves and Piping 

(6) Seawater Intake and Outfall 

(7) Pumps and Motors 

(8) Instrumentation 

(9) Elec·trical Equipment 

(10) Chemical Plant Equipment (Chemicals Injection Systems) 
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Table 1. Summary of escalators used for direct capital cost 
updating to mid-1975 prices 

I. Unit costs common to MSF and VTE 

Steel shell, $/ft2 

Excavation, $/ft3 

Demisters, $/ft2 

Weirs, $/ ft2 

Pump motors, $/hp • 

Auxiliary pumps and drivers, $/Mgd 

Submarine line, $/gpm 

Valves, $/gpm 

Plant piping and fittings, $/Mgd 

Train piping and fittings, $/Train 

Brine heater piping and fittings, 
$/gpm 

Vent piping and fittings, $/gpm 

Brine heater (BH) shell, $/ft2 

BH tube sheets, $ 

BH tube sheet hole drilling, 
$/hole 

BH tube sheet installation, $/ft2 

BH tubing_ installation, .$/ft 

BH tube rolling, $/hole 

· MSF tube sheets, $/ft2 

-Hole drilling, S/hole 

Installing MSF tube sheets, $/ft2 

Installing MSF tubing, $/ft 

Rolling MSF tubing·, $/tube 

II. Unit costs common to MSF only 

Pumps , $I gpm 

Pump pits, $/gpm 

Ill. Unit costs common to VTE only 

VE tube sheets,· $/ft2 

VE hole drilling + rolling, $/hole 

Installing VE tubes, $/tube 

VE bundle in~tallation, $/bundle 

Installing preheater tubing, $/ft 

Horizontal tube sheets, $/ft2 

Hole drilling, $/hole 

Installing horizontal tube sheets, 
$/ft2 

Rolling horizontal tubes, $/t~be 

Pumps, $/gpm 

Pump pits, $/gpm 

Effect piping, $/effect 

XC 
multiplier 

9 

11 

12 

lJ 

16 

17 

20 

23 

24 

25 

26 

27 

40 

215 

216 

217 

218 

219 

3 

4 

5 

6 

7 

15 

18 

64 

65 

66 

67 

69 

70 

71 

7~ 

73 

128 

130 

132 

Escalator 

1.988 

1. 880 

1. 760 

J.l8U 

1.681 

1. 9i2' 

1.850 

1. 912 

1. 912 

1. 912 

1. 912 

1. 912 

1. 988 

1.590 

1. 460 

2.000 

2.000 

1. 460 

1.590 

1.460 

2.000 

2.000 

1. 460 

1.880 

1.900 

1.590 

.1.460 

2.00G 

2.000. 

2.000 

1. 590 

1.460 

2.000 

1. 460 

1. 880 

1.900 

1. 912 

Reference index 
or other basis 

CE + 25% 

BuRec 

Quotations (40%) + ENR 
skilled labor (60%) 

CE + 100% 

CE 

CE 

BuRec 

CE 

CE 

CE 

CE 

CE 

CE + 25% 

CE (labor+ materials)· 

CE (erection + instal. labor) 

ENR (skilled labor) 

ENR (skilled labor) 

CE (erection + instal. labor) 

CE (labor + materials) 

·CE (erection + instal. labor) 

ENR (skilled labor) 

ENR (skilled labor) 

CE (erection + instal. labor) 

CE 

BuRec 

CE 

CE 

ENR 

ENR 

ENR 

CE 

CE 

ENR 

CE 

CE 

BuRec 

CE 
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(11) Noncondensable Gas (NCG) Removal Systems 

(12) Site Preparation, Including Buildings and Cranes. 

The cost updating and/or modifications made for the above listed direct 

capital cost components were as follows: 

1. Condensing Surface 

The cost of this component was composed of tubing surface material 

cost, which is evaluated as a function of tubing size and material, 

tube bundle fabrication and installation costs based on cost 

functions for: 

(a) tube sheet material and fabrication, 

(b) hole drilling and tube rolling, 

(c) tube sheet installation, and 

(d) installation of tubing. 

The cost functions for uninstalled tubing surface material were 

deleted; and, presently, the program applies input values expressing 

these surface costs in $/ft2 for every defined tubing surface. 

For VTE an additional cost for tube nozzles has been added. The 

built-in cost is $2 per nozzle. This cost can be varied by the 

XC cost multiplier XC(220). 

The tube bundle fabrication and installation cost functions were 

updated to mid-1975 costs by applying the following escalators: 

(a) Tube sheet fabrication - Chemical Engineering (CE) Index for 

erection and installation labor. 

(b) Hole drilling and tube rolling- same as (a). 

(c) Tube sheet installation - Engineering News-Reaord (ENR) Index 

for skilled labor. 

(d) Tube installation- same as (c). 
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The basic difference between the CE and the ENR index computation 
., 

method is that CE assumes .gradual increase in productivity, and 

the resulting indices are therefore substantially lower than the 

ENR indices. Therefore, CE indices were applied only for work 

performed with the aid of machinery while ENR indices were applied 

for work where machinery is unlikely to be applied. 

2. Evaporator Shell and.Foundation. 

The following were included in c~lculating the capital cost of 

these items: 

(a) all steel parts of the evaporator shell including brine and 

product trays, and a phenolic coating of internal steel areas, 

·(b) excavation proportional to the evaporator floor area, 

(c) demisters and miscellaneous small "shell items, 

(d) brine flow weirs. 

Each of the above components.· could be updated by applying esca­

lators. For the ·steel work the CE index for buildings (materials 

and labor) was selected. The change from 1967 to mid-1975 of this 

index amounted to approximately 59%. This escalator would be 

suitable for the same design criteria applied in the original 

programs. However, as the phenolic coating was partially replaced 

by stainless steel (brine chambers) and copper-nickel (water 

boxes) linings, and the product trays were ·also assumed to be 

made of stainless steel, an additional cost increase factor had 

to be applied. 

The effect of replacing only the phenolic coating was found to 

increase the cost of the steel work for a 12.5 Mgd size evaporator 

by about 15 to 20%. The escalator for the steel work was therefore 

increased by an additional 25%. 
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The cost escalator for the demisters was based on recently obtained 

quotations for stainless steel demisters and the ENR escalator for 

skilled labor. 

The escalator for excavation was based on the index published by 

the Bureau of Reclamation. 

The cost of the brine flow weirs was escalated according to the CE 

index for the steel work plus an additional 100% for replacing 

the phenolic coated steel by stainless steel. 

3. Brine Heater 

The brine heater cost was calculated by adding the cost of the 

shell and the cost of the installed heat transfer surface. The 

latter was estimated to be 143% of the tubing material cost. This 

estimate has been replaced by incorporating the cost functions 

applied for evaporator tube bundle fabrication and installation. 

The same escalators applied for the evaporator (condensing surface 

and shell cost) were also applied for the brine heater. 

4. Final Condenser (VTE) 

The appropriate shell cost and condensing surface cost applied for 

the evaporator were also used for the final cc;mdenser. 

5. Valves and Piping 

The CE index for pipe, valves, and fittings was applied for 

escalating the cost of this item. 

6. Seawater Intake and Outfall 

The Bureau of Reclamation's index for concrete pipelines was used 

to escalate this item. 
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7. Pumps and Motors : 

The CE indices for pumps and compressors and for electrical equip­

ment and materials were used to escalate the cost of the pumps 

and the motors. The cost of pump pits was escalated by the Bureau 

of Reclamation's index for structures of pumping plants. 

8. Instrumentation 

The original programs applied the following cost function for the 

desalting plant unit instrumentation cost (UCI) in $/gpd. 

UCI(ff) = [2.29625 - 2.28269. exp (-.0076527*FF)]/FF , 

where FF is the desalting plant capacity in Mgd. 

Using this function and applying CE's index for'process·i~strumen­

tation, the cost for a 100-Mgd plant is calculated to be approxi­

.mately $2.4 x 106 , and for a 10-Mgd plant approximately $285,000. 

This function did not take into account the subdivision of the 

plant into several i~dependen~ly operating trains. Obviously, 

this, as well as the degree of automation incorporated, should be 

considered. For the time being, until a better cost function is 

obtained, UCI was replaced by: 

UCI(FF,TRAINS) ='400,000 '(FF/TRAINS/10)0·3l74*TRAINS/FF. 

For VTE plants an additional cost [set by the input variable 

XC(221)] proportional to the riumber of effects has been included. 

9. Electrical Equipment 

The original function was. found t.o yield too low a cost for small 

units and was therefore replaced by a new function based on $100/kW 

for a four-train plant with a total electrical power capacity of 

40 MW. It has been assumed that 75% of this C9St will be affected 



20 

by the number of trains. As with the original function, a scale 

factor of 0.8 has been applied. The resulting function is 

UCED(PMW,TRAINS) = [7.5 x 105 x (PW/TRAINS/~0)0.8 

+ 106 x (PMW/40) 0•8]/PMW , 

where 

UCEDK = the cost in $/MW, and 

PMW = electrical power capacity in MW . 

The bases for this function were the escalated cost for the 250 . 

Mgd VTE conceptual design4 and the escalated cost for the 2.5 Mgd 

Universal Design.s 

10. Chemical Plant Equipment 

The cost functions for acid and caustic dispensing systems, as well 

as all other treatment systems originally applied in the programs, 

were escalated by using the CE index for chemical plant costs. Some 

of these functions were rearranged to modify some reference values, 

but without changing the originally applied scale factors. 

11. NCG Removal System 

This system is composed of the deaerator, the decarbonator, and the 

steam-jet air ~jectors. Since the design of this system has been 

basically modified (see Section 2.3),· new cost functions had to be 

applied. The bases for the deaerator and decarbonator were the 

costs applied in the 2.~ Mgd Universal Design 5 escalated to mid-

1975 prices by applying the CE index for chemical plants. 

The costs for the deaerator and decarbonator were correlated with 

the feedwater flow by applying a scale factor of 0.7. 
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The basis for the steam-jet air ejectors wa.s Union Carbide cost 

data·correlated to the NCG load. 

12. Site Preparations, Buildings, and Cranes 

The original programs correlated the costs of this component to . . . 

$/acre for site preparation and total plant capacity for buildings 

and cranes. The resulting figures obtained with these functions 

escalated with the ENR Building Cost Index seemed mu.ch too low in 

comparison with current estimates. These costs were therefore 

modified by using only the original site preparation cost function 

plus a general function for site development, including buildings, 

presented in the OSW Desalting Handbook for Planners. 6 The assump­

tion has been made that the cost for site development given by the 

Office of Saline Water (OSW) did not include an allowance for site 

preparation. Therefore the original site preparation function, 

·suitably escalated, is used in conjunction with. the OSW estimate 

to obtain the.total site cost • 

.3. 3 MODIFICATIONS IN ESTIMATING ·INDIRECT CAPITAL COST COMPONENTS 

All indirect capital cost components are evaluated in Subroutine FNANCE 

(App~n.dix L). Originally the following components were ev.aluatecl: 

(1) overhead for design and supervision, 

(2) interest during construction, 

(3) owners cost for training and startup, 

(4) 

(5) 

unusual construction cost, and . . 
contingency, 

In the modified subroutine FNANCE, the.first three indirect capital cost 

components were not changed, but. the "unusual construction costs" were 

assumed to be included in contingency. The current built-in factor for 

contingency is ~5% but can be varied to any desireq value by the input 

multiplication factor XC (62). A new factor expressing esc.alation during 

construction has been added to the original indirect cost compon~nt. 
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The calculation of the factor was based on similar assumptions to those 

made for estimating interest during construction. The built-in value 

for annual escalation rate is 8%. This rate can be changed by inserting 

any desired multiplication factor to the input variable XC(56). 

3.4 MODIFICATIONS IN OPERATING COST COMPONENTS 

The following components were included in the costing subroutines PRICES, 

COSTM, and COSTV: 

(1) process heat cost, 

(2) operation and maintenance labor cost, 

(3) cost of chemicals, 

(4) electrical power cost, and 

(5) cost of supplies and maintenance materials. 

As already mentioned in Section 2.3, the energy consumption for the 

removal of noncondensable gases was expressed as equivalent electrical 

power consumption and was therefore included in the power cost. Cur­

rently, the heat consumption of steam-jet air ej~ctors is evaluated as a 

separate cost component as a function of the actual heat consumption, 

and the specified unit heat cost (appropriate to the thermodynamic 

parameters of the applied ejector steam) in the new input variable 

XC(210). 

The modifications to the originally computed operating cost components 

included the following: 

1. Process Heat Costs --·-·····-.. ·· -··· " .. " ..... 

Originally, these costs were evaluated by use of two allocated costs, 

one for nuclear and one for conventional plants. Currently, the 

unit heat costs are calculated as a function of the process steam 

temperature. This function was derived by using current costs for 

a 1000 MW(e) dual-purpose pressurized water reactor and fuel cycle 

costs based on WASH-1174, UC-2. 
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2. Operation and Maintenance Labor Cost 

This component was modified based on the following assumption~: 

(a) A.lOO~Mgd plant will require a total O&M staff of 56 (38 

operational and 18 maintenance). 

(b) The average man-year cost = $16,000. 

(c) The total overhead for general and administration 40%. 

'(d) The· scale factor for total O&M cost= 0.5. 

3. Cost of Chemicals 

The costs for consumption of chemicals were modified on the basis 

of the current unit costs and the specific consumptions· listed in 

Table 2. 

3.5 MODIFICATION OF ANNUAL FIXED CHARGE RATE AND PLANT 
OPERATING FACTOR 

The cost functions used to evaluate the annual fixed charge rate are 

included in Subrou.tine FNANCE. The built-in values used in this function 

and the value of the plant operating facto·r were modified. The current 

built-in values are listed in Table 3. 



Table 2. Summary of original and new input values used for the evaluation of operating costs 

Operating cost component 

I. Energy cost 

Nuclear process heat cost, $/106 Btu 

Fossil plant process he~t cost, 
$/106 Btu 

Ejector heat cost, $/lOE Btu 

Nuclear electrical power cost, $/kWhr 

Fossil plant electrical power cost, 
$/kWhr 

II. Operation and maintenance labor 

III. Supplies and maintenance materials 

IV. Unit costs of chemicals 

Sulfuric acid (93% H2SOlf:), $/ton 

Chlorine, $/lb seawater intake 

Caustic + sodium sulfite, $/lb makeup 
water 

Antifoam, $/lb makeup 

Polyphosphate (or equivalent), $/to~ 

XC 
multiplier 

45 

46 

210 

54 

55 

57 

58 

48 

50 

51 

52 

48 

Built-in 
value 

0.70 

0.020 

0.025 

0.007 

31.0 

2.64 X 10-7 

8. 5 X 10- 7 

7.05 X 10-7 

3000 

Remarks 

New function 

Fun·:::tion not available 

For 100 psig nuclear steam 

New function 

Pro?ortional to total capital 
cost 

Consumption evaluated 

Based on 3 ppm and $176/ton 

Based on 10 ppm caustic at 
$170/ton + 2 ppm sulfite 
a;: $305/ton 

Based on 0.5 ppm at $1600/ton 

Onl:r for NFEED = 2 

N 
~ 
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Table 3. Input variables for plant operating factor 
and evaluation of annual fixed charge rate 

I~ ·Plant operating factor, % 

II. Fixed charge rate components: 

Interest rate 

Taxes + insurances 

Desalting plant life, years 

XO value or 
XC multiplier 

X0(38) 

XC(60) 

XC(61) 

X0(33) 

Built-in 
value 

0.85 

0.10 

0.01 

30.0 
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APPENDIX A 

CHANGtS MADE IN SU13ROUf1Nt 

SlJt!ROUT INE ~AINM(ffF,IUPT,lOUT,CH20,CAPITLI 

IMPLICIT REAL*81A-H,U-l) 

DUUtRl PRECISION MODU 
DOUBLE PRECISION LEV,LF<! 
' 

COMMON/HLOC,.2/ P, Q, AH, 
1 AR, FF, GE, GH, 
2 Pa, PC, QX(51, .RP, 
3 SR, TK, vE, VH, 
4 AHE, ATN, HPXISI, CCF, 
5 HNH, HOH, OMXI51, PHE, 
6 RSH, RSR, TC1, THF, 
1 TME, TPE, UEX (51, UMEt 
a HKTI::, BI<TH, HKTR, DTLSISI, 

'9 HOEXI51, f400Ut ROH, ROE2t 
+ CAP 11, HEAOE, HEAOH, HEADRt 
A POPRO, SUBEXISI, WCCLO, WMOOC, 
H CSLTHH, CSLTBP, HOlLEN, HRECOVt 
c VAPSPc, WPRTRY, POREC. 

COMMON/C0Mt-4AH/ AJ, cs, co, 
1 HH, PI' PO, Ti)f 
2 TS, WH, Wft wo, 
3 AXJ, HBL, HPR, LE:V, 
4 ENBH, GPMH, GPMD, GPMH, 
5 GPMR, HOEA, RPMB, RPMO, 
6 RPIIR, TSTH, WHOTt YEAR, 
1 HLDGS, BNDLS, HOLES, HPBLU, 
8 HPPRO, HPREC, PLPKO, PLSEA, 
9 ACNCFL, ACNCIW, ACNCPH, ACNCRF, 
+ ASTLEW, ASTLFL, ASTLIWt ASTLPH, 
A AWE IRS, HHSURF, DINTAK, EN IT SE, 
8 ENSUPR, P IPELN, PLSZMG, REJLEN, 
c TNACOY, TRAINS, TSARt:A, VOLCNC, 

COP'!MUN/SHARE/ I FlIP ,I SPOT 
CCHMON/BLOC12/ XT 

·coMMON/BLOC 13/ xo 
CCMIION/IWOEX/INCI401 
COMMON/TAPE/ LTAPE2 

DIMENSION X08140),XL8140I,XHHI401 
DIMENSION XTI300I,XOI30GI 
EXTERNAL PLANTM 

CALL IIIM~IlZX,JlXI 
DATA PROC/'MSf'/ 
10 = -2 
fF = FFF 
(fliP = 1 
TSTI1 = XOI 1'51 
UOEPH = X01181 
HI<TH XOI191 
bKTE = XOI201 
&KTR = XOI211 
RSH = XTI1011 
RSE = XTI1021 
RSR = XT 11031 
SH XO 122 I 
SE ·= XOI231 
SR XOI241 
HO X0(281 
IH! = XOI291 
Hal= XOI301 
WPL = XOI33 I 
CSLTBP XCI341 
CSLTHH = XOI351. 

MAINM 

AK, 
GA, 
sE. 
VA, 

HIH, 
PU3, 

TKXI51, 
UMH, 

HEX ISle 
APTSEe 
POtiLO, 
WMOOH, 

HREJCTt 

CP, 
TO, 
WP, 

LF2, 
GPMO, 
RPMM,. 

ACRES, 
HPOEA, 
PODEA, 

ACNCTR, 
ASTLRF, 
ENPIPE, 
STLLEN, 
VOLSTL, 

PR· 
PR 
PR 
PR 
PR 
PR 

AN,PR 
HU;,PR 
SH~PR 
WC,PR 

HLH,PR 
RSE,PR 
TMC,PR 
Wfl,PR 

HIE X 1151, PR 
6DEPH,PR 
PDDEL,PR 

BHSHEL,PR 
RECOLNtttR 

CAt 
TP, 
WR, 

TCF, 
GPMP,. 
RPMP, 

8HVOL, 
HPOElt 

ACNCEW, 
AEXCAV, 
ASTLTRt 
ENSUPEt 
STLTMP, 
WOCEAN 

PR 
PR 
PR 
PR 
PR 
PR 
PR 
PR 
PR 
PR 
PR 
PR 
PR 
PR 
PR 
PR 
PR 
PR 
PR 
PR 
PR 
PR 
PR 
PR 
PR 
PR 
PR 
PR 
.PR 
PR 
PR 
PR 
PR 
PR 
PR 
PR 
PR 
PR 
PR 
PR 
PR 
PR 
PR 
PR 
PR 
PR 
PR 

15580 
15590 
15600 
15610 
15620 
15630 
15640 
15650 
15660 
15670 
15680 
15690 
15700 
15110 
15720 
15130 
15740 
15750 
15760 
15170 
15780 
15790 
15800 
15810 
15820 
15830 
15840 
15850 
15860 
15870 
15880 
15890 
15900 
15910 
15920 
15930 
15940 
15950 
15960 
15970 
15980 
15990 
16000 
16010 
16020 
16030 
16040 
16050 
16060 
16070 
16080 
16090 
16100 
16110 
16120 
1ta 130 
16140 
16150 
16160 
16170 
16180 
16190 
16200 
16210 
16220 
16230 
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co = )(01361 
CP = XOIHI 
Lf2 = X£)1381 
TS = XOI391 
TO = XOI4CI 
THf = XC 1411 
YtAR = XOI191 
STLTMP= XOI831 
VCLSTL"'C.DO 
VCLCNC=O.O(J 
PIPELN = XUI81l 
PLSZMG "' Ff 
~NOLS=X012C81 *XOI431 
IFIXOI209I.GT.2.001 STOP 209 
MODU=HNOLS/XOC2091 
T~A INS=XO(It31 
~LOGS=TRAI~S/XOI2101 

N~RHTR = ff*.03200/TRAINS +.) 
EN~H = TRAINS * OfLOATIN~RHTKJ 
lN~H = OMAX1CTRAINS,ENBHI 
WP = FF*1.06*0ENICP,90.001*.0055700 
CALL VARSETiff,PROCJ 
UO 110 I"' 1, 12 
XC8111= XCIII 
XH8111= XTI2*1-ll 
Xl8111= XTI2*11 
IFIXL8111 .GT. XHBIIII XLBIII"'XH8111 
lfiXOijlll .LT. XLBIIII A08111"'XL8111 
lfiXOBIII .GT. XHBIIII X08111=XH8111 

110 CONTINUE 

NCALLS = 0 
INDill = 0 
IFIIOPT .EQ. 01 GO TO 1!5 
IFIIO .GT. 01 WHlttlo,~l ~~ 

5 FORMATI1Hlo'MSF 1 ,f8.2,' MGO'I 

30 

CALL SLID~I12oX08,XH8,XL8,PLANTM,(0,1,7eJ,l,NCALLSI 

lfiiO .GT. 01 WAITEI6o61 Ff 
6 fORMAT(1HQ,'MSf'efa.z,• MGD'J 

115 CONTINUE 
INIH131 = 1 
CALL PLANTMIX08,CH201 
NCALLS= NCALLS +1 
CAPITL = CAPI1*l.0-6 
KUUT = L TAPE2 
CALL RITEMIIOPT,IOUT,KOUTI 
WRITECKOUT,151 NCALLS,I~OI11 

15 fOR~ATilH 1 21HNUMBER OF PLANT CALLS ,(5,1101 
CALL ITIMEIIZXX,JZXXI 
ICALC = UFLOATIIZXX-IZXI*l·D-2 
WRITEIKOUT,41 TCALC 

4 fORMATilH ,18HTIME FUR THIS CASE,F8.2o2X7HSECUNDSI 
RETURN 

f:NO 

PR 16240 
PR 16250 
PR 16260 
PR 16270 
PR 16280 
PR 16290 
PR 16300 
PR 16310 

•••• •••• 
PR 16320 
PR 16330 

•••• •••• •••• •••• •••• 
PR 16430 
PR 16440 
Pll 16450 
PR 16460 
PR 16470 
PR 16480 
PR 16490 
PR 16500 
PR 16S10 
PR 16520 
PR 16530 
PR 16540 
PR 16550 
PR 16560 
PR 16570 
PR 16580 
PR 16590 
PR 16600 
PR 16610 
PR 16620 
PR 16630 
PR 16640 
PR 16650 
PR 16660 
PR 16670 
PR 16680 
PR 16690 
PR 16700 
PR 16710 
PR 16720 
PR 16130 
PR 16740 
PR 16750 
PR 16760 
PR 16170 
PR 16780 
PR 1t..790 
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APPENDIX ~ 

Cl-tANGt:S MACE IN SUBROUTINE MAINV 

SUB~OUTINE ~AINVIFF,IOPt,IOUT,CH20,CAPITll PR Olt840 
IMPLICIT REAL08(A-H,O-ZI PR 0485o 

c PR Olt860 
DOUBLE PRECISION NTRAIN PR 04870 
DOUBlE PRECISION KBH, KPH, KVE, LBH, MGD, NBH, PR. 04880 

1 · NPH, NVE, KCON, LMTO, LVEP, lMTDBH, lMTDCN PR 04890 
DOUBLE PRECISION INT, INSTRD, INSTRK, INSJRY, MAINTKt MAINTY PR 04900 
DOUdlE PRECISION LEV,LF2 PR 04910 

c PR 04920 
CO~~ON/8LCCV2/ A 130), s. AEI30), QE, . TCIJOI,PR 04930 

1 TEI30), TR, UEI30), UHI3), WM, wrc 101 ,PR 04940 
2 A8H, APH, 8PEI30), CIEI30), COEI30), DPEIJCI,PR 04950 
3 ELL, GBH, GPH, GPM, HOD, KBH,PR 04960 
4 I< PH, KVE, lBH, MGO, N~H, NPH,PR Olt970 
5 IWEI30), QPH, RBH, RPH, RVE, TOO,PR 04980 
6 UBI-I, VBH, VPH, WPEX 130), 8Hlf, GCON,PR 04990 
7 HIBH, HIPHI31, HOI:SH, HOPHI3), KCON, UHOC 31 ,PR 05000 
8 LVEP, PHlft QMSFI3), RCON, SU8f(3), TCON,PR 05010 
9 UCON, VCON, Vli:N, VHF, WDTHI30), ALFAE(30),PR 05020 
+ CCNlF, HI CON, HOCON, HOTEl, PHHGT, P08LOePR 05030 
A PO PRO, POSE A, SURFF, VEHGT, WALVE, EFFSPC,PR 05040 
BELBNDLI30), HCDTCF, HCOTOO, HEAOBH, HEADCN, HEADPH,PR 05050 
c LIHCBH, lMTDCN, PLNTLF, PODEAS, POFEED, SUMWPE,PR 05060 
0 SUMWPH, TOTAVE, QESP,VEFEEDI30), WBOOST, WDCOLO,PR 05070 
E NE, NTRN, lfEt:D, IRECYC PR 05080 

CCI'.,.ON/BLOCV3/ BHO, BHK, BHY, INT, PMO,PR 05090 
1 PMK, PI'IY, VPO, VPK, VPY, ACHR,PR 05100 
2 DEAD, DEAK, DEAY, ELEC, HEAT, SBCO,PR 05110 
3 SBCK, SBCY, CHEMK, CHEMY, HEATK, HEATY,PR 05120 
4 OPERK, OPERY, PLDIN, WAlTD, WAITK, WAIJY,PR 05130 
5 ANCCMP, CMCAPO, CMCAPK, CMCAPY, CNDSRD, CNOSRK,PR 05llt0 
6 CNDSRY, ELECTD, ELECTK, ELEC TV, INSTRO, INSTRK,PR 05150 
7 INS TRY, ~AINTK, ~AINTY, PHTUBC, PHTUSK, PHTUBY,PR 05160 
8 PlCAPO, PLCAPK, PLCAPY, POWERK, POWERY, RETUBK,PR 05170 
9 RETUBY, SHELLD, SHI:LLK, SHELLY, TOTALK, TOULY,PR 05180 
+ TOTOPK, TOTOPY, TRI:PBH, TREPCN, TREPPH, TREPVE,PR 05190 
A VETl8D, VETUBK, VETUBY, CG,PO PR 05200 
CO,.MON/COMNA~/ AJ, ce, co, CP, CR, PR 05210 

1 ~8, PI' PO, Tih TO, TP, PR 05220 
2 TS, WB, Wf, wo. WP, WR, PR 05230 
3 AXJ, HBL, HPR, LEV, lf2, fCF, PR 05240 
4 ENBH, GPMBt GPMO, GPMH, GPMO, GPMP, PR 05250 
5 GPIWR, HDI:A, RPMBt RPMO, RPMM, RPMP, PR 05260 
6 RPIWR, TSTH, .WHOT • YEAR, ACRES, BHVOL, PR 05270 
7 BLDGS, BNDLS, HOLES, HPBLO, HPDEA, HPOElt PR 05280 
8 HPPRO, HPREC, PLPRO, PLSEA, PODEA, ACNCEW, PR 05290 
9 ACNCFL, ACNCIW, ACNCPH, ACNCRF, ACNCTR, AEXCAV, PR 05300 
+ ASTLEW, ASTLfl, ASTLHit ASTLPH, ASTLRF, ASTLTR, PR 05310 
A AWtiRS, SHSURF, DINTAK, fNITSE, ENPIPE, ENSUPE, PR 05320 
8 ENSUPR, PIPELN, PLSZMG, RtJLENo STLLEN, STLJMP, PR 05330 
c TNACDY, TRAINS, TSARcA, VOLCNC, VOLSTL, WOCEAN PR 05340 

COMMON/SHARE/ lfliP. ,I SPOT PR 05350 
CO~MON/BlOC12/ XT PR 05360 
CUMMON/BLOC13/ XO PR 05370 
COI"MON/ INC EX/ IN0(401 PR 05380 
COMMON/TAPE/ LTAPE2 PR 05390 

c PR 05400 
DIMENSION XC7140loXH714C),XL7140l ,XOI300l, XTI300) PR 05410 
DIMENSION JBI13) PR 05420 
EXTERNAL PlANTV PR 05430 

c PR 05440 
CALl ITIMEIIBGNX,JTl PR. 05450 
DATA PROC/ 1 VTE 1 / PR 05460 
DATA JB/3,5,9,11,25,13,15,27,29,31,33,35,37/ PR 05470 
DG 65 1=1,40 PR 05480 

65 INC ( II = 1 PR 05490 
lfliP = 1 PR 05500 
10 = -2 PR 05510 



c 

bNOLS=X012081*XOI431 
TRAINS=XOI431 
~LOGS=TRAINS/XUI2101 
NTRAIN=TRAI"S 
NbRHTR = ff4.032DO/NTRAlN+.5 
ENbH = NTRAIN*OFLOATINBRHTRI 
EN~H = DMAXliNTRAINoENBHI 
TRAINS = NT~AIN 
LtV =1.00 
PLSlMG = ff 
TSTt-o = XOI 151 
CP = XUU71 
PLNTLF = XOIHI 
bHLF = XOI351 
C.OI'Uf = 1l01341 
PHLF = XOI341 
Hli = XOI291 
CC = XG (36 l 
Lf2 = X0138l 
TC = XOI401 
1 s = xo (39) 
Hl:iL = XCI3Cl 
S = XO I 2 H 
STLTMP = XOI831 
PlPt:LN = XCI87l 
RIHi = XTilOl) 
RPH = XJ(l021 
RCC" = XTI 1031 
KPH = XCI201 
KbH =· XCI 19) 
KCCN = XUI211 
WALVE = XOI701 
RVE = XTI 1131 
KVE = XCI72l 
SURFF = XOI741 
VTLF- = XO I 761 
YtAR = XOI791 
MGO = FF 
WP =MGD*l.C6*0ENICP,90.00I*.0055700 
CALL VAASETIFF,PROti 
DO 100 1=1 0 13 
K=JBIII 
A07111 =XCIII 
XH7111 =XTIKl 
XUIII =XTIK+ll 
IFIXL7111 .GT. XH7111) XL7111=XH7111 
lf(X07(11 .LT. XL71111 X071II=XL7111 
IFIX0711l .GT. XH71111 li071II=XH7111 

100 CONTINUE 

NCHLS = 0 
lNC I 11 = C 
IFIIOPT .EQ. 01 GO TO 105 
JF(fn .r,r. 01 WRITEI6o51 Ff 

5 FORP'IATI1Hl 0
1 VTE 1 of8.2o 1 fo!GD'I 
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CALL SliOEI13,X07,XH7,XL7,PLANTVoiOo6o13,7o1oNCAllSI 
IFIIO .GT. Cl WRITEI6o61 Ff 

6 FOR~ATI1H0, 1 VTE 1 of8.2o 1 MGD'I 
105. CUNY INUE 

INOI131=1 
CALL PLANTV(X07,CH201 
NCAlLS = NCALLS +1 
CAPITl = PLCIN * 1.0-6 
KOUT = lTAPE2 
CALL RITEVIIOPToiOUT,KO~TI 
WRITEIKOUTr151 NCALLS,INOI11 

15 FURMATI1H 0 21HN~M8ER OF PlANT CAlLS ol5ol101 
CALL ITIMEIIENOX,JTI 
TCASE =OFLUATIIENDX-IBGNXI*.Ol 
WRITEIKCUTo101 TCASE 

10 FORMATI1H ,25HTIME TO COMPUTE THIS CASEof7.2,8H SECONDSI 
RETlJRN 
ENC 

•••• •••• •••• •••• 
PR 05580 
PR 05590 
PR 05600 
PR 05610 
PR 05620 
PR 05630 
PR 05640 
PR 05650 
PR 05660 
PR 05670 
PR 05680 
PR 05690 
PR 05700 
PR 05710 
PR 05720 
PR 05130 
PR 05740 
PR 05750 
PR 05760 
PR 05770 
PR 05780 
PR 05790 
PR 05800 
PR 05810 
PR 05820 
PR 05830 
PR 05840 
PR 05850 
PR 05860 
PR 05870 
PR 05880 
PR 05890 
PR 05900 
PR 05910 
PR 05920 
PR 05930 
PR O!i9.t,O 
PR 05950 
PR 05960 
PR 05970 
PR 05980 
PR 05990 
PR 06000 
PR 06010 
PR 06020 
PR 06030 
PR 06040 
PR 06050 
PM 06060 
PR 06070 
PR 06080 
PR 06090 
PR 06100 
PR 06110 
PR 06120 
PR 06130 
PR 061'+0 
PR 06150 
PR 06160 
PR 06170 
PR 06180 
PR 06190 
PR 06200 
PR 06210 
PR 06220 
PR 06230 
PR 0621t0 
PR 06250 
PR 06260 



c 

c 

c 

c 

c 

c 
c 
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APPENDIX C 

CHANGES ~AUE IN SUBROUTINE "PLANTM 

SUBROUTINE PLANTMIX08 1 Ffffffl 
IMPLICIT REAL*8(A-H 1 0-ZI 

DOUBLE PRECISION MODU 
DOUBLE PRECISION LEV,LF2 

COMMON/BLOC~1/ Dl~, 
1 COR, ELE, 
2 HREC 1 APTSK 1 

CGMMUN/BLOC~2/ P, 
1 AR, ff, 
2 PH, PE, 
.3 SR, TK, 

. 4 AME 1 ATN 1 

5 HNH, H0H 1 

6 RSH, RSR, 
7 THE 1 TPE, 
8 BI<TE, BKTH 1 

9 HO~XI51 1 MODU, 
+ CAPI1, HEADE, 
A POPR0 1 SUBEXI51 1 

b CSLTBH, CSLTBP, 
C VAPSPC 1 WPRTRY 1 

COMMON/COMNAM/ AJ 1 

·1 HB, PI, 
2 T S, WB, 
3 AXJ 1 HBL 1 

4 ENBH 1 GPMB, 
~ GPMR 1 HDEA, 
6 RPMR 1 TSTH 1 

7 BLDGS, BNDLS 1 

~ HPPR0 1 HPREC 1 

9 ACNCFL, ACNCIW, 
+ ASTLEW, ASTLFL, 
A AWEIRS 1 BHSURF, 
B ENSUPR, PIPELN 1 

C TNACDY 1 TRAINS, 
COMMON/SHARE/ ,IfliP 
COMMON/BLOC12/ XT 
CGMMON/BLOC13/ XO 

COMMON/INOEX/INOI401 

DIH, 
ENE, 

ENITSR 
Q, 

GE, 
QXI51, 

vE, 
bPX(5), 
CMA(5), 

TC1, 
UE A I 5 I, 

BKTR, 
ROE1, 

HEAOH 1 

WCOLO, 
HOllEN, 

POREC 
CB, 
PO, 
Wf, 

HPR 1 

GPM0 1 

KPMB 1 

WHOT, 
HOltS, 
PLPRO, 

ACNCPH, 
ASTLIW, 
OINTAK, 
PLSZMG, 
TSAREA 1 

1 1SPOT 

UIR, 
RLR, 

AH 1 

GH 1 

RP 1 

VH, 
CCF, 
PHE 1 

THF 1 

UME, 
DTLSI5J, 

ROE2 1 

HEAOR, 
WMUDC, 

HRECOV, 

co, 
TB, 
wo, 

LEV, 
GPHH, 
RPMO, 
YEAR 1 

HPBLU, 
PLSEA, 

ACNCRF, 
ASTLPH, 
ENI TSE, 
RtJLEN, 
VOLCNC, 

CC~MON/OVRLAY/ HOSAVE(1j),CISAVEI15J 
COMMON/IMPOSS/ IMPOSE,IMPOSR 

DIMENSICN CEXI5J,· OTXI~J, 
DIMENSION XTC300), XOI3GOJ 
DIMENSION X08140J 

TCXI5J 

DUE, 
RNR, 

AI(, 
GR, 
SE, 
VR, 

HIH 1 

P03 1 

TKXI5), 
UMH, 

ELEXI5J 1 

APTSE 1 

POBLO, 
WMOOH 1 

HREJCT, 

CP, 
ro, 
WP, 

lf2t 
GPMO, 
RPMM, 

ACRES, 
HPOEA, 
PODEA, 

ACNCTR, 
ASTLRF, 
ENPIPE, 
STLLEN, 
VOLSTL, 

f~,jUIVALENCE 

1 
CAE,AMEJ 1 CTE, TMEJ,CUE, UMEI,CUH, UMHJ, 

lTC, TMC J 

SMOOTHIYCAL 1 YHIN,RANGERI=YMIN+CYCAL-YMINI* 

PR 
PR 
PR 
PR 
PR 
PR 

DOH 1 PR 
HOEL,PR 

PR 
AN,PR 
H0 1 PR 
SH,PR 
WC 1 PR 

HLH,PR 
RSEePR 
TMC 1 PR 
WPL,PR 

HIEXC5J 1 PR 
liOEPH 1 PR 
PODELePR 

BHSHELePR 
RECOLN 1 PR 

CRe 
JP, 
WR, 

reF, 
GPMP, 
RPMP, 

8HVOL, 
HPOEL, 

ACNCEWe 
AEXCAV, 
ASTLJR, 
ENSUPE, 
STLJMPe 
WOCEAN 

PR 
PR 
PR 
PR 
PR 
PR 
PR 
PR 
PR 
PR 
PR 
PR 
PR 
PR 
PR 
PR 
PR 
PR 
PR 
PR 
PR 
PR 
PR 
PR 
PR 
PR 
PR 
PR 
PR 
PR 

1 C.5UO+OATANCRANGER*IYCAL-YMINJJ/PIJ PR 
PR 

16800 
16810 
16820 
16830 
16840 
16850 
16860 
16870 
16880 
16890 
16900 
16910 
16920 
16930 
16940 
16950 
16960 
16970 
16980 
16990 
17000 
17010 
17020 
17030 
1701t0 
17050 
11060 
17070 
17080 
17090 
11100 
11110 
17120 
11130 
17140 
17150 
11160 
17170 
17180 
17190 
17200 
17210 
11220 
17230 
17240 
11250 
11260 
11270. 
17280 
17290 
17300 
17310 
11320 
17330 

AK 
VH 
DOH 
LEV 
VR 
OCR 

·AN 
VE 

. DOE 
RP 

X081ll 
XC8121 

= XC8131 
XC~I41 
XCBC5J 
XCBI61 
XC817J 

= X08(8) 
X0819J 
X081l0 I 

I'K UHU 
PR 11350 
PR 11360 
PR 11370 
PR 11380 
PR 17390 
PR llltOO 
PR 17410 
PR 11'120 
PR 17430 
PR 11440 



c•••• 
c 
c••• 

TS = TO+ XCd(111 
CH = XC8Cl21 
CALL DXXBICIE,DIH,OIR,DU~,DOH,OORI 

INITIAL ESTIMATES 

IFIIFLIP .GT. 11GO TU 1C5 
CLCSR = 1.0-8 
CCt' = 1.9*CC 
CEXl21 = 1.9*CO 
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VAPSPC = O~AXl(RP/BNDLS*2.1640-6,2.UOI 
wPTV~N=OMAXliWP/IBNDLS*.54CO*XUI8511oXT(l2811 
~MOOMN = XCI2091*1WPTVMN +VAPSPCI 
HOO = H(CO,TOI 
CSAV = XT(1Cdi/VISI2.*CG,150.D0,.14001 
DC 90 1=1,15 
HOSAVECII = 2.03*XT(l09) 

90 CISAVECII = CSAV 
TKES = TB+ITHF-TBI/RP 
PEES = ITHF-TKESI/(1.D3-TKESI 
lllJ 100 1=1.~ 

ELEX(I) = 4.0•CFLOATIII+1.01 
tjPX(l) = l.CDO 

100 CONTINUE 
(;G TO 110 

105 CONTINUE 
TKES = TK 
PEES = PE 

c•••• 
c 
c••• 

CHOOSE ENTRY POINT 

lf((INOllOI+INOll1)+lNDI12)+1NU(1311 .GT. 01 GO TO 110 
lfllNDl11 .GT. 01 GO TO 130 
1FliN0(41 .GT. 01 GO TO 135 
lf((INOIBI+INDI911 .GT. 01 GU TO 11tl 
IHINO(ll .GT. 01 GO TO 150 
lf-((IN0(51+1N0(611 .GT. 01 GC TG 15:.! 
GO TO 170 

110 CGI'. JINUE 

c•••• 

HTBU = HOO+l.03/RP*(CR-l.OOI/Ck 
T~MAX = HlNV(CPtHTUUI 
lf-ITB .GT. ITBMAX-1.0011TB = THMAX-OEXP(TBMAX-1.00-TBI 
HOt! = H(CO,TBI 
clj = cR•co 
HBB = H(CI!,TBI 
CALL bPRATlTB,CB,8PX(511 
DTX(51 = OTDPlTBI 
TP = TB-tiPX(51-(.5+.00162~•CfB-92.)1*DTX(S) 

C OVERALL TRAY HEAT AND MATERIAL tiALANCE 

HV~AR2 = HVBk(THF,TBI 
UHV2 = HVBAR2-H88 
DCZ = CB-CP 

ii5 CCI'.tiNUE 
HFF = H lCCF, THf I 
P= ( Hff-HBB I/DHV2 
F = ccF~P•ocz-ca 
lflDABSlfl .LE. CLOSRI GO TO 120 
CCf = CCF-F/Il.+DHDClCCF,THFI*CC2/CHY2) 
GO TO 115 

120 CONTINUE 
c•••• 
C BRINt HEATER TUBE ~IDE HEAT AND MATtRIAL BALANCE 
c••• 

c•••• 
c 

HTHF = Hff -l.D3*P/RP 
TCF = HINVlCCfoHTHFI 

RECYCLE MIX HEAT AND MATERIAL BALANCE 

PR 11't50 
PR 17460 
PR 11470 
PR 17480 
PR 17490 
PR 17500. 
PR 17510 
PR 17520 
PR 17530 
PR 17540 
PR 17550 

•••• •••• 
PR 17580 
PR 17590 
PR 17600 
PM 17610 
I'R llblU 
PR 17630 
PR 11640 
PR 17650 
PR 17660 
PR 17670 
PR 17680 
PR 176.90 
PR 17700 
PR 17710 
PR 11720 
PR 17730 
PR 17740 
PR 17750 
PR 17760 
PR 11770 
PR 11780. 
PR 17790 
PR 17800 
PR 17810 
PR 17820 
PR 17830 
PM 17840 
PR 17850 
PR 17860 
PR 17870 
PR 17880 
PR 17890 
PR 17900 
PR 17910 
PR 11920 
PR 17930 
PR 17940 
PR 17950 
PR 17960 
PR 17970 
PR 17980 
PR 11990 
PR 18000 
PR 18010 
PR 18020 
PR 18030 
PR 1801t0 
PR 18050 
PR 18060 
PR 18070 
PR 18080 
PR 18090 
PR 18100 
PR 18110 
PR 18120 
PR 18130 



TC = · TB . 
PU = P*ICO-CPI/ICB-COI 
HFTE = ~BB + IP+PBI*IHOb-HBBI 
TE = HINVCCCF,HFTEI 
HTQ • Hff-HTHF-PB*HBB+IP+PBI•HOB 
Q = IHTQ-P•HICP,TPII/IHCB-HOOI 
DENOO = OENICO,TCI 
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RECOVERY SECTION HeAT AND MATERIAL BALANCE 
COMPUTATION Of RECOVERY HEAT TRANSFER PARAMETERS 

QTC =HFTE+Hff-HTHF 
DENFE = DENICCF,TCfl 
HVBAR1 = HVBEITKESI 

·126 CONTINUE 
CEXC3l=CCCf -PEES*CPI/11.-PEcSl 
CALL BPRATCTKESoCEXC31odPXC311 
OTXC3l = OTOPCTKESI 
TPE = TKES-BPXC31-C.5+.00162J*CTKES-92.ll*DT~C31 
CE = CEXC31 
HCETK = HCCE,TKESI 
Al1=HVBAR1-HCCP,TPEI 
Al2=-.8*PHS 
CCEK = OHOCICE,TKESI*CCCF-CPl/Cl.•PEESl 
A2) = HVBAR1-HCETK+CCEK 
A22=1.+A12 
OL1=Hff-QTO-PEES*Al1 
DL2 = Hff-PEES*HVBAR1-Cl.-PEESI*HCETK 
TKXC3) = TKES+COL2*Al1-0L1•A211/1All*A22-A12*A21l 
TK = TKXC31 
HVBAR1 = HVBEITK) 
PE =PEES +IHff-PEES*HVBARl-C1.-PEESI*HCCE,TKlr/A21 
IFIOABSIITKXI31-TKESI/TK~C311 .LE. CLOSRI GO TO 130 

.PEES= Pf 
TKES = TKXI31 
GO TO 126 

130 CONTINUE 
OTK=TK-100. 
ROE1 = CTHF-TKI/AN 
ROC1 =CTCF-TEI/AN 
CEXCll = ICCF-PE*CP/ANI/11.-PE/ANI 
TKXC11 =THF-ROE1 
TKXI21 .5•1THF-RUE1+TKI 
TCXI1) TCF-ROC1 
TCXI21 TE+ITKXI21-TKI*ITCf-TEI/ITHF-TKI 
TCXC3) = TE 
HVBRK2 HVBEITKXI211 

132 CONTINUE 
HEK2 = HICEXI2),TKXI211 
PK2 • CHff-HEK21/IHV8RKl-HEK21 
f = CEXI21*11.-PK21+CP*PK2-CCF 
IFIOABSIFI .LE. CLOSRI GO TO 135 
FP = 11.-PK21*11.+1CEXI21-CPI/IHVBRK2-HEK2l*OHOCCCEXI2l.TKXC2))) 
CEXI21 = CEXI21-f/FP 
GO TO 132 

135 CONTINUE 
WMOOCA =IWP/MODU*ll.-PE+Pf/ANI/CP*XOI85ll+VAPSPC*ILEV-l.li/LEV 
WMOOC = SMOOTHIWMOOCA,WMOOMN,12.7500) 
WPRTCA = WMOOC/XOI2091-VAPSPC 
WPRTRY = SMOOTHIWPRTCA,WPTYMNo25.DOI 
WMOOMI = XOI209I*IWPRTRY + .7857*VAPSPCI 
WMOOCA =IWP/IP*~OOU*XOI8411+.7857*VAPSPC*ILEV-1.11/LEV 
WMOOH = SMOOTHIWMOOCA,WMOOMI,12.7500) 
RXH =P*MOO~*ILEV*IWMOOH-.7857*VAPSPCI+.7857*VAPSPCI 
RXC =P*MOOU*CLEV*CWHOOC-VAPSPCI~VAPSPCI 
QXII I"' WP/RXH 
QXC21= WP*I1.-PK2+PE/ANI/RXC 
UXC31= WP•C1.-PE+PE/ANI/RXC 
~XC41= WP*I1.-PEI/RXC 

PR 1811t0 
PR 18150 
PR 18160 
PR 18170 
PR 18180 
PR 18190 
PR 18200 
PR 18210 
PR 18220 
PR 18230 
PR 1821t0 
PR 18250 
PR 18260 
PR 18270 
PR 18280 
PR 18290 
PR 18300 
PR 18310 
PR 18320 
PR 18330 
PR 1831t0 
PR 18350 
PR 18360 
PR 18370 
PR 18380 
PR 18390 
PR 181t00 
PR 181t10 
PR 181t20 
PR 18430 
PR 1841t0 
PR 18450 
PR 181t60 
PR 18470 
PR 181t80 
PR 18490 
PR 18500 
PR 18510 

• ••• 
PR 18520 
PR 18530 
PR 18540 
PR 18550 
PR 18560 
PR 18570 
PR 18580 
PR 18590 
PR 18600 
PR 18610 
PR 18620 
PR 18630 
PR 1861t0 
PR 18650 
PR 18660 
PR 18670 
PR 18680 
PR 18690 
PR 18700 
PR 18710 

•••• 
PR 18730 

•••• 
PR 18750 
PR 18760 
PR 18770 
PR 18780 
PR 18790 
Pit 18800 
PR 18810 
ea 18820 



DO 140 1=1,2 
CALL BPRATCTKXCIIoCEXCII,BPXIIII 
DTXCII = DTDPITKXIIII 
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140 CON rJNUE 
141 CONTINUE 

GE = VE*O~NH 
CONSLt = IDIE/12.l**2/4.*Vt*J600.*DtNFt/COUt/12.1 
IMPOSE = 0 
DO 145 I= 1, 3 
DHREC = HICCF,TCXIII+ROC11-HCCCF,TCXIIII 
TLX = TC~CII+.~*ROC1 
CALL UHARIC.DO,TLX,CCF,CP,GE,OIEoDOE,SE,RSE,OMXIII,UKTE,UEXII), 

1 HIEXCII,HOEXCIIl 
CALl SUBIROE1 1 TKXIII,QXIIltElEXII),b0EPH,SUBEXIIIl 
SMAX = TKXIll - OTXIII - BPXIII -1.0- TCXIll - ROC1 
SUBEXIII = CMINliSUBEXIIlo SMAXI 
ISPGT = I 
LAPS = C 

142 CONTINUE 
SUHEES = SUHtXCII 
OTLSIII = OTXCII+HPXIIl+SUBEXIll 
TPEX = TKXIll - OTLSill 
TTO = TPEX-ITCXIIl+ROC1l 
lFITTO .LT •• 062500) TTD = .062500*DEXPITT0/.062500-l.OOl 
OMXIIl = ROC1/0LOGI1.+RGC1/TTDl 
IFCLAPS .N~. Ol GO TO 143 
CALL UdARliTPEX,OMXIIl,uEXIIl,HlEX(lloHOEXIII) 

143 CONTINUE 
AEX = OHREC/IUEXIIl*OMXCill 
ELEXIll = AEX*CONSLE 
IFITTO .LT •• 062500) GO TO 144 
CALL SUBMIELEXIII,SUbEXIIll 
CRIT = OABSI1.00-SUBEES/SUBEXllll 
IF(ILAPS .EQ. 01 .AND. (~RIT ,Lf, CLOSRll GO TO 14~ 
lAPS = LAPS+1 
IFIILAPS .GT. 2) .OR. ICRIT .L~. CLOSRll LAPS= 0 
GO TO 142 

144 IMJIOSc = 1 
145 CONTINUE 

c•••• 
C REJECT SECTION HEAT AND MATERIAL BALANCE 
C COMPUTATION OF REJECT HEAT TRANSFER PARAMETERS 
C*** 

150 CONTINUE 
QXI51= WP*l1.-P +IP-PEI/AKI/kXC 
ROE2 =ITK-TBI/AK 
ROC2 =ITC-TCI/AK 
CEXI4l=lll.-PEI*CE -IP-PEl*CP/AKl/11.-PE-IP-PEI/AKI 
CEXI51= CH 
TK)((4l= TK-ROE2 
TKXI5l• TU 
TCXI4l= TC -ROC2 
fCXI51= TO 
CAll bPRAT(TKXI4ltCEXI4) 1 8PXI4ll 
OTXI41 = OTOPITKXI4ll 

152 CONTINUE 
GR = VR*OENCO 
CONSLR = IOIR/12.l**2/4.*VR*3600.*D~NOO/IDOR/12.1 
I~PCSR = 0 
on Inn '"' 4,o; 
OHREJ = HICO,TCXIII+ROC21-HICC,TCXllll 
TLX = TCX(II+.5*ROC2 
CALL UBARCO.DO,TLX,CO,CP,GRtOIR,OOR,SR,RSR,OMX(J),SKTR,UEXIII, 

1 HIEXIII,HOEXIIII 
CALL SUSIROE2,TKXII),QXIll 1 ElEXIIlobOEPH,SUBEXIIll 
SMAX = TKXIII - DTXlll - BPXIII -1.0 - TCXIII - ROC2 
SUBEXIII = OMINliSUBEXIllo SMAXI 
ISPOT = I 
LAPS = 0 

PR 18830 
PR 18840 
PR 18850 
PR 18860 
PR 18870 
PR 18880 
PR 18890 
PR 18900 
PR 18910 
PR 18920 
PR 18930 
PR 18940 
PR 18950 
PR 18960 
PR 18963 
PR 18967 
PR 18970 
PR 18980 
PR 18990 
PR 19000 
PR 19010 
PR 19020 
PR 19030 
PR 19040 
PR 19050 
PR 19060 
PR 19070 
PR 19080 
PR 19090 
PR 19100 
PR 19110 
PR 19120 
PR 19130 
p~ 19140 
PR 19150 
PR 19160 
PR 19170 
PR 19180 
PR 19190 
PR 19200 
PR 19210 
PR 19220 
PR 19230 
PR 19240 
PR 19250 
PR 19260 
PR 19270 
PR 19280 
PR 19290 
PR 19300 
PR 19310 
PR 19320 
PR 19330 
PR 19340 
PR 19350 
PR 19360 
PR 19370 
PR ·19380 
PR 19390 
PR 191t00 
PR 191tl0 
PR 19420 
PR 19430 
PR 19440 
PR 19450 
PR 19453 
PR 19~56 
PR 191t60 
PR 191t70 



158 

159 

1591 
160 

c•••• 
c 
c 
c••• 

170 

c•••• 
c 
c••• 
c•••• c•••• 
c 
c••• 

CONTINUE 
SUHEES = SUHEX(I) 
OTLSIII = CTXIII+BPXIII+SUBE~III 
TPEX = TKXIII -OTLSIII 
TTO = TPE~-ITCXIII+ROC21 

37 

lfiTTD .LT •• 0625001 TTU = .06Z5DO•uEXPITTD/.0625D0-1.DOJ 
OMXIII = ROC2/DLOGI1.+RCC2/TTOI 
lfiLAPS .NE. OJ GO TO 159 
CALL UBAR11TPEX,OMXIllrUEXIIIrHIEXIlltHOcXIIII 
CONTINUE 
ARX = OHREJ/IUtXIII•OMXllll 
ELtXliJ = ARX•CCNSLR 
lflTTD .LT •• C625DOI GO TO 1'91 
CALL SUBMIELEXlllrSUBEXIIII 
CRIT = DA8SI1.DO-SUBEES/SUBE~Illl 
IFIILAPS .lQ. 01 .AND. ICRlT .LE. CLUSRII GO TO 160 
LAPS = LAPS+1 
IFIILAPS .GT. 21 .OR. ICRIT .LE. CLOSRII LAPS= 0 
GO TO 158 
IMPCSR = 1 
CONTINUE 

BRINE HEATER HEAT AND MATERIAL BALA~CE 
COMPUTATION OF BRINE HEATER HEAT TRANSFER PARAMETERS 

CONTINUE 
GH = VH•DENICCF,THFI 
PHE =lTff-TCfi/DLOGIITS-TCfi/ITS-THfll 
TLH = .5•1THF+TCFI 
ISPCT = 6 
CALL UbARITSrTLH,CCF,O.Uu,GH,DIHrDOH,SH,RSH,PHE,BKTH,UH,HIH,HOHJ 

SIZE PLANT 

CALL SIZE" 

COST PLANT 

CALL cosn 
ffFFFF = TC 1 
lFLIP = IFLIP+l 
RETURN 
END 

PR 19480 
PR 19490 
PR 19500 
PR 19510 
PR 19520 
PR 19530 
PR 19540 
PR 19550 
PR 19560 
PR 19570 
PR 19580 
PR 19590 
PR 19600 
PR 19610 
PR 19620 
PR 19630 
PR 19640 
PR '19650 
PR 19660 
PR 19670 
PR 19680 
PR 19690 
PR 19700 
PR 19110 
PR 19720 
PR 19730 
PR 19740 
PR 19750 
PR 19760 
PR 19710 
PR 19780 
PR 19790 
PR 19800 
PR 19810 
PR 19820 
PR 19830 
PR 19840 
PR 19850 
PR 19860 
PR 19870 
PR 19880 
PR 19890 
PR 19900 
PR 19910 
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APPEND U 0 

CHANGES MADE IN SUBROUTINE PLAN TV 

SUBROUIINE PLANTVIX07,GGGI PR 06270 
l~PLICIT REAL*BIA-H,O-ZI PR 06280 

c PR 06290 
DOLBLE PRECISION M, LA~, LAMOAE, lOVE, MAVG PR 06300 
DOUBLE PRECISION LPH, LYE, IDBH, IDPH, LCON, NCONt PR 06310 

1 NTPH, IDCON PR 06320 
OCUBLE PRECISIO~ KBH, KPH, KVE, LHH, MGO, NBH, PR 06330 

1 NPH, NVE, I< CON, LMTD, LVEP, LMTDBH, UHDCN PR 06340 
DOUBLE PRECISION INT, INSTRD, INSTRK, INS TRY, MAINTKe MAINlY PR 06350 
DGUBLE PRECISION LEV,LF2 PR 06360 

c PR 06370 
COMMON/BLOCV1/ ANE, HVE, LPH, LYE, ACONePR 06380 

1 GPMV, HPVE, HSEA, IDBH, IOPH, LCON,PR 06390 
2 NCON, NTPH, OObH, ODPH, DOVE, POVEePR 061t00 
3 RPMV, HFEED, IDCON, ODCON, SUMWT, VETSAePR 06410 
4 APTSCN, APTSEP, OVRHGT, TOTNVE, VEPMPS PR 06420 

COPIMON/BLOCV2/ Al301, s, AE1301o QE, TCI3CiePR 061t30 
1 TEI301, TR, UE 130 I, UHI31o ..... WJ 130 lePR 061t40 
2 ABH, APH, BPEI301, CIEI301, COEI30I, OPEI301ePR 061t50 
3 Ell, GBH, GPH, GPM, HOD, KBHePR 061t60 
4 I< PH, KVEo LHH, MGDt NBHe NPHePR 06470 
5 NVEI301, IJPH, RtsH, RPH, RVEe TOOePR 06480 
6 UBH, VBH, VPH, WPEX qo1, BHLfe GCONePR 06490 
1 HIBH, HIPH(3), HOdHo HOPtH31, KCON, LMTOillePR 06500 
8 LVEP, PHLF, QMSfl31, RCON, SUBFI31, TCON,PR 06510 
9 .UCON, VCON, VLEN, VTLF, WDTHI301o AlfAEI3CiePR 06520 
+ CONLF, HI CON, HOCUN, HOTEl, PHHGT, POBLOePR 06530 
A POPRO, PO SEA, SURFF, VEHGT, WALVE, EFFSPC,PR 06540 
BELBNOLI30), HCOTCF, HCOTUO, HEADBH, HEADCN, HEAOPHePR 06550 
c LMTDBH, UHDCN, PLNTLF, PODEAS, POFEEO, SUMWPE,PR 06560 
0 SUMWPH, TOTAVE, QESP,VEFEEOI301t WBOOST, WOCOLOePR 06570 
E NE, NTRN~ I FEED, IRECYC PR 06580 

COMMON/8LOCV3/ BHO, BHK, SHY, INT, PMO,PR 06590 
1 PMK, PfiiY, VPO, VPK, ypy, ACHR,PR 06600 
2 DEAD, DEAK, DEAY, ELEC, HEAT, SBCO,PR 06610 
3 SBCK, SBCY, CHEMK, CHEMY, HEATKe HEATYePR 06620 
4 OPERK, OPERY, PLDIN, WAllO, WA IlK, WAITYePR 06630 
5 ANCOMP, CMCAPO, CMCAPK, CMCAPY, CNOSRO, CNOSRK,PR 06640 
6 CNDSRY, ELECTO, ELECTK, ELECTY, INSTRDe INSTRKePR 06650 
1 INSTRY, foiAINTK, MAINlY, PHTUBO, PHTUBKe PHJUBY,PR 06660 
8 PLCAPIJ, PLCAPK, PLCAPY, POWERK, POWERYe RETUBkePR 06670 
9 RETUBY, SHELLOo SHElLKt SHEUYr TOTAI,.K, TOJALY,PR 06680 
+ TOTCPK, TOTOPY, TREPHH, TREPCNt TREPPH, TREPVEePR 06690 
A VETUBO, VETUBK, .VETUSY, CGPD PR 06700 

CDMfoiON/COfoiNAM/ AJ, ca, co, CPe CRe PR 06710 
1 t-i8, PIt PO, TB, TO, TPe PR 06720 
2 rs, we, Wft wo, WPe WRe PR 06730 
3 AXJ, H8L, HPR, LEV, LF2, reF. PR 06740 
4. ENBH, GPM8, GPMO, GPMH, GPMO, GPMPe PR 06750 
5 GP,.R, HOEA, RPM I!, RPMO, RPMM, RPMPe PR 06760 
6 RPfoiR, TSTH, WHUT, YEAR, ACRES, IIHVOle PR 06170 
1 I!LOGS, BNOLS, HOLES, HPBLO, HPDEA, HPDELe PR 06780 
8 tiPPRO, tiPREC, PLPRO, PLSEA, POOEAe ACNCEW. PR 06790 
9 ACNCFL, ACNCIW, ACNCPH, ACNCRf, ACNCTR, AEXCAYe PR 06800 
+ ASTLEW, ASTLFL, ASTLI~, ASTLPH, ASTLRF, ASTLJR, PR 06810 
A AWE IRS, BHSURF, DINTAK, ENITSE, ENPIPE, ENSUPEe PR 06820 
B ENSUPR, PIPELN, PLSZMG, REJLEN, STLLEN, STL JMPe PR 06830 
c TNACOY, TRAINS, TSAREA, VOLCNC, VOLSTL, WOCEAN PR 06840 

COP'MO~/SHARE/ I FLIP 1 1SPUT PR 06850 
CU"MON/BLOC12/ XT PR 06860 
CC~P'ON/BLOC13/ XO PR 06870 
CO~"ON/INDEX/ INDC401 PR 06880 
('.f11'11'1nttl/nVRI 6'1/ HnSAVFfl~l,t,S!Vf.fl~~ PR 06890 
CCMfoiON/1 MPOVE/ I VERT PR 06900 
COP'foiON/BLKFAC/ FDFAC, QEFAC, TRFAC •••• 



c 

c 

c 

c 

DIMENSION MC301t 
1 THTXC41, 
2 ABNOLVC301, 
3 TPRGOXI31t 

CAEI30), 
WPPHXI301t 

L AMDAE 130 I , 
BPEPHI31 t 

DIMENSION X0714CI 
OIMENSICN XCC300I,XTC3001 

40 

GAMI31, 
WPROOC31, 

l.lt!RINEI31, 
8PIEC301 

REFMC301t 
WTAAXC301, 
RHOSTGClJ, 

ABCISAIX3,X2,X1,Y3,Y2,Y!I= X3+CCY1*Y3-Y2*Y31*IX3-X11*CX2-X311/ 
1 CY10Y2*1X1-X21+Y1*Y3*CX3-X11+Y2*Yl*CX2-X311 

IERR=O 
DEL TCf= 10. 
VBH X07(1J 
OCBti = X07121 
VCON = X07131 
OOCCN= X07141 
TRfAC= X07151 

VPH X0717 I 
ODPH = X07Cel 
FOFAC = X07191 
ODVE = X071101 
LVE=X071111 
QEFAC = XOH 12 I 
ANE = X071131 
NPH=X0716 I *ANE 
CALL OXX8IIOPH,IDBH,IDCGN,OOPH,008H,OOCONI 
lfCIFLIP .GT. 11 GO TO 100 
TCC11 =TS 
CIECU =CO 
t!PEI! = 1.000 
DO 85 1=1,3 

85 t!PEPHIII = 1.00 
CSAV = XTC1C81/VISIC0,150.00,.14DOI 
DO 90 1=1,15 
HOSAVEIII = 2.03*XTI1091 

90 CISAVtliJ = CSAV 
ELREF = 3.+7.*DSQRTIIMGD/TRAINSI/62.51 
EffSPC = 3.+.7~*ELKEf 
DO 95 1=1,30 
I:!PECII = 1.CDO 
I:!P IE Cl I = 1. 00 

95 Alii = 7.00 
HOD = HCCO,TOI 
CLOSK = 1.C-tl 
MAVG = xocea1 
TEES = 100.00 

100 

UEC11 = UVEITS,KVE,WALVE,RVEeSLOPEI 
UV2 = UVEC.5*1TS+TEESI, KVEt WALVE, RVE, SLOPEI 
UENE = UVEITcES, KVE, WALVE, AVE, SLOPE) 
UEBAX = IUEI11+4.0*UV2+UENEI/6.0 
GO TO 105 
IFIINOC131 .GT. 01 GO TO 105 
IFIIN01121.GT.O.IGO TO 105 
IFCCINDI101+1NOC111J.GT.OI GO TO 130 
lfiiNOI91 .GT. 01 GO TO 135 
IFIIINOI61+1NDI71+1NDI811 .GT. 01 GU TO 180 
IFCCINDC31+1NDI41+1NDI511 .GT. 01 GO TO 205 
GO TO 210 

PR 06910 
PR 06920 
PR 06930 
PR 06940 
PR 06950 
PA 06960 
PA 06970 
PA 06980 
PR 06990 
PR 07000 
PR 07010 

•••• • ••• 
PR 07020 
PR 07030 
PR 07040 
PA 07050 
PR 07060 

•••• 
PR 07080 
PR 07090 
PR 07100 
PR 01110 

7120 
PR 01130 
PR 01140 

•••• 
PR 07150 
PR 01160 
PR 07170 
PR 07180 
PR 07190 
PR 07200 
PR 07210 
PR 07220 
PR 07230 
PR 07240 
PR 07250 
PR 07260 
PR 07270 
PR 07280 
PR 07290 
PR 07300 
PR 07310 
PR 01320 
PR 07330 
PR 07340 
PR 01350 
PR 07352 
PA 01354 
PR 07356 
PR 07358 
PR 07360 
PR 07370 
PR 07380 

•••• 
PR 07400 

c•••• 
c VERTICAL TUBE SECTION 

PR 07410 
PR 071t20 
PR 071t30 
PA 07440 
PR 07450 
PR 07460 c•••• 

105 NE = ANE +.5 PR 07470 
UNOM = ITS- CTO+lO.OI - ANE*2.51*UE8AX/ANE PR 07480 
IVERT = 0 PR 07490 
MCNEI = XOI891 PR 07500 
DO 110 l=l,NE PR 07510 
AI = I PR 07520 
REFMCII = l.+CAI-1.1/IANE-1.1*1.9072*1ANE-AII-.061*12*ANE-3*AI+2.JPR 07530 
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1 
Mill 

1/IANE-2.1 
1.+1AI-1.1/lANE-1.1*lo.•IMAVG-1.1*1ANE-AJI-lMlNEI-1.1 

*12.•ANE-3.*AI+2.11/IANE-2.1 1 
110 CONTINUE 
115 QESP = QNO~*I.6+.4*QEFACI 
120 TEl 11 = TS-Aill 

UEI11 = UVEITEI11tKVE,WALVE,RVt,SLOPEI 
F = QESP/UEl11-AI11 
IFIDABSIFI .LE. CLOSRI GO TO 125 
Al11 = DA8SIAI11 + F/11.+ QESP*SLOPEII 
GO TO 120 

125 LA~OAEl11 = LAMITEI11,PlVE,CO,BPIEtlll. 
QESPX = QESP*ANE/MAVG 
TEX=TS-2.5*1ANE-1.1 
KNTA = C 

126 UV2 = UVEI.5*lTEES+TEI111tKVE,WALVE,RVE,SLOP21 
·utiNEI = UVEITEES,KVE,WALVE,KVE,SLOPEI 

UEHAR = IUEC11+4.*UV2+UEINEII/b. 
f = TtES+QESPX/UEBAR-TEX 
lFIDABSlFI .LE. CLOSAI ~0 TO 127 
KNTA = KNTR+1 
IFIKNTK .Gt. 201 GO TO 127 
FP = 1.+QESPX*I2.*SLOP2*UV2*UV2+SLOPE*UEINEI*UEINEII 

1 /16.*UE8AR*UEBARI 
TEES = DABSCTEES - F/FPI 
GO TO 126 

127 CMX=XTlll51 
WFNOM=1.D-3*CMX*QESP*IANE-1.1*C1.-5.D-4*1TEC11-TEESII 

1 /ICMX*I1.-1.~-3*1TEI11-TEESII-COI 
130 JOVE = COVE -2.*WALVE 

GPM = XCC751 *IDVE/2.902 *DSQRTILVE/10.1 
TERMN = 1./CPI*CDVE/12.*LVt*SURFFI 
TERMW = GPM *60./7.48 

135 WFX = WFNOM*I1.+.4*FDFACI 
IFIIVERT .GT. 01 GO TO 105 

136 CONTINUE 
IRECYC = 0 

137 CONTINUE 
WTRAXI11 WFX 
SUMWPE = 0.00 
SU~WPH = 0.00 
DO 165 1=1,NE 
WPEXIII = QESP/LAMDAEIII 
WPEXIII = O~IN11WPEXIII 1 WTRAXIII*C.22-C1Eilii/1.22-CPII 
SUMWPE = SUMWPE +WPEXIII 
VEFEEDIII ; ~lii*TERMW*lEAMN*OENICIEIII,lEIIII 
CAEIII = tVEFEEDIII*CIEIII -.5•WPEXIII*CPI/IVEFEEDIJI-.5•WPEXllll 
COECII = IWTRAXIII*CIEIII~WPEXIli*CPI/IWTRAXtii-WPEXllll 
CALL BPRATITEIJI,CAECII,BPEIIII 
lfll .GE. NEI GO TO 165 
AI = 1+1 
TCtl+11 = ITEIII-BPEtll-2.56671/.991333 

145 DPEIII = 1.477798DO+TCil+11*l•003778D0-3.5556D-5*TCl1+111 
ALFAEtll = OPEIII+BPEIII 
F = TCII+11+ALFAEIII-TEIII 
lFIOABSIFI .LE. CLUSRI GO TO 150 
TCII+11 = TCII+11-F/C1.00377800-7.11120-5*TCII+111 
GG TO 1tt5 

150 QESPM = QESP/MII+11 
1501 TEII+11 = TCI1+11-Ail+11 

UEII+11 = UVEITEI1+11,KVE,WALVE,RVE,SLOPEI 
F = QESPM/UECI+11-A(l+11 
IFCDABSIFI .LE. CLOSRI GO TO 151 
Al1+11 = OABSIAII+11 + f/(l.+QESPM*SLOPEII 
GO TO 1501 . 
TEX = TECI+li-(ANE-AII*ITEIII-TEII+111 

IS PLANT PHYSICALLY AEASONAdLE WIT~ GIVtN M-VALUES7 

PR 07540 
PR 07550 
PR 07560 
PR 07570 
PR 07580 
PR 07590 
PR 07600 
PA 07610 
PR 07620 
PR 07630 
PR 07640 
PR 07650 
PR 07660 
PR 07670 
PR 07675 
PR 07680 
PR 07690 
PR 07100 
PR 07710 
PR 07720 
PR 07723 
PR 07726 
PR 07130 
PR 07740 
PR 07750 
PR 07160 

•••• 
PR 07790 
PR 07800 
PR 07810 
PR 07820 
PR 07830 
PR 07840 
PR 07850 
PR 07860 
PR 07870 
PR 07880 
PR 07890 
PR 07900 
PR 07910 
PR 07920 
PR 07930 
PR 07940 
PR 07945 
PR 07950 
PR 07960 
PR 07970 
PR 07980 
PR 07990 
PR 08000 
PR 08010 
PR 08020 
PR 08030 
PR·08040 
PR 08050 
PR 08060 
PR 08070 
PR 08080 
PR 08090 
PR 08100 
PR 08110 
PR 08120 
PR 08130 
PR 08140 
PR 08150 
PR 08160 
PR OIU IIJ 
PR 08180 



152 

155 

160 

IFITEX .GE. CT0+20.)) Gt TC 1~2 

IVERT = 1 

42 

TEl= IT0+2C.+IANE-AI)•rEII))/IANE-AI+l.l 
TEII+1) = D~IN11TCI1+1)-1.,Ttl) 
All+11 = TCII+l)-TEII+11 
UEII+l) = UVciTEII+11oKVE,WALVE,RVE,SLOP~I 
Mll+11 = ~ESP/IUEII+1l•ACI+lll 
WTRAXO = WTRAXII 1-WPtXI !I 
C~AX=.l37~-.000375•TEII) 

HP~MAX = WTRAXO•ICMAX-CCciiii/ICMAX-CP) 
tiEII+ll = ~TRAXO•COEIII/IWT~AX0-.15•WPEXIIII 
HEll= ~ICCEII),TEII)) 
HVP~ = ~VbRITEIIIoTEII+lll 
All = I~VPH•COECII-HEII•CPI/IHVPH-Hflll 
Al2 = ICOEIII-CPI/IHVPH-HEIII 
HEtS = ~ICIEII+li,TECI+lll 
f = CIECI+11-AZ1+AZ2•HEtS 
lfiDABSCfl .LE. CLOSR) GO TO 160 
CIEI1+11 = CIEI1+11-f/ll.+AZ<1•DHDCICIEII+U,TEII+lll) 
CIEII+ll = DABSCCIEI1+111 
liL TO 155 
WPP~XIII = WTRAXO•CHEII-HEES)/IHVPH-HEESI 
WTRAXII+11 = WTRAXO-WPPHXIII 
SU~WPH = SU~WPH+WPPHXIII 

PR 08190 
PR 08200 
PR 08210 
PR 08220 
PR 08230 
PR 08240 
PR 08250 
PR 08260 
PR 08270 

•••• 
PR 08300 

c•••• 
c IS CONC LOW ENOUGH TO PREVENT CA2Su4 SCALING W/0 PRODUCT LOSS1 

PR 08310 
PR 08320 
PR 08330 
PR 08340 
PR 08350 
PR 08360 
PR 08370 
PA 08380 
PR 08390 
PA 08395 
PR 08400 
PR· 08410 
PR 08420 
PR 08430 
PR 08440 
PR 08450 
PR 08460 
PR 08470 
PR 08480 
PR 08490 
PR 08500 
PR 08510 
PR 08520 
PR 08530 
PR 08540 
PR 08550 

c•••• 
lfiCIEII+ll .LE .• CMAX) iiO TO 162 
IRECYC = I~ECYC+1 

161 SU~RP~ = SU~WPH-WPPHXIII+WPHMAX 
WPP~X(Il = WPHMAX 
CIEII+l) = CMAX 
WTRA4(1+11 = WTRAXO-WPHMAX 

162 CIJNTINI.JE 
LAMDAEII+11 = LAMITEII+lloPZvE,CIEII+1),~PIEII+ll) 

165 CONTINUE 
c MODIFY FOFAC TO GET DESIRtO CONCENTRATION RATIO 

IFIDABSIXTI151)-COEINE)I.LT.0.001000) GO TO 166 
FOfAC=FOFAC-IXTI151)-COEINE)l•CO•tl.+fOFACI/1.4•XTI15ll•IXJil51)-C 

1111 I 

•••• •••• •••• •••• 
1820 FORMATI' ~DfAC=•,Fl0.4,' COEINE )= 1 ofl0.j) 

GO TO 135 
166 CONTINUE 

WPX = SUMWPE +SUMWP~ 
WPXX= WPX-WPEXINE) 
ALfAEINE) = HPEINE)+DTDPIJECNEI) 
TCCN = TEINEI-ALFAEINE) 

C MODlrY QEFAC TO GET DESIRED TCCN 
IFIDABSITCC~-XTI1521).LE.0.0500) GO JO 170 
QEFAC=QEFAC+ITCCN-XJI152))•tl.~+QEFAC)/IJS-TCONI 

1720 fORMAT(' QEFAC= 1 ,f10.4o 1 TCON=',f10.2) 
GO TO 115 

170 CONTINUE 

175 

CALL BPRATITEINEI,COE(NEi,6Pc&l 
TPPH = TEINE)-HPEB -(.5+.001623•CTECNE)-92.))•DTDPITECNE)) 

FIT VE EFFECTS INTO TRAPEZOIDAL SHELL AND FIND LENGTH Of VE 

Atl11 = WP/~PX 
Wf" illfll UE(ll 
OU 175 l=l,NE 
Alii) =AE(1)*Mll) 
NVEII)= AEIII*TERMN 
RHORcf = 14.634 •C1.-DEXPI-CTCIII-59.6)/o9.17)) 
AbNCLVIII = INVEII)/TRAINS •IODVE/3.)•IOUVE/3.))/RHOREF 
CONTINUE 
ELB~OLI1) = ELREF 
tLBNOLINEI = ELREF•MINE)/REF"INEI 
WDTHil) = ABNDLVI1)/ELB~DLI1) 

•••• •••• •••• 
PR 08560 
PR 08570 
PR 08580 
PR 085qo 

•••• •••• •••• •••• •••• •••• 
PR U86UO 
PR 08610 
PR 08620 

PLANJPR 08630 
PR 08640 
PR 08650 
PA OA660 
PR 08670 
PR 08680 
PR 08690 
PR 08700 
PR 08710 
PR 08720 
PR 08730 
PR 08740 
PR 08750 



WOT~INEI= ABNOLVINEI/ElijNOLINEI 
NE~2 = NE-2 
VALEN = IANE-l.I*IELREF+EFFSPCI 
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176 VLEN = ~OTHili+EFFSPC 
.TNTHcT = I~DTHINEI-WDTHilii/VXLEN 
DC 177 1.;1,NEM2 
WOTHII+ll = WOTHIII+IElijNOliii+EFFSPCI*TNTHET 
ELBNDLII+ll = ABNDLVII+11/WDTHII+ll 

177 VLEN = VLEN+ELBNDLII+li+EFFSPC 
IFIOABSIIVLEN-VXLENI/VXLENI .Lt. CLOSRI GO TO 178 
VXLEN = VLEN 
GO TO 176 

178 VLEN =. VU:N+EFFSPC+ElllNDl INE I 
lPti = VLEN 
HOTEl = HICC,TEilll 
HTOUT = 11.-WPXX/WFXI*HICIEINEirTEINEII +WPXX/WFX*HICP,TPPHJ 
UTRSP = HOTEl - HTOUT 
1\0EL " NE/2-2 
SU~RHO = CTECli-TEINEII 
TCFSAV=TEili-DtlTCF 
DC 179 J=l,3 
NJ = 2+1J-1J*NDEL 
CALL BPRATITEINJJ,CIEINJI,BPEPHCJII 
UTPHX = DTOPITEINJII 
TPRODXCJI = TEINJJ-BPEPHCJI-1.5+.001623*1TECNJI-92.11*DTPHI 
THTX(J) = TEINJI-BPEPHCJI-OTPHX 
WPROOCJI = 1.-WTRAX(NJI/WFX 
QBRINEIJI = HOTEl-WTRAXINJI/WFX*HlClEINJI,TEINJII 

1 - WPRODIJI*HICP,TPROOXIJII 
179 CONTINUE 

c•••• 
C PREHEATER 
c•••• 

180 DO 185 J=l,3 
RHCSTGIJI = ITEili-TEINEII/NPH 

185 QMSFCJI = IWF/TRAINSI/CWOTHINJI-CWOTHCNEI-WOTHClii/NPHt 
TCf=OMIN1CTCFSAV,TEC1t-CELTCfl 
ELL = LPH/NPH 
GXX = CEll*COPH/12.1/C3tOO.•CIOPH/12.1**2/4.t 
CALL UBARI-lO.DO,TL,CO,CP,GPH,IOPH,OOPH,S,RPH,lHTOCit,KPH,UHIII, 

1 HI PH I I I • HOPH I I I I 
NITS= C 

190 GPH = VPH*CENCCO,TCFI 
ABYWF = GXX/GPH 
TCES -=TCF 
HCOTCF • HCCO,TCFI 
HCCTGO = HCCTCF-QTRSP 
TOO = HINVCCO,HCOTOOI 
00 195 1=1,3 . 
RHOSTGIII = RHGSTGIII*ITCF-TOOI/SUHRHO 
ROTRAY = ClECli-TEINEII*RHOSTGIII/ITCF-TOOt 
NJ = 2+11-li*NOEL 
CALL SUBIROTRAY,TEINJI,QHSFIII,ELL,XOI18),SUijf(l)) 
HCT~BE = HCOTCF-QBRINEIII 
TCTUBE = HINVIf.O.HCTUBEI 
TSRFCE = THTXIII-SUBFIII 
THT~BE = TCTUBE +RHOSTGCII 
TL = .~•CICTUBE +THTUBEt 
TTO = TSRFCE -THTUBE 
IFITTO .LT. 1.001 TTO = OEXPCTT0-1.1 
LMTOCII = RHOSTGCII/OLOGC1.+RHOSTGil)/TTOt 
ISPCT = 1+6 
CALL UBAROITSRFCE,TlrGPH,LMTDillrUHII),HIPHIII,HOPHIIIJ 
SPHT = IHICC,THTUBEJ-HCTUBEI/RHOSTGill 
GAMIIJ = 1.-DEXPI-ABYWF*UHIII/SPHTI 
~HOSTGCII = ITSRFCE-TCTUBEJ*GAHIII 

195 CONIINUE 
NITS = NITS+l 
IFINITS .GT. 31 NITS=3 
SU~RHO = NPH*IRHGSTGC11+4.*RHOSTGI2t+RHOSTGIJII/6. 
X 1 = X2 

PR 08760-
PR 08770 
PR 08780 
PR 08790 
PR 08800 
PR 08810 
PR 08820 
PR 08830 
PR 08840 
PR 08850 
PR 08860 
PR 08870 
PR 08880 
PR 08890 
PR 08900 
PR 08910 
PR 08920 
PR 08930 
PR 08940 

•••• 
PR 08960 
PR 08970 
PR 08980 
PA 08990 
PR 09000 
PR 09010 
PR 09020 
PR 09025 
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PR 09070 
PR 09080 
PR 09090 
PR 09100 

•••• 
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PR 09140 
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PR 09210 
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PR 09250 
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PR 09310 
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PR 09330 
PR 09340 
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PR 09400 
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PR 09430 
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PR 091t50 
PR 09460 
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X2 X3 
XJ TCF 
\'1 Y2 
Y2 Y3 
Y3 SU~RHC-ITCF-TGOI 
GO TO 1196,197,198l,NITS 

196 GRADES = -hPH*IGAMI11+4.*GAMI2l+GAMI311/6. 
OTC~ = -Y3/GRADES 
GG TO 199 

197 DTCF ~ -YJ*IX3-X21/I\'3-Y21 
lfi\'2*Y3 .LT. 0.001 GO TO 1991 
GC TO 199 

198 OTCF = AHCISAIX3,X2oX1,Y3,Y2,Yli-X3 
199 OTCF = OTCF/DAHSIOTCfi*CMIN110AHSICTCflo~•00,.5•1TECli-TCESI! 

1991 TCF = TCES+OTCF 
IFIDABSIITCf-TCESI/TCESI .LE. CLOSRI GO TO 200 
GC TU 190 

200 lfEED = 0 
TCFSAV = TCF 

c•••• 
C IS REOLIRtO ftEO TEMPEHATURt TCO LOW? 
c•••• 

IFITGU .GT. TOI GO TO 2C2 
I VERT = I VEHT+ 1 
oo 201 1=2,Nc 
A l = I 

201 Mill = REFMII1+.1*1AI-1.1/lANE-1.1*UFLOATliVEKTI 
IEHR=IEHR+I 
If I lcR~.Lt.201 GO TQ l3o 
PRINT 220C 

2200 FOR~ATI'OUNSATISFACTORY SOLUTICN- TO<= 100 1 1 
202 CONTINUE 

c•••• 
C IS AVAILABLE FEED TEM~ERATURE HIGH ENOUGH? 

c•••• 

IFIIWFX*IHCGTOO-HOOII .LE. QESPI GO TO 205 
IFEEO = 1 
HCCTOO = HOG +QESP/WFX 
TOO = HINVICO,HCOTOCI 
HCGTCf = HCCTCG +QTRSP 
TCf = HINVICO,HCOTCFI 

C C.GNDENSER 
c•••• 

205 TR=TCON-XTI1531 
GCCN =VCON *DENICOoT~I 
TL = .5*1TC+TRI 
TTD = TCON- TR 
LMTCCN = ITR-TCI/OLOGil.+ITR-TOI/TTUI 
lSPCT = 12 
CALL UBARITCON 0 TL,CC,CP,GCON,IOCON,ODCGN,XOC24loRCON,LMTOCNeKCONe 

1 UCCN,HICON,HOCONI ' 
c••••• 
C dRINE ~EATER 

c•••• 
ZlO Gb~ = VHH~CENCCC,TEI111 

TL = .5*ITCF+TEC111 
TTD = TS-Hill 
LMTCBH = CTEI11-TCFI/OLOGI1.+1TEili-TCfi/TTOI 
ISPCT = 13 
CALL UHARCTS,TL,CO,O.OO,GBHolDbH,OObH,X0122l,RBH,LMTOBHeKBHeU8He 

1 HIBHoHOBHI 
C**** SIZE PLANT 

CALL SllEV 
c 
C**** COST PLANT 

c 
CALL COSTV 

GGG = TOTALK 
I FLIP = IFL IP+1 
KtiUHN 
END 

PR 09480 
PR 09490 
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PR 09590 
PM 09600 
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PR 09620 
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PR 09860 
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PR 09880 

•••• 
PR 09900 
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PR 09920 
PR 09930 
PR 09940 
PR 09950 
PR 09960 
PR 09970 
PR 09980 
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90 

91 
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APPENDIX E 

CHANGES MADE IN SUHROUTINE SIZEM 

SUHROUTINE SIZEM 
IMPLICIT REAL*HfA-K,O-ZI 

DOUBLE PRECISION MUDU 
REAL*8 LPHE 
DOUBLE PRECISION LEV,LF2 

PR 19920 
PR 19930 
PR 19940 
PR 199~0 

•••• 
PR 19960 
PR 19970 

C'UMI'ION/P I Nt•AS/ APTSI"', ENRSS, ENRJ~ olPHE, DUMOUM f 161 oNFEEO, Ill 11 (( 9 I •••• 
COMMON/BLOCM1/ LliEo DIH,. UIR, DUE, OOH,PR 19980 

1 COR, Ell:, E~E, KLR, RNR, HOEL,PR 19990 
2 HREC, APT SR, EN I TSR PR 20000 

C0f'MON/8LOC.,2/ p, Q, AH, AK, AN,PR 20010 
1 AR, FF, liE, GH, GR, HO,PR 20020 
2. Pb, PE, Qxf!il, RP, SE, SH,PR 20030 
3 SR, TK, \IE, VH, VR, WC,PR 20040 
4 Apolf, ATN, 8PXI51, CCF, HIH, HLH,PR 20050 
5 1-N~, HOH, OMXf!)l, I'HE, P03, RSE,PR 20060 
6 RSH, KSR, TLlt lHF, TKXI51, HCC,PR 20070 
7 TME, TPE, UE.<f51t UME, UMH, WPL,PR 20080 
8 bK rE., 6KTH, tsKTR, DTLSf)l, ELEX f ~d, HIEX(51,PR 20090 
9 HOI.:Xf51t MODU, KOt:lo HUE2o APTSE, 60EPH,PR 20100 
+ CAP11, HEADE, Hi:AOH, HEAUR, POBLO, POOEL,PR 20110 
A POPRD, SU6EXf51 0 WCOLD, WMODC, WMOOH, 8HSHEL,PR 20120 
H CSLT8Ho CSLTHP, HOTU::No HRECOV, HREJC T, RECOLN,PR 20130 
c VAPSPC, WPRTRY, POREC PR 20140 

CCf'f'GN/CCI'!NAM/ AJ, CIS, cu. CP, CR, PR 20150 
1 ~8. PI, 1'0, Td, TO, rP, PR 20160 
2 TS, wa, Wfo wo. WP, WR, PR 20170 
3 AXJ, HISL, HPR, LEV, LF2, reF, PR 20180 
4 ENBH, GPM8, GPMO, GPMH, GPM0 1 GPMP, PR 20190 
5 GP,..R, HDEA, RPMI:h RPMU, RPMM, RPMP, PR 20200 
6 RPI'!R, T.STH, WHOT, YEAK, ACRES, 8HVOL, PR 20210 
7 oLDGS, BNOLS, HUU:S, HPBLO, HPOEAo HPOElo PR 20220 
tl HPPRD, ~PREC, PLPKD, PLSEA, POOEA, ACNCEWo PR 20230 
9 ACIIICfl, ACNCHi, ACNCPH, ACNCRf, ACNCTR, AEXCAV, PR 20240 
+ ASTLEW, ASTLFL, ASTLIW, ASTLPH, ASTLRF, ASTL TR, PR 20250 
A AWE IRS, SHSURF, DINTAK, ENITSE, ENPIPE, ENSUPE, PR 20260 
8 ENSUPR, PlPELN, PLSZMG, KEJlENo STLLEN, STLTMP, PR 20270 
c TNA"CDY, TRo\lNS, JSARcAo VOLCNC, VOLSTL, WOCEAN PR 20280 

CCMMON/8LOC12/ XJ PR 20290 
CUMI'!ON/BLOC13/ XO PR 20300 
COI'!MON/SHARE/lfllP,lSPOJ PR 20310 
C(Jfoi;;GN/INOEU HiUC4UJ f'R Z0320 

PR 20330 
DIMENSION Xlf300),X0f300) PR 20340 
DIMENSION Xlf3loXMJX(3,31 PR 20350 

PR 20360 
IFIIFLIP .EQ. 11 GO TO 90 PR 20370 
lf(IINDflCI+INOf111+1NOf121+1111Dfl311 .GJ. 0) GU TO 90 PR 20380 
1FtflNOf71+lNDf8l+lNOf9J) .GT. 01 GO TO 96 PR 20390 
If( IN0(41 .GJ. 0) GO TO 116 PR 20400 
lfffiNDf11+1NDf51+1NDf611 .GJ. 01 GO TO 120 PR 20410 
GO TO 150 PR 20420 
CONJ lNUE PR 20430 
Wf WP/P PR 201t40 
Wl! QOijf PR 10450 
WH = PH*Wf PR 20460 
we = wo -wH -IIIP PR 20470 
WR = Wf -WB -WI' PR 20480 
WOCEAN = W0+.2*fWB+WPI PR 20490 
GO TO f91 1 921,NFEED •••• 
CONTINUE •••• 
TNACOY • 15.68*FF*CO•CR/fCM~1.1 PR 20500 
bO TO 93 •••• 
CONTINUE •••• 
TNACOY=l2.D-9•XOf2071•fWP+W8) •••• 
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93 CONTINUE •••• 
IFCIFLIP .GT. 11 GU TO 95 PR 20510 
DcNUO = DENCCU,TOI PR 20520 
A~AX = PI * 18.*02/4. PR 20530 
ANEED = WOC~AN/CDENOO *8.*3600.1 PR 20540 
NPIPE = ANEEO/AM•x +1. PR 20550 
ENPIPE =NPIPE PR 20560 

95 CONTINUE PR 205 70 
OINTAK = OSQRJ((4.*WOCEANI/CDENGO*ENPIPE*PI*~•880411 PR 20580 
HPRl = XOC3ll + )(f( 1061 PR 20590 
CALL HEADSCl.00,1.00,0.00,CP,TP,1.DO,l.00,TRAINS,WP,HPRl,HEAOP. PR 20600 

1 ~PR,GPMP,RPMP,P~PRO,HPPRDI PR 20610 
CALL HtADSC1.00,1.0C,O.UO,CB,Tb,l.OO,l.Uu,TRAINS,WB,HHL,HEADB.H8L.PR 20620 

1 GPMB,RPMB,POBLO,HPBLDI PR 20630 
CALL HtAOSC 1.00,1.00,0.DO,CO,T8,l.OO,l.OO,TRA1NS,W8+WP,X0(86I•HOX•PR 20640 

1 HOEA,GPMO,RP~M,POUEA,HPOtAI PR 20650 
96 CUN llllllJE PR 20670 

UC 100 1=1,3 PR 20680 
XLIII = ELEXCII PR 20690 
UO ICO J=1o3 PR 20700 
XMTIICI,JI = TKXCII**IJ-ll PA 20710 

100 CONTINuE PR 20720 
CALL OMATEQCXMTX,XL,3o1r31 PR 20730 
NAN =AN+.5 PR 20740 
ELE = TSTH/12. PR 20750 
ELSTL = O.OCO PR 20760 
STLLEN =0.000 PR 20770 
STLSTG =0.000 PR 20780 
TTRAY = THF PR 20790 
DO 110 l=l,NAN PR 20800 
AI = I PR 20810 
TTRAYX = TTRAY PR 20820 
ELESV = ELE PR 20830 
TTRAY = THF-Al*ROEl PR 20840 
ELE = ELE +XLIII+ TTRAY*IXLC~I+Xl(31*TTRAYI +TSTH/12. PR 20850 
NRSS=ELE/XTC2001+1. •••• 
ENRSS=NRSS **** 
IFCSTLT~P .GE. THFI GO TU 105 PR 20860 
lfiOABSC.5*CTTRAYX+TTRAYI-STLTMPI .GT •• ,*ROtll GO TO 105 PR 20870 
ELSTL = EL~SV +CELE-ELESVI*CTTRAYX-~TLTMPI/RUE1 PR 20880 
STLLtN = HSTL +10.667 PR 20890 
IFISTLT"'P .LT. 170.001 STLLEN_ = STLLEN + 9.667 PR 20900 
STLSTG = Al-1.+.5*C1.+0COSCPI*ISTLTMP-TTRAYI/ROE111 PR 20910 

10~ CONTINUE PR 20920 
lfCOABSC.5*CTTRAYX+TTRAYI-170.00I .Gr •• ~•ROEll GO TU 110 PR 20930 
ELEHOT = ELESV +CELE-ELESVI*CTTRAYX-170.UOI/ROE1 PR 20940 
NRSSH=ELEHOT/XTC2001+1. •••• 
ENRSSH=NRSSH **** 
HOllEN = HEHOT +20. 333 PR 20950 

1 +CENRSSH-1.1*9.667 •••• 
HOTSTG = AI-1.+.5*C1.+DCOSCPI*Cl70.DO-TTRAYI/ROE111 PR 20960 

110 CONTINUE PR 20970 
IFCCSTLTMP .GT. TKXC311 .OR. CSTLTMP .GE. THFII GO TO 115 PR 20980 
ELSTL = Ell PR 20990 
~ILUN = HSTL + 2<:1.667 PR 21000 

1 +(ENRSS-2.1*9.667 **** 
STLSTG = AN PR 21010 

115 CONTINUE PR 21020 
RECULN = ELE + 29.667 PR 21030 

1 +CENRSS-2.1*9.667 **** 
COLOLN = RJ::COLN -HOllEN PR 21040 
ENE = Wf/(GE *3600.*Pl*COlc/12.1**2/4.1 PR 21050 
A~E = Pl*CDOE/12.1 *ELE *ENE PR 21060 
ARTU~E = ENE/BNDLS *•866*ll.~*DOE/12.1**2 PR 21070 
STXLEN = STLlcN PR 21080 

116 CONT lNlJE PR 21090 
STLLEN = STXLEN PR 21100 
WHTRYH =WMOOH PR 21110 
W~TRYC = W~OOC PR 21120 
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APTSEl=XTI127l*ARTUBE •••• 
WBUNOL=(XT(12bl*APTSE1l**0.5 **** 
H~NOLE=WBUNul/XTil26l **** 
HTSHET=HBNULE+0.500 **** 
WTSHET=WBUNOL+0.500 **** 
APTSE=WTSHET*HTSHET **** 
XTEST=O~AXliV~PSPC,2.00l **** 
lf(WTSHET+XTEST.LE.WMOOhl GO TU 1161 **** 
WTSHET=WMOUH-XTEST •••• 
HTSH~T=APTSE/WTSHEl **** 

1161 HRECUV=XTI1201+HTSHET+XT(121l*ILEV-1.00l **** 
WPRTRY=WTSHET **** 
WALLTH=XTI122l*IMOOU-BLOGSI+XTI123l*2.00*BLOGS **** 
WHOT=WMOOH*MOOU+XTI124l*WALLTH **** 
WCCLO = WMODC*MCOU+WALLTH PR 21210 
AROOFE = WHOT*HOTLEN + WCOLU*COLOLN PR 21220 
STLKF STLLEN*WHOT+OMAXliO.uO,STLLEN-HOTLENl*IWCOLO-WHOTl PR 21230 
CNCHF = AROOFE -STLRF PR 21240 
STLFL = STLRf PR 21250 
CNCFL = CNCRF PR 21260 
AWALLE = HKECOV*IRECOLN *2•*blUGS +WCOLDI PR 21270 
STLWL = HRECOV*STLLEN •2.*BL~GS PR 21280 
IFISTLWL .GT. 0.00) STLwl= STLWL +HRECOV*WHOT PR 21290 
IFISTLLEN.GT.HOTLENI STLWL=STLWL+HRECOV*IWCOLO-WHOTI **** 
CNCWL = AWALLE -STLWL PR 21300 
ACWE = HKECOV*RECOLN*ITRAINS-BLDGSI PR 21310 
STLCW = HRECUV*STLLEN*IIRAINS-BLDGSI PR 21320 
CNCCW = ACWE -STLCW PR 21330 
ABTRYE = IELEHOT*WBTRVH +IEL~-ELEHCTI*WBlRVCI*MOOU*ILEV-1.1 PR 21340 
STL~T =IELSTL*WBTRVH+OMAX110.UO,ELSTL-ELEHOTI*IWBTRYC-WBTRYHII PR 21350 

l *MUCU*ILEV-1.1 PR 21360 
CNCdT = AbTRYE -STLBT PR 21370 
APTRYE = tlE * WPRTRY *2-*MUUU PR 21380 
STLPT = ELSTL * WPRTRY *2.*MUOU PR 21390 
CNCPT = APTRYE -STLPT PR 21~00 
STLVOL = HRECOV *STLFL PR 21410 
CNCVOL = HRECOV *CNCfl PR 21420 
ASTGWL =IIHOTSTG+1.1*WHCT+IAN-HUTSTG+l.I*WCOLUI*HRECOV PR 21430 
STLSW =0.000 PR 21440 
IFISTLSTG .GT. 0.001 STLSW =ISTLSTG+1.1*WHOT*HKECOV PR 21450 
IFISTLSTG .Gl. hOTSTGI STLSW =STLSW+I(STLSTG-HOTSTG+l.I*IWCOLO- PR 21460 

l WHOTI +WHOTI*HRECOV PR 21470 
CNCSW = ASTGWL -STLSW PR 21480 
STLPH = STLFL +STLBT + STLPT +ISTLWL+CSTLCW+STLSWI*2.1*5./HRECOV PR 21490 
CNCPH = CNCFL + 5.*(CNCWL+2.*CNCCWI/HRECUV PR 21500 
WEIRA =l(W~OOH+(LEV-1.1*WBTRYHI*(HOTSTG+1.)+(WMOOC+(LEV-1.1* PR 21510 

1 WbTRYCI*(AN-HOTSTG+1.1+WPRTRY*2.*1AN+1.11*MOOU*1• PR 21520 
PWO = WCOLC*C1.-1./TRAINSI +(6LOGS-1.1*2•*HRECOV PR 21530 
NTRN = TRAINS +.1 PR 215~0 
PLSEA= 0.00 PR 21550 
DO 117 K =1,NTRN PR 21560 
AIK = K-1 PR 21570 
lWD = PWO*I.5 -AIK/TRAINSI PR 21580 

117 PLSEA = PLSEA+OSORTilW0**2 +250.00**2 +H0**21 PR 21590 
PLPKU =PWU +WCOLO/TRAINS +HRECOV PR 21600 
JV1= THF-ROE1-BPXI11 PR 21610 
~All PSIAITV1,PSTA11 PR 21620 
VHLR=155.0-4*XOI2041*VE*VE •••• 
CALL PSIACTP,PSTALI PR 21630 
HHEC1 = HRECOV+HB +XTC1051 +Z.3*1PSTA1-PSTALI PR 21640 

l +IENKSS+1.1*VHLR •••• 
CALL HcAOSIOIE,GErtLE,CCF,TME,TCF,TME,TRAINS,WF,HRECl,HEAOE,HREC2,PR 21650 

l GPMR,SPX,PWX,HPRXI PR 21660 
ENITSE = (AN-ENRSSI*BNDLS PR 21670 
ENSUPE = O~AX11.500,(.15*ELE/OOE-ANI*BNOLSI PR 21680 

llO ~UN!lNVt PR 21690 
STLLEN = STXLEN PR 21700 
ATN AN+AK PR 21710 
RLR IELcX(41+ELEX(511/2.*AK +IAK+1.1*TSTH/12. PR 21720 
~NM = WO/IGR*3600.•Pl*IDIR/ll~l**2/4.1 PR 21730 
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AR = PI*IDOR/12.1 *RLR *RNR PR 21740 
ARTuBR = RNR/bNOLS *.86o*C1.3*00R/12.1**~ PR 21750 
HBNCLR = 4./Pl*ARTUBR/W~UNOL PR 21760 
HTS~~T = HBNDLR +.5. PR 21770 
APTSR = WTSHET * HTSHRT PR 21780 
HREJCT=XTI1291+HTSHRT+Xli1251*CLEV-1.0CI •••• 
NRJS=RLR/XTI2011+1. **** 
ENRJS=NRJS **** 
REJLtN = RLR +IENRJS+1.1*8.1o7 PR 21800 
IFCTKXC31-STLTMPI125,130,1JO PR 21810 

125 CONTINUE PR 21820 
STLLNR =0.00 PR 21830 
ELSTLR =O.CO PR 21840 
STLSTR =O.OG PR 21850 
GU TO 145 PR 21860 

130 CONJINUE PR 21870 
lfCTKXC51-STLTMPI 135,1~0,140 P~ 21880 

135 CONTINUE PR 21890 
STLLNR = 7.667 +CTKXI31-STLTMPI/CTK~I31-TKXIjll *RLR PR 21900 
tLSTLR = STLLNR -7.667 PR 21910 
SfLSTR = OFLOATIIFIXISNGLIELSTLR/RLR *AKIII PR 21920 
GU TO 145 PR 21930 

140 CONTINUE PR 21940 
STLLNR=REJLEN 21950 
ELSTLR = RlR PR 21960 
STLSfR = AK PR 21970 

145 CUNTINUE PR 21980 
~TLLEN STXLEN+STLLNR PR 21990 
AROOFR = WCOLO*REJLEN PR 22000 
AWALLR = HREJCT*IREJLEN *2·*~LDGS +WCOLOI+ WCOLO*IHRECOV-HREJCTI PR 22010 
STLWLR = HREJCT*STLLNR *2.•BLOGS PR 22020 
IFISTLL~K .GT. 0.001 STLWLR =STLWLR + WCOLD*IHRECOV-HREJCJI PR 22030 
l~ISTLLNR .EQ. REJLENI STLWLR= AWALLR PR 22040 
CNCWLR=_AWALLR -STLWLR PR 22050 
ACWR = HREJCJ *REJLEN *ITRAINS-BLOGSI PR 22060 
STLCWR HREJCT~SJLLNR*ITRAlhS-BLOGSI PR 22070 
ASTLCW STLCW + STLCWR PR 22080 
CNCCWR ACWR - STLCWR PR 22090 
hCNCCW CNCCW +CNCCWR PR 22100 
ABTRVR - RLR *WBTRYC*HODU *ILEV-1.1 PR 22110 
STLBTR ELSTLR*WBTRYC*MOOU*IlcV-1.1 PR 22120 
CNC~TR ABTRVR -STLBTR PR 22130 
ASTLBT STL8T +STL8TR PR 22140 
ACNCbT CNCijJ +CNCBTR PR 22150 
4PTRYR RLR *WPRTRV *2.*MOOU PR 22160 
SJLPTR ELSTLR *WPRTRY *2-*MOOU PR 22170 
CNCPTR APTRYR -STLPTR PR 22180 
ASTLPJ STLPT +STLPTR PR 22190 
ACNCPT CNCPT +CNCPTR PR 22200 
STLVLR = HREJCT * WCOLD* SJLLNR PR 22210 
CNCVLR HREJCT * WCULO *IREJLEN -STLLNRI PR 22220 
ASTGWR =CAK+l.I*HREJCJ *WCCLU PR 22230 
STLSWR = STLSTR *HREJCT*WCULO PR 22240 
lfiSTLSTR .EQ. AKI SflSkR= SILSWR +HREJCT*WCULO PR 22250 
CNCSWR ASTGWR - STLSWR PR 22260 
ASTLSW STLSW + STLSWR PR 22270 
ACNCSW CNCSW + CNCSWR PR 22280 
STLPHR WCOLD* STLLNR +STLBTR +STLPTR+ISTLWLR+ISTLCWR+SJLSWRI•2.JPR 22290 

1 *5./HREJCT PR 22300 
CNCPHR ARGOFR -WCOLD*STLLNR+ICNCWLR+2.*CNCCWRI*5./HREJCJ PR 22310 
WtiRR (WMOOC •ILEV=1.)*wBTR~C +2.*NPRrRY)*Ak•"Ouu•i. ~K lL3LO 
ASTLRF STLRF + WCOLD*STLLNR +1.D-3PR 22330 
ACNCRF CNCRF +AROOFR -WCOLD*STLLNR +l.D-3PR 22340 
ASTLFL ASTLR~ PR 22350 
ACNCFL ACNCRF PR 22360 
ASTLEW STLWL + STLWLR +1.0-)PR 22370 
AC~CEW = CNCWL +CNCWLR +1.D-3PR 22380 
ASTLIW = ASTLCW + ASTLSW +l.D-1PR 22390 
ACNCIW ACNCCW + ACNCSW +1.0-lPR 22400 
~ULCNC CNCVOL+CNCVLR +l.D-1PR 22410 
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VOLSTL STLVOL +STLVLR 
ASTLTR ASTLBT + ASTLP1 
ACNCTR ACNCBT+ACNCPT 
ASTLPH STLPH +STLPHR 
ACNCPH tNCPH +CNCPHR 
AWtlRS ; WtlRA + WEIRR 
AEXCAV ASTLFL + ACNCfl 
ACRcS=IWCOL0+2.*8LUGS*HKECCVl*IRECGlN+REJLEN+350.)/43.5603 
VHLRJ=l55.D-4*XCI2041*V~*VR 
HOELl = HKEJCT+ HO + XTI1041 

1 +lcNRJS+l.I*VHLRJ 

+l.0-3PR 22420 
+l.0-3PR 22430 
+1.0-lPA 2241t0 
+1.0-lPA 22450 
+1.0-.JPR 22460 
+l .. D-3PA 221t70 

PA 22480 
PA 22490 

•••• 
PA 22500 

CALL HtAOSIOIR,GR~RLR,CC,TU,Tb,TO,TKAlNS,WOCcAN,HOEL1,HEAOR•HOEL. 
•••• 

PA 22510 
PA 22520 1 GPMU,RPMO,POOEL,HPUcll 

tNITSR = IAK-tNRJSI*BNOLS 
ENSUPR = C~AXli.500,I.l'*RLR/OOR-AKI*8NOlS) 
TSAREA = IENlTSE+ENSUPE+IENRSS•2.I*bNOLSl*APTSE 

1 +IENlTSR+c~SUPR+2.*cNRJS*BNCLS) *APTSR 
HOLES = ENE/BNULS*IENITSE+ENSUPE+I2.*ENRSSI*BNOLSI 

1 +RNR/BNOLS*IENlTSR+ENSUPR+Ii.*ENRJSI*bNOLSI 
150 CG114TINIJE 

AH = l.CJ/RP*WP/IUHH*PHEI 
HNH = hf/IPI*IOIH/12.1**2/4.*GH*360u.l 
HLH = AH/IHNH*PI*OOH/12.1 
ARTLHH = HNH/tNBH •.866*11.3*UOH/12.1**2 
DlTU~H = DSQRTI4./PI*ARTU8HI+.5 
APISH= PI*OITUBH**2/4. 
BHSURF = Pl*DITUBH*IHLH +OITUbHI 
BHVOL = APTSH*HLH 

C** CC~PUTE PU~PING HEADS AND POWER AND MOTOR RPM 
CAll HEAOSICIH,GH,HLH,CCF,THE,THF,TCF,TRAINS,WF,HREC2,HEAOH.HREC. 

1 GPMH,RPHR,POREC 1 HPRtCI 
PC = POCEL +POREC +POPRO +POolD +POUEA 
GO TO ll60,1701,NFEEO 

160 X0(200I=J5D. 
XOI 201 )=30 .D-6 
X012Qji=XOI2001*TRAINS+XOI20li*IWP+WBI 

GC ro 1ao 
170 XU( 2021=350.' 

XOI2031=100.U-6 
XOI2051=XOI2021*TRAINS+XOI2031*1WP+WBI 

180 XUI20oi=X0(2051*9.o0-3 
RtTUR,'\1 
ENU 

•••• 
PM 22540 

•••• •••• 
PR 22570 
PR 22580 
PR 22590 
PR 22600 
PR 22610 
PA 22620 
PA 22630 
PR 22640 
PA 22650 
PA 22660 
PA 226JO 
PR 22680 
PA 22690 
PR 22700 
PR 22710 

•••• • ••• •••• •••• •••• •••• •••• •••• •••• 
PR 22720 
PR 22730 
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APPENDIX F 

CHANGES MAOE IN SUBROUTINE SllEV 

SUBRUUf INE S llEV PR 10720 
IMPLICIT RtAL*SIA-H,O-Z) PR 10730 
REAL*B LPHE •••• 
REAL*8 NCOOL,LCOOL •••• 

c PR 10740 
OOU~LE PRECISION NTRAIN PA 10750 
DOUBLE PRECISION LPH, L Vf:, IDUH, IOPH, LCON, NCON, PR 10760 

1 r-.TPH, ICCGN PR 10770 
OOUULt PRtCISION KBH, KPH, KVE, LitH, MGO, Nl:tH, PR 10780 

1 NPH, NVE, KCON, LMHlt LVEP, UHOSH, LMTOCN PR 10790 
OOU~LE PRECISION LEV,Lf2 PA 10800 

c PR 10810 
CD~"ON/BLGCV1/ ANE, HVE, lPH, LYE, ACON,PA 10820 

1 GPMV, HPVE, HSEA, IOBH, IOPH, LCON,PR 10830 
2 NCON, NfPH, 0()6H, OOPH, DOVE, POVE,PR 10840 
3 RPMV, HFEEU, IDCON, OOCON, SUMWT, VETSA 1 PA 10850 
4 APTSCN, APfSEP, OVRHGT, TOTNVE, VEPMPS PR 10860 

C0foo!.,CN/BLCCV2/ Al30), s, AEI30h QE, TCIJOI ,PR- 10870 
1 TE I 30), TR, UE 130), UHIJ), WM, WJC101 1 PR 10880 
2 . ABH, APH, BPEI30), C IE 130 It COE 130), OPEC30I,PR 10890 
3 ELL, GBH, GPH, bPM, HOOt K8H,PR 10900 
4 I< PH, KVE, LBH, MGO, NBH, NPH,PR 10910 
5 r-.vt:I30J, QPH, RBH, RPH, RYE, y,:~..,PH l0920 
6 ll8H, V8H, VPH, Wl'tXI30J, BHLF, GCON,PR 10930 
1 HI8H, HI PH 131, HLBt;, hui'HI31, KCON, LMTOC3J,PR 10940 
8 LVEP 1 PHLF, QMSftJI, ><~.UN, SU8F (31, r<:GIIItPR 109:•. 
9 UCON, VCONr VLEI\, VTLF, WOTHI30J. ALFAEIJO),PR 10960 
+ CONLF, HI CON, HOCON, HOTEl, PHHGT, POBLO•PA 10970 
A POPRO, POSE A, SURFF, VEHGT, WALVE, EfFSPC,PR 10980 
8ELBNOL I 30 It HCOTCF, HCUTOO, HEAOBH, HEAOCN, HEADPH,PR 10990 
c LMT08H, LMTOCN, PLNTLf, POOEAS, POFEEO, SUMWPE,PR. 11000 
0 SUMWPH, TOT AVE, l.lESP, VEFEED 130), W800ST, WOCOLO,PR 11010 
t NE, NTRN, I FEED, IRECYC PR 11020 
COI"~ON/COfiNAM/ AJ, Clh cu, CP, CR, PR 11030 

1 HI, 1'1, PG, TB, TO, TP, PR 11040 
2 TS, WB, WF, wo, WP, WR, PR 11050 
3 AXJ, HbL, HI'R, LEV, LF2, TCF, PR 11060 
4 EN8H, GPMB, GPMO, GPMH, GP!I40, GPMP, PR 11070 
5 GPfiR, HOEA, RPM~, RPMU, RPMM, RPMP, PR 11080 
6 RPMR, TSTH, WHGT, YEAR, ACRES, BHVOL, PR 11090 
7 BLUGS, 8NOLS, HOLES, HPBLIJ, HPDEA, HPOEL, PR 11100 
8 HPPRO, HPREC, PI,.PtW, PLSEA, PODEA, ACNCEW, PR 11110 
9 ACNCFL, ACNCIW, ACNCPH, ACNCRF, ACNCTR, AEXCAY, PR 11120 
+ ASTLEW, ASTLFL, ASTllW, ASTLPH, ASTLRF, ASTLTR, PR 11130 
A AWE IRS, UHSURF, OINTAI<, ENITSt, ENPIPE, ENSUPE, PR 11140 
8 ENSUPR, PIPELNr PLSZMG, REJLEN, STLLEN, STLTMP, PR 11150 
c TNACOY, TRAINS, TSAREA, VOLCNC ,· VOLSTL, WOCEAN PR 11160 

COfiMON/SHARE/ I FLIP ,!SPOT PR 11170 
CO~~ON/PINHAS/APTSH,ENRSS,ENRJSolPHf,OUMUUMI16),NfEED,IIIIIII9) •••• 
CO~~ON/BLOC12/ XT PR 11180 
CUI"~ON/BLCC13/ XO PR 11190 
CO~MON/INDEX/ INOI40) PR 11200 

c PR 11210 
OIM~NSION XOI30Ct,XTI300) PR 11220 

c PR 11230 
IFIIINOI9t+INDI101+1NOI1l)+INOI12)+1NOI131) .GT. OJ GO TO 90 PR 11240 
IFIIINDI61+1NDI71+1NOI8J) .GT. OJ GO TO 130 PR 11250 
lflllNOI3J+INDI41+1NOI5)) .Gr. ot GO TO 140 PR 11260 
GC TG 210 PR 11270 

90 CONTINUE PR 11280 
NTRAIN = TRAINS PR 11290 
WHCT = IIWDTHI11+1.1*1VLEN-ELBNDLINEJJ-IWOTHINE)+1.t•EFFSPCI/ PR 11300 

1 I VI.EN-H.f1NOI I Nf. ·-F.FFSPC l PA 11310 
WCCLO= WHOf + VLEN*IWOTHINE)+1.-WHOT)/(VLEN-ELrlNDLINE)J PR 11320 
VEHGT = LVE +EFFSPC +3.5 . PR 11330 



TANGEN =IWCCLO-WHOTI/VLEN 
WALIVE = 0.00 
VXLEN = O.OG 
STLLEN = O.Co 
STLIW = O.OC 
DO 110 1=1,NE 
VXLEN = EffSPC +ELBNDLiil +VXLtN 
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WALIVE = WALIVE +IWHOT+VXL~N~TANGE~I*VEHGT*NTRAIN 
Ifill .EQ. 11 .OR. ITCill .U:. STLTMPII \00 TO 110 
lfiiTCIIt .u:. STLTMPI .ANU. ITCII-11 .GT. STLTMPII GO TO 100 
GC TO 110 

100 STLLEN = VXLEN -IEffSPC+EL~NOLIIII*ISTLTHP-TCIIII/ITCII-11-TCIIII 
STLIW = WALIVE-IIWHOT+VALEN*TANGENI*VEHGT*NTRAINI*ISTLTMP-JCIIII 

1 /ITCII-11 -TCIIII 
110 CON II NUE 

IFISTLT~P .GT. TCINEII GO TO 115 
S TLU:N = VLEN 
·sruw = lij#ILIVE 

115 CONTINUE 
STXL~N = STLLEN 
TCTNVE =0.00 
Vtl SA =O.OC 
TCTAVE = O.CO 
'\IJMWJ =O.OCl 
UO 12G 1=1,,._E 
TOTAVE = TOTAVE+AEIII 
VETSA = VETSA +IWDTHII1+1.1*1ELBNOLIII+.SI*NTRAIN •2. 
Willi = VEFEEOIII *AEI11 
SUMWT = SUM~T +Willi 

120 TCT,..VE = TCTNVE + NVEIII 
TB TCINEI 
Cb = COEINI:I 
CK = Ctl/CO 
Wb = Wf -WP 
CALL hEADSI1.00,1.DO,O.CO,CB,T6,1.00,1.00,NTRAIN,WB,XOI30I,HEA08, 

HHI ,r.PMH,RPMH,PORI C1,HPRI Ill 
UE = QI:SP • AEI11 
GO T 0 I 91 , 92 I , N FEE 0 

91 CONTINUE 
TNACDY=15.t8*MGD*CO*CR/ICR-1.1 
GO TO -:J3 

92 CONTINUE 
TNACDY=12.0-9*XGI2071*1~P+W81 

93 CONTINUE 
TVE = .5*1TEI11+T61 
CVE = .50ICO +CBI 
VEPMPS = NTRAIN *ANE 

130 CONT INlJE 
HCPTP = 1Wf*IHOTE1-HCOTCF+HCOTCOI-Wt!*HICB,TBII/WP 
TP = HINVICP,HCPTPI 
HPR1 = XOI311 +XTI1061 
CALL HEADSI1.00,1.00,0.QO,CP,TP,1.00,1.00,NTRAIN,WP,HPR1,HEAOP, 

1 HPR,GPMP,RPMP,PUPRU,HPPRUI 
POOEAS = Wf *OEXPI.0137*TOO -6.1211/.3466706 
QPH =Wf*IHOTE1-HCOTCFI 
NTPH = Wf/IGPH*3600.0PI *IIDPH/12.1**2/4.1 
NFHS=LPH/XTI2001+1. 
ENRSS=NFHS 
XY=ENRSS+l. 
L P11E=L Pti- XV *9. 
APH = NTPH *IOOPH/12.1*PI *LPHE 
At!NDLP = NTPH/BNOLS *•866 *11.3*00PH/12.1**2 
Ht!NOL = DSQRTIABNDLP/XTI12711 
PHHGT=HBNOL+XTI1201+0.5CO 
APTSEP = IHBNOL +.5l*IXTI1271*HBNDL +.51 
OVRhGT = PHHGT +VEHGT 
APHIW = PHHGT*INPH*WHOT +.5*NPH*INPH+1.1*TANGEN*ELLI*NTRAIN 
SPH = STXLEN/Hl 
APHSTL=PHHGT*SPHOIWHOT+.,*ISPH+1.l*TANGEN*ELLI*NTRAIN 
AWEIRS = APHIW/PHHGJ 

PR 11340 
PR 11350 
PR 11360 
PR 11370 
PR 11380 
PR 11390 
PR 11400 
PR 11410 
PR 11420 
PR 11430 
PR 11440 
PR 11450 
PR 11460 
PR 11470 
PR 11480 
PR 11490 
PR 11500 
PR ll!HO 
PR 11520 
PR 11530 
PR 11540 
PR 11550 
PR 11560 
PR 11570 
PR 11580 
PR 11590 
PR 11600 
PR 11610 
PR 11620 
PR 11630 
PR 11640 
PR 11650 
PR 11660 
PR 11670 
PR 11680 
PR 11 11qo 
PR 11700 

•••• •••• •••• •••• •••• •••• •••• 
PR 11720 
PR 11730 
PR 11740 
PR 11750 
PR 11760 
PR 11710 
PR 11780 
PR 11790 
PR 11800 
PR 11810 
PR 11820 
PR 11830 

• ••• •••• • ••• • ••• •••• 
PR 11850 
••••• •••• •••• 

PR 11890 
PR 11900 
PR 11910 
PR 11920 
PR 11930 
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ENITSE=CNPH-ENRSSI*BNDLS **** 
ENSUPE = O~AX11.500 1 1.1,*LPH/OOPH -NPHl*~NDLSl PR 1i950 
HVE1 = CVRHGT +X0(211l **** 
CALL HEADSC1.00,1.00,0.CO,CVE,TVE,1.D0,1.00,V~PMPS,SUMWT,HVE1, PR 11970 

1 HEAOV,HVE,GP~V,RP~V,POVE,HPVEI PR 11980 
TV1 =TEll)- ITEill-HU/NPH -2. PR 11990 
CALL PSIAlTV1,PSTA1l PR 12000 
CALL PSIAl TOO,PSTAU PR. 12010 
VHLRS=155.0-4*XOl204l*VPH*VPH **** 
HREC1 = H~ +XTl105l +2.3*lPSTA1-PSTALI PR 12020 

* +XY*VHLRS **** 
xv=z.·~~Rss •••• 
CALL HEADSllDPH,GPH,LPHc,CO,TGO,TCF,TOO,NTRAIN,WF,HREC1,HEADPH, PR12030 

1 HREC2,GP~R,SPX 0 PWAoHPAX) PR 12040 
140 CONTINUE PR 12050 

STLLEN = STXLcN PR 12060 
HCOTR = H lCO, TR l PR 12070 
WO = QE/lHCOTR-HOOl PR 120HO 
lflMGO/NTRAIN.GE.10.00) GO TO 142 **** 
CONPAS=3.0C **** 
GU TO 14J **** 

142 CONPAS=2.DC **** 
143 CONTINUE **** 

NCC~ = WO/lPI*llDCUN/12.1**2/4. *GCON *3bOO.l*CONPAS •••• 
ACON = QE/lUCON*L~TDCNl PA 12100 
LCON = ACUN/lNCCN*PI*OOCON/12.1 PA 12110 
AHNCLC = NCON/NTRAIN •.B66*l1.3*0DCON/12.1**2 PA 12120 
OdNOLC = USQRTI4.*ABNDLC/Pll PR 12130 
APTSCN = Pl/4. *lOBNOLC +.51**2 PA 12140 
ENSUPR =O~AX1(.500,1.15*LCON/OOCON -1.1*NTRAINI PA 12150 
EXCCN=O.UC **** 
ELLCON=CdNCLCUTll301+3.000 **** 
LVEP = VltN +ELLCON PR 12190 
REJLEN CVRHGT +ELLCON+EFFSPC PR 12200 
WCCOLD WCOLO **** · 
WALSEP OSQRTILVEP**2 +IWOCOLO-WHCII**2l PR 12220 
WALEVE OVRHGT*liWHOT+WOCOLOl*NTRAIN +2.*6lOGS*(WALSEP+2.*EXCONtiPR 12230 
ARCGFV .5•lWCCOLD+WHOTl*NTRAIN*LVEP **** 
WALINV WALIVE +OVRHGT*WALS~P*INTRAIN-dLOGSl+AROOFV +APHIW PR 12250 
IFITClll .LE. STLTMPI GO TO 150 PR 12260 
IFilSTLTMP .LT. TCINEII .AND. lSTLTMP .Gr. TCONII GO TO 160 PR 12270 
lflSTLT~P .LE. TCONI GO TO 170 PR 12280 
ASTLRF = STLLEN *•5*lWHUT +STLLEN*TANGEN+WHOTI *NTRAIN PA 12290 
ASTLEW = OVRHGT *lWHUT*NTRAIN +2.*BLOGS*STLLEN/LVEP*WALSEPI PA 12300 
GO )0 180 PA 12310 

150 ASTLRF = 1.C-3 PA 12320 
ASTLEW ~ 1.0-1 PA 12330 
GO TO 180 PR 12340 

160 STLIW = WALIVE PR 12350 
VEROOF .5*lWHCT +WCOLDI*VLEN , PR 12360 
STLLEN = VLEN +ElLCON*lTCINEl-STLTMPl/lTClNEl-TCONI PR 12370 
ASTLRF = VEROOF*NTRAIN **** 
ASTLEW = CVRHGT*lWHOT*NTRAIN +2.*~LOGS*lSTLLEN/lVEP*WALSEP+EXCONIIPR 12390 
GO TO 180 PR 12400 

170 STLIW = WALIVE PR 12410 
STLLEN = LVEP PR 12420 
ASTLRF =AROOFV PR 12430 
ASTLEW =WAL~VE PR 12440 

180 CONTINUE PR 12450 
ASTLIW = STLIW tAPHSTL +STll~N/LVEP*OVRHGT*WALSEP*lNTAAIN-8LDGSt PR 12460 

1 +ASTLAF PA 12470 
ACNCRF D ARCOFV -ASTLRF +1.0-3 p~ 12480 
AChCIW WALINV -ASTLIW +1.0-3 PA 12490 
ACNCEW WALEVE -ASTLEW +1.0-3 PR 12500 
ASTLfl ASTLRF PR 12510 
ACNCFL ACNCRF PR 12520 
VOLSTL ASTLRF *OVRHGT PA 12530 
VCLCNC ,. ACNCRF *OVRHGT I'!C tl540 
ASTL TR 1.0-3 PR 12550 
ACNCTR l.D-3 PR 12560 
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AtXCAV ASTLfL +ACNCFL PM 
ASTLPH 2.*ASTLFL +5.*12.*APHSTL/PHHGT +2.*STLIW/VEHGT +STllEN PR 

1 /LVEP*WALSEP*INTRAIN-SLOGSI + 2.*ASTLEW/O~RHGTI PR 
ACNCPH ~.oACNCFl +3.0(2.0(APHIW-APHSTLI/PHHGT +2.*1WALIVE-STLIWIPR 

1 /VEHGTI+5.*11lVEP-STllENI/lVEP*WALSEP*INTRAIN-6lOGSI PR 
2 +2.*ACNCEW/OVRHGTJ . PR 

ACRES IWCCOLD*NT~AIN +2.*0VRHGT*HlDGSI*IlVEP +350.1/43.5603 PR 
PwD = WOCOLC O(NTRAIN -l.l+(tllOGS-1.1*2.*0VRHGT PR 
NTRN = NTRAIN +.1 PR 
PLSEA = O.CO PR 
00 190 K=l,NTRN PR 
AIK = K-1 PR 
ZWO = PWO o(.5-AIK/NTRA1NI PR 

190 PLSEA = PLSEA +OSQRTCZWU**2 +250.00**2 +XOI2BI**21 PR 
PLPRD = PWO +WDCOLO PR 
WM = WF*IHCOTR-HCOTOOI/IHCOTR-HOOI PR 
WM = OMAXl(O.OO,WMI PR 
W8UOST = WF-WM +.2*WF PR 
WOCEAN = WO +WM +.2*Wf PR 
HOEll= XOI28I+XTI1041 +PHHGT +.5*VtHGT PR 
CALL HEAOSIIOCON,GCCN,LCON,CC,TO,TR,TO,NTRAIN,WOCEAN,HOEll,HEAOCN,PR 

1 h~tA,t;I'MU,KI'MUri'U~tA,HI'Ui:LJ PR 
CALL HEAOSil.OO,l.OQ,O.OO,CO,TU,TO,JC,NTRAIN,WHOUST,XOI86I,HOl, PR 

1 HUEArGPMO,RPf'MrPOOEA,HPOE:AI PR 
IFIIFLIP .GT. 11 GO TO 200 PR 
DENOO = OENICO,TOI PR 
AMAJC = PI *lB. **2/4. PR 
ANEED = WOCEAN/IOENOO *8.03600.1 PR 

-NPIPt = ANEtO/AMAX + 1. PR 
tNPlPE = NPIPE: PR 

200 DlNTAK = OSQRTI 4.*WOCEAN/IOtNOO*ENPIPEOPI *2.880411 PR 

12570 
12580 
12590 
12600 
12610 
12620 
12660 
12670 
12680 
12690 
12700 
12710 
12720 
12730 
12740 
12750 
12760 
12770 
12780 
12790 
12800 
1~810 
12820 
12630 
12840 
12850 
1281:10 
12870 
12880 
12890 
12900 

TSAREA = IENITSE+ENSUPE +XY*BNOLSI*APTSEP +IENSUPR+2.1*APTSCN **** 
HOLES = NTP~/tl~CLS*IENITSE +ENSUPE +XY*BNDLSI +NCON/NTRAIN 

1 *IE~SUPR+2.1 
210 CCNTINUE 

ASH= Wf*IHOTtl-HCOTCFI/IUBH*lMTOBHI 
N~H = 576.* WF/IPI*l08H**2 *GBH *3600.1 
ltlH = A8H/IN6H *PI *OOBH/12.1 
ARTuBH NBH/ENBH o.B66*11.3*00BH/12.1**2 
OlTUUH = OSORTI 4./Pl *ARTUBHI +.5 
APTSH : P! • UlTU6H**2/4. 
bHSURF = PI * OITU6H*Il6H +OITU6HI 
BHVOL = APTSH *LBH 
CALL HEADSIIOHH,GBH,LBH,CO,T0 1 Tti11,TCF,NTRAIN,WF,HREC2,HEAD6H, 

1 HFEEO,GPMH,RPMR,POFEEO;HPRECI 
230 PO = POFEtD +POPRO +POBLO +POVE +POSEA +POOEA 

GC TO (660,6701oNFEED 
1:11:10 XUI2001=35C. 

)(0(2011=30.1:-6 
XC(2051=XUI2001*TRAINS+XOI201I*IWP+WBI 

GC TO 680 
670 XCI2021=350. 

XOI2031=1CC.IJ-6 
XOI2051=X012C21*TRAINS+X0(203I*IWP+WHI 

680 X0(2061=X0(2051*9.6D-3 
REfLRN 
ENC 

•••• 
PR 12930 
PR 12940 
PR 12950 
PR 12960 
PR 12970 
PR 12980 
PR 12990 
PR 13000 
PR 13010 
PR 13020 
PR 13030 
PR 13040 
PR 13050 

•••• • ••• ••••• •••• •••• •••• • ••• •••• •••• 
PR 13060 
PR 13070 
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APPEND IX G 
CHANGES HADE IN SUBROUTINE TECP4R 

SUBROUTINE TECPAR •••••••• 
C SPECIAL FOR VTE ONL~ 

I~PLICIT KEAL*8 (A-H,O-ll 
COM~ON/BLOC12/XTI3001 
XTI 31=10.DC 
XTI41=5.DO 
XT I 51= .7!iUC 
XTI oJ=.7~CO 

XT ( 91= 10.00 
XTI101=5.5UO 
XTI111=.75DO 
XT 1121=. 75DC 
XTI131 =3.00 
XTI141=1.00 
XH l~H=10.DC 
XTI161=5.00 
XTI 251= l.CUO 
XTI 261= 0.000 
)(f( 271= .7500 
)(f( 281= .7500 
XTC 291= 1.000 
XTI JOI= C.OOO 
XTC 311= 4.000 
XTI 321= 2.CDO 
XTI331=100. 

·XH341=-20. 
XH 351= l.COO 
XT( 361= O.ODO 
XTI 371= 20.00 
XTC 31U= 5.0DG 
XTI10li=.CC05DO 
XTI1021=.0CJ05DO 
XTI1031=.COC7DO 
XTI1041=7.9DO 
XTI1051=16.7DO 
XTI1061•15.15DO 
XTI1071=l.CC 
XTI1081=1.DC 
XTI1091=l.DC 
XT( 1101=1.00 
XTillll=l.DC 
XTI1121=l.DO 
XTI113l=O.DC 
XTC ll41=l.DO 
XT(ll~I=.C8400 
XTI1201=5.00 
Xl( 127 1=1.500 
XJ( 1301=1.DO 
)(l( 151) =.0800 
XTI 1!>2 1=95.DO 
xrc 1531=5.DO 
.<TI2001=70.CO 
CALLT( 1 UPPER LIMIT FOR VELOCITY IN PREHEATER TUBING (VTEJ•, 31 
CALLT('LOWER Ll~lT FOR VtLOClTY IN PR~~EA~tK IU81NG CVTEI 1 t 41 
CALLTI 1 UPPER LIMIT FOR'lD OF PREHEATER TUBING CVTEI't 51 
CALLT( 1 LOWER LIMIT FOR CO OF PKEHEATER TUBING CVTEI 1 o b) 
CALLT( 1 ~PPEK L1~1T FOR VELOCIT~ IN CONDENSER TUBING CVTEI 1 t 9~ 
CALLTI 1 LOWER LI~IT FOR VELUCllY IN LONDENSER TUBlNG (VTEI', 101 
CALLT( 1 UPPER LI~IT FOR CD CF CONDENSER TUBING CVTEI't Ill 
CALLTI'LOWER LI~IT FOR CD Of CONDENSER TUBING CVTEI't 12) 
CALLT( 1 UPPER LIMIT FOR PREHEATER STAGES/EFFECT CVTEI 1 t 13) 
CALLT( 1 LOWER Ll~IT FOR PREHEATER STAGES/EFFECT CVTEI't 14) 
CALLT('UPPER LIMIT FUR VELOCIT~ IN PREHEATER TUBING IVTEI't 151 
CALLT('LOWER Ll~lT FOR VELOCIT~ IN PREHEATER TUBING CVTEI 1 t 16) 
CALLTI'UPPER LIHIT FO~ X0151 O[FJNING CONO. REJECT TE~~(Vi~l'• 2)1 
CALLT( 1 lOWtK LlHll ~OR XOISI DEFINING COND. REJECT TEMPCVTEI 1 t 26) 
CALLT( 1 UPPER Ll~IT FOR CD OF PREHEATER TUbES CVTEI't 27) 
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CALLTC 1 LOWtR LI~IT FOR LD OF PREHEATER TUHES CVTEI'e 2dl 
CALLTI 1 LPPER LI~IT FOR ~0191 DEfiNING fEtD fLOW RATE IVTEI'e 291 
CALLTI 1 LOkER LI~IT FOR ~0191 OlfiNING FE~D FLOW RATE CVTEl', 101 
CALLTC 1 ~PPER LI~IT fOR CD GF VERTICAL TUtiES IVTEI', 311 
CALLTI 1 LOkER LI~IT FOR CD OF VERTICAL TUtlES IVTEI', 321 
CALLTC 1 ~PPER LI~IT FOR ~Oilll DEFINING TtiNEl IVTEI', 3JI 
CALLTI 1 LOWER LI~IT FOR ~Oilll DEFINING TECNEl IVTEI't 3~1 
CALLTI'UPPER li~IT FOR ~01121 DEFINING VE HEAT RATE CVTEI', 3,1 
CALLTC 1 LOWER LI~IT fOR XOI12l DEfi~ING Vt HEAT RATE IVTEI', 361 
CALLTI 1 UPPER LI~IT FOR ~UM~EK Uf VE EFFECTS IVTEl't 371 
CALLTI 1 LOWER li~IT FOR NUMHEK OF VE EfFECTS IVTEI', 381 
CALLTI 1 FCULING FACTOR IN BRINE HEATER CVTEI'elCll 
CALLTC 1 FO~LING FACTOR IN PRcHEATER CVTEI',l021 
CALLTC 1 FOLLING FACTOR IN ·CO~CENSER CVTEI'ol031 
CALLTC 1 OUCTING HEAD LOSS IN SEAWATER SYSTEM, FEET IVTEI'olO~I 
CALLTI 1 DUCTING HEAD LOSS IN PREHEATER SYSTEM,F.EET IVTEt'e1051 
CALLTI' DUCTING HEAD LOSS IN PRODUCT SYSTEM,FEET CVTEI'olCol 
CALLTI 1 MULTIPLIER FOR fRICTION FACTOR IVTEI'e1071 
CALLTI 1 MULTIPLIER FOR LIQUIU FILM HEAT TRNSf COEFF CVTEI 1 el081 
CALLTI 1 MULTIPLIER FOR CONDENSING HEAT TRNSF COEFF IVTEI'ol091 
CALLTI' MULTIPLIER FOR SUBMERGENCE SUPERHEAT CVTEI'ellOI 
CALLTI' MLLTIPLIER FOR DEMISTER AND BUNDLE SUPERHEAT IVTEI'ellll 
CALLTI' MULTIPLIER FOR ~All THICKNESS COEFF VE TUBES IVTEl',ll21 
CALLTI' FOULING FACTOR fOR V~RTICAL EVAPORATOR TUBES IVTEI'ollll 
CALLTI'~ULTIPLIER FOR FILM HEAT TRNSFR COEFF VE TUBES IVTEI'ell~l 
CALLTI 1 CA2S04 ANHYDRITE LIMITED CONCENTRATION IVTEI',ll51 
CALLTI 1 PREHEATER VERTICAL BELOW TUBES IVTEI'el201 
CALLTI'PREHEATER BUNDLE WIDTH/HEIGHT RATIO IVTEI'el271 
CALLTI'LENGTH RATIO, CO~DENSER TO LAST EFFECT IVTEI'el301 
CALLTI 1 CONCENTRATION IN LAST EfFECT IVTEI 1 el5ll 
CALLTI 1 CONOENSING TEMPER4TURE IN CONDENSER, f IVTEI'ol521 
CALLTC 1 CONDENSER TTO, F CVTEI'el531 
CALLTC 1 ~A~I~UM LENGTH GF TUBINbt FT. IMSF,VTEI'e2001 
RETURN 
t:ND 
SUBROUTINE TECPAR 

C SPE:C IAL FOR MSF75 •••••••• 
IMPLICIT REAL*8 CA-H,O-ll 
LOM~ON/Bl0Cl2/XTI3001 

GALLTI 1 lJPPER I.I.,IT fGR NUMbE~ OF REJtCT STAGES CMSFI'e U 
CALLTI 1 LOWER LI~IT FOR ~UMBER UF REJECt STAGES CMSfl', 21 
CALLTC 1 UPP£R LI~JT ~OR VELOCITY IN HEATER TUM!NG CMSFI', 3) 
CALLTC 1 LOWER Ll~IT FOR VELOCITY IN HEATER TUbiNG IMSFI'e 41 
CALLTI'UPPER LIMIT FOR UO UF HEATER TUBING IMSFl', ,I 
CALLTI'LOWER Ll~IT FOR CO CF ~EATER TUBING IMSfl 1 e 61 
CALLTI 1 lPPER LI~IT FOR ~UM8E~ OF PLANT LtVELS CMSfl 1

1 71 
CALLTC 1 LOWER li~IT FOR ~UMHER Uf PLANT LlVELS CMSfl 1

1 81 
CALLTI 1 UPPtR LI~IT FOR ~tLOC!TY IN REJECT TU61NG IMSfl 1

1 91 
CALLTC•LOWER LI~IT FOR VELOCITY IN REJECT TUbiNG CMSFI 1

1 101 
CALLTC'UPPER LIMIT FUR 00 CF REJECT TU~ING IMSFI 1

1 111 
CALLTI'LOWER li~IT FOR CO CF REJECT TUBING (MSFt•, 121 
CALLTI 1 UPPER LIMIT FOR NUMBER OF RECOVERY STAGES CMSfl 1

1 131 
CALLTC 1 LOWER LI~IT ~UK ~UMBER UF RECOVERY STAGES CMSfl 1

1 1~t 
CALLTC 1 UPPER LIMIT FOR VELOCITY IN RECOVERY TUBING IMSfl 1

1 151 
CALLTC 1 LOWER LIMIT FOR VELOCITY IN RECOVERY TUBING CMSFI' 1 161 
CALLf(•~PPER Ll~IJ fUK GO Of ReCOVERY TUbiNG CM5Ft'• 171 
CALLTC 1 LOWER LI~IT FOR 00 OF ~ECOVERY TUbiNG IMSFI', 181 
CALLTC 1 LO~ER LI~IT FOR PtRFOR~ANCE ~ATIO IMSfl' 1 191 
CALLTI 1 LOWER LI~IT FOR PERFOR~ANCE RATIO CMSFI' 1 201 
CALLTC 1 UPPER LIMIT FOR TEMP DIFF.CTbLOWOOWN-TOCEANl IMSFI 1

1 211 
CALLTI'LOWER LI~IT FOR TEMP DIFF.CTbLOWOUWN-IOCEANI CMSfl 1

1 221 
CALLTC 1 UPPER LIMIT FOR CONCENTRATION RATIO IMSfl 1

1 231 
CALLTC 1 LOWtR LI~IT FOR CONCE~TRATICN RATIO IMSfl' 1 241 
CALLTI' FCULING FACTOR IN BRINE HEATER IMSFI',lOll 
CALLTC 1 fOULING FACTOR IN RECOVERY CMSFI 1 e1021 
CALLTC 1 FOULING FACTOR IN REJECT CMSfl' 0 1031 
CALLTI' OUCTING HEAD LOSS IN SEAWATER SYSTEM,FEET CMSfl' 1 10~1 
CALLTI' DUCTING HEAD LOSS IN RECYCLE IHSFI'elO,I 
CALLTI' OUCTING HEAD LOSS IN PRODUCT SYSTEM,FEET IMSfi' 1 1C61 
CALLTI 1 MULTIPLIER FOR ~RICTICN FACTGR IMSfl' 1 1071 



57 

CALLTI 1 MULTIPLIER FOR LIQUID fiLM HEAT TRNSf COEFF 
CALLTI' MULTIPLIER FOR CONDENSING HEAT TRNSF COEFF 
CALLTI 1 MULTIPLIER FOR SUBMEKGENCE SUPERHEAT 
CALLTI' MULTIPLIER FOR OEMISTER ANO BUNDLE SUPERHEAT 
CALLTI 1 ~AXIMUM LENGTH Of TUBING,FT 
XT I 11=10.00 
XTI 21=2.COC 
XT I 31=10.CC 
XTI41=5.00 
XTI 51=. 75CC 
XTI 61=.7500 
XTI 71=1.000 
XTI 8)=l.OC:.:O 
XT I 91= lO.OC 
XTI101=5.50C 
XTI111=.7500 
XTI121=.7500 
XTI131=70.0C 
XTI141=10.0C 
ATI151=10.CO 
XTI161=5.DC 
XTI171=. 75CO 
XTildi=.75CO 
XTI191=30.0C 
XTI201=5.0CO 
XTI t 11=50.00 
XTI221=10.CO 
XTI231=3.00 
XTI241=1.800 
ATil011=.ocosou 
XTI1021=.CCC500 
Xfll03)=.0C07DO 
XTI1041=7.900 
XTI1051=16.700 
XTI1061=15.1500 
XTI1071=1.CO 
XTilCBI=l.OC 

. XTI1091=1.CO 
XTil101=1.0C 
XTI1111=1.CC 
Utl121=l.DC 
XTI1131=l.OO 
XTI1141=l.CC 
XTI1151=l.OC 
XTI1201=7.200 
XTI1211=5.00 
XTI1221=.0500 
Xfl1231=.100 
XTI1241=1.00 
XT HZ 51 =4.00 
XTI1261=1.5DO 
lHC 1271=1.2500 
XTI1281=3.00 
XTI1291=4.00 
RETURN 
t:ND 

CMSFI 1 ,1081 
CMSFI 1 ,l091 
I HSF I', 1101 
IMSFI' ,1111 
IHSFI't2001 
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APPENDIX H 

CHANGES MADE IN SUBROUTINE OTHPAR 

SUBROUTINE OTHPAR 
IMPLICIT REAL*BIA-H,U-ZJ 
COMMON/BLOC13/ XO 

DIMENSION X0(3001 

PR 
PR 
PR 
PR 
PR 
PR 

THE FI~ST f(URTEEN X0 1 S ARE RESERVED FOR VARIABLES OF OPTIHJZATIONPR 
THESE XO'S ARE ASSIGNeD VALUES IN SUBROUTINE VARSET,DEPENDING PR 
UPCN PROCESS AND PLANI SlZE - THESE FOURTEEN XO'S HAY BE PR 
ASSIGNED VALUES BY INPUT ONLY-BY SETTING THE XT'S CORRESPONDING PR 
TO THE UPPER AND LOWER LIMITS OF THE VARIABLE TO THE VALUE WHICHPR 
THE VARIABLE IN QUESTION IS TO ASSUME. PR 

~OR A MULTI-STAGE FLASH PLANf,THESE X0 1 S REPRESENT THE FOLLOWING PR 
VARIABLES- PR 

PR 
XUI 11 NU~BER Of HEAT REJECT STAGES PR 

UPPER LIMITe XTl 1) LOWER LIMIT, XT( 21 XOC lJPR 
X0l21 VELOCITY IN BRINE HEATER lUBlNG,FPS PR 

UPPER LIMIT t X f l 31 LOWER L 1M IT, XTl 4) A:I.JI 2JPR 
XOC3) OUTSIDE DIAMETER Of dRINE HfATER TUBING, INCHES PM 

UPPER LIMIT, XTl 5) LOWER LIMIT, XT( 6) XOt JJPR 
X0(4) NUMBER OF PLANT LEVELS PR 

UPPEk LIMIT, XTl 7) LOWER LIMIT, XTl 8) XOC lt)PR 
XG(51 VELCCITY IN HEAT REJECT TUBING,FPS PR 

UPPER LIMIT, XTl 91 LOWER LIMIT, ~TllO) XOC 5JPR 
XOC61 OUTSIDE DIAMETER Of HEAT REJECT TUBING,INCHES PR 

UPPER LIMIT, XTC11) LOWER LIMIT, XTC12) XOC 6JPR 
XOI 71 NU~BER OF HEAT RECOVERY STAGES PR 

UPPER LIMIT, XTll3J LOWER LIMIT, XT(l4) XOC JJPR 
X0(8) VELOCITY IN HEAT RECOVERY TUBING,FPS PR 

UPPER LIMIT, XTI15) LOWER LIMIT, XTI16) XOC 8JPR 
.(0(91 OUTSIDE DIAMETER Of HEAT RECOVERY TUBlNG,INCHES PR 

UPPER LIMIT, XTll7) LOWER LIHITo Xi(l8J XOC 9JPR 
XOilOI= PERFORMANCE RATIO 1 Ld PRODUCT WATER PER THOUSAND BTU PR 

UPPER LIMIT, XTC19J LOWeR LIMIT, XTC20J XOCIOJPR 
XUCllJ= TEMPERATURE DIFFERENCE,CTBLOWDOWN -TOCEAN) PR 

UPPER LIMlft XTI21J LOWER LIMIT, XTC22) XOilliPR 
XOC12J= CONCENTRATION RATIC, SLOWDOWN TO FEED CONCENTRATIONS PR 

UPPER LIMIT, XTC23J LOWER LIMIT, XTC24) XO~l21PR 
XO( 13)= NOT USED PR 
XOI141= NOT USED PR 

FOR A VERTICAL TUBE EVAPORATOR PLANT, 
PR 
PR 
PR 

XOil) =VELOCITY IN BRINE HEAT~M Tu~ING, FPS PR 
UPPER LIMIT, XTI3) - LOWER LIMIT, XTI4J XOCliPR 

XOI2) =OUTSIDE DIAMETER Of BRINE H~AtER TUBING, INCHES PR 
UPPER LIMIT, XTI5J - LOWER LIMIT, XTC6) XOC2JPR 

XOC31 VELOCITY IN CONDENSER TUBING, FPS PR 
UPPER LI~ITt XT(9) - LOWER LIMIT, XTI10) XOI31PR 

XOC41 OUTSIDE DIAMETEM Of CONDENSER TUBING, INCHES PR 
UPPER LI~ITt XTilll - LOWER LIMift XTI12) XOIItJPR 

X0151 ; DEFINES CONDENSER REJECT TEMP BY TR =TFEED+X*ITCON-TFEEDJ PR 
UPPER LI~IT, XTI25) - LOWER LIMIT, XTl26) XOC5JPR 

34080 
34090 
34100 
34110 
34120 
34130 
34140 
34150 
34160 
34170 
34180 
34190 
34200 
34210 
34220 
34230 
llt240 
31t250 
34260 
34270 
34280 
34290 
34300 
34310 
34320 
34330 
34340 
34350 
34360 
31t370 
34380 
34390 
34400 
34410 
34420 
34430 
34440 
34450 
34460 
34470 
34480 
3'tlt90 
34500 
34510 
34520 
31t530 
3451t0 
34550 
34560 
34570 
34580 
34590 
34600 
34610 

XOC61 NU~BER CF STAGES IN MSF PREHEATER PER EFFECT 
UPPER LIMIT, XTC13J - LOWER LIMIT, XTC14) 
VELOCITY IN PREhEATER TUBING, FPS 

~··· XO C 6 I PR Jlt630 
XOI 71 

UPPER LIMIT, XTI151 - LOWER LIMIT, Xfll6) 
X0l8) = OUTSIDE DIAMETER Of PREHEATER TUdES, INCHES 

XOI91 
UPPER LIMIT, XTI27) - LOWER LIMIT, XTI28) 
DEFINES FEED RATE BY Wf =WfMIN +X•IWFMAX-WFHINI 
UPPER LIMIT, XTI29J - lOWER LIMIT, XT(30) 

PR 34640 
XOCJIPR 34650 

PR 34660 
XOCSIPR 34670 

PR 34680 
XOC9JPR 34690 

X01101= OUTSIDE DIAMETER Of VERTICAL EVAPORATOR TUBES, INCHES PR 34700 
UPPER LIMIT, XTI31) - LOWER LIMIT, XTI32) 

XOilll= LENGTH Of A VERTICLE EVAPORATOR TUdE, FEET 
UPPER LIMIT, XTI33) - LOWER LIMIT, XTC34) 

XCl12J= DEFINES HEAT FLUW DOWN VERT. EVAP. 6Y Q = 

XOC lOJPR 34110 
PR 34720 

XO C llJ PR 31t 130 
x•QNOMINAL PR 347~0 
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C UPPER LIMIT, XTI351 -LOWER LIMIT, XTI361 XOI121PR 34750 
C XOC131= NU~BEK OF VERTICAL TUBE EFFeCTS PR 34760 
C UPPER LI~IT, XTI37) - LOWER LIMIT, XTI381 XOC131PR 34770 
C XU(l41= NOT USED PR 34780 
C**** PR 34790 
C PR 34800 

CALLOC'INTERMEDIATE TUBE SHEtT THICKNESS,INCHES CVTE,MSfl'• l51PR 34810 
XOI15) = .7500 PR 34820 

C PR 34830 
CALLOI'DEPTH OF FLASHING BRINE,MSF PLANT,FEET IVTE,MSFI'• 181PR 34840 

X0(181 = 1.2500 PR 34850 
C PR 34860 

CALLOC'THERMAL CONDUCTIVITY Uf BRINE HEATER TUBING IVTE,MSFI'• 191PR 34870 
C STU/HR/FT/DEG F PR 34880 

XOI191 = 26.00 PR 34890 
C PR 14900 

CALLU( 1 THER~AL CONO.,RECOVRYCMSFI,PRHTRCVTEI TUBINGIVTE,MSFI'• 20IPR 34910 
C BTU/HR/fT/DEG F PA 34920 

XOC201 = 26.DO PR 34930 
C PR 34940 

CALLUC 'THERMAL CONO.,REJECTIMSfi,CONOSRIVTEI TUBINGIVTE,MSFI 1 t 21JPR 34950 
C BTU/HK/FT/OEG F PR 34960 

XOC211 = 26.00 PA 34970 
C PR 34980 

CALLOC 1 FLOOOING FACTOR IN BRINE HEATER IVTE,MSfl 1 o 2liPR 34990 
XUC221 = 19.00 PR 35000 

C PR 35010 
CALLOI 1 FLOOOING FACTOR tN RECOVRYCMSFI,PKHTRCVTE) CVTE,MSfl', 231PR 35020 

XOI231 = 19.00 PR 35030 
C PA 35040 

CALLOI'FLOOOING FACTOR IN REJECTIMSfleCONOSRCVTEI CVTE,MSfl'• 241PR 35050 
XOI241 = 19.00 PA 35060 

C PA 35070 
CALLOI'WALL THiCKNESS Of BRINE HEATtR TU~INGriNCHESIVTftMSfl'• 251PR 35080 
~OC~~I=.C49DO •••• 

C PR 35100 
CALLOI 1 WALL THKNESS, RECOVRYIMSFI,PRHTRCVTEI TUBINGCVTE,MSfl 1 , 26IPR 35110 

C INCHES PA 35120 
A0(261=.03500 •••• 

C PR 35140 
CALLOC•wAll THKNESS, REJECTCMSfi,CONOSRIVTEI TUBINGIVTE,MSfl'• 271PR 35150 

C INCHES PR 35160 
Apl271=.04900 •••• 

C PR 35180 
CALLOI'PUMPING HEAD 1 FEEO SOURCE TO PLANT SITE,FEET lALLI'• 28)PR 35190 

XOC281 = 35.00 PR 3Sl00 
C PR 35210 

CALLOI'PUMPING HEAD,PLANT.TO BRINE HEATER,FEET IVTE,MSfl'• 291PR 35220 
XUC291 = 25.00 PR 35230 

C PR 35240 
CALLOI'BLCWOOWN PUMPING HEAD, fEET CALLI'• 301PR 35250 

X0130l = 4C.OO PR 35260 
C PR 35270 

CALLOC'PRODUCT PUMPING HEAD, FEET CALLI'• 3l)PR 3S280 
XOI3ll = 92.DO PR 35290 

C PR 35300 
CALLOI'PUMP AND MOTOR EffiCIENCY CALLI'• 321PR 35310 

XOC321 = .82700 PR 35320 
C PR 35330 

CALLUI'OESA~TlNG PLANT LIFE~YFAAS CALLI"• JJIPR 35340 
XOI331 = 30.00 PR 35350 

C PR 35360 
CALLOC'TUBINGIEXCEPT BRINE HTR AND VERTILIFE,YEARS CVTEeMSfl'• 341PR 35370 

XOI34l = 3C.OO PR 35380 
C PR 35390 

CALLOC'BRINE HEATER TUBING LIFE, YEARS IVTE.MSfl'• 35IPR 35400 
XOC351 = 30.DO PR 35410 

C PR 35420 
CALLOI'OCEAN SALT CONCENTRATION, WT. FRACTION CVTE,MSfl'• 16IPR 35430 

XOI36l = .033o00 PR 35440 
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C PR 35450 
CALLOI'PROOUCT SALT CONCENTRATION, ~T. FRACTION lYTE,MSfJ'e 31JPR 35460 

XOI371 = 2!1.0-6 PR 35470 
C PR 35480 

CALLOI'DESALTING PLANT LOAD FACTOR lALLJ'e 381PR 35490 
XCl381=.850C •••• 

C PR 35510 
CALLOI'STEA~ TE,PERATURE, OE~ f IYTEeMSFJ'e 391PR 35520 

X0(391 = 258.00 PR 35530 
C PR 35540 

CALLOI'TEMPERATURE OF FEcD~AfER, OEG F (All)', 401PR 35550 
XOI401 = 65.00 PR 35560 

C PR 35570 
CALLOI'MAXIMUM BRINE TE~PE~AfURE 1 OEG F lMSFJ 1 , 41JPR 35580 

XUl4ll = 2:)0.00 PR 35590 
C PR 35600 

CALLOI'THE ~INI~UM NUMBER OF TRAINS ALLOWED CALLI'• 431PR 35610 
X0(431=8.00 •••• 

C PR 35630 
CALLOI'WALL THICKNESS,VERTICAL EVAPORATOR TUHING,IN. lYJE) 1 , 701PR 35640 

XOl701 = .C491JO PR 35650 
C PR 35660 

CAllOI'THERMAL CONOUCTIVITYeVERTICAL EYAP. JU~ES lYTEI' 1 721PR 35670 
C BTU/HR/FT/OEG F PR 35680 

XOI721=26.0C •••• 
C PR 35700 

CALLOI'RATIO OF ACTUAL TO RUdBER BAND AREAS,VE TUBES CVTE)', 741PR 35710 
XOl741 1.27300 PR 35720 

C PR 35730 
CALL0( 1 FEEO RATE TO A 3 INCH OIJ 1 10 FT LONG VE TUBE 1 GPM lVTEJ' 1 75JPR 35740 

XO I 15 I = 2.000 PR 35750 
C PR 35760 

CALLOl'VERTICAL EVAPORATOR TUBE LIFE, YEARS lVTEJ 1 , 76JPR 35770 
X0l761 = 15.DO PR 35780 

C PR 35790 
CALLOI'YEAR PLA~T CONSTRUCTION BEGINS lALLJ'o 79JPR 35800 
XOl791=1976. •••• 

C PR 35820 
CALLOI'MINIMUM PLANT SIZElHGIJI WITH UN-SITE ACID PLANT lALLI'e 801PR 35830 
XOIBOI=lOOO.OO •••• 

C PR 35850 
CALLOl'~INIMUM PLANT SIZElHGOI USING NUCLEAR HEAT+PWR CALLI'• 8l)PR 35860 

XOIAll = 50.00 PR 35870 
C PR 35880 

CALLOl 1 MAXIMUM PLANT SI~EIMGOI WITH SUPPLIERS BURDEN (ALL)', 821PR 35890 
.<0182) = 10.00 PR 15900 

C PR 35910 

c 

c 

c 

c 

c 

c 

CALL0( 1 ~AXI~UM TEMPERATURE F~R CONCRETE SHELL lMSF,VTEI'e 8JJPR 35920 
XU(83)=0.DO •••• 

PR 
CALLOl 1 MAX SPEC TRAY FLOW RATE AT HGT END OF RECOVERY 

XOl841 =1.1l6 
lMSfl'• 84IPR 

PR 
PR 

CALlOI'~AX SPEC TRAY FLOW RATE AT COLO END OF RECOVERY lMSFJ't 851PR 
XOI851 =.BOb PR 

PR 
CALLOI'OEAERATOR PUMPING HEAD,fEET 

X0(861 =24.00 
lMSf 1 YTEl'e 86IPR 

PR 
PR 

CALLOI 1 TOTAL LENGTH OF INTAKE AND OUTFALL PIPING,FTlHSF,YTEJ'e 87JPR 
XOI871 = 6000.00 PR 

PR 
CALLOI'RATIO OF VE SURFACES,AVG OF ALL TO HOTTEST EFF. lYlE)•, 88)PR 

XOI88) = 1.151200 PR 

Ct\LLOI'PHIC• OF VF. SIJRF4f.ES, C.lJLDEST TO HOTTEST 
XOI89) = 1.06100 

CALL0l 1 CONCENTRATION OF PRODUCT WATER, PPM 
XOI1401 = 500.00 

PR 
tFf~CT lVTEI'e 891PR 

PR 
lED ) 1 ,llt0JPR 

PR 

35940 
35950 
35960 
35970 
35980 
35990 .. 
36000 
36010 
36020 
36030 
36040 
36050 
36060 
36010 
36080 
36090 
36100 
36110 
36810 
36820 
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CALL0( 1 AIR LEAKAGE PER TRAIN, L~/HR IACIU) 
CALLOI 1 PP~ OF NCG FROM ~A~E-UP FLOW IN EVAP.IACIDI 
CALLOI 1 AIR LEAKAGE PER TRAIN, LB/HR (POLY) 
CALL0( 1 PP~ Of NCG fROM MA~E-UP FLOW IN EVAP.CPOLY) 
CALLOI 1 NO. CF VELOCITY H~ADS LUST IN ~ATER ~UXES 
X012041=2.CO 
CALL0( 1 TOTAL NCG LOAD ON EJECTORS, LH/HR 
CALLU('~EAT REUUIRMENT fUR SJAE UNITS,~~HTU/HR 
CALLG( 1 PP~ POLYPHOSPHATE IN MAKE-UP STREAM 
XOI207)=3.DC 
CALL0( 1 BUNDLES PER TRAIN 
XUI20d)=l.OC 
CALLOI'BUNDLES PER ~ODULE 

!tCI209)=l.CO 
CALL0( 1 TRAINS PER HUILDlNG 
XGI210)=l.DO 
CALLOI 1 PRESSURE ORUP IN VTE NOZZLES, FT. 
XOI21U=30.DO 
RETURN 
END 

IVTEo~Sfl 1 o200) •••• 
IVTE 1 MSf) 1 1 201) •••• 
IVTEoMSFI 1

1 2021 •••• 
IVTE 1 MSf)' 1 20J) •••• 
IVTEIMSFI 1 o204) •••• •••• 
cvre.MSFI 1 ,2051 •••• 
IVTEoMSF 1 1 o206) •••• 
cvrE.~SFt•,20ll •••• •••• 

CAll) 1 o2C8) •••• •••• 
CALLI I. 209) •••• •••• 
(Alll 1 o210) •••• •••• 
IVTE 1 1 o2lll •••• •••• 

PR 36830 
!'R 36840 
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APPENDIX I 
CHANGES MADE IN SUBROUTINE PRICES 

SUBROUTINE PRICESIPRDCI PR 54370 
IMPLICIT REAL*BIA-H,O-ZI PR 54380 

c PR 54390 
DOUBLE PRECISION MSF PR 54400 
DOUBLE PRECISION LPH, LVE, IDBH, IOPH, LCON, NCON, PR 54410 

l 1\iTPH, IDCON PR 54420 
RI::Al*8 LPHE •••• 
REAL08 KBH,KPH,KVE,LBH,MGO,NuH,NPH,NVE,KCON •••• 
DOUBLE PRECISION MODU PR 54430 
DOUBLE PRECISION LEV,LF2 PR 54440 

c PR 54450 
COM~ON/PINHAS/APTSH,ENRSS,ENRJS,LPHI::,DUMDUMCloi,NfEED,IIIIIIC91 
CC~MON/BLOG13/ XOC3001 

GUMMON/BLOCMl/ DIE, OIH, IJIR, DOE, DOH,PR 54460 
1 OOR, HE, ENE, RLR, RNR, HDEL,PR 54470 
2 HREC, APTSR, ENITSR PR 54480 

GUMMUN/BLOCfl2/ p, Q, AH, AK, .AN,PR 54490 
1 AR, FF, GE, GH, GRt HO,PR 54500 
2 PB, PE, QXI51t RP, SE, SH,PR 54510 
3 SR, TK, VE, VH, VR, WC,PR 54520 
4 AME, ATN, BPXI51, CCF, HIH, HLH,PR 54530 
5 ~NH, HOH, OMXI51, PHE, POJ, RSE,PR 54540 
6 RSH, RSR, TC lt JHF, TKXI51, n~c.PR 54550 
7 TME, TPE, UEXI51, UMt:, UMH, WPL,PR 54560 
8 BKTE, BKTH, HKTR, DTLSI51, ELEXC51, HIEXC51,PR 54570 
9 HOI::XI51, MOOU, ROI::1, ROE2, APTSE, BDEPH,PR 54580 
+ CAPll, HEADEr HEADH, HE A DR, POBLD, PODEL,PR 54590 
A POPRO, SUBEXI51, WCOLO·, WMUOC, WMOOH, BHSHEL,PR 54600 
B CSLTBH, CSLTBP, HOlleN, HRECOV, HREJGT, RECOLN,PR 54610 
c VAPSPC, WPRTRY, POREC PR 54620 
GO~fii.ON/BLOCVl/ ANE, HVE, LPH, LVE, .ACON,PR 54630 

l GPMV, HPVE, HSEA, IOBH, IDPH, LCON,PR 54640 
2 NCON, NTPH, ODBH, OOPH, oove, POVE,PR 54650 
3 RPMV, HFEEO, lOGON, ODGON, SUMWT, VETSA,PR 54660 
4 APTSCN, APTSEP, OVRHiiJ, TOTNVE, VEPMPS PR 54670 

GOMMON/BLOCV2/ AI 301, s, AE 1301, QE, TCC301, •••• 
l JECJOI, TR, UE 130 I, UHI31r WM, WJCJOt, •••• 
2 ABH, APH, BPEI301t G IE I 30 I, COEC301, OPE'( 301, •••• 
3 ELL, GBH, GPH, GPM, HOO, KBH, •••• 
4 KPH, KVE, L6Ht MGO, NttH, NPH, •••• 
5 NVEI301, QPH, RBH, RPH, RVE, roo, •••• 
6 U6H, VBH, VPH, WPEX 1301, BHLF, GCON, •••• 
7· HIBH, HIPHI31, HObHt HOPHI31, KCON, LMTD~3t, •••• 
8 LVEP, PHLF, QMSfl31, RCON, SUBFC31, ICON, •••• 
9 UCON, VGON, VLEN, v·rLF, WOTHCJOI, ALFAEUOI, •••• 
+ CONLft HI CON, HUCON, HOTEl, PHHGT, POBLO, •••• 
A POPRO, POSEA, SURFFt VEHGT, WALVE, EFFSPC, •••• 
BEL8NDLI301, HCOTCF, HCOTOO, HEAOBH, HEADGN, HEADPH, •••• 
c UHDBH, UHDCN, PLNTLF, PODEAS, POFEEDr SUMWPE, •••• 
D SUMWPH, TOT AVE, QESP,VEfEEDC301, WBOOST, WOCOLO, •••• 
E NE, NTRN, I fEED, IRECYC •••• 

GOflf!ON/GOMNAM/ AJ, ca, co •. GP, CR, PR 54680 
1 HB, PI' PO, THt TO, TP, PR 54690 
2 TS, we, IJIF, wo, WP, WRr PR 54700 
3 AXJ, HBL, HPR, LEV, LF2, TCF, PR 54710 
4 ENBH, GPMB, GPMO, GPMH, GPMO, GPMP, PR 54720 
5 GPMR, HDEA, RPMih RPMO, RPMM, RPMP, PR 54730 
6 RPP4R, TSTH, WHUT, YEAR, ACRES, BHVOL, PR 54740 
1 SLOGS, BNDLS, HOLES, tiPHLDt HPDEA, HPDEL, PR 54750 
8 HPPRO, HPREC, PlPtW, PLSEA, PODEA, ACNCEW, PR 54760 
9 ACNCFL, AGNCIW, AGNCI'H, ACNC~F, ACNCTR, AEXC.AV, PR 54770 
+ ASTLEW, ASTLFL, ASTLIW, ASTLPH, ASTLRF, ASTL TR, PR 54780 
A AWE IRS, BHSURF, DINTAK, fNilSE, ENPIPE, ENSUPE, PR 54790 
B ENSUPR, PIPHN, PLSZMG, KEJLEN, STLLEN, STLTMP, PR 54800 
G TNAGDY, TRAINS, TSAREA, VOLCNC, VOLSTL, WOCtAN PR 54810 

GOMMON/BLOC14/ XC PR 54820 
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COMMON/SHARE/ IFLJP,ISPOT 

DI~ENSION XCI500) 
DATA ~Sf,VTE,ED/ 1 MSF 1 o 1 VTE 1 o'E0 1 / 

UFHEACI TSI= 1. 
UNHEACITSI=I-78.5331+.644544*TS-.000608477*TS•TS 1*0.01 

C UNIT COSTS ARE FUR THIRU QUARTER Uf 1975 
C NUTE REORDERING Of CARDS HERE 
c •••••••••••••••••••••••••••••••••••• 
c 
C UNIT COSJS FOR THIRU QUARTER 1967 
c 
c 
c•••• c•• 
c 

c•• 

c•• 

c•• 
c 
c 
c 
c 
c•••• 
c 

c 

c 

c 

c 

c 

c 

c 
c•••• 
c 
c 

c 

c 

c 

c 

c 
c 
c•• 

c•• 

c•• 
c 
c 
c 

1 

UNIT CUSTS OF HORIZONTAL TUBE BUNDLE FABRICATION 
UNIT COST Of TUBE SHEETS, $/SHEET - TUBE SHEETS ARE STEEL 

"ITH 1/8 INCH CU-NI ~LAUDING 

UCSHETITKNS,AREAI = 9.929*TKNS*AREA 
UNIT CUST Of HOLE DRILLING ANU TUBe ROLLING,S/HOLE 
UCDRILITSTH,DIAI = .0449 + .1538*1TSTH*DIAI**2 

UNIT COST OF TUtlE SHEET INSTALLATION,S/TUBE SHEET 
UCTSINITSTH,AREA,RfSNO,SHETNOI= 2.o76*TSTH*AREA* 

IRFSNO/SHETNOI**•1 
UNIT COST Of INSTALLING TUdiNG, $/LINEAR FT. 

UCTUINIREFEET,FEEll = .07277*1REFEtT/FEETI**•1 

..................................... 

UNIT COSTS OF STEEL SHELL 
UNIT COST OF ROOF, S/SU FT 

USTLRfiAREAI = 13.53*154601./AREAI**•1 
UNIT COST CF FLOOR ANU FUUNDATIUN, $/SQ fT 

USTLFLIAREAI = 5.373*154601./AREAI**•1 +11.27*154601./AREAI**•Ol 
UNIT CCST OF EXTERIOR WALLS, S/SQ FT 

USTLEWIAREAI = 18.36*121120./AREAI**•1 
UNIT CCST OF INTERIOR WALLS, S/SQ fT 

USTLIWIAREAI = 12.22*1154160./AREAI**•1 
UNIT COST Of INT[RIOR FRAMING, S/CU FT SHELL VOLUME 

USTLIFIVOLUMEI = 1.238*11.416206/VOLUME)**•l 
UNIT COST OF TRAYSt S/SY fT 

USTLTRIAR~Al = 26.16*167684./AREAI**•1 
UNIT COST OF PHENOLIC COATING, S/SQ FT 

USTLPHIAREAI = 1.338*1180200./AREAI**•03 

UNIT COSTS OF CONCRETE SHELL 
UNIT COST OF ROOF, $/SQ FT 

UCNCRFIAREAI =11.11*1185497./AREAI**•03+5.17•(185497./AREAa••.1 
UNIT CCST Of FLOOR AND FOUNDATION, S/SQ fT 

UCNCFLIAREAI =12.54*1185497./AREAI**•03+5.29*1185497./AREAI**•l 
UNIT CCST CF EXTERIOR WALLS, S/SQ FT 

UCNCEWIAREAI =14.22*1 48291./AREAI**•03+13.2b*I48291./AREAI**•1 
UNIT COST OF INTERIOR WALLS, S/SQ FT 

UCNCIWIAREA) = 6.96*137616~./AREAI**•Ol 
UNIT COSt OF lNTERlO~ FkA~ING, $/CU FT SHELL VOLU~E 

UCNCIFIVOLI=.2ol•I5.39306/VOLI**•03+.109*15.393D6/VOL)**•1 
UNIT CCST CF TRAYS, $/S~ fT 

UCNCT~IAKEAI =8.28*1£24140./ARtAI**•03 
UNIT COST Of PHENOLIC COATING ON STEEL, S/SQ FT 

UCNCPHIAREA) =1.577*12.D5/AREAI**•03 

UNIT COST OF EXCAVATION, S/SQ FT FLOOR ARtA 
UtXCAVIAREAI =.5461*1240100./AREAI**•03 

UNIT COST OF DEMISTERS AND MISC SHALL SHELL ITEMS, $/MGO 
UHISCIIPLCAPI= 10200.*1250./PLCAPt••.03 

UNIT COST Of WEIRS, $/SQ FJ WEIR AREA 
UWEIRSIAREAI = 59.36*119~60./AREA»•~.03 

•••••••••••••••••••••••••••••••••••• 

PR 54830 
PR 54840 
PR 54850 
PR 54860 
PR 54870 

•••• •••• •••• •••• 
PR 54960 
PR 54970 

•••• 
PR 55010 
PR 55020 
PR 55030 
PR 55040 
PR 55050 
Pit 55060 
PR 55070 
PR 55080 
PR 55090 
PR 55100 
PR 55110 
PR 55120 
PR 55130 
PR 55140 
PR 55150 
PR 55160 
PR 55170 
PR 55180 
PR 55190 
PR 55200 
PM 55210 
PR 55220 
PR 55230 
PR 55240 
PR 55250 
PR 5521>0 
PR 55270 
PR 55280 
PR 55290 
PR 55300 
PR 55310 
PR 55320 
PR 55330 
PR 55340 
PR 55350 
PR SS360 
PR 55370 
PR 55380 
PR 55390 
PR 55400 
PR 551tl0 
PR 55420 
Pit 55430 
PR 55440 
PR 55450 
PR 55460 
PR 55470 
PR 55480 
PR 55490 
PR 55500 
PR 55510 
PR 55520 
PR 55530 
PR 55540 
PR 55550 
PR 55560 
PR 55570 
PR 55580 



c 
c•••• 
c 

c 
c 
c•••• 
c 

c 

c 
c•••• 
c 

c 
c 
c 
c•••• 
c•• 
c•• 
c•• 
c•• 
c•• 
c 
c 
c 
c•••• 
c 
c•••• 
c 

c•• 
c•• 
c•• 
c•• 
c•• 
c•• 
c 
c•••• 
c 

c•• 

c•• 
c 
c•••• 

c•• 

1 

1 

1 

2 

3 

4 

5 

1 

2 

3 

4 

5 

6 

1 
2 

3 

1 

2 
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UNIT COST Of PUMPS , •IGPM -PUMPS HAVE NI-RESIST CASINGS AND 
316 SS I~PELLERS ANU SHAFTS. 

UCPUMPIGPM,HEADI = 23.762*11.-.8696*0EXPI-.004426*HEADJJ 
/GPM**.15 

UNIT COST OF MOTO~S ,,/HP -MOTORS 0~ 500 OR MORE HOMSEPOWER 
ARE SYNCHRONOUS -SMALLER MOTORS ARE INDUCTION 

UCMOTRIHP,RPHI = 28.309*11.+56.803 *RPM**I-.972J/HP**•736J 
*11.-.~54*DEXPC-.004*HPII 

UNIT COST Of AUXILIARY PUMPS AND DRIVLS,./MGO PLANT CAPACITY 
UCPAUPIPLCAPI =140.*1250./PLCAPI**•l 

UNIT COST OF PITS FOR MECYCLE,MAKE-UP,PROOUCT AND SlOWDOWN 
PU~PS, $/GPM PUMP CAPACITY 

UCPPITIGPMPI = 1.17*12.25906/GPMPI**•l 

•••••••••••••••••••••••••••••••••••• 
UNIT COSTS Of SUBMARINE LINE INTAKE AND OUTFAll SYSTEM 

UCINSLIGO,DIA,TRAINS,PIPENO,PIPELNJ= 
UNIT COST OF SCREENS, •/GPM .SEAWATER INTAKE 

1. 51100 
UNIT COST Of INTAKt CAPS, $/GPH 

+ 2696.DO/GO *PIPcNO * DIA**1.9 
UNIT COST Cf DRAFT TU~ES, $/GPM 

+ 94.12 *ITRAINS/GOI**•35 
UNIT CCST OF MATERIAL, $/GPM 

+4.0B*PIPELN*DIA**l•9*PIPEN0**•97/GO 
UNIT COST Of LABOR ,$/GPM 

+20.85*PIPELN *DIA**1.·l*PIPEN0**•8/GO 

•••••••••••••••••••••••••••••••••••• 
UNIT COST Of HYDRAULICALLY OPERATED BUTTERfLY VALVES ,$/GPH 

UCVALVIGPMI =1248.6+.00b5B8*GPM**l•21/GPM 

UNIT COST OF PLANT CSEAWATER,REJECT,AND INTERTRAINJ PIPING AND 
FITTINGS, $/GPM SEAWATER FLOW FUR DISTILLATION PLANTS. 

UCPLPFCPLSEA,GPHO,GPMP,PLPRO,TRAINSJ = 
UNIT COST Of SEAWATER INTAKE PIPING ,$/GPM SEAWATER flOW 

.0481*PLSEA*CGPMO/TRAINSJ**•5/GPHO 
UNIT COST OF SEAWATER INTAKE FITTINGS,$/GPM SEAWATER flOW 

+1.4AA*fr.PMO/TRA!NSJ**•ij *TRAINS/GP~O 
UNIT COST OF PLANT REJECT PIPING ,$/GPM SEAWATER FLOW 

+.048l*PLSEA*CCGPMO-GPMPI/TRAINSI**•5/GPMO 
UNIT COST Of PLANT REJECT FITTINGS,$/GPM SEAWATER flOW 

+1.326*CCGPMO-GPHPJ/fRAINSJ**•8 *TRAINS/GPMO 
UNIT COST OF INTERTRAIN PIPING 1 $/GPM SEAWATER flOW 

+.C4Bl*GPHPoo.5/GPHO*PLPRD 
UNIT CO~f Of INTERTRAIN FITTINGS, $/GPM SEAWATER FlOW 

+.4302*GPMP**•8*TRAINS/GPMO 

UNIT COSTS OF INTRA-TRAIN PIPING AND FITTINGS FOR MSF PLANT, 
$/TRAIN 
UCTRPFIPLtAP,TAAJNS,PLE~EL,AEJlENJ ~ 

UNIT COST OF TRAIN PIPING, $/TRAIN 
3.2804*CPLCAP/TRAINSI**•5*C•95+.05*CPLEVEL-1.JI 

*C.95+.05*REJLEN/90.33J 
UNIT COST OF TRAIN FITTINGS, $/TRAIN 

+12.1D3*CPLCAP/TRAINSI**•8 

UNIT COSTS Of ~RINE HEATER PIPING AND FITTINGS,S/GPM BH FLOW 
UC8HPFCEN~H,GPMH,PLEVELI= 

UNIT COST ~F BRINE HEArER PIPING,$/GPM BH FLOW 
88.00*ENBH*CGPMH/ENBHJ••.5•C.9+.l*CPlEVEL-l.IJ/GPMH 

UNIT COST OF ~RINE HEATER FITTINGS,$/GPH BRINE HEATER FLOW 
+1.455*EN8H*IGPMH/tN~HI**•8*C•9+.l*CPLEVEL-1.JJ/GPMH 

PR 55590 
PR 55600 
PR 55610 
PR 55620 
PR 55630 
PR 55640 
PR 55650 
PR 55660 
PR 55670 
PR 55680 
PR 55690 
PR 55700 
PR 55710 
PR 55720 
PR 55730 
PR 55740 
PR 55750 
PR 55760 
PR 55770 
PR 55780 
PR 55790 
PR 55800 
PR 55810 
PR 55820 
PR 55830 
PR 55840 
PR 55850 
PR 55860 
PR 55870 
PR 55880 
PR 55890 
PR 55900 
PR 55910 
PR 55920 
PR 55930 
PR 55940 
PR 55950 
PR 55960 
PR 55970 
PR 55980 
PR 55990 
PR 56000 
PR 56010 
PR 56020 
PR 56030 
PR ~6040 
PR 56050 
PR 56060 
PR 56070 
PR 56080 
PR 56090 
PR 56100 
PR 56110 
PR 56120 
PR 56130 
PR 56140 
PR 56150 
PR 56160 
PR 56170 
PR 56180 
PR 56190 
PR 56200 
PR 56210 
PR 56220 
PR 56230 
PR 56l40 
PR 56250 
PR 56260 
PR 56270 
PR 56280 



c 
c•••• 

c 
c 
c 
c 
c•••• 
c 

c 
c 
c 
c 
c 
c 
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UNIT COSl OF VENT AND DRAIN PIPING, $/GPM MAKE-UP FLOW 
UCVNTUIGP~MU,PLCAPI =2.205*13.47205/GPMMUI**•03 

+2984-*IPLCAP/2~0.1**•2/GPMMU 

NOTE 
•••••••••••••••••••••••••••••••••••• 

REORDERING OF CARDS HERE 

1 

UNIT COST UF BRINE hEATER SHELL AND INSTALLATION, $/SQ FT 
SHELL SURFACE 

UCBHSHISURF,VOL,RfSURF,RFVOLI = l3b.85*1RFSURF/SURFI**•l 
+34.87*VUL/SURF*IVOL/RFVOLI**•1 

•••••••••••••••••••••••••••••••••••• 
UNIT COSTS FOR THIRD QUARTER 1975 
NOTE RE-ORDERING Of CARUS HERE 

•••••••••••••••••••••••••••••••••••• 

PR 56290 
PR 56300 
PR 56310 
PR 56320 
PR 56330 
PR 56340 

•••• 
PR 56720 
PR 56730 
PR 56740 
PR 56750 
PR 56760 
PR 56710 
PR 56780 

•••• •••• 

c 
c•• 
c 

PR 56350 
UNIT COST OF ACID UISPENSING AND CAUSTIC TREATMENT SYSTEMS, PR 56390 

S/TON U~ Hl~U4 ~~R OAV. PR 56400 

c•• 
UCACCTITNACDY,TRAINSI=8.04*1TNACDY/TRAINS/13.151**•3*TRAINS/TNACOY **** 

UNIT COST OF CHLORINATION EQUIPMENT, $/GPM SEAWATER INTAKE PR 56420 
UCCHLOIGPMOI = 1.108*12.205/GPMOI**•l PR 56430 

c ANTIFOAM + SULFITt OR POLYPHOSPHATEt $/GPM **** 
UCAFSSIGPM~U,TRAINSI=20.03*1~PMMU/TRAINS/1735.1**•3*TRAINS/GPMMU **** 

c•• 
c 

UNIT COST OF PRODUCT WATER TREATMENT,CHEMICAL BLOG.,ANO PR 56470 
MISC AIR AND HYDRAULIC SYSTEMS, $/MGD PLANT CAPACITY PR 56480 

UCPAUXIPLCAPI = 12o40.*1100.00/PLCAPI**•3 **** 
c 
c 
c 

•••••••••••••••••••••••••••••••••••• 
C***** UNIT COST OF INSTRUMENTATION 

UCIIFF 1 TRAINSI=400.03*Iff/TRAINS/10.1**•3174*TRAINS/Ff 
c 
c 
c 
c•••• 

c 
c 
c 

•••••••••••••••••••••••••••••••••••• 
UNIT COST OF EL~CTRICAL DISTRIBUTION tQUIPMENT, $/MW 

UCEOKIPMW,TRAINSI=I750.03*1PMW/TRAINS/10.1**•8*TRAINS+ 
1 lUUU.UJ•l~~W/40.1**•81/PMw 

•••••••••••••••••••••••••••••••••••• 
C**** UNIT COST OF DECAR~ONATOR ANU STEAM EJECTORS AND OEAERATOR 
C DEAERATOR , S/GPM 

UCOEAIFLOW 1 TRAINSI=100.CJ*IFLOW/TRAINS/4.2031**•7*TRAINS/FLOW 
C DECARBCNATOR, S/GPM 

UCDCR(FLOW,T~AINSI=46.U3*1~LUW/IKAiNS/4.2031**•T*TRAINS/FLOW 
C STEAM EJECTORS, $/LB/HR NCG 

UCSJAEIGL,TKAINSI=I78.03*1Gl/TRAINS/500.1**•453 
1 +6.03*1GL/TRAINS/500.1**•83+40.03l*TRAINS/Gl 

c 
c •••••••••••••••••••••••••••••••••••• 
c 
C**** UNIT COST OF SITE PREPARATION, $/A~RE 

UCSITSIACRESI=75.03*111.4/ACRESI**•03 
c 
C**** UNIT COST OF BUILDINGS ANO CRANES,$/MGD PLANT CAPACITY 

UC8LCRIPLCAPI=30.03*110C./PLCAP1**•35 
c 
c •••••••••••••••••••••••••••••••••••• 
c 
C**** . UNIT COST OF OPERATING ANU MAINT~NANCt LAbOR,$/YR PER MGO 

UCOPANIPLCAP)=l2.503*1100./PLCAPI**•5 
c 
c 
c•• c•••• c•• 
c 

CCST FACTCRS WHICH APPLY TO All PROCESSES 

PR 56500 
PR 56510 
PR 56520 
PR 56530 

•••• 
PR 56550 
PR 56560 
PR 56570 
PR S6580 

•••• •••• 
PR 56630 
PR 56640 
PR 56650 
•••• •••• •••• •••• •••• •••• •••• •••• 

PR 56700 
PR 56710 
PR 56790 
PR 56800 

•••• 
Pit 56820 
PR 56830 

•••• 
PR 56850 
PR 56860 
PR 56870 
PR 56880 

•••• 
PR 56900 
PR 56910 
PR '>6920 
PR 56930 
PR 56940 
PR 57000 



c 

c 

c 

c 

c 

c 

c 

c 

c 
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GO TO I95,96I,NFEED 
95 .(C ( 4 81 = 31. D 0 

GO TO 97 
96 XC(4dl=3000.00 
97 CONTINUE 

XCI49);25.00 

XCI~OI=2.64C-7 

XCI541=.0200 

XCI551=.02~UO 

XCI561=.08DO 

XCI~81=.C07DO 

XCI601=.1UO 

XC 1611 .OlUO 

XCI621 .2500 

IFIIFLIP .EQ. 01 GO TO 100 
lfiiPROC .NE. MSFI .AND. IPROC .NE. VTEII GO TO 400 

100 CONTINUE ,c•• 
C**** CGST FACTORS WHICH APPLY TO BOTH HSF AND VTE PROCESSES 
c•• 

c 

c 

c 

c 

c 

c 

c 

c 
c 

c 

c 

lFIVOLSTL .LT. 5.DOI GO TO 110 
XCI91 =IUSTLRFIASTLRFI*ASTLRF +USTLFLIASTLFLI*ASTLFL 

1 +USTLEWIASTLEWI*ASTLEW +USTLIWIASTLIWI*ASTLIW 
2 +USTLIFIVOLSTLI*VOLSTL +USTLTRIASTLTRI*ASTLTR 
3 +USTLPHIASTLPHI*ASTLPHI/VOLSTL 

110 CONTINUE 

IFIVCLCNC .LT. 5.001 GO TO 120 
XCilOI =IUCNCRfiACNCKFI*ACNCRF +UCNCFLIACNCfLI*ACNCFl 

1 +UCNCEWIACNCEWI*ACNCE~ +UCNCIWIACNCIWI*ACNCIW 
2 +UCNCIFIVOLCNCI*VOLCt.IC +UCNCTRIACNCTRI*ACNCTR 
3 +UCNCPHCACNCPHI*ACNCPHI/VOLCNC 

120 CONTINUE 

XCilll = UEXCAVIAEXCAVI 

XCI121 = UHISCIIPLSZMGI 

XCI131 =UWEIRSIAWEIRSI 

XCI171 = UCPAUPIPlSZMGI 

XCI201=UCINSLIGPMO,OINTAK,TRAINS,ENPIPE,PIPELNI 

XCI241 UCPLPFIPLSEA,GPMO,GPMP,PLPRO,TRAINSI 

XCI2~1 UCTR~fiPLSlMG,JRAINSoLEV,REJLENt 

XCC/.61 UC8HPFIENtlH,GPMH,LEVI 

XC 1271 UCVNTOIGPMB+G~~P,PLSZMGI 

GO TO 1121,1221,NFEED 
121 CONTINUE 

XCI301 =IUCAOCTITNACDY,TRAINSI•JNACOY+UCAFSSIGPH6+GPMP,TRAINSI* 
1 IGPMIHGPMP I 
1 +UCCHLGIGPMOI*GPMOI/PLSZMG +UCPAUXIPLSZMGt 

t:;n Jfl 123 
122 XCI301=1UCAfSSIGPM6+GPMP,TRAINSt~lG~~6+G~MPI 

1 +UCCHLOIGPMOI*GPMOI/PLSZMG +UCPAUXIPLSZMGI 

•••• •••• •••• •••• •••• •••• 
PR 57950 

•••• 
PR 58010 

•••• 
PR 57030 

•••• 
PR 57060 

•••• 
PR 57090 

•••• 
PR 58130 

•••• 
PR 57120 
PR 57140 
PR 57150 

•••• 
PR 57180 
PR 57190 
PR 57200 
PR 57210 
PR 57220 
PR 57230 
PR 57240 
PR 57260 
PR 57270 
PR 57280 
PR 57290 
PR 57300 
PR 57310 
PR 57320 
PR 5731t0 
PR 51350 
PR 57360 
PR 57370 
PR 51380 
PR 51390 
PR 57400 
PR 51420 
PR 571t30 
PR 57450 
PR 51't60 
PR 571t80 
PR 571t90 
PR 57510 
PR 57520 
PR 57540 
PR 57550 
PR 57570 
PR 57580 
PR 57600 

,PR 576l0 
PR 57630 
PR 5761t0 
PR 57660 
PR 57670 

•••• •••• •••• •••• •••• •••• •••• •••• 



c 

c 

c 

c 

c 

c 

c 

c 
c 

c 

c 

c 
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123 CONTI,...UE 

XCI321 = UCII~LSZMG,TRAINSI 

GO TO 1130,140I,NFEEO 
130 XC(361=UCOEAIGP~B+GPMP,T~AINSI+UCOCR(GPMrl+GPMP,TRAINS) 

GO TO 150 
140 XC(36I=UCDEAIGP~B+GPMP,TRAINSI 
150'XC(2001=UCSJAECXOI2051,TRAINSI 

XCI4JI = UCBHSHIRHSU~f,ijHVOlo1935.0Uo6526.3001 

XCI421= UCSITSIACRESI 

XCI4JI = UCBLCRIPLSZMGI 

XCI451=UNHEACI1SI 

XCI461= UFHEACITSI 

XC I 511 8.50-7 

XCI52) = 7.050-7 

XCI571 UCCPANIPLSZMGI 
XCI210 I=. 7000 

IFIIFLIP .EQ. 01 GO TO 200 
lFIPROC .NE. MSFI GO TO 300 

200 CONTINUE 

•••• 
PR 57710 
PR 57730 
PR 51740 

•••• •••• •••• •••• •••• 
PR 57770 
PR 57190 
PR 57800 
PR 57820 
PR 57830 
PR 57850 
PR 57860 
PR 57880 
PR 57890 

•••• 
PR 57920 
PA S1980 

•••• 
PR 58040 

•••• 
PR 58070 

.PR 58090 

•••• 
PR 58100 

c•• 

PR 58140 
PR 58150 
PR 58160 
PR 58170 
PR 58180 
PR 58190 

c 

c 

r. 

1 
2 
3 

1 
2 
3 

CGST FACTORS WHICH AP~LY TO MSF PROCESS ONLY 

XC I 11 

XCI21 

XC I 31 .. 

XCI41 

1.1l49lJO 

2.552 

CUCSHETCTST~,APTSEI*tNITSE +UCSHETC.5*TSTH,APTSEI*ENSUPE 
+UCS~ETI3.0833*T&TH,ArT5CI*Z.+BNOLS*EN~S~ 
+UCSHETITST~tAPTSRI*ENITSA +UCSHETI.5*TSTH,APTSRl*ENSUPR 

+UCSHETI3.0833*1STH,APTSRI*2•*tNRJS*HNDLSI/TSAREA 

IIUCORILITSTH,O~EI*ENITSE +UCDRILI.S*TSTH,DOEl*ENSUPE 
+UCORILI3.0833*TSTH,00ti*2.•ENRSS*BNDLSI*ENE/8NDLS 
+IUCDRILITSTH,OuRI*ENITSR +UCDRILI.S*TSTH,OORI*ENSUPR 
+UCDRILI3.0833*TSTH,OORI*2.*ENRJS•BNDLSI*RNR/8NDLSI/HOLES 

•••• 
PR 58220 

•••• 
PR 58250 
PR 58270 

•••• 
PR 582~U 

•••• 
PR 58310 
PR 58330 

•••• 
PR 58350 

•••• 
PR 58370 

TX=2.•ENRSS **** 
TY=2.*ENRJS •••• 
XCC51 IUCTSINITSTH,AP1SE,940.00,ENITSEl*ENITSE PR 58390 

1 +UCTSINI.5*TSTH,APTSE,937.00,ENSUPE)*ENSUPE PR 58400 
2 +UCTSINI3.0833*TSTH,APTSE,80.000,TX*ijNOLSl*TX*8NOLS **** 
3 +UCTSINITSTH,APTSR,2U.OO,ENITSRI*ENITSR PR 58420 
4 +UCTSINI.5*TSTH,APTSR,25b.UU,tN~UPRI*ENSUPR PR 58430 
5 +UCTSINI3.0833*TSTH,APTSR,40.DO,TY*BNlJLSI*TY*BNDLS)/TSARtA **** 

C PR 58450 
XCI61 IUCTUINI116.86D6,ELE*tNEI*ELE*ENE PR 58470 

1 +UCTUINI7.53606,RLR*RNRI *RLR*RNRI/IELE*ENE+RLR*RNR) PR 58480 
C PR 58490 

XCC71 CUCORILI3.0833*1STH,lJOti•TX*ENf PR 58510 
1 +UCORILC3.0H33*TSTH,OORI*TY*RNR)/IENE+RNR) PR 58520 

C PR 58530 
XCil,I=IUCPUMPIGPMO/TRAINS,HOELl*GPMO PR 58550 

1 +UCPUMPIGPMR/TRAINS,HRECI*GPMR PR 58560 
2 +UCPUMPIGPMP/TRAINS,HPRI *GPMP PR 58570 
3 +UCPUMPIGPM~/TRAINS,HHLI *GPM8 PR 58580 
4 +UCPUMPIGPMIJ/TRAINS,HOEAI*GPMDI/ PR 58590 
5 IGP~O+GPMR+GPMP+GPMB+GPMOI PR 58600 



c 

c 

c 

c 

c 

c 

69 

XC l 161 
1 

=lUCMOTRlHPOEL,HPMOI*HPOEL +UCHOTRlHPREC,RPMRI*HPREC 
+UCMOTRlHPPRO,KPMPI*HPPRO +UCHOTRlHP8LO,RPH8I*HP8LO 

+UCHUTKlHPDEA,RPMMI*HPOEAI/lHPOEL+HPREC+HPPRO+HP6LO+HPOEAJ 2 

XCl181 =UCPPITlGPMR+GP~P+GPHH+GPHOI 

GPMH1 = OHAX111.00,GPHO-GPHOI 
XCI231 

1 . 
=IUCVALVIGPHO/TRAINSI*GPHO +UCVALVIGPHO/TRAINSI*GPHO 

+2.*UCVALVIGPHK/TRAINSI*GPHR +UCVALVlGPHH1/TRAINSI*GPHHl 
+2.*UCVALVIGPHH/TRAINSI*GPH8 

+3.*UCVALVlGPHP/TRAINSI*GPHP +2.*UCVALVIGPHH/EN8HI*GPHHI 
/12.•1GPHO+GPHR+GPHB+GPHHI +3.*GPHPI 

2 
3 
4 

XCI341 = 1.0-3*UCEOKIPO,TRAINSI 

XCC3lll= 2.552 

HLH = A~/IH~H*Pl*OOH/12.1 
ENSUPH=.1~*HLH*ENBH/OOH 
XCI2151=UCSHETI3.0833*TSTH,APTSHI*2•*EN8H+ 

1 UCSHETC0.5*TSTH,APTSHI*ENSUPH 
XCI216I=IUC0Rlli3.0833*TSTH,UOHI*2•+ 

1 UCCRILI0.5*TSTH,OOH I*ENSUPH/ENBHI*HNH 
XCI2171=UCTSINI3.0833*TSTH,APTSH,100.00,2.•EN~HI*2•*EN8H+ 

1 UCTSINI0.5*TSTH,APTSH,lOOO.OO,ENSUPHI*ENSUPH 
XCl2181=UCTUINI100.06,HNH*HLHI*HNH*HLH 
XCl2191=UCORILI3.0833*TSTH,OOH I*HNH*2• 
XCI39I=IXCI2151+XCI216I+XCl2171+XCl2181+XCl21911/AH 
RETURN 

PR 58610 
PR 58630 
PR -58640 
PR 58650 
PR 58660 
PR 586tl0 
PR 58690 
PR 58710 
PR 58720 
PR 58730 
PR 58740 
PR 58750 
PR 58760 
PR 58770 
PR 58790 
PR 58800 

•••• 
PR 58830 

•••• •••• •••• •••• •••• •••• •••• •••• •••• •••• •••• 
PR 58870 

300 CONI INUE 
c•• 

PR 58890 
PR 58900 

C•••• COST FACTORS WHICH APPLY TU VTE PROCESS ONLY PR 58910 
c•• 
c 

c 

c 

c 

c 
c 

c 

c 

c 

c 

XCI631 

XCI641 

XCl651 

XCI661 

XC I b 11 

XC(681 

XCl691 
1 
2 

PR 58920 
3.77600 •••• 

PR 58950 
UCSHETI1.D0,1.~01 PR 58970 

PR 58980 
UCOR1li1.00,00VEI PR 59000 

PR 59010 
UCTUINI2.61406,TOTNVE*LVEI PR 59030 

PR 59040 
2.*UCTSINI1.00,VETSA/12.*ANE*TRAINSI,60.00,2.*ANE*TRAINSJPR 59060 

PR 59070 
1.89900 

IUCTUINI116.8606,LPH*NTPHI*LPH*NTPH 
+UCTUINI7.53606,1CON*NCONI*LCON*NCONI/ 
ILPH*NTPH + LCON*NCONI 

•••• 
PR 59100 
PR S9l20 
PR 59130 
PR S9llt0 
PR 59150 

TX=2.+ENRSS 
XCI701 =IUCSHETITSTH,APTSEPI*ENITSE +UCSHETI.5*TSTH,APTSEPI*ENSUPEPR 

1 . +UCSHETC3.0833*TSTH,APTSEPI*TX*8NOLS PR 
2 +UCSHETI.5*TSTH,APTS~NI*ENSUPR PR 
3 +UCSHETI3.0833*TSTH,APTSCNI*Z•*TRAINSI/TSAREA PR 

XC I 711 
1 
2 
3 

XCI721 
1 
2 
3 
4 
5 

XC I 13 I 
1 

PR 
PR 
PR 
PR 

1/HOLESPR 
PR 
PR 
PR 

=IIUCDRILITSTH,OOPHI*ENITSE +UCDRILC.5*TSTH,ODPHI*ENSUPE 
+UCORILC3.0833+TSTH,OOPHI*TX*8NDLSI*NTPH/8NDLS 

+IUCDRILC.5*TSTH,ODCUNI*ENSUPR 
+UCDRILI3.0833*TSTH,ODCONI*2.•TRAINSI*NCON/TRAINS 

IUCTSINITSTH,APTSEP,940.00,ENITSEI*ENITSE 
+UCTSINI.5*TSTH,APTSEP,937.DO,ENSUPEI*ENSUPE 
+UCTSINI3.0833*TSTH,APTSEP,40.00,TX*HNOLSI*TX*8NOLS 
+UCTSINI.5*TSTH,APTSCN,256.00,ENSUPRI*ENSUPR 
+UCTSINC3.0833*TSTH,APTSCN,40.00,2.•TRAINSI*2•*TRAINSJ 
/TSARFA 

IUCDRILI3.0833*TSTH,OOPHI*NTPH 
+UCORILI3.0833*TSTH,OOCONI*NCONI/INTPH +NCONJ 

PR 
PR 
PR 
Pll 
PR 
PR 
PR 

59170 
59180 
59190 
59200 
59210 
59230 
59240 
59250 
59260 
59270 
59290 
59300 
59310 
59320 
59330 
'i9340 
~9350 

59370 
59380 



c 

c 

c 

c 

c 

c 

c 

c 

c 

c 
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XCI741 = 2.552 

XC I 12 b I = 2. 55 2 

XCI341 = 1.D-3*UCEOKIPO,TRAINSI 
XCI1271 XCI34)+54.*POVE/PO*IVEPMPS/b0.1**•1 

XCI121ll 
1 
2 
3 
4 
5 
b 

*GPMO 
*GPHR 
*GPMP 
*GPMB 
*GPMO 
*GPMVI 

IUCPUMPIGPMO/TRAINS,HSEAI 
+UCPUMPIGPMR/TRAINS,HfEEDI 
+UCPU~PIGPMP/TRAINS,HPRI 
+UCPUMPIGPMB/TRAINS,HBLI 
+UCPU~PIGPMO/TRAINS 1 HDEAI 
+UCPUMPIGPHV/VEPMPS,HVEI 
/(GPMO +GPMR +GPMP +GPMB +GPMD +GPHVI 

XCilb) =IUCMOTRIHPDEL,RPMOI*HPDEL +UCMOTRIHPREC,RPMRI*HPREC 
l +UCHOTRIHPPRO,RPMPI*HPPRO +UCMOTRIHPBLO,RPMBI*HPBLO 
2 +UCHOTRIHPDEA,RPMHI*H~OEAI/IHPDEL+HPREC+HPPRD+HPSLD+HPOEAI 

XCI1291 IXCI1bi*IHPOEL+HPRtC+HPPRO+HPSLD+HPOEAI*TRAINS 
l +UCMOTRIHPVE,RPMVI*HPVE*VcPMPSI 
2 /IIHPDEL+HPREC+HPPRD+HPBLO+HPDEAI*TRAINS+HPVE~VEPMPSI 

XCil301 

XC ( 231 
1 
2 
3 
4 

XCI 1311 
1 
2 
3 

XCI1321 

GP~Ml = O~AX111.00 1 GPMD-.2•GPMRI 
=IUCVALVIGPHO/TRA)NSI*GPMO +~CVALVIGPMO/TRAINSI*GPMO 

+2.*UCVALVIGPMR/TRAINSI*GPMR +UCVALVIGPMM1/JRAINSI*GPHM1 
+2.*UCVALVIGPMd/TRAINSI*GPHB 

+3.*UCVALVIGPHP/TRAINSI*GPMP +2.*UCVALVIGPMH/ENBHI*GPMHI 
/(2.*CGP~O+GPMR+GPH8+GPMHI +3.*GPMPI 

IXCC231*12.*1GPMU+GPHR+GPMB+GPMHI+3.*GPMPI 
+UCVALV I GPMM 1/ JRA l NS·I*GPMH 1 
+LCVALVIGPHV/VEPMPSI*GPMVI 
/(2.*IGPHO+GPHK+~PMHI+3.*GPMP+1.8*GPMR+GPHV) 

2.4604*CSUHWT/VEPHPS *60./6.4508 *OVRHGii32.8451**•8 

ENSUPH=.l5*~LH*ENBH/DOH 
XCI2151=UCSHtTC3.0833*TSTH,APTSHI*2.•ENBH+ 

1 UCSHETC0.5*fSTH,APTSHI*ENSUPH 
XCI2161=1UCORILI3.0833*TSTH,OD8HI*2•+ 

1 UCDRILI0.5*TSTH,ODBHI*ENSUPH/tNBHI*NBH 
XCI2171=UCTSINI3.0833*TSTH,APTSH,100.00,2.*ENBHI*2•*ENBH+ 

1 UCTSINC0.5*TSTH,APTSH,1000.00,ENSUPHI*ENSUPH 
XCI2181=UCTUINI100.06,NI!H*LBHI*LBH*NBH 
XCC2191=UCDRIL(3.C833*TSTH,OOBHI*N8H*2• 

XCI133I=IXCI2151+XCI21bi+XCI2171+XCI21BI+XCI21911/ABH 
XCI2201=2.00 
XCI"2211=15000.UO 

400 RETURN 
END 

PR 59390 

•••• 
PR 59420 

•••• 
PR 59450 
PR 59470 
PR 59480 
PR .59490 
PR 59510 
PR 59520 
PR 59530 
PR 59540 
PR 59550 
PR 59560 
PR 59570 
PR 59580 
PR 59600 
PR 59610 
PR 59620 
PR 59630 
PR 59640 
PR 59650 
PR 59660 
PR 59680 

-PR 59690 
PR 59710 
PR 59720 
PR 59730 
PR 59740 
PR 59750 
PR 59760 
PR 59770 
PR 59780 
PR 59790 
PR 59800 
PR 59810 
PR 59830 
PR 5981t0 

•••• •••• •••• •••• •••• •••• •••• •••• •••• •••• •••• •••• 
PR 59870 
PR 60800 
PR 60810 
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APPENDIX J 

CHANGES MADE IN SUBROUTINE COSTM 

SUdROUTINE CUSTM Pit 22740 
IM~LICIT REAL*81A-H,O-ZI PR 22750 

c PR 22760 
DOUI:!lt PRECIS lOt\ MODU PR 22770 
DOUBLE PREC I SIUN LEV,Lf2 PR 22780 

c PR 22790 
COMMON/BLOCM1/ OlE, OlH, UIR, DUE, DOH,PR 22800 

1 DOR, t:LE, ENE, HLR, RNR, HDEL 1 PR 22810 
2 11Rt:C, APTSR, ENITSR PR 22820 

COI'lMON/8LOCM2/ P, Q, AH, AK, AN 1 PR 22830 
1 AM, FF, GE, Gl1t GR, HO,PR 22840 
2 PB, PE, UXI5), RP, SE, SH 1 PR 22850 
3 SM, TK, vt:, VH, VR, wc,PR 22860 
It AME, 1\TN, BPXI51o CCF, HIH, HLH,PR 22870 
5 HNH, HOH, OMXI5), PHE:, PU3, RSE,PR 22880 
6 RSH, RSR, TC1, THF, TKXP>), TMC 1 PR 22890 
7 THt:, TPE, UEAI51 1 UMEo UMH, WPL,PR 22900 
8 ElK TE, . BKTH, ttKTR, OTLSI5), ELEX(5) 1 HIEX(51 1 PR 22910 
9 HOEXI'll, MODU, RGEl, ROE2o APTSE, ltDEPH,PR 22920 
+ CAPil, HEADE, HEAUH, HEAUR, POBLD, PODEL 1 PR 22930 
A POPHD, SUBEXI5), WCOLD, WMODCo WHODH, BHSHEL,PR 22940 
e CSLTI:!H, CSLTBP, HUT LEN, HREC.OV, HREJC J, RECOLN,PR 22950 
c VAPSPC, WPRTRY, POREC PR 22960 

COMMON/BLOCH3/ EA, es, CCl, CC2, EAl,PR 22970 
1 EA2, EEC, HCl, HC2, oc 1. OC2,PR 22980 
2 PMC, TC2, VPC, 8HClt 8HC2, CIBC,PR 22990 
3 DEAl, DEA2, EECl, EEC2, PHClt PMC2 1 PR 23000 
4 SirE, SHAP, VPC 1, VPC2, WAIT, AMSCl.PR 23010 
5 AHSC2, CAPI2, CAPI3, CAP lito C IBC 1, Cl8C2 1 PR 23020 
6 SIH:l, SITE2, WAIT 1, WAlT2, CHMPTC, CHMPJl,Pit 23030 
7 CHMPT2, CINSTC, CINSTl, CINST2o DEACST, POCSTl,PR 23040 
8 POCST2, RATE IN, RETU1i1, ltETU82, SMAPPH, SMAPPP,PR 23050 
9 cc, BHC, ES1, ES2 PR 23060 

COMMON/COHNAM/ AJ, CB, co, CP, CR 1 PR 2.3070 
1 Htl, p (. PO, Tlio To, JP, PR 23080 
2 TS, we, WF, 1110, WP, WR, PR 23090 
3 AXJ, Hill, HPR, u:v. lf2t TCF, PR 23100 
It ENBH, GPMB, GPMO, GPMH, GPMO, GPMP, Pit 23110 
5 GP .. R, HOEA, RPMd, RPMO, RPMM, RPMP 1 PR 23120 
6 RPP4R, TSTH, WHOT, YEAR, ACRES, BHVOL 1 PR 23130 
1 dLDGS, I:!NDLSo HOLES, HPBLD, HPDEA, HPOEL, PR 23140 
8 HPPRD, HPRECo PLPRD, PLSEA, PODEA, ACNCEW, PR 23150 
9 ACNCFL, ACNCI W, ACNCPH, ACNCRF, ACNCTR, AEXCAV 1 PR 23160 
+ ASTLEW, ASTLFL, ASTLIW, AS TLPH, ASTLRft ASTLTRt PR 23170 
A AWtiRS, iiHSURf, OINJAK, EN IT SEt ENPIPE, ENSUPE, PR 23180 
tl EI\ISUPR, PIPELN 1 PLSZHG, KEJLENo STLLEN, STLTMP, PR 23190 
c TNACOY, TRAINS, TSAREAt VOLCNC, VOLSTL, WOCEAN PR 23200 

COMHON/BLOCK6/ ·FC Pit 23210 
COMMON/BLOClJ/ xo Pit 23220 

CGMHON/BLOCllt/ XC PR 23230 
COMMON/SHARE/ 1 FLIP, I SPOT Pit 23240 

c· PR 23250 
OI~ENSION XCI3001 Pit 23260 
OI~ENSICN XCI500), FCI500) Pit 23270 

c Pit 23280 
EQUIVALENCE IAE,AMEI Pit 23290 
EIJUIVALENCE ISHAP,SSHAP),(AJ 1 ASJI,(RATEIN,RTEINI PR 23300 . 
DATA PROC/'fi4Sf'/ PR 23310 

c Pit 23320 
CALL PRICESIPROCI PR 23330 
uo 100 J=l,300 •••• 
XC I J J = XC 1.11 * FC: 1.11 PR 23350 

100 CONTINUE PR 23360 
c Pit 23370 

lfllfllP .G T • 11 GO TO 120 Pit 23380 
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C** SMALL PLANT COST FACTURS 
fEA = .89273BOO*Iff/10.J**I-.1J32810-l) 
fES = .1024420l*IFF/10.)**1•21393900) 
FPMC = .112693Dl*lff/10.)**1-.2687310-1) 
FVPC = .14ll43Dl*lff/10.J**I-.l0426J00) 
FCHMPT = .603586DO*Iff/10.)**1.J09530DOJ 
FINSTC = .943099DO*lff/lO.t••l-.716d6200) 
FEEC .91491500*lff/lO.I**I.l05992U-1) 
FDEA .l758010l*lFF/lO.)**l-.36l16300) 
f8HC .952672DC*lff/10.)**l.235263DOJ 

C** TUdl~G REPLACEMENT FACTORS 
CALL TUBKtPIW~L,CSLT8P,XCI60J,SMAPPP) 

CALL TU8RtPIWPL,CSLTBH,XCI60J,SMAPPH) 
120 COI'oTINUE 

c•••• 
c CALCULATE COST Of CO~PONENTS, $ - DIRECT 
c•• 

TSHETS = XCI31 *TSAREA + XCI41*HOLES + XCI,)*TSAREA 
TUBING= XCili*AME + XCI21*AR + XCI6)*1ELE*ENE+RLR*RNRJ 

1 + XCI71*1ENE+RNRI 
tA = TSHEJS + TUBING 
ES = XCI9) * VOLSTL +XCI ·lC)*VOLCNC +XCI lli*IASTLFL+ACNCFLJ 

1 +XCI l21*ff +XCI 131*AWEJRS 
PUMPS = XCI151*1GPMO+GPMR+GPMP+GPMB+GPMOI 
PMOTR = XCI16I*IHPOEL+HPREC+HPPRD+HPBLD+HPOEAI*TRAINS 
PTA~X = XCI171*ff +XCI18t*IG~MR+GP~P+GPM8+GPMU) 
PMC = PUMPS+PMOTR +~TAUX 
WAif =XCI201*GPMO 
VALVES XCI231*12.*1GPMO+GPMR+GPMB+GPMH1+3.*GPMP) 
PLNTPt = XCI241*GPMO 
TRANPF = XCI251*TRAINS 
8HTRPf = XCI261*GPMH 
VPC = VALVES +PLNTPF +TRANPF +8HTRPF +XCI27I*IGPMB+GPMPJ 
CHMPTC = XCI301*ff 

• lf(FF .GT. XUI8011 CHMPTC = CHMPTC+XCI291*TNACOY 
ClNSTC = xCI321*Ff 
EtC = XCI341*PU*1.03 
OEACST ~xCI3bi*IGPMB+GPMPI+XCI2001*XOI205J 

8HTU8 = IXCI38) + XCI39)1*AH 
BHSHEL = XCI40I*dHSURf*ENdH 

dHC = ~HTUd + bHSH~L 

SlfE = IXCI3li+XCI42)1*ACRES 
CIHC = XCI431*FF 
IF(FF .Gr. XOI82)1 GO TO 130 

C CORRECT CAPITAL COSTS TO SMALL PLANT RANGE 
EA = EA*FEA 
E:S = ES*FES 
PMC = PMC*fPMC 
VPC = VPC*FVPC 
CHMPTC = CH~PTC*fCHMPT 
CINSTC = CINSTC*FINSTC 
Et:C = EEC*fEEC 
DEACST = OEACST*FOEA 
hHC: = HHC:.FRHf. 

130 CU~TINUE 
c 
C DIRECT CAPITA( COST, MILLIONS OF $ 

CO=l.D-6*1EA+ES+PMC+WAIT+VPC+CHMPTC+CINSTC 
l +EEC+OEACST+BHC+SITE+CIBCI , .... 

C CALCULATE HIGHER COST fACTOR 
c•• 

AXJ = 1.00 
CALL FNANCclCO,ASJ,SSMAP,PSAJ,RTEIN,AJHR,WPL,YEARI 
lf(Ff .GT. X0(82)1 GO TL 200 

C ADO SUPPLIERS BURDEN fOR SMALL PLANTS 
AXJ = ASJ/IAJBR*l.06995J 
t.A = EA*AXJ 
ES = ES*AXJ 
PMC = PMC*AXJ 

PR 23390 
PR 23400 
PR 23410 
PR 23420 
PR 23430 
PR 23440 
PR 23450 
PR 23460 
PR 23410 
PR 23480 
PR 23490 
PR 23500 
PR 23510 
Pfl 23520 
PR 23530 
PR 23540 
PA 23550 
PR 23560 
PR 23570 
PR l.l5110 
PR 23590 
PR 23600 
PR 23610 
PR 23620 
PR 23630 
PR 23640 
PR 23650 
PR 23660 
PR 23670 
PR 23680 
PA 23690 
PR 23700 
PA 23710 
PR 23720 
PR 23730 
PR 23740 
PR 23150 

•••• 
PM 23770 
PR 23780 
PR 237<)0 
PR 23800 
PR 23810 
PR 23820 
PR 23830 
PR 23840 
PR HA'i(l 
PR 23860 
PR 23870 
PR 23880 
PR 23890 
PR 23900 
PR 23910 
!JR 23920 
PR 23930 
PR 2394.0 
PR 23950 
PR 23960 
PR 23970 
PR 23980 
PR 23990 
PR 2it000 
PR 24010 
PA 24020 
PR 24030 
PR 24040 
PR 24050 
PR 24060 
PR 24010 
PR 24080 
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WAIT = WA I T*AXJ PR i4090 
VPC = VPC*AXJ PR 24100 
CHMPTC = CHMPTC*AXJ PR 24110 
CI~STC = CI~STC*AXJ PR 24120 
EtC = EEC*AXJ PR 24130 
DEACST = DEACST*AXJ PR 24140 
~HC = bHC*AXJ PR 24150 
SITE = SITE*AXJ PR 24160 
CIBC = ClbC*AXJ PR 24170 
CO=l.D-t*IEA+ES+PMC+WAIT+VPC+CHMPTC+CINSTC PR 24180 

1 +EEC+DtACST+BHC+SITE+ClSCI PR 24190 
ASJ = AJbH PR 24200 
PSAJ = SSMAP*ASJ PR 24210 

200 CO~TINUE PR 24220 
C PR 24230 
C DIRECl + INDIReCT CAPITAL, 5 PR 24240 

CAPil CD .• 1.006 * ASJ PR 24250 
C SPECIFIC INIIESIMENT, $/GPO PR 24260 

CAPI2 CAPI1/IFF*l061 PR 24270 
C**** PR 24280 
C CALCULATE COST OF COMPONENTS, 5/YEAK PR 24290 
C** PR 24300 

EA2 = EA*PSAJ PR 24310 
ES2 = cS • PSAJ PR 24320 
PMC2 = PMC * PSAJ PR 24330 
WAIT2 = WAIT*PSAJ PR 24340 
VPC2 = VPC * PSAJ PR 24350 
CHMPT2 = CHMPTC * PSAJ PR 24360 
CINST2 = CINSTC * PSAJ PR 24370 
EEC2 = EEC * PSAJ PR 24380 
DEA2 = DEACST * PSAJ PR 24390 
dHC2 = BHC * I'SAJ PR 24400 
SITE2 = SITE * PSAJ PR 24410 
ClbC2 = CIBC * PSAJ PR 24420 
RETU82 = EA*SMAPPP + BHTUB*SMAPPH PR 24430 

C**** PR 24440 
C CALCULATE COST OF COMPONENTS, CENTSiKGAL PR 24450 
C** PR 24460 

CFG • 365*LF2 *FF *1D4 PR 24470 
C PR 24480 

EAl EA2/CFG PR 24490 
ES1 ES2/CFG PR 24500 
PMC1 = PMC2/CFG PR 24510 
WAITl = WAIT2/CFG PR 24520 
VPCl = VPC2/CFG PR 24530 
CHMPTl = CHMPT2/CFG PR 24540 
CINSTl = CINST2/CFG PR 24550 
EECl = EEC2/CFG PR 24560 
DEAl = DEA2/CFG PR ~4570 
dHCl = BHC2/CFG PR 24580 
SITEl = SITE2/CFG PR 24590 
CIBCl = CIBC2/CFG PR 24600 
RETU81 = RETUB2/CFG PR 24610 

C PR 24620 
C COST OF CAPITAL ITEMS, CENTS/KGAL PR 24630 

CAP13 = EAl+ESl+PMCl+WAITl+VPC1+CHMPTl+ClNST1+EECl+DEA1+BHCl+SITc1PR 24640 
1 +CIBCl PR 24650 

C COST OF CAP I UJ llF.MS, S/HAR PR 24660 
CAP14 CAPI3*CFG PR 24670 

C**** PR 24680 
C CALCULATE OPERATING COSTS PR 24690 
C** PR 24700 
C OPERATING COSTS, $/YEAR PR 24710 

HC2 = b.76*LF2*WP/RP*XCI451 PR 24720 
IFIFF .LT. X0(8111 HC2 = HC2*XC(461/XCI451 PR 24730 
ACHl = 365.*LF2*TNACDY*XCC491 PR 24740 
IFIFF .LE. XUISOII ACID"' tiCIOUCt41HIXC:I491 PR 247'JO 
CLORIN = 8760.*WOCEAN*LF2*XCC501 PR 24760 
CAUSTC = 8760.*IWB+WPI*LF2*XCI511 PR 24770 
OEFGM = 8760~*1WB+WPI*Lf2*XCI521 PR 24780 



c 

CC2 = ACID + ClORIN + CAUSTC + DEFOM 
POCST2=8760.*lf2*PO*XCC~41*1000. 

74 

IFCFF .LT. XOC8111 POCST2 = POCST2*XCC55)/XCC541 
OC2 = XCC571*FF 
AMSC2 = XCC581 * CAP11 

C CPERATING COSTS, CENTS/KGAl 
HC 1 = HC2/CFG 
CCl = CC2/CFG 
POCSTl = POCST2/CFG 
UCl = OC2/CFG 
CCl=CCl+Wh/~P 

C AllOWS 1 CENT/KGAl FOR REMOVIN~ COPPER IONS FUKM BRINE 
CC2=CC1*CFG 
A~SCl = AMSC2/CFG 

c 
C COST OF PRODUCT WATER, CENTS/KGAL 

~CC2111=8760.*lF~*XOI206I*XCC2101 
XCC2121=XCI2111/CFG 
TCl = CA~I3 +AMSCl+POCSTl+HC1+0C1+CCl+REfUB1 

1 HGI2121 
C COST OF PRODUCT WATER, $/YtAR 

TC2 = TC1 * CFG 

RHliRN 
tND 

PR 24790 
• ••• 

PR 24810 
PR 24820 
PR 24830 
PR 24840 
PR 24850 
PR 24860 
PR 24870 
PR 24880 
PR 24890 

•••• •••• •••• 
PR 24900 
PR 24910 
PR 24920 

•••• •••• 
PR 24930 

•••• 
PR 24940 
PR 24950 
PR 24960 
PR 24970 
PR 24980 



c••••• 
c 
c 
c 
c 
c••••• c••••• 
c 
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APPENIJ IX K 

CHANGeS MAOE IN SUbROUTINE COSTV 

SUoROUTINE CUSTV 

CGST VARIABLES ARE CF THE FORM, 'NAME*'• WHERE 
* = Y fOR COST S/YEAR, 
* K FCR COST, CENJS/KGALt 
* = D FOR COST S - DIRECT 

IMPLICIT RtAL*BlA-H,O-Z.I 

LPH, LVEt IOBH, IOPH, LCON, DUUDLE PRECISION 
1 ~T~H, IDCON 
OOU~Lt PRtCISIUN KPH, KVE, L6Ht MGO, 

1 NPH, NVE, LMTDt LVEP 1 LMTDBH, LMTDCN 

PR 13080 
PR 13090 
PA 13100 
PR 13110 
PA 
PA 
PA 
PA 
PA 
PA 

NCON, PA 
PA 

N8H, PA 
PA 

DCUHLE PRECISION 
DOUBLE PRECISION 

K8H, 
KCON, 

INT, 
LEV,LF2 

INSTRDt INSTRK, INSTRYt MAINTK, MAINlY PR 
PA 

13120 
13130 
13140 
13150 
13160 
13170 
13180. 
13190 
13200 
13210 
13220 
13230 
13240 
13250 
13260 
13270 
13280 
13290 
13300 
13310 
13320 
13330 
13340 
13350 
13360 
13370 
13380 
13390 
13400 
13410 
13420 
13430 
13lt40 
13450 
13460 
13470 
13480 
13lt90 
13500 
13510 
13520 
13530 
135lt0 
13550 
13560 
13570 
13580 
13590 
13600 
13610 
13620 
13630 
13(,40 
13650 
13660 
13670 
13680 
13690 
13700 
13710 
13720 

c 
CCMMON/ULOCV1/ ANE, 

1 GPMV, HPVE, 
2 NCON, NTPH, 
3 RPMV, HFEED, 
4 APTSCN, APTSEP, 
CL~~ON/HLOCV2/ Al301 1 

1 TE1301, TR, 
2 AHH 1 APH, 
3 ELL, G8H, 
4 KPH, KVE, · 
~ NVEI30), QPH, 
6 UBH, VBH, 
7 HIBH, HIPHl31, 
8 LVEP, PHLF, 
9 UCON, VCON, 
+ CONLf• HICON, 
A POPRO, POSEA~ 
BtL8NDLl301, HCOTCF, 
C LMTCBH, LMTDCN, 
D SUMWPH, TOTAVE, 
E NL, NTRN, 
CUMMUN/~LOCV3/ ~HD, 

1 PMK, PJolY 1 

2 DEAD, OEAK 1 

3 S8CK, SBCY, 
4 GPERK, OPERY 1 

5 ANCCMP, · CMCAPDi 
6 CNDSRY, ELECTO, 
7 INSTRY, MAINTK, 
8 PLCAPD, PLCAPK, 
9 RETUBY, SHELLD, 
+ TOTOPK, TCTOPY, 
A VETLBD, VETUBK, 

COMMGN/COMNAM/ AJ 1 

1 HB, Pl 1 

2 TSt WB, 
3 AXJ, HBL, 
4 ENBH, GPM8, 
5 GPMR, HDEA, 
6 RPMR, TSTH, 
7 8LOGS, BNDLS, 
d HPPRD, HPRLC, 
9 ACNCFL, ACNCIW, 
+ ASTI EW, ASTLfLt 
A AWEIRS, HHSURF, 
8 ENSUPR, PIPELN, 
C TNACDY, TRAINS, 
CU~MON/BLOCKo/ FC 

HVft LPHt 
HSEA, 1u8H, 
OOBH, OOPH, 

IOCCN, OOCON, 
UVRHGT, TOTNVEt 

S, AEUOI., 
UEl30I, UHl31, 

BPEl301t Clfl30), 
GPH, iiPM, 
LbH, MGO, 
RBHt RPH, 
VPH, WPEX(30It 

HOSH, HOPHl 31 0 

QMSfl31t RCON, 
VLEN, VTLf, 

HUCCN, HOTEl, 
SURff, VEHGT, 

HCOTOO, HEA08H 1 

PLNTLF, POOEAS, 
~ESP,VEFEEOl30I, 

IFEEO, IRECYC 
bHK, fiHY, 
VPO, VPK, 

OEAYt ELECt 
CHEMK, CHEMY, 

. PLOIN, WAllO, 
CMCAPK, .CMCAPY 1 

ELtCTK, ElECTY, 
MAINlY, PHTU80, 
PLCAPY, POWERK, 
SHELLK, SHELLY, 
TREP8H, TREPCN, 
VETUBY, CGPD 

cs, co, 
PO, T6 1 

WF, WO t 
H~R, LEV, 

GPM0 1 GPMH, 
RPMb, RPMO, 
IIHOT, YEAR, 

HOLeS, HP8LO, 
PLPRO, PLSEA, 

ACNCPH, ACNCRF, 
ASTLlWt ASTLPH, 
DINTAK, ENJTSE, 
PLSZMG, REJLEN, 
TSARtA, VOLCNC, 

LVEt 
IOPH, 
DOVE, 

SUMWTt 
VEP~PS 

QE, 
WM, 

COE 1301, 
HQO, 
NHH, 
RVEe 

BHLf., 
KCON, 

SU8fl31t 
WOTHI30t, 

PHHGT, 
WALVE, 

HEAOCN, 
POFEEOt 
W.BOOS T, 

JNT t 
VPY, 

HEAT, 
HEATK, 
WAITK, 

CNOSRO, 
INSTRO, 
PHTUSK, 
POWERY, 
TO TALK, 
TREPPH, 

CP, 
TO, 
WP, 

LF2, 
GPMO, 
RPMM, 

ACRES, 
HPOEA, 
POOEA, 

ACNCTR, 
ASTLRF, 
ENPIPE, 
STLLEN, 
VOLSTL, 

PA 
ACON,PR 
LCON,PR 
POVE,PR 

VETSA,PR 
PR 

TCC 30I,PA 
WTCJOI,PA 

OPEC301,PA 
KBH,PA 
NPH,PA 
TOO,PR 

GCON,PR 
UHOUI,PA 

TCON,PA 
ALFAE (]0 I, PR 

POBLU,PA 
EFFSPC,PR 
HEAOPH,PA 
SUMWPE,PR 
WOCOLO,PA 

PR 
PMO,PR 

ACHR,PR 
S6CO,PR 

HEATY,PR 
WAITYePR 

CNDSRKePR 
INSTRK,PR 
PHTUBY,PR 
AETUBK,PR 
TUTALY,PR 
TREPVE,PA 

CR, 
rP, 
WR, 

reF, 
GPMP, 
RPMP, 

6HVOL, 
HPDEL, 

ACNCEW, 
AEXCAV, 
ASTL TR, 
ENSUPE, 
STL rMP, 
WOCEAN 

PR 
PR 
PR 
PR 
PR 
PR 
PR 
PR 
PR 
PR 
PR 
PR 
PR 
PR 
PR 
PR 



c 

CO~~CN/HLOC13/ XO 
COMMON/~LOC14/ XC 
CO~~ON/SHARE/ IFLIP, ISPOT 

DI~ENSICN XCIJOOI 
U1~ENSICN XCI5001, FCI5001 
DATA PRCC/ 1 \ITE'/ 
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c••••• 

c 

PLF = LF2 
CALL PRICESIPRUCI 
DU 10 5 I= 1 ,3 C 0 

105 XCIII = XCIIJtFCIIJ 

1FIIFLIP .GT. 11 GO TO 106 
INT = XC(601 
ff = MGD C•• SMALL PLANT COST FACTORS 
ftA = .e9273MDO*IFF/10.1**1-.1332870-ll 
FES = .1024420l*IFF/10.1**1.273939001 
f~~C = .112693Dl*lff/10.J**I-.268131D-11 
~v~~ = .14114JU1*1~f/10.I**I-.l0426300) 
FCh~PT = .60358600t(Ff/10.1**1.309530001 
F1NSTC = .9430~900tlff/lO.I**I-.7168b2001 
FEEC = .97491500*1ff/10.1**1•105992U-ll 
FUEA = .17580101*1FF/10.1*·*1-.361163001 
FHHC = .952672DO*IFF/10.1**1•235263UOI 

C TU~ING REPLACEMENT FACTOR 
CALL TUHREPIPLNTLF,\ITLF,INT,TREPV£1 
CALL TUBREPIPL~TLF,PHLF,INT,JREPPHI 

CALL TUBRtPIPLNTLF,CONLF,INJ,TREPCNJ 
CALL TUBREPIPLNTLF,BHLF,INT,JREPBHI 

106 CO"TINUE 
c••••• 
C CALCULATE COST Of COMPONENTS, $ - DIRECT 

VETUHD = XC(b3I*TOTAVE +XCI64I*VETSA +XCI651*4.*TOTNVE 
*+XC 1220 I•HTNVE 
1 +XCI66J*TOTNVE*LVE +XCI671*TRAINS*ANE 
PHTL~D XCI68J*APH +XCib9J*LPH*NTPH +IXCI70J+XCI72JJ*IENlfSE 

1 +ENSUPEt2.tBNOLSI*APTSEP +XCI7li*INPH+1.1*NTPH 
~ +XCI731*2.*NTPH 

SHELLD XCI9I*VOLSTL +XCilOI*VOLCNC +XCilli*AEXCAV +XCC12J•MGU 
1 +XCI13J*AWElRS 
PU~PSD = XCI12BI*IGPHO +GPMR +GPMP +GPMB +GPMD +GPMVI 
PMTRSD = XCI129J*CCHPDEL +HPREC +HPPRO +HPBLD +HPOEAI*fRAlNS 

1 +HPVE*VEPMPSI 
PTAUXD = XCI171*HGO + XCI1301*1GPMR +GPMP +GPHV +GPMB +GPMDJ 
PMO = P~MPSD +P~TRSO +PTAUXD 
WAllO = XCI201*GPHU 
VALVO = XCI1311*12.*IGPMO+GPHB+GPMHI+3.•GPMP+l.B*GPMR+GPMVI 
EFFPD = XCI1321+ANE*TRA1NS 
PLNTPD = XCC241*GPHO 
TRANPD = XCI251*TRAINS 
dHTRPO = XCI261*GPMH 
VENTPO = XCI271*1GPH&+GPMPI 
VPD VALVC +EFFPD +PLNTPD +TRANPO +SHTRPO +VENTPD 
CMCAPD = XCIJOI*HGD 
lfi~GD .GT. XOI8011 CHCAPO = CHCAPC +XCI29J*TNACDY 
DEAC = XCI36J*IGPHP+GPH~I+XCI2001*XOI205) 
CNDSRD = XCI741*ACUN +XCib9l*LCON*N~ON +IXCI70)+XC(721)*1ENSUPR 

1 +2.tTRAINSI*APTSCN +XCI7li*IENSUPR *NCON/TRAINS+2.•NCON) 
2 +XL(f~J•z.•N~ON 

dHC = IXCI1331+XCI12bii*ABH +XCI40I*dHSU~f*EN~H 
INSJRO = XCI321*MGD 

* +XCI2211*TRA1NS*ANE 
ELECTD = XCI1271*PO*l.03 
S~CC = IXCI3li+XCI42)1*ACRES+XCI43)*MGD 
1fi~GD .GT. XOI821) GO lO 108 

C CORRECT CAPITAL COSTS TO SMALL PLANT RANGt 
VET~dO VETU~D*FEA 
PHTlBU = PHTU~D*FEA 

PR 13130 
PR 13140 
PR 13750 
PR 13160 
PR 13J70 
PR 13180 
PR 13190 
PR 13800 
PR 13810 
PR 13820 

•••• 
PR 13840 
PR 13850 
PR 13860 
PR 13870 
PR 13880 
PR 13890 
PR 13900 
PR 13910 
PR 13920 
PR 13930 
PR 13940 
PR 13950 
PR 13960 
PR 13970 
PR 13980 
PR 13990 
PR 14000 
PR 14010 
PR 14020 
PR 14030 
PR 14040 
PR 14050 
PR 14060 
PR 14070 

•••• 
PR 14080 
PR 14090 
PR l41QQ, 
PR 14110 
PR 14120 
PR 14130 
PR 14140 
PR 14150 
PR 14160 
PR 14110 
PR 14180 
PR 14190 
PR 14200 
PR 14210 
PR 14220 
PR 14230 
PR 14240 
IPR 14250 
PR 14260 
PR 14210 
PR 14280 

•••• 
PR 14300 
PR 14310 
PR lit 320, 
PR 14330 
PR 14340 

•••• 
PR 14350 
PR 14360 
PR 14370 
PR 14380 
PR 14390 
PR 14400 



c 

SHELLD = SHELLD*FES 
PMC = PMOtfPMC 
VPC = VPD*FVPC 
CMCAPD = CMCAPD*FCHMPT 
DEAD = DEAD*FDEA 
CNCSRO = CNCSRD*FEA 
tltiC = 8HD*FBHC 
INSJRD = INSTRD*fiNSTC 
tLECTD = ELECTC*FEEC 

108 CCN Tl NuE 

C***** DIRECT CAPITAL COST 
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OF PLANT 
PLCAPD = VETUbD +PHTUBD +SHELLO +PMD +WAITD +VPD +CMCAPD +DEAD 

1 +CNDSRD +BHD +INSTRD +ELtCTD +S8CD 
DC = PLCAPD*l.0-6 

c••••• c••••• 
c CALCULATE AJ, HIGHE~ COSJ FACTOR 

AXJ = 1.C 
CALL FNANCEIOC,AJ,ACHR,ANCOMP,INT,AJHR,PLNTLF,YEARI 
IFIMGD .GT. XOI821l GO JO 110 . 

C** ADD SUPPLIERS BURDEN fOR SMALL PLANTS 
AXJ = AJ/IAJBR*1.06995) 
VEJUBU = VETUHD*AXJ 
PHTUBD = PHTUBOtAXJ 
SHELLO = SHELLD* AXJ 
PMC = PMOtAXJ 
~AlTO= WAlTOtAXJ 
VPC VPC* AXJ 
CMCAPD CMCAPDtAXJ 
OEAC CEAO* AXJ 
CNDSRD CNCSROtAXJ 
BHO BHD* AXJ 
lNSTRC lNSTRO*AXJ 
ELECTD ELECTO*AXJ 
SbCO = SBCD*AXJ 
PLCAPO = VETUBD +PHTUBO +SHELLU +PMD +WAllO +vPD +CMCAPD +DEAD 

1 +CNOSRD +BHO +lNSTRO +ELECTD +S8CD 
DC = PLCAPDt1.D-b 
AJ = AJBR 
ANCOMP = AJ*ACHR 

llU CLI'.TlNUE 
c••••• 
C***** PLANT COST, DIRECTS + lNOIRECTS 

PLClN=AJ*PLCAPD 

~····· C CALCULATE CCST OF CCMPONENTS, S/YEAR 
VETuBY=ANCOMP*VETUHD 
PHJUBY=ANCCMP*PHTUBO 
SHELLY=ANCCMP*SHELLD 
PMY =ANCC~PtPMO 

WAITY =ANCOMPtWAITO 
VPY =ANCC~P*VPO 
CMCAPY=ANCOMP*CMCAPO 
IN~TRY•ANCC~P*l~STRD 

ELECTY=ANCOMP*ELECTO 
DEAY =ANCO~P*OEAO 
CN~SKY=ANCC~PtCI'.DSRO 

BHY =ANCOMP*BHO 
SHCY =ANCC~PtSBCC 
PLCAPY=ANCUMPOPLCAPO 
RETuBY TREPVE*VETUHD +TREPPH*PHTUBO +TREPCN*CNOSRD 

1 +IXCI133l+XCI126llOABHtTREPHH 
c••••• c••••• c COST Of COMPONENTS, CENT$/KGAL 

~KbAL = i.05/IPLF*MGD*36~.06) 
PHTUBK=CKGALtPHTUBY 
VtTUHK=CKGALtVETUBY 
SHELLK=CKGAL*SHELLY 

PR l't'tlO 
PR l't't20 
PR 1't't30 
PR l't't'tO 
PR l't't50 
PR l't't60 
PR l't't 70 
PR 1.4't 80 
PR l'tlt90 
PR 14500 
PR 14510 
PR 1't520 
PR 14530 
PR llt540 
PR llt550 
PR 11t560 
PR 14570 
PR 14580 
PR 14590 
PR 14600 
PR llt610 
PR 14620 
PR 14630 
PR 14640 
PR 14650 
PR 14660 
PR H670 
PR 11t680 
PR 14690 
PR lit 700 
PR 14710 
PR 14720 
PR 14730 
PR 14740 
PR 11t750 
PR 14760 
PR 14770 
PR 11t780 
PR 14790 
PR llt800 
PR 14810 
PR 14820 
PR 14830 
PR 1484.0 
PR 11t850 
PR 14860 
PR 14870 
PR 14880 
PR 14890 
PR 11t900 
PR 14910 
PR 14920 
PR 14930 
PR 1491t0 
PR 14950 
PR 14960 
PR 14970 
PR I4qAo 
PR 14990 
PR 15000 
PR 15010 
PR 15020 
PR 15030 
PR 15040 
PR 15050 
PR 15060 
PR l"i070 
PR 15080 
PR 15090 
PR 15100 



C***** 

PMK =CKGAL•PMY 
WAITK =CKGAL•WAITY 
VPK =CKGAL*VPY 
CMCAPK=CKGAL•CMCAPY 
INSTRK=CKGAL•INSTRY 
ELECTK=CKGAL*ELECTY 
DEAK =CKGAL*DEAY 
CNCSRK=CKGAL•CNDSRY 
liHK =CKGAL*BHY 
SSCK =CKGAL*SHCY 
PLCAPK=CKGAL•PLCAPY 
RtTuBK=CKGAL*RETUBY 

CGPC= PLDIN/IMGD*1.061 

c•••••••••• 
C CALCULATE OPERATING COSTS 
c••••• 

HEAT = XCI451 
lfl~GD .LT. XOIBlll HEAT= XCI461 
HEATY=HEAT•IQE+QPHI*PLF*8760.00-6 
ACIC = 365.*PLF *TNACDY* XCC491 
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lfl~GD .LE. XOIBOII ACID =ACID*XCI481/XC(491 
CLORIN = 8760.* WOCEAN*PLF * XCI501 
CAUSTC 8760o*IWB+WPI*PLf * XCC511 
DEFOM = 8760.*IWB+WPI*PLF * XCI521 
CHE~Y = ACID+ CLORIN+ CAUSTC+ DEFQM 
ELEC = XCI541 
lfl~GU .LT. XOIBlll ELEC = XCI551 
POWERY = 8.76Db*ELEC*PO 
OPERY = XCI571 *MGD 
MAI~TY = XCI581 * PLDIN 
HEATK =CKGAL*HEATY 
CHE~K =CKGAL*CHEMY 
PCwERK~CKbAL•~UWtMY 

OPERK =CKGAL*OPERY 
MAINTK=CKGAL*MAINTY 

c•••••••••• 
C TOTAL OPERATING CUSI 

TCTOPY=HEATY+CHEMY+POWERY+UPERY+MAINTY 
iUI~~K=~K~AL*TGTUPY 

c•••••••••• 
C TOTAL 

XCI211)=876C.*Lf2*XC1206I*XCI2101 
TOTALY=PLCAPY+RETUHY+TOTOPY 

1 +XCI21l) 
XCI2121:XCI2lli*CKGAL 
TOTALK=PLCAPK+RETUHK+TOTOPK 

1 +XCI2121 
At TURN 
END 

PR 15110 
PR 15120 
PR 15130 
PR 15140 
PR 15150 
PR 15160 
PR 15170 
PR 15180 
PR 15190 
PR 15200 
PR 15210 
PR 15220 
PR 15230 
PR 15240 
PR 15250 
PR 15~60 

PR 15270 
PR 15280 
PR 15290 
PR 15300 
PR 15310 
PR 15320 
PR 15330 
PR 15340 
PR 15350 
PR 15360 
PR 15370 
PR 15380 
PR 15390 
PR 15400 
PR 15UO 
PR 15420 
PR 15430 
PR U440 
PR 15450 
PR 15460 
PR 15470 
PA 15480 
PR l!ilt90 
PR 15500 
PR 15510 
PR 15520 
PR 15530 

•••• 
PR 15540 

•••• •••• 
PR 15550 

•••• 
PR 15560 
PR 15570 



c 
c 
c 
c 

c 

c 

c 

c 

c 

c 

c 
c 
c 
c 

c 
c 

c 
c 

c 
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APPENDIX L 

CHANG~S MADE IN SUHROUriNE fNANCE 

SUBROUTINE FNANCEICD,ASJ,SSMAP,PSAJ,RrEIN,AJHR,WPL,YEARI 
I~PLICIT REAl*81A-H,O-lJ . 
UIMtNSICN XCI5001 
CO~MON/Hl0Cl4/ XC 

OVLRHEAC FOR DESIGN AND JOB SUPERVISION 
AJSD ; 'OAK RIDGE' 
ABSD = 'BURNS AND kOE' 

AJSO = l.O~+.l7582*DEXPI-2.0B~0-2*CUI 
ASSC = .4977*1AJSD-l.t+l. 
AJSOCT = AJSO 

CONSTRUCTION TIME IN MONTHS 
TIME= 54.1*11.-1.006*CU+1.1J••I-2.o32)1 

INHREST RATE 
RTEIN = XCI601 

INTEREST DURING CONSTRUCTION 
AJIC = 1.+.C399*TIME*RTliN . 

ESCALATION DURING CONSTRUCTION 
AJESC=l.+.C434*TIME*XCI56) 

UNUSUAL CONSTRUCTION EXPENSE AND CONTINGENCY 
AJfGR = l.UO+XCI621 

CWNERS CCST !TRAINING AND STARTUPI 
AJCwN = 1.019 

HIGHER CCST FACTOR 
ASJ = 'OAK RIDGE' 
AJ~R = 'BURNS AND ROE' 

ASJ = AJSDCT*AJIC*AJESC*AJFOR*AJOWN 
AJBR = ABSDOAJIC*AJESC 

ANNUAL CHARGE FACTOR ON TOTAL CAPirAL 
SSMAP = XCI61J+RTEIN/Il.-l./ll.+RTElNI**WPLI 

ANNUAl CHARGE FACTOR ON DIRECT CAPITAL 
PSAJ = SSMAP *ASJ 

I(EJURN 
END 

PR 36940 

PR 36960 
PR 36970 
PR 36980 
PR 31010 
PR 37020 
PR 37030 
PR 37040 
PR 37050 

•••• 
PM 37070 
PR 37080 
PR 37090 
PR 37100 
PR 37110 
PR 37120 

•••• •••• 
PR 37150 
PR 37160 
PR 37170 
PR 37180 
PR 31190 
PR 37200 
PR 37210 
PR 37220 
PR 37230 
PR 31240 
PR 37250 
PR 37260 
PR 37270 
PR 37280 
PR 37290 
PR 37300 
PR 37310 
PR 37320 
PR 37330 



THIS PAGE 

WAS INTENTIONALLY 

LEFT BLANK 

-·. 
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CHANGES MAUE IN SUSRUUTINE TillER 

SUBROUTINE TillER 
CALLCI 1 UNIT COST OF RECOVERY TUBING, $/SY.FT. IMSFa•, taPR 58200 
CALLCI 1 UNIT COST OF REJtCT TUBING, $/SQ fT IMSFa•, ZaPR 58230 
CALLCI 1 UNIT COST OF TUBE SHEeTS, S/SU fl IMSf)•, l)PR 58260 
CALLCI 1 UNIT COST 0~ HOLE DRILLING, i/HOL~ IMSFa•, 4aPR 58320 
CALLCI 1 LNIT COST OF INSTALLING TUBE SHEETS, S/SQ FT IMSFa•, 5)PR 58380 
CALLG( 1 UNIT COST OF INSTALLING TUHINGo $/LINEAR FOOT IMSFI'• 6JPR 58460 
CALLCI 1 UNIT COST OF ROLLIN~ TU~ING 1 S/TUUE IMSfJ', 7JPR 58500 
CALLCI 1 UNIT COST Of STEEL SHEllo $/CUHIC FOOT IMSF,VTEI 1 t 9JPR 57250 
CALLCI 1 UNIT COST Of CONCRETE SHEllo$/CUBIC FOUl IMSF,VTEJ 1 , 10aPR 57330 
CALLCI 1 UNIT COST OF EXCAVATION FOR SHELL,S/SQ FT IHSF,VTEJ'• llJPR 57410 
CALLCI 1 UNIT COST OF DEHISTERS +MISC EQUIP, $/MGO IHSF,VTEa•, 12aPR 57440 
CALLCI 1 UNIT COST Of WEIRS ,$/SU fT IHSF,VTEJ 1 , 13JPR 57470 
CALLCI 1 UNIT COST OF PUMPS 1 $/GPM IMSFJ•, 15)PR 58540 
CALLCI 1 UNIT COST OF PUMP ~OTORS, $/HP IHSFa•, 16aPR 58620 
CALLCI 1 UNIT COST OF AUXILIARY PUMPS +DRIVES,$/MGO IHSF,VTEa•, 17)PR 57500 
CALLCI'UNIT COST Of PUMP PITS,S/GP~ PIT flOW IMSFa•, 18)PR 58670 
CALLCI'LNIT COST OF SUBMARINE LINE INTAKE,S/GPM IHSF,VTEa•, 20aPR 57530 
CALLCI 1 UNIT COST Of VALVES ,$/GPH VALVE FLOW IMSFa•, 23)PR 58700 
CALLCI'UNIT COST Of PLANT PIPING A~D FITTINGS,S/GPHIHSF,VTEa•, 24aPR 57560 
CALLCI 1 UNIT COST Of TRAIN PIPING +FITTIN~S,S/TRAIN IHSF,VTEa•, 25aPR 57590 
CALLCI 1 UNIT COST OF BRINE HTR PIPING+fiTriNGS,$/GPHIHSF,VTEa•, 26JPR 57620 
CALLCI'UNIT COST Of VENT AND DRAIN PIPING,$/GPM HU IHSF,VTEJ•, 27JPR 57650 
CALLCI 1 UNIT COST Of CHEH 1 AIR,HYDRAULIC EQUIP 1 $/MGO IMSF,VTEJ 1 , 30JPR 57680 
CALLCI 1 lNIT CUST 0~ INSTRUHENTATIO~,S/MGD PRODUCT IVTE,MSF •, J2JPR 57720 
CALLCI 1 UNIT COST OF ELECTRICAL DISTRIBUTION EQUIP.,S/KWIMSF '• 34aPR 58780 
CALLCI'UNIT COST OF HRINE HEATER TUHING, $/SQ FT IMSF '• 38aPR 58810 
CALLCI 1 UNIT COST OF BH BUNDLE fABRICATION,$/FT2 BH AREAIMSF •, 39aPR 58840 
CALLCI 1 UNIT COST Of BRINE HEATER SHELL,$/FT2 SHEll IMSF 1 VTE •, 40aPR 57780 
CALLCI'UNIT COST Of Silt PREPARATICN 1 S/ACRE IHSF,VTE '• 42aPR 57810 
CALLCI'UNIT COST Of BLOGS AND CRANES , $/MGO IHSF,VTE •, 43JPR 57840 
CALLCI'UNIT COST Of STEAM HEAT 1 NUCLEAR, S/MHBTU IVTE,HSF '• 45JPR 57870 
CALLCI 1 UNIT COST Of STEAM HEAT,FOSSIL , S/MMUiu IVTE,MSF •, 46aPR 5790D 
CALLCI'UNIT COST Of 93PC H2S04, OR PHOSPHATE, $/TON IAll '• 48aPR 57930 
CALLCI 1 UNIT COST Of CHLORINE TREATMtNT 1 S/lB WATER (All •, 50aPR 57990 
CALLCI 1 LNIT COST Of CAUSTIC TREATMENT, S/LB WATER IVTE 1 HSF •, 51JPR 5B020 
CALLCI 1 UNIT COST Of DEFOAM + SULFITE TREAT., $/l8 IVTE,MSFI 1 o 52JPR 58050 
CALLCI'UNIT COST OF ElECTRICITYrNUCLEAR, $/KWH (Alta•, 54JPR 57010 
CALLCI 1 UNIT COST OF ElECTRICITY,FOSSil , S/KWH lALLa•, 551PR 57040 
CALLCI 1 ANNUAL ESCALATION RATE, FRACTION 1Alll 1 , 56JPR 57070 
CALLCI 1 UNIT COST Of 0 AND M LASOR,S/YEAR PER MGO lMSF,VTEI 1 , 57)PR 58080 
GAbb'I'~NIT r.nsr OF MAINT.+SUPPLIES,$/YR/$ CAPITAl 1Alll 1 , 581PR 58110 
CALLCI 1 INTEREST RATE IAlll"a 60JPR 57100 
CALLCI 1 UNIT COST OF TAXES 1 1NSURANCE 1 ETC,$/YR/$ CAPITAL 1All) 1 a 61JPR 57130 
CALLCI'FRACTION OF CAPITAl fOR UNUSUAL CUNST. EXPENSE lAlli'• 62IPR 57160 
CALLCl 1 UNIT COST OF VERTICAL TUBE SURFACE, $/SQ FT IVTE) 1 , 631PR 58930 
CALLCI'~NIT COST Of VE TUBE SHEETS, S/SQ FT IVTEI 1 t 64)PR 58960 
CALLCI 1 UNIT COST OF VE HOLE DRILLING AND ROLLING,$/HOlEIVTfJ 1 t 6SJPR 58990 
CALLCI 1 UNIT COST OF INSTAlliNG VE TUBES, S/fOOT IVTEI•, 66JPR 59020 
CALLCI 1 UNIT COST Of VE HUNGle INSTALLATION, $/BUNDLE IVTEJ'a 67JPR 59050 
CALLCI 1 UNIT COST OF PREHEATER TUBING 1 S/SQ fT IVTEJ 1 , 68)PR 59080 
CALLCI 1 UNIT COST Of INSTALLING HORIZONTAL TUBING,$/FT CVTEI 1 t 69)PR 59110 
CALLCI 1 UNIT COST OF HORIZONTAL TUBE SHEETS, $/SQ FT lVTEI 1 t 70)PR 59160 
CALLCI 1 UNIT COST Of HOLE DRILLING 1 HORil. TUBES 1 $/HOLE CVTEI 1 a 7liPR 59220 
CALLCI 1 UNIT COST OF INSTALLING HORIZ. TUBE SHEETS,$/fl2CVTEI 1 , 721PR 59280 
CALLCI 1 UNIT COST Of ROLLING HORIZONTAL TUBES, $/TUBE IVTEI 1 t 711PR 59360 
CAllCI 1 UNif COST OF CONDENSER TUBING, S/SQ fT IVrEa•, 741PR 59400 
CALLCI 1 UNIT COST OF ~RINE HEATER TUHING, $/SQ FT lVTEI 1 tl26JPR 59430 
CALLCI 1 UNIT COST Of ELECTRICAL OISTRIHUTION EQPT ,$/KW IVTEa•,l21JPR 59460 
CALLCI 1 UNIT COST Of PUMPS ,$/GPM IVTEI 1 tl28JPR 59500 
CALLCI 1 UNIT COST Of PUMP HOTURS 1 $/HP IVTEI',129IPR 59590 
CALLCI 1 UNIT COST Of PUMP PiTS ,$/GPM IVTEI 1 tl30JPR 59670 
CALLCI 1 UNIT COST Of VALVES ,s/GP" lVTEt•,lllaPR 59700 
CALLCI 1 UNIT COST OF EFFECT PIPING ,$/EFFECT IVTEI 1 ,132JPA 59820 
CALLCI 1 UNIT COST Of BH BUNDLE fABRICATION,$/FT2 BH AREAIVTfl 1 tl33JPR 59850 
CALLCI 1 COST OF SJAE SYSTEM 1 $ lVTE,MSFI 1 t200) 
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CALLCI'~NIT COST Of EJECTOR STEAM,S/MMBT 
CALLCI 1 UNIT COST OF EJECTOR STtAM, SIMMbTU 
CALLCI'ANNUAL COST OF EJECTOH ST~AM, SIYR 
CALLCI'CUST OF EJECTOR STEAM PER 1000 GAL,$ 
CALLCI'COST GF BRINE HEATER TUBE S~EETS, S 
CALLCI'COST Uf BRINE HEATER SHEETS HOLE DRILLING 
CALLCI 1 COST OF BRINE H~ATER S~EET INSTALLATION 
CALLCI'COST OF BRINE HEATER TUBING INSTALLATION 
CALLCI 1 COST Of BRINE HEATER TUBE ROLLING 
CALLCI'UNIT COST OF NOZlLES 
CALLCI 1 COST OF INSTRUMENTATIUN FOR ONE EFFECT 
HE TURN 
ENC 

IMSF 1 VTft 1
1 210tPR 58105 

IVTE,MSFt I t210) 
CVTE,MSFt',2lll 
CVTE 1 MSFI 1 ,2121 
CMSF,VTEt 1 ,2151 
CMSF,VTEI 1 ,2lol 
CMSF,VTEI 1 ,2111 
CMSF,VTEI 1 t2181 
CMSF,VTft 1 ,2191 

CVTEI 1 t2201 
CVTEI 1 ,2201 
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APPENDIX N 

CHANGES 'MADE IN SUBROUTINE RITEM 

SUIUWUT INE RITEMIIOPT,IOUT,L) PR 65590 
IMPLICIT REAL*8IA-H,O-l) PR 65600 

c P.R 65610 
DCUBLE PRECISION LAM,MSfiD,LAMSTM PR 65620 
DOUBLE PRECISION MODU PR 65630 
REAL*8 LPHE ••••• 
DOUBLE PRECISION LEV,Lf2 PR 6'j640 

c PR 65650 
COMMON/PINHAS/APTSH,ENRSS,ENRJS,LPHE,DUMOUMil6),NfEED,IIItlll9t •••• 
COMMON/BLOC PH/ DIE, DIH, OIR, DUE, OOH,PR 65660 

1 DOR, ELE, ENE, KLRr RNA, HOEl,Pil 65670 
2 HREC, APTSR, ENITSR PR 65680 

COMMON/BLOCM2/ p, Q, AH, AK, AN,PR 65690 
1 AR, FF, GE, GH, Glh HO,PR 65700 
2 Pllt PE, QXI5t, RP, SE, SH,PR 65710 
3 SR, TK, ve, VH, Vlh WC,PR' 65720 
4 AME, ATNr BPXI~), CCF, HIH, HlH,PR 65730 
5 HNH, HOH, OMA(5), PHE, PUJ, RSE,PR 65740 
6 RSH, RSR, TC 1, THF, TKXI~)), TMC,PR 65750 
1 TME:, TPE, uExc,t, UME, UMH, WPl,PR 65760 
8 I:IKTE, BKTH, iSKTR, OTLSI5t. ELEXI5t. HIE.XI5),PR 65770 
9 HOEXI5t, HOOU, ROE1, Rue2, APTSE, &OEPH,PR 65780 
+ CAPllr HEAOE, HEADHI HEAOR, POBLO, POOEl,PR 65790 
A POPRO, SUBEXI5t, WCOLO, WHUOC, WMOOH, BHSHE&.:,PR 65800 
B CSLTBH, CSLTBP, HOllEN, HRECOV, HREJCT, RECOlN,PR 65810 
c VAPSPC, WPRTRY, PCREC PR 65820 

COMMON/8LOCM3/ E4, ts, CCl, . CC2, EAl,PR 65830 
1 EA2, EEC, HCl, HC2r OCl, OC2,PR 65840 
2 PMCr TC2r VI'C, tiHC lt BHC2, CIBC,PR 65850 
3 DEAl, DEA2, EEC 1, EEC2r PMC le PMC2,PR 65860 
4 SITE, SMAP, VPC 1, VPC2, WAIT, AMSCl,PR 65870 
5 AMSC2r CAPI2, CAP13, CAPI'or C IBC 1r CIBC2,PR 65880 
6 SlTE1r SITE2, WAIT 1, 1111All2t CHMPTC, CHMPTl,PR 65890 
7 CHMPT2, CINSTC, CINSTl, CINST2r OEACST, POCSTl,PR 65900 
8 POCST2, RATE IN, RETUBlr RETUB2r SMAPPH, SMAPPP,PR 65910 
9 co, 8HC, ES1, ES2 PR 65920 

COMMON/COMNAM/ AJ, cs, co, CP, CR, PR 65930 
1 t<B, PI, PO, flit TO, TP, PR 65940 
2 TS, 11118, Wfr wo, WPr WR, PR 65950 
3 AXJr HBL, HPR, LEV, LF2r TCF, PR 65960 
4 ENBH, GPPHI, liPPIOt GPMH, GPMO, GPMP, PR 65970 
5 GP"'R' HOEA, KPMB, RPPIO, RPPIM, RPMP, PR 1.5'180 
6 RP"'R' TSTH, .WHIJT, YEAR, ACRES, BHVOL, PR 65990 
7 SLOGS, 8NOLS, HOlES, HP8lDt HPOEA, HPOELo PR 66000 
8 HPPRO, HPREC, PLPRO, PlSEA, POOEA, ACNCEW, PR 66010 
9 ACNCFL, ACNCIW, ACNCPH, ACNCRf, ACNCTR, AEXCAV, PR 66020 
+ AS HEW, ASTlfl, ASTllWr ASTLPHr ASJLRF, ASTlTR, PR 66030 
A AWE IRS, 8HSURF, OINTAK, ENITSE, ENPIPE, ENSUPE, PR 66040 
1:1 ENSUPR, PIPELN,t PLSlMG, REJlENt STlLEN, STUMP, PR 66050 
c TNAC:DY. TRAINS, TSAREA, VOLCNC, VOLSTL, WOCEAN PR 66060 

COMMON/I:ILOC12/ XT .PR 66070 
CG~~ON/SLOC13/ XO PR 6608'0 

CuMMON/BLOC14/ XC PR 66090 
COMMON/N4ME/ ANAMEilOir AMUNTH, I DAY, I YEAR PR 66100 
CUMMON/OECKIO/ MSFIOI10t, VTE llH 10), EOIOUOt PR 66110 
CUM~ON/IMPOSS/ IMPOSE 0 1MPOSR PR 66120 

c PR 66130 
DIMENSION XTI300t,XOI30CI PR 66140 
DIMENSICN XCI500) PR 66150 

c PR 66160 
HIIJ 1 VALENCt: IAEoAM!;) ,CTC,TMCt rCTE,TMEt riUE,UMEt • PR 66170 

L' IUH,UMHt PR 66180 

c•••* PR 66190 
c SO filE Ql;ANTITIES FOR OUTPUT PR 66200 
c:••• PR 66210 



c 

SITEC = SITE + CIBC 
SITECl= SITEl+ CIBCl 
SITEC2= SITE2+ CIBC2 
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TOC2 = HC2 +CC2 + POCST2 +OCl +AMSC2+XCI21~1 
lOCl = ~Cl +CCl + POCSTl +OCl +AMSCl +XCI2121 
Eff = XOI321 
LA~STM = LA~ITSoPSTMoO.CO.O.OOI 
WS = 1.C3/RP*WP/LAMSTM 
C0114114 = CDt1.06 
CPPPM = CP*l.OIJ6 
WS114~ WS •1.0-6 
WPII4.. WP *1.0-6 
WBII4fi' WB *1.0-6 
W0114114 WO *l.0-6 
WC~JI' IWC-WP-WBI* 1.0-6 
WRMM WK *1.0-6 
WfJI'f'! IMF +I.Cl-6 
ENRK 1.0-3 tOFLOATCIFIX(SNGLIRNRIII 
ENEK 1.0-3 tOFLOATIIFIX(SNGLCENEIII 
ENHK = 1.0-3 *OFLOATIIFIX(SNGLIHNHIII 
ARKK l,0-3*AR 
AEKK l.0-3*AE 
AHKK = 1.0-3*AH 
WOCMM = 1.1J-6*WOCEAN 
VCMTOT =· IVCLSTL+VOLCNCI*l.0-6 
HIE =(HIEX(ll+ 4.*HIEXC21 +HIEX(3JI/6. 
HOE =IHOEXI11+ 4.*HOEXI21 +HUEXI3ll/6. 
UE =IUEXIll + 4.*UEXI21 +Ut.<•l31 1/6. 
SUUE=ISUBEXI11+4.*SUBEXI21+SU8tXI311/6. 
UTLSE =IOfLSI11+4.*0TLSI21+0JLSI311/6. 
OM1 IOMXI11 +4.*0MX(2) +OMXI311/6. 
HIK = .5*1HIEXI41 +HIEXI511 
HCR = .5*IHCEXI41 +HOEXI511 
UR .5*1UEXI41 +UEXI51i 
SUBR =.5t(SUbEXI41+SUBEXI5JJ 
DTLSR=.5*1DTLSC4l+OTLSI511 
OM2 =.5*IOMXI4l+OMXI511 
UNARAE EA/(AME+ARI 
UNPUMP = XCI151 
UNORIIE: = XCI161 
USHELV = ES/VOMTOTtl.0-6 
UfC = XCC551*100.00 
lfiFF .GE. XOI8111 UFC = XC(541*100.00 
EXSTM = XCI461*100.00 
lfiFF .GE. XOI8111 EXSTf'! = XCI451*100.00 
EACHG = XC I 11 
RACt-G = XCI21 
HACI1G = Xf.C381 
WPE WF*PE 
WPR = WP-WPt;; 
fUflEN = RECOLN+REJLEN 
WALLE = XOil61 
STFEJ=XCI2101*100.00 
EJC2=XCI2lll 
EJCl=XCI7171 
WALLR XOI21J 
WALLH = X0(251 
ESTGL = IELEXI11+4.*ELEXI21+ELEXI311/6. 
RSTGL = .5•1ELEXI4l+ELEXI511 
QEL IQXI11+4.*QXI21+QX(311/6. 
QRL .5>0<(QXI41 +QXI511 
bPKt IBPXIll +4.*BPXC21 +8PXI3)1/6. 
BPRR .5t(HPXI41+BPXI511 
POTCT PO +P03 
PSAJ AJ *SMAP 
UNELCT XCI341 
UNARHI XCI38l+XCC391 
UNSHLS XCI91 
UNSHC = XC 110 I 
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Pit 66870 
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NPAGE = 1 PR 66890 
WRITECL 1 11 NPAGE PR 66900 
WRITEIL 1 1151 MSFID PR 66910 
WR1T~Il 1 2021 AMONTH PR 66920 

202 FU~MATClH 1 A8,13,•,•,151 PR 66930 
CCC = CAP11 *1.D-6 PR 66940 
WRITEILo21 CANAMElKKI,KK=1,lOI,FF,TCl,CCC PR 66950 

2 FORMATI///////////////////1H 1 10A8////1H ,• PLAPR 66960 
1NT CAPACITY - MGD 1 ,F29.3/1H0, 1 UNIT COST UF DESALTED WATER- CENTS PR 66970 
2P[R KlLOGALLUN 1 ,Fl9.3/lH0, 1 CAPlJAL COSJ OF PLANT(OIRECT+INDIRECTJ-PR 66980 
3 MILLIONS CF DOLLAKS 1 ,Fl0.31 PR 66990 

lfllOPT .cQ. 01 WRITE(L,2001 PR 67000 
lfCIOPT .NE. 01 WRITECL 0 2011 PR 67010 

200 FORMATilHO,/lH0, 1 THE PLANT HAS NOT dcEN UPTIHIZED'I PR 67020 
201 FURHATClH0,/1HOo 1 THE PLANT HAS BEEN OPTIHIZED'l PR 67030 

IFI IMPOSE .GT. 01 WRITECLo20Jl PR 67040 
IFIIMPOSR .GT. 01 WRITE(l,2041 PR 67050 

203 FORHAT(lHO,• THE INPUT DATA SPeCIFY PHYSICALLY IMPOSSIBLE CONOITIOPR 67060 
lNS IN THE ~ECOVERY SECTIUN'/dX' OUTPUT VALUES ARE MEANINGLESS') PR 67070 

204 FORMATllH0 1
1 THE INPUT DATA SPECIFY PHYSICAllY IMPOSSIBLE CONOITIOPR 67080 

INS IN THE REJECT SECTIO~'/HX' OUTPUT VALUES ARE MEANINGLESS 1 J PR 67090 
C PR 67100 

IFCIOUT .EU. 01 GO TO 1000 PR 67110 
C PR 67120 

NPAGE = 2 PR 67130 
WRITtiLell NPAGE PR 67140 
WRITECLo115J MSFID PR 67150 
WRITEIL,202l AMONTH PR 67160 

1 FORMATI1Hl,4oHRECYCLE M~LTISJAGE FLASH PLANT- ROUTINE MSF21e7X, PR 67170 
15HPAGE elll PR 67180 

WRITE(L,Jl lANAMEIKKioKK=1olOI PR 67190 
3 FORMATI1H0 0 10A81 PR 67200 

WRITEilo41 PR 67210 
4 fORMATllH0,31X,l7HCOST SUMMARY PAGE PR 67220 

WRITECLo51 PR 67230 
5 FORMATC1H0,18HCAPITAL CCMPONtNTS o8Xo9HCOST-S/YR,7XellHCOST-C/KPR 67240 

1GAL,5lol2HCOST-SDIRECT I PR 67250 
WRITflLo61 PR 67260 

6 FORMATI1H 1 18H------- ---------- 8X,9H---------,7Xo11H----~---PR 67270 
l---,5X,l2H------------ J PR 67280 

WRITElLt7l EA2 1 EA1,EA PR 67290 
1 fORMATl1H0,20HCONDENSING SURFACE oF15.lef16.4,F19.2J PR 67300 

WRITElL 1 81 ES2 1 ES1 1 ES PR 67310 
8 FURMATilH o20HSHELl AND FOUNDATION ef15.2,F1o.4,F19.2J PR 67320 

WRITECL 1 9l PMC2 0 PHC1 1 PMC PR 67330 
~ fORHATilH e20HPU~PS ANO MOTORS ofl5 1 2,Flb.4 0 Fl9.2J PR 67340 

WKITEIL,101 WAIT2,WAIT1,WAIT PR 61J~O 
10 FORMATl1H 1 20HSEA-WATER INTAKE 1 fl5.2 1 F16.4 1 Fl9.2J PR 67360 

WRITEClolll VPC2oVPCl,VPC PR 67370 
11 FORMATllH 1 20HVALVES AND PIPING of15.2,Fl6.4 1 Fl9.2t PR 67380 

WRITECL,12l CHMPT2,CHMPT1oCHMPTC PR 67390 
12 FORMATC1H 1 20HC~EMICAL CAPITAL 1 Fl5.2,Flb.4,F19.2J PR 67400 

WRITECL 1 131 CINST2,CINSJ1 1 CINSTC PR 67410 
13 fORMATllH ,20HINSTRUMENTS ef15.2of16.4,Fl9.2t PR 67420 

WRIJEll 1 141 EfC2,EEC1 1 EtC PR 67430 
14 FURMATI1H ,20HELECTRICAL ,F15.2,f16.4,Fl9.2t PR 67440 

WRITEIL 0 151 OEA2,DEAl,OEACST PR 67450 
1~ fORMATilH .20HNCG REMOVAl SY~TEM eF15.lef16.4,Fl9.2t PR 67460 

WHITEIL,l6l nHC2,BHCloBHC PR 67470 
16 FORMATI1H 0 20HBRINE HEATER 1 F15.2,Fl6.4,Fl9.2t PR 67480 

WKITtllo171 SITEC2,SITEC1,SIJEC PR 67490 
17 fORMATllH o20HSITE, ~LOGS, CRANES ,F15.2,Fl6.4ofl9.2J PR 67500 

WRITEIL 1 1~l CAPI4,CAPI3 1 COMM PR 67510 
1b FORMAT(1H0,20H fOTAl CAPITAl ,Fl5.2,F16.4eF19.2t PR 67520 

WRITEll 1 191 PR 67530 
19 fORMATilHOtZOHTOTAL INVESTMENT, PR 67540 

WRITCIL,20t CAPil PR 67550 
.20 fORMATllH ,20H SOIK+IND e31X,F19.21 PR 67560 

WR1Ttllo211 PR 67570 
21 fOR~ATllH 1 20HSPECIFIC INVESTHtNT, PR 67580 
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WKITECL,22l CAPI2 
22 fOR~ATilH o20H $/GPO o31X,fl6.5l 

wRITt(l,23l KETU~2, RETUBl 
23 FOR~AT(lH0,20H RETUHING ,Fl5.2,Flb.4) 

WRIJEilo241 
24 FOR~AT(lHOo20HOPERATING COMPONENTS 

WK I T d l , 2 5 l 
25 FOK~AT(lH ,20H--------- ---------­

WR1Ttllo26l HC2o HCl 
26 FOR~ATI1H0,20HPROCESS HEAT ofl5.2,Flb.4l 

WRITE(6 0 2711 EJC2,EJC1 
271 FUR~AT(lHC,20HSTEAM fO tJECTURS oF15.2,Fl6.4l 

WRITEILo271 CC2,CC1 
27 FOR~AT(lH 0 20HCHEMICALS ,Fl5.2,Flb.41 

WRITE(L,281 POCST2,POCSTl 
28 FORMATI1H 0 20HPOWER ,Fl5.2 0 Flb.41 

WKITtllo291 OC2, OCl 
29 FOK~AT(lH o20HOPERATING oF15.2,Fl6.41 

WRITE(l 0 301 AMSC2, AMSCl 
30 FOR~ATilH 0 20H~AINT. +SUPPLIES ,Fl5.2,fl6.41 

wRITEIL,lll fOC2o TOCl 
31 fOR~ATilH0 0 20H TOTAL OPERATING ,Fl5.2,Fl6.4l 

WRITE(L,321 TC2o TCl 
32 fUR~ATilH0,20HTOTALCCAP+RETUd+OPI ,fl5.2,Fl6.4) 

WRITE I loB I 
33 FOR~ATI1H0,20HCOST FACTORS 

WRITE I l ,34 I UfC 
34 FOR~AT(lH0 0 20HCOST OF POWER,C/KWHR , Fl5.61 

WRITECL,351 EXSTM 
35 fORMAT(lH ,20HCOST OF H~AT,C/MMBTU , fl5.61 

WRITEILo8311 STFEJ 
831 fURMATI21H EJECT. STEAM,C/~~bTU oflS.61 

WRITEILo361 SMAP 
36 FOR~Af(lH o20HANNUAL CHARGE RATE , Fl5.6) 

WRITtiLo371 RATEIN 
37 fORMAf11H ,20HINTEREST HATE , fl5.61 

WRITEIL 1 381 AJ 
38 fOR~ATilH o20HHIGHER COST FACTOR , Fl5.61 

WRITEIL 1 391 EfF 
39 fOR~AT(lH 0 20HPUMP AND ~OTGR EFF. , Fl5.bl 

WRIH(L,40l LF2 
40 FUR~ATI1H 1 20HPLANT LOAD. fACTOR , Fl5.61 

WHITE(L,4ll WPL 
41 fOKMATilH ,20HPLANT LIFE,YEAKS , Fl5.6) 

WRITEILo421 
42 FOR~ATI1H0 0 28X 1 6HREJECT,l0X 0 HHRECOVERY 1 7Xol2HBRINE HEATER I 

WRITEILo43l CSLTBP, CSLTBP, CSLTBH 
~3 FOR~ATI1H0 1 20HTUBE LIFE,Y~ARS ofl4.3o2fl7.31 

WRITEIL 1 44l RACHG 1 EACHG,HACHG 
44 FORMATI1H 1 20HAREA COST,$/SQ.FT. ,F14.3,2fl7.31 

WRITEile44ll UNARAE 
441 FORMATC1H 1 43HINSTALLED evAPORATOR SURfACE CUST,$/SQ.FT. ,F8.31 

NPAGE = 3 
WRITEilell ~PAGE 
wRITEilo1151 MSFIO 
WKITEIL 0 2021 AHONTH 
wRITEilo31 (ANA~EIKKioKK=1,101 
WRIH:(l 0 451 

45 FOR~ATI1H0,27H SUMMARY Of PLANT DATA 
WtUTEILo461 

46 FUKMATI1H0 0 14H GENERAL 
WRITE ( lo 4 7 I ff 

47 f0RMATC1H ,35H ~LANT CAPACITY, MbD ofl6.4l 
WRITEILo47ll RP 

471 FORMATI1H ,35H PERFORMANCE KATIO ,Fl6.~l 
WRITECL,481 CU 

48 FUR~ATI1H 0 35H SEA WATER CONCENTRATION ,Fl6.4l 
WRITt(L 0 491 CPPPM 

49 FOR~ATI1H ,35H PRODUCT CONCENTRATION, PPM of16.41 

PR 67590 
PR 67600 
PR 67610 
PR 67620 
PR 67630 
PR 67640 
PR 67650 
PR 67660 
PR 67670 

•••• •••• •••• 
PR 67690 
PR 67700 
PR 61710 
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WtUTt:IL,501 CK PR 68250 
50 FOKMA T llH ,35H CONCENTRATICN RATIO ofl6.41 I'R 68260 

WKlHIL,':HI IlK PR 611270 
51 t-ORMATllH , 35H NO OF KEJECT S TAGcS ,Fl6.41 PR 68280 

WRITEIL,521 AN PR .68290 
52 FORM4TllH ,35H NO OF RECOVER\' STAGES 1 fl0.41 PR 68300 
53 fOR~ATilH , 35H Pl:RFOKI'IANCE KATIO ,F16.4l PR 6!1310 

WRlltiL,5311 \'tAR PR 68320 
531 t'OR~ATilH , 35H v·t:AR CONSTRUCTION STARTED ,F16.41 PR 68330 

WRITEIL,54l PR 68340 
54 FORMATilHCo26H Tt:MPtRATURtS - DtG f PR 68350 

WR 1 Ti; I L, 55 I TS PR 68360 
55 FOR,.ATilH ,J5H STEAM ,fl6.4) PR 68310 

WR1TdL,561 THF PR 68380 
56 fOR filA T llH , 3'iH ,.AXIMUfol BRINE ,F16.41 PR 68390 

WRlTI:ILo511 Jlj PR 68400 
57 FORMA II lH , 35H jjLOwOOkN ,fl6.4) PR 68410 

kKITEIL,jtl) TP PR 68420 
58 FORMAT( lH ,35H PRODUCT ,F16.41 PR 68HO 

wit1Tt:IL,5YI TO PR 68440 
59 FORfiiATilH , 35H OCEAN 0 f16.41 PR 68450 

WIU Tt1Lo601 PR 68460 
60 FOR~ATilHO,HH FLOW RATES, MILLIONS uf Ld/HRI PR 61!470 

WR I TCIL ,611 WSMfol PR 61!480 
61 FGR,.ATllH ,35H STEAM ofl6o41 PR 61!490 

ioiHI Ti: IL ,621 WPMM PR 68500 
62 FORf'IATilH ,35H PRODUCT ,F16.41 PR 68510 

WRIT~ILo631 kdMM PR 68520 
63 fORMAT I lH , 35H HOWOCioiN ,Fl6.41 PR 68530 

WRITEIL,64l WOCfoiM PR 68540 
64 fORI'lAT(lH ,35H SEA INTAKE 1 fl6.41 PR 68550 

WIUTtllo651 WCfol,. PR 68560 
65 FORMATilH ,35H t.EAT Rt:JECT ,Fl6.4) PR 68570 

WRITEIL,6tl WHf4M PR 68580 
66 fGR,.ATilH ,35H RECYCLE of16.41 PR 68590 

WH 1 TE ILo 6 7 I WFM,. PR 68600 
67 FORMATilH ,35H KECCV. TUIHNG, !IRlNE HTR. ,Fl6.4) PR 68610 

WRl TtiL,681 WOMM PR 68620 
68 fORMATllH ,3~H KEJECT TUBING ,fl6.41 PR 68t:30 

loiRlTEILo691 PR 68640 
69 FOHpt~•\fl 1HC,34H II DESCRIPTION OF PHYSICAL PUINT PR 68650 

kRITEIL,69ll ULCGS PK 68660 
691 FORMAT( 1H0,35H NO OF blJILOlNGS ,F16.41 PR 68670 

WRITEIL,7CI TRAINS PR 68680 
70 FURMATI1H ,35H 1110 OF TRAINS 0 F16.41 PR 68690 

WK l T E ( L, 7 11 MODI.J PR 68700 
11 FCR,.ATllH o35H NU Of MODULES ,Fi6.4) PR 68710 

WRITE ( Lo 7111 U: V PR 68720 
711 FORMAT(IH ,]~H NO OF LEVELS ,Fl6.'tl PR. 68730 

WR1TE(L,721 HIUCOV PR 68740 
72 fORPIATllH , 35H ~ECOVER\' HEIGHT, fT 0 Fl.6.41 PR 68750 

WR 1 TE I L, 721 I STLLEN PR 68760 
721 f(JRMATllH ,35H LeNGTH OF STEEL SECTIUN,FT ,Fl6.41 PR 68770 

INR1TEILo7221 HGTLEN PR 68780 
722 FURMATllH ,35H tH-FluW LENGTH, FT ,F16.41 PR 68790 

INR 1 H: I L , 73 I RECCLN PR 68800 
73 FOR~AlllH ,35H RECOVeRY LENbTH, FT ,F16.41 PR 68810 

WKilt(L,73ll WHOT PR 68820 
731 FOR~ATilH ,35H t1l-FLUW WIDTH, FT ,Fl6.41 PR 68830 

wR1TtlL,741 WCULO PR 68840 
74 fCRpt~AJl1H ,35H LO-FLUW WIDTH, H ,Fl6.4) PR 68850 

WRllt(L,7411 HREJCT PR 611860 
741 FORMAT(lH ,35H KEJECT HEIGHT, FT 0 Fl6.41 PR 68870 

. WRITE,Lo751 REJLEN PR 68880 
75 fURM4{:llH ,35H REJE:C T LENGTH, FT ,Fl6.41 PR 68890 

WRIH:(L,761 PR 68900 
76 fUKI'!AT(lH , 3~H tO TilL PLANT \IOLUMt, ·j»R 68910 

wR 1 T l I L , 7 7 I VOMTOT PR 68920 
77 FOR~ATI1H ,35H Mllll~~ Uf CUtHC HET ,Fl6.41 PR 68930 



c 
NPAGE = 4 
~RITt.lltll !'.PAGE 
WRITE(L,1151 MSFID 
WRITECLo2021 AMCNTH 
WRITE(L,31 (A~AMECKKioKK=1o1UI 

WIU T E I L, 7 B I 
78 FOR~ATI1H0,22HIII TU~ING PA~AMETERS 

WHI Tello 791 

88 

79 fUHMATC1H0 0 40X 0 6HREJECT,BX,8HRECOVEHYo4Xo12HH~INE HEATERI 
WHITEIL,BOI DOR ,DOE, OUH 

80 fU~MATilH 0 J2H CUTSIOE OIAMtTEK, IN. ,3f15.51 
W~1Tl(L,901 XUI271, ~01£61, XUI251 

90 fORMATllH ,32H ~ALL lHICKNE~S, IN. t3fl5.51 
WKITclL,911 ~01211, XOI201o XOI191 

91 fURMATllH 0 32H K,BTU/HK FT2 F ,3F15.51 
WRITEllo921 XTilC3I,XTilu21,XTI10ll 

92 FORMATilH 0 32H FOULING RESISTANCE o3f 15. 51 
Wltl TEl L0 931 XUI241, XOU31, XCJl221 

93 f0R~ATI1H 0 32H FLOODING FACTOR o3fl5.51 
WRITciL,941 ENRK ,ENEK, ENHK 

94 FORMATI1H ,32H "'0 OF TUBES ITHOUSANOSI o3Fl5.51 
WRITEIL 0 951 RLRo ELE, HLH 

9, fORMATilH 0 32H TUBE LENGTH, fT o3f15.51 
W~I1Eilo961 ARKK, AEKK, AHKK 

96 FURMATC1H 0 32H AREA,THOUSANOS OF SY fT o3F15.51 
WRITcllo971 VR, VE, VH 

97 fORMATilHC,32H VELOCITY, FPS 
WR1Ttll 0 981 HEAOR, HEAOE, HEAOH 

98 fCRMATI1H ,32H FRICTIONAL HEAD, fT 
IIIRITEIL 1 991 UR, UE, UH 

99 fORMATilHOo32H 
WRITEllo1001 HIR, HIE, 
FORMATllH o32H 
WRIT~(L,iOll HOR, HOE, 
FORMATllH ,32H 
WRITEllo1021 OM2o OM1o 
fUR;.IATt lH ,32H 
WRlTEILol031 TOo TE, 
fURMATllH0,32H 
WRITEllolC41 TB ,TCF, 
FUR;4AT(1H 0 3lH 
WKITtllo1051 

100 

101 

102 

103 

104 

~VERALL u, ~/HR-fl2-f 

HIH 
H INSIDE • RIHR-FT2-f 
HUH 
H OUTSIDE, B/HR-FT2-F 
PHE 
AVG LMTO, OEG F 
JCf 
TEHPE~6TUAE IN, DE~ F 

TH 
TEMPERATURE OUT, OEG F 

105 FOR~ATllH0 0 23H IV PUMPING PARAMETERS I 
WHITEll 1 1C61 

o3f15.51 

o3f15.51 

,3F15.51 

o3fl5.5) 

o3fl5.51 

,3Fl5.5) 

o3f15.5) 

106 FORMATllHO, 38Xo8HfLOW-GPMo8Xo7HHEAO-fTo 8Xo8HPOWER-MWI 
WRITECl 1 1071 GPMO,HDEltPUOEl 

107 FORMATl1H 1 32H SEA-WAT~R DELIVERY o3f15.5) 
W~ITEllol081 GP~R,HRECoPOREC 

10M fURMAT(lH 1 32H RECYCLE o3fl5.51 
WRITEILt1091 GP~B,HMLoPUBLD 

109 fORMAT(1H 1 32H dLOWOUWN ,3Fl5.51 
WRITEllol1CI GP~P,HPR,PGPRO 

110 fORMATllH o32H PRODUCT , 3F15. 51 
W~ITcCL,ll11 GPMO,HOEA,POOEA 

111 FOR~ATI1H o32H CEAtRATOR ,3f15.5) 

1111 
c 

1000 

WRITE I L ,11111 PO 
f0RMAT(1HC,32H 

CONTINUE 

TOTAL lELECTRICAll o30Xot-15.51 

IIIPAGc = 5 
~RITEIL,1131 NPAGE 

113 FGRMATC1Hl,46HRECYCLE M~LTISIAGE FLASH PLANT- ROUTINE MSF21,7X, 

115 

131HCC!'.OENSEC SU~MARY Of PLANI OATA 1 25X 0 5HPAGt 1 111 
WRITECL,1151 MSFIU 
fOR filA TC lH olOA81 
WRITE(L,2021 A"'ONTH 
WRITtll,31 IANAMECKKI 0 KK=l,101 
WRITE(L 1 800CI FF 0 RP ,p oPE ,cR • 
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1 cc ,CP ,CCF ,cs ,LF2 ,YEAR PR 69670 
WKITEIL,8CO~I TS ,Tiif ,reF ,TK ,TPE ,Ttt ' PR 69680 

1 TE , TP ,ro ,SllTMP PR 69690 
WRITCCL,801CI ws ,Wt' ,wR ,wPt: ,WPR ,WP • PR 69700 

.1 WB ,wu ,we rWOCEAN PR 69710 
WK l Till ,1!0 1!1 I AN ,ESTGL ,ttECOLN ,HRECOV ,VOLSTL tSTLLEN ' PR 69720 

1 AK ,RSTGL ,REJLEN ,HREJCT ,VOLCNC ,HOllEN PR 69730 
WRITEIL,80201 WHOT ,WCULO ,ATN ,ENtsH ,bLDGS , TRAINS • PR 69740 

1 TOT UN ,VCMTUT • ACRES ,MODU ,LEV PR 69750 
WKIH(L,80251 DCE ,WALLE ,HE rENE ,AE ,vE PR 69760 

l DOR ,WALLK ,KLR ,RNK ,AR ,vR PA 69770 
2 DOH ,WALLH ,HLH ,HNH , Atl ,VH PR 69780 

wRITt(L,80301 u.: ,HIE ,HOE ,ttKTE ,RSE ,01'41 • PR 69790 
1 lJR ,HIR ,HOR ,bi(JI( ,RSR ,Of42 • PR 69800 
2 Uf-. ,HlH ,HOH ,ttKTH ,RSH ,PHE PR 69810 
WRITEIL,8C3~1 UEL , S lii:S E ,OTLSE ,ttPKE ,ROE1 ,HOE PH • PR 69820 

1 QRL ,SUBR ,OllSR ,bPRR ,ROE2 PR 69830 
WRI TtcL,I!C4CI HREC ,HUEL ,HOEA ,HPR ,HSL PR 69840 

1 RPMR ,RPMO ,RPMM ,RPMP ,RPMB PR 69850 
2 HPREC ,HPDH ,HPDEA 0 HPPRD ,HPBLD • PR 69860 
3 PCREC , PC DEL ,PODEA ,POPRD ,PObLO ,PO • PR 69870 
4 HEAOE ,HEADR 0 HEAOH • P03 ,PO JOT PR 69880 

WRITEIL,8C451 AJ ,AXJ ,RATE IN ,SMAP ,PSAJ ,EXSTM PR 69890 
1 WPL ,C!)LTbP ,CSLHIH ,SMAPPP ,SMAPPH ,UFC PR 69900 

WRITEILo80501 EACHG ,HACHG oRACHG rUNPUMP ,UNORVE ,UNELCT • PR 69910 
1 UNARAE oUIIIARHI ,XCI 56 I ,UNSHLS ,UNSHLC ,USHELV PR 69920 

WRITEIL,80551 EA ,ES ,PMC ,WAIT 0 VPC ,CHMPTC • PR 69930 
1 CINSTC ,ecc ,OEACST ,BHC ,sITE ,CIBC PR 69940 
wRITEIL,80601 EAl ,ESl ,PMCl oWAITl ,VPC1 ,CHMPT 1 , PR 69950 

1 CINSTl ,EEC 1 ,DEAL ,bHCl , S IJEL ,CI8C1 • PR 69960 
2 RETUbl oHCl ,CCL ,POCSTl ,OC1 ,AMSC1 PR 69970 

WRIHIL,80651 EA2 ,E~2 ,PMC2 ,WAIT 2 ,VPC2 ,CHMPT2 • PR 69980 
1 CINST2 ,EtC2 ,CEA2 obHC2 ,SITE2 ,CIBC2 • PM 69990 
2 RETUB2 ,HC2 ,CC2 ,POCST2 ,OC2 ,AMSC2 PR 70000 

WRITEIL,807CI COMI4 0 CAPll ,CAPI2 • PR 70010 
1 CAPI4 ,RETUB2 ,TOC2 ,JC2 • PR 70020 
2 CAPI3 ,RETU6i , i0C1 ,TC1 PR 70030 

8000 FORMATilHO,'FF RP p PE Q CR 1 ,6014.6/ PR 70040 
1 • co CP CCF CB Lf2 YEAR • ,6014.61 PR 70050 

8005 FORMATILHO,'TS THF TCF Jl( TPE Tit •,6014.6/ PR 70060 
1 • TE TP TO Sll TMP •,3014.6,28XPR 70070 
2 014.61 PR 70080 

8010 FOR~ATilHC,'WS Wf WR WPf: WPR WP •,60llt.6/ PR 70090 
1 • Wtt wo we WOCEAN 1 ,4011t.61 PR 70100 

8015 FUKMATilHO,'AN ESTGL RECOLN HRt:COV \IOLSTL STLLEN 1 ,6014.6/ PR 70110 
1 I AK RSTGL REJLEN HRt:JC T VOLCNC HOllEN I t60llt.61 PR 70120 

80~0 rOR~ATilH0• 1 WHOT WCOLCJ .A Tl'l t:NbH tiLOGS TKAINS •,6011t.6/ PR 70130 
1 I TO Tl EN VOMTGT AC~ES MOOU LEV '•20llt.6.lltXPR 70140 
2 3014.61 PR 70150 

8025 FOR~ATilHOo 1 00t WALLE t:Li: ENE AE VE I t6014.6/ PR 70160 
1 • OOR WALLR RLR RNR AR VR 1 ,6014.6/ PR 70170 
2 • DOH WALLH HLH HNH AH VH •,60llt.61 PR 70180 

8030 FOKMATilHC, 1 UE HIE HOE BKTE RSE OM1 •,601-\.6/ PR 70190 
1 • UR HIR HOK BK TR RSR CM2 •,6011t.6/ PR 70200 
2 I UH HIH HOH BK TH RSH PHE I t6014o6l PR 70210 

8035 FORMATI1HC 0 1 QEL SUBE OTLSE BPRE ROEl BOEPH •.6014.6/ PR 70220 
1 • QRL SUBR OTLSR BPRR K0E2 •,50llt.61 PR 70230 

8040 fOKMATilH0 0
1 HREC HOEL HOEA HPR H8L •,50llt.6/ PR 70240 

1 I RPMR RPMO RPMI'i RPMf' Ri>Mb •,SOi4.6/ PR 70250 
2 • HPREC HPOEL tiPOEA HPPRD HPBLO •,5014.6/ PR 70260 
3 • POREC POOEL POUEA PO PRO POBLU PO •,60llt.6/ PR 10210 
4 • HE ADE HE AOR HEAOH P03 PO TOT 1 ,3014.6,14XPR 70280 
5 2014.ol PR 70290 

8045 FORMATilHO,'AJ AXJ tUTEIN SMAP PSAJ HEAT • ,6014.6/ . PR 70300 
1 I WPL CSLTbP CSLTbH SMAPPP SMAPPH ELEC 1 ,6014.61 PR 70310 

8050 FOR~ATILHO,'EACHG HACHG RACHG UN PUMP UNORIIE UNELCT •,6014.6/ PR 70320 
l • UNARAF IJN4RI11 AER Tt: UNSHLS UNSHLC USIICLV 't6011t.61 PR 70340 

8055 FURMAT(lHO,'EA ES PMC Iii A IT Vt'l. t;HHPTC •,6014.6/ PR 70350 
1 • CINSTC EEC OEACST BHC SITE CIBC 1 ,6014.61 PR 70360 

8060 FCRMATilHO,•EAl ESl PMC1 WAIT 1 VPC1 CHMPTl '•6014.6/ PM 70370 
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' CINSTl EEC 1 UEAl BHCl SITEl CIBCl •,6014.6/ PR 70380 
2 • RETUIH HC1 CCl POCS T1 OC1 AMSC1 1 o6014.6t PR 70390 

8065 fO~~AT(lH0 1 1 EA2 ES2 PMC2 WAlTZ VPC2 CHMPT2 1 ,601~.6/ PR 70400 
1 ' CINST2 EEC2 OEA2 8HC2 SITE2 CIBC2 1 o6014.6/ PR 70410 
2 ' RETU82 HC2 j;C2 POCST2 OC2 AMSC2 1 o6014.6t PR -,0420 

8070 ~ORMATI1HC 1 1 COMM CAPil ~API.! •,3014.6/ PR 70430 
1. CAP14 RETU82 TDC2 TC2 •,28x. PR 70440 
2 4014.6/ PR 70450 
3 CAPI3 RETUtH TOC1 TC1 1 o28Ao PR 70460 
4 4Cl4.61 PR 70470 

RETURN PR 70480 
ENC PR 7.0490 
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APPENDIX 0 

CHANGES MACE IN SU~ROUTINE RITEV 

SU~ROUTINE RITE~IIOPT,IOUT,LI 
IMPLICIT REAL*6(A-H,O-ZI 

PR 60930 
PR 60940 
PR 60950 

REAL*B LPHE •••• 
UOLBLt PRECISION LA~tLA~OAS,MAVG PR 60960 
OCU~LE PRECISION LPH, L~E, IDbH, IUPH, LCON, NCON, PR 60970 

1 Pi TPH, I CCCN PR 60980 
DOUBLE PRECISION KBHt KPH, KVE, lbHt MGD, N8H, PR 60990 

1 NPH, NVE, KCON, L~TO, LVEP, LMTDbH, LMTUCN PR 61000 
UCUBLE PRECISIO~ INTo INSlRO, INSTRKo INSTAYo MAINTK, MAINJY PA 61010 
DOUBLE PRECISION LEV, Lf2o HSFID PA 61020 

C PA 61030 
CUM~ON/8LOC~1/ ANE, HVEo LPHo LVE, ACON,PA 61040 

1 GPHV, HPVE, HStAo IOBH 0 IOPH, LCON,PA 61050 
2 NCONo NTPH, OObHt ODPH, ODVE, POVE,PA 61060 
3 RPHV 0 HFEED, IDCGN 0 ODCON 0 SUMWT, VETSA,PR 61070 
4 APTSCN, APTSEPo OVRHGT, TOTNVEo VEPMPS PA 61080 
CU~~ON/PINHAS/APTSH~ENRSS,ENRJSoLPHE,OUMUUMI161oNFEEU,IIIIlll91 •••• 
CO~~ON/BLOCV2/ Al301o So AEI301, QE. TCI30J,PR 61090 

1 TEI301t TR, U~l301t UHI31t WHo Wfi30I,PR 61100 
2 ABHt APH, BPEI301t CIEI301o COEI301• DPEI30J,PR 61110 
3 ELL, GBH, GPHt GPM 0 HOD. K8H,PA 61120 
4 KPH, KVEo LdH, HGD, NHH. NPH.PA 61130 
5 NVEI301o CPH, RbHo RPH, RVEo TOO.PA 61140 
6 ~BH, VBH, VPH, WPEXI301o BHLF, GCON.PA 61150 
1 HI~H, HIPH131, HObHo HOPHI31, KCON, UHDIJJoPA 611.60 
8 LVEP, PHLF, CHSFI31t RCON, SU8FI31, JCON.PR 61170 
9 UCON, VCONt VLtNo VTLFo WDTHI301• AlfAEIJOI.PR 61180 
+ CONLF, HICON, HOCONo HOTEl, PHHGT. POBLO,PA 61190 
A POPRO, POSEA, SURFF, VEHGT, WALVE, EFFSPC,PA 61200 
~ELb~DLI301, HCOTCF, HCOTUOo HEAUbHo HEADCN. HEADPH,PR 61210 
C LMlObH, LHTDCN, PLNTLF, PUOEA5t POFEED. SUHWPE,PA 61220 
0 SUMWPH, TOTAVEo ~ESP,VEFEEOI301, WBOOST, WDCOLD,PR 61230 
E NEt NTRN, IFEEDt IRECYC PA 61240 
CO~~ON/SLOCV3/ BHDo BHKo BHY, INTo PMO,PA 61250 

1 PMK, PMY, VPO, VPK. VPY• ACHR.PA 61260 
2 DEAD, DEAK, DEAY, ELECt HEAT• SBCD,PR 61270 
3 SBCK, SbCYo CHEHKo CHEMY. HEATK. HEATY.PA 61280 
4 OPERK, OPERYt PLDIN, wAITD, WAITK, WAITY,PR 61290 
5 ANCCMP, CMCAPD, CMCAPKo CMCAPY• CNDSRO• CNOSRK,PA 61300 
6 CNOSRY, ELECTO, ELECTK, ELECTY, INSTRD. INSTRK.PR 61310 
7 INSTRY, MAINTK, MAINTYt PHTUBO, PHTUBK• PHJUBY,PA 61320 
8 PLCAPO, PLCAPK, PLCAPY, POWERK, POWERY. AEJUBK,PA 61330 
9 RETUBY, SHELLDo SHELLK, SHELLY, TOTALK• TOTALYePA 61340 
+ TOTOPK, TOTOPY, TREPHH, TREPCN, TREPPH, JREPVEePR 61350 
A VETUBD, VETUBK, VETU6Y, CGPD PA 61360 

COMMON/COMNAM/ AJ, CB, CO, CP. CA, PR 61370 
1 ~8, PI, PO, Tb, TOo JP, PA 61380 
2 TS, WB, Wft. WO, WP. WR, PR 61390 
3 AXJ, H~Lt HPRo LEV, Lf2t TCF, PR 61400 
4 ENBH, GPHB, ~PHD, GPHH, GPMO, GPMP, PR 61410 
5 GPMR, HDtA, RPMBo RPMu. RPM"' RP"P• PR 61420 
6 RPMR• TSTH, WHOT, YEAR, ACRES, 8HVOL, PR 61430 
7 BLDGS, BNDLS, HOLES, HPBLU, HPOEA, HPDEle PA 61440 
8 HPPRD, HPREC, PLP~O, PLSEA, PODEA, ACNCEW• PR 61450 
9 ACNCFL, ACNCIW, ACNCPH, ACNCRF, ACNCTR. AEXCAV, PA 61460 
+ ASTLEW, ASTLFL, ASTLIW 0 ASTLPH, ASTLMfo ASJLTR. PR 61470 
A AWEIRS, HHSUKF, DINTAKo tNITSt:, ENPIPE, ENSUPE• PR 61480 
8 ENSUPR, PIPELNo PLSZHG, REJLEN, STllEN. STLT"P• PR 61490 
C TNACDYt TRAINS, TSAREA, VOLCN~, VOLSTlo WOCEAN PR 61500 
CC~~ON/BLOC13/ XOI3001 PR 61510 
COMMON/BLOCI4/ XC(5001 PR 61520 
CC~MON/NAME/ ANAMEilUi, AP~ONTH, tnAY, IYt:I\M PR bl5JU 
~UMMON/OECKiU/ MSFIDI10I,VTEIOilOI,EOIDI101 PA 61540 
CG~MON/IHPOVE/ !VERT PA 61550 
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CUMMON/BLKFAC/ FDFAC, QEFAC, TRFAC 

DI,.E~SlCN WPE11301 

EFF = XCl32l 
WALCON = XOI27l 
WALPH = XOI26l 
wAU!H = XCI25l 
WPE = SUMWPE *AEill 
WPP~ = 5UMkPH *AEI1l 
PRP = 1.03 *WP/IQE+QPHI 
PRVE =l.D3*kPE/QE 
PRP~ =l.03*WPPH/QPH 
LAMDAS = LAMITS,PS,O.DO,O.DOI 
WSE = QE/LAf'DAS 
wSP~ = QPH/LAMDAS 
ws :;; loiSF HISPH 
TM = TEill 
OH TC = TCON -TR 
wR = DMAX11C.DO,WO-WF+WMI 
VE!Inl = AEIICAV *YEHGT 
PHVCL = AtXCAV *PHHGf 
AVGUPH IUHI11+4.*UHI2l+UHIJll/6. 
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AVHIPH IHIPHill+4.*HIPHI2l+HlPH(3ll/6. 
AVHCPH CHCPHCll+4.*HOPHI2l+HOPH(3ll/6. 
AVLTPH ILMTDill+4.*LMTOC2l+LMTOI3ll/6. 
AVGSUb = CSUBFCll+4.*SUHFI2l+SUHFI3ll/6. 
AVQf'SF 1Cf'Sflll+4.•QMSFI2l+QMSFI3ll/6. 
CAPF = LF2 
CFVEl = VETU~D/TOTAVE 
CFPHI = PHTUBD/APH 
CFH~I = XCC133l+XCC126l 
CFCONI = CNOSRO/ACON 
CRVE = Clti~El/CO 
EFFL = VllN/ANE 
WYE;.AX = WUl.ULO 
WYE"'IN = WHCT 
TUTVUL = VOLCNC +VULSTL 
QTR = WF*IHCOTCF-HCOTOCI 
~OA ITC~-lUUl/NPH 
CfSHEL = SHELLD/TOTVDl 
CFVE XCI6Jl 
CFPH = XCit:BI 
CfCCN = XCI74l 
CfHH = XCI 1261 
CfPliMP = XCI1281 
POTCT = PO +POCEAS 
AIIOIIE; '" 0.000 
DPECNEI=O.DO 
AV~PE = O.OCO 
AVGUE=O.ODC 
AVDTIIE = 0.000 
MAVG = O.DC 
00 lCO 1=1,NE 
AII\OUE::AVGIIf+UEIII 
WPcllll = WPEXIII*AEill 
AVCTVE = AVDTIIE+Aill 
AVDPE = AVOPE+OPEill 
AVSPE = AVBPt+~PEIIl 
MAVG = ,.AVG+AEIII/AEI1l 

100 CONTINUE 
AVGUE=AVGUtl ANE. 
AVOTVE = AVDTVt/ANt 
AIIOPE = AVDPE/IANE-1.001 
AVBPE = AV~PE/ANE 
MAVG = MAVG/ANE 
ELEC ~ lCO.DO*ELEC 
HeAT = lOO.OO*HEAT 

WRITtiL,2CCI 

•••• 
PR 61560 
PR 61570 
PR 61580 
PR 61590 
PR 61600 
PR 61610 
PR 61620 
PR 61630 
PR 61640 
PR 61650 
PA 61660 
PR 61670 
PA 61680 
PR 61690 
PA 61700 
Pit 61710 
PR 61720 
PA 61730 
PA 61740 
PA 61750 
PR 61760 
PR 61770 
PR 61780 
PR 61790 
PA 61800 
PR 61810 
PR 61820 
PA 61830 
PA 61840 
PR 61850 
PR 61860 
PA 61870 
PR 61880 
PR 61890 
PR 61900 
PI\ 61910 
PR 61920 
PR 61930 
PA 61940 
PR 61950 
PR 61460 
Pit 61970 
PR 61980 
PA 61990 
PR 62000 
PR 62010 
PR 62020 

•••• 
PR 62030 
PR 6201t0 
PA 620')0 
PA 62060 
PR 62070 
PR 62080 
PR 62090 
PR 62Hl0 
PR 62110 
PR 62120 
PR 62130 
PR 62140 
PR 62150 
PR 62160 
PR 62170 
PA 621HO 
PR 62190 
PR 62200 
PR 62210 
PR 62220 
PA 62230 
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WRITEIL 1 115) VTEID PR 62240 
115 FOR"AfllH 1 10A8) PR 62250 

WRITEIL,202JA~GNTH PR 62260 
202 FOR~ATilH 1 ABI PR 62270 

CCC = PLDIN•l.D-6 PR 62280 
WIUTE(L,2) IANA~EIKKJ,KI<=1,10J,MGD,JOJALK 1 CCC PR 62290 

2 FORMAT(///////////////////1H t10A8////1H ,• PLAPR 62300 
1NT CAPACITY - MGD 1

1 f29.3/1H0, 1 UNIT COST Of DESALTED WATER- CENTS PR 62310 
2PER KILOGALLON',fl9.3/1HO,•CAPITAL COST Of PLANTIDIRECT+INDIRECTJ-PR 62320 
3 MILLIONS Of DOLLARS 1 ,F10.3J PR 62330 

IFIIOPT .EQ. OJ WRITECL,4) PR 62340 
JFIIOPT .Nt:. 01 WRITEIL,5) PR 62350 

4 fORMATilH0,/1HO,•THE PLANT HAS NOT HEEN OPTIMIZED') PR 62360 
5 FORMAfllHOo/lHOo 1 THE PLANT HAS HEEN OPTIMIZED') PR 62370 

IFIIFEEC .GT. 01 WRITEIL,6) PR 62380 
6 FOR~ATilHO,'THt DESIGN CONSTRAINTS HAVE REQUIRED AN INEFFICIENT USPR 62390 
ll Of CONDENSING SURFACE IN THE PREHEATER 1 ) PR 62400 

IFIIRECYC .GT. OJ WRITEILa71 PR 62410 
7 FOR~ATI1H0, 1 THE CA2S04 SOLUBILITY CONSJRAINT HAS REDUCED THE PRODUPR 62420 

lC T FROM THE I'REHEA fER 1 ) PR 62430 
IFIIVERT .GT. OJ WRITEILo81 PR 62440 

8 fOR~ATilHO,'THE INPUT DATA HAV~ REQUIRED THAT THE STANDARD M-VALUEPR 62450 
lS BE REVISED TO KEEP THt PLANT PHYSICALLY REASONABLE') PR 62460 

IFI lOUT .EQ. OJ GO TO lCOO PR 62470 
C PR 62480 

WRITEIL,200) PR 62490 
200 FOR~ATI1Hla 1 VERTICAL TUHE EVAPORATOR PLANT- ROUTINE VTE21 1 J PR 62500 

WRITEIL,1151 VTEID PR 62510 
WRITEIL,2021AMONTH PR 62260 

C I. SU~~ARY Cf PLANT DATA PR 62530 
C GENERAL PR 62540 

WRITEIL,8C051 MGD ,PRP PR 62550 
1 CO , PRVE PR 62560 
2 CP ,PRPH PR 62570 
4 CR . PR 62580 
5 NE , PR 62590 
6 NPH, YEAR PR 62600 

C TEMPERATURES - DEG.,F PR 62610 
WRITEIL,BOlOI JS ,WS PR 62620 

1 JM ,wse PR 62630 
2 TEINEI,WSPH PR 62640 
3 Til ,WP PR 62650 
4 TP ,WPE PR 62660 
5 TOO , WPPH PR 62670 
6 Tc ,we , PR 62680 
7 WOCEAN, PR 62690 
8 DH TC ,WR PR 62700 
<J VPH PR 62710 

C II. DESCRIPTION Of PHYSICAL PLANT PR 62720 
C PLANT DJ~ENSIONS, fJ. PR 62730 

WRITEIL,80151 LVEP ,OVRHGT , PR 62740 
1 LPH ,VEHGT PR 62750 
2 WVEMIN ,P.,HGT PR 62760 
3 WVEMAX ,VEVOL PR 62770 
4 NTRN ,PHVOL PR 62780 
5 STLLEN ,SJLTMP PR 62790 

C TUHING DESCRIPTION PR 62800 
WRIT~IL,8020J DOVE ,OOPH ,OOCON , PR 62810 

1 WALYE ,WAII'H ,WALCON, PR 62820 
t. KVE oKPH oKCON PR 62830 
3 RVE ,RPH ,RCON , PR 62840 
4 X01231,XOI24), PR 62850 
5 TCTNVE,NTPH ,NCON PR 62860 
b LVE oLPHE oLCON PR 62870 
7 JCTAVE,APH ,ACON PR 62880 
8 AVGUE ,AVGUPH,UCON PR 62890 

, C Ill. HEAD REQUIREMENTS AND PVMPI~G REQUIREMENTS I'~ 62900 
WRIJEIL,80301 !'!SEA ,PUSEA PR 62910 

1 HFEEO ,PGFEEO , PR 62920 
2 HPR , PGPRU PR 62930 



94 

3 HBL ,POBLO PA 62940 
4 HVE ,PCVE PR 62950 
~ HDEA ,PODEA PA 62960 
6 PC PA 62970 

WR1TE(L,660) PR 63000 
WRITcCL,ll5) VTEIO PR 63010 

C IV. SU!iSICIARY SECTIONS PA 63020 
WRIT~(L,8035) LMTOHH,LMTOCN, PR 63030 

1 HIBH ,HICON , PR 63040 
2 HOBH , HOC ON , PR 63050 
3 UHH , UCCN PA 63060 
4 QPH ,QE PR 63070 
S Rt!H ,RCON PR 63080 
6 ABH ,ACCN PR 63090 
A NBH ,NCL:N PR 63100 
7 LBH ,LCUN PR 63110 
11 TCF , TO PR 63120 
e Tfl , TR PR 63130 
9 WF ,WO PR 63140 

WRITECL,2C0) PR 63150 
WRITEI~,115) VTEIO PR 63160 
WRITtiL,202)AMONTH PR 62260 
WRITECL,3) IANAfiEIKK),KK=1,10) PR 63180 

3 FL:HfiATC1H0,10Aet PR 63190 
WRITEIL,65C) PR 63200 
WRlTEIL,655t II,UECI),WTCI),CJEIIt,lE(l),TCCJ),WPEICit, PR 63210 

1 AEIIt,NVEIIt,AII),ALFAEII)tl=l,NE) PR 63220 
WRITEIL,665) TCON PR 63230 

650 FCR~ATI lHC,53X,l4HVE EFFECT DATA/ PA 63240 
1 lH0,6HEFFECT,4X,4HUBAri,lOX,2HWT,9X,3HCIE,7X,2HTE, PR 63250 
2 7X,2HTC,9X,3HWPE 0 8X,l0HAREA IFT2),4X, PA 63260 
3 lOHNUM. TUBES,4X,7HDELTA-T,4X,5HAL~HA/) PR 63270 

655 FORfiATilH ,14,2X,F10.2,E14.4,F10.5,lF9.2,3E14.4,f9.2,F11.4) PR 632eO 
660 FORfiATI'l'l PA 63290 
665 fORMATI50X,f9.2l PR 63300 

e005 FORfiATI 3HC I 2X 21HSU .. HARY Cf PLANT DATA/lHO 3X 7HGENERAL 48X PR 63310 
11e~PERFORMANCE RATIOS/ 8X 20HPLANT CAPACITY, MGO lCX Fl0.2, l6X PR 63320 
27HOVERALL 19X FlC.4/ 8X 23HSEA WATER CONCENTRATION 7X F10.5el6X PR 63330 
33HVTE 23X Fl0.4/ 8X 23HPRODUCT CONCENTRATION 7X F10.6e l6XPR 63340 
412hPHTRCACTUAL) l4X F10.4/· PR 63350 
S ex, 19HCONCENTRAriON RATIO ;11X, Fl0.4/ PR 63360 
6 8X llHNUfiBER Of EFFECTS 13X 110 /eX 25HNO STAGES IN PREHcAPR 63370 
lTER 5X,Fl0.0/8X 25HYEAR CONSTRUCTION STARTED 5X,f10.0) PR 63380 

e010 FORMATilHC 3X 20HTEMPERATURES- DEG f 37X 13HFLOWS 1 LBS/HR /BX PA 63390 
1 ~HSTEAfl 25X Fl0.3, l6X llHTGTAL STEAM lOX El5.6/8X 13HHAXIMUM 8APR 63400 
21NE 17X fl0.3, 16X eHVE STEAM 13X El5.6/BX 12HFINAL EFFECT 18X PR 63410 
3Fl0.3 0 l6X lOHPHTR STEAMllX E15.6/8X 8HBLOWDOWN 22X Fl0.3el6X PR 63420 
413~TCrAL PR(DUCT BX El5.6/ PR 63430 
5 ex 7HPRODUCT 23X Fl0.3, 16X iOHVE PRODUCT llX El5.6 I PR 63440 
6 8X 14HOEAERATEC FEED loX fl0.3t 16X 12H~HTR PRODUCT 9X El5.6 I PR 63450 
1 8X 5HOCEAN 25X Fl0.3, 16X 8H~LOWOOWN 13X El5.6 I PA 63460 
7 64X l6HSEA INTAKE 5X El5.6i PR 63470 
8 ex leHCONCENSER APPROACH 12X fl0.3 t 16X l6HCONOENSER REJECT 5X PR 63480 
9 El5.6 I 64X leHTUBE VELOCITY, FPS fl8.3 ) PR 63490 

8015 f0R~4Tf~~HOI1 OfSCRIPTICN OF PHYSICAL PLANT /lHO 3X 20HPLANT OIMENPA 63500 
lSICNS, FT /8X 20HOVERALL PLANT LtNGIH lOX flO.J, l6X 14HOVER4ll HEPR 63510 
21GHT 7X Fl5.3/8X 18HVE AND PHTR LENGTH 12X fl0.3o 16X 9HVE HEIGHT PR 63520 
312X Fl5.3/eX 15HMIN TRAIN WIDTH 15X Fl0.3 0 l6X llHPHTR HEIGHT lCX PR 63530 
4fl5.3/8X 15HMAX TRAIN WIDTH 15X Fl0.3, l6X 20HVE SHELL VOLUME, FTJPR 63540 
5016.6/eX 12HNO Of TRAINS 18X 110, l6X 22HPHTK SHELL VOLUME, fT3 PR 63550 
6014.6/ex 2lhLENGTH OF STEEL SHELL 9X Fl0.3 0 l6X 25HTtMP AT SJL-CNCPR 63560 
1 INTERFACE Fll.31 PR 63570 

8020 FOR~ATilHO 3X 18HTUBING DESCRIPTION/ 43X 2HVE 21X 9HPREHEATEA PA 63580 
ll6X 9HCONUENSER I ex l~HOUTSIDE OJA, INCHES f21.3,2F26.3/8X PA 63590 
222HWALL THICKNESS, INCHESofl8.3o2F26.3/ BX l4HKoBTU/HA FT2 f PR 63600 
3JF26.3/ BX 18HFOULING RESISTANCE F22.5o2f26.5/8X 15HfLOODING FACJOPR 63610 
4K 9X l6X 2F26.3/ 8X llHNO Of.TUBES 3Xo3f26.0 I 8X 15HTUBE LPR 63620 
ltNGTH FT PA 63630 
5 9X Fl6.3, 2F2b.3/ 8X 17HSURFACE AREA, FT2 E23.8,2E26.8/PR 63640 
6 8X lBHAVG GVERALL U~AR f22.3, 2F26.3) PR 63650 
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8030 FOR~AT(26HOIII HEAD RECUIREMcNTS, FT 33X 30HPUMPING POWER REQUIREMPR 
lENTS, MW//HX 18HSEA WATER DELIVERY 12X Fl0.3t l6X 12HINfAKE PUMPSPR 
215XF10.4/ ax 14HPREHEATER FEE016X Fl0.3, 16X 15HPHTR FEED PUMPS12lPR 
3FlC.4/8X l6HPROOUCT OELIVERY14X Fl0.3, lbX 13HPRODUCT PUMPS l4l PR 
4FlC.4/8X 18~~LOWDCWN DI5CHARGE12X Fl0.3,l6X 15HBLOWOOWN PUMPS l2XPR 
6FlC.4/8X 16HVERTICAL EFFECTS l4X Fl0.3, l6X 12HEFFECT PUMPS l5X PR 
7fl0.4/BX 17HBOOSTER-OEAtRATOR l3X f10.3, l6X l3HBOOSTER PUMPS l4X PR 
8flC.4/64X l8HTOTAL IELECTRICALI 9X fl0.41 PR 

8035 FORMATI24HC IV SUHSIDIARY SECTIONS I 35X 12HHRINE HEATER lOX PR 
1 9HCUNDENSER I lHO 7X 7HLMOT, f 17X 2fl6.3/ PR 
2 HX 20HH INSIDE, b/HR FT2 f 4X2Fl6.2/PR 
3 8X 21HH OUTSIDE, H/HR FT2 f 3X 2F16.2PR 
4/ 8X 21HUVERALL u, b/HR-FT2-f 3X PR 
52Fl6.3/ 8X l7HHEAT RATE, BTU/HR 1XPR 
62E16.6/ 8X laHFOULING RESISfANPR 
lCE bX 2Fl6.5/ ax llHSURFACE APR 
8KEA, FT2 7X 2tlb.6/ ax llHNO Of TPR 
9U8ES 13X2fl6.0/ ax 15HTUBE LENGfH,PR 
A f-T,9X,2F1l:.3/ PR 
88Xo20HJEMP-CCGLANI IN, F ,4Xo2Flb.J/ PR 
CHXo20HTEMP-COOLANT EXIT, F,4X,2fl6.3/ PR 
OaX,9HTUBE FLOw,l5X,2El6.61 PR 

C***** CUJPUT COST CALCULATIONS PR 
WRITt(L,2001 PR 
WRI TEIL,ll51 VTEID PR 
wRITEIL,2021AMONTH PR 
WRIJ~(L,31 IANAMEIKKi,KK~1,101 PR 
WRITEIL,6C51 PR 
WRIT~IL,6101 VETUbY,VETUBKoVETUbD,PHTUBY,PHTUBK,PHTUBO, PR 

1 SHELLY,SHELLK,SHtLLD,PMY ,PMK ,PMO , PR 
2 WAITY oWAITK ,WAITO oVPY oVPK ,VPO t PR 
3 CMCAPY ,CMCAPK,CMCAPO,INSTRY,INSTRK,INSfRO, PR 
4 ELECTY,ELECTK,ELtCTO,UEAY ,DEAK ,DEAD , PR 
5 CNOSRY,CNOSRK,CNOSRO,BHY ,BHK ,BHO , PR 
6 SBC Y , SBCK , SBCO PR 

WRITEilo6151 PLCAPY,PLCAPK,PLCAPO,PLDIN ,CGPO , PR 
1 RETUBY,RETUBK PR 
~TFEJ=XCI21CI*lCO.OO 
lJC2=XCI2111 

63660 
63670 
63680 
63690 
63100 
63110 
63120 
63130 
63150 
63160 
63770 
63780 
63190 
63800 
63alo 
63a20 
63a30 
63a40 
63a.•.)O 
63a6o 
63870 
63aao 
63890 
63900 
63910 
62260 
63930 
63940 
63950 
63960 
63970 
63980 
63990 
64000 
64010 
64020 
64030 

•••• •••• 
EJC1=XCI2121 
WRITcllo62CI HEATY ,HEAJK otJC2,EJC1,CHEMY,CHEMK , 

POWERY,POWERK,UPtRY ,UPERK , 
MAINTY,MAINTK 

•••• 
PR 64040 

1 
2 

WR1Tcllo6251 fOTOPY,TOTOPK,TOTALY,TOTALK 
WRITEIL,6301 ELEC ,HEAT,STFEJ ,ACHR oiNT 

1 Eff ,CAPF ,PLNTLF 
WRITEIL 0 6351 VTLF ,PHLF ,SHLF ,CONLF t 

l fREPVE,Tk~PP~oTREPUH,TREPCN, 
2 CFVEI ,CFPHI ,Cf-8111 ,CFCONI 

605 FORMATI1H0 0 57X 0 17HCOST SUMMAHY PAGE I 
1 lHC,1,XolOHCOMPO~ENTS,l9X,911~0ST-S/YR, 

,AJ 

2 7X,llHCOST-C/KGAlolX,13HCOST-S DIRECT/ 
3 lH 0 15X 0 10H----------,l~X,9H---------, 
4 7X,llH-----------,7X,l3H-------------t 

• 

610 FORMATI1HC,4Xo21HEFFECT TUbES+ SHEtTS ,l3X,Fl5.2,Fl6.4,F21.2/ 
1 IH ,4X,21HPHTR TUbES + SHEET~ tl3X,F15.2,F16.4,F21.2/ 
2 1H o4X,21HVt + P11TR SHELL ,13X,Fl5.2,Fl6.4,F21.2/ 
3 lH ,4X,21HPUMPS AND MGTORS o13X,Fl5.2,F16.4,F21.2/ 
4 lH ,4X,21HSEA-WATER INTAKE ,l3X,fl5.2,Fl6.4of21.2/ 
5 lH ,4Xo21HVALVES AND PIPING tl3Xof15.2,F16.4,F21.2/ 
6 lH ,4X,21HCHEMICAL CAPITAL tl3X,Fl5.2,F16.4of21.2/ 
7 lH ,4X,21HINSTRUMENTS ol3X,Fl5.2,Fl6.4,F21.2/ 
a lH ,4X,21HELECTRICAL ,13X,Fl5.2,fl6.4,F21.2/ 
9 1H 0 4X,21HNCG REMOVAL SYSTEM o13X,fl5.2of16.4,f21.2/ 
A lH o4Xo21HCONOENSER ol3X,F15.2,Fl6.4,F21.2/. 
B lH 0 4X,21HBRINE 11tATER ,l3X 0 fl5.2,Fl6.4,F21.2/ 
C lH ,4X,21HSITE, 8LOGS., CRAN~~ ol3X,fl5.2,F16.4,F21.2/ 
0 1H ,9JX,13HCOST-iDIH•lNUo7X,~H$/GPO,/ 
E iH ,93X,25H------------- -----1 

PR «14050 
PR 64060 
PR 64070 

•••• 
PR 64090 
PR 64100 
PR 64110 
PR 64120 
PR 64130 
PR 64140 
PR 64150 
PR 64160 
PR 64170 
PR 641aO 
PR 64190 
PR 64200 
PR 64210 
PR 64220 
PR 64230 
PR 64240 
PR 64250 
PR 64260 
PR 64270 
PR 64280 
PR 64290 
PR 64300 
I'M 64310 
PR 64320 

··. 
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bl5 fOR~ATilH ,8X,13HTOTAL CAPITAL,l7X,f15.2,fl6.4,F21.2,Fl5.2efl2.4/ 
1 1H0 1 HX 1 13HRETUBING ,17X 1 fl5.2,F1b.4) 

620 fORMATilHC 1 4X 1 19HPROCESS HEAT ,15X,f15.2,F16.4/ 
* lH 1 4X,19HSTEAM TO EJECTORS ,15X,fl5.2,F16.4/ 
1 lH 1 4X 1 19HCHEMICAL ,15X,f15.2,F16.4/ 
2 lH ,4X,l9HPOWER ,15X,fl5.2,Fl6.4/ 
3 lH ,4X,l9HOPERATING ,15X,f15.2efl6.4/ 
4 lH ,4x,19HMAINT. + SUPPLIES ,l5X,F1S.2,fl6.4) 

625 fCR~AT(lHO,dx,l5HTUTAL C~ERATI~G,15X,f15.2,f16.4/ 
1 lH0 1 3JHTOTALCCAPITAL+RETUHING+OPE~ATING) 1 5X,F15.2,Fl6.4) 

630 FOKMATll3HOCOST FACTORS/ 
1 35HOCOST OF ELECTKICIJ~, C/KWHR ef16.6/ 
2 35H COST OF PROCESS HEAT, C/MHTU 1 fl6.6/ 
* 35H COST OF EJECTOR STEAM, C/MBTU ,F16.6/ 
3 35H ANNUAL CHARGE RATE ,Fl6.6/ 
4 35H INTEREST RAT~ ,F16.6/ 
5 35~ HIGHER COST FACTOR ef16.6/ 
6 35H PUM~ AND MOTUR EFfiCIENCY ,fl6.6/ 
7 35H PLANT LOAD FACTOR ,F16.6/ 
0 l5H PLANT LIFt, YEARS ,Fl6.6) 

635 fCRMATI1H0,27X,l6H VERTICAl EVAP. t!bH PRfH~ATCR 
1 16H BRINE HEATER e16H CONDENSER I 
2 21HCTUbE LIFE, YEARS ,5X,4fl6.~/ 
3 21H RETUBING CHARGt RATE,5X,4f16.8/ 
4 21H AREA COST, S/SQ.FT. ,5X,4Flo.8/3X 11HIINSTAllEDI I 

c 
1000 CUNT l~UE 

c 
WRITECL,7GOOI 
WKITtCL,ll51 VTEID 
WRITtCL,2021AMC~TH 
WRITEll 1 31 CANAMEIKK) 1 KK=l 1 10) 
WRITtlL 1 70C51 MGD ,PKP ,PRVE 

1 co ,cP ,ce 
WKITEllt7ClGI TS ,rM ,TCF 

1 TO ,TOO ,T8 
WRlTEll,70151 WP ,WPE ,WPPH 

l we ,wR ,wM 
WRITtlL 1 70201 ANE .t~Fl ,LVEP 

1 NPH tEll ,LPH 
2 WVEMAX ,WVtMlN ,ACRES 

WRITEll 1 7C251 OOBH ,WALSH 1 LBH 
1 OCPH ,WALPH 1 LPH 
2 ODCON ,WALCON tlCON 
3 UDVE ,WALVE ,LVE 

WRITE(L,70301 UBH ,HJHH ,HOBH 
1 AVGUPH 1 AVHIPH tAVHOPH 
2 UCON ,HICON ,HOCON 
3 AVGUE 

WRITE:llt70351 QE 
1 QPH 

WRITEll,7C401 HSEA 
1 RPMO 
2 PDSEA 
3 HEAOPH 

WRITE(l,7C451 AJ 
1 VTLF 
2 TREPVE 
WKITEll,705Cl CFVE 

1 CFVEI 
WRITtll,70551 VETUBD 

1 VPD 
2 I~STRD 

WRITEll,7C601 VETUHY 
1 VPY 
2 INSTR~ 
3 HEAT~ 
4 TGTALY 

,QTR 
,HFEED 
,RPMR 
,POFEED 
,HEADHH 
1 AXJ 
1 PHLF 
,TREPPH 
,CfPH 
,CfPHI 
,PHTUHD 
,CMCAPD 
,ELECTD 
1 PHTUBY 
,C,.CAPY 
1 ELECTY 
,enEMY 

tAVVPE 

,HPR 
,RPMP 
,pQPRO 
1 HtADCN 
, I NT 
,8Hlf 
1 TREPBH 
,CFBH 
,CFBHI 
,SHELLU 
1 0EAD 
,ssco 
, SHELLY 
,DEAY 
,secY 
,POWERY 

,PRPH ,CRVE 
,c H: ( NE I ,MAVG 
,JElNEI ,TCON 
,TP 1 TR 

.wst 
,VEHGT 
,PHHGT 
,ovrutGT 
,NBH 
,NTPH 
,NCON 
,TOTNVE 
,KBH 
1 KPH 
,KCON 

KVt: 
,AVdPE 
1 AVUMSF 
1 H8l 
,RPMB 
,POiilO 
, Eff 
,ACHR 
,CONLF 
,TREPCN 
,CFCON 
,CfCONI 
,PMO 
,CNUSRD 

,WOCEAN 
tWSPH 
,VEVOl, 
1 PHVOL 
.TCTVOI.. 
,ABH 
,APH 
,ACON 
,TOT AVE 
1 R8H 
1 RPH 
,RCON 
1 RVE 

' 
1 AVGSU8 
,HVE 
,RPMV 
,POVE 
,l'OOE.AS 
,ANCOMP 
1 PlNTlf 
,XCl56) 
1 CFSHEl 
,CFPUMP 
,WAllO 
1 BHD 

,cR • ,CAPF 
eSTlTMP , 
,STLLEN 
,wF • ,ws 
.TRAINS , 
tBlDGS 
,fNIIH 
,VHH • ,VPH 
,vcoN 
,GPM 
,UHOtiH , 
,AVLTPH • 
elMTOCN • 
1 AVDTVE 

• 
• 

,ROA 
1 HOEA 
,RPMM 
ePODEA 
,PO 
1 FOFAC 1 

,QEFAC , 
,TRFAC 

,HEAT 
,ELEC 

• 
• 
• 

• 

,PLCAPO , 
,PLDIN 

1 PMY 1 WAITY , 
,CNDSRY eBHY ,RETUBY • 

ePLCAPY , 
,OPERY ,MAINlY oTOTOPY , 

WRITEll,7065) VETUBK ,PHTUBK 1 SHELLK 1 PMK 1 WAITK 

PR 64330 
PR 64340 
PR 64350 

•••• 
PR 64360 
PR 64370 
PR 64380 
PR 64390 
PR 64400 
PR 64410 
PR 64420 
PR 64430 

•••• •••• 
PR 64450 
PR 64460 
PR 64470 
PR 64480 
PR 64490 
PR 64500 
PR 645l0 
PR 64520 
PR 64530 
PR 64540 
PR 64550 
PR 64560 
PR 64570 
PR 64580 
PR 64590 
PR 64600 
PR 62260 
PR 64620 
PR 64630 
PR 64640 
PR 64650 
PR 64660 
PR 64670 
PR 64680 
PR 64690 
PR 64700 
PR 64710 
PR 64720 
PR 64730 
PR 64740 
PR 64750 
PR 64760 
PR 64170 
PR 64780 
PR 64790 
PR 64800 
PR 64810 
PR 64820 
PR 64830 
PR 64840 
PR 64850 

•••• •••• •••• 
PR 64890 
PR 64900 
PR 64910 
PR 64920 
PR 64930 
PR 64940 
PR 64950 
PR 64960 
PR 64970 
PR 64980 
PR 64990 
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1 VPK oCI"CAPK oDEAK ,CNDSMK ,BHK oRETU8K , PR 65000 
2 lNSTRK , ELEC TK ,secK ,PLCAPK , PR 65010 
3 HEATK oCHEMK ,POWERK ,OPI.:RK 1 MAINTK ,TOTOPk , PR 65020 
4 YEAR oCiiPC ,TOTALK PR 65030 

c PR 65040 
c OUTPUT FORI"ATS FOR CONDENStO SU~MARY PAGE PR 65050 
c PR 65060 

7000 fOMI"ATI1H1 1
1 VEMTICAL TU~E EVAPORATOR PLANT - MOUTINE VTE21' ,7x, PR 65070 

l CCNUENSED SUMMARY Of PLANT DATA') PR 65080 
7005 fOR~ATC1HC, 1 MGD PMP PRVE PRI'H CRVE CR 1 ,6Dl4.6/ PR 65090 

1 • co CP CIS CIEINE) MAVG CAPF ',6Dllt.6) PR 65100 
7010 fORI"ATClHC,•TS TM TCt' TEINEI TCON STLTMP •,6014.6/ PR 65110 

l • TO TOO Tis TP TR STLLEN •,6014.6) PR 65120 
701) t'OMI"ATI1HC,'WP WPE WPPH WOCE:AN Wf 1

1 3014.6,14XPR 65130 
A2014.6/ PR 65140 
1 • wo WR WM WSE WSPH ws 1 ,6014.6) PR 6.5150 

7020 fCR~ATilH0, 1 ANE EFFL LVEP VEHGT VEVOL TRAINS 1 ,6014.6/ PR 65160 
1 1 NPH ELL LPH PHHGT PH VOL BLDGS •,6014.6/ PR 65170 
2 • WVEP'AX WVEMlN ACRES OVRI1GT TOT VOL ENBH •,6014.6) PR 65180 

7025 FGRI"ATC1HC, 1 0DBH WALBH LBH NBH ABH VBH •,6014.6/ PR 65190 
l 1 OOPH WALPH LPH NTPH APH VPH •,6014.6/ PR 65200 
2 • ODCCN WALCCN LCUN NCON ACON VCON •,6014.6/ PR 65210 
3 • ODVE WALVt LVE TOTNVE TOTAVE GPM •,6014.6) PR 65220 

7030 FCRP'ATClHCo 1 UBH HIBH HOI!H KBH RBH LMTOBH •,6014.6/ PR 65230 
l • AVGUPH AVHIPH AVHOPH KPH RPH AVLTPH •,6D14.6/ PR 65240 
2 • UCON HI CO~ HOCDN KCON MCON LMTDCN •,6014.6/ PR 65250 
3 • AVGUE KVE RVE AVOTVE •,014.6,28X PR 65260 
4 3014.(:) PR 65270 

7035 FORI"ATClHCo 1 UE AVDPE AVbPE •,01.to.6,1"oX,PR 65280 
12014.6/ PR 65290 
2 • QPH CTR AVQMSf AVGSUB ROA •,2D14.6,14XPR 65300 
33Cl4.61 PR 65310 

7040 FORHATC1H0, 1 HSE:A HFEEO HPR HBL HVE HDEA •,6014.6/ PR 65320 
1 • RPMO RPMR RPHP RPHil RPMV RPMM • ,6014.6/ PR 65330 
2 • PO SEA POFHO PO PRO POillO POVE PODEA •,6014.6/ PR 65340 
3 1 HEAOPH HEADilH HEADCN Eff PODEAS PO •,6014.6) PR 65350 

7045 FORMATI1H0, 1 AJ AXJ INT ACHR ANCOi'W FDFAC •,6D14.6/ •••• 
1 I VTLF PHLF bHlf CGNlf PLNTlf QEFAC •,6014.6/ •••• 
2 • TREPVE TREPPH TRtPiiH TREPCN AERTE TRFAC •,6014.6) •••• 

7050 FORHATC1HC, 1 CFVE CfPH CfBH CfCON CfSHt:l HEAT •,6014.6/ PR 65390 
l • CFVEI CFPHl CfiiHl CfCONI CFPUMP ELEC •,6014.6) PR 65400 

7055 fORP'ATI1HO,'VETUBD PHTUiiD SHELLD PMU WAITO •,5014.6/ PR 65410 
l I VPO CMCAPO DEAD CNDSRO ~HD PLCAPD •,6014.6/ PR 65420 
2 • INSTRD ELECTO SBCD PLDIN •,3014.6, PR 65430 
A28X 1 014.6) PR 65440 

7060 FCRP'AlllHC,•VETU~Y PHTU8Y SHHLY PI"Y WAllY •,5014.6/ PR 65450 
1 • VPY CHCAPY OEAY CNOSRY BHY RETUBY •,6014.6/ PR 65460 
2 • INS TRY ELEC IY .SBCY PLCAPY •,3014.6, PR 65470 

.A2ti.IC,Dl4.6/ PR 65480 
3 • HEAlY CHEMY POWERY OPERY MAINlY TOTOPY •,6014.6/ PR 65490 
4 TOTALV 'lOX, Dl~.6)PR 65500 

7065 fOR~AT(lHCo'VtTUBK PHTU6K SHELLK PMK WAITK •,5014.6/ PR 65510 
1 ' VPK CMCAPK OEAk CNDSRK bHK RETU8K •,6014.6/ PR 65520 
2 • INSTRK ELECTK SBCK PLCAPK •,3014.6, PR 65530 
A26X,Ol4.6/ PR 65540 
3 ' HEATK CHEMK POWERK OPERK MAIN Til. TOTOPK 1 ,6Dl4.6/ PR 65550 
4 YEAR CGPO TO TALK '42X,3014.6IPR 65560 

RtTllKN Pll 65570 
END PR 65580 
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