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ABSTRACT

Design and cost modifications were made to
21 and VTE-21 originally developed for the
optimization of multistage flash (MSF) and
evaporator (VTE) desalination plants. The

tional design options to make possible the

ORNL's Computer Programs MSF-
rapid calculation and design
multieffect vertical tube
modifications include addi-

evaluation of desalting

plants based on current technology (the original programs were baséd 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 modeis of the multistage flash (MSF) and the
vertical tube evaporator (VTE) processes developed at ORNL in the early
l970s:for fapid calculation and design optimizaton of desalination
plants. Thesg programs were originally developed as subprograms of an
ovefall 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 document:s.l’2

MSF-21 and VIE-21 were not developed for the purpose of making detailed
design computations and therefore apply various computational approxi-
mations-for more rapid calculation and overall design optimization.
Thus the design cdmputations of MSF plants are based on the first and
last stages ofbeach'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’L+

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 recovéry section stages of the MSF plant.

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

four sections.

1. 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.

2. 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 respectively).



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 optimizacidn of desalting plants
based on current teéhnology 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 déscribed in Section 2;

and the relevant changés in 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 to M. "The changes

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

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, it is therefore necessary to read
this report along with the original documents describing the programs

MSF-21 and VTE-21.



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 307% of the total
direct capitél cost. This is, of course, a function of the plant dimen-
sioﬁs which are determined by applying certain design criteria. 1In 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 (1b hr~! 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 desigﬁ, additional design options have been added.

Tube Bundle Design and Height of Evaporator Shell

The height of the MSF shell of the recovery section (HERC@V) 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).



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(126)*APTSE1)**.5 ,

where APTSEl is the calculated tubé bundle area and XT(126) an input
value defining the ratio WBUNDL/HBNDLE. APTSEl is calculated by:

APTSE1l = XT(127)*ARTUBE ,

where ARTUBE is the area required to place the tubes at a defined pitch
and XT(127) 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(120) for the

recovery section and XT(129) 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(121) and XT(125)

for the recovery and reject section respectively.

MSF Evaporator Width — The outside widiLh at 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 width, 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



following additional input parameters:

XT(122) = External wall thickness at the cold end of the
evaporator, ft

XT(123) = Internal wall thickness, ft

XT(129) = Ratio of external 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 affegts 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 é 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. ' '

¢. Required head of recycle pump. To the previous function
calculating this value, the additional pressure drop
(ENRSS-1)*VHLR in the water boxes has been added; VHLR
is the head loss per water box calculated by:
X@(204)*.0155*%*VE*VE, where VE is the tube velocity
and X@(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.



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@#(43)). Each train has
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 = M@DU =
BNDLS), the following modifications were made in subroutine MAINM
(Appendix A):

BNDLS = X@(208)*X@(43)
M@DU = BNDLS/X®(209)

TRAINS = X@(43)

BLDGS = TRAINS/X9(210)

By assigning appropriate values to the input parameters X@(43), X@(208),
X@(209) and X@(210), a design having one bundle per module, one module
per train, and one train per building can be speéified. ' Half-modules
and half-trains, however, cannot be specified. For a design of two
trains per building and/or two modules per train, X@(43) must bé an even

number. For a design of three trains per building and/or three modules



per train, X@(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 = M@DU = 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-21l. The relevant Fortran
statements in subroutine MAINV, shown in Appendix B, are marked by

asterisks.-

VTE-21 fits the VIE effects into a trapezoidal shell, in accordance with
the proposed design layout defined in the 250 Mgd Conceptual Design.L+

The total length of the plant is calculated by adding the final condenser
shell with (LC@N) to the calculated length of all VIE effects. The
condenser tubes, calculated as a function of the heat load and the

tubing parameters, are placed in the trapezoidal shell, containing the
VTIE effects, right after the laét_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
appropriate 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 VIE effect. This design
will require a two-pass horizontal 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.



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(151) and XT(152). 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 QN@M

and QESP in the case of (QEFAC; and WFX and WEN@M in the case uf FDFAC.

2.2 TFEEDWATER PRETREATMENT SYSTEM

The computer programs MSF-21 and VIE-21 considered the consumption of

the following chemicals:

a. sulfuric acid (93% H,SOy)
b. caustic (NaOH)
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



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 prbgrams, 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 the 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:

TNACDY = 12 x 10~2 x X0(207) x (WP + WB) ,

where
TNACDY = daily consumption of polyphosphate or acid (if NFEED = 1),
tons/day
X0(207) = specific consumption of polyphosphate, ppm
WP = product water flow rate, 1lb/hr
WB = blowdown flow rate, 1b/hr
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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 bff—gas from acid freated
seawater, saturated with air, from the deaerator vacuum to atmospheric
pressure. This calculated mechanical po&er 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 air inleakage (1lb/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 CO, will therefore

be released in the evaporator.

The NCG load and the steam consumption is now calculated in subroutines

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

for acid treated plant (NFEED = 1) —

X0(205) = X0(200)*TRAINS + X0(201)* (WP + WB) , and

for threshold pretreatment (NFEED = 2) —

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

where
X0(205) = total NCG load, 1b/hr
X0(200) = inleakage per train, lb/hr (in acid treated plants)
X0(202) = same as X0(200), but for threshold pretreatment
X0(201) = NCG concentration in makeup of ‘acid treated plants, ppm
X0(203) = same as X0(201), but for threshold pretreatment

WP = total product water flow rate, lb/hr

" WB = total blowdown flow rate, 1b/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,
1b/hr

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

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

plants, 1b/hr



X0(203)
X0(204)
X0(205)
X0(206)

X0(207)

X0(208)
X0(209)
X0(210)

XT(120)

XT(121)

XT(122)
XT(123)

XT(124)

XT(125)

XT(126)

XT(127)

XT(200)

12

NCG concentration in makeup of phosphate treated plants, ppm
Number of velocity head losses per water box

Total calculated NCG load, 1lb/hr

Total calculated ejector steam consumption, 10° Btu/hr‘

Specific consumption of polyphosphates (or other additives),

ppm in makeup

Number of tube bundles per evaporator train
Number of tube bundles per evaporator module
Number of evaporator trains per building

Height of recovery stages tube bundles above the evaporator

floor, ft

Additional height of recovery stages for each additional brine
flow level (LEV > 1), ft

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

Internal wall thickness, ft

Ratio of external wall thickness at the hét end to that at

the cold end (only applicable for concrete shells)

Additional height of reject stages for each additional brine
flow level (LEV > 1), ft

Ratio of tube bundle width to height

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, ft2

CPNPAS = Number of flow passes in final condenser

ENRJS = Number of applied tube lengths in reject stages

ENRSS = Number of applied tube lengths in récovery or preheater stages

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

stages (concrete design only)

LPHE = Total iength of preheater tubing, ft
NFEED = Selector switch defiﬁing pretreatment ﬁethod
NFHS = ENRSS’

NRJS = ENRJS

NRSS = ENRSS

 NRSSH = ENRSSH :

VHLR = Calculafed head loss in reéoVery water box, psi’
VHLBJ = Calculgted head iosé in reject water box; psi

VHLRS = 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
Engineering; and thebEngineering 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 éondenser (VIE only)

(5) Valves and Piping

(6) Seawater Intake and Outfall

(7) Pumps and Motors

(8) Instrumentation

(9) Electrical Equipment
(10) Chemical Plant Equipment (Chemicals Injgction Systems)

»
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Table 1. Summary of escalators used for direct capit;l cost
updating to mid-1975 prices

Reference index

xc Escalator
multiplier or other basis
I. Unit costs common to MSF and VIE
Steel shell, $/ft? 9 1.988 CE + 25%
Excavation, $/ft3 11 1.880 BuRec
Demisters, $/ft2 12 1.760 Quotations (40%) + ENR
skilled labor (60%)

Weirs, $/ft? 13 3.180 CE + 100%
Pump motors, $/hp 16 1.681 CE
Auxiliary pumps and drivers, $/Mgd 17 1.912° CE
Submarine line, $/gpm 20 1.850 BuRec
Valves, $/gpm 23 1.912 CE
Plant piping and fittings, $/Mgd 24 1.912 CE
Train piping and fittings, $/Train 25 1.912 CE
Brine heater piping and fittings, 26 1.912 CE

$/gpm
Vent piping and fittings, $/gpm 27 1.912 CE
Brine heater (BH) shell, $/ft? 40 1.988 CE + 25% .
BH tube sheets, $ 215 1.5§0 CE (labor + materials)
BH tube sheet hole drilling, 216 1.460 CE (erection + instal. labor)

$/hole
BH tube sheet installation, $/ft2A 217 2.000 ENR (skilled labor)
BH tubing installation, $/ft 218 2.000 ENR (skilled labor)
BH tube rolling, $/hole 4 219 1.460 CE (erection + instal. labor)
-MSF tube sheets, $/ft2 3 1.590 CE (labor + materials)
‘Hole drilling, $/hole 4 1.460 -CE (erection + instal. labor)
Installing MSF tube sheets, $/fe? 5 2.000 ENR (skilled labor)
Installing MSF tubing, S/ft (] 2.000 ENR (skilled labor)
Rolling MSF tubing, $/tube 7 1.460 CE (erection + instal. labor)

II. Unit costs common to MSF only
Pumps, $/gpm 15 1.880 CE
Pump pits, $/gpm 18 1.900 BuRec
I1I. Unit costs common to VTE only
VE tube sheets, $/ft? 64 1.590 CE
- VE hole drilling + rolling, $/hole 65 1.460 CE

Installing VE tubes, $/tube 66 2.000 ENR
VE bundle installation, $/bundle 67 ZJCOOA ENR
Installing preheater tubing, $/ft 69 2.000 ENR
Horizontal tube sheets, $/ft2 70 1.590 CE
Hole drilling, $/hole n 1.460 CE
Installing horiéontal tube sheets, 72 2.000 ENR

$/Lc?
Rolling horizental tubes, $/tube 73 1.460 CE
Pumps, $/gpm 128 1.880 CE
Pump pits, $/gpm 130 1.900 BuRec
Effect piping, $/effect 132 1.912 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 tubiﬁg 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

de;eted; and, presently, the program aﬁplies input values expressing

these surface costs in $/ft? for every defined tubing surface.

For VIE 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-Record (ENR) Index
for skilled labor.

(d) Tube installation — same as (c).



17

The basic difference between the CE and'the ENR index computation
method is that CE assumes gradual i;crease 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.

Evaporator Shell and. Foundation.

The following were included in calculating 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 chaﬁbers) 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 1007 for replacing

the phenolic coated steel by stainless steel.

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 1437 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.

Final Condenser (VTE)

The appropriate shell cost and condensing surface cost applied for

the evaporator were also used for the final condenser.

Valves and Piping

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

escalating the cost of this item. ‘

Seawater Intake and Outfall

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

to escalate this item.
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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.

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'ihstrumen—

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

-mately $2.4 x 108, and fqr a iO—Mgd plant approximately $285,000.

This function did not take into account the subdivision of the
plant into several independently 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:
UCT (FF, TRAINS) = 400,000 (FF/TRAINS/10) 0" 3174*TRAINS/FF .

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

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

Electrical Equipment

The original function was found to 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 cost will be affected
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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 10° x (PW/TRAINS/10)0-8
+ 10% x (PMW/40)0-8]/PMW ,

where

UCEDK
PMW

the cost in $/MW, and

electrical power capacity in MW .
The bases for this function were the escalated cost for the 250
Mgd VTE conceptual design" and the escalated cost for the 2.5 Mgd

Universal Design.5

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 eécalated 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.

NCG Removal System

This system is composed of the deaerator, ﬁhe decarbonator, and the
steam-jet air ejectors. 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 2.5 Mgd Universal Design® 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 was 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 w1th the ENR Building Cost Index seemed much 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.® 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

(Appendix L).; Originally the foilowing components were evaluated:

(1) overhead for design and supervision,
(2) interest during construction,.

(3) owners cost for training and startup,
(4) unusual construction cost, and

(5) 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 25% but can be varied to. any desired value by the input
multiplication factor XC(62) A new‘factor expressing escalatlon during

construction has been added to the original indirect cost component.
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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%Z. 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 foilowing 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 ejectors is evaluated as a
separate cost component as a function of the actual heat consumption,
and the specified unit heat cost (appropriéte 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 assumptions:

(a) A 100-Mgd plant will require a total 0&M staff of 56 (38
operétional 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 Subroutine FNANCE. The built-in values used in this function
and the value of the plant operating factor 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

II.

I1I.

Iv.

Energy cost

Nuclear process heat cost, $/10° Etu

Fossil plant process hezt cost,

$/10° Btu
Ejector heat cost, $/10F Btu

Nuclear electrical power cost, $/kWhr

Fossil plant electrical power cost,

$/kWhr

Operation and maintenance labor

Supplies and maintenance materials

Unit costs of chemicals

Sulfuric acid (93% H,S04), $/ton

Chlorine, $/1b seawater intake

Caustic + sodium sulfite, $/1b makeup

water

Antifoam, $/1b makeup

Polyphosphate (or equivalent), $/tor

XC Built-in Remarks
multiplier value
45 - New function
46 - Fun:tion not available
210 0.70 For 100 psig nuclear steam
54 0.020
55 0.025
57 - New function
58 0.007 Prooortional to total capital
cost
48 31.0 Consumption evaluated
50 2.64 x 1077 Based on 3 ppm and $176/ton
51 8.5 x 10~7 Based on 10 ppm caustic at
$170/ton + 2 ppm sulfite
az $305/ton
52 7.05 x 1077 Based on 0.5 ppm at $1600/ton
48 3000 Only for NFEED = 2

kA4
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Table 3. Input variables for plant operating factor
and evaluation of annual fixed charge rate

X0 value or - Built-in
XC multiplier value
I. Plant operating factor, % .- X0(38) - 0.85
II. Fixed charge rate components:
Interest rate o XC(60) 0.10
Taxes + insurances ' XC(61) ; 0.01

Desalting plant life, years " X0(33) R 30.0v
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APPENDIX A

CHANGES MADE IN SUBROUTINE MAINM

SUBROUTINE MAINM(FFF,10PT10UT,CH20,CAPITL)

IMPLICIT REAL*8(A-H,U-2)

DUuUBLL PRECISION MOOU

DOUBLE PRECISION LEV,LFZ

COMMON/BLOCM2/ Py
1 AR, FFo
2 Pa, Py
3 SR, TKy
4 AME , ATN,
5 HNH , HOHy
6 RSH, RSRy
1 THE, TPE,
8 BKTE, BKTH,y

"9 HUEX(5), MODUy
+ CAPI1, HEADE
A POPRD,y SUBEX{S5),
8 CSLTBH, CSLTBP,
C  VAPSPC, WPRTRY,

CUMMON/COMNAMY/ Ady
1 KB, Pl,
2 ! IS' HB'
3 AXJS,y HBL»
4 ENBH, GPMB .
5 GPMR , HDEA,
6 RPMR, TSTH,
7 BLOGS, BNDLS,
8 HPPRO, HPREC,
9 ACNCFL, ACNCILW,
+ ASTLEW, ASTLFL,
A AWEIRS, BHSURF ,
B ENSUPR, PIPELN,
Cc TNACDY, TRAINS,
" CGMMUN/SHARE/ IFLIP

CCHMON/BLOCL2/ XT
"CCMMON/BLOCL3/ XO
CCMMON/ INDEX/INC(40)
COMMON/TAPE/ LTAPE2

BPX(5),
OMX(5),
TCl,
UEX(5),
BKIR,
RCOE1L,
HEADH,
WCCLD,
HOTLEN,
PUREC
CBe
PO,
WFy
HPR,
GPMD,
RPMB,
WHOT,
HOLES,
PLPRD,
ACNCPH,
ASTLIW,
DINTAK,
PLSING,
TSAREA,
v ISPOT

DIMENSION X08(40)sXLB(40)yXHE(40)
DIMENSION XT{300)yX0(300)

EXTERNAL PLANTHM

CaLt ITIMELIZX,JLX)
DATA PROC/*NMSF*Y/

10 = -2
FF = FFF
IFLIP = 1

TSTH = X0(15)
BDEPH = X0(18)

BKTH = X0(19)
BKTE = x0(2¢C)
BKTR = Xx0(21)
RSH = XT(101)
RSE = XT(102)
RSR =.XT(103)
SH = X0(22)

SE .= x0(23)

SR = X0(24)

HD = x0(28)

H8 = X0129)

HBL = X0(30)
WPL = X0(33)

CSLTBP = XC(34)
CSLTBH = XO(35)

AH,

GH,

RP,y

VH,
CCF,
PHE
THF
UME
DTLSIS),
ROE2y
HEADR,
WMODC
HRECOUV,

CO,

Tos

WO,
LEV,
GPMH,
RPMD,
YEAR,
HPBLUL,
PLSEA,
ACNCRF ,
ASTLPH,
ENITSE,
REJLEN,
VOLCNC ,

AK,

GRy

SEs

VR,
HiH,
P03,
TKX(5),
UMH
ELEX(5),
APTSE,
POBLD,
WMODH,
HREJC T,

CP,y
10,
WP,
LF2,
GPMO,
RPMM,
ACRES,
HPDEA,
PODEA,
ACNCTR,
ASTLRF,

ENPIPE,

STLLEN,
VOLSTL,

WPL, PR
HIEX(S) o PR
6DEPH,PR
PODEL, PR
BHSHEL o PR
RECOLN, PR

CRy
TPy
WR,
TCF,y

GPNP,.

RPMP,
BHVOL ,
HPDEL,

ACNCEM,
AEXCAV,

ASTLTR,

ENSUPE»
STLTNP,
WOCEAN

PR
PR

» 15580

15590
15600
15610
15620
15630
15640
15650
15660
15670
15680
15690
15700
15710
15720
15730
15740
15750
15760
15770
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
16130
16140
16150
16160
16170
16180
16190
16200
16210
16220
16230
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CO = X0(36)

CP = X0(37)

LF2 = XC(38)

TS = X0(39)

TO = XG(4C)

THF = XC(41)

YEAR = X0(79)

STLTMP= X0(83)

VCLSTL=C.00

VCLCNC=0.D0

PIPELN = XG(BT)

PLSIMG = FF

BNOLS=X0(2C8) #X0(43)
1F(X0(209).6T.2.D0) STQP 209
MOCU=BNDLS/X0(209)

TRAINS=X0(43)

BLDGS=TRAINS/XU(210)

NBRHTR = FF%.032D0/TRAINS +.5

ENBH = TRAINS * OFLOAT(NSRHTR)

ENBH = DMAX1(TRAINS,ENBH)

WP = FF*®1.D6%DEN(CP,90.00)%.0055700
CALL VARSET(FF,PROC)

U0 110 I=1,12

xce(l)= xC(1)

XHB(1)= XT(2%1-1)

XLB(I)= XT(2%1)

IF(XL8(I) .GT. XHB(T)) XLB(I)=XHBII)
IF(X08(1) .LT. XLB(I)) X0B(I[)=XL8(I)
IF(X0B(I) .GT. XHB(I)) XOB(I1)=xXHB(I)

CCNTINUE
NCALLS = 0
INC(1) =0

IF(IOPT .EQ. 0) GO TQ 115

IF(I0 «GT. U) WRLIELDeS) FF

FORMAT(1H]l, *MSF*yFB8.2+° NMGD')

CALL SLIDE(12¢X089XHByXLByPLANIMeICs»1l9793414NCALLS)
IF(I0 «GT. 0) WRITE(G6+6) FF
FORMAT(1HOQ, *MOF *yF3.2:" MGD*)

CONTINUE

INCUL3) = 1

CALL PLANTM(X08,CH20)

NCALLS= NCALLS +¢1

CAPITL = CAPILl*1.0-6

KUUT = LTAPEZ2

CALL RITEMUIOPT,I0UTKOUT)

WRITE(KOUT,15) NCALLS,IND(1)

FORMAT(1H ,21HNUMBER OF PLANT CALLS 15,110}

CALL ITIME(IZXXyJZXX)

1CALC = DFLOATUIZXX-1ZX)*]1.D-2

WRITE(KOUT,4) TCALC .

FORMAT(1H 418HTIME FOR THIS CASE.F8.292XTHSECUNDS)
RETURN

END

PR 16240
PR 16250
PR 16260
PR 16270
PR 16280
PR 16290
PR 16300
PR 16310
L 2 2 £
[ 22 2]
PR 16320
PR 16330
L2 2 12
[ 2 2 3
L2 2 1
*hha
sk
PR 16430
PR 16440
PR 16450
PR 16460
PR 16470
PR 16480
PR 16490
PR 16500
PR 16510
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 16730
PR 16740
PR 16750
PR 16760
PR 16770
PR 16780
PR 16790
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APPENDIX 8

CHANGES MACE IN SUBROUTINE MAINYV

IMPLICIT REAL®*8(A~H,0-2)

DOUBLE PRECISI

DOUBLE PRECISION
NVE,»

1 -NPH,
DOUBLE PRECISI
DCUBLE PRECISI

COMMON/BLCCV2/

TE(30),
ABH,
ELL,
. KPH,
NVE(30),
UBH,
HIBH,
LVEP,
UCON,
CCNLF,
POPRQO,
ELBNDL(30),
LMTCBH,
SUMNPH,
NE
CCMMON/BLOCVI/
PMK o
DEAD,
SBCK,
OPERK,
ANCCHMP,

MOOCTP+OLTJONLD WN -

CNDSRY,
INSTRY,
PLCAPD,
RETUBY,
TOTOPK,
. VETUBD,
COMMON/COMNAM/
HB,
1S,
AXJ,y
ENBH,
GPMR,
RPMR,
BLDGS,
HPPROD,
ACNCFL,
ASTLEW,
AWEIRS,
ENSUPR,
TNACDY,
CCMMON/SHARE/
COMMON/ZBLOCL2/
CUMMUN/BLOCL 3/
CCMMON/ INCEX/
COMMON/TAPE/ L

D+ OODNOVMESWN -~

DIMENSION
DIMENSICN JB(1

EXTERNAL PLANTV:

CALL ITIMEC(IBG
DATA PROC/*VTE

DC-65 I=1,40
INC(I) = 1]
IFLIP = 1

SUBROUTINE MAINVI(FF,I0PT,10UT,CH20,CAPITL) PR
PR

PR

ON NTRAIN PR
KBH, KPH, KVE, LBH, MGD, NBH, PR

KCON LMTO, LVEP, LMYDBH, LMTDCN PR

ON INTy, INSTRO, INSTRK, INSTRYy, MAINTK, MAINTY PR
ON LEV,LF2 PR
PR

A(30), Sy AE(30), QE. ~TC(30),4PR
TR, UE(30), UH{3), WM, WT(30),PR

APH, 8PE(30), CIE(30), COE(30), DPE(3C),PR
GBH,y GPH, GPM, HOO, KB8Hy PR
KVE, LBH, MGD, NBH, NPH, PR
QPH, RBH, RPH RVE, TO0,PR
VBH, VPHe NWPEX(30), BHLF, GCONy PR
HIPH(3), HOUH, HOPH(3), KCON, LMTO(3),PR
PHLF, QMSF(3), RCON, SUBF(3), TCON, PR
VCON, VLEN, VILF, MWDTH(30), ALFAE(30),PR
HICON, HUCON, HOTEL, PHHGT, POBLO,,PR
POSEA, SURFF, VEHGT, WALVE, EFFSPC4PR
HCCTCF, HCOTOO, HEADBH, HEADCN, HEADPH, PR
LMTDCN, PLNTLF, PODEAS, POFEED, SUMNWPE 4 PR
TOTAVE, QESP,VEFEED(30), WBOOST, WOCOLD, PR
NTRN, IFEED, IRECYC PR
BHD, BHK 4 BHY, INT, PMD, PR
PMY, VPD, VPK, vPY, ACHR o PR
DEAK, DEAY, ELEC, HEAT, SBCO,PR
SBCY, CHEMK, CHEMY, HEATK, HEATY,PR
OPERY, PLDIN, WAITOD, WAITK, WALTY,PR
CMCAPD, CMCAPK, CMCAPY, CNDSROD, CNOSRK ¢ PR
ELECTD, ELECTK, ELECTY, INSTRD, INSTRK o PR
MAINTK, MAINTY, PHTUBC, PHTUBK, PHTUBY, PR
PLCAPK, PLCAPY, POWERK o POWERY, RETUBK 4 PR
SHELLOD, SHELLK, SHELLY, TOTALK, TOTALY,HPR
TOTOPY, TREPBH, TREPCN, TREPPH, TREPVE,L PR
VETUBK ¢ VETUBY, CQPD PR
AJ, ce, COy CPy CRs PR

Pl, PO, Td, 10, TPy PR

WB, Wk, WO, WP, WRe PR
HBL, HPR, LEV, LF2, ICFs PR
GPMB, GPMD, GPMH, GPMO, GPMP, PR
HDEA, RPMB, RPMD RPMM, RPMP, PR
TSTH, WHOT, YEAR ACRES, 8HVOL, PR
BNDLS, HOLES, HPBLD, HPDEA, HPDEL, PR
HPREC, PLPRD, PLSEA, PODEA, ACNCEW, PR
ACNCIW, ACNCPH, ACNCRF, ACNCTR, AEXCAV, PR
ASTLFL, ASTLIN, ASTLPH, ASTLRF, ASTLTR, PR
BHSURF DINTAK, ENITSE, ENPIPE, ENSUPE, PR
PIPELN, PLSZINMG, REJLEN, STLLEN, STLTNP, PR
TRAINS, TSARcA, VOLCNC, VOLSTL, WOCEAN PR
IFLIP. L1SPOT PR
xT PR
X0 PR
IND(40) PR
TAPEZ2 PR
PR

XC7(40) o XHT(4C) o XLT(40) ,X0(300), XT(300) PR
3) PR
PR

PR

NXyJT) PR
o/ PR
DATA JUB/3¢599911925913915527929431¢33,35,37/ PR
PR

PR

PR

PR

10 =2

04840
04850
04860
04870

. 064880

04890
04900
04910
04920
04930
04940
04950
04960
04970
04980
04990
05000
05010
05020
05030
05040
05050
05060
05070
05080
05090
05100
05110
05120
05130
05140
05150
05160
05170
05180
05190
05200
05210
05220
05230
05240
05250
05260
05270
05280
05290
05300
05310
05320
05330
05340
05350
05360
05370
05380
05390
05400
05410
05420
05430
05440

" 05450

03460
05470
05480
05490
05500
05510



100

105

15

10
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BNOLS=x0(208)%X0(43)
TRAINS=X0(43)
BLOGS=TRAINS/X0U(210)
NTRAIN=TRAINS

NURHTR = FF®.032D0/NTRAIN*.5
ENBH = NTRAIN*DFLOAT{NBRHTR)
ENBH = DMAX1(NTRAIN,ENBH)
TRAINS = NTRAIN

LEv =1.00

PLSZMG = FF

TSThH = x0(15)

CP = X0(37)

PLNTLF = XG(33)

BHLF = Xx0(35)

CUONLF = X0(34)

PHLF = X0(34)

H8 = X0{29)

[ |

cc XC{(36)
LF2 = Xx0(38)
TC = XGC{40)
1S = X0(39)
HBL = XC(3C)
S = XGlz3)

STLTMP = X0(83)
PIPELN = XC(87)

R8H = XTt1o1)
RPH = XT{102)
RCCAN = XTL103)
KPH = XC(20)
KBH = XxC(19)

KCCN = x0(21)
WALVE = XG0(70)
RVE = XT(113)
KVE = XC(72)
SURFF = X0(74)

VILF = XC(76)
YEAR = 'X0(79)
MGD = FF

WP =MGD#*1.C6%DEN(CP490.00)%.00557D0
CALL VARSET(FF,PROC)

DC 100 I=1,13

K=JB(1)

XQ7(1) =xC(I)

XHT(I) =XT(K)

XL7¢L) =XT{K¢1)

IF(XLTCI) .GTe XHT(I)) XLTUI)=XHTAI)
IF(X07(I) .L¥. XLTEID) XOTUI)=XLT(D)
IF(X07(1) .GV. XHT(I)) XOTLE)=XHT(I)

CONTINUE
NCALLS = 0
INCC(LD) = C

IF(I0PT .EC. Q) GO TO 105

IF(IN .GT. O} WRITE(6.5) FF
FORMAT(1HL,*VTIE*F8.2y* MGD?®)

CALL SLIDE(139XOTyXHT3XLToPLANTVe10s6913,7+1sNCALLS)
IFLIO .GT. C) WRITE(646) FF
FCRMAT(LHO,*'VTE®*sF8.2," MGD')

CUNTINUE

INC(13)=1

CALL PLANTV(X07,CH20)

NCALLS = NCALLS +1

CAPITL = PLCIN * 1.C-6

KOUT = LTAPEZ2

CALL RITEV(IOPT,ICQUT,KOLT)

WRITE(KOUT,15) NCALLS,IND(1)

FORMAT(1IH ,21HNUMBER OF PLANT CALLS 15,110}
CALL ITIME(IENDX,JT)

TCASE =0DFLUAT(IENDX-IBGNX)*,Q1
WRITE(KCUT,10) TCASE

FORMAT(1H ,25HTIME TO CCMPUTE THIS CASE,F7.2,8H SECONDS)
RETURN

ENC

L2 2 2]

E 2 2 2 ]

*3% 8

L 2 2 2
05580
05590
05600
05610
05620
05630
05640
05650
05660
05670
05680
05690
05700
05710
05720
05730
05740
05750
05760
05770
05780
05790
05800
05810
05820
05830
05840
05850
05860
05870
05880
05890
05900
05910
05920
05930
05940
05950
05960
05970
05980
05990
06000
06010
06020
06030
06040
06050
06060
06070
06080
06090
06100
06110
06120
06130
06140
06150
06160
06170
06180
06190
06200
06210
06220
06230
06240
06250
06260
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APPENDIX C

CHANGES MAUE IN SUBROUTINE PLANTM

~N -

OCD+ VNS N -~

OCP+OT NV LEWN -

SUBROUTINE PLANTM(X08,FFFFFF) PR
IMPLICIT REAL®*8(A-H,0-2) PR
PR

DUUBLE PRECISION MODU . PR
DOUBLE PRECISION LEY,LF2 : PR
PR

CGMMON/BLOCHL/ DIE, DIH, DIR, OUE, DOH, PR
COR, ELE, - - ENE, RLRy . RNR, HDEL ¢ PR

HREC APTSR, ENITSR ) , PR
CGMMON/BLOCM2/ P, Qs AH, AK, AN, PR
AR, FF, GE, GH, ) GR, HO e PR

PH,y PE, QX(5), RPy SE, SHe PR

SR, TK, VE, VH, VR, HC PR

AME, ATN, BPX(5), CCF, HIH, HLH¢ PR

HNH, HOH, CMX(5), PHE, P03, RSE, PR

RSH, RSR, TCl, THF, TKX(5), TNC PR

TME, TPE, UEA(5), UME, UMH, - WPL.PR

BKTE, BKTH, BKTR, DTLS(5), ELEX(5), HIEX{S),PR

HOEX (S}, MODU, ROE1, RUE2, APTSE, " BDEPH.PR
CAPIL, HEADE, HEADH, HEADR , POBLD, PODEL PR
POPRD, SUBEX(51, WCOLD, WMODC, - MMODH, BHSHEL o PR

. CSLTBH, CSLTBP, HOTLEN, HRECQV, HREJCT, RECOULN,PR
VAPSPC, WPRTRY, PUREC PR
COMMON/COMNAM/ Ad,y CH, COy cPy CR, PR
Hd, PI, PO, To, 10, TP, PR

TS, WB, WF WUy WP, WR, PR

AXJy HBL, HPR, LEV, . LF2, ICFe PR

ENBH, GPMB, GPMD, GPMH, GPMO, GPMP, PR
GPMR, HDEA, RPMB, RPMD, RPMM, RPMP, PR
RPNR, TSTH, WHOT, YEAR, ACRES, BHVOL, PR
BLDGS, BNDLS, HOLES, HPBLU, HPDEA, HPDEL, PR
HPPRD, HPREC , PLPRD, PLSEA, PODEA, ACNCEM, PR
ACNCFL, ACNCIW,  ACNCPH, ACNCRF , ACNCTR, AEXCAV, PR
ASTLEW, ASTLFL,  ASTLINW, ASTLPH, ASTLRF, ASTLTR, PR
AWEIRS, BHSURF, DINTAK, ENITSE, ENPIPE, ENSUPE, PR
ENSUPR, PIPELN, PLSZMG, REJLEN, STLLEN, STLTMP, PR
TNACDY, TRAINS,  TSAREA, VOULCNC » VOLSTL, WOCEAN PR
COMMON/SHARE/ _IFLIP  ,ISPOT _ PR
. COMMON/BLOC12/ XT PR
CCMMON/BLOCL3/ XO PR
CUMMON/ INDEX/IND(40) PR
CCMMON/OVRLAY/ HOSAVE{15) CISAVE{15) PR
COMMON/ INPQOSS/ IMPOSE, IMPOSR PR
‘ PR
DIMENSICN  CEX(S)y- DTX(5), TCX(S5) ' PR
DIMENSICN XT(300), X0(3G0) PR
DIMENSION X08(40) PR
; ; PR

EGUIVALENCE  [AE,AME),(TE, TME),(UEs UMED, (UH, UMH), PR
1 {TC, TMC) . PR
PR

SMOOTH{YCAL ¢ YMIN,RANGER ) =YMIN+ (YCAL-YMIN) * PR
1 {.SDO+DATAN(RANGER*(YCAL-YMIN))/PI) PR
PR

PR

AK = X08(1) : PR
VH = xC8(2) PR
DCH = XC8(3) PR
LEV = XCB(4) PR
VR = XC8(5) PR
DOR = XC8(6) PR
AN = XC8(T) PR
VE = X081(8) s PR
.DOE = X08(9) PR
RP = X08(10) 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
17040
17050
17060
17070
17080
17090
17100
17110
17120
17130
17140
17150
17160
17170
17180
17190
17200
17210
17220
17230
17240
17250
17260
17270°
17280
17290
17300
17310
17320
17330
17340
17350
17360
17370
17380
17390
17400
17410
17420
17430
17440



Caa%

Coex

90

100

105

Ceeex

Ceex

110

CHk¥x%

Cenx

115

120
Ceens

Crex

Cesexn

34

T8 = TO + XCd(1l1l)
CR = xC8(12)
CALL DXXB(CIE.DIH,DIR,DGC»DOH,DOR)

INITIAL ESTIMATES

IF(IFLIP .GT. 1)GO TU 1C5

CLCSR =1.D-8

CCF = 1.9%CC

CEX(2) = 1.9%C0

VAPSPC = DMAX1(wWP/BNDLS#2.1640-6,2.00)
WPTYMN=DMAX1(WP/ (BNDLS*.54C0%X0(85)),XT(128))
WMOOMN = XC(209)*(WPTYMN +VapPSPC)

HOO = H{CC,»TO)

CSAV = XT(1CB8)/VIS(2.*CG,150.00,.1400)
DG 90 I=1.15

HOSAVE(I) = 2.03*XT(109)

CISAVE(I) = CSAvV

TKES = TB+(THF-TB)/RP

PEES = (THF-TKES)/(1.D3-TKES)

LU 100 I=1yD>

ELEX(I) = 4.0%(FLOAT(I)+1.0)

sPX(1) = 1.C00

CONTINUE
GG TO 110
CUNTINUE
TKES = TK
PEES = PE

CHCOSE ENTRY POINT
LFCCINCCLO)+IND(LL)+IND(L2)+1IND(L13)) .GT. Q) GO TO 110
IFCIND(T) .GT. 0) GO VG 130
IFCIND(4) .GT. 0) GO TO 135
IF(CIND(B)+INDI(9)) GT« 0) GuU TO 14l
IFCINO(Ll) .GT. Q) GO TQO 150
[F(LIND(S)+IND(6)) .GT. 0) GC TG 152
G0 T0 170
CGATINUE

HTBU = HOU+1.D03/RP%{CR-1.D0)/Ck

TBMAX = HINVICPsHTUU)

IF(TB .GT. (TBMAX-1.D0))TB = THMAX-DEXP(TBMAX-1.D0-THB)
HOB = H(CO,T8)

Cs = CR*CO

HBB = HICH,TB)

CALL BPRATITB,CB,BPX(5))

DTXx({5) = DTOP(TB)

TP = TB-8BPX(5)-(.5+.001623%({TB~92.))*%0TX(5)

OVERALL TRAY HEAT AND MATERIAL BALANCE

HVBAR2 = HVBK(THF,TB)

DHV2 = KVBAR2-HBB

DC2 = CcB-CP

CCNTINUE

HFF = HICCF,THF)
P=(HFF-HBB)/0HV2

F = CCFe¢P*DC2-CH

IF(DABS{F) .LE. CLOSR) GO TO 120
CCF = CCF~F/(1.+DHDC(CCF,THF)*CC2/CHV2)
GG 10 115

CONTINUE

BRINE HEATER TUBE SIDE HEAT AND MATERIAL BALANCE

HTHF
TCF

HFF -1.D3%P/RP
HINVICCF ¢+HTHF)

RECYCLE MIX HEAT AND MATERIAL BALANCE

PR 17450
PR 17460
PR 17470
PR 17480
PR 17490
PR 17500
PR 17510
PR 17520
PR 17530
PR 17540
PR 17550
*SE %
2 1 %
PR 17580
PR 17590
PR 17600
PR 17610
PR L1620
PR 17630
PR 17640
PR 17650
PR 17660
PR 17670
PR 17680
PR 17690
PR 17700
PR 17710
PR 17720
PR 17730
PR 17740
PR 17750
PR 17760
PR 17770
PR 17780
PR 17790
PR 17800
PR 17810
PR 17820
PR 17830
PR 17840
PR 17850
PR 17860
PR 17870
PR 17880
PR 17890
PR 17900
PR 17910
PR 17920
PR 17930
PR 17940
PR 17950
PR 17960
PR 17970
PR 17980
PR 17990
PR 18000
PR 18010
PR 18020
PR 18030
PR 18040
PR 18050
PR 18060
PR 18070
PR 18080
PR 18090
PR 18100
PR 18110
PR 18120
PR 18130



CHes

Coress

Cex*

‘126

130

132

135
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=.TB .

= P*(CO-CP)/(CB-CO)

HFTE = HBB + {P+PB)*(HOb-HBB)

TE = HINV(CCF,HFTE)

HTC = HFF-HTHF-PB*HBB+(P+PB)*HOB
Q = (HTQ-P#HI(CP,TP))/(HCB-HOO)
DENCO = DEN{CO,TC)

RECOVERY SECTION HEAT AND MATERIAL BALANCE
COMPUTATION OF RECOVERY HEAT TRANSFER PARAMETERS

QTC =HFTE+KFF-HTHF

DENFE = DEN(CCF,TCF)

HVBARL = HVBE(TKES)

CONTINUE

CEX(3)=ICCF -PEES®CP)/(1.-PEELS)

CALL BPRATITKESCEX(3)+8PX(3))

DTXx(3) = DYDP{TKES)

TPE = TKES-BPX{3)-{.5+.001623%(TKES-92.))*DTX(3)
CE = CEX(3)

HCETK = H(CE,TKES)

AlLl1=HVBAR1-H(CP,TPE)

Al2=-.8*PLES

CCEK = DHOCI(CE+TKES)*(CCF-CP)/(1.+-PEES)

A21 = HVBARL-HCETK+CCEK

A22=]1.+A12

DL1=HFF-QTO-PEES*All

DL2 = HFF-PEES*HVBARLI-(1l.-PEES)*HCETK

TKX{3) = TKES+(OL2*A11-UL1%A21)/(A11%A22-A12%A21)
TK = TKX(3)

HVHBARL = HVBE(TK)

PE = PEES +(HFF-PEES*HVUBARLI-(1.-PEES)*H{CE,TK)) /A2l
IFLDABS((TKX(3)-TKES)/TKX(3)) .LE. CLOSR) GO TO 130

"PEES = Pt

TKES = TKx(3)

GO TO 126

CONTINUE

DTK=TK~100.

ROEl = (THF-TK)/AN

RGC1 =(TCF-TE)/AN

CEX(1) = (CCF-PE*CP/AN)/(1.-PE/AN)
TKX(1) =THF-ROE1

TKX(2) = 5%(THF-ROEL+TK)

TCX{(1) = TCF-ROCL

TCX(2) = TE+(TKX(2)-TK})*(TCF-TE)/(THF-TK)
TCX(3) = TE

HVBRK2 = HVBE(TKX(2))

CONTINUE

HEKZ2 = HICEX(2)TKX(2))

PK2 = (HFF-HEK2)/(HVBRKZ-HEKZ2)

F = CEX(2)%({1.-PK2)+CP*PK2~-C(CF

IF(DABS(F) .LE. CLOSR) GO TO 135

FP = (1.-PK2)%(1.+(CEX(2)-CP)/(HVBRK2-HEK2)*DHDCICEX(2),TKX{2)))
CEX(2) = CEX(2)-F/FP

GO T0 132

CONTINUE

WMODCA =(WP/MODU*(1l.~PE+PE/AN)/(P*X0(85))+VAPSPC*(LEV-1.))/LEV
WMODC = SMOOTH(WMOODCA,WMODMN,12.7500)

WPRTCA = WMODC/X0(209) -VAPSPC

WPRTRY = SMOOTHIWPRTCAWPTYMN,25.D0)

WMODMI = XO(209)*({WPRTRY + .785T#VAPSPC)

WMODCA =(WP/(P*MODU*XO(84))+.T785T7T*VAPSPC*(LEV-1.))/LEV

WMODH = SMGCOTH(WMODCA ,WMODMI,12.7500)

RXH =P*MODU*(LEV*(WMODH-.7857%VAPSPC)+.7857+VAPSPC)
RXC =P#MODUS{LEV*(WMODC-VAPSPC)+VAPSPC)

Qxt1)= WP/RXH

Qx(2)= WP*(1l.-PK2+PE/AN)/RXC

UX(3)= WP*{1.-PE+PE/AN)/RXC

QX(4)= WP*(1.-PE)/RXC

PR 18140
PR 18150
PR 18160
PR 18170
PR 18180
PR 18190
PR 18200
PR 18210
PR 18220
PR 18230
PR 18240
PR 18250
PR 18260
PR 18270
PR 18280
PR 18290
PR 18300
PR 18310
PR 18320
PR 18330
PR 18340
PR 18350
PR 18360
PR 18370
PR 18380
PR 18390
PR 18400
PR 18410
PR 18420
PR 18430
PR 18440
PR 18450
PR 18460
PR 18470
PR 18480
PR 18490
PR 18500
PR 18510
*0% %
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 18640
PR 18650
PR 18660
PR 18670
PR 18680
PR 18690
PR 18700
PR 18710
L 2 2 2 J
PR 18730
&% ¥
PR 18750
PR 18760
PR 18770
PR 18780
PR 18790
PR 18800
PR 18810
PR 18820



140
141

142

143

144
145
Crenx

Cexx
150

152
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DO 140 I=1,2

CALL BPRAT(TKX{I) CEX(I),8PX{I))

DIX(I) = DTCPLYKX(I))

CONTINUE .

CONTINUE

GE = VE*DENFL

CONSLE = (DIE/12.)%%2/4.%VE*3600.*DENFE/IDUE/12.)

IMPOSE = 0

D0 145 [=1,3

DHREC = HUCCF,TCX(I)+ROCLI-HICCF,TCXLI))

TLX = TCK({I)+.5%ROC1

CALL UBAR(C.DO¢TLXyCCFoCP4GEoDIEyDOEySEsRSEJOMX{[)} BKTE,UEXL)
HIEX(I)HOEX(1))

CALL SUB(ROELyTKX(I},QX(I),ELEX(I)oBOEPH,SUBEX(I))

SMAX = TKX(1) - DTX(1) - 8PX{I1}) -1.0 - TCX(I) -~ ROC1

SUBEX(I) = CMINL(SUBEX(1), SMAX)

ISPCT = 1
LAPS = C
CONTINUE

SUBEES = SUREX({T)

DTLS(I) = OTX([)+8PX{I)+SUBEX(])

TPEX = TKX(I) - DTLS(I)

TTD = TPEX-(TCX(I)+RQC1)

IF(TTD «LT. .062500) TTC = .062500%DEXP(TTD/.062500~-1.D0)
OMX(1) = ROCL/DLOG(1.+RGCL/TITD)

IF(LAPS .NE. O) GO TO 143

CALL UBARL(TPEX,OMX{I)} UEX(I)HIEX{L) HOEX(1)]}
CONTINUE

AEX = DHREC/(UEX(I)*OmMXx([))

ELEX(1) = AEX*CONSLE

IFLTTD «LT. .062500) GO TO 144

CALL SUBM(ELEX([),SUBEXI(I))

CRIT = DABS(1.DO0-SUBEES/SUBEX({I))

IF((LAPS .EQ. 0) .AND. (CRIT ,LE., CLOSR)) GO TO 145
LAPS = LAPS+1

IFC(LAPS .GT. 2) .O0R. (CRIT .LE. CLUSR)) LAPS =0
GO TO 142

IMpPOsSE = 1

CONTINUE

REJECT SECTION HEAT AND MATERJAL BALANCE
CCMPUTATION OF REJECT HEAT TRANSFER PARAMETERS

CONTINUE

QX(5)= WP*(l.-P +(P-PE)/AK)/RXC

ROEZ2 =(TK-TB)/AK

ROC2 =(TC-TC)/AK

CEX(4)=((1.~-PE)*CE -(P-PE)*CP/AK)/(1.-PE-(P-PE)/AK)
CEx(5)= C8

TKX(4)= TK-ROEZ

TKX(5)= TH
TCxl4)= TC -ROC2
fiCx(s5)= 10

CALL GPRAT(TKX(4)+CEX{4),BPX(4))

DTX(4) = DTOP(TKX(4))

CONTINUE

GR = VR#*DENCO

CONSLR = (DIR/12.)%%2/4 . %VR*3600.*%DENCO/(DOR/12.)

IMPCSR = 0 -

NN 160 TI= 4,5

DHREJ = HICOsTCX(I)+ROC2)-H(CCH»TCX(I))

TLX = TCX({I)+.5%R0OC2

CALL UBAR(Q.DOs TLX9yCOsCPyGRyDIRyDORySRyRSRyOMX( 1) +BKTRLUEX(I),
HIEX{I)4sHOEX(I))

CALL SUB(ROE2,TKX(I)oQX(I),ELEX(I) 8DEPH,SUBEXLI))

SMAX = TKX{1) - D¥X(I) - 8PXU{I} -1.0 - TCX(I) - ROC2

SUBEX(I) = DMINL(SUBEX(I)s SMAX)

IsPOTY = 1

LAPS = 0

18830
18840
18850
18860 -
18870
18880
18890
18900
18910
18920
18930
18940
18950
18960
18963
18967
18970
18980
18990
19000
19010
19020
19030
19040

19050
19060
19070
19080
19090
19100
19110
19120
19130
19140
19150
19160
19170
19180
19190
19200
19210
19220
19230
19240
19250
19260
19270
19280
19290
19300
19310
19320
19330
19340
19350
19360
19370

-19380

19390
19400
19410
19420
19430
19440
19450
19453
19456
19460
19470



158

159

1591
160
Coese

Chae
170

Crese

Ceax

Cxs®x
Ckx%x

Ceue
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CONTINUE

SUBEES = SUBEX(I)

OTLS{I) = CYXC(E)+BPX{I)+SUBEX(I)

TPEX = TKX(I) -DTLS(I)

TT0 = TPEX-(TCX(I)+ROC2) ’ )
IF(TTD oLT. .062500) TTD = .0625D0%VEXP{TTD/.062500-1.D0)
OMX{I) = ROC2/DLOG(1.+RCC2/TTD)

IF(LAPS .NE. O) GO TO 159 .

CALL UBARL(UTPEXCMX{I)UEX(T)yHIEX(1)4HOEX(I))
CONTINUE

ARX = DHREJ/Z(UEX(L)*OMX(1))

ELex(l) = ARX#CCNSLR

IF(TTD .LT. .G62500) GO TO 1591

CALL SUBMUELEX(1),SUBEX(I))

CRIT = DABS(1.DO0-SUBEES/SUbBEX(1))

IF((LAPS .EQ. O) .AND. (CRIT .LE. CLUSR)) GO TO 160
LAPS = LAPS+]

IF({LAPS .GT. 2) .0R. {CRIT .LE. CLOSR)}) LAPS =0
GO TO 158

IMPCSR = 1

CGNTINUE

BRINE HEATER HEAT AND MATERIAL BALAWNCE
COMPUTATIUN OF BRINE HEATER HEAT TRANSFER PARAMETERS

CONTINUE

GH = VH*DEN(CCF,THF)

PHE =(THF-TCF)/DLOGU(TS-TCF)/{TS-THF))

TLH = +S5¢«{THF+TCF)

ISPCT = 6 .

CALL UBAR{TSyTLHyCCFy0.00yGHyDIHsDOHySHyRSHoPHE ¢BKTH,UHoHIH,HOH)

SIZE PLANT

CaLL SIzey

COST PLANT

CALL COSTM
FFFFFF = TC1
IFLIP = [FLIP+1
RETURN

END

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

19480
19490
19500
19510
19520
19530
19540
19550
19560
19570
19580
19590
19600
19610
19620
19630
19640
'19650
19660
19670
19680
19690
19700
19710
19720
19730
19740
19750
19760
19770
19780
19790
19800
19810
19820
19830
19840
19850
19860
19870
19880
19890
19900
19910



| THIS PAGE
WAS INTENTIONALLY
 LEFT BLANK



39

APPENDIX D

.CHANGES MADE IN SUBROUTINE PLANTYV

SUBROUTINE PLANTVIXO07,GGG)

IMPLICIT REAL®*

DOLBLE PRECISI
DOUBLE PRECISI
1 NTPH, 10CO
DCUBLE PRECISI
1 NPH, NV
DCLBLE PRECISI
DCUBLE PRECISI

CCOMMON/BLOCVL/
GPMY,
NCON,
RPMY,
APTSCN,
COMMON/BLOCV2/
TE(30),
ABH,
ELL,
KPH,
NVE(30),
UBH,
HIBH,
LVEP,
UCON,
CONLF,
POPRQO,
ELBNOL(30),
LMTDBH,
SUMWPH,
NE o
COMMON/BLOCV3/
PMK

S W N -

MOOTD + OTNCWNDWN -

DEAD,
S8CK,
OPERK s
ANCCMP,
CNOSRY,
INSTRY,
PLCAPD,
RETUBY,
TOTCPK,
VETUBOD,
COMMON/COMNAM/
KB o
1S,
AXJ,
ENBH,
GPMR
RPMR,
BLDGS,
HPPRD
ACNCFL,
ASTLEMW,
AMEIRS,
ENSUPR,
TNACOY,
CCMMON/SHARE/
CUMMON/BLOC12/
CCMMON/BLOCL D/
COMMON/ INDEX/

PP OOV SWN -~

OP> + DO NOWVMS WA

CCMMON/IMPOVE/

8(A-H,0-1)
ON M, LAM, LAMDAE, IDVE, MNAVG
ON LPH, LVE, 1DBH, IDPH, LCON,
N
ON KBH, KPH, KVE, LEH, MGD,
Ey KCON, LMTD, LVEP, LMTDBH, LMTDCN
ON INT, INSTRDys INSTRKs INSTRY, MAINTK,
ON LEV,LF2
ANE , HVE, LPH, LVE,
HPVE, HSEA, IDBH, IDPH,
NTPH, ODBH, ODPH, COVE,
HFEED, IDCON, ODCON, SUMNWNT,
APTSEP, OVRHGT TOTNVE, VEPNPS
A(30), Sy AE(30), QE,
TR, UE(30), UH{3), WM,
APH, BPE(30), CIE(30), COE(30),
GBH, GPH, GPM, HOO,
KVE» LiH, MGD, NBH,
QPH, ROH, RPH, RVE,
V8H, VPH, WPEX(30), BHLF,
HIPH(3), HOBH HOPH(3), KCON,
PHLF, QMSF(3), RCON, SUBF(3),
VCON, VLEN, VTLF, WODTH(30),
HICON, HOCON, HOTE1l, PHHGT »
POSEA, SURFF, VEHGT, WALVE,
HCOTCF, HCGTOA, HEADBH, HEADCN,
LMTOCN, PLNTLF, PODEAS, POFEED,
TOTAVE, QESP,VEFEED(30), WBO0OST,
NTRN, 1FEED, IRECYC
BHD, BHK o BHY, INT,
PMY, VPO, VPK, VP Y,
DEAK, DEAY, ELEC, HEAT,
S8CY, CHENMK CHEMY, HEATK,
OPERY, PLDIN, WAITD, WALITK,
CMCAPD, CMCAPK, CMCAPY, CNDSRD,
ELECTO, ELECTK, ELECTY, INSTRD,
MAINTK, MAINTY, PHTUBD, PHTUBK,
PLCAPK, PLCAPY, POMERK POWERY,
SHELLD, SHELLK, SHELLY, TOTALK,
T0T0PY, TREPHH, TREPCN, TREPPH,
VETUBK, VETUBY, C6PO
Ad,y C8, CO, ce,
Pl, PO,y T8, 10,y
W8, WF w0, uP,
HBL, HPR, LEV, LF2,
GPMB, GPMD,y GPMH, GPMO,
HDEA, RPMB RPMD, RPMM,
TSTH, WHOT YEAR, ACRES,
BNDL S, HOLES, HPBLD, HPDEA,
HPREC, PLPRD, PLSEA, PODEA,
ACNCIM, ACNCPH, ACNCRF, ACNCTR,
ASTLFL, ASTLIMN, ASTLPH, ASTLRF,
BHSURF, DINTAK, ENITSE, ENPIPE,
PIPELN, PLSZIMG, REJLEN, STLLEN,
TRAINS, TSAREA, VOLCNC vOLSTL,
IFLIP » [SPUT
X7
X0
IND(40)
COMMON/NVRI AY/ HNSAVFLE15),C1SAVEL]S)
IVERT
FOFACy QEFAC, TRFAC

CCMMON/BLKFAC/

NCON,
NBH,

MAINTY

ACON,.PR
LCON, PR
POVE,PR

VETSA,PR
PR

TCI3C) 4PR
WT(30),PR
DPE(30),PR
KB8H o PR
NPH, PR
T00,PR
GCON, PR
LMTD(3),PR
TCON4 PR
ALFAE(3C),PR
POBLO, PR
EFFSPC.PR
HEADPH, PR
SUMWPE, PR
WOCOLD,PR
PR

PMD, PR
ACHR 4 PR
SBCO,PR
HEATY,PR
WAITY,PR
CNDSRK PR
INSTRK PR
PHTUBY, PR
RETUBK PR
TATALY,,PR
TREPVE,PR

CRy
TP,
WR,
TCF,
GPHP,
RPMP,
BHVYOL»
HPOEL,
ACNCEW,
AEXCAVY,
ASTLTR,
ENSUPE,
STLTMP,
WOCEAN

06270
06280
06290
06300
06310
06320
06330
06340
06350
06360
06370
06380
06390
06400
06410
06420
06430
06440
06450
06460
06470
06480
06490
06500
06510
06520
06530
06540
06550
06560
06570
06580
06590
06600
06610
06620
06630
06640
06650
06660
06670
06680
06690
06700
06710
06720
06730
06740
06750
06760
06770
06780
06790
06800
06810
06820
06830
06840
06850
06860
06870
06880
06890
06900
*6EX



85

90

95

100

Cox*x

Coess
105

40

DIMENSICN M(30), CAE(30), GAM(3), REFM{301),
1 THTX(4), WPPHX(30), WPROD(3), WTRAX(30),
2 ABNDLV{30), LAMDAE(30), CBRINE(3), RHOSTG(3),
3 TPRGDX(3), BPEPH(3) B8PIE(30)

DIMENSION X07(4C)
DIMENSICN XC(300),XxT(300)

ABCISA(X34X29X19Y3,Y2,¥1)= X34((V1#Y3-Y22VY3)*(X3-X1)*(X2-X3))/

1 (YL13Y2#(X1-X2)eY1$YI*(X3-X1)e+Y2*YI*(X2-X3))
IERR=0

DELTCF=10.

VBH = X07(1)

ocBH = X07(2)

VCON = X07(3)

ODOCCN= X07(4)
TRFAC= X07(5)

VPH = X0T7(17)

ODPH = X0T7(8)

FOFAC = X07(9)

ODVE = X07(10)

LVE=X07(11)

QEFAC = Xx07(12)

ANE = X07(13)

NPH=XO0T7 (6 ) *ANE

CALL DXX8(IDPH,IDBH,IDCCN,ODPH,008H,00CON)
IF(IFLIP .GT. 1) GO TO 100

TC(1) =TS
CIE(1) =CO
UPEB = 1.0C0
DO 85 I=1,43

BPEPH(I) = 1.00

CSAV = XT(1C8)/VIS(CO4150.D0,.14D0)

D0 90 I=1,15

HOSAVE(I) = 2.D03%XT(109)

CISAVE(I) = CSAV

ELREF = 3.+47.*DSQRT{(MGO/TRAINS)/62.5)
EFFSPC = 3.4, 75%ELKEF

DO 95 1=1,30

8PE(I) = 1.C0DO

BPIE(I) = 1.00

A(l) = 1.00

HOQ = H(CO,T0)

CLOSR = 1l.C-8

MAVG = x0(g8)

TEES = 100.00 .

UE(]1) = UVE(TS,KVEWALVE,RVE,SLOPE)

UV2 = UVEL.5¢(TS4+TEES)y KVE, WALVE, RVE, SLOPE)
UENE = UVE(TEESy KVE, WALVE, RVE, SLOPE)
UEBAX = (UE(1)+4.0%UV2+UENEN/6.0

GO TO 105

IFUIND(13) .GT. O) GO 7O 105
IF(IND(12).6T.0.)G0 TO 105
IF(CIND(10)+IND(11)).GT.0) GO TO 130
IFCIND(S) .GT. 0) GO TO 135
IF({IND(6)+IND(T)+IND(B)) .GT. O) GU TO 180
IFL{IND(3)+IND(4)+IND(5)) .GT. 0) GO TO 205
60 T0 210

VERTICAL TUBE SECTION

NE = ANE +.5

QNOM = (TS - (TG+10.0) - ANE*2.5)%UEBAX/ANE
IVERT = O
MINE) = X0(89)
DO 110 I=1.NE
Al = 1

PR 06910
PR 06920
PR 06930
PR 06940
PR 06950
PR 06960
PR 06970
PR 06980
PR 06990
PR 07000
PR 07010
*5% 8
*2&
PR 07020
PR 07030
PR 07040
PR 07050
PR 07060
*8%8
PR 07080
PR 07090
PR 07100
PR 07110
7120
PR 07130
PR 07140
s
PR 07150
PR 07160
PR 07170
PR 07180
PR 07190
PR 07200
PR 07210
PR 07220
PR 07230
PR 07240
PR 072%0
PR 07260
PR 07270
PR 07280
PR 07290
PR 07300
PR 07310
PR 07320
PR 07330
PR 07340
PR 07350
PR 07352
PR 07354
PR 07356
PR 07358
PR 07360
PR 07370

- PR 07380

b2 2 2 4
PR 07400
PR 07410
PR 07420
PR 07430
PR 07440
PR 07450
PR 07460
PR 07470
PR 07480
PR 07490
PR 07500
PR 07510
PR 07520

REFM(I) = lo+(AI-14)/(ANE-1o)%(.9072#(ANE-ALI)~.061%(2%ANE-38%A1+2.)PR 07530
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1
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)/ (ANE-2.)

MO1) = 1.4{AI-1.)/(ANE=-1.)%(6.%(MAVG-1)* (ANE~-AT)-(MINE)~-1.)

*{2.%ANE-3.%A1+42.))/(ANE-2.)

110 CONTINUE
115 QESP = QONOM#(.6+.4%QEFAC)
120 TE(1) = TS-A(1)

125

126

UE(1) = UVE(TE(1)+KVEsWALVE,RVE,SLOPE)
F = QESP/UE(1)-A(l)

IF(DABS(F) .LE. CLOSR) GO TO 125

A(l) = DABS(A(Ll) + F/(l.+ QESP*SLOPE})
GO 70 120

LAMDAEL]L) = LAMITE(L),PZVE,CO.BPIELL})
QESPX = QESP*ANE/MAVG
TEX=TS-2.5%(ANE-1.)

KNTR = C

UV2 = UVE(.S*{TEES+TE(1))KVE/WALVE,RVE,SLOP2)

"UE(NE) = UVE(TEESsKVE WALVERVE,SLOPE)

1

UEBAR = (UE(1)+4.%UV2+UE(NE) ) /0.
F = TEES+QESPX/UEBAR-TEX
IF(DABSIF) .LE. CLOSR) GO TO 127
KNTR = KNTR+1

IFIKNTR .GE. 20) GO TO 127

FP = 1.+QESPX%(2.*SLOP2%UV2*UV2+SLOPESUE(NE)*UE(NE))

/{6 . #UEBAR*UEBAR)
TEES = DABS(TEES - F/FP)
GO T0 126

127 CMuX=XT{115)

1

WFNCM=1.0-3%CMX*QESPH(ANE-1.)%(1.-5.0-4*(TE(L)-TEES))

/(CMX®(1le-1.C-3%(TE(L)-TEES))-CO)}

130 IDVE = CDVE -2.%WALVE

135

136

137

145

150
1501

151
Cenes

c

GPM = XC(75) *10VE/2.902 *DSQRT{LVE/10.)
TERMN = 1./(PI*CDVE/12.*%LVE*SURFF)
TERMW = GPM %60./7.48

WFX = WFNOM#*(l.+.4%FDFAC)

IF(IVERT .GT. 0) GO 7O 105
CONTINUE

IRECYC = 0

CONTINUE

WTRAX{1) = WFX

SUMWPE = (0.00

SUMWPH = 0.CO

DO 165 I=1,NE

WPEX(I) QESP/LAMDAE(1)

WPEX(I) = DMINL(WPEX(I), WIRAX(I)*(.22-CIE(1))/(.22-CP))

SUMWPE = SUMWPE +WPEX(I)

VEFEEO(I) = M{I)*TERMW*TERMN*DENICIE(I) TELI))
CAE(I) = (VEFEED(I)®CIE(I) —.S*WPEX(1)*CP)/(VEFEED(I)-.5%WPEX(I))
coetl) = (HIRAX(I)‘C[E(l)—HPEx(l)‘CP)/(HlRAX(I)-HPEX(l))

CALL BPRAT{TE(I),CAE(]1),BPE(I))

IF(]I .GE. NE) GO TO 165

Al = J+1

TCUI+1) = (TE(I)-BPE(1)-2.5667)/.991333

DPE(I) = 1.47779800+TC(1+1)#(.003778D00-3.55560~-5*%TC(i+]1))

ALFAE(L) = DPE(I)+BPELI)
F = TCU(I+1)+ALFAE(]1)-TE(I])
IFI(DABS(F) .LE. CLUSR) GO TO 150

TC(I+l) = TC(I+1)-F/(1.00377800-7.11120-5%TC(1+1))

GG TO 145

QESPM = QESP/M{I+1)

TE(I+1) = TC(I+1)-A(1+]1)

UE(I+1l) = UVE(TE({I+1),KVE,WALVE,RVE,SLOPE)
F = QESPM/UE(L+1)-A(I+]1)

‘EF(DABS(F) .LE. CLOSR) GO 7O 151

A(I+1) = DABS(A(I+1) + F/(1.+QESPM*SLOPE))
GO T0 1501
TEX = TE(I+1)-(ANE- AL)*(TE(I)-TE(L+1))

IS PLANT PHYSICALLY REASONAUVLE WITh GIVEN M-VALUES?

PR 07540

PR 07550
PR 07560
PR 07570
PR 07580
PR 07590
PR 07600
PR 07610
PR 07620
PR 07630
PR 07640
PR 07650
PR 07660
PR 07670
PR 07675
PR 07680
PR 07690
PR 07700
PR 07710
PR 07720
PR 07723
PR 07726
PR 07730
PR 07740
PR 07750
PR 07760

(i 2 24

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 08170
PR 08180
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152

155

160

Crexx

Cress

161

162

165
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IF(TEX GE. (TO+20.)) GC TC 152

IVERT =1

TEZ = (TO¢2C.+(ANE-AT)*TE(I))/(ANE-AI+1.)
TE(I4L1) = CMINL(TC(I+1)-1lasTtl)

AlI+1) = TCUI+1)-TE(I+]1)

UE(I+1) = UVE(TE(I+1) KVEsWALVEJRVE,SLOPE)
M(1+1) CESP/IUE(f+l)*a(l+]1))

WTIRAXO WIRAX{L)-wPEX(1)
CMAX=.1375-.000375*TE(I) ;

WPHEMAX = WIRAXO#*(CMAX-CCE(L))/(CMHAX-CP)
CIE(I+1) = WTRAXC*COE(I)/ (WTRAXC=-.15%WPEX(]))

HELT = H{CCE(LI),TE(L))
HVPE = HEVBR(TE(I),TE(I+1))
All (HVPH*COE(T)-HEIT#CP)/ (HVPH-KEIIL)

AZ2 = (COE(I)-CP)/(HVPH-HEILI)

HEES = F(CIE(L+1),TE(L#1))

F = CIE(I+1)-AZ1+4AZ2%HELS

IF(DABS(F) .LE. CLOSR) GO TO 160

CIE(LI+4]1) = CIECI+L)-F/(1.4AZ2%DHDCICIE(I+1),TE(I+1)))
CIE(I+]) = DABS(CIE(I+*1))

ol ¥Q 155

WPPEX(T) = WTRAXO*(HEI1-HEES)/(HVPH-HEES)

WTIRAX(I+1) = WIRAXO-WPPHX(I)

SUMWPH = SUMWPH+WPPHXIIT)

£S CONC LOW ENOUGH TO PREVENT CA2S504 SCALING W/0 PRODUCT LOSS?

IF(CIE(I+1) JLE. CMAX) GO TO 162

IRECYC = I[RECYC+1

SUMKPH = SUMWPH-WPPHX{T)+WPHMAX

WPPHX(1) = WPHMAX

CIE(I+1) = CMAX

WTRAX{I+1) = WTRAXO-WPHMAX

CONTINUE

LAMDAE(I+1) = LAM(TE(I+1)+P2ZVE,CIE(L+Ll),dPIE(I+]1))
CONTINUE :

c MODIFY FDFAC TO GET DESIRtD CONCENTRATION RATIO

1820

166

IF(DABS(XT(151)-COE(NE)).LT.0.001000) GO TO 166

FOFAC=FCFAC~-(XT(151)-COE(NE) I*CC* (L. +FOFAC)/ (. 4*XT(151)#(XTLL51)-C
int)

FORMAT(® rDFAC=*yF10.49" COE(NE )=",F10.3)
6G To 135

CUNTINUE

WPX = SUMNPE +SUMWPH

WPXX= WPX-WPEX(NE)

ALFAEINE) = BPEINE)+DTODP(TE(NE))

TCCN = TE(NE)-ALFAE(NE)

C MODIFY QEFAC TO GET DESIRED TCCN

1720

170

Cree

C
Cornsn

175

[F(DABS(TCCN-XT({152)).LE.0.0500) GO TO 170
QEFAC=QEFAC+(TCCN-XT{152))*(1.5+QEFAC)/(TS~TCON)

FORMAT(Y QEFAC=',F10.4," TCON=',F10.2)

GO T0 115

CCONT INUE

CALL BPRAT(TE(NE),COE(NE) 8BPED)

TPPH = TE(NE)-BPEB ~(.5+.001623%(TEINE)=-92.))*DTDP(TE(NE))

PR 08190
PR 08200
PR 08210
PR 08220
PR 08230
PR 08240
PR 08250
PR 08260
PR 08270
E X 3 k]
PR 08300
PR 08310
PR 08320
PR 08330
PR 08340
PR 08350
PR 08360
PR 08370
PR 08380
PR 08390
PR 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
&
S8
2%%S
E 2 1 1]
[ 22 £
sk
(222
PR 08560
PR 08570
PR 08580
PR 08590
s
*ee %
suse
2%
ke
s
PR UBbLOU
PR 08610
PR 08620

FIT VE EFFECTS INTO TRAPEZOIOAL SHELL AND FIND LENGTH OF VE PLANTPR 08630

AE(1) = WP/WPX

WF = WFX #AE(1l)

DU 175 I=1,NEt

ac(l) =AE(1)=M(])

NVELL)= AE(I)*TERMN

RHOREF = 14.634 *{1.-DEXP(=-(TC(I)~-59.6)/69.17))
ABNCLV(I) = (NVE(I)/TRAINS *(0ODVE/3.)*(0UVE/3.))/RHGREF
CONTINUE :

ELBNDL (1) = ELREF

ELBNDLINE) = ELREF*M(NE)}/REFMINE)

WOTH(1) = ABNOLVI1)/ELBADL(1)

PR 08640
PR 08650
PR OR660
PR 08670
PR 08680
PR 08690
PR 08700
PR 08710
PR 08720
PR 08730
PR 08740
PR 08750



176

177

178

179
CHesx

c
CHaxx

180

185

190

195
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WOTH(NE)}= ABNDLV(NE)/ELBNDL(NE)

NEMZ = NE-2

VALEN = (ANE-1.)%(ELREF+EFFSPC)

VLEN = WDTH(1)+EFFSPC

TNTHET = (WDTH(NE)-WOTH(1))/VXLEN

DC 177 [=1,NEM2

WDTH{I+1) = WDTH(I)+(ELBNDL{1)+EFFSPC)®TNTHET
ELBNDL{I+1) = ABNDLVII+1)/WOTH(I+1)

VLEN = VLEN+ELBNDL(I+1)4EFFSPC

IF(DABS{ {VLEN-VXLEN)/VXLEN) .Lt. CLUSR) GO TU 178
VXLEN = VLEN :

60 T0 176

VLEN = VLEN+EFFSPC+ELONDL (NE)

LPE = VLEN

HOTEL = HICCoTE(L))

HTOUT = (1.-WPXX/WFX)*H(CIE(NE)} TE(NE)) +WPXX/WFX*H(CP4TPPH)
UTRSP = HOTEL - HTOUT

NDEL = NE/2=-2

SUMRHO = (TE(L)-TE(NE))

TCFSAV=TE(1)-DELTCF

DC 179 J=1,3

NJ = 2+(J-1)*NDEL

CALL BPRAT(TE(NJ) yCIE(NJ) yBPEPHIJ))

UTPHX = DTDPITE(NJ)) :

TPRODX(J) = TE(NJ)-BPEPH(J)I-(.5¢.001623*(TE(NJ)=92,)) *DIPHX
THTX{J) = TE(NJ)~BPEPH{J)-DTPHX

WPROD(J) = l.-WTRAX(NJ) /WFX

QBRINE(J) = HOTELl-WTRAX(NJ)/WFXSH{CIE(NJ) TEINJ))
1 - WPROD(J)I*H(CP, TPRODX(J))

CONTINUE

PREHEATER

00 185 J=1,3

RHCSTG(J) = (TE(1)-TE(NE))I/NPH

QMSF(J) = (WF/TRAINS)/(WDTHINJ)-(WOTH{NE)-WDTH{1))/NPH)
TCF=DMINL(TCFSAV,TE(L)-CELTCF)

ELL = LPH/NPH

GXX = (ELL®CDPH/12.)/(3600.*(10PH/12.)%%2/4.)

CALL UBAR(-10.0C0,TLsCOyCPsGPHy IDPHs(UDPHsSoRPHsLMTDIT) 4KPH,UH(T),
1 HIPH{ ) ,HOPH(I)) :

NITS = C

GPH = VPH®CEN(CO,TCF)

ABYWF = GXX/GPH

TCES =TCF

HCOTCF = H(CO,TCF)

HCCTGO = HCCTCF-QTRSP

TOO = HINVICO,HCCTOQ)

00 195 I=1,3 °

RHOSTG(I) = RHGSTG(I)*({TCF-TOU)/SUNMRHD

ROTRAY = (JE(L1)-TEINE) }BRHOSTGLI)/ZLTCF-T0O)

NJ = 2+(1-1)&NDEL

CALL SUB(RCTRAY,TE(NJ) »QMSF([)4ELL,XO(18)SUBFLI))
HCTLBE HCCTCF-QBRINE(I)

TCTUBE HINVICO«HCTUBE)

TSRFCE THTIX(I)~SUBF(I)

THTUBE TCTUBE +RHOSTG(I)

TL = +5%*(JCTUBE +THTUBE)

TTO = TSRFCE -THTUBE

{F(TTD .LT. 1.00) TTD = DEXP(TTID-1.)

LMTO(I) = RHOSTG(I)/DLOG(1.+RHOSTG(L)/TTD)

[SPCT = [+6

CALL UBARCG(TSRFCEsTLsGPHyLMTD(IL) UH(L) yHIPHII) HOPHI(IL))
SPHT = (H(CCyTHTUBE)}-HCTUBE)/RHOSTG(1)

GAM(I) = 1.-DEXP(-ABYWF¥UH{I)/SPHT)

RHOSTG(E) = (TSRFCE-TCTUBE)*GAM(I])

CONTINUE

NITS = NITS+l

FF(NITS .GT. 3) NITS=3

SUMRHO = NPH*(RHCSTG{1)+4.*RHOSTG(2)+RHOSTG(3))/6.
Xl = x2

W nun

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
*58 %
PR 08960
PR 08970
PR 08980
PR 08990
PR 09000
PR 09010
PR 09020
PR 09025
PR 09030
PR 09040
PR 09050
PR 09060
PR 09070
PR 09080
PR 09090
PR 09100
*Eee
PR 09120
PR 09130
PR 09140
PR 09150
PR 09160
PR 09170
PR 09180
PR 09190
PR 09200
PR 09210
PR 09220
PR 09230
PR 09240
PR 09250
PR 09260
PR 09270
PR 09280
PR 09310
PR 09320
PR 09330
PR 09340
PR 09350
PR 09360
PR 09370
PR 09380
PR 09390
PR 09400
PR 09410
PR 09420
PR 09430
PR 09440
PR 09450
PR 09460
PR 09470
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197

198
199
1991

200
CHxxx

Ceesx

201

2200
202
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X2
X3
vl

X3

TCF

Y2

Y2 Y3

Y3 SUPRHC-(TCF-TGCO)

GO TO (196,4197,198),4NITS

GRADES = —-NPH*(GAM(1)+4.*%GAM(2)+GAM(3))/6.
DTC+ = -Y3/GRACES

GG 10 199

CTCF = -Y3¢(Xx3-X2)/1Y3-Y2)

IF(Y2%Y3 .LT¥. 0.D0) GO TO 1991

GC TO 199

DVCF ABCISA(X3¢X29X1yY39Y2,Y1)-X3

DICF CTCF/DABS(DTCF)#CMINL(DABS(CTCF)¢5.D09.5%(TE(L)-TCES))
TCF = TCES+CICF

IF(DABS((TCF-TCES)/TCES) .LE. CLOSR) GO 1O 200
GC TU 190

IFEED = O

TCFSAV = TCF

"wou

IS REQUIRED FEED TEMPERATURE TCO LCONW?

IF(TCO .GT. TO) GO 7O 2C2

IVERT = IVERT+]

DU 201 I=24Nc

Al =1

ML) = REFMUI)+.1*(Al-1.)/(ANE-1.)*UFLOAT (1VERT)
IERR=TERR+]

IF(IcRR.LE.20) GO TC 130

PRINT 220C

FORMAT(*OUNSATISFACTCORY SOLUTICN - IC <= T00*)
CONTINUE

Crexs

Cr*¥kx

CHoex

Cesss
205

Conss
Cc
Cernxs

1
*

IS AVAILABLE FEED TEMPERATURE HIGH ENUUuH?

IF({WFX*(HCCTOO-HOO)) .LE. Q&ESP) GO TO 205
IFEED = 1

HCCTCOO = HOG +QESP/WFX

TOO = HINVICO,HCOTOQ)

HCCTCF = HCCTCG +QTRSP

TCF = HINV(CO,HCOTCF)

CGNDENSER

TR=TCON-XT (153}

GCCN =VCON $DEN(CO, TR}

TL = 5% (TC+TR)

TTO = TCON-TR

LMTCCN = (TR-TC)/DLCGI(L1.+{TR-TO)/TTL)
ISPCY = 12

CALL UBAR(ICUN-IL.CG-CP-GCON:IDCON'UDCCN.XO(24)'RCON'LHtDCN.KCUN.

UCCNyHICON,HOCON)

BRINE HEATER

210 GBH = VHBH®DENICC.TE(L))

(2 23

CHi%s

TL = S5*(TCF+TE(1)})

TT0 = TS-Te(1)

LMTCBH = (TE(1)-TCF)/DLOG{1.+(TE(L)-TCF)I/TTD)
ISPCT = 13

CALL UBAR{(TS,yTLsCO+0.D04GBHyICBH,00BH,X0(22),RBH,LMTDBH KBH,UBH,

HIBH,HOBH)
SIZE PLANT
CALL SIZev

)

COST PLANT
CALL COsTv

GGG = TOTALK
IFLIP = IFLIP+]
KE VURN

END

PR 09480
PR 09490
PR 09500
PR 09510
PR 09520
PR 09530
PR 09540
PR 09550
PR 09560
PR 09570
PR 09580
PR 09590
PR 09600
PR 09610
PR 09620
PR 09630
PR 09640
PR 09650
PR 09660
PR 09670
PR 09680
PR 09690
PR 09700
PR 09710
PR 09720
PR 09730
PR 09740
L 2 2 2 ]
sek %
**E
8% %
PR 09760
PR 09770
PR 09780
PR 09790
PR 09800
PR 09810
PR 09820
PR 09830
PR 09840
PR 09850
PR 09860
PR 09870
PR 09880
sk
PR 09900
PR 09910
PR 09920
PR 09930
PR 09940
PR 09950
PR 09960
PR 09970
PR 09980
PR 09990
PR 10000
PR 10010
PR 10020
PR 10030
PR 10040
PR 10050
PR 10060
PR 10070
PR 10080
PR 10090
PR 10100
PR 10110
PR 10120
PR 10130
PR 10140
PR 10150
PR 10160
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APPENDIX E
CHANGES MADE IN SUBROUTINE SIZEM

SUBROUTINE SIZEM PR 19920

IMPLICIT REAL*8(A-H,0-2) PR 19930
PR 19940
DOuBLE PRECISION MUDU PR 19950
REAL*8 LPHE . (2 1 2
DOUBLE PRECISION LEV,LF2 ) PR 19960
PR 19970
CUMMON/PINFAS/APTSH,ENRSS s ENRJISyLPHE s DUMUUM(16) ¢NFEEDLTNEIEIL9) *eex
COMMON/BLGCMLY/ DIE DiH,. VIR, DUE DCHy PR 19980
1 COR, ELE, ENEy RLR, RNR, HDEL,PR 19990
2 HREC, APTSR, ENITSR PR 20000
COMMON/BLOCK2/ Py Qo AH, AK, AN, PR 20010
1 AR, FF, GEy GH, GR,y HO,PR 20020
2 Pl PE, Qx(5), RP, SE, SH, PR 20030
3 SRy TK, VE, VH, VR, WCyPR 20040
4 AME , ATN, BPX(H), CCF, HIH, HLHe PR 20050
5 FNE, HOH, aMx(b5), PHE P03, RSE.PR 20060
6 RSH, RSR, TC1, THF TKX(S), . THC,PR 20070
1 THE, TPE, UEX(5), UME, UMH, WPL,PR 20080
8 bKTE, BKTH, BKTR, DTLS(5), ELEX(5), HIEX(S) PR 20090
9 HOEX(5), MOOU, ROEL, RUE2, APTSE, BOEPH,PR 20100
+ CaPIll, HEADE, HEADH, HEADR, POBLOD, PODEL,PR 20110
A POPRDy SUBEX(S), WCOLDy WMOOC, WMODH, BHSHEL,PR 20120
-] CSLT8H, csLigp, HOTLEN, HRECOV, HREJC T, RECOLN,PR 20130
C VAPSPC, WPRTRY, PUREC PR 20140
COMMCN/CCMNAM/ Ad, Ch, Cu, cP, CRy PR 20150
1 HB, PI, PO,y To, T0, Py PR 20160
2 TS, W8, WF,y WO, WP, WRe PR 20170
3 . AXJd, HBLL , HPR, LEV, LF2, ICF, PR 20180
4 ENBH, GPMB, GPMD, GPMNH, GPMQO, GPMP, PR 20190
5 GPMR, HDEA, RPMB, RPMU, RPMM, RPMP, PR 20200
6 RPMR, TSTH, WHUT, YEAR, ACRES, BHVOL, PR 20210
7 8LDGS, BNDLS, HOLES, HPBLO, HPDEA, HPDEL, PR 20220
8 HPPRD, HPREC, PLPRD, PLSEA, PODEA, ACNCEW, PR 20230
9 ACNCFL, ACNCIW, ACNCPH, ACNCRF ACNCTR, AEXCAV, PR 20240
+ ASTLEW, ASTLFL, ASTLIW, ASTLPH, ASTLRF, ASTLTRe PR 20250
A AWEIRS, BHSURF, DINTAK, ENITSE, ENPIPE, ENSUPE, PR 20260
[} ENSUPR, PIPELN, PLSZNG, REJLEN, STLLEN, STLTHP, PR 20270
C TNACDY, TRAINS, TSARCA, VOLCNC, vOoLSTL, WOCEAN PR 20280
CCMMON/BLOC127 XT PR 20290
CUMMON/BLGCL13/7 XO PR 20300
COMMON/SHARE/IFLIP,L,ISPOT PR 20310
CUMMGN/ZINDEX/ INDU4U) PR 20320
PR 20330
DIMENSICN XT(300),Xx0(300) - PR 20340
DIMENSICN XL(3),XMTX{3,3) PR 20350
. PR 20360
IF(IFLIP .EQ. L) GO TO 90 . PR 20370
IFCCINDCLIC)+IND(LL)+IND(L2)+INDI13)) .GT. Q) GU TO 90 PR 20380
IFCLIND(T)+IND(B)+IND(9)) .GT. O) GO TO 96 PR 20390
IFCIND(4) .GT. 0) GO TQ 116 PR 20400
IF(CINDUL)+IND(S)+IND(6)) .GT. O) GO TO 120 ’ PR 20410
GO 140 150 PR 20420
CONTINUE PR 20430
WF = WP/P PR 20440
WU = QeWF PR 20450
HB = PBWF PR 20460
WC = WO —-WB -WP ) PR 20470
WR = WF -WB ~-WP ‘ PR 20480
WOCEAN = WO+.2%(WB+WP) : PR 20490
GO TO (91492)sNFEED Shddd
CONTINUE s53%
TNACDY = 15.68°FF*CO*CR/(CR-1.) PR 20500
60 TO 92 Sxxs
CUNTINUE *5%%

TNACOY=12.C-9*XC(207)*(wP+wWb) . se%8
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93 CONTINUE
IF(IFLIP .GT. 1) GU TO 95
DENUCO = DEN(CO,TO)
AMAX = Pl * 18.%%2/4.,
ANEED WOCEAN/(DENOQ *8.%360G0.)
NPIPE ANEED/AMAX +1.
ENPIPE =NPIPE
95 CONTINUE
DINTAK = DSQRT{(4.%WOCEAN)/(DENCO*ENPIPE*PI*2.88D4))
HPR1 = X0(31) + XT(106)

nn

CALL HEADS(1.0091.00+s0.009CP,TPy1aC0s1.00,TRAINS, WP ,HPR]L1,HEADP,

1 HPRyGPMP yRPMP y PUPRUyHPPRD)

L 221
PR 20510
PR 20520
PR 20530
PR 20540
PR 20550
PR 20560
PR 20570
PR 20580
PR 20590
PR 20600
PR 20610

CALL HEADS(1.0091.0Cy0.009CB+TB+1.009s10UsTRAINS,WB,HHL o HEADByHBL PR 20620

1 GPMB+RPMB,POBLD,HPBLD)

PR 20630

CALL HEADS(1.0041.D050.D009COTBy1.0051.00,TRAINS,WB+WP,XO186)9HDXyPR 20640

1 HDEAsGPMDyRPMM, PODEAZHPDEA)
96 CUNTINUE

UC 100 I=1,3

XLEL) = ELEX(L)

DO 1CO J=1,3

AKMTXLT9d) = TRKX{L)2%(J=-1)
100 CUONTINUE

CALL DMATEQ(XMTX9XLs3914s3)

NAN =AN+.5

ELE = TSTH/1Z2.

ELSTL = 0.0CO

STLLEN =C.CDO

STLSTG =0.0D0

TTRAY = THF

DO 11C I=1,NAN

Al = 1

TTRAYX = TTRAY
ELESV = ELE

TTRAY = THF-AI*ROEL

ELE = ELE +XL(1l)+ TTRAVYS(XL(2)+XL{3)*TTRAY) +TSTH/12.
NRSS=ELE/XT(200)+1.
ENRSS=NRSS
[F{(STLTMP .GE. THF) GO 10 105
IF(DABS(.5%¢ (TTRAYX+TTRAY)=-STLTMP) .G6T. 5*ROEL) GO TO 105
ELSTL = ELESV +{ELE=ELESV)I&(TTRAYX-STLTMP)/RUEL
STLLEN = ELSTL +10.667
IF(STLTMP .LT. 170.00) STLLEN. = STLLEN ¢ 9.667
STLSTG = Al-1le+o5%(1.+DCOS(PI*{STLTMP-TTRAY)/ROEL))
105 CONTINUE
IF(DABS .52 (TTRAYX+TTRAY)-170.D00) .GT. .5%ROEL) GO TU L1O
ELEHOT = ELESV +(ELE-ELESV)*(TTRAYX-170.00)/R0OEL
NRSSH=ELEHOT/XT(2C0)+1.
ENRSSH=NRSSH
HOTLEN = ELEHOT +20.333
1 +(ENRSSH-1.)%9.667
HOTSTG = Al-1.+.5%(1.+DCOS(PI*{170.D0-TTRAY)}/ROEL))
110 CONTINUE
IFC(STLTMP .GT. TKX(3)) .OR. (STLTMP .GE. THF)) GO TO 115
ELSTL = ELE
STLLEN = ELSTL + 29.667
1 +{ENRSS-2.)%9.667
STLSTG = AN
115 CONTINUE
RECULN = ELE + 29.6617
1 +{ENRSS-2.)%9.667
COLDOLN = RECOLN -HOTLEN
ENE = WF/(GE *3600.%PI*(DIE/12.)%%2/4.)
AME = PI%*(DOE/12.) *ELE *ENE
ARTUBE = ENE/BNDLS *.866%{1.3%00E/12.)%%2
STXLEN = STLLEN
116 CONTINUE
STLLEN = STXLEN
WBTRYH =WMOOH
WBTRYC = WMODC

PR 20650
PR 20670
PR 20680
PR 20690
PR 20700
PR 20710
PR 20720
PR 20730
PR 20740
PR 20750
PR 20760
PR 20770
PR 20780
PR 20790
PR 20800
PR 20810
PR 20820
PR 20830
PR 20840
PR 20850

sSk e

L 2 2 1]
PR 20860
PR 20870
PR 20880
PR 20890
PR 20900
PR 20910
PR 20920
PR 20930
PR 20940

L 2 3 2]

L 2 1 3 ]
PR 20950
L 2 % 2]
PR 20960
PR 20970
PR 20980
PR 20990
PR 21000
SEES
PR 21010
PR 21020
PR 21030
S %
PR 21040
PR 21050
PR 21060
PR 21070
PR 21080
PR 21090
PR 21100
PR 21110
PR 21120
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117

1

1

1

1
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APTSEL=XT(127)%ARTUBE
WBUNOL=(XT(126)*#APTSEL)*%0.5
HBNDLE=WBUNGL/XT(126)
HTSHET=HBNULE+0.500

WTSHET=WBUNDL+0.500

APTSE=WTSHET*HTSHET
XTEST=DMAX1(VaPSPC,2.D00)
IF{WTSHET+XTEST.LE.WMODH) GO TU 1161
WISHET=WMOUDH-XTEST

HTSHET=APTSE/WTSHE]

HRECUV=XT (120 ) +HTSHET+XT{121)*(LEV~1.00)
WPRTRY=WTSHET
WALLTH=XT(122)%(MODU-BLOGS)+XT(123)%2.D0%BLDGS
WHOT=WMODH*MODU+XT(124) *WALLTH

WCCLD = WMODC*MCDU+WALLTH

ARGOFE = WHOT#HOTLEN + WCOLU*COLODLN

STLRF = STLLEN*WHOT+DMAX1{O.UQySTLLEN-HOTLEN)*(WCOLD-WHOT)
CNCRF = AROCFE -STLRF

STLFL = STLRF

CNCFL = CNCRF

AWALLE = HRECUV#(RECULN *2.*bLUGS +WCOLD)

STLWL = HRECOV*STLLEN *2.%8LLGS

IF{STLWL .GT. 0.DO) STLwL= STLWL ¢HRECOV#WHOT
IF(STLLEN.GT.HOTLEN) STLWL=STLWL+HRECOV*{WCOLD-WHQOT)

CNCWL = AWALLE -STLWL

ACWE = HRECOV#RECOLN*(TRAINS-BLDGS)
STLCW = HRECUV*STLLEN®{IRAINS~-BLDGS)
CNCCW = ACWE -STLCW

ABTRYE = (ELEHOT*WBTRYH +{ELc-ELEHGT)*WBIRYC)*MOOU#(LEV-1.)

STLHBYT =(ELSTL*WBTRYH+DMAX1(0.U0,ELSTL-ELEHOT)*(WBTRYC-WBTRYH))
*MUCU*(LEV-1.)

CNCBT = ABTRYE -STLBT

APTRYE = ELE * WPRTRY #2.2MU0U

STLPT = ELSTL * WPRTRY #2.¥MUDU

CNCPT APTRYE -STLPT
STLVOL = HRECOV *STLFL
CNCVOL = HRECOV #*CNCFL
ASTGWL =( (HOTSTG+Ll.)*WHGT+{AN-HUTSTG+1.)*WCOLD) *HRECOV

STLSW =0.C0D0

IF(STLSTG «GTe 0.D0) STLSW =(STLSTG+1l.)*WHOT*HRECOV

IF(STLSTG +GT. HOTSTG) STLSW =STLSW+{{STLSTG-HOTSTG+1.)*(NCOLO-
WHOT) +WHOT )*HRECOV

CNCSW = ASTGWL -STLSW

STLPH = STLFL #STLBT ¢+ STLPT +{STLWL+{(STLCW+STLSK)*2,)*5./HRECOV
CNCPH = CNCFL + S.%(CNCKWL+2.*CNCCW)/KRECUYV

WEIRA =((WMODH+(LEV-1.)sWBTRYH)S(HOTSTG+1.)+(WMODC+(LEV-1.)%*

WETRYC)*(AN-HOTSTG+1.)+WPRTRY*2.*(AN+1.))*MODU*1.
PWC = WCOLD#*({1.-1./TRAINS) ¢(BLDGS~-1.)%2.*HRECOV
NTRN = TRAINS +.1
PLSEA= 0.D0
DO 117 K =1,NTRN
AlK = K-1
IWD = PWD%(.5 -AIK/TRAINS)
PLSEA = PLSEA+DSQRT(ZWD*%2 +250.D0%%2 +HD%*%2)
PLPRD =PWD +WCOULD/TRAINS +HRECOV
IVl= THF-ROE1-BPX(1)
CALL PSIA(TVL,PSTAL)
VHLR=155.0-4%X0(204) ¢VE*VE
CALL PSIA(TP,PSTAL)
HRECLl = HRECOV+HB +XT(10S) +2.3¢(PSTAL1-PSTAL)
+(ENRSS+1.)®VHLR

L 2 2 2
*eE s
L2 2 2
*5%8
L2 2 2
*$8% %
*5%
L 2 2 2
SEE%
s
*EE¥
*E% 8
*$%2
L2 2 2
PR 21210
PR 21220
PR 21230
PR 21240
PR 21250
PR 21260
PR 21270
PR 21280
PR 21290
L2 2 1)
PR 21300
PR 21310
PR 21320
PR 21330
PR 21340
PR 21350
PR 21360
PR 21370
PR 21380
PR 21390
PR 21400
PR 21410
PR 21420
PR 21430
PR 21440
PR 21450
PR 21460
PR 21470
PR 21480
PR 21490
PR 21500
PR 21510
PR 21520
PR 21530
PR 21540
PR 21550
PR 21560
PR 21570
PR 21580
PR 21590
PR 21600
PR 21610
PR 21620
563
PR 21630
PR 21640
£ 2 2 1)

CALL HEADS(GIEsGEyELEyCCFoTMEZTCFo TME,) TRAINS ) WF yHRECL ¢HEADEsHREC2,PR 21650

GPMR y SPXoPHX sHPRX)
ENITSE = (AN-ENRSS)*BNDLS
ENSUPE = DMAX1(.5D0,(.15%ELE/DUE-AN)*BNDLS)

120 CUNVINVE

STLLEN = STXLEN

ATN = AN+AK

RLR (ELEX(4)+ELEX(5))/2.%AK +(AK+1.)*TSTH/12.
RNR WO/ (GR*3600.2P1&%(DIR/12:)%%2/4.)

PR 21660
PR 21670
PR 21680
PR 21690
PR 21700
PR 21710
PR 21720
PR 21730
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130

135

140

145
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AR = PI#(DOR/12.) *RLR *RNR PR 21740
ARTUBR = RNR/BNDLS *.866%(l.3%00R/12.)%%¢ PR 21750
HBNCLR = 4./PI#*ARTUBR/WBUNCL PR 21760
HTSKERT = HHBNDLR +.5. PR 21770
APTSR = WISHET * HTSHRT PR 21780
HREJCT=XT(129)4HTSHRT+XT(125)%(LEV~1.0C) (21
NRJS=RLR/XT(201)+1. 2888
ENRJS=NRJS &%
REJLEN = RLR +(ENRJS+1.)*8.1l067 PR 21800
TF(TKX(3)-STLTMP)L25,130,130 PR 21810
CONTINUE PR 21820
STLLNR =0.00 PR 21830
ELSTLR =0.CO PR 21840
STLSTR =0.0C PR 21850
GU TO 145 PR 21860
CONTINUE PR 21870
IF(TKX{S)-STLIMP) 135,140,140 PR 21880
CONTINUE PR 21890
STLLNR = 7,667 +{(TKX(3)-STLTMP)I/(TKX(3)-TKX{5)) 4RLR PR 21900
ELSTLR = STLLNR -7.667 : PR 21910
SILSTR = DFLOAT(IFIX{SNGLIELSTLR/RLR #AK))) PR 21920
GG TC 145 PR 21930
CONTINUE PR 21940
STLLNR=REJLEN 21950
ELSTLR = RLR PR 21960
STLSTR = AK PR 21970
CUNTINUE PR 21980
STLLEN = STXLEN+STLLNR PR 21990
ARCOFR = WCOLO*REJLEN PR 22000
AWALLR = HREJCT#(REJLEN *2.*8LDGS +WCOLD)I+ WCUOLD*(HRECOV-HREJCT) PR 22010
STLWLR = HREJCT#*STLLNR #2.%8BLOGS PR 22020
LF(STLLNR oGTe 0.D0) STLWLR =STLWLR + WCOLOD*(HRECOV-HREJCT) PR 22030
IF(STLLNR .EQe REJLEN) STLWLR= AWALLR PR 22040
CNCHWLR= AWALLR -STLWLR . PR 22050
ACWR = HREJCT *REJLEN *{TRAINS-BLDGS) PR 22060
STLCWR = HREJCTRSTLLNR=(TRAINS-BLDGS) PR 22070
ASTLCW = STLCW + STLCWR PR 22080
CNCCWR = ACWR - STLCWR PR 22090
ACNCCHW = CNCCW +CNCCMR PR 22100
ABTRYR = RLR *WBTRYC*MOCU *(LEV-l.) PR 22110
STLBTR = ELSTLR*WBTRYC*MODU*(LEV-1.) PR 22120
CNCBTR = ABTRYR -STLHBTR PR 22130
ASTLHBT = STLBT +STLBIR PR 22140
ACNCBT = CNCBT +CNCBTR PR 22150
APTRYR = RLR *WPRTRY %2 ,2MUDU PR 22160
STLPTR = ELSTLR *WPRTRY #*2.%MODU PR 22170
CNCPTR = APTRYR =-STLPTR PR 22180
ASTLPT = STLPT +STLPTR PR 22190
ACNCPT = CNCPT +CNCPTR PR 22200
STLVLR = HREJCT * WCOLO*® STLLNR PR 22210
CNCVLR = HREJCT * WCOLD #*(REJLEN -STLLNR) PR 22220
ASTGWR =(AK+1.)*HREJCT *WCCLU PR 22230
STLSWR = STLSTR *HREJCT*WCOLD PR 22240
IF(STLSTR .EQ. AK) STLSWR= STLSWR *HREJCT*W(CULD PR 22250
CNCSWR = ASTGWR - STLSHWR PR 22260
ASTLSW = STLSW + STLSWR PR 22270
ACNCSW = CNCSW + CNCSWR PR 22280
STLPHR = WCOLD* STLLNR +STLBTR +STLPTR+(STLWLR+(STLCWR+STLSWR)*2,)PR 22290
25,/HREJCT PR 22300
CNCPHR = ARGOFR —~WCOLD*STLLNR+(CNCWLR+2.%CNCCHWR)*5./HREJCT PR 22310
WelRR = (WMODC +(LEV=1.)%WBTRYC +2.*WPRIRY)}*AR*AOUU*]L, PR 22320
ASTLRF = STLRF + WCCLO*STLLNR +1.D-3PR 22330
ACNCRF = CNCRF +ARCOFR -WCOLD®STLLNR +1.0-3PR 22340
ASTLFL = ASTLRF PR 22350
ACNCFL = ACNCRF PR 22360
ASTLEW = STLWL + STULWLR +1.0-3PR 22370
ACNCEW = CNCWL +CNCWLR +1.0-3PR 22380
ASTLIW = ASTLCW + ASTLSNW +1.0-3PR 22390
ACNCIW = ACNCCW + ACNCSW +1.0-3PR 22400
VOLCNC = CNCVOL+CNCVLR , +1.0-3PR 22410
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STLVOL +STLVLR +1.0-3PR 22420

VOLSTL =

ASTLTR = ASTLBT + ASTLPI +1.0-3PR 22430
ACNCTR = ACNCBT+ACNCPT +l.0-3PR 22440
ASTLPH = STLPH +STLPHR +1.0-3PR 22450
ACNCPH = CNCPH +CNCPHR +1.0-3PR 22460
AWEIRS = WEIRA + WEIRR +1.0-3PR 22470
AEXCAV = ASTLFL + ACNCFL ) . PR 22480
ACRES=(WCOLD+2.#BLUGS*HRECCV ) * (RECCLN+REJLEN+350.)743.5603 PR 22490

VHLRJ=155.0-4%XC(204)%VR*VR seks
HODELL = HREJCT+ HD + XT(104) PR 22500

1 +(ENRJS+1.)*VHLRY 888
CALL HEADSIGIRyGRYyRLRyCCyTUeTHByTOyTRAINS,WOCEAN,HDELL HEADRy,HOEL, PR 22510
1 GPMU+RPMD,PODELyHPDEL) PR 22520

ENITSR = (AK-ENRJS)*BNDLS LAl i
ENSUPR = CMAX1(.50045(.15%RLR/DUR-AK)*BNDLS) PR 22540

TSAREA = (ENITSE+ENSUPE+(ENRSS#*2,)*uNDLS) *APTSE ' ¥

1 +(ENITSR4ENSUPR+2.*ENRJUSH*BNLLS) =APTSR L a4
HOLES = ENE/BNOLS*(ENITSE+ENSUPE+(2.#ENRSS)*BNOLS) PR 22510
1 +RNR/BNOLS* (ENITSR+ENSUPR+ (2. *ENRJS) *bNDLS) PR 22580
150 CONTINUE PR 22590
AH = 1.C3/RP#WP/{UMH*PHL) PR 22600
HNH = WF/{(PI*(DIH/12.)%%2/4.%GH*3600.) PR 22610
HLH = AK/(HNH*PI%DUH/12.) PR 22620
ARTLBH = HNH/ENBH #,866%(1.3%UCH/12.)%%2 PR 22630
DITUHH = DSQRT(4./PI*ARTUBH)+.5 PR 22640
APTSH = PI*DITUBH*%2/4, PR 22650
BHSURF = PI*DITUBH*(HLH +DITUBH) PR 22660
BHVOL = APTSH*HLH . PR 22670
C*=x CCMPUTE PUMPING HEADS AND PCWER AND MOTUR RPM PR 22680
CALL HEADS(CIH,GHyHLH,CCF4TMETHFyTCF,TRAINS, WF,HREC2 yHEADH,HREC, PR 22690
1 GPMH ¢RPMR 4 POREC ¢yHPREC) PR 22700
PC = POCEL +POREC +POPRD +POoLD +PQOULEA PR 22710

GO TO (1604170)4NFEED . 6

160 xC(200)=35C. %%

X0{201)=30.0-6 558

XU(205)=X0(200) *TRAINS+X0{201)*(wP+WB) Lad g

6C TO 180 L bl d s

170 XL(202)=350." shs¥

Xx0(203)=100.0-6 *55s

X00205)=X0(202)*TRAINS+X0(203)%*(wWP+WB) *e%%

180 XUu(206)=X0¢205)%9.60-3 sesx
RETURN PR 22720

END PR 221730
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APPENDIX F

CHANGES MADE IN SUBROUTINE SIZEV

SUBROUTINE SIZEV . PR 10720
IMPLICIT REAL*8(A=H,0=2) PR 10730
REAL*8 LPHE *8&%
REAL#*8 NCOOL,LCOOL b dd 24
PR 10740
DCUBLE PRECISION NTRAIN PR 10750
DOUBLE PRECISION LPH, LVE, IDBH, IDPH, LCON, NCONy, PR 10760
1 NTPH, ICCGON PR 10770
DOuBLE PRECISION KBH, KPH, KVE LBH, MGD, NHHy PR 10780
1 NPH, NVE, KCON, LMTD, LVEP, LMTUBH, LMTYOCN PR 10790
DOUBLE PRECISICON LEV,LF2 PR 10800
PR 10810
CCMFON/BLGCVL/ ANE o HVE, LPH, LVE, ACONoPR 10820
1 GPMY, HPVE, HSEA, IDBH, 10PH, LCCN,PR 10830
2 NCON, NTPH, OCBH, QDPH, ODVE, POVEL,PR 10840
3 RPMYV, . HFEED, IDCON, ODCON,y SUMMT, VETSA,PR 10850
4 APTSCN, APTSEP, OQVRHGT, TOTNVE, VEPMPS PR 10860
COMMCN/BLCCV2/ A(30), Se AE(30), QE, TC(3C0)4PR 10870
1 TE(30), TR, UE(30), . UH(3), WM, Wi(30)ePR 10880
2 " ABH, APH, BPE(30), CIE(30), COE(30), DPE(30),PR 10890
3 ELL, GBH, GPH, oPM, HOO, - KBHePR 10900
4 KPHy KVE LBH, MGD, NBH, NPHoPR 10910
5 NVE(30), QPHy RBH, RPH, RVE ToLePR 10920
6 UBH, VBH, VPH, WPEX(30), BHLF, GCONe PR 10930
1 HIBH, HIPH(3), HLBE, EUPFH{3), . KCON, LMTOC(3),PR 10940
8 LVEP, PHLF, QMSF (), RCUNy SUBF(3), UGN PR 109
9 UCCN, VCON, VLEN, VILFe MWDTH(30), ALFAE(30),PR 10960
+ CONLF, HICON, HOCON, HOTEL, PHHGT, POBLOL,PR 10970
A PQOPRO, POSEA, SURFF, VEHGT, WALVE, EFFSPC,PR 10980
BELBNDL(30), HCOTCF, HCUTOO, HEADBH, HEADCN, HEADPH,PR 10990
C LMTDBH, LMTDCN, PLNTLF, PODEAS, POFEED, SUMMPE,PR 11000
0 SUMWPH, TOTAVE, QESPIVEFEED{30), WBOOST, WOCOLD,PR 11010
£ NE » NTRN, IFEED, IRECYC PR 11020
CCMMON/COMNAM/ Ady CB, CU, CPy CRy PR 11030
1 KB, Pl PGy T8, Y0, TPy PR 11040
2 1S, W8, WF, WO, WP, WRe PR 11050
3 AXJ, HBL, HPR, LEV, LF2, TCFe PR 11060
4 ENBH, GPMB, GPMD, GPMH, GPMO, GPMP, PR 11070
5 GPMR, HDEA, RPMB, RPMD, RPMM, RPNP, PR 11080
6 RPMR, TSTH, WHGT, YEAR, ACRES, BHVOL, PR 11090
7 BLDGS, BNOLS, HOLES, HPBLD, HPDEA, HPDEL., PR 11100
8 HPPRD HPREC, PLPRD, PLSEA, PODEA, ACNCEW, PR 11110
9 ACNCFL, ACNCIMW, ACNCPH, ACNCRF o ACNCTR, AEXCAV, PR 11120
+ ASTLEW, ASTLFL, ASTLIW, ASTLPH, ASTLRF, ASTLTR, PR 11130
A AWEIRS, BHSURF, DINTAK, ENITSE, ENPIPE, ENSUPE, PR 11140
B ENSUPR, PIPELN, PLSIMG, REJLEN, STLLEN, STLIMP, PR 11150
C TNACDY, TRAINS, TSAREA, VOLCNC ' VOLSTL, WQCEAN PR 11160
" COMMON/SHARE/Z? IFLIP + ISPOT PR 11170
COMMON/PINHAS/APTSHoENRSSyENRJUS 9LPHE ¢y DUMDUM( 16) yNFEEDLLIILILIEL9) ek
COMMON/BLGOC12/7 XT PR 11180
CUMMON/BLCCL13/ XO PR 11190
COMMON/INDEX/ IND(A4C) PR 11200
PR 11210
DIMENSION XO(300),XT(30C) PR 11220
PR 11230
IFCCIND(9)+IND(L10)+IND(LL)+IND(L2)+IND(13)) .GT., O) GO TO 90 PR 11240
IFCUIND(O6)+IND(T)#IND(B)) .GT. O) GO TO 130 PR 11250
IFCLIND(I)+IND(4)+IND(S5)) .GT. Q) GG TO 140 PR 11260
GC TG 210 PR 11270
CONTINUE PR 11280
NTRAIN = TRAINS PR 11290
WHCT = ((WOTH(1)+1.)*{VLEN-ELBNDL(NE) )-(WDTHINE)+1.)*EFFSPC)/ PR 11300
1 {VLEN-ELHNDI ENEY=EFFSPCY PR 11310
WCCLD= WHOT + VLEN®* (WOTH{NE)+1.-WHOT)/{(VLEN-ELSBNDL (NE)) PR 11320
VEHGT = LVE +EFFSPC +3.5 "PR 11330
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TANGEN =(WCCLD-WHOT)/VLEN
WALIVE = 0.00
VXLEN = 0.DC

STLLEN = 0.CO

STLIW = 0.DC

DC 110 1I=1sNE

VXLEN = EFFSPC +ELBNDL{L) +VXLEN

WALIVE = WALIVE +(WHOT+VXLENSTANGEN)*VEHGT*NTRAIN

IF((L .€Qe. 1) .OR. (TC(1) .LE. STLTMP)) w0 TO 110

IFC(TCUI) oLE. STLTMP) .AND. (TCUI-1) .GFf. STLIMP)) GO TO 100
6C 70 110

STLLEN = VXLEN —(EFFSPCH+ELBNDLII)I*(STLTMP-TCLIN/ZITCLI-1)-TC(LD)
STLIW = WALIVE-((WHOT+VXALEN®*TANGEN)*VEHGT*NTRAIN)*(STLTMP-FC(1))}
/ZUTCLEI-1) -TC(1))

110 CONTINUE

120

91

92

93

130

[F(STLTMP .GT. TCINE)) GO TO 115
STLLEN = VLEN
STLIW = WaLIVE

CONTINUE

STXLEN = STLLEN

TCTNVE =0.C0

VETSA =0.0C

TCTAVE = 0.CO

SUMWT  =0.00

DO 120G I=1.NE

TOTAVE = TOTAVE+AEL(I])

VETSA = VETSA +(WOTH(I)+1.)*(ELBNDL(I)+.5)¢NTRAIN %2,
WT(I) = VEFEED(I) =*AE(1l)

SUMNT = SUMhT + WT(I)

TCINVE = TCTNVE + NVEL(I)

T8 = TEUINE)

Cb = COE(NE)

CR = CB/CO

W = WF -WP

CALL HEADS(1.D09s1.0090.C09sCByTB91+0091D0yNTRAINyWB,X0(30),HEADS,

HBI ¢ GPMB 4RPMH , POIRI (1 HPAI 1)
QE = QESP #* AE(])
GC TO (91,92),NFEED
CONTINUE
TNACDY=15.68%MGD*CO*CR/ (CR-1.)
GG TG 99
CONTINUE
TNACDY=12.0-9%XC(20T7)* (nP+WB)
CCNTINUE
TVE = S5*%(TE(1)+T8)
CVE = .5%(C0 +CB)
VEPMPS = NTRAIN *ANE
CONTINUE .
HCPTP = (WF*(HOTEL-HCOTCF+HCCTCO)-NB*H(CB,TB) )/WP
TP = HINV(CP,HCPTP) '
HPR1 = X0{(31) +XT(106)

CALL HEﬂDS(l.DOnl-DOyO-DOoCP.‘P.loDOn1;00'NTRAIN.NP'HPRl.HEADP.

HPRyGPMP yRPMP s PUPRUHPPRU)
PODEAS = WF *DEXP(.0137#T0C -6.1211/.3466706
QPH =WF*({HOTEL1-HCOTCF)
NTPH = WF/(GPH#*3600.%P] #(IDPH/L12.)4%2/4.)
NFHS=LPH/XT{200)+1.
ENRSS=NFHS
XY=ENRSS+1.
LPHE=LPH-XY*9,
APH = NTPH *(0DPH/12.)*P1 #LPHE
ABNCLP = NTPH/BNDLS #.866 *(1.3*%00PH/12.)%%2
HBNOL = DSQRT(ABNDLP/XT(127))
PHHGT=HBNDL+XT{120)+0.5C0

APTSEP = (HBNDL +.5)%(xT(127)%HBNDL +.5)
OVRHGT = PHHGT +VEHGT
APHIW = PHHGT#*(NPH*WHOT +.5%NPH*(NPH+1.)#TANGENSELL)*NTRAIN

SPH = STXLEN/ELL ,
APHSTL=PHHGT*SPH* (WHOT+.5% (SPH+1.)*TANGEN*ELL ) *NTRAIN
AWEIRS = APHIW/PHHGT

PR
*

PR
PR
PR
PR
PR

11340
11350
11360
11370
11380
11390
11400
11410
11420
11430
11440
11450
11460
11470
11480
11490
11500
11510
11520
11530
11540
11550
11560
11570
11580
11590
11600
11610
11620
11630
11640
11650
11660
11670
11680
11690
11700
*5% %
*E% %
L2 2 2
LI Xl
sEse
s$*&
L2 2 2
11720
11730
11740
11750
11760
11770
11780
11790
11800
11810
11820
11830
E2 2 2 J
2% %
s%%
*%
*%% %
11850
5%
(22 2]
s
11890
11900
11910
11920
11930
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143

150

le0

170

180
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ENITSE=(NPH-ENRSS)*BNDL S *%
ENSUPE = OMAX1(+.5D00,(.15*LPH/CDPH ~NPH)*BNOLS) PR 11950
HVELl = CVRHGT +x0(211) s$56%
CALL HEADS(1.00,1.0040.C09CVEsTVE914D0091.00,VEPMPS,SUMNT,HVEL, PR 11970
HEADV sHVE yGPMV o RPMV,POVE yHPVE) PR 11980
TVl = TE(L)- (TE(L)-TB)}/NPH -2. PR 11990
CAaLL PSIA(TV1,PSTAL) PR 12000
CALL PSIA(TOO,PSTAL) PR 12010
VHLRS=155.0-4%XC(204) *VPH*VPH sa%N
HRECL = HB +XT(105) +2.3%(PSTALl-PSTAL) PR 12020
+XY¢VHLRS e
=2 . %ENRSS sxs%
CALL HEADS( IDPH ¢GPHyLPHE ¢yCCOs TGO o TCF o TOOsNTRAIN, HF.HRECl HEADPH, PR12030
HRECZ2yGPMR ySPX 9y PWX yHPRX) PR 12040
140 CONTINUE PR 12050
STLLEN = STXLEN PR 12060
HCCTR = H{CG,TR) PR 12070
WO = QE/(HCOTR-HOO) PR 12080
IF(MGD/NTRAINL.GE.10.00) GO TG 142 %68
CONPAS=3.0C st
GO 10 143 *o8 s
CONPAS=2,0C LEd L
CONTINUE 842
NCCN = WO/ (PIS(IDCUN/L12.)%%2/4. *GCON #*3600.)*CONPAS L2 L
ACON = QE/(UCON®LMTOCN) PR 12100
LCON = ACON/(NCCN*P[*0DCON/12.) PR 12110
ABNCLC = NCON/NTRAIN #*#.866%(1.3%0DCCN/12.)%%2 PR 12120
DBNDLC = DSQRT(4.*ABNDLC/PI) PR 12130
APTSCN = Pl/4. *(DBNDLC +.5)%%2 PR 12140
ENSUPR =DMAX1{.500,(.152LCON/ODCON -1.)*NTRAIN) PR 12150
EXCCN=0.,UC s%8
ELLCON=CUNCLC*XT(130)+3.000 L i AL
LVEP = VLEN +ELLCON PR 12190
REJLEN = CVRHGT +ELLCON+EFFSPC PR 12200
WCCCLD = WCOLD %% .
WALSEP = DSQRT(LVEP%%2 +(WOCOLD-WHCT)*%x2) PR 12220
WALEVE = OVRHGT*((WHOT+WOCGLO)®NTRAIN *2.‘8LUGS#(HALSEP02 *EXCON))PR 12230
ARCCFY = S5%(WCCOLD+WHOT)*NTRAIN®LVEP *8s
WALINV = WALIVE +0OVRHGT#*WALSEP*(NTRAIN-OLDGS)+AROOFY +APHIW PR 12250
IF(TC(1) .LE. STLTMP) GG TO 150 PR 12260
IFC(STLYMP .LT. TCINE)) .AND. (STLTMP .GT. TCON)) GO TO 160 PR 12270
IF(STLTMP .LE. TCON) GO TO 170 PR 12280
ASTLRF = STLLEN #*.5%(WHUT +STLLEN®*TANGEN+WHOT) *NTRAIN PR 12290
ASTLEW = OVRHGT *(WHUTHNTRAIN +2.*BLOGS*STLLEN/LVEP*WALSEP) PR 12300
GO YO 180 PR 12310
ASTLRF = 1.C-3 PR 12320
ASTLEW = 1.D-3 PR 12330
GO TO 180 PR 12340
STLIW = WALIVE PR 12350
VERCOF = 5% (WHCT +WCOLD)*VLEN PR 12360
STLLEN = VLEN +ELLCON®(TC(NE)~- STLTMP)/(TC(NE)-TCON) PR 12370
ASTLRF = VEROOF#*NTRAIN 2214
ASTLEW = CVRHGT*{WHOTSNTRAIN +2.*BLDGS*(STLLEN/LVEP*WALSEP4EXCON))PR 12390
GO T0O 180 PR 12400
STLIW = WALIVE PR 12410
STLLEN = LVEP PR 12420
ASTLRF =AROOFV PR 12430
ASTLEW =WALEVE PR 12440
CONTINUE PR 12450
ASTLIW = STLIW +APHSTL +STLLEN/LVEP*OVRHGTSWALSEP*(NTRAIN-BLDGS) PR 12460
+ASTLRF PR 12470
ACNCRF = ARCOFV -ASTLRF +1.0-3 PR 12480
ACNCIW = WALINV -ASTLIW +1.D-3 PR 12490
ACNCEW = WALEVE -ASTLEW +1.D-3 PR 12500
ASTLFL = ASTLRF PR 12510
ACNCFL = ACNCRF PR 12520
VOLSTL = ASTLRF *QVRHGT PR 12530
VCLCNC = ACNCRF *OVRHGT PR 12540
ASTLTR = l.0-3 PR 12550
ACNCTR = 1.C-3 PR 12560
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AEXCAV = ASTLFL +ACNCFL PR
ASTLPH = 2.%ASTLFL +5.%(2.%APHSTL/PHHGT +2.*STLIW/VEHGT +STLLEN PR
1 JLVEPHWALSEP®(NTRAIN-BLDGS) + 2.%ASTLEW/OVRHGT) PR
ACNCPH = 2.%ACNCFL +3.%(2.%(APHIW—APHSTL)/PHHGT +2.%(WALIVE-STLIN)PR
1 JVEHGT)+5 . % { (LVEP-STLLEN)/LVEP*WALSEP*(NTRAIN-BLOGS) PR
2 +2.%ACNCEW/OVRHGT) PR
ACRES = (WCCOLD®NTRAIN +2.%¥QVRHGT*BLDGS)*(LVEP +350. )/43 5603 PR
PWD = WOCOLC *(NTRAIN -1.)+(BLDGS-1.)*2.%0VRHGT PR
NTRN = NTRAIN +.1 PR
PLSEA = 0.CO PR
DO 190 K=1,NTRN ) PR
AlK = K-1 PR
IWRD = PWD *(.5-AIK/NTRAILN) PR
19C PLSEA = PLSEA +DSQRT(ZWU**2 4250.008%2 +X0(28)%%2) PR
PLPRD = PWD +WDCOLD PR
WM = WF*(HCOTR-HCDTOO)/(HCOTR-HOO) PR
WM = DMAXL1(0.DOsWM) PR
WBUOST = WF-WM &, 2%WF PR
WOCEAN = WO +WM +,2%WF PR
HOELL = X0(28)+XT({104) +PHHGT +.5%VEHGT PR
CALL HEADS(IDCONsGCCNsLCONSCCsTOs TR, TOyNTRAINyWOCEAN,HDEL1,HEADCN,PR
1 HSEA yGPMU, RPRU PUSEAHPLEL) PR
CALL HEADS(1.0091.0050.004C0sTU»TOsTCGoNTRAIN,WBOOSToX0(86),HOX, PR
1 HOEA yGPMD,RPMM,PODEA,HPDEA) PR
IFCIFLIP .GT. 1) GO TO 200 PR
DENDOO = DEN(CO,TO0) PR
AMAX = P *18.%%2/4, PR
ANEED = WOCEAN/(DENCOO #*8.%3600.) PR
.NPIPE = ANEED/AMAX + 1. PR
ENPIPE = NPIPE PR
200 DINTAK = DSQRT{ 4.*WOCEAN/(DENCO®ENPIPE*P] *2.88D4)) PR
TSAREA = (ENITSE+FENSUPE +XY®HUNDLS)®APTSEP +(ENSUPR+2,)*APTSCN
HCLES = NTPH/BNCLS*(ENITSE +ENSUPE +XY®BNDLS) +NCON/NTRAIN
1 *(ENSUPR+2.) ' PR
210 CCNTINUE PR
ABH= WF#(HOTE1-HCOTCF)/ (UBH*LMTDBH) PR
NBH = 576.% WF/(P1%IDBH#**2 *GHH *3600.) PR
LBH = ABH/(NBH *PI =*=0DBH/12.) ’ PR
ARTUBH = NBH/ENBH #*.866%(1.3%0DBH/12.)%%2 PR
DITUBH = DSQRT( 4./Pl ®ARTUBH) +.5 PR
APISH = Pi » DITUBH®*2/4, PR
BHSURF = PI * DITUBH*(LBH +DITUBH) PR
BHVOL = APTSH *LBH PR
CALL HEADS{IDBHsGBHsLBHCOgTTsTE(L) 3 TCFoNTRAIN,WFoHREC2,HEADBH, PR
1 HFEEDGPMHyRPMR 4 POFEED s HPREC) PR
230 PO = POFEED +PCOPRO +POBLO +POVE +POSEA +PODEA PR
GC TO (660,670) ¢yNFEED
660 XU(200)=35C.
X0(201)=30.C-6
XC(205)=X0(2C0) *TRAINS+X0(20L)*(WP+HB)
GC TO 680
670 Xx0(202)=35C.
X0(203)=1CC.D-6
XC{205)=X0(2C2)*TRAINS+X0(203)%(WP+NB)
680 X0(206)=X0(205)%9,60-3 -

RETURN PR
ENC PR
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APPENCIX G
CHANGES MADE IN SUBROUTINE TECPAR

SUBRCUTINE TECPAR
SPECIAL FOR VTE ONLY
IMPLICIT REAL*8 (A-H,0-2)
CCMMON/BLOC12/XT(30C)
XT( 3)=10.0C
XTt4)=5.00

XT{ 5)=.75DC

xTl 6)=.75C0

XT{ 9)=10.00
XT(10)=5.500
xT(ll)=.75C0
XT(12)=.,75CC
XT(13)=3.00
xT{l4)=1.0C
XT(15)=10.0C
XT(l6)=5.CC

XT( 25)= l.C0O
XT( 26)= C.GCG
XT¢ 27)= 1500
XT¢{ 28)= .7500
XT( 29)= 1.000
XxT( 30)= C.CDC
XT{ 31)= 4.000
X¥{ 32)= 2.C0C

xT(33)=100.
- XT(34)=-20.

XxT¢ 35)= 1.C00
XT( 36)= G.CLO
XT( 37)= 2C.DO
XT( 38)= 5.000

XT(101)=.CC05
xT(102)=.0005
XT{103)=.C0C7
XT(104)=7.900
XT(105)=16.70D
XT(106)=15.15
XT(107)=1.CC
xT{108)=1.0C
XT(109)=1.0C
XT{110)=1.CC
XT(111)=1.0C
xT(112)=1.0C
XT(113)=0.0C
xT(114)=1.0C
AT{115)=.C840
XT(120)=5.D00
xT(127)=1.5C0
XT(130)=1.0C
XT(151)=.C800
XxT(152)=95.00
XT(153)=5.00
XT(2001)=70.C0
CALLT('UPPER
CALLT{*LOWER
CALLT(*UPPER
CALLTU*LOWER
CALLT(*UPPER
CALLT(*LOWER
CALLT('UPPER
CALLT(*LOUWER
CALLT(*UPPER
CALLT(°LONWER
CALLT(*UPPER
CALLTV(*LOWER
CALLT('UPPER
CALLT(*LUWEKR
CALLV{*UPPER

DU
00
0o

0
Do

0

LINIT
LIMIT
LIMIT
LIKLTY
LIMIT
LINIY
LIMIT
LIMIT
LIMIT
LIMIT
LIMET
LIMIT
LIMIT
LiMl i
LIMIT

FOR
FOR

FOR"®

FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR
FUR
FOR

TUBING
1UBING

VELOCITY IN PREHEATER
VELOCITY IN PREHEATER
CD OF PREHEATER TUBING
CU OF PREHEATER TUBING
VELOCITY IN CONLCENSER TUBING
VELUCLTY IN CLUNDENSER TuBING
CD CF CUNDENSER TUBING

CO OF COUNDENSER TUBING
PREHEATER STAGES/EFFECT
PREHEATER STAGES/EFFECT
VELOCLITY IN PREHEATER TUBING
VELOCLITY IN PREHEATER TUBING

{VIE)®,
(VTE)*,
(VTE)*,
(VIE)®*,.
(VTE) Y,
(VTE)*,
(VTE) 'y
(VTIE)*,
(VTE)®,
(VTE)®*,
(VTE)*,
(VTE)®*,

X0(S5) DCFINING COND. REJECT TERP(VIE)®»

X0U5) DEFINING COND.
CD OF PREHEATER TUBES

REJECT TEMP(VTE)®,

(VTE)*,

3)
4)
5)
a)

(2222 222

9)

10)
11)
12)
13)
l4)
15)
16)
22)
26)
27)
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CALLT(*LOWER LIMIT FOR LD OF PREHEATER TUBES
CALLT(*UPPER LIMIT FOR XO(9) CEFINING FEED FLUW RATE
CALLT("LOWER LIMIT FOR X0O{9) OLFINING FEED FLUW RATE
CALLT{*UPPER LIMIT FOR (D CF VERTICAL TUBES
CALLT(*LOWER LIMIT FOR CD OF VERTICAL TUGES
CALLT(*UPPER LIMIT FOR a0(1l1l) DEFINING TE(NE)
CALLT(*LOWER LIMIT FOR XxU(ll) DEFINING TE(NE)
CALLT('UPPER LINMIT FOR xU(12) DEFINING VE HEAT RATE
CALLT(*LOWER LINMIT FOR X0(12) DEFINING vt HEAT RATE
CALLT('UPPER LIMIT FOR NUMBER UF VE EFFECTS
CALLT(*LOWER LIMIT FOR NUMBER OF VE EFFECTS

CALLT(* FCULING FACTOR I[N BRINE HEATER

CALLT(* FOULING FACTOR IN PRcHEATER

CALLT(® FOULING FACTOR IN -CONCENSER

CALLT(* DUCTING HEAD LOSS IN SEAWATER SYSTEM, FEET
CALLT(* DUCTING HEAD LOSS IN PREHEATER SYSTEM,FEET
CALLT(* DUCTING HEAD LOSS IN PRODUCT SYSTEM,FEET
CALLT(® MULTIPLIER FOR FRICTION FACTOR

CALLT(®* MULTIPLIER FCR LIQUIU FILM HEAT TRNSF COEFF
CALLT(* MULTIPLIER FOR CUNUENSING HEAT TRNSF COEFF
CALLT(®* MULTIPLIER FOR SUBMERGENCE SUPERHEAT

CALLT(® MULTIPLIER FOR DEMISTER AND BUNDLE SUPERHEAT
CALLT(®* MULTIPLIER FOR WALL THICKNESS COEFF VE TUBES
CALLT(® FOULING FACTOR FOR VERTICAL EVAPURATOR TUBES

CALLT{*MULTIPLIER FCR FILM HEAT TRNSFR COEFF VE TUBES
CALLT('CA25C4 ANHYDRITE LIMITEU CONCENTRATION
CALLT{*PREHEATER VERTICAL BELUW TUBES
CALLT(*PREHEATER BUNDLE WIDTH/HEIGHT RATIO
CALLT(*LENGTH RATIU, CONDENSER TO LAST EFFECT
CALLT('CONCENTRATION IN LAST EFFECT
CALLT(*CONCENSING TEMPERATURE IN CONDENSER, F
CALLT(*CONDENSER TTD, F
CALLT(*MAXIMUM LENGTH GF TUBING,
RETURN
END

SUBROUTINE TECPAR

SPECIAL FOR MSF75

IMPLICIT REAL*8 (A-H,0-2)
COMMON/BLGC12/XT(300)
CALLT(*LPPER LINMIT FCR
CALLT(*LOWER LIMIT FOR
CALLT(*UPPER LIMIT FUR
CALLT(*LCWER LIMIT FOR
CALLT('UPPER LIMIT FOR
CALLT(*LOWER LIMIT FOR
CALLT(*LPPER LIMIT FOR
CALLT{*LOWER LIMIT FOR
CALLT(*UPPER LIMIT FOR
CALLT(*LOWER LIMIT FOR
CALLT(*UPPER LIMIT FOR
CALLT(*LOWER LIMIT FOR
CALLT(*UPPER LIMIT FOR
CALLT('LOWER LIMIT FUR
CALLT(*UPPER LIMIT FOR
CALLT{*LOWER LIMIT FOR
CALLT(YUPPER LIMIT FUR
CALLT(*LOWER LIMIT FOR
CALLT(*LOWER LIMIT FOR
CALLT(*LOWER LIMIT FOR
CALLT('UPPER LIMIT FOR
CALLT(*LOWER LIMIT FOR
CALLT(*UPPER LIMIY FOR
CALLTC*LOWER LIMIT FOR
CALLT(* FCULING FACTOR
CALLT(* FOULING FACTOR
CALLT(* FCULING FACTOR

FT.

NUMBER UF REJECT STAGES
NUMBER UF REJECT STAGES
VELUCITY IN HEATER TUBING
VELOCITY IN HEATER TUBING
G0 UF HEATER TUBING

CD CF HEATER TUBING

NUMBER OF PLANT LEVELS
NUMBER UF PLANT LEVELS
VELOCITY IN REJECI TUBING
VELOCITY IN REJECT TUBING
00 CF REJECT TUHING

CD CF REJECT TUBING

NUMBER OF RECOVERY STAGES
NUMBER OF RECOVERY STAGES
VELOCITY IN RECOVERY TUBING
VELOCITY IN RECOVERY TUBING
CO OF RECOVLRY TUbING

0D OF RECOVERY TUBING
PERFORFANCE RATIO
PERFORMANCE RATIOQ

TEMP DIFF.(TBLOWDOWN-TOCEAN)
TEMP OIFF.(TBLOWOUWN-TOCEAN)
CONCENTRATION RATIOQ
CONCENTRATICN RATIOC

BRINE HEATER

RECOVERY

REJECT

CALLTY("® DUCTING
CALLT(* DUCTING
CALLT(* DUCTING
CALLT(?®

HEAD LOSS
HEALC LOSS
HEAD LOSS

IN SEAWATER SYSTEM,FEET
IN RECYCLE
IN PRODUCT SYSTEM,FEET

MULTIPLIER FOR FRICTICN FACTCR

(VTE)*, 23)
(VTE) 'y 29)
(VTE)*y 30)
(Vred) 'y 31)
(VIE)*y 32)
(VIE)*y 33)
(VTE) 'y 34)
(VIE)}*, 35)
(VTE) 'y 36)
(VTIE)*y 37)
(VTE)*y 38)

(VIE) 'y ICL)
(vred)*,102)
(VTE)*4103)
(VTE) "4 104)
(VTE)*, 105)
(VTE)*y1Co)
(VTE)*4107)
(VTIE)*»108)
(VIE)*,109)
(VIE)*,110)
(VTE)*y111)
(VTE)*,112)
(VTIE)*y113)
(VTE) 'y 114)
(VTIE)*,115)
(VTE)*,120)
(VTE) ', 127}
(VTE)"4130)
(VTE)*H151)
(VIE)*,152)
(VTE)*4153)

(MSF,VTE)*,200)

1)
2)
3)
4)
5)
6)
1)
8)
9)
10)
1)
12)
13)
14}
15)
16)
17)
18)
19)
20)
21)
22)

(MSF)*,
(MSF)*,
(MSF)*,
(MSF) ¢,
(MSF)*,
(MSF)*,
(MSF)*,
(MSF)*,
(MSF)?*,
(MSF)*,
(MSF)*,
(MSF)?*,
(MSF)*,
(NSF)°*,
(MSF)*,
{MSF)°*,
{MSF)*,
{MSF)*,
(MSF)*,
(NSF)*,
(MSF)*,
(MSF)°*,
(MSF)*y 23)
(MSF)*, 24)
(MSF)*,101)
(MSF)*y102)
(MSF)*,103)
(MSF)*y104)
(MSF)*y105)
{MSF)*,106)
(MSF)*,107)

S80S 0% ¥
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CALLT(®* MULTIPLIER FOR LIQUIU FILM HEAT TRNSF COEFF
CALLT(* MULTIPLIER FOR CONDENSING HEAT TRNSF COEFF
CALLY(* MULTIPLIER FOR SUBMERGENCE SUPERHEAT

CALLT(®* MULTIPLIER FOR DEMISTER AND BUNDLE SUPERHEAT
CALLT(*MAXIMUM LENGTH CF TUBINGFT

XT( 1)=10.0C
XT( 2)=2.C0C
XTt 3)=10.C0
XTt4)=5.00

XTt 5)=.75CC
XT( 6)=.75C0
XT{ 7)=1.000C
XxT( 8)=1.0LC0
XT( 3)=10.DC
XT(10)=5.50C
xT(1l1)=.75C0
XT(12)=.7500
XT{13)=70.CC
XT(14)=10.0C
AT(15)=10.C0
XTt1l6)=5.0C
XTLL7)=.75CC
XTt18)=.75C0
XT(19)=30.00
XT{20)=5.0C0
XT(zl)=50.CC
xT(22)=10.C0
XT(23)=3.0C
XT(24)=1.800
XT{101)=.0C05D0
XT(102)=.CCC500
Xxrt103)=.0C0700
XT(104)=7.900
XT(105)=16.700
XT1106)=15.1500
XT{107)=1.C0
xT(1C8)=1.0C
"XT(109)=1.C0
XT(110)=1.0C
XT(l1l1)=1.CC
XTt112)=1.CC
XT{113)=1.00
XT(ll4)=1.LCC
XT(115)=1.0C
XT{120)=7.200
XT(121)=5.0C
XT(122)=.0500
XT(123)=.100
XT(124)=1.00
XT1125)=4.00
XTl126)=1.5D0
XT4127)=1.2500
Xr(128)=3.00
XT(129)=4.00
RETURN

ENC

(MSF)*,1C8H)
(MSF)*,109)
(NSF) 9 110)
(MSF) ', 111)
(MSF)*,200)
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APPENDIX H

CHANGES MADE IN SUBROUTINE OTHPAR

SUBROUTINE OTHPAR PR 34080
IMPLICIT REAL#*B(A-H,0-2) ) PR 34090
COMMON/BLOCL3/ X0 PR 34100
DIMENSION Xx0(300) PR 34110
PR 34120
PR 34130

THE FIRST FCURTEEN XO'S ARE RESERVED FOR VARIABLES OF OPTIMIZATIONPR 34140

THESE

X0'S ARE ASSIGNED VALUES IN SUBROUTINE VARSET,DEPENDING PR 34150

UPCN PROCESS AND PLANT SLIZE - THESE FUURTEEN XO°'S MAY BE PR 34160
ASSIGNED VALUES BY INPUT ONLY BY SETTING THE XT*S CORRESPONUING PR 34170
TO THE UPPER AND LOWER LIMITS OF THE VARIABLE TO THE VALUE WHICHPR 34180

XC(12)=

THE VARIABLE IN QUESTION IS TO ASSUME. PR 34190

FOR A MULTI-STAGE FLASH PLANT,THESE X0°*S REPRESENT THE FOLLOWING PR 34200
VARIABLES- PR 34210
PR 34220
X0(1) = NUMBER OF HEAT REJECT STAGES PR 34230
UPPER LIMIT, XT( 1) =- LOWER LIMIT, XT( 2) X0( 1)PR 34240
X0(2) = VELOCITY IN BRINE HEATER TUBING,FPS PR 34250
UPPER LIMIT, XT( 31 - LOWER LIMIT, XT( 4) AUl 2)PR 34260
X0(3) = OUTSIDE DIAMETER OF BRINE HEATER TUBING, INCHES PR 34270
UPPER LIMIT, XT( S) - LOWER LIMIT, XT( 6) X0( 3)PR 34280
X0(4) = NUMBER OF PLANT LEVELS PR 34290
UPPER LIMIT, XT( 7) - LOWER LIMIT, XT( 8) X0( 4)PR 34300
XG(5) = VELCCITY IN HEAT REJECT TUBING,FPS PR 34310
UPPER LIMIT, XT( 9) ~- LOWER LIMIT, XT(10) X0( S)PR 34320
X0(6) = OUTSIDE DIAMETER OF HEAT REJECT TUBING, INCHES PR 34330
UPPER LIMIT, XT(L1) - LOWER LIMIT, XT(12) X0( 6)PR 34340
XQ(7) = NUMBER OF HEAT RECOVERY STAGES PR 34350
UPPER LIMIT, XT(13) - LOWER LIMIT, XT(14) X0( TIPR 34360
XG(8) = VELOCITY IN HEAT RECOVERY TUBING,FPS PR 34370
UPPER LIMIT, XT(15) - LOWER LIMIT, XT(16) X0( 8)PR 34380
X0(9) = QUTSIDE DIAMETER OF HEAT RECOVERY TUBING,INCHES PR 34390
UPPER LIMIT, XT(17) ~- LOWER LIMIT, X7{18) X0( 9)PR 34400
X0(10)= PERFORMANCE RATIO ,L8 PRODUCT WATER PER THOUSAND BTU PR 34410
UPPER LIMIT, XT(19) - LOWER LIMIT, XT(20) X0(10)PR 34420
X0(11)= TEMPERATURE DIFFERENCE, (TBLOWOOWN -TOCEAN) PR 34430
UPPER LIMIT, XT(21) - LOWER LIMIT, xXxT{22) XO(LLIPR 34440
X0(12)= CONCENTRATION RATIC, BLOWDGWN TO FEED CONCENTRATIONS PR 34450
UPPER LIMIT, XT(23) - LOWER LIMIT, XT(24) X0(12)PR 34460
X0(13)= NOT USED PR 34470
X0(14)= NOT USED PR 34480
PR 34490
FOR A VERTICAL TUBE EVAPORATOR PLANT, PR 34500
A PR 34510
X0(1) = VELOCITY IN BRINE HEATER TUBING, FPS PR 34520
UPPER LIMIT, XT(3) - LOWER LIMIT, XT(4) XO(1)PR 34530
X0(2) = OUTSIDE DIAMETER OF BRINE HEATER TUBING, INCHES PR 34540
UPPER LIMIT, XT(5) - LOWER LIMIT, XT(6) X0(2)PR 34550
X0(3) = VELOCITY IN CONDENSER TUBING, FPS PR 34560
UPPER LIMIT, XT(9) - LOWER LIMIT, XT(10) . X0(3)PR 34570
X0(4) = OUTSIDE DIAMETER OF CONDENSER TUBING, INCHES PR 34580
UPPER LIMIT, XT(11) - LOWER LIMIT, XT(12) X0(4)PR 34590
X0(5) = DEFINES CONDENSER REJECT TEMP BY TR =TFEED+X® (TCON-TFEED) PR 34600
UPPER LIMIT, XT(25) ~ LOWER LIMIT, XT(26) X0(S5)PR 34610

X0l6) = NUMBER GF STAGES IN MSF PREHEATER PER EFFECT 2ees
UPPER LIMIT, XT(13) - LOWER LIMIT, XT(14) X0(6)PR 34630
XQ(7) = VELGCITY IN PREMEATER TUBING, FPS PR 34640
UPPER LIMIT, XT{15) - LOWER LIMIT, XT(16) XO(T)IPR 34650
X0(8) = UUTSIDE DIAMETER OF PREHEATER TUBES, INCHES PR 34660
UPPER LIMIT, XT(27) - LOWER LIMIT, XT{28) XC(8)PR 34670
X0(9) = DEFINES FEED RATE BY WF =WFMIN +X® (WFMAX-WFMIN) PR 34680
UPPER LIMIT, XT(29) = LOWER LIMIT, XT(30Q) XO0(9)PR 34690
X0(10)= QUTSIDE DIAMETER OF VERTICAL EVAPORATOR TUBES, INCHES PR 34700
UPPER LIMIT, XT(31) - LOWER LIMIT, XT(32) X0(10)PR 34710
XO(11)= LENGTH OF A VERTICLE EVAPORATOR TUBE, FEET PR 34720
UPPER LIMIT, XT(33) - LOWER LIMIT, XT(34) XO(11)PR 34730

DEFINES HEAT FLUW DOWN VERT. EVAP. BY Q = X*QNOMINAL PR 34740
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UPPER LIMIT, XT(35) - LOWER LIMIT, XT(36) XO(12)PR

X0(13)= NUFMBER OF VERTICAL TUBE EFFeCTS PR

UPPER LIMIT, XT(37) - LOWER LIMIT, XT(38) X0(13)PR

X0(14)= NOT USED PR

PR

PR

CALLOC*INTERMEDIATE TUBE SHEET THICKNESSs INCHES (VTEsMSF)*y 15)PR

X0(15) = .7500 PR

PR

CALLG(*DEPTH CF FLASHING BRINE+MSF PLANT,FEET (VIE,MSF)*, 18)PR

X0(18) = 1.2500 PR

. PR

CALLU(*THERMAL CONDUCTIVITY UF BRINE HEATER TUBING (VTE,MSF)*, 19)}PR

BTU/HR/FT/DEG F PR

X0(19) = 26.00 PR

PR

CALLU(®* THERNMAL COND.,RECOVRY (MSF)}oPRHTR(VTE) TUBINGI(VTE,MSF)*, 20)PR

BTU/HR/FT/DEG F PR

X0(20) = 26.D0 PR

PR

CALLU{ *THERMAL COND. REJECT(MSF),CONDSR(VTE) TUBING(VTE.MSF)*y 21)PR

BTU/HR/FT/DEG F PR

X0(21) = 26.D0 PR

PR

CALLU(*FLCUDING FACTOR IN BRINE HEATER (VTE,MSF)*, 22)PR

Xu(22) = 19.00 PR

: PR

CALLO(*FLOODING FACTOR IN RECOVRY(MSF) 4PRHTR(VTE) (VTE.MSF)*, 23)PR

X0(23) = 19.00 PR

PR

CALLO(*FLCODING FACTOR IN REJECTIMSF) CONDSRIVTE) (VTEsMSF)*, 24)PR

X0(24) = 19.00 . PR

PR

CALLO(*WALL THICKNESS OF BRINE HEATER TUBING, INCHES(VTE+MSF)}®*y 25)}PR
KU(25)=.049D0

PR

CALLO(*WALL THKNESS, RECOVRY(MSF),PRHTRIVTE) TUBINGIVTE,MSF)*, 26)PR

INCHES PR
XC(261=.03500

PR

CALLO{"WALL THKNESS, REJECT(MSF)oCONDSRIVTE) TUBINGIVTE,MSF)*y 27)PR

INCHES PR
X0(27)=.04900

_ PR

CALLO(*PUMPING HEAD,FEED SOURCE TO PLANT SITE,FEET (ALL)*y 28)PR

X0(28) = 35.00 PR

PR

CALLO(*PUMPING HEAD,PLANT .TO BRINE HEATER,FEET (VTE.MSF)*, 29)PR

X0(29) = 25.00 PR

PR

CALLO( *BLCWDOWN PUMPING HEAD, FEET (ALL) %y 30)PR

x0(30) = 4C.DO PR

. PR

CALLO(*PRODUCT PUMPING HEADy FEGET (ALL}®y 31)PR

X0(31) = 92.00 PR

PR

CALLG(*PUMP AND MOTOR EFFICIENCY (ALL)*y 32)PR

X0{32) = .82700 PR

PR

CALLC(*DESALTING PLANT LIFE.YFARS (ALL)*y 33J)PR

X0(33) = 3¢.00 PR

PR

CALLO(*TUBING(EXCEPT BRINE HTR AND VERT)ILIFE,YEARS (VTE,MSF)*, 34)PR

Xx0(34) = 3C.D0 PR

. PR

CALLO(*BRINE HEATER TUBING LIFE, YEARS (VTE,MSF)*, 35)PR

x0{35) = 30.00 PR

PR

CALLO(*OCEAN SALT CONCENTRATION, WT. FRACTION (VTE,MSF)*, 36)PR

XQ(36) = .033600 PR

34750
34760
34770
34780
34790
34800
34810
34820
34830
34840
34850
34860
34870
34880
34890
34900
34910
34920
34930
34940
34950
34960
34970
34980
34990
35000
35010
35020
35030
35040
35050
35060
35070
35080

L2 1 2]

35100
35110
35120

*ee e

35140
35150
35160

L 22 2 J

35180
35190
35200
35210
35220
35230
35240
35250
35260
35270
35280
35290
35300
35310
35320
35330
35340
35350
35360
35370
35380
35390
35400
35410
35420
35430
35440
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CALLO(*PRODUCT SALT CONCENTRATICNy WT. FRACTION (VTE,NSF)*,
XQ(37) = 25.0-6

CALLO(*DESALTING PLANT LOAD FACTOR (ALL)?*,

XC(38)=.850C

CALLO{*STEAM TEMPERATURE, UEv F (VIEMSF),
X0(39) = 258.00

CALLO(*TEMPERATURE OF FELDWATER, DEG F (ALL) "y
X0(40) = 65.D0

CALLO(*MAXIMUM BRINE TEMPERATURE, DEG F © (MSF)*,
XGl4l) = 250.00

CALLO(*THE MINIMUM NUMBER OF TRAINS ALLOWED (ALL) %y

XQl43)=8.00

CALLO(*WALL THICKNESS,VERTICAL EVAPORATOR TUBING.IN. (VTE)®,
X0(70) = .C4900

CALLO(*THERMAL CONDUCTIVITY,VERTICAL EVAP. TUBES (VTE)*,

BTU/HR/FT/DEG F

X0(72)=26.0C

CALLO(*RATIC OF ACTUAL TO RUBBER BAND AREAS,VE TUBES (VTE)*,
X0(74) = 1.27300

CALLO(*FEED RATE TO A 3 INCH OD.IO:kI LONG VE TUBE,GPM (VTE)*,
Xgt15) = 2.000

CALLO(*VERTICAL EVAPORATOR TUBE LIFE, YEARS (VIE)*,

’ X0(76) = 15.00

CALLO(*YEAR PLANT CCONSTRUCTION BEGINS (ALL)

X0{179)=197¢.

CALLO(*MINIMUM PLANT SIZE(MGU) WITH UN-SITE ACID PLANT (ALL)®,

X0(80)=1000.00

CALLO(*MINIMUM PLANT SIZE(MGD) USING NUCLEAR HEAT+PHWR - (ALL)®,
Xxg(8l1) = 50.00

CALLO('MAXIMUM PLANT SIZE(MGD) WITH SUPPLIERS BURDEN (ALL)

X0(82) = 10.D00

CALLO(*MAXIMUM TEMPERATURE FLR
X0(83)=C0.00

CONCRETE SHELL

CALLO(*MAX SPEC TRAY FLUW RATE AT HOT END OF RECOVERY

X0(84) =1.06

CALLO(*MAX SPEC TRAY FLOW RATE AT CULD END OF RECOVERY (MSF)*',

x0{85) =.800

CALLO(*OEAERATOR PUMPING HEADLFEET
XU{86) =24.00

CALLO(*TOTAL LENGTH OF INTAKE AND OUTFALL PIPINGyFTI(MSF,VTE)",

X0(87) = 6000.00
CALLO(*RATIO OF VE SURFACESyAVG OF ALL TO HUTTEST EFF.
xg(8s) = 1.151200

CALLO('RATIC OF VE SURFAGES,
X0(83) = 1.06100

CALLO(*CONCENTRATION OF PRODUCT WATER, PPM
X0(140) = 500.00

(MSFLVTE) ",

(MSF) 'y

(MSF,VTE)*,

(VTE)

COLDEST TO HOTTEST EFFECT (VFE)®y B9)PR
(ED )*,140)PR

PR 35450
35460
PR 35470
PR 35480
35490
L 2 %]
PR 35510
35520
PR 35530
PR 35540
35550
PR 35560
PR 35570
35580
PR 35590
PR 35600
35610
*E% S
PR 35630
35640
PR 35650
PR 35660
35670
PR 35680
*5&s
PR 35700
35710
PR 35720
PR 35730
35740
PR 35750
PR 35760
35770
PR 35780
PR 35790
35800
L 2 2 2]
PR 35820
80)PR 35830
(2 X 2
PR 35850
35860
PR 35870
PR 35880
35890
PR 35900
PR 35910
35920
L 22 1 ]
PR 35940
35950
PR 35960
PR 35970
35980
PR 35990
PR 36000
36010
PR 36020
PR 36030
36040
PR 36050
PR 36060
36070
PR 36080
PR 36090
36100
PR 36110
36810
PR 36620
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CALLO(®AIR LEAKAGE PER TRAINs LB/HR {ACID) (VTE.HﬁF)'nZOO) 555
CALLO(*PPM OF NCG FROM MAKE-UP FLOW IN EVAP.{ACID) (VTE.MSF)®*,201) ¢es»
CALLO(*AIR LEAKAGE PER TRAIN, LB/HR (POLY) (VTEsMSF)*42C2) sss*

CALLO(*PPM COF NCG FROM MAKE-UP FLOW IN EVAP.(POLY) (VTE.MSF)*,203) #**s
CALLO(*NO. CF VELOCITY HEADS LOST IN WATER BOUXES (VIEoMSF)*5204) %42

x0(204)=2.LC0 *5E%
CALLO(*TOTAL NCG LOAD ON EJECTORS, LB/HR (VTEMSF)*,205) s
CALLUC'HEAT REQUIRMENT FUR SJAE UNITS MMBTU/HR (VTEsMSF)*,206) sess
CALLO(*PPM POLYPHOSPHATE IN MAKE-UP STREAM (VIE,MSF)*®,207) *%5%
X0(207)=3.0C e
CALLO(*BUNDLES PER TRAIN (ALL)*,2C8) sss»
X0(208)=1.0C *sE8 ¥
CALLO(®*BUNDLES PER MODULE (ALL) "5 209) =*s*»
xC(209)=1.C0 L2 2 2]
CALLO(*TRAINS PER BUILDING (ALL)"3210) ss%3»
XG(210)=1.00 s %
CALLC(*PRESSURE DROP IN VIE NOUZZILES, FT. (VTE)? 4211) #se»
X0(211)=30.C00 se%s
RETURN PR 36830

END PR 36840
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APPENDIX |

CHANGES MADE IN SUBROUTINE PRICES

SUBROUTINE PRICES(PROC)
IMPLICIT REAL*8(A=H,0~-2)

DOUBLE PRECISION MSF
DOuBLE PRECISION

NTPH, [IDCON
REAL*8 LPHE

LPH,

LVE, 108H,

REAL*8 KBHyKPHyKVEoLBH,MGD yNUH,NPHoNVE y KCON

DOuBLE PRECISION MODU
DOUBLE PRECISION LEV,LF2

I0PH,

LCON,

NCON,

CUMMON/PINHAS/APTSHyENRSSy ENRJIS»LPHE s DUMDUM{ 16) 4 NFEEDLLITILIII(9)

CGMMON/BLOC13/ Xx0(300)

CUMMON/BLOCHM]L/ DIE,
DOR, ELE,
HREC, APTSR,
CUMMUN/BLOCM2/ Py
AR' FF'

P8, PE,
SR, Ky
AME, ATN,

HNH, HOH,
RSH, RSR,
TME TPE,
BKTE, BKTH,
HOEX(5), MODU,
CAPIl, HEADE»
POPRDy SUBEXI(S5),
CSLTBH, csSLTBP,
VAPSPC, WPRTRY,
COMMON/BLOCVL/ ANE
GPMV, HPVE,

NCONy NTPH,

RPMV, HFEED,
APTSCN, APTSEP,
COMMON/BLOCV2/ Al30),
TE(30), TR,
ABH, APH,

ELL, GBH,

KPH, KVE ¢
NVE(30), QPH,
UBH, VBH,

HIBH, HIPH(3),

LVEP, PHLF,

UCON, VCON,
CONLF, HICON,
POPRO, POSEA,
ELBNDL(30), HCOTCF,
LMTOBH, LMTDCN,
SUMNWPH, TOTAVE,

NE NTRN,
COMMGN/COMNAM/ AJd,
HB Pl

LAY W8,

AXJy HBL ,

ENBH, GPMB,
GPMR, HDEA,
RPMR, TSTH,
BLDGS, BNDLS,
HPPRD, HPREC,
ACNCFL, ACNCIMNW,
ASTLEW, ASTLFL,
AWEIRS, BHSURF,
ENSUPR, PIPELN,
TNACDY, TRAINS,

COMMON/BLOC14/ XC

D[H' DlR'
ENE, RLR,
ENI TSR
Qs AH,
GEo GHy
Qx(5), RPy
VE, VH,
BPX(S5), CCF,
OMX(5), PHE,
TC1l, THF,
UEX(5), UME o
BKTR, OTLS(S),
ROE1, RUEZ2,
HEADH, HEADR,
WCOLD, WMUDC,
HOTLEN, HRECOV,
POREC
HVE, LPH,
HSEA, IDBH,
ODBH, ODPH,
IDCON, ODCOUN,
OVRHLT TOTNVE,
Sy AE(30),
UE(30), UH(3),
BPE(3CQ), CIE(30),
GPH, GPM,
LBH, MGD,
RBH, RPH,
VPHy, WPEX(30),
HOBH, HOPH(3),
QMSF(3), RCON,
VLEN, VILF,
HGCUNy HOTEL,
SURFF, VEHGT,
HCOTOO, HEADBH,
PLNTLF, PODEAS,
QESP,VEFEED(30),
IFEED, IRECYC
ct, CUy.
PO, Tdy
hF. “0'
HPR, LEV,
GPMD, GPMH,
RPMB, RPMD,
WHOT, YEAR,
HOLES, HPBLD,
PLPRD, PLSEA,
ACNCPH, ACNCRF,
ASTLIMW, ASTLPH,
DINTAK, ENITSE,
PLSZMG, REJLEN,
TSAREA, VOLCNC»

DOE,
RNR

AKo

GR

SE,

VR,
HIH,
PUI,
TKX(5),
UMH,
ELEX(S5),
APTSE,
POBLD,
WMODH,
HREJCT,

LVE,
10PH,
ODVE,

SUMMT,
VEPMPS

QE.

WM,

COE(30),

HOQ,

NBH,

RVE,
BHLF,
KCUNy

SUBF(3),
WDTH(30),
PHHGT,
WALVE,
HEADCN,
POFEED,
WB00ST,

CP,y

T0,

WP,
LF2,
GPMO,
RPMM,
ACRES,
HPDEA,
PODEA,
ACNCTR,
ASTLRF,
ENPIPE,
STLLEN,
VOLSTL,

O0H,
HOEL,

. ANy
HD»

SHy

WC,
HLH,
RSE,
TMC,
WPL,
HIEX(S),
BDEPH,
PODEL,
BHSHEL o
RECOLN,

ACON,
LCON,
POVE,

VETSA,

TC(30),
WI(30),
DPE(30),
KBH,

NPH'

T00,

GCON,
LMTO(3),
TCON,
ALFAE(30),
POBLO,
EFFSPC,
HEADPH,
SUMMPE ¢
WOCOLD,

CR,

TP,

WR,
TCF,
GPHP,
RPMP,
BHVOL ,
HPDEL,
ACNCEM,
AEXCAV,
ASTLTR,
ENSUPE,
STLTNP,
WOCEtAN
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COMMON/SHARE/ LFLIP,ISPOT

CIMENSION XC(500)
DATA MSF,VTEED/*MSF® 4 *VIE®,ED/

UFHEAC(TS)= 1.
UNHEACH{TS)=(-78.5331+.644544*%T75-.000608477*T7S5*1S )*0.01
UNIT COSTS ARE FUR THIRU QUARTER UF 1975

NUTE REORDERING OF CARDS HERE
EEBRRXLHRBHEEEAERIREX SR SSREREEE RS SE

UNIT COSTS FCR THIRD QUARTER 1967

UNIT COUSTS OF HORIZONTAL TUBE BUNDLE FABRICATION
UNIT COST GF TUBE SHEETS, $/SHEET - TUBE SHEETS ARE STEEL
WITH 178 INCH CU-NI CLADDING .
UCSHET(TKNS,AREA) = 9,929%*TKNS*AREA
UNIT CUOST OF HOLE DRILLING AND TUBtE RUOLLING,$/HOLE
UCDRIL(TSTH,DIA) = .0449 + .1538%(TSTH®DIA)**2
UNIT COST OF TUBE SHEETY INSTALLATION,$/TUBE SHEET
UCTSIN(TSTHsAREAyRFSNO, SHETNG)= 2.6T6*TSTH*AREAS
: (RFSNO/SHETNO ) **.1
UNIT COST OF INSTALLING TUBING, $/LINEAR FT.
UCTUIN(REFEETFEET) = .07277%(REFEEV/FEET)**,.1

P LI T T T T PP T TR TR T P T 3 2

UNIT CUSTS OF STEEL SHELL
UNIT COST OF ROOF, $/SQ FIT
USTLRF(AREA) = 13.53%(54601./AREA)*%,]
UNIT CCST CF FLOOR AND FUUNDATIUN, $/5Q FT

USTLFLUAREA) = 5.373%(54601./AREA)**.]1 +11.27%(54601./AREA)*+,03

UNIT CCST OF EXTERIOR WALLS, $/5Q FT
USTLEW(AREA) = 18.36%(21120./AREA)*%,]
UNIT CCST OF INTERIOR WALLSy $/5Q FT
USTLIWC(AREA) = 12.22%(154160./AREA)**,.])
UNIT COST OF INTCRIOR FRAMINGy $/CU FT SHELL VOLUME
USTLIF{VOLUME) = 1.238%{1.4162D6/VOLUNE)**,.1]
UNIT COST OF TRAYS, $/5Q IV
USTLTR(AREA) = 26.16*%(67684./AREA)*3,]
UNIT COST UF PHENOLIC COATING, $/S5Q FT
USTLPH(AREA) = 1.338#%(180200./AREA)*%*,03

UNIT COSTS OF CONCRETE SHELL
UNIT COST OF ROOF, $/5Q FT
UCNCRF{AREA) =11.11%(185497./AREA)**.03+45.17%(185497./AREA)*s. ]
UNIT CCST OF FLOOR AND FGUNDATIGCN, $/SQ FT
UCNCFL{AREA) =12.54%(185497./AREA)**.03+45.29%(185497.7AREA)*+. ]
UNIT CCST CF EXTERIUR WALLS., $/5Q FT
UCNCEW(AREA) =14.22%( 48291./AREA)**,03+413.20%(48291./AREA)SS,1
UNIT CCOST OF INTERIOR WALLS, $/5Q FT
UCNCIW(AREA) = 6.96%(376165./AREA)**.03
UNIT COST OF INFTERIOR FRAMING, $/CU FT SHELL VOLUME
UCNCIF(VOL)=.261%{5.393D6/VOL }**.03+.109%(5.393D6/V0L)*%.1
UNIT CCST CF TRAYS, $/S5Q FT
UCNCTR(AREA) =8.28%(224140./AREA)**.03
UNIT COST OF PHENOLIC COATING ON STEEL, $/5Q F7
UCNCPH(AREA) =1.57TT*(2.D5/AREA)*%.03

UNIT COST OF EXCAVATIUN, $/5Q FT FLOGOR AREA
UEXCAV(AREA) =.5461%{240100./AREA)*%,03

UNIT COST OF DEMISTERS AND MISC SMALL SHELL ITEMS, $/MGO
UMISCI(PLCAP)= 10200.%(250./PLCAP)*%,03

UNIT COST OF WEIRS, $/5Q FT WEIR AREA
UWEIRS(AREA) = 59.36%(19860./AREA)*%,03

2222222 R RS2 22222822 R 222222222 2
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UNLIT COST UF PUMPS 4 $/GPM —-PUMPS HAVE NI-RESIST CASINGS AND
316 SS IMPELLERS ANU SHAFTS.
UCPUMP (GPMyHEAD) = 23.762%(1.-.8696%DEXP{-.004426%HEAD))
/GPM%%_ 15

UNIT COST Of MOTORS ,$/HP -MOTORS OF 500 OR MORE HORSEPOWER
ARE SYNCHRONOUS -SMALLER MOTORS ARE INDUCTION
UCMUTR(HPRPM) = 28.309%(1.+56.8D03 *RPM*%(-,972) /HP**,.T36)
2(le=~e954%DEXP(-.0042HP))

UNIT COST OF AUXILIARY PUMPS AND DRIVLS,$/MGD PLANT CAPACITY
UCPAUP(PLCAP) =140.%(250./PLCAP)**.2

UNIT COST OF PiTS FOR RECYCLE MAKE-UP.PRODUCT AND BLOWDOWN
PUMPS, $/GPM PUMP CAPACITY
UCPPIT(GPMP) = 1.17%(2,25906/GPHP)**,2

(E2 222322 R R R R 222 R 2SR 2 S22 R 2 2 2 2 L

UNIT COSTS OF SUBMARINE LINE INTAKE AND OUTFALL SYSTEM
UCINSL{GO+DIA, TRAINS,PIPENO.PIPELN)=
UNIT COST OF SCREENS, $/GPM SEAWATER INTAKE
1.51100
UNIT COST OF INTAK: CAPSs $/GPAM
+ 2696.D0/G0 *PIPEND * DiA*#*1.9
UNIT CCST CF DRAFT TUBES, $/GPM
+ 94.12 *{TRAINS/GU)*%,35
UNIT CCST OF MATERIAL, $/GPM
+4.08*PIPELN*DIA®*] . 9%P [PEND**.97/60
UNIT CCST OF LABOR ,$/GPM
+20.85%PIPELN *DIA**] .. 1*PIPENU®*.8/G0

LR R R S22 RS R 222222222 22 22 2 2 22 2 8 )

UNIT COST OF HYDRAULICALLY UPERATED BUTTERFLY VALVES ,$/GPM
UCVALVI(GPM) =(248.6+.005588%GPM**1.2)/GPM

UNIT COST OF PLANT (SEANWATER.REJECT,AND INTERTRAIN) PIPING AND
FITTINGSy $/GPM SEAWATER FLOW FUR DISTILLATION PLANTS.
UCPLPF (PLSEAyGPMO¢GPMPoPLPRDyTRAINS) =
UNIT COST OF SEAWATER INTAKE PIPING +$/GPM SEAWATER FLOW
«0481%PLSEA*(GPMO/TRAINS)*%,5/GPMO
UNIT COST OF SEAWATER INTAKE FITTINGS,$/GPM SEAWATER FLOW
+1.4ARK(GPMN/TRAINS)#*, 8 *TRAINS/GPMO
UNIT CCST OF PLANT REJECT PIPING »$/GPM SEAWATER FLOM
+.0481%PLSEAS( (GPMO-GPMP)/TRAINS) *#%,.5/GPMO
UNIT COST OF PLANT REJECT FITTINGS+$/GPM SEAWATER FLOM
+1.326%({GPMO-GPMP)/TRAINS)*+.,8 *TRAINS/GPMO
UNIT COST OF INTERTRAIN PIPING +$/GPM SEAWATER FLOM
+.C481%GPMHP*%,5/GPMO*PLPRD
UNIT CCSF OF INTERTRAIN FITTINGSy $/GPM SEAWATER FLOW
+.4302*GPMP*% 8% TRAINS/GPMO

UNIT CCSTS OF INTRA-TRAIN PIPING AND FITTINGS FOR MSF PLANT,
$/TRAIN :
LUCTRPF(PLCAP,TRATNSPLEVELREJLEN) =
UNIT COST OF TRAIN PIPINGe: $/TRAIN
3.2804%(PLCAP/TRAINS)*%,.5¢(.95+.05%(PLEVEL-1.))
*{.954+,05%REJLEN/90.33)
UNIT COST OF TRAIN FITTINGS, $/TRAIN
+12.103%(PLCAP/TRAINS)*%.8

UNIT COSTS OF BRINE HEATER PIPING AND FITTINGS,$/GPM BH FLOW
UCBHPF (ENBHoGPMH,PLEVEL )=
UNIT COST QF BRINE HEATER PIPING,$/GPM BH FLOW
88.00%ENBH* (GPMH/ENBH)## . 5% (. 9+. 1*(PLEVEL-1.))/GPMH
UNIT COST OF BRINE HEATER FITTINGS+$/GPM BRINE HEATER FLOW
+1.455%ENBH* (GPMH/ENBH) %%, 8% (. 9+. 1% (PLEVEL-1.))/GPMH
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c
Crasx UNIT COST OF VENT AND DRAIN PIPING, $/GPM MAKE-UP FLOMW
UCVNTOD(GPMMU,PLCAP) =2,205%(3,472D05/GPMNU) *%*,03
1 +2984.%(PLCAP/250.)1%%.2/GPMMU

BEREXBERGAIRRDEHSERABASSERRT AR SRS RS
NOTE REORDERING OF CARDS HERE

*REx UNIT COST UF BRINE hEATER SHELL AND INSTALLATION, $/5Q FT
SHELL SURFACE
UCBHSH{SURF s VOL+RFSURF ¢RFVOL) = 136.85%(RFSURF/SURFl**,|
1 +34.87#V0L/SURF*(VOL/RFVOL)*#.1

OOOOOO

L2223 2222 2SS RSS2SR R R 22 R 22 R R R R 2 2 2

UNIT COSTS FOR THIRD QUARTER 1975
NUTE RE-URCERING Of CARUS HERE

22232222222 2R 2222222222 R 2R 22 2 2 2 )

** UNIT COST OF ACID UISPENSING AND CAUSTIC TREATMENT SYSTENMS,
$/TON UF HZ3U4 PER DAY,

** UNIT COST OF CHLORINATIUN EQUIPMENT, $/GPM SEAWATER INTAKE
UCCHLO(GPMO) = 1.108#%(2.2D05/G6PM0)**.3
ANTIFOAM + SULFITE OR POLYPHOSPHATE. $/GPM

O o () OO0

*x UNIT COST OF PRODUCT WATER TREATMENT,CHEMICAL BLDG.sAND
MISC AIR ANC HYDRAULIC SYSTEMS, $/MGD PLANT CAPACITY
UCPAUX(PLCAP) = 12640.*(100.00/PLCAP)**.3

e ]

c

c XXX EIABENREER AR RRESI SRR RER AN

C

Coxoxx UNIT COST OF INSTRUMENTATION
UCI(FF,TRAINS)=400.D3*(FF/TRAINS/10.)**%,3174%TRAINS/FF

c
[ (222222222 2R 2R 222222222222 2222 22 2 2
c
Conss UNIT COST OF ELECTRICAL DISTRIBUTION EQUIPMENT, $/MW

UCEDK (PMW, TRAINS)=(750.03% (PMW/TRAINS/10. )¢+, 84 TRAINS+

1 LOUUUS®IFPW/40.)4.8) /PMI
c
(o} (2322222222222 22222222 R 2222 22 2 2 22 2 L
c
C*#%% UNIT COST OF DECARBONATOR ANU STEAM EJECTORS AND DEAERATOR
c DEAERATOR o $/GPM

UCDEA(FLOW, TRAINS)=100.C3% (FLOW/TRAINS/4.2D3) ##. T+ TRAINS/ FLOW
c DECARBCNATGR, $/GPM

UCOCR(FLOW, TRAINS)=46.U3% (FLUW/ IRALNS/4.203)#%  T*TRAINS/FLOW

c STEAM EJECTORS, $/LB/HR NCG

UCSJAEIGLyTRAINS)={T78.D3%(GL/TRAINS/500.)%%.,453
1 +6.D3%(GL/TRAINS/500.)%%.83+40.03)%TRAINS/GL

c

C 222222222 S22 222222222222 2222 22 2 2222

o .

Crexx UNIT COST CF SITE PREPARATION, $/ALRE
UCSITS(ACRES)=75.D3%(11.4/ACRES)**,03

c

Cronx UNIT COST OF BUILDINGS ANU CRANES,$/MGD PLANT CAPACITY
UCBLCR(PLCAP)=30.D3%{10C./PLCAP)**,35

C

C RIS ERE RS RSS2 ISR R R LA L 2L 22

c

CHeax " UNIT COST OF OPERATING ANU MAINTENANCE LABOR,$/YR PER MGOD
UCCPAN(PLCAP)=12.5D3*(1CO0./PLCAP)*¢,.5

C

C

C*»

Covrxk CCST FACTCRS WHICH APPLY TO ALL PROCESSES

C*%

c

UCACCT(TNACCY,TRAINS)=8.04%(TNACDY/TRAINS/13.15)%%.3*%TRAINS/TNACDY

UCAFSS(GPMMPU, TRAINS)=20.03%(GPMMU/TRAINS/1735.) %%, B*TRAINSIGPNNU
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GO TO (95496)4NFEED
95 XC(48)=21.00
G0 1O 97
96 XC(48)=3000.00
97 CONTINUE
XCt49)=25.00

c

XC(50)=2.64C-7
c .

XC{54)=.0200
C

XCU155)=.02500
C

XC(561=.080C
c

XCio8)=.C0700
C

XCl60)=.100
c

xCl6l) = 0100
c

XCl62) = .2500
C

IFUIFLIP .EQ. Q) GO TO 100
IF((PROC .NE. MSF) .AND. (PROC .NE. VTE)) GO TO 400
100 CONTINUE
C*x
Croxe CGST FACTCRS WHICH APPLY TO BOTH MSF AND VTE PROCESSES
C*s
IF(VOLSTL .LT. 5.00) GO VO 110
XC{9) =(USTLRF(ASTLRF)*ASTLRF +USTLFL(ASTLFL)}*ASTLFL
1 +USTLEW(ASTLEW)*ASTLEW +USTLIW(ASTLIW)*ASTLIW
2 +USTLIF(VOLSTL)®VOLSTL +USTLTR(ASTLTR)*ASTLTR
3 +USTLPHIASTLPH)#ASTLPH)I/VOLSTL
110 CONTINUE

c
IF(VCLCNC .LT. 5.D0) GO TO 120
XC(10) =(UCNCRF (ACNCRF)*ACNCRF +UCNCFLIAUCNCFL)®ACNCFL
1 +UCNCEW(ACNCEW) *ACNCEW +UCNCIW(ACNCENW)*ACNCIN
2 +UCNCIF(VOLCNC) *VOLCNC +UCNCTR{ACNCTR)*ACNCTR
3 +UCNCPH{ACNCPH)*ACNCPH) /YOLCNC
120 CONTINUE '
C
XC{11l) = UEXCAV(AEXCAV)
c
XCi12) = UMISCI(PLSZMG)
c
XC(13) =UWEIRS(ANWEIRS)
c
XCU17) = UCPAUP(PLSZIMG)
c .
XC{20)=UCINSL{GPMO,DINTAK, TRAINS,ENPIPEPIPELN)
c
XC(24) = UCPLPF(PLSEA,GPMO,GPMP+PLPRD,TRAINS)
c
XC(25) = UCTRPF(PLSZMG, TRAINSLEV,REJLEN)
c
X(.(26) = UCBHPF(ENBH,GPMH,LEV)
c ' ’
XC(27) = UCVNTD(GPMB+GPMP,PLSIMG)
C

G0 TO (121,4122),NFEED
121 CCNTINUE
XC(30) =(UCADCT(TNACDY,TRAINS)*TNACDY+UCAFSS(GPMB+GPMP,TRAINS)*
LIGPMB+GPMP)
1 +UCCHLG(GPMO) *GPMO) /PLSZMG +UCPAUXIPLSZNMG)
GN TNH 123 :
122 XC(30)=(UCAFSS(GPMB+GPMP,TRAINSITIGPHB*GPNP)
1 +UCCHLO(GPMO) *GPMO)/PLSIMG +UCPAUXIPLSZNMG)
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123 CONTIENUE

XC(32)

GC 10 |

= UCI(PLSZMG,TRAINS)

1309 140) yNFEED

130 XC(36)=UCDEA(GPMB+GPMP,TRAINS)+UCDCR(GPMB+GPMP, TRAINS)
60 TOo 150

140

XCt36)=

UCCEA(GPMB+GPMP,TRAINS)

150 XC(200)=UCSJAE(XOD(205),TRAINS)

(9l o gl gl (o] (o] o (o] (9]

XC{4J)

= UCBHSH{BHSURF,8HVOL1935.00+6526.300)

XC(42)= UCSITS(ACRES)

XC(43)

KCl46)=

XC(51)
XCi52)

XCU57)
xCc{210)

IFCIFLI
IF(PROC

= UCBLCR(PLSZMG)
XC(45)=UNHEAC(T3S)

UFHEACI(TS)

8.50-7

7.05D-7

UCCPANIPLSZMG)
.7000

P .EG. 0) GO TO 200
.NE. MSF) GO TO 300

200 CONTINUE

Cox
Ceese
Cox

(-

c

1
2
3

1
2
3

B W N e

1

[C Wl N

CGST FACTORS WHICH APPLY TO MSF PROCESS ONLY

XC(1) = 1.84900

XC(2) = 2.552

XC(3) = (UCSHETITSTH,APTSE)*ENITSE +UCSHET(.5%TSTH,)APTSE)}*ENSUPE
+UCSHET(3.0833*TSTHyAPTSL) # 2. #BNDLS#ENRSS
+UCSHET(TSTH APTSRISENITSR +UCSHET(.5*TSTH,APTSR)SENSUPR
+UCSHET{3.0833%TSTH,APTSR) #2, *tNRJIS*BNDLS) /TSAREA

XC(4) = ((UCORILITSTH,DUE)SENITSE +UCDRIL{.5*TSTH,DOE)*ENSUPE
+UCDRIL(3.0833%TSTH,DOL)*2.*ENRSS*BNDLS)*ENE/BNOLS
+(UCORIL{TSTHyDURI*ENITSR +UCDRIL(.5%TSTH,DOR )} *ENSUPR
+UCDRIL(3.0833%TSTH,DO0R)*2,¢ENRJS*BNDLS ) *RNR/BNDLS)/HOLES

TX=2.%ENRSS

TY=2.%ENRJS

XC{5) = (UCTSIN(TSTH,APTSE,940.00,ENITSE)*ENITSE
+UCTSIN(.5*TSTH,APTSE»937.UU0+ENSUPE ) $ENSUPE
+UCTSIN(3.0833%TSTHyAPTSE»80.000, TX*BNDLS) *TX*BNDLS
+UCTSIN(TSTHyAPTSRy2G.DO,ENITSRI®ENITSR
+UCTSINI.S®TSTH,APTSR,250.0U ENSUPR) #ENSUPR
+UCTSIN(3.0833%TSTH,APTSRy40.00sTYSBNDLS)*TYS®BNDLS)/TSAREA

XCl6) = (UCTUIN(116.86D64ELE*ENE)#ELE*ENE
+UCTUIN(T.536D6,RLR*RNR)} *RLR*RNR)/(ELE*ENE+RLR*RNR)

XC{7) = (UCORIL(3.0833*ISTHyDOE)*TXSENE

XC(l5)=

+UCDRIL(3.0833%TSTH,D0R)*TY#RNR)/(ENE+RNR)

(UCPUMP (GPMO/TRAINS yHDEL ) *GPMO
+UCPUMP (GPMR/TRAINS yHREC ) *GPMR
+UCPUMP (GPMP/TRAINSyHPR) *GPMP
+UCPUMP (GPMB/TRAINS ,HBL) *GPM8B
+UCPUMP (GPMD/TRAINS,HDEA)*GPMD )/
(GPMO+GPMR+GPMP+GPMB+GPMD)
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PR 58610
XCl16) =(UCMOTR(HPDEL ,RPMD)*HPDEL +UCMOTR(HPREC ,RPMR)*HPREC PR 58630
1 +UCMOTR (HPPRD ¢ RPMP ) *HPPRD +UCMOTR(HPBLD,RPMB ) *HPBLD PR 58640
2 +UCMOTR{HPDEA,RPMM ) *HPDEA) / (HPDEL+HPREC+HPPRD+HPHBLD+HPDEA) PR 58650
PR 58660
XC(18) =UCPPIT(GPMR+GPMP+GPMB+GPMD) PR 58680
PR 58690
GPMM1 = DMAX1{1.D0,GPMO-GPMD) PR 58710
XC(23) =(UCVALV(GPMO/TRAINS)*GPMO +UCVALVI(GPMD/TRAINS)}*GPMD PR 58720
1- +2*%UCVALVIGPMR/TRAINS)*GPMR +UCVALVIGPMML/TRAINS)*GPMM]L PR 58730
2 +2.%UCVALVIGPMUB/TRAINS)I*GPME PR 58740
3 +3.%UCVALVIGPMP/TRAINS)*GPMP +2.%¥UCVALV(GPMH/ENBH)#GPMH) PR 58750
4 /{2.%(GPMO+GPMR+GPMB+GPMH) +3.%GPMP) PR 58760
PR 58770
XC{34) = 1.D-3%UCEDK(PO,TRAINS) PR 58790
PR 58800
XCl38)= 2.552 s458
PR 58830
HLH = AF/ (HNH*PI*DOH/L12.) L a i L d
ENSUPH=,15%HLH*ENBH/DOH sPkR
XKC(215)=UCSHET(3.0833%TSTHyAPTSH)*2,.%ENBH+ LR L 2]
1 UCSHET(O.5%TSTHyAPTSH)*ENSUPH s
XC(216)=(UCDRIL(3.0833%TSTHyUCH)*2.+ *55s
1 UCCRIL(O.S5*%TSTHyDOH ) *ENSUPH/ENBH) ®HNH L2 2 2
XC(217)=UCTSIN(3.0833%«TSTHyAPTSHy100.0092.%ENBH)*2.*ENBH+ 388
1 UCTSIN(O.5#%TSTHyAPTSHy1000.009ENSUPH)*ENSUPH s2%s
XC{218)=UCTUIN(1C0.D69yHNHEHLH ) *HNH*HLH se6s
XCU219)=UCORIL(3.0833%TSTH,00H )*HNH®2. *%%
XC(39)={XC(215)+XC(216)+XCI2L7)+XC(218)¢XC(219))/AH *2% s
RETURN PR 58870
CONTVINUE PR 58890
PR 58900
COST FACTORS WHICH APPLY TU VTE PROCESS ONLY PR 58910
PR 58920
XC(63) = 3.77600 (21 1]
PR 58950
XC{64) = UCSHET(1.D0,1.10) PR 58970
PR 58980
XC{65) = UCORIL(1.D0,0DVE) PR 59000
PR 59010
XC(66) = UCTUIN(2.61406,TOTNVE*LVE) PR 59030
PR 59040
XCloT) = 2.%UCTSIN(L1.DO,VETSA/(2.%*ANE*TRAINS) y60.D0+2.¢ANESTRAINS)IPR 59060
‘ PR 59070
XCl68) = 1.899D0 (121
PR 59100
XC(69) = (UCTUIN{116.8606¢LPHENTPH)SLPHENTPH PR 59120
1 +UCTUIN(T7.536D6,LCON®NCON) #*LCON®NCON)/ PR 59130
2 (LPHENTPH ¢+ LCON*NCON) PR 59140
PR 59150
TX=2.%#ENRSS
XCUT70) =(UCSHET(TSTH,APTSEP)*ENITSE ¢UCSHET(.5*%TSTH¢APTSEP)SENSUPEPR 59170
1 +UCSHET(3.0833%TSTH,APTSEP)*TX*BNDLS PR 59180
2 +UCSHET(.5%TSTH,APTSCN)*ENSUPR PR 59190
3 +UCSHET(3.0833%TSTHyAPTSCN)#2.#TRAINS )/ TSAREA PR 59200
PR 59210
XC{71) =((UCDRILUTSTHyODPH)*ENITSE +UCDRIL(.5%TSTH,O0DPH)*ENSUPE PR 59230
1 +UCDRIL{3.0833%TSTH,OOPH)*TX*BNDLS)ENTPH/BNOLS PR 59240
2 +(UCORIL{.5*TSTH,0DCON)*ENSUPR PR 59250
3 4+UCDORIL(3,0833%TSTH,ODCON)*2.*TRAINS)*NCON/TRAINS )/HOLESPR 59260
PR 59270
XC(72) = (UCTSIN(TSTH,APTSEP,940.00,ENLTSE)*ENITSE PR 59290
1 +UCTSIN(.5*TSTHyAPTSEP,937.D0,ENSUPE ) *ENSUPE PR 59300
2 +UCTSIN(3.0833%TSTH,APTSEP40.D0, TX*BNDLS)*TX$H4NDLS PR 59310
3 +UCTSIN(.5%TSTHyAPTSCNy256 .00 +ENSUPR)*ENSUPR PR 59320
4 +UCTSIN(3.0833%TSTH,APTSCN40.0042.%TRAINS)*2.%TRAINS) PR 59330
5 /TSARFA PR 59340
PR 59350
XC(73) = (UCDRIL(3.0833%TSTH,C0DPH)*NTPH PR 59370
1 +UCDRIL(3.0833%TSTHyODCON)*NCON)/ (NTPH #NCON) PR 59380
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PR 59390
XClT74) = 2.552 se8s
’ PR 59420
XC(126) = 2.552 ' [ 2 23]
PR 59450
XC(34) = 1.0-3%UCEDK(PO,TRAINS) PR 59470
XC{127) = XC(34)+54.%POVE/PO*(VEPMPS/60.)%%,] PR 594860
PR 59490
XC(128) = (UCPUMPIGPMO/TRAINS,HSEA) *GPMD PR 59510
1 +UCPUMPIGPMR/TRAINS ¢yHFEED) *GPMR PR 59520
2 +UCPUMP(GPMP/TRAINSHPR} *GPMP PR 59530
3 +UCPUMP(GPMB/TRAINS,HBL) *GPMB PR 59540
4 +UCPUMP(GPMD/TRAINS yHDEA) *GPMD PR 59550
5 +UCPUMP(GPMV/VEPMPS,,HVE) *GPMYV) PR 59560
6 /(GPMO +GPMR +GPMP +GPMB +GPMD +GPMV) PR 59570
PR 59580
XC{16) =(UCMOTR{HPDEL +RPMD)*HPDEL +UCMOTR(HPREC ,RPMR)*HPREC PR 59600
1 . +UCMOTR{HPPRD+RPMP ) SHPPRD +UCMHMOTR(HPBLO,RPMB)*HPBLD PR 59610
2 +UCMOTR(HPDEA yRPMM) #HPDEA) / (HPDEL+HPRECH+HPPRD+HPULD+HPDEA) PR 59620
XKC(129) = (XCl16)%{HPDEL+HPREC+HPPRO+HPBLD+HPDEA)*TRAINS PR 59630
1 +UCMUTR(HPVE ¢RPMV) ¢HPVESVEPMPS) PR 59640
2 / ({HPDEL+HPREC+HPPRD+HPBLO+HPDEA)*TRAINS+HPVESVEPMPS) PR 59650
PR 59660
XCU130) = UCPPIT(GPMV+GPMR+GPMP+GPMU+GPMD) PR 59680
. PR 59690
GPMM]1 = DMAXL1(1.00,GPMD-.2%GPMR) PR 59710
XC(23) =(UCVALV(GPMO/TRAINS)*GPMO +UCVALV(GPMD/TRAINS)*GPMD PR 59720
1 +2.%UCVALV(GPMR/TRAINS)*GPMR +UCVALV(GPMML/TRAINS)®GPMM] PR 59730
2 +2.%UCVALV(GPMB/TRAINS)*GPMB PR 59740
3 +3.%UCVALV(GPMP/TRAINS)*GPMP +2.%UCVALV(GPMH/ENBH)*®GPMH) PR 59750
4 /2. %(GPMO+GPMR+GPMB+GPMH) +3.%GPMP) PR 59760
XCE131) = (XC(23)%(2.%(GPMU+GPMR+GPMU+GPMH)+3,3GPMP) PR 59770
1 +UCVALVIGPMML1/TRAINS)*GPMM] PR 59780
2 +UCVALVIGPMV/VEPMPS ) *GPMV) PR 59790
3 /(2. (GPMO+GPMB+GPMH) 43, 4PMP+1 .B*GPMR+GPMV) PR 59800
PR 59810
XC(132) = 2.46D4*(SUMKNT/VEPMPS #60./6.45D08 *0OVRHGT/32.845)*%.8 PR 59830
PR 59840
ENSUPH=,15%hLH#*ENBH/DOH Yy
XC{Z15)=UCSHET(3.0833%TSTH,APTSH)*2,.,*ENBH+ **%2
1 UCSHET(Q.5%TSTH,APTSH)*ENSUPH L2 22
XC(216)=(UCORIL(3.0833*TSTH,Q0D8H)*2,.+ ss%
1 UCCRIL(O.5#TSTH,ODBH)*ENSUPH/ENBH)SNBH *288
XC(217)=UCTSIN(3.0833%TSTHyAPTSHy100.0052.%ENBH)*2,%ENBH+ s$5%2
1 UCTSIN(O.S%TSTHyAPTSH,1000.00,ENSUPH) #*ENSUPH sEs
XC(218)=UCTUIN(100.D6yNBEH*LBH) *LBH*NBH *8E %
XCl219)=UCORIL(3.C833%TSTH,0DBH)*NBH=2, *345
XCU133)=(XC(215)+XC{216)+XC(217)+XCL218)+XCL219))/ABH . ss8%
XC(220)=2.00 seEs
XC(221)=15000.0L0 *4e
' PR 59870
400 RETURN PR 60800

END PR 60810
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APPENDIX J

CHANGES MADE IN SUBROUTINE

SUBROUTINE COSTM

IMPLICIT REAL*3(A-H,0-1)

DouBLE PRECISIGN MODU

- DOUBLE PRECISION LEVsLFZ

COMMON/BLOCHML/ GIE,
1 DOR, ELE,
2 - HRECy APTSRy

COMMON/BLOCM2/ Py
1 ARy FF,y
2 P8,y PE,
3 SKy TK»
4 AME, ATN,
5 HNH, HOH
6 RSH, RSRy
7 THE» TPE,
8 BKTE, . BKTH,
9 HOEX(5), MODU
+ CAPI1, HEADE,
A POPRDy SUBEX(5),
8 CSLTHH, CSLTBP,
c VAPSPC, WPRTRY,
CUOMMON/BLOCM3/ EA,
i EA2, EEC,
2 PMC, TC2,
3 DEAl, DEA2,
4 SITE, SMAP,
5 AMSC2,y CaPI2,y
6 SITEl, SITE2,
7 CHMPTZ, CINSTC,
8 POCST2, RATEIN,
9 CCy BHC,
COMMON/COMNAM/ Adsy
1 HB s Ply
2 TS, W8,
3 AXJ, HBL »
4 ENBH, GPMB,
5 GPMR, HDEA,
6 RPMR, TSTH,
1 BLOGS, BNDL S
8 HPPRO, HPREC,
9 ACNCFL, ACNCIW,y
+ ASTLEW, ASTLFL,
A AWEIRS, BHSURF,
-] ENSUPR, PIPELN,
C TNACDY, TRAINS,

COMMON/BLOCKG/ FC
COMMON/BLCCL3/ XO
CCOMMON/8BLOCL14/ XC

CCMMON/SHARE/ IFLIPy

DIFENSICN XC(300)

DIPENSICN XC(500),

EQUIVALENCE

(AE,AME)

DiH,
ENE,
ENITSR
Qy
GE»
QX(5),
VE,
BPX(5),
oMX(5),
TCl,
UEX(5),
UKTR,
RGELl,
HEAUH,
WCOLD,
HOTLEN,
POREC
€Sy
HC 1,
VPC,
gECl,
VPCl,
CAPIL3,
WAITL,
CINST1,
RETUBL,
ESl,
C8,
PC,
WF,
HPR,
GPMD,
RPMB,
wWHOT,
HOLES,
PLPRO,
ACNCPH,
ASTLIW,
DINTAK,
PLSZIMNG,
TSAREA,

ISPOT

FC{500)

DIR,
RLR,

AH,

GHy

RP,

VH,
CCFy
PHE
THF o
UME
OTLS(5),
ROE2y
HEAODR »
WMODC
HRECOV,

CCl,
HC2,y
BHC1,
EEC2,
VP(C2,
CAPIl4,
WALT2,
CINSTZ2,
RETUBZ,
ES2
CO,
Tde
WO »
LEV,
GPMH,
RPMD,
YEAR,
HPUBLD,
PLSEA,
ACNCRF,
ASTLPH,
ENITSE,
REJLEN,
VGLCNC,

COSTM

DOE,
RNR o

AK,y

GR,

SE.

VR
HIH,
P03,
TKX(5),
UMH 4
ELEX(S),
APTSE,
PCBLD,
WMODH,
HREJC T,

CC2,
0Cl,
BHC2,
PMC1,
WAILT,
CIBC1,
CHMPTC,
DEACST,
SMAPPH,

CP,

10y

WP,
LF2,
GPMO,
RPMM,
ACRES,
HPDEA,
PODEA,
ACNCTR,
ASTLRF,
ENPIPE,
STLLEN,
vOoLSTL,

EQUIVALENCE (SMAP,SSMAP) s (AJoASJ) 9 (RATEINSRTEIN)
DATA PRQOC/*MSF*/

CALL PRICES(PROC)
DO 100 J=1,300

X4y =
CONTINUE

XCL

* FCLH)

IFCIFLIP .GT. 1) GU TO 120

PR

PR

PR

PR

PR

PR

DOHe PR
HDEL PR

PR

ANg PR
HO+PR
SHePR

WCy PR

HLHo PR
RSEPR
TMC,PR
WPL,PR
HIEX(5) PR
BOEPH, PR
PODEL4PR
BHSHEL o PR
RECOLN, PR
PR

EAL,PR
0C29PR
CIBCPR
PNC2,PR
AMSC1l,PR
ClBC2,PR
CHMPT1,PR
POCST1,4PR
SMAPPP, PR
PR

CRy PR
TPy PR
WRy PR
TCFy PR
GPMP, PR
RPMP, PR
BHYOL, PR
HPDEL, PR
ACNCEM, PR
AEXCAV, PR
ASTLTR, PR
ENSUPE, PR
STLTNP, PR
WOCEAN PR
PR

PR

PR

PR

PR

PR

PR

PR

PR

PR

PR

PR

PR

PR

PR

PR

PR

22740
22750
22160
22110
22180
22190
22800
22810
22820
22830
22840
22850
22860
22870
22880
22890
22900
22910
22920
22930
22940
22950
22960
22970
22980
22990
23000
23010
23020
23030
23040
23050
23060
23070
23080
23090
23100
23110
23120
23130
23140
23150
23160
23170
23180
23190
23200
23210
23220
23230
23240
23250
23260
23270
23280
23290
23300
23310
23320
23330

L2 2 2 )

23350
23360
23370
23380
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C*%

120
Crsox
C
Cs»*

130
c
c

Ceeex

C
C*#

72

SMALL PLANT CUOST FACTURS

FEA = .892738D0*(FF/10.)**{~-.1332870-1)
FES = «102442D1%(FF/10.)*#%(.27393900)
FPMC «11269301*{FF/10.)%%(-.268731D-1)

FVPC = +141143D1*{(FF/10.)%*%(-.10426300)
FCHMPT = ,60358600%(FF/10.)%%*(,3095300D0)
= +943099D0%(FF/10.)%%(-.71686200)
= «97491500%(FF/10.)#*(.1059920L-1)
FOEA = .175801D01*%(FF/10.)%*(-.36116300)
= 09526720C*(FF/10.)%*%(.235263D0)
TUBING REPLACEMENT FACTUORS
CALL TUBREP(WPLCSLTBP,XCL60)SMAPPP)
CALL TUBREP(WPLsCSLTBH,XC(60) ¢SMAPPH)
CONTINUE

CALCULATE COST OF COMPONENTS, $ - DIRECT

TSHETS
TUBING

* 0Non

1
EA
ES

1 +XCl 12)%FF +XC{ 13)*ANEILRS
PUMPS XKC(15) % (GPMC+GPHR+GPMP+GPMB+GPMD)
PMOTR
PTAULX XCUL7)*FF +XC(18)*{GPMR+GPMP+GPMB+GPMD)
PMC = PUMPS+PMOTR +PTAUX
WAIT =XC(20)*GPMO

XC{7)*(ENE+RNR)
TSHETS + TUBING

VALVES = XC(23)%(2.*(GPMO+GPMR+GPMB+GPMH) +3 . 5GPMP)
PLNTPF = XC(24)*GPMO

TRANPF = XC(25)*TRAINS

BHTRPF = XC(26)*GPMH

VPC = VALVES +PLNTPF +TRANPF +BHTRPF +XC(27)*(GPMB+GPMP)

CHMPIC = XC(30)*FF
IF(FF .GT. XG(80)) CHMPTC = CHMPTC+XC(29)*TNACDY
CINSTC = xC{32)*FF
EEC = XC(34)*P0*1.D3
DEACST =XC(36)*(GPMB+GPMP)+XC (200)*X0(205)
BHTUB = (XC(38) + XC(39))*AH
BHSHEL = XC{40)%HHSURF*ENUBH
BHC = BHTUB + BHRSHEL
SITE = (XC{31)+XC(42))*ACRES
CIsC = XC{43)*FF
LF(FF .GI. x0(82)) GO TO 130
CORRECT CAPITAL COSTS TO SMALL PLANT RANGE
EA = EASFEA

ES = ES®FES
PMC = PMCFPMC
VPC = VPC*FVPC

CHMPTC = CHMPTCHFCHMPT
CINSTC = CINSTC*FINSTC
EEC = EEC*FEEC

DEACST = DEACST*FOEA
HHC = HHC*FRHC
CCNTINUE

OIRECT CAPITAL COST, MILLIONS OF $
C0=1.D~6%(EA+ES+PMC+WATIT+VPC+CHMPTC+CINSTC
1 +EEC+DEACST+BHC+SITE+CI8C)

CALCULATE HIGHER CUST FACTUR

AXJ = 1.00
CALL FNANCE(CDsASJ,SSMAP,PSAJ,RTEIN,AJBR, WPL,YEAR)
IF(FF .GT. X0(82)) GO TG 2GO
ADD SUPPLIERS BURDEN FOR SMALL PLANTS
AXJ = ASJ/(AJBR*1.06995)
tA = EA®AXJ
ES = ES*#AXJ
PMC = PMC*AXJ

XC{3) *TSAREA + XC(4)*HOLES + XC(5)*TSAREA
XC(1l)*AME ¢+ XC(2)#%AR + XC(6)*(ELE*ENE+RLR*RNR)

XC(9) * VOLSTL +XC( '1C)*VOLCNC +XC{ 11)#(ASTLFL+ACNCFL)

XC(16)*(HPDEL+HPREC+HPPRO+HPBLO+HPDEA)*TRAINS

PR 23390
PR 23400
PR 23410
PR 23420
PR 23430
PR 23440
PR 23450
PR 23460
PR 23470
PR 23480
PR 23490
PR 23500
PR 23510
PR 23520
PR 23530
PR 23540
PR 23550
PR 23560
PR 23570
PR 23580
PR 23590
PR 23600
PR 23610
PR 23620
PR 23630
PR 23640
PR 23650
PR 23660
PR 23670
PR 23680
PR 23690
PR 23700
PR 23710
PR 23720
PR 23730
PR 23740
PR 23750
508
PR 23770
PR 23780
PR 23790
PR 23800
PR 23810
PR 23820
PR 23830
PR 23840
PR 23AS0
PR 23860
PR 23870
PR 23880
PR 23890
PR 23900
PR 23910
PR 23920
PR 23930
PR 23940
PR 23950
PR 23960
PR 23970
PR 23980
PR 23990
PR 24000
PR 24010
PR 24020
PR 24030
PR 24040
PR 24050
PR 24060
PR 24070
PR 24080
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WAIT = WALT*AXJ

VPC = VPC*AXJ

CHMPTC = CHMPTC*AXJ

CINSTC = CINSTC*AXJ

EEC = EEC*AXJ

DEACST = DEACST*AXJ

BHC = BHC*AXJ

SITE SITE*AXJ

clec CluC*AXJ

CO=1.0-€*(EA+ES+PMC+WAIT+VPC+CHMPTC+CINSIC
+CEC+DEACST+BHC+SITE+C1IBC)

nou

ASJ = AJBR
PSAJ = SSMAP#ASJ
CONTINUE

DIRECT + INDIRECT CAPITAL, $

Cexoe

C%x%

Codkxk

Cx®

1
C

Crsax
C

Cex

[

CAPILl = CC #1.0C6 * ASJ
SPECIFIC INVESINENT, $/GPD
CAPI2 = CAPIL/(FF*1D6)
CALCULATE COST QF COMPCNENTS, S$/YEAR
EA2 = EA%PSAJ
€S2 = €S * PSAJ

PMC2 = PMC * PSAJ
WAIT2 = WAIT#*PSAJ

VPC2 = VPC #* PSAY
CHMPT2 = CHMPTC * PSAJ
CINST2 = CINSTC * PSAJ
EEC2 = EEC # PSAJ

DEA2 = DEACST * PSAJ
BsHC2 = BHC * PSAJ
SITE2 = SITE * PSAJ
CIsC2 = CIBC * PSAJ
RETUB2 = EA®*SMAPPP + BHTUB*SMAPPH

CALCULATE COST OF CUMPONENTS, CENTS/KGAL

CFG = .365%LF2 *FF *10D4
EAl = EA2/CFG
ES1 = ES2/CFG

PMC1 = PMC2/CFG
WAITL = WAIT2/CFG
VPC1l = VPC2/CFG
CHMPT1 = CHMPT2/CFG
CINST1 = CINST2/CFG
EEC1 = EEC2/CFG
DEAL = DEA2/CFG
BHC1 = BHC2/CFG
SITEL = SITE2/CFG
CIBCl = CIBC2/CFG
RETUB1l = RETUBZ2/CFG

COST OF CAPITAL ITENMSy CENTS/KGAL

CAPI3 = EAL4ESL+PMCLI4+WAIT1+VPCL+CHMPTL+CINSTL+EECL+DEAL+BHCL+SITELPR

+CI8Cl
COST OF CaPiTal 1TEMS, $/YEAR
CAPI4 = CAPI3*(CFG

CALCULATE CPERATING COSTS

OPERATING COSTS, $/YEAR
HC2 = B.T6*LF2*KWP/RP*XC(45)
IF(FF .LT. XO0(81)) HC2 = HC2#xXC(46)/XCL45)
ACID = 365.*%LF2*#TNACDY*XC(49)
IF(FF .LE. XU(BO)) ACID = ACIN*XC(4RM/X(C149)
CLORIN = B760.*WOCEAN*LF2*XC(50)
CAUSTC = 8760.*(WB+WP)*LF2%XC(51)
DEFCM = 8760.%(WB+WP)2LF2%XC(52)

24090
24100
24110
24120
24130
24140
24150
24160
24170
24180
24190
24200
24210
24220
24230
24240
24250
24260
24270
24280
24290
24300
24310
24320
264330
24340
24350
24360
24370
24380
24390
24400
24410
24420
24430
24440
24450
24460
24470
24480
24490
24500
24510
24520
24530
24540
24550
24560

24570

24580
24590
24600
24610
24620
24630
24640
24650
24660
24670
24680
24690
24700
24710
241720
24730
24740
24730
24760
24770
24780
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CC2 = ACID + CLORIN + CAUSTC + DEFQOM PR 24790
POCST2=8760.%LF2*PO*XC(54)%1000. 6%
IF{FF .LT. XO(81)) POCST2 = POCST2%XC(55)/XC(54) PR 24810
0C2 = XC(57T)=FF PR 24820
AMSC2 = XC(58) » CAPI1 PR 24830
C PR 24840
C CPERATING COSTS,y CENTS/KGAL PR 24850
HCl = HC2/CFG . PR 24860
CCl = CC2/CFG PR 24870
PCCST1 = POCST2/CFG PR 24880
UCl = 0C2/CFG PR 24890
CCl=CCLl+wWt/ WP s8%8
C ALLUWS 1 CENT/KGAL FOR REMOVING COPPER IONS FURM BRINE *5%
CC2=CC1*CFG s
AMSC1l = AMSC2/CFG PR 24900
C . PR 24910
C CCST OF PRCDUCT WATER, CENTS/KGAL i PR 24920
XC(211)=8760.*%LF2*XC(206)*XC(210) *8% %
XC(212)=XC(211)/CFG (21 2
TCL = CAPI3 +AMSCL1+POCSTL+HCL+0CL+#CCL4REIUBL PR 24930
1 +xC(212) (113
Cc COST OF PRODUCT WATER, $/YEAR PR 24940
TC2 = ICl * CFG PR 24950
[ 212 PR 24960
RETURN PR 24970

END PR 24980
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APPENCIX K

CHANGES MAQE IN SUBROUTINE COSTV

SUBRCUTINE CUSTV ’ PR

[of 2 2 2 3 PR
C CGST VARIABLES ARE CF THE FORM, *NAME®', WHERE PR
c * = ¥ FOR CCST $/YEAR, PR
Cc * = K FCR CCST, CENTIS/KGAL, ' ’ PR
C % = D FOR COST $ - LIRECT " PR
Coaose PR
Ceo%sx PR
IMPLICIT REAL*8(A-H,0-2) ’ PR

C . PR
DUUBLE PRECISION LPH, LVE IDBH, I1DPH, LCON, NCON, PR

1 NTPHye TDCON PR
bguBLe PRECISION KBH, KPH, KVE, LBH, MGD, NBH, PR

1 NPH, NVE, KCON, LMTD LVEP, LMTDBH, LMTOCN PR
DCuBLE PRECISION INT, INSTRD, INSTRK, INSTRY, MAINTK, MAINTY PR
DOUBLE PRECISION LEV,LFZ2 ) PR

C ’ PR
COMMON/BLOCVL/ ANE , HVE, LPH, LVE, ACON,PR

1 GPMV, HPVE, HSEA, 1UBH, I0PH, LCON, PR

2 NCON» NTPH, UOBH, ODPH, COVE, POVE,PR

-3 RPMV, HFEED, IDCCN, ODCONy SUMWT, VETSA,PR

4 APTSCN, APTSEP, QVRHGT, TOTNVE, VEPMPS PR
CUMMOUN/BLOCV2/  A(30), Sy AE(30)., QE. TC(30}).PR

1 TE(30), TRy UE(30), UH(3), WM, WT(30)+PR

2 ABH, APH, BPE(30), CIE(30), COE(301), OPE(30),.PR

3 ELL, GBH, GPH, GPM,y HOO» KBHo PR

4 KPH, KVE,- LbH, MGD NBH, NPH4 PR

] NVE(30), QPH, RBH, RPH, RVE, T00, PR

6 UbBH, VBH, VPHy WPEX(30), BHLF., GCONPR

7 HIBH, HIPH(3), HOBH, HOPH{(3), KCON, LMTD(3)4PR

8 LVEP, PHLF, QMSK(3), RCON, SUBF(3), TCONy PR

9 UCON, VCCON, VLEN, VILF, WDTH(30), ALFAE(30),PR

+ CUONLF HICCN, HCGCCNy HOTEL,y - PHHGT, POBLUPR

A POPRO, POSEA, SURFF, VEHGT, WALVE, EFFSPCPR
BELBNDL(20), HCOTCF, HCGTQU, HEADBH, HEADCN, HEADPH, PR

C LMTCBH, LMTODCN, PLNTLF, PODEAS, POFEED, SUMWPE,, PR

D SUMWPH, TOTAVE, GESP.VEFEED(30), WBOOST, WOCOLD, PR

E NL, NTRN, IFEED, IRECYC . PR
CUMMUN/BLOCV3/ BHD, HHK o BHY » INT, : PMD, PR

1 PMK o PMY, VPO, VPK, VPY, ACHR,y PR

2 DEAD, DEAK, DEAY, ELEC, HEAT, SBCD PR

3 SBCK, SBCY, CHEMK CHEMY, HEATK, HEATY,PR

4 GPERK , OPERY . PLDIN, WAITD, WALTK, WAITY,,PR

5 ANCCMP, . CMCAPD, CMCAPK, CHCAPY, CNDSRO, CNOSRK, PR

6 CNDSRY, © ELECTD, ELECTK, ELECTY, INSTRD, INSTRK, PR

7 INSTRY, MAINTK, MAINTY, PHTUBD, PHTUBK ¢ PHTUBY,, PR

8 PLCAPOD, PLCAPK, PLCAPY, PONERK POMERY» RETUBK, PR

9 RETUBY, SHELLD, SHELLK, SHELLY, TOTALK, TOTALY,PR

+ TOTCPK, TCTOPY, TREPBH, TREPCN, TREPPH, TREPVE,PR

A VETLBD, VETUBK, VETUBY, cGPD : . PR
COMMCN/COMNAM/ aAd, CB, CO, ce, CRy PR

1 HB o Pl, PO, T8, TO, TPy PR

2 TSy KB, WF,y WO, WP, WRy PR

3 AXd, HBL, HPR, LEV, LF2, TCFe PR

4 ENBH, GPMB, GPMD, GPMH, GPMO, GPMP, PR

5 GPMR, HDEA RPMb . RPND, RPMM, RPMP, PR

6 RPMR, TSTH, WHOT, YEAR, ACRES, 8HvOL, PR

7 BLDGS, BNDLS» HOLES, HPBLD, - HPDEA, HPDEL, PR

-] HPPRD » HPREC PLPRD, PLSEA, PODEA, ACNCEMW, PR

9 ACNCFL, ACNCIW, ACNCPH, ACNCRF ACNCTR, AEXCAV, PR

+ ASTI EW, ASTLFL« ASTLIW, ASTLPH, ASTLRF, ASTLTR, PR

A AWE LIRS, BHSURF, DINTAK, ENITSE, ENPIPE, ENSUPE, PR

8 ENSUPR, PIPELN, PLSZIMG, REJLEN, STLLEN, STLINP, PR

C TNACDY, TRAINS, TSAREA, VOLCNC » VOLSTL, ~ MWOCEAN PR

CCMMON/BLOCKG/ FC : © PR

13080
13090
13100
13110
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
13440
13450
13460
13470
13480
13490
13500
13510
13520
13530
13540
13550
13560
13570
13580
13590
13600
13610
13620
13630
13640
13650
13660
13670
13680
13690
13700
13710
13720
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105

C*%

106
Ceazs

c
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CUMMCN/BLOCL3/ X0
COMMON/BLOC 14/ XC
CGMMON/SHARE/ IFLIP,y ISPOTY

DIMENSICN XC(300)
LIMENSICN XC(500), FCU500)
DATA PRCC/'VTE*/

*

PLF = LF2

CALL PRICES(PROC)
DO 105 I=1,3C0
XC(I) = XC{I)*FC(I)

IF(IFLIP .GT. 1) GO TO 106
INT = XC(60)
FF = MGD
SMALL PLANT COST FACTORS

FEA = .892738DC*(FF/10.)**(~-.1332870~1)
FES = «102442D1*(FF/10.)%%(.27393900)
FPMC = ,11269301%(FF/10.)%%(-.268731D-1)
FVPL 2 J141143D1%LFF/10.)%%(-.10426300)
FCHMPT = .6C3586D0%(FF/10.)#**(.30953000)
FINSTC = .94306900%*{FF/10.)%%(-.71686200)

FEEC = .97491500%(FF/10.)**{.105932V~1)

FULEA +175801D1*{FF/10.)%%(-,.36116300)

FBHC «95267200%(FF/10.)**(.23526300)
TUBING REPLACEMENT FACTOR

CALL TUBREP(PLNTLFoVTLF INT, TREPVL)

CALL TUBREPIPLNTLFoPHLFINT, IREPPH)

CALL TUBREP(PULNTLF,CONLFINT,TREPCN)

CALL TUBREP(PLNTLFBHLF+INT»TREPBH)

CONTINUE

L]

fnon o

CALCULATE COST OF COMPUONENTS, $ - DIRECT
VETUBD = XC(63)*TOTAVE +XC(64)%VETSA +XC(65)%4.*TOTNVE
*+XC(220)*TCTNVE

1 +XC(66)STOTNVESLVE +XC{67T)*TRAINS*ANE

PHTLUBD = XC(68)3APH ¢XC(6FISLPHENTPH +(XC{T70)+XC(T72))*{ENITSE

1 +ENSUPE+2 . *BNDLS)I®APTSEP +XC(TL1)*(NPH+1.)4NTPH

P4 +XCLT3)%2,%NTPH

SHELLD = XC(9)#VOLSTL +XC(10)3VOLCNC +XC(L1)*AEXCAV +XC{L2)®NGD
1 +XC(13)%AWEIRS

PUMPSD XC(128)%(GPMO +GPMR +GPMP +GPMB +GPMD +GPMV)

PMTRSD = XC(129)%((HPDEL +HPREC +HPPRD +HPBLD +HPDEA)*TRAINS
1 +HPVE*VEPMPS)

PTAUXD = XC(LT7)*MGD + XC(130)*(GPMR +GPMP +GPMV ¢GPMB +GPMD)
PMD = PUMPSD +PMTRSD +PTAUXD

WALTD = XC(20)*GPMU )

VALVD = XC(131)%(2.%(GPMO+GPMB+GPMH)+3.%GPMP+]1,.8%GPMR+GPMV)
EFFPD = XC(132)*ANE*TRAILNS

PLNTPD = XC(24)*GPMO

TRANPD = XC(25)%TRAINS

BHTRPD = XC(26)*GPMH

VENTPD = XC(27)*(GPMB+GPMP)

VPD = VALVC +EFFPD +PLNTPD +TRANPD +BHTRPD +4VENTPD

CMCAPD = XC(30)#*MGD

IF(MGD +GT. XG(80)) CMCAPD = CHCAPL +XC(29)*TNACDY

DEAC = XC(36)*(GPMP+GPMB)+XC(200)*X0(205)

CNDSRD = XC(T74)*ACUN +XC{69)%LCON®*NCON +(XC(70)+XC(T2))%(ENSUPR
1 +2.%TRAINS)#APTSCN +XCUT71)*(ENSUPR *NCON/TRAINS+2.%NCON)
2 +XL(73)1%2.¥NCON

oHC = (XC(133)4XC(126}))%ABH +XC(40)*BHSURF*ENBH

INSTRD = XC(32)#MGD
* +XC(221)*TRAINS*ANE

ELECTD = XC(127)*P0*1.D3

SHCC = (XC(31)+XCl42))*ACRES+XC(43)*MGD

IF{MGD .GT. X0(82)) GO TO 108

CORRECT CAPITAL COSTS TO SMALL PLANT RANGE

VETUHBD VETUHD*FEA

PHTUBL PHTUBD*FEA

PR 13730
PR 13740
PR 13750
PR 13760
PR 13770
PR 13780
PR 13790
PR 13800
PR 13810
PR 13820
stk %k
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
sk&%
PR 14080
PR 14090
PR 14100
PR 14110
PR 14120
PR 14130
PR 14140
PR 14150
PR 14160
PR 14170
PR 14180
PR 14190
PR 14200
PR 14210
PR 14220
PR 14230
PR 14240
PR 14250
PR 14260
PR 14270
PR 14280
s 8
PR 14300
PR 14310
PR 14320
PR 14330
PR 14340
sE%s
PR 14350
PR 14360
PR 14370
PR 14380
PR 14390
PR 14400
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SHELLD = SHELLD®*FES
PMD = PMO*FPMC
VPD = VPD*FVPC
CMCAPD = CMCAPD*FCHMPT
DEAD = DEAD#*FDEtA
CNDSRD = CNCOSRD*FEA
BED = BHD*FHBHC
INSTRD = INSTRD#FINSTC
‘ ELECTD = ELECTO*FEEC
108 CCNTINUE
c
CHra%2 CIRECT CAPITAL COST OF PLANT
PLCAPD = VETUBD +PHTUBD +SHELLD +PMD +WAITD +VPD +CMCAPD ¢DEAD

1 +CNCSRD +BHO +INSTRD +ELECTD +SBCD
GC = PLCAPD*1.D-6

(o2 22 3 1] ’

C*ss%% )

c ) CALCULATE AJ, HIGHER COST FACTCR
AXJ = 1l.C

CALL FNANCE(DCyAJyACHRy ANCOMP ¢ INT2AJBR,PLNTLF,YEAR)
IF{MGD .GT. x0(82)) GO TOU 110
Cex ACD SUPPLIERS BURDEN FOR SMALL PLANTS
AXJ = AJ/(AJBR*1,06995)
VETUBD = VETUBD*AXJ
PHTUBD PHTUBD*AXJ
- SHELLD SHELLD* AXY
PMC = PMO*AXJ
WALTD = WAITD*AXJ

vPC = VPC* AXJ

CMCAPD = CMCAPD*AXJ
DEAC = CEAD* AXJ
CNDSRD = CNCSRD*AXJ
8HO = BHD* AXJ

INSTRC = INSTRD*AXJ
ELECTD = ELECTD®*AXJ

SECC = SBCD*AXJ
PLCAPD = VETUBD +PHTUBD +SHELLD +PMD +WALTC +VPD +CMCAPD +DEAD
1 +CNDSRD +BHD +INSTRD +ELECTD +SBCD
0C = PLCAPD®*1.D-6
AJ = AJBR
ANCOMP = AJ*ACHR
110 CUNTINUE

Coddun

Cesas PLANT CCST, DIRECTS + INDIRECTS
PLCIN=AJ#*PLCAPD

L¥suuse

c CALCULATE CCST OF CCMPONENTS, $/YVEAR
VETUBY=ANCOMP*VETUBD
PHTUBY=ANCCMP*PHTUBD
SHELLY=ANCCMP#SHELLD

PMY =ANCCMFP#PHMD
WAITY =ANCOMP*WAITD
VPY =ANCCHFP*VPD

CMCAPY=ANCOMP*CMCAPD

INSTRY=ANCCFMP*INSTRD

ELECTY=ANCCMP*ELECTD

DEAY =ANCOMP*DEAD

CNUSKRY=ANCCPP*CNDSRD

BHY =ANCOMP*BHD

SBCY =ANCCHP%SBCD

PLCAPY=ANCUMP*PLCAPD

RETUBY = TREPVE*VETUBD +TREPPH®PHTUBD +TREPCN*CNDSRD

1 +(XC(133)4XC(126) )*ABH*TREPHH
Ceusd
CH*ex%s
C COSY OF COMPONENTS, CENTS/KGAL

CKGAL = 1.US5/(PLF*MGD4365.06)
PHTUBK=CKGAL*PHTUBY
VETUBK=CKGAL*VETUBY
SHELLK=CKGAL®SHELLY

14410
14420
14430
14440
14450
14460
14470
14480
14490
14500
14510
14520
14530
14540
14550
14560
14570
14580
14590
14600
14610
14620
14630
14640
14650
14660
14670
14680
14690
164700
14710
14720
14730
14740
14750
14760

14770

L4780
14790
14800
14810
14820
14830
14840
14850
14860
14870
14880
14890
14900
14910
14920
14930
14940
14950
14960
14970
14980
14990
15000
15010
15020
15030
15040
15050
15060
15070
15080
15090
15100
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PMK =CKGAL*PMY
WALTK =CKGAL*WAITY
VPK =CKGAL*VPY

CMCAPK=CKGAL*CMCAPY
INSTRK=CKGAL#*INSTRY
ELECTK=CKGAL#ELECTY
DEAK =CKGAL*DEAY
CNCSRK=CKGAL*CNDSRY
BHK =CKGAL*BHY
SBCK =CKGAL*SHBCY
PLCAPK=CKGAL*PLCAPY
RETUBK=CKGAL*RETUBY
Ceddx
CGPC= PLDIN/(MGD*1.D6)
CHsxs
CEox22%0 %%
C CALCULATE OPERATING COSTS
Coxnsn
HEAT = XC(45)
IFIMGD .LT. XO0(81)) HEAT = XCl46)
HEATY=HEAT*(QE+QPH)*PLF#*81760.00-6
ACIC = 365.%*PLF *TNACDY* XC(49)

[F(MGD .LE. X0(80)) ACIL =ACID*XC(48)/XC{49)

CLORIN = 8760.% WOCEAN*PLF * XC(50)
CAUSTC = B8760.%(WB+WP)*PLF * XC(51)
DEFOM = B8760.*(WB+WP)*PLF * XC(52)
CHEMY = ACID+ CLORIN+ CAUSTC+ DEFGCM
ELEC = XC(54)

IF(MGD .LT. XO(81)) ELEC = XC{55)
POWERY = 8.76D6*ELEC*PO

OPERY = XC(57) *MGD

MAINTY = XC(58) * PLDIN

HEATK =CKGAL*HEATY
CHEMK =CKGAL*CHEMY
PCWERK=CKGALSPUNWERY
OPERK =CKGAL*OPERY
MAINTK=CKGAL®MAINTY

CHeEredred oy

c TOTAL OPERATING CUSI
TCTOPY=HEATY+CHEMY+POWERY+UPERY+MAINTY
TUIUPK=SUKGAL#IGTUPY

C*2%%%%2%0 %

c TOTAL
XCl211)=876C.*LF2*XC(206)*XC(210)
TOTALY=PLCAPY+RETUBY+TOTUPY

1 +xCe211)
KC{212)=XC(211)*CKGAL
TOTALK=PLCAPK+RETUBK+TOTOPK

1 +xCi212) -

RETURN
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 15260
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 15410
PR 15420
PR 15430
PR 15440
PR 15450
PR 15460
PR 15470
PR 15480
PR 15490
PR 15500
PR 15510
PR 15520
PR 15530

L2 2 2 J
PR 15540

L AL L]

L 22 1 J

PR 15550

*55 %
PR 15560
PR 15570
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APPENCIX L

CHANGES MADE IN SUBROUTINE FNANCE>

SUBRUUTINE FNANCE(CDsASJySSMAP,PSAJLRTEIN,AJBR,WPL,YEAR)

IMPLICITY REAL*8(A-H,0-2)
UIMENSICN XC(500)
COMMON/BLOCL4/ XC

OVLRHEAC FOR DESIGN AND JUB SUPERVISIUON
AJSD = '0AK RIODGE?
ABSD = 'BURNS AND KOE®
AJSC = 1.05+.,17582*%DEXP(~-2.0890-2%CU)
ABSC = .4977#{AJSD-1.)+¢1.
44SDCT = AJSD
CONSTRUCTIGN TIME IN MONTHS
TIME = 54.1%(1.-(.006%CU+1.1)%%(-2,0632))
INTEREST RATE
RTEIN = XC(60)
INTEREST DURING CONSTRUCTION
AJIC. = 1e+.C399*TIME*RTLIN .
ESCALATION DURING CCNSTRUCTION
AJESC=1.+.C434*TIME*XC(56)
UNUSUAL CONSTRUCTION EXPENSE AND CONTINGENCY
AJFCR = l.00+XC(62)
CWNERS CGST (TRAINING AND STARTUP)
AJCWN = 1.019

HIGHER CCST FACTOR
ASJ = '0AK RIDGE’
AJBR = *BURNS AND ROE*
ASJ = AJSDCT#AJIC*AJESC*AJFOR*AJONN
AJBR = ABSD*AJIC*AJESC

ANNUAL CHARGE FACTOR ON TUIAL CAPITAL
SSMAP = XC(O6L)+RTEIN/(le-1o/ (L. +RTEIN)**WPL)

ANNUAL CHARGE FACTOR ON DIRECT CAPITAL
PSAJ = SSMAP #ASJ :

RETURN
END

PR 36940

PR 36960
PR 36970
PR 36980
PR 37010
PR 37020
PR 37030
PR 37040
PR 37050

[ 22 2]
PR 37070
PR 37080
PR 37090
PR 37100
PR 37110
PR 37120

[ 2 2 2 )]

L 2 2 1)
PR 37150
PR 37160
PR 37170
PR 37180
PR 37190
PR 37200
PR 37210
PR 37220
PR 37230
PR 37240
PR 37250
PR 37260
PR 37270
PR 37280

PR 37290 -

PR 37300
PR 37310
PR 37320
PR 37330
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SUBROUTINE TITLER

CALLC(*UNIT
CALLCC*UNIT
CALLC('UNIT
CALLCU*UNIT
CALLCU*ULNIT
CALLC(*UNIT
CALLC(*UNIT
CALLC(*UNIT
CALLCU*UNIT
CALLC(*UNIT
CALLC('UNIT
CALLC(UNITY
CALLCU*UNIT
CALLCU*UNIT
CALLC(*UNLT
CALLC(*UNIT
CALLC(*UNIT
CALLC{*UNIT
CALLCI*UNIT
CALLC(*UNIT
CALLCC'UNIT
CALLC(*UNITY
CALLC('UNIT
CALLC(*UNIT
CALLC(*UNIT
CALLC(*UNIT
CALLCUCUNIT
CALLCC'UNIT
CALLC(*UNIT
CALLC(*UNIT
CALLC(*UNIT
CALLCU'UNIT
CALLC(*UNIT
CALLC(*UNIT
CALLCC(*ULNIT
CALLC("UNIT
CALLCIC*UNIT
CALLC(*UNIT

casy
cast
cosTt
cosT
cos7t
cosT
cosT
cosT
cost
cosTt
cosT
COsT
CcosT
cosT
COSsT
cosrT
CoSsT
CosT
caost
cosT
cosT
cusT
COoSv
CusT
CcosT
CosT
cosT
casT
casTt
COsT
COST
cosrt
cosT
cosr
cosTt
cosT
COST
CosT
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APPENDIX M

CHANGES MADE IN SUBROUTINE TITLER

OF RECOVERY TUBING. $/SU.FT.

OF REJECT TUBING, $/SQ FT

CF TuBE SHEcTSs $/S5Q FT

OF HOLE DRILLING, $/HOLE

OF INSTALLING TUBE SHEETS, $/5Q FT

(MSF)*y L1)PR
(MSF)*e 2)PR
(MSF)'y 3)PR
(MSF)*y 4)PR
(MSF)*y S)IPR

OF INSTALLING TUBING, $/LINEAR FOOT (MSF)*y O6)PR
OF ROLLING TUBING, $/TUBE (MSF)*y T7)PR
OF STEEL SHELL. $/CUBIC FOOT (MSF,VTIE}*y 9IPR
OF CONCRETE SHELL,$/7CUBIC FOOT (MSF,VTE)®*y L10)PR
OF EXCAVATION FOR SHELL,$/SQ FT (MSF,VTE)*y LLIPR
OF DEMISTERS +MISC EQUIP, $/MGD (MSF,VTE)*y 12)PR
OF WEIRS +$/SQ FT (MSF,VTE)*y L13IPR
OF PUMPS ,$/GPM {MSF)*y 15)PR

OF PUMP MOTORSy $/HP

(MSF)*, 16)PR

OF AUXILIARY PUMPS +DRIVES,$/MGD (MSF,VTE)'y 17)PR

OF PUMP PITS+$/GPM PIT FLON

(MSF)*y 18)PR

OF SUBMARINE LINE INTAKEs$/GPM (MSF,VTE)*y 20)PR

OF VALVES +$/GPM VALVE FLOW

(MSF)*y 23)PR

PLANT PIPING AND FITTINGS$/GPMIMSF,VTE)®,
TRAIN PIPING #FITTINGS$/TRAIN (MSF,VIE)®,
BRINE HTR PIPING+FITIINGS$/GPM(MSF,VTE)",
VENT AND ORAIN PIPINGy»$/GPM MU (MSF,VVE)"®,

* CHEM,AIR,HYDRAULIC EQUIP,$/MGD (MSF,VVE)®,

INSTRUMENTATION,$/MGD PRODUCT (VTE.MSF)®*,
ELECTRICAL DISTRIBUTION EQUIP.+$/KWIMSF)*,
BRINE HEATER TUBING, $/5Q FT (MSF)*,
BH BUNDLE FABRICATION+$/FT2 BH AREA(MSF)*,
BRINE HEATER SHELL$/FT2 SHELL (MSF,VTE)®,
SITE PREPARATICN »$/ACRE (MSF,VTE)®*,
BLOGS AND CRANES o $/MGD (MSF,VTE)®,
STEAM HEAT,NUCLEAR, $/MMBTU (VTE.MSF)*,
STEAM HEAT,FOSSIL » $/MMLTU (VTE.MSF)*,
93PC H2SU4, OR PHOSPHATE, $/TON (ALL)

F CHLORINE TREATMENT,$/LB WATER (ALL)®

CAUSTIC TREATMENT, $/08B WATER (VTE.MSF)*,
NDEFOAM + SULFITE TREAT., $/LB (VTE,MSF)*,
ELECTRICITY,NUCLEAR, $/KNWH (ALL) ",
ELECTRICITY,FOSSIL » $/KwWH (ALL)*

v
CALLC(*ANNUAL ESCALATION RATE, FRACTION (ALL)*,
CALLCUCUNIT COST OF O AND M LABOR,$/YEAR PER MGD (MSF,VTE)®,
CALLCU*UNIT CAST OF MAINT.+SUPPLIES.$/YR/S$ CAPITAL (ALL)®,

CALLC(* INTEREST RATE

taLLdty,

CALLC('UNIY COST OF TAXES+INSURANCE ETC+$/YR/$ CAPITAL (ALL)®,
CALLC(*FRACTICON OF CAPITAL FOR UNUSUAL CUNST. EXPENSE (ALL)®,

CALLC('UNIT
CALLCU*UNIT
CALLCUUNIT
CALLC('UNIT
CALLC(*UNIT
CALLC{*UNIT
CALLCU*UNIT
CALLC(*UNIT
CALLC('UNIT
CALLC(*UNIT
CALLC(*UNIT
CALLC('UNIT
CALLC(*UNIT
CALLC('UNIT
CALLC('UNIT
CALLC('UNITY
CALLCU'UNITY
CALLC(*UNIT
CALLCU*UNIT
CALLC(*UNIT
CALLC(*COST

COSsY
cosTt
cosT
casry
casT
cosT
casT
casTt
cosTt
cosT
COST
cosy
cosT
casT
cosT
cosT
casrt
casy
cosrt
cosT

OF SJAE SYSTEM , §

VERTICAL TUBE SURFACE, $/5Q FT (VIE)®*,
VE TUBE SHEETS, $/5Q FT (VTE)®,
VE HOLE ORILLING AND ROLLING,$/HOLEIVTE)®,

24)PR
25) PR
26)PR
27)PR
30)PR
32)PR
34)PR
38)PR
39)PR
40)PR
42)PR
43)PR
45) PR
46)PR
48)PR
SO)PR
SLIPR
52)PR
54)PR
55)PR
56)PR
ST)PR
58)PR
60) PR
61)PR
62)PR
63)PR
64)PR
65)PR

OF INSTALLING VE TUBES, $/F0OCT

OF VE HUNDLE INSTALLATIUN, $/BUNDLE
OF PREHEATER TUBING +$/5Q FT

OF INSTALLING HORIZONTAL TUBING,$/FT
OF HORIZONTAL TUBE SHEETS, $/5Q FT
OF HOLE DRILLING,HORIZ. TUBES,$/HOLE

(VTE)®*y 66)PR
(VTE)*s 67)PR
(VTE)*, 68)PR
(VTE)*y 69)PR
(VIE)*s TOIPR
(VTE)®y TLIPR

OF INSTALLING HORIZ. TUBE SHEETS.$/FT2IVTE)®s T2)PR

OF ROLLING HORIZONTAL TUBES, $/TUBE
OF CONDENSER TUBING, $/SQ FT

OF BRINE HEATER TUBING, $/5Q FT

OF ELECTRICAL DISTRIBUTION EQPT ,$/KW
OF PUMPS ,$/GPM

OF PUMP MOTURS ,$/HP

OF PUMP PITS +$/GPM

OF VALVES +$/GPM

OF EFFECT PIPING »$/EFFECT

(VTE)*y T3)PR
(VIE)®y T4)PR
IVIE)*» 126)PR
(VITE)*»127)PR
(VIE)*y 128)PR
(VTE)*5129)PR
(VTE)*4130)PR
(VTIE)*s 131)PR
(VIE)*»132)PR

OF BH BUNDLE FABRICATIONs$/FT2 BH AREA(VTE)'"¢133)PR

(VTE,MSF)*,200)

58200
58230
58260
58320
58380
58460
58500
57250
57330
57410
57440
57470
58540
58620
57500
58670
57530
58700
57560
57590
57620
57650
57680
57720
58780
58810
58840
57780
57810
57840
57870
57900
57930
57990
58020
58050
57010
57040
57070
58080
58110
S7100
57130
57160
58930
58960
58990
59020
59050
59080
59110
59160
59220
59280
59360
59400
59430
59460
59500
99590
59670
59700
59820
59850
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CALLC('UNIT COST OF EJECTOR STEAM,$/MMBT
CALLC{*UNIT COST OF EJECTOR STEAM, $/MMBTU
CALLC(*ANNUAL CCST CF EJECTOR STEAM, $/YR

OF EJECTOR STEAM PER 1000 GAL, $

CALLC('COST
CALLC(*COST
CALLC(*COST
CALLC(*'COST
CALLC(*COST
caLLc(*CcosTt
CALLC(*UNIT
CALLC(*COST
RETURN

ENC

GF BRINE
UF BRINE
OF BRINE
OF BRINE
OF BRINE

HEATER
HEATER
HEATER
HEATER
HEATER

COST OF NOZZILES
OF INSTRUMENTATIUN FOR ONE EFFECT

TUBE SHEETS, $
SHEETS HOLE DRILLING
SHEET INSTALLATION
TUBING INSTALLATION
TUBE ROLLING

(MSFoVTE)*4210)PR 58105
(VTE,MSF)*,210)
(VTE MSF)*,211)
(VIE,MSF)*,212)
(MSF,VTE)®*,215)
(MSF,VTE)®*,2106)
(MSFoVTE)*4217)
(MSF,VTE)*,218)
{MSF,VTE)®*,219)
{VTE)*4220)
(VTE)*,220)
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APPENCIX N

CHANGES 'MADE IN SUBROUTINE RITEM

SUBROUTINE RITEMUIOPT,IQUT,L) PR 65590
IMPLICIT REAL#*8(A-H,0-2) PR 65600
o PR 65610
DCUBLE PRECISION LAM,MSFID,LAMSTM PR 65620
DOUBLE PRECISION MOODU PR 65630
REAL®*8 LPHE sses’
DOUBLE PRECISION LEV,LFZ PR 65640
C PR 65650
COMMON/PINHAS/APTSHLENRSS o ENRJSyLPHE y DUMDUM(16) +NFEED,ETITII(9) L 22 14
COMMON/BLCCHML/ DIE, DIH, DIR, DUE, DOH,PR 65660
1 OOR, ELE, ENE, RLRy RNR, HOEL PR 65670
2 HREC » APTSR, ENITSR . PR 65680
COMMON/BLOCNMZ/ Py Qo AHy AKy ANo PR 65690
1 AR, FFy GE, GH, GR,y HO, PR 65700
2 PH PE, QX(5), RPy SE, SHePR 65710
3 SR, TK VE, VH, VR, WC,PR 65720
4 AME , ATN, BPX(5), CCF, HIH, HLH4sPR 65730
5 HNH , HOH, OMX{5), PHE, P03, RSEJPR 65740
6 RSH, RSR TC1l, THF TKX(5), TMC PR 65750
7 TME TPE, UEX(5), UME,» UMH, WPL,PR 65760
8 BKTE, BKTH, BKTR, DTLS(S), ELEX(5), HIEX(5) PR 65770
9 HOEX(S5), Mooy, ROE1l, RUE2, APTSE, BDEPHL,PR 65780
+ CAPI1, HEADE HEADH, HEADR, PQOBLD, PODEL,PR 65790
A PCPRDy SUBEX(5), WCOLD, WMODC WMODH, BHSHEL PR 65800
8 CSLTYBH, CSLTBP, HOTLEN, HRECQOV, HREJCT, RECOLNsPR 65810
C VAPSPC, WPRTRY, PCREC PR 65820
COMMON/BLOCK/ EA, S, cCcl, . CC2y EAL,PR 65830
1 EA2, EEC, HC1l, HC2, oCl, 0C2,PR 65840
2 PMC,y TC2, VPC, BHC1, BHC2, CIBC,PR 65850
3 DEALl, DEA2, EECL, EEC2, PMC 1, PMC24PR 65860
4 SITE, SMAP, VPCl, vPC2, HAIT, AMSCLoPR 65870
5 AMSC2, CAPI2, CAPI3, CAP 14, cliecl, CIBC2,PR 65880
6 SITEL, SITE2, WAIT], WALT2, CHEPTC, CHMPTL,PR 65890
7 CHMPT2, CINSTC, CINST1, CINSTZ, DEACST, POCST1,PR 65900
8 POCST2, RATEIN, RETUBL, RETUB2, SMAPPH, SMAPPP4PR 65910
9 CO» BHC ES1, ES2 PR 65920
COMMON/COMNAM/ Ad, CB, CU, cpe, CRy, PR 65930
1 HB Pl PO, Tos T0, TPe PR 65940
2 TS, LT WF, WO, WP, WRe PR 65950
3 AXdy HBL, HPR LEV, LF2, TCFy PR 65960
4 ENBH, GPMA, GPMD, GPMH, GPMO, GPMPs PR 65970
S GPMR, HDEA, RPMB, RPMD , RPMM, RPMP, PR (5980
6 RPMR, TSTH, WHGT, YEAR, ACRES, B8HVOL, PR 65990
1 BLOGS, BNOLS, HULES, HPBLD, HPDEA, HPOEL, PR 66000
8 HPPRD, HPREC PLPRD,y PLSEA, PODEA, ACNCEM,y PR 66010
9 ACNCFL, ACNCIW, ACNCPH, ACNCRF, ACNCTR, AEXCAV, PR 66020
+ ASTLEW, ASTLFL, ASTLIN, ASTLPH, ASTLRF, ASTLIR, PR 66030
A AWEIRS, BHSURF, DINTAK, ENITSE, ENPIPE, ENSUPE, PR 66040
B ENSUPR, PIPELN, PLSZMG, REJLEN, STLLEN, STLTMP, PR 66050
c TNACLY, TRAINS, TSAREA, VOLCNC, VOLSTL, WOCEAN PR 66060
COMMON/BLOCL12/ XT PR 66070
CGMMON/BLOCL3/ XO PR 66080
CUMMUN/BLOCL14/ XC PR 66090
COMMON/NAME/ ANAME(10), AMUNTH, 1DAY, IYEAR PR 66100
CUMMON/DECKID/ MSFID(10), VTEID(L10), EDID(1O) PR 66110
CUMMON/IMPOSS/ IMPUSE,IMPOSR PR 66120
PR 66130
DIMENSICN XT(300),X0(3CC) PR 66140
DIMENSICN XC(500) PR 66150
PR 66160
EQUIVALENCE (AE .+ AME) o (TC,TMC) o {TE, THE) e (UEUME) . PR 66170
I (UH,UMH) PR 6A1R0
Cronx PR 66130
c SOME QUANTITIES FOR OUTPUT PR 66200
[ 221 PR 66210



SITEC = SITE + CIBC
SITECLl= SITEl+ CIBCI
SITEC2= SITEZ2+ CIBC2
TQC2
Tacl
EFF = X0(32)

LAMSTM = LAM(TS,PSTM,0.C0,+0.00)
WS = 1.C3/RP*WP/LAMSTM

COMM = CD*1.D6

CPPPM = CP*]1.006

WSMM = WS *1.D-6

WPMM = WP 21.D-6

WBMPM = WB *1.D-6

WOMM = WO *1.D-6

WCMM = (WC-WP-WB)* 1.D-6

WRMM = #WR *1.0-6

WFMM = WF *1.D-A

ENRK = 1.0-3 *DFLOAT(IFIX(SNGL{RNR)))
ENEK = 1.D-3 *#DFLOAT(IFIX{SNGL(ENE)))
ENHK = 1,0-3 ®DFLOAT(IFIX(SNGL(HNH)))
ARKK = 1,D-3%*AR

AEKK = 1.D-3%AE

AHKK = 1.0-3%AH

WOCMM = 1.0-6%*WOCEAN

VCMTOTY = (VCLSTL+VOLCNC)*1.D-6

HIE =(HIEX{L)+ 4.*HIEX{2) +HIEX(3))/6.
HOE =(HOEX(1)+ 4.*HOEX(2) +HUEX(3))/6.
UE =(UEX{1l) + 4.%UEX(2) +uUcx(3) }/6.
SUBE=(SUBEX(1)+4,.*SUBEX(2)¢+SUBEX(3))/6.
DYLSE =(DTLS(1)+4.%DTLS(2)+DILS(3))/6.

OM1 = (COMX(1) +4.%0MX(2) +0MX(3))/6.
HIR = .S*®(HIEX(4) +HIEX(5))

HCR = .S¢(HCEX(4) +HOEX(5))

UR = .5%(UEX{4) ¢UEXI(5))

SUBR =.5%{SUBEX(4)+SUBEX(5))
DTLSR=.5%{DTLS(4)+DTLS(5))
OM2 =.5%(0MX(4)+0MX(5))

UNARAE = EA/(AME+AR)
UNPUMP = XC(15)

UNDRVE = XC(16)

USHELV = £S/VOMTQT*1.0D-6

UFC = xC(55)*100.00

IF(FF .GE. XO0(81)) UFC = XC(54)*100.D0
EXSTM = XC(46)%*100.D0

IF(FF .GE. X0(81)) EXSTM = XC(45)%100.00

EACHs = XC(1l)

RACFG = XC(2)

HACHG = X(C(1318)

WPE = WF#*PE

WPR = WP-WPL

TOUTLEN = RECOLN4REJLEN
WALLE = XC{26)

STFEJ=XxC(21C)*100.D0
EJC2=xC(211)
EJC1=xC(212)

WALLR = X0(27)

WALLH = X0(25)

ESTGL = (ELEX(1)+4.%ELEX{(2)+ELEX(3))/6.
RSTGL = . S5%(ELEX(4)+ELEX(5))

QEL = (QXx(1)+4.%QX(2)+QX(3))/6.

QRL = .5%(Q0X{4) +QX(5]})

BPRE = (BPX(Ll) +4.%BPXL2) +8BPX{3))/6.
BPRR = .5#%(6PX(4)+8PX(5))

POATCT = PO ¢PO3

PSAJ = AJ *SMAP

UNELCT = XxC(34)

UNARHI = XC(38)+4XC{39)

UNSHLS = XC{(9)

UNSHLC = XC(10)

HC2 +CC2 + POCST2 +0C2 +AMSCZ2+4XC{211)
HC1l +CCl + POCSTL +0Cl +AMSC1l +XC(212)

PR 66220
PR 66230
PR 66240
*5%®
L2 2 3
PR 66270
PR 66280
PR 66290
PR 66300
PR 66310
PR 66320
PR 66330
PR 66340
PR 66350
PR 66360
PR 66370
PR 66380
PR 66390
PR 66400
PR 66410
PR 66420
PR 66430
PR 66440
PR 66450
PR 66460
PR 66470
PR 66480
PR 66490
PR 66500
PR 66510
PR 66520
PR 66530
PR 66540
PR 66550
PR 66560
PR 66570
PR 66580
PR 66590
PR 66600

PR 66610

PR 66620
PR 66630
PR 66640
PR 66650
PR 66660
PR 66670
PR 66680
PR 66690
PR 66700
PR bOILU
PR 66720
PR 66730
e F2
s
T
PR 66740
PR 66750
PR 66760
PR 66770
PR 66780
PR 66790
PR 66800
PR 66810
PR 66820
PR 66830
PR 66840
PR 66850
PR 66860
PR 66870
PR 66880
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NPAGE = 1 PR
WRITE(L,y1) NPAGE PR
WRITE(Ly115) MSFIO PR
WRITE(L,202) AMONTH PR

202 FURMAT(LIH ,A8413+',%y15) PR
CCC = CAPIL #*}1.0-6 PR
WRITE(L,2) (ANAMEU(KK)KK=1410)FF,TC1+CCC PR

2 FORMAT(//1171/7177117777771H +10A8////1H o°* PLAPR

INT CAPACITY - MGD'*,F29.3/1H0,*UNIT COST UF DESALTED WATER - CENTS PR

2PER KILOGALLUN®,F19.3/1HO,*CAPLTAL COST OF PLANT(DIRECT+INDIRECT)-PR

3 MILLIONS CF DOLLARS',F10.3) PR
[FLIOPT .ZQ. O) WRITE(L,200) PR
IF(I0PT .NE. O) WRITE(L,201) PR

200 FORMAT(1HO,/1HO,*THE PLANT HAS NOT BEEN UPTIMIZED®) PR
201 FURMAT(1HO,/1HO,*THE PLANT HAS BEEN OPTIMIZED') PR
IF(IMPOSE .GT. Q) WRITEI(L,203) PR
IF{IMPOSR .GT. 0) WRITE(L,204) PR

203 FORMAT(1HO,"* THE INPUT DATA SPECIFY PHYSICALLY IMPOSSIBLE CONOITIOPR
INS IN THE RECOVERY SECTIUN®*/8X®* OUTPUT VALUES ARE MEANINGLESS®) PR
204 FORMAT(IHO,* THE INPUT DATA SPECIFY PHYSICALLY IMPOSSIBLE CONDITIOPR

INS IN THE REJECT SECTION'/BX' OUTPUT VALUES ARE MEANINGLESS') PR
PR

IF(IOUT .EQ. O) GO TO 1C00 PR

PR

NPAGE = 2 PR
WRITE(L,1) NPAGE PR
WRITE{L,115) MSFID PR
WRITE(L,202) AMONTH PR

1 FORMAT(1H1,46HRECYCLE MULTISTAGE FLASH PLANT - ROUTINE MSF2l,7X, PR
L5HPAGE +11) PR
WRITE(L,3) (ANAME(KK) 4KK=1,10) ) PR

3 FORMAT(1HO,10A8) PR
WRITE(Ly4) PR

4 FORMAT(1HO,31X,17HCOST SUMMARY PAGE ) : PR
WRITE(L,5) . PR

"5 FORMAT(1HG,18HCAPITAL CCMPONENTS 18X IHCOST-$/YRs7X, L LHCOST~C/KPR
1GAL »5X 4 12HCGST-$DIRECT ) PR
WRITE(L,6) PR

6 FORMAT(IH 318H-=-—m—= ~—=-ee———e 8X ¢ 9H-———-————- » TXy L 1H-———=~——PR
1-—= 45Xy 12H-—~———-——=== ) PR
WRITE(LsT) EA2,EAL,EA PR

7 FORMAT (1HO,20HCONDENSING SURFACE  sF15,2+4F16.44F19.2) PR
WRITE(Ls8) ES24ES1,4ES PR

8 FURMAT(1H o20HSHELL AND FOUNUDATION ,F15.24F16.44F19.2) PR
WRITE(L,9) PMC2,PMC1,PMC PR

9 FORMAT(1H ,20HPUMPS AND MNTARS +Fl5.,29F16.49F19.2) PR
WRITE(Ly10) WAIT2,WAITL,WAIT ‘ PR

10 FORMAT(1H ,20HSEA-WATER INTAKE 1F15.2,F16.4,F19.2) PR
WRITE(L,L1) VPC24VPCL,VPC PR

11 FORMAT(IH ,20HVALVES ANC PIPING vFL15.2,F16.44F19.2) PR
WRITE(L,12) CHMPT2,CHMPT1,CHMPTC PR

12 FORMAT(1H ,20HCHEMICAL CAPITAL vF15.2,F16.44F19.2) PR
WRITE(L,13) CINST2,CINSTL,CINSTC PR

13 FORMAT(LH ,20HINSTRUMENTS 1F15.2,Fl6.44F19.2) PR
WRITE(Ly14) EEC24EECL4EEC PR

14 FURMAT(1H ,20HELECTRICAL 2F15.2,F16.44F19.2) PR
WRITE(L,15) DEA2,DEAL,DEACST PR

15 FORMAT(1H ,20HNCG REMOVAL SYSTEM . 4F15,2+F16.49F19.2) PR
WRETE(L,16) BHC2,BHCL4BHC PR

16 FORMAT(1H ,20HBRINE HEATER 1F15.2,F16.4,F19.2) PR
WRITE(L,17) SITEC2,SITEC1,SITEC PR

17 FORMAT(LIH 420HSITE, BLDGSs CRANES +FL5.2,FLl6.44F19.2) PR
WRITE(L,18) CAP14,CAPI3,CDMM PR

18 FORMAT{(1HO,20H TOTAL CAPITAL +F15.2+,F1l6.44F19.2) PR
WRITE(L,19) PR

19 FORMAT(1HQs20HTOTAL INVESTMENT, ) PR
WRITE(L,20) CAPIL PR
.20 FORMAT(1H ,20H SDIR+IND 431X,F19.2) PR
WRITE(L,21) PR

21 FORMAT(1H ,20HSPECIFIC INVESTMENT, ) ‘ PR

66890
66900
66910
66920
66930
66940
66950
66960
66970
66980
66990
67000
67010
67020
67030
67040
67050
67060
67070
67080
67090
67100
67110
67120
67130
67140
67150
67160
67170
67180
67190
67200
67210
67220
67230
67240
67250
67260
67270
67280
67290
67300
67310
67320
67330
67340
61350
67360
67370
67380
67390
67400
67410
67420
67430
67440
67450
67460
67470
67480
67490
67500
67510
67520
67530
67540
67550
61560
67570
67580
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831
36
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471
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WRITE(L,22) CAPI2

FORMAT(1IH +20H $/GPD  +31XsF1l6.5)
WRITE(L,23) RETUB2, RETUBL

FORMAT (1HO 4 20H RETUBING 1Fl5.29F16.4)
WRITE{(L,24)

FORMAT(1HO» 20HOPERATING COMPUNENTS )
WRITE(L25)

FORMAT(IH 420H~———=—=== —=—————-—- )
WRITE(Ls26) HCZ2y, HC1

FORMAT (1HO o 20HPROCESS HEAT vF15.2¢F16.4)

WRITE(6,271) EJC2,EJC1
FURMAT(1HC»20HSTEAM TO cJECTCRS +Fl5.24Fl6.4)
WRITE(Ls27) CC2,CC1

FORMAT(IH ,20HCHEMICALS 2Fl5.24F1l6.4)
WRITE(L+28) POCST2,P0OCSTI1

FORMAT(1H ,20HPOWER 21FLl5.2yFlbe4)
WRITEL(L,29) 0C2s OC1

FORMAT{1H »20HOPERATING 1Fl5.2,F16.4)
WRITE(L,30) AMSC2, AMSCI

FORMAT(1IH ,20HMAINT. + SUPPLIES 1Fl5.24F16.4)
WRITE(L,31) TGC2y TOCIL

rORMAT{1HQy 20H TOTAL UOPERATING +F15.24F16.4)

WRITE(L,32) TCZ, TCL

FURMAT(LIHC 9y 20HTOTAL({CAP+RETUB+0OP) 4F15.2¢Fl6.4)
WRITE(L,33)

FORMAT(1HO,20HCOST FACTORS )
WRITE(L,34) UFC

FORMAT (1HO,20HCOST OF PGWER,)C/KWHR 4 F15.6)
WRITE(L35) EXSTM

FORMAT(1H ,20HCOST OF HEAT,C/MMBTU o F15.6)
WRITE(L,831) STFEJ

FURMATU21H EJECT. STEAM,C/MMUTU ,F15.6)
WRITE(L36) SMAP

FURMAT(1H ,20HANNUAL CHARGE RATE » F15.6)

WRITE(Ls37) RATEIN

FORMAT(LIH ,20HINTEREST RATE s F15.06)

WRITE(L,38) AJ

FORMAT(1IH ,20HHIGHER COST FACTOR v F15.6)

WRITE(L,39) EFF

FORMAT({1H ,20HPUMP AND MOTCR EFF. o Fl15.6)

WRITE(L,40) LF2

FURMAT(1H 520HPLANT LOAD FACTCR v F15.6)
WRITE(L,41) WPL
FORMAT(1H o20HPLANT LIFE,YEARS s+ F15.6)

WRITE(Ly42)

FORMAT(1HO 4 28Xy 6HREJECT s 10Xy BHRECOVERY y TX 9 L2HBRINE HEATER )

WRITE(L,43) CSLTBP, CSLTBP, CSLTBH

FORMAT (1HOy20HTUBE LIFE,YEARS 21Fl4.3,2F17.3)
WRITE(Ls44) RACHGyEACHGyHACHG

FORMAT(1H ,20HAREA COST+$/S5Q.FT. 'Fla.3,2F17.3)
WRITE(Ly441) UNARAE

FORMAT(LH 443HINSTALLED EVAPURATUR SURFACE CUST8$/5Q.FT.

NPAGE = 3

WRITE(Ls1l) NPAGE

WRITE(Ls115) MSFID

WRITE(L,202) AMONTH

WRITE(Ly3) (ANAME(KK) 9sKK=1,10)

WRITE(L,45)

FORMAT(1H0,27H I SUMMARY OF PLANT DATA )
WRITE(L,46)

FURMAT (1HQ, 14H GENERAL )

WRITE(L,47) FF

FORMAT(1H ,35H PLANT CAPACITY, MGD
WRITE(L+471) RP

FORMAT{1H ,35H PERFORMANCE RATIO
WRITE(L.,48) CU

FURMAT(LH ,35H SEA WATER CONCENTRATION

WRITE(L+49) CPPPM

FORMAT(1H 435H PRODUCT CONCENTRATION, PPM

Flb6.4)
vFl6.4)
eFl6.4)

2Flé6.4)

* PR 67590

PR 67600
PR 67610
PR 67620
PR 67630
PR 67640
PR 67650
PR 67660
PR 67670
L2224
*08%
*¢e ¥
PR 67690
PR 67700
PR 67710
PR 67720
PR 67730
PR 67740
PR 67750
PR 67760 .
PR 67770
PR 67780
PR 67790
PR 67800
PR 67810
PR 67820
PR 67830
PR 67840
PR 67850
PR 67860
*85$
b2 2 2]
PR 67870
PR 67880
PR 67890
PR 67900
PR 67910
PR 67920
PR 67930
PR 67940
PR 67950
PR 67960
PR 67970
PR 67980
PR 67990
PR 68000
PR 68010
PR 68020
PR 68030
PR 68040
PR 68050
PR 68060
PR 68070
PR 68080
PR 68090
PR 68100
PR 68110
PR 68120
PR 68130
PR 68140
PR 68150
PR 68160
PR 68170
PR 68180
PR 68190
PR 68200
PR 68210
PR 68220
PR 68230
PR 68240
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WRITC(L,y50) CR PR 68250

50 FORMAT(IH 435H CONCENTRATICN RATIU 2Fl6.4) PR 68260

WRITE(LsS51) aK PR 68270

S1 FORMAT(LH ,35H NU OF REJECT STAGES 1Fl6.4) PR 68280

WRITE(L,52) AN PR . 68290

52 FURMAT(1H ,35H NO OF RECOVERY STAGES vFl6.4) PR 68300

53 FORMAT(1H 435H PERFORMANCE RATIO vFl6.4) PR 68310

WRITE(LsS31) YEAR ] PR 68320

531 FORMAT(1H ,35H YEAR CONSTRUCTION STARTED ,Fl6.4) PR 68330
WRITE(Ly54) PR 68340

54 FORMAT(1HG.26H TEMPERATURES - DEG F ) PR 68350

WRITE(Ly55) TS PR 68360

55 FORMAT(IH ,35H STEAM . vFl6.4) PR 68370

WRITE(Ls56) THF PR 68380

56 FORMAT(1H ,35H FAXIMUM BRINE sFlb.4) PR 68390

WRITE(LsST7) TU PR 68400

57 FURMAT(1H 435H HLOWOOMWN vFlLO.G) PR 68410

wrITE(L,28) TP PR 68420

58 FURMAT(1H ,35H PRODULT vFl6.4) PR 68430

WRITE(LyS59) TO PR 68440

59 FCRMAT(1IH 435H UCEAN vFl6.4) PR 68450

WRITE(Ls60) PR 68460

60 FURMAT(1HQ434H FLOW RATESy MILLIUNS UF LB/HR) PR 68470

WRITE(Ls61) WSMM - PR 68480

61 FGRMAT(IH ,35H STEAM vFl6.4) PR 68490

WRITE(L,62) WPMM PR 68500

62 FURMAT(IH ,35H PRODUCT oFlo.4) PR 68510

WRITZ(L63) WoMM : PR 68520

63 FORMAT(1H ,35H HLOWOGWN 'Fl6.4) PR 68530

_WRITE(L,64) WOCMM . PR 68540

64 FORMAT(1H ,35H SEA INTAKE 'Fl6.4) PR 68550

WRITE(L65) WCMWM PR 68560

65 FURMAT(1H 435H hEAT REJECT vFl6.4) PR 68570

WRITE(Ly6E) WRHMM PR 68580

66 FORMAT(1H ,35H RECYCLE 1Fl6.4) PR 68590

WRITE(Ls67) WFMWM PR 68600

67 FORMAT(LH ,35H RECCV. TUBINGy BRINE HTR. Fl6.4) PR 68610

WRITE(L,68) WOMM PR 68620

68 FCRMAT(1H 435H REJECT TUBING oFl6.4) PR 68¢€30

WRITE(L+69) PR 68640

69 FORMAT(IHCy34H II DESCRIPTICN CF PHYSICAL PLANT ) PR 68650

WRITE(L,691) BLCGS PR 68660

691 FORMAT(1HQ,35H NO OF BUILOINGS 1FlL6.4) PR 68670
WRITE(L7C) TRAINS PR 68680

70 FORMAT(1H 435H NG OF TRAINS Fl6.4) PR 68690

WRITELL,T71) MODU PR 68700

71 FCRMAT(LH ,35H NU OF MODULES Fl6.4) PR 88710

WRITE(L711)LEY . . PR 68720

711 FORMAT(1H ,35H NO OF LEVELS vFLO,4) PR 681730
WRITE(L,72) HRECOV PR 68740

72 FORMAT(LIH 435H RECOVERY HEIGHT, FT vFlba4) PR 68750

WRITE(L,721) STLLEN PR 68760

721 FURMAT(1IH ,35H LENGTH OF STEEL SECTIUNGFT +Flb6.4) PR 68770
WREITE(L+722) HCTLEN PR 68780

722 FURMAT{1H ,35H HI-FLUW LENGTH, FT vFl6.4) PR 68790
WRITE(Ls73) RECCLN . PR 68800

73 FORMAT(1H ,35H RECCVERY LENGTH, FT oFl6.4) PR 68810

WRITE(L,731) WHOT PR 68820

731 FCRMAT(1H ,35H HI-FLUW WIOTH, FT vFl6.4) PR 68830
WRITE(L,74) WCOLD PR 68840

74 FGRMAT(1H ,35H LO-FLUCW WIDTH, ¢T vF1l6.4) PR 68850

WRITE{L,741) HREJCT PR 68860

741 FURMAT(1IH ,35H REJECT HEIGHT, FT vFl6.4) PR 68870
WRITE{Ly75) REJLEN PR 68880

75 FURMAE(LH ,35H REJECT LENGTH, FT WFl6.4) PR 68890

: WRITE(L,76) PR 68900

16 FURRAT(IH ,35H TOTAL PLANT VOLUME, } "PR 68910

WRITE(L,77) VOMTOT PR 68920

77 FORMAT(LH 435H MILLIUN§ UF CUBIC FEET Fl6.4) PR 68930



1
1
1
1
1
1
1
1
1
1
1l
1
11
c
10

113 FORMAT(1H1446HRECYCLE MULLTISTAGE FLASH PLANT - ROUTINE MSF2l,7X,

115

78
79
80
90
91
92
93
94
95
96
97
98
99
00
ol
02
03
04
05
06
07
08
09
10
11
11
00

88

NPAGE = 4

WRITE(Lyl) NPAGE

WRITE(L,115) MSFID

WRITE(L202) AMCNTH

WRITE(L,3) (ANAME(KK) KK=141U)
WRITE(L,78)

FURMAT(LHO,22HIIT TUBING PARAMETERS )
WRITE(L,79)

FURMAT(1HQ y 40Xy 6HREJECT 98X ¢ BHRECOVERY 94Xy L12HBRINE HEATER)

WRITE(L,80) DOR ,D00E, DGH
FORMAT({LIH ,32H
WRITU(LI0) XO(2T)y Xx0(26)y XUL25)
FORMAT(1IH ,32H WALL THICKNESS,
WRITE(L,91) XxU(21), XO(20)y Xx0O(19)
FORMAT(1H ,32H Ky BTU/HR FT2 F
WRITE(L992) XTULC3) o XT(102),XT(101)
FORMAT(IH ,32H
WRITE(L,93) XU(24), XO0(23), XCG(22)
FORMAT(LIH ,32H FLOODING FACTOGOR
WRITE(L94) ENRK ,ENEK, ENHK

FORMAT(1IH ,32H
WRITE(L,95) RLR, ELE, HLH

FORMAT(LH ,32H TUBE LENGTH, T
WRITE(L+96) ARKK, AEKK, AHKK

FURMAT(1H ,32H
WRITE(L,9T) VR, VE, VH
FORMAT(1HC, 32H VELOCLITY, FPS
WRITEe(Ly98) HEADR, HEADE, HEADH
FCRMAT {1H ,32H
WRITE(L,99) UR, UE, UH

FORMAT(1HO,32H CVERALL U, B/HR-
WRITE(L,100) HIRy HIEy HIH
FORMAT(L1H ,32H H INSIDE « R/HR-

WRITE(L,101) HOR, HOE, HUH
FORMAT(1H ,32H
WRITE(L,102) OM2, OMl, PHE

FORMAT(IH 4 32H AVG LMTD, DEG F
WRITE(L,103) TQ, TE, ICF

FURMAT (1HO, 32H TEMPERATURE IN,
WRITE(L,LC4) TB oTCFy THF

FURMAT(1H 432H
WRITE(L,105)
FORMAT(1HO,23H IV PUMPING PARAMETERS
WRITE(L,1CE)

H OQUTSIDEy B/HR-

TEMPERATURE 0UT,

CUTSIDE DIAMETERy IN.

lN.

FOULING RESISTANCE

FRICTIUNAL HEAD, FT

FI2-F
FT2-F

FI2-F

DEG F

DEG F

NGO OF TUBES (THOUSANDS)

AREA, THUUSANDS OF SQ FT

+3F15.5)
+3F15.5)
+3F15.5)
+3F15.5)
v3F15.5)
v»3F15.5)
v3F15.5)
+3F15.5)
+3F15.5)
v3F15.5)
+3F15.5)
13F15.5)
v3F15.5)
+3F15.5)
v3F15.5)

v3F15.5)

FORMAT({1HO, 38X ys8HFLOW-GPMy8XyTHHEAD-FTy 8X+BHPOWER-MHW)

WRITE(L,107) GPMO,HOEL 4 PODEL

FORMATU(IH ,32H SEA-WATER DELIVERY
WRITE(L,108) GPMRyHREC+POREC

FURMAT(1H ,32H RECYCLE
WRITE(L,109) GPFB,HBL,PUBLD

FORMAT(IH ,32H SLOWOUWN
WRITE(L,11C) GPMPyHPR,PCPRD

FORMAT(LH 432H PRODOUCT

WRITE(L,111) GPMD,HDEA,PODEA
FORMAT(LIH 432H CEAERATOR
WRITE(L,1111) PO

FORMAT(LHC32H TOTAL (ELECTRICAL)

CONTINUE
NPAGE = S
WRITE(Ls113) NPAGE

+3F15.5)
¢+3F15.5)
13F15.5)
+3F15.5)
+3F15.5)

¢30Xsr15.5)

L31HCCNDENSEC SUMMARY OF PLANT DATA,25XsSHPAGE 411)

WRITE(L,115) MSFID

FORMAT(IH ,10A8)

WRITE(L,202) AMONTH

WRITE(L,3) (ANAME(KK) yKK=1,10)

WRITE(L,800C) FF »RP P 'PE

*Q

+CR

68940
68950
68960
68970
68980
68990
69000
69010
69020
69030
69040
69050
69060
69070
69080
69090
69100
69110
69120
69130
69140
69150
69160
69170
69180
69190
69200
69210
69220

‘69230

69240
69250
69260
69270
69280
69290
69300
69310
69320
69330
69340
69350
69360
69370
69380
69390
69400
69410
69420
69430
69440
69450
69460
694170
69480
69490
69500
69510
69560
69570
69580
69590
69600
69610
69620
69630

69650
69660



1 CC 'CP
WRITE(L,8C0S5) TS » THE

1 TE » TP

WRETE(L801C) WS s WF

1 wB s WU
WRITE(L,B8OL5) AN yESTG
1 AK +RSTG
WRITE(L,8020) WHOT yWCOL
1 FTCTLEN oVCMT
WRITE(L,8025) DCE yWALL
1 DOR s WALL
2 DGH +WALL
WRITe(L,803C) UE 'HIE

1 UR oHIR
2 UK sHIH
WRITE(L,8C35) WEL s SUBE
1 QRL +SUBR
WRITE(Ly8C4C) HREC sHDEL
RPMR +RPMD

89

S W N

HPREC ,HPDEL ,HPDEA
PCREC ,PCDEL PUDEA

HEADE ,HEAD

WRITE(L,8C45) AJ vAXJ
1 WPL 2COLT
WRITE(L,8050) EACHG ,HACH
1 UNARAE ,UNAR
wRITE(L,8055) £A »ES
1 CINSTC ,EEC
WRITE(L,8060) EAL vESL
1 CINST1 ,EEC]
2 RETUbLl oHCL
WRITE(L,8065) EA2 vES2
1 CINST2 LEEC2
2 RETUBZ2 ,HC2
WRITE(L,807C) CDMM yCAPI
1
2
8000 FORMAT(1IHO, 'FF RP
1 * CO ce
8005 FORMAT(1HC,*TS THF
1 ' TE Te
2 Cl4.6)
8010 FORMAT(1HC,*WS WF
1 * WY Wo
8015 FUORMAT(1HC, *AN ESTGL
1 * AK RSTGL
8020 IORMAT(1HO "WHOT WCOLUD
1 * TOTLEN vOMTGT
2 3D014.6)
802% FORMAT(1HO,*0UE WALLE
1 ¢ DOR WALLR
2 ' DOH WALLH
8030 FORMAT(1HC,'UE HIE
1 * UR HIR
2 ' UH HIH
8035 FORMAT(1HC, 'QEL SUBE
1 ' QRL SUBR
8040 FCRMAT(1HQO, *HREC HDEL
1 * RPMR RPMD
2 * HPREC HPDEL
3 * POREC PODEL
4 * HEACE HEADR
5 2014.06)
8045 FORMAT{1HG,'AJ AXJ
1 * WPL csLTBP
8050 FORMAT(1HO,*EACHG HACHG
1 * UNARAF (INARHI
8055 FURMAT(1HO,'CA €3
1 * CINSTC EEC
8060 FCRMAT(1HO,*EAL ES1

!CCF .Cb 'LFZ
+TCF » TK » TPE
o 10
QHR '“Pl: ,MPR
'NC + WOCEAN
L HRECOLN ,HRECOV ,VOLSTL
L JREJLEN oHREJCT oVOLCNC
D sATN + ENBH +BLDGS
(02 Y ACRES 4MODU
€ sELE +ENE +AE
R yRLR ¢ RNR » AR
H yHLH v HNH s AH
+HOE +BKTE +RSE
sHGR s BKIR +RSR
s HCH +BKTH sRSH
+DTLSE 4 BPRE +ROE1L
»OTLSR L, BPRR »ROE2
»HDEA +HPR +HBL
v RPMM W RPMP »RPMB
+HPPRO HHPBLD
+POPRD  ,POBLD
R yHEADH P03
+RATEIN s SMAP oPSAY
BP JCSLTBH »SMAPPP ,SMAPPH
G +RACHG +UNPUMP ,UNDRVE
HI +XC(56) +UNSHLS JUNSHLC
s PMC 'MALT »YPC
yODEACST ,8HC SITE
'PMC1 yWAIT1 LVPC1
»0EAL sHBHCL +SITEL
+CC1 +POCST1 ,0C1
s PMC2 'MAIT2 HVPC2
+CEA2 yBHC2 »SITE2
sCC2 +POCSTZ2 ,0C2
1 ,CAPI2
CAPI4 LRETUBZ2 ,TOC2
CAPI3 LRETUBL ,10C1
P PE Q CR
CCF ce LF2 YEAR
TCF K TPE T8
TC STLTMP
WR WPE WPR WP
wC WOCEAN
RECGLN HRECOV VOLSTL STLLEN
REJLEN HREJCT VOLCNC HOTLEN
ATN ENBH dLDGS TRAINS
ACRES MOOU LEV
ELE ENE AE VE
RLR RNR AR VR
HLH HNH AH VH
HOE BKTe RSE OM1
HOR BKTR RSR CM2
HOH BKTH RSH PHE
DTLSE BPRE ROEL BDEPH
ODTLSR BPRR ROE2
HDEA HPR HBL
RPMH RPRP RPMB
HPDEA HPPRD HPBLD
POUEA POPRD POBLD PO
HEADH P03 POTOT
RATEIN SMAP PSAY HEAT
CSLTBH SMAPPP SMAPPH ELEC
RACHG UNPUMP UNDRVE UNELCT
AERTE UNSHLS UNSHLC uSHELv
PMC WALT vVPL CHMPTC
DEACST BHC SITE CIBC
PMCL WAIT1l VPCL CHMPTL

+ YEAR PR
o TH . PR
'STLTMP PR
oMP » PR
PR

oSTLLEN PR
+HOTLEN PR
s TRAINS PR
oLEV PR
' VE ’ PR
VR . PR
' VH PR
sOM1 . PR
o OM2 ’ PR
» PHE PR
oBDEPH PR
PR

’ PR
. PR
’ PR
PO v PR
POTOT PR
+EXSTM PR
sUFC ’ PR
2UNELCT o PR
»USHELV PR
CHMPTC PR
+C1BC PR
+CHMPTL PR
+CIBCL PR
2 ANSCL PR
+CHMPT2 PR
CIBC2 PR
+AMSC2 PR
PR

o TC2 v PR
WI1C1 PR
*96014.6/ PR

*e6D14.6) PR

*,6014.6/7 PR

"93D14.6928XPR

PR

*,6014.6/ PR

' 94D14.6) PR

'96014.6/ PR

'96D14.6) PR

t,6014.6/ PR

*42D014.6414XPR

PR

'96D14.6/ PR

*y6014.6/ PR

*,6014.6) PR

*,6D14.6/ PR

*,6D14.6/ PR

'36D14.6) PR

*,6D14.6/ PR

*,5014.6) PR

*35014.6/ PR

',5014.6/ PR

" 95014.6/ PR

*,6014.6/7 PR

'33014.64 14XPR

PR

t,6D14.6/7 PR

*46014.6) PR

ty6D14.6/ PR

*360D14.6) PR

'56D14.6/ PR

*,6014.6) PR

*,6D14.6/ PR

69670
69680
69690
69700
69710
69720
69730
69740
69750
69760
69770
69780
69790
69800
69810
69820
69830
69840
69850
69860
69870
69880
69890
69900
69910
69920
69930
69940
69950
69960
69970
69980
69990
70000
70010
70020
70030
70040
70050
70060
70070
70080
70090
70100
70110
70120
70130
70140
70150
70160
70170
70180
70190
70200
70210
70220
70230
70240
70250
10260
70270
70280
70290
70300
70310
70320
70340
70350
70360
70370



1 * CINSTL

2 ' RETUBI
8065 FORMAT(1HO,'EA2

1 * CINST2

4 ! RETUH2
8070 FURMAT{1HC,*CDMM

1 . L}

2 4014.06/

3 L

4 4Cl4.6)

RETURN

ENC

EEC1
HC1
ES2
EEC2
HC?2
CAPIl

DEAl
ccl
PMC2
DEA2
cc2
CAPIZ
CAPl4

CAPI13

90

BHC1
POCST1
WALT2
BHCZ
POCST2

RETUBZ

RETUB1

SITEL
GCl
VPC2
SITEZ
0c2

focz

TOCl

cisci
AMSC1
CHMPT2
cIsc2
AMSC2

TC2

TC1

*s6D14.6/7
'+6D014.6)
*96D14.06/
*y6014.6/
*96D14.6)
*93D014.6/
928Xy

928k,

70380
70390
70400
70410
70420
70430
70440
70450
70460
70470
70480
70490
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APPENDIX C
CHANGES MALE IN SUBROUTINE RITEV
SUBROUTINE RITEVIIOPT,ICUT,L) PR
IMPLICIT REAL®*8(A-H,0-2) PR
PR
REAL*8 LPHE
pouBdLe PRECISION LAM,LANMDAS,MAVG PR
DCUBLE PRECISICN LPH, LVE, 10BH, 10PH, LCON, NCON, PR
1 NTPH, ICCCN PR
DOUBLE PRECISICN KBH KPH, KVE, LBH, MGD, NBH, PR
1 NPH, NVE » KCON, LMTID, LVEP, LMTOBH, LMTDCN PR
DCUBLE PRECISIGN INT, INSTRO, INSTRK, INSTRY, MAINTK, MAINTY PR
DOuUBLE PRECISION LEV, LF2, MSFID PR
PR
CUMMON/BLOCVLY/ ANE, HVE, LPH, LVE, ACON,PR
1 GPMV, HPVE, HStA, IDBH, I0PH, LCON, PR
2 NCON, NTPH, OCuH, ODPH, ODVE, POVE PR
3 RPMV, HFEED, IOCGN, ODCON, SUMWT, VETSA, PR
4 APTSCN, APTSEP, OVRHGT TOTNVE, VEPKPS PR
CUMMUN/PINHAS/APTSH,ENRSS yENRJISsLPHE yDUMUUM{16) yNFEEDILITIEL9)
COMMON/BLOCV2/ A(30), . Sy AE(30), QE, TC(30),PR
1 TE(30), TR, UE(301), UH(3), WM, MT(30),PR
2 ABH, APH, BPE(301), CIE(30), COE(30), DPE(30) PR
3 ELL, GBH, GPH, GPM, HOO, KBHo PR
4 KPH, KVE LBH, MGD, NBH, NPH. PR
5 NVE(30), QPH, RisHy RPH, RVE, TOO.PR
6 UBH, VBH, VPH, WPEX(30), BHLF, GCONy PR
7 HItH, HIPH(3), HOBH HOPH(3), KCON» LMTD(3),PR
8 LVEP, PHLF, QMSF(3), RCON, SUBF(3), TCONs PR
S UCON, VCCNy VLEN, VILFys WODTH(30), ALFAE(30),PR
+ CONLF, HICON, HOCGN HCOTEL, PHHGT POBLO,PR
A POPRG, POSEA, SURFF, VEHGT, WALVE, EFFSPC,PR
BELBADL{30), HCOTCF, HCUTUO, HEAUDBH, HEADCN, HEADPH,PR
C LMTOBH, LMTDCN, PLNTLF, PUBEAS, POFEED, SUMMPE, PR
D SUMWPH, TOTAVE, JVESPLVEFEED(30), WBOOS T, WOCOLD, PR
E NE» NTRN, IFEED, IRECYC PR
COMMON/BLOCVI/ BHD» BHK BHY » INT, PMDy PR
1 PMK, PMY , VPO, VPK, VPY, ACHR PR
2 DEAD, DEAK, DEAY, ELEC, HEAT, SBCD,PR
3 SBCK, SsCY, CHEMK CHEMY, HEATK, HEATY,,PR
4 GPERK, OPERY, PLDIN, WAITD, WAITK, WAITY,LPR
5 ANCCNMP, CMCAPD, CMCAPK, CHCAPY, CNDSRD, CNDSRK, PR
6 CNDSRY, ELECTD, ELECTK, ELECTY, INSTRD, INSTRK,,PR
7 INSTRY, MAINTK, MAINTY, PHTUBD, PHTUBK, PHTUBY PR
8 PLCAPD, PLCAPK, PLCAPY, POWERK POMERY, RETUBK PR
9 RETUBY, SHELLD, SHELLK, SHELLY, TOTALK, TOTALYPR
+ TOTCPK, T10T0PY, TREPBH, TREPCN, TREPPH, TREPVE PR
A VETUBD, VETUBK, VETUBY, CGPD ' PR
COMMON/COMNAM/ Ay CB, CO, CPs CRy, PR
1 [J.10) Pl, PO, Toe T0» TPy PR
2 LBY) W8, WF o WO, WPy WR, PR
3 AXJ,y HBL HPRy LEV, LF2, ICFy PR
4 ENBH, GPMB, GPMD, GPMH, GPMO, GPMP, PR
5 GPMR HDEA, RPMB, RPMU RPMM, RPMP, PR
6 RPMR TSTH, WHOT, YEAR, ACRES, BHVOL, PR
7 BLOGS BNDLS, HOLES, HPBLL , HPDEA, HPDEL, PR
8 HPPRD, HPREC, PLPRD, PLSEA, PODEA, ACNCEM, PR
9 ACNCFL ACNCIW, ACNCPH, ACNCRF, ACNCTR, AEXCAV, PR
+ ASTLEW, ASTLFL, ASTLIMW, ASTLPH, ASTLRF, ASTLTR, PR
A AWEILRS, BHSURF, DINTAK, ENITSE, ENPIPE, ENSUPE, PR
-] ENSUPR, PIPELN, PLSZMG, REJLEN, STLLEN, STLTMP, - PR
c TNACODY, TRAINS, TSAREA, VOLCNC, VOLSTL, WNOCEAN PR
CCMMON/BLOCL3/ X0(300) PR
COMMON/BLOC L4/ XC(500) PR
CCMMON/NAME/ ANAME(1U) s AMONTH, TNaY, IYEAR PR
LUMMON/DECKED/ MSFID(L0),VTEID(1C) ,EDID(LO) " PR
CCMMON/IMPONE/ IVERT PR

60930
60940
60950

sk
60960
60970
60980
60990
61000
61010
61020
61030
61040
61050
61060
61070
61080

*68 %
61090
61100
61110
61120
61130
61140
61150
61160
61170
61180
61190
61200
61210
61220
61230
61240
61250
61260
61270
61280
61290
61300
61310
61320
61330
61340
61350
61360
61370
61380
61390
61400
61410
61420
61430
61440
61450
61460
61470
61480
61490
61500
61510
61520
51530
61540
61550



100

92

CCMMON/BLKFAC/ FDFACy QEFAC, TRFAC

DIMENSICN WPEI(30)

-EFF = XC(32)

WALCON = XQd(27)

WALPH = x0(26)

WALHH = XC{(25)

WPE = SUMWPE *AE(])

WPPH = SUMWPH %AE(1l)

PRP = 1.03 2*WP/(QE+QPH)
PRVE =1.D3%wWPE/CE

PRPF =1.03*wWPPH/QPH
LAMCAS = LAM(TS,PS,0.D0,0.D0)
WSE = QE/LAPDAS

WSPFE = CPH/LAMDAS

WS = WSF +hSPH

TM = TE(1)

DELTC = TCON -TR

WR = DMAX1{C.DOsWO-WF+WHM)
VEVNI = AEXCAV SVEHGT
PHVCL = AEXCAV *PHHGT

AVGUPH = (UH{1)+4.%UH(2)+UH(3))/6.
AVHIPH = (HIPH(1)+4.*HIPH(2)+HIPH(3)) /6.
AVHCPH = (HCPH({1)4+4.*HOPH(2)+HOPH(3)) /6.
AVLTPH = (LMTD(1)+4.%LMTD{2)+LMTD(3)) /6.
AVGSUB = (SUBFL1)+4.*%SUBF(2)+SUbF(3)) /6.
AVQFSF = (CMSF(1)+4.*QMSF(2)+4gMSF(3)) /6.
CAPF = LF2

CFVEl = VETUBO/TOTAVE

CFPHI = PHTUBD/APH

CFBFI = XC(133)+XC(126)
CFCCONI = CNDSRD/ACON
CRVE = CIE(NE)/CO

EFFL = VLEN/ANE

WVEMAX = WULULD

WVEMIN = WHCT

TUTVOL = VOLCNC +VOLSTL
QTR = WF#(HCOTCF-HCOTOC)

ROA = (TCE-TUUI/NPH
CFSHEL = SHELLD/TOTVOL

CFVE = xCl63)

CFPH = XC(¢€8)
CFCCN = XC(74)

CFeKE = XC(126)
CFPUMP = XxC(128)
POTCT = PO +POCEAS

AVOPE = 0.000
DPE(NE)=0.00

AVBPE = 0.0CO
AVGUE=0.0DC

AVDIVE = (.0D0

MAVG = 0.DC

D0 1C0 I=1.NE
AVGUE=AVGUF+UE(])
WPCI(I) = WPEX(I)%*AE(])
AVCTVE = AVUTVE+A(I])
AVDPE = AVDPE+DPE(L)
AVBPE = AVBPE+BPE(I1)
MAVG = MAVG+AE(I)/AE(])
CONTINUE
AVGUE=AVGUE/ANE.

AVCTVE = AVDTVE/ANE

AVCPE = AVDPE/(ANE-1.D0)
AVBPE = AVHBPE/ANE

MAVG = MAVG/ANE

ELEC = 1C0.CO*ELEC

HEAT = 100.D0%HEAT

WRITE(L,2CC)

L 2 2 3 ]
PR 61560
PR 61570
PR 61580
PR 61590
PR 61600
PR 61610
PR 61620
PR 61630
PR 61640
PR 61650
PR 61660
PR 61670
PR 61680
PR 61690
PR 61700
PR 61710
PR 61720
PR 61730
PR 61740
PR 61750
PR 61760
PR 61770
PR 61780
PR 61790
PR 61800
PR 61810
PR 61820
PR 61830
PR 61840
PR 61850
PR 61860
PR 61870
PR 61880
PR 61890
PR 61900
PR 61910
PR 61920
PR 61930
PR 61940
PR 61950
PR 61960
PR 61970
PR 61980
PR 61990
PR 62000
PR 62010
PR 62020

L2 2 1)
PR 62030
PR 62040
PR 62050
PR 62060
PR 62070
PR 62080
PR 62090
PR 62100
PR 62110
PR 62120
PR 62130
PR 62140
PR 62150
PR 62160
PR 62170
PR 62180
PR 62190
PR 62200
PR 62210
PR 62220
PR 62230
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WRITE(L,115) VTEID ’ PR 62240

115 FORMAT(IH ,10A8) PR 62250
WRITE(L¢202)AMCNTH . PR 62260

202 FORMAT(1H ,A8) PR 62270
CCC = PLDIN®*1.0-6 PR 62280
WRITE(Ly2) (ANAME(KK) yKK=1410)yMGD,TOTALK,CCC PR 62290

2 FORMAT(//7171717177177777771H ,10A8/7/7/71H ,° PLAPR 62300

INT CAPACITY - MGD'*+F29.3/1HO,'UNIT CCST OF DESALTED WATER — CENTS PR 62310
2PER KILCGALLON®yF19.3/71HK0,*CAPITAL CCST OUF PLANT(DIRECT+INDIRECT)-PR 62320

3 MILLIUNS OF DOLLARS®,F10.3) PR 62330
IFLIGPT .EQe. 0) WRITE(Ly4) PR 62340
IFCIOPT JNE. O) WRITE(L,5) PR 62350
4 FORMATULHO,/1HU,*THE PLANT HAS NOT BEEN OPTIMIZED®) PR 62360
S FORMAT{1HO,/1HQO,*THE PLANT HAS BEEN OPTIMIZED') PR 62370

IF(IFEEC «GT. 0) WRITE(L,6) PR 62380
6 FORMAT(LHO,*'THE DESIGN CONSTRAINTS HAVE REQUIRED AN INEFFICIENT USPR 62390

1t OF CONDENSING SURFACE IN THE PREHEATER®) PR 62400
[IFCIRECYC .GT. 0) WRITE(Ls7) PR 62410

7 FORMAT(LHO, 'THE CA2S04 SOLUBILITY COUNSTRAINT HAS REDUCED THE PRCDUPR 62420

1CT FROM THE PREHEATER') PR 62430

IFLIVERT .GT. O) WRITE(L,8) PR 62440
8 FORMAT(1HO, *THE INPUT DATA HAVE REQUIRED THAT THE STANDARD M-VALUEPR 62450

1S BE REVISED TQO KEEP THt PLANT PHYSICALLY REASONABLE') PR 62460

IFCIOUT .€EQ. 0) GO TO 1C00 PR 62470

PR 62480

WRITE(L,200) . PR 62490

200 FORMAT(1H1,'VERTICAL TUBE EVAPORATGR PLANT - ROUTINE VTE21') PR 62500
WRITE(Ls115) VTEID PR 62510
WRITE(L,2C2)AMONTH PR 62260

[. SUMMARY CF PLANT DATA PR 62530

GENERAL PR 62540

WRITE(L,8C0S5) MGD ' PRP ’ ‘ : PR 62550

1 co yPRVE PR 62560

2 ce »PRPH PR 62570

4 CR- , PR 62580

5 NE ’ PR 62590

6 . NPH, YEAR ) PR 62600

TEMPERATURES - DEG.F PR 62610
WRITE(L,BO10O) TS WS ’ : PR 62620

1 ™ +WSE ’ PR 62630

2 TE(NE) yWSPH PR 62640

3 T8 ' WP ' PR 62650

4 TP W WPE v _ PR 62660

5 T00 'WPPH PR 626170

6 Ic s WB * PR 62680

17 WOCEAN, PR 62690

8 DELTC oHR ' e , : PR 62700

9 VPH . PR 62710

II. CESCRIPTION OF PHYSICAL PLANT . PR 62720
PLANT DIMENSIONS, FT. PR 62730
WRITE(L,8015) LVEP +OVRHGT , PR 62740

1 LPH +VEHGT PR 62750

2 WVEMIN JPHHGT PR 62760

3 WVEMAX ,VEVOL , PR 621770

4 NTRN sPHVOL PR 62780

5 STLLEN ,STLTMP . ] PR 62790

TUBING DESCRIPTICON © PR 62800
WRITE(L,8020) OCOVE ,O00PH LGDCON , PR 62810

1  WALYE +WAIPH ,WALCON, PR 62820

p] KVE  ,KPH «KCON ’ PR 62830

3 RVE +RPH +RCON . : PR 62840

4 X0023),X0(24), . . PR 62850

5 TCTNVE,NTPH oNCCN PR 62860

6 LVE sLPHE LLCON , PR 62870

7 TOTAVE,APH +sACON PR 62880

8 AVGUE ,AVGUPH,UCON PR 62890

[II. HEAD REQUIREMENTS AND PUMPING REQUIREMENTS PR 62900

WRITE(L,8030) HSEA +POSEA PR 62910

1 HFEED ,PGFEED , PR 62920

2 HPR +PGPRU : PR 62930
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HBL +PCBLO PR 62940

3
4 HVE sPCVE PR 62950
5 HDEA +PODEA , PR 62960
6 PC PR 62970
WRITE(L,660) PR 63000
WRITE(L,115) VTEID PR 63010
Ive SUBSICIARY SECTIONS PR 63020
WRITE(L8035) LMTDBH,LMTDCN, PR 63030
1 HIBH LHICCN : PR 63040
2 HOBH ,HOCON PR 63050
3 UBH yUCCN PR 63060
4 QPH ' QE v PR 63070
5 RUH yRCON o PR 63080
6 ABH +ACCN PR 63090
A NBH +NCCN PR 63100
7 LBH +LCUN PR 63110
A TCF »TO ' PR 63120
8 ™ + TR ’ PR 63130
9 WF W WO PR 63140
WRITZ(L2C0) PR 63150
WRITE(L,L115) VTEID PR 63160
WRITE(L¢202)AMONTH PR 62260
WRITE(L+3) (ANAME(KK) KK=1410) PR 63180
3 FURMAT(1HO,1048) PR 63190
WRITE(L,65C) PR 63200
WRITE(L 9655) (1 yUECI) oWTLI)oCIE(EYoTECL) TCUI)yMPEILL), PR 63210
1 AE(TI) oNVE(I) yA(I)oALFAE(I)sI=14NE) PR 63220
WRITE(L+665) TCON PR 63230
650 FCRMAT{1HCs53Xy14HVE EFFECT OATA/ PR 63240
1 1HO 3 6HEFFECT 94X o 4HUBAR ¢ JOXy 2HWT g 9X 3 3HCIE» TX 9 2HTE, PR 63250
2 TX92HTC 99X o IHWPE ¢ 8X9 LOHAREA (FT2) 04X, PR 63260
3 10HNUM. TUBES,4Xy THDELTA-T,4X,5SHALPHA/) PR 63270
655 FORMATILIH 1492XyFl0e29EL14e49Fl0.5¢2F9.293EL4.494F9.2,F11.4) PR 63280
660 FORMAT(®*1") PR 63290
665 FORMAT(S0X,F9.2) PR 63300

8005 FORMAT( 3HC I 2X 21HSUMMARY CF PLANT DATA/L1HO 3X THGENERAL 48X PR 63310
118HPERFORMANCE RATIOS/ 8X 20HPLANT CAPACITY, MGD 28X Fi0.2, 16X PR 63320
2THUVERALL 19X FlC.4/ B8X 23HSEA WATER CONCENTRATION 7X Fl0.5516X PR 63330
33HVTE 23X F1l0.4/ 8X 23HPRODUCT CONCENTRATION TX F1l0.69 16XPR 63340
41ZHPHTRUACTUAL) 14X Fl0.4/7 PR 63350
5 8X, L19HCONCENTRATIUN RATIO 411X, F10.4/ PR 63360
6 8X LTHNUMBER OF EFFECTS 13X 110 /78X 25HNC STAGES IN PREHEAPR 63370
TTER SX9yF10.0/8X 2S5HYEAR CUNSTRUCTION STARTED 5X,F10.0) PR 63380

8010 FORMAT(IHC 3X 20HTEMPERATURES - DEG F 37X 13HFLOWS, LBS/HR /78X PR 63390
1 SHSTEAM 25X F10.3, 16X LLIHTGVAL STEAM 10X E15.6/8X 13HMAXIMUM BRPR 63400
2INE 17X F10.3, 16X B8HVE STEAM 13X E15.6/8X 12HFINAL EFFECT 18X PR 63410

3F10.3, 16X 10HPHTR STEAMLLIX EL5.6/78X 8HBLOWDOMN 22X F10.3,16X PR 63420
413KTCTAL PRCOUCT 8X EL15.6/ PR 63430
5 8X THPRODUCT 23X F10.3, 16X LUHVE PRODUCT 11X El15.6 / PR 63440
6 8X 14HDEAERATEC FEED loX Fl0.3y 16X 12HPHTR PRODUCT 9X EL15.6 / PR 63450
7 8Xx 5HOCEAN 25X F10.3, 16X BHBLOWDOWN 13X E15.6 / PR 63460
7 64X L6HSEA [INTAKE 5X E15.6/ PR 63470
8 8X LBHCONCENSER APPROACH 12X Fl0.3 , 16X 16HCONDENSER REJECT 5X PR 63480
9 EL15.6 / 64X 1BHTUBE VELOCITY, FPS Fl18.3 ) PR 63490

8015 FORMAT({3IIHOII OESCRIPTICN CF PHYSICAL PLANT /1HO 3X 20HPLANT DIMENPR 63500
LSICNS, FT /BX 20HOVERALL PLANT LENGVH 10X F10.3s 16X 14HOVERALL HEPR 63510
2IGHT 7X F15.3/8X 18HVE AND PHTR LENGTH 12X F10.3, 16X 9HVE HEIGHT PR 63520
312X F1%5.3/78X 15HMIN TRAIN WIDTH 15X F10.3, 16X 11HPHTR HEEIGHT 1CX PR 63530
4F15.3/8X 15HMAX TRAIN WIDTH 15X F1C.3, 16X 20HVE SHELL VOLUME, FT3PR 63540
5016.6/8X 12HNC OF TRAINS 18X [10y 16X 22HPHTR SHELL VOLUME, FT3 PR 63550
6014.6/78x% 21HLENGTH OF STEEL SHELL 9X F10.3, 16X 25HTEMP AT STL-CNCPR 63560

7 INTERFACE Fll1l.3) PR 63570
8020 FORMAT(1HO 3X LB8HTUBING DESCRIPTION/ 43X 2HVE 21X 9SHPREHEATER PR 63580
116X 9HCONUENSER / 8X 1SHOUTSIDE DIA, INCHES F21.3,2F26.3/8X PR 63590
222HRALL THICKNESSy INCHES,F18.342F26.3/ 8X 14HK,BTU/HR FT2 F PR 63600
33F26.3/ BX 18HFOULING RESISTANCE F22.542F26.5/8X L5HFLOODING FACTOPR 63610
4R 9X 16X 2F26.3/ 8X 11HNO OF TUBES 3X,3F26.0 / 8X 15HTUBE LPR 63620
LENGTH FT PR 63630
5 9X Fl6.3y 2F264.3/ 8X LTHSURFACE AREA, FT2 E23.8,2E26.8/PR 63640

6 8X 1BHAVG GVERALL UBAR F22.3, 2F26.3) PR 63650
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8030 FORMAT(26HOITI HEAD REQUIREMcNTS,
LENTS, MW//8X 1B8HSEA WATER ODELIVERY 12X

215XF10.4/ 8X 14HPREHEATER FEEDL6X F10.3,
16X 13HPRODUCT PUMPS 14X

3F1C.4/8X% 16HPRODUCT DELIVERYL4X F10.3,

F10.3,

4F1C.4/8X% 18HBLOWCCWN DISCHARGEL2X F1l0.3,16X L1S5HBLOWDOWN PUMPS

6F1C.4/78X L6HVERTICAL EFFECTS 14X F10.3,
7F10.4/8X% L7THBOOSTER-DEACRATOR 13X Fl0.3,
(ELECTRICAL) 9X F1l0.4)

8F1C.4/64X LBHTOTAL

16X 12HEFFECT PUMPS 15X
16X 13KHBOCSTER PUMPS L4X PR 63720

8035 FORMAT(24HC [V SUBSIDIARY SECTIONS / 35X 12HBRINE HEATER 10X

1 9HCUNDENSER

/ 1HO 7X THLMDT, F 17X 2Fl6.3/

FT 33X 30HPUMPING POWER REQUIREMPR 63660
16X 12HINTAKE PUMPSPR 63670
16X LSHPHTR FEED PUMPS12XPR 63680

PR 63690

12XPR 63700

PR 63710

PR 63730
PR 631750
PR 63760

2 8X 20HH INSIDE, B/HR FT2 F 4X2F16.2/PR 63770
3 8X 21HH OQUTSIDE, B/HR FT2 F 3X 2F16.2PR 63780
4/ 8X 21HUVERALL Uy B/HR-FT2-F 3x PR 631790
52F16.3/ 8X 1THHEAT RATE, BTU/HR IXPR 63800
62E16.6/ 8X 18HFOULING RESISTANPR 63810
ICk 6x 2Fl6.5/ 8X L7HSURFACE APR 63820
BREA, FT2 T7X 2cl6.6/ 8X 11HNO OF TPR 63830

SUBES 13X2F16.0/
A FT,9Xe2Fl€.3/
BYX ¢ 20HTEMP-CCGLANT INg F  44Xy2F16.3/
C8X9 20HTEMP-COOLANT EXIT, F,s4X42F16.3/
DB8XyJHTUBE FLOW,15X,2E16.6)
Cesexs CUTPUT COST CALCULATICNS
WRITE(L,200)
WRITE(Ls115) VTEID
WRITE(L,202)AMONTH
WRETE(L,3) (ANAME(KK) sKK=1,10)
WRITE(L+6CS5)
WRITC(L,610)
SHELLY SHELLK » SHELLD s PMY
WAITY ,WAITK ,WAITC ,VPY
CMCAPY

CNDSRY,CNOSRKyCNDSRD,BHY
s8Cy ,SBCK ,S8CD

NS WN -~

WRITE(Ls615)

-—

RETUBY,RETUBK
STFEJ=XC(21C)*1C0.DO
tJc2=xc(2ll)
£EJC1=xC(212)
WRITE(L,62C) HEATY
1 POWERY s POWERK ¢y UPERY
2 MAINTY,MAINTK

WRETe(Ly625)
WRITE(L,63C) ELEC
1 EFF

WRITE(L,635) VILF

yHEATK

+HEAT,,STFLEJ
1CAPF  4PLNTLF
+PHLF o BHLF

ELECTY ELECTKoELECTDoDEAY

PLCAPY,PLCAPKPLCAPD,PLDIN

8X LSHTUBE LENGTH,PR 63840

VETUBY,VETUBK, VETUBD s PHTUBY o PHTUBK , PHTUBD

yCMCAPK CMCAPD yINSTRY» INSTRKy INSTRD,

2 PMK s PMC ’
» VPK »VPD .
+DEAK ,DEAD
'BHK IBHD ]
'CGPD

sEJC29EJCL o CHEMY g CHEMK
'UPERK

FOTOPY,TOTOPK,TOTALY,,TATALK
»ACHR

o INT vAJ ’

+CONLF

1 TREPVE,TREPPH, TREPUH, TREPCN,

CFVEL +CFPHI ,CFBHI
605 FORMAT(1HO57Xy 17THCQOST SUMMARY PAGE /

+CFCON1

1 1HC 3 15X s LOHCOMPONENTS 19X 9HCOST-$/ YR,y

2 TXe 11HCOSY-C/KGAL»7X,13HCOST~$ DIRECT/
3 lH 15X, 10H-===cc-o== 919Xy 9H-=---

4 7X|11H __________ .7X.13H———

610 FORMAT(1HC,4Xy21HEFFECT TUBES + SHEETS
1H +4Xs2lHPHTR TUBES + SHEETS
l1H ,4X,21HVE + PHTR SHELL
1H 44Xy 21HPUMPS AND MCGTORS
lH ,4X,21HSEA-WATER INTAKE
1H ,4X,21HVALVES AND PIPING
IH +4X,21HCHEMICAL CAPITAL
IH 34Xy 21HINSTRUMENTS

»4Xe 21HELECTRICAL

1H 34X 21HNCG REMOVAL SYSTEM

1H 44X, 21HCONDENSER

IH 44Xy 21HBRINE HEATER

IH 44X921HSITE, BLDGS.s CRANES

113X3F15.2yFl6.49F21.2/
2L3X4F15.24F1l6.49F21.2/
113X9F15.29Fl6.49F21.2/
213XeF15.2¢Fl6.44F21.27
v13X4F15.24F16.49F21.2/
113XsF15.2,Fl6.4,F21.27
2L3X9F15.24Fl6.4,F21.2/

- 9l3XeF1l5.29Fl6.44F21l.2/

913XsF15.2,F16.49F21.2/
213XeF15.29Flb.49F21.2/

9 13XeF15.2,F16.4,F21.2/.

v13X4F15.24Flba4eF21.2/
213X9F15.2:F16.4,F21.2/

1H 353Xy 13HCOST-SUIREIND e TXs SHS/GPD, /

MOoOOTEOVONCNSWN -
—
X

lH .93X.25H “““““““““

PR 63850
PR 63860
PR 63870
PR 63880
PR 63890
PR 63900
PR 63910
PR 62260
PR 63930
PR 63940
PR 63950
PR 63960
PR 63970
PR 63980
PR 63990
PR 64000
PR 64010
PR 64020
PR 64030

L2 2 2]

*$% %

b 2 2 1)
PR 64040
PR 64050
PR 64060
PR 64070

*k
PR 64090
PR 64100
PR 64110
PR 64120
PR 64130
PR 64140
PR 64150
PR 64160
PR 64170
PR 64180
PR 64190
PR 64200
PR 64210
PR 64220
PR 64230
PR 64240
PR 64250
PR 64260
PR 64270
PR 64280
PR 64290
PR 64300
PR 64310
PR 64320
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615 FORMAT(IH 48Xs13HTGTAL CAPITALs17XyF15.2,FLl6.49yF21.2,F15.2,FL2.4/7 PR 64330
1 1HO, 8Xy 13HRETUBING

620 FCRMAT(1HC,4Xy 19HPROCESS HEAT

IH 44X, 19HSTEAM TO EJECTORS
1H 44Xy L9HCHEMICAL
1H »4Xy LIHPOWER

1H +4X, L9HOPERATING
IH 24Xy LIHMAINT,

SHWN - B

v 17X F

+ SUPPLIES

15.2,F16.4)

215X Fl5.29F16.4/
215Xy F1l5.29F16.4/
2 15XsFLl5.24Flb6.4/
v15X4F15.29Fl6.4/
2 15XsF15.2eF16.4/
215X9F15.2,F16.4)

625 FCRMAT(L1HO 8Ky 1SHTUTAL CPERATINGs1I5X,F15.2,Fl6.4/

—

630 FURMAT(13HCCOST FACTORS/

C=NOVSW N -

Sw N -

1000 CUNTINUE

WRITE(L,7CCO)

16H

WRITE(L,115) VTEID
WRITE(L9202)AMCNTH
WRITE(Ls3) (ANAME(KK) yKK=1,10)

WRITE(L,70CS)
1
WRITE(L,7C1C)
i
WRITE(L,7015)
1
WRITE(L,7020)
1
2
WRITE(L,7C25)

1
2
3
WRITE(L,703C)
1
2
3
WRITE(L,7C35)

1
WRITE(L»7C40)

1
2
3

WRITE(L,7C45)
1
2
WRITE(L,705C)
1
WRITE(L»7055)

N -

WRITELL,7C6C)

& W -

WRITE(L,7065)

MGD

INSTRD
VETUBY
VPY
INSTRY
HEATY
TGTALY
VETUBK

35HOCOST OF ELECTRICITY,
35H COST OF PROCESS HEAT,
35H COST OF EJECIOR STEAM,
35H ANNUAL CHARGE RATE
35H INTEREST RATt

35K KIGHER COST FACTOR .
3SH PUMP AND MOTUR EFFICIENCY
35H PLANT LUAD FACTOR
35H PLANT LIFE, YEARS
635 FCRMAT(1HU,27X,16H VERTICAL EVAP.
BRINE HEATER
21HCTUBE LIFE,
21H RETUBING CHARGE RATE5Xy4Fl6.8/
21H AREA CUST,

YEARS

$/5Q.FT.

1 PRP
'CP

11,
»TCO

P WPE
vWR
sEHFL
vELL

o WMVEMIN
' WALBH
+WALPH
+WALCON
s WALVE
+HIBH

¢ AVHIPH
+HICON

»QTR
yHFEED
»RPMR
+POFEED
+HEADBH
sAXJ

» PHLF

o TREPPH
+CFPH
yCFPHI
+PHTUBD
+CMCAPD
+ELECTD
+PHTUBY
2CMCAPY
yELECTY
+CHEMY

2 PHTUBK

C/KuWHR oFl6.6/
C/MBTU WFl6.6/
C/MBTU 1Fl6.6/

WFl6.6/
2Fl6.6/
1Fl6.6/
1Fl6.6/
WFl6.6/
1Fl6.6)

v L6H PREHEATER
v16H CONDENSER

15X04F16.87

»PRVE
CH
+TCF

o 78

' WPPH
v WM
oLVEP
o LPH
sACRES

1 AVDPE

+HPR
'RPMP
+POPRO
+HEADCN
o INT

e BHLF

+» TREPBH
o CFBH

s CFBHI
s SHELLD
sDEAD
»S8CD

» SHELLY
»DEAY

e SBCY

s POWERY

s SHELLK

¢+ PRPH +CRVE

»CIE (NE) ¢ MAVG

»TE(NE) +TCON

» TP + TR
+WOCEAN

+WSE +WSPH

yVEHGT HVEVOL
2 PHHGT 4 PHVOL
yOVRHGT TOTVOL
+NBH +ABH
+NTPH 2 APH
+NCON sACON

+ TOTNVE TOTAVE

» KBH +RBH

e KPH +RPH

+KCON +RCON
KVt »RVE

.AVdPE 1]

+AVQUMSF ,AVGSUB

s HBL oHVE

+RPMB +RPNY
+POBLO POVE
+EFF +POVEAS
»ACHR +»ANCOMP
»CONLF  oPLNTLF
¢+ TREPCN +XC(56)
+CFCON oCFSHEL
+CFCONL »CFPUMP
»PMU +WAITD
+CNUSRD ,8BHD

»PMY +WAITY
¢CNDSRY 4BHY

+GPERY  ¢MAINTY

» PMK 'WAITK

/

#5Xy4F16.8/73X LIHIINSTALLED) )

oCR
+CAPF
«STLTNP
o STLLEN
oMF

'MS
+TRAINS
sBLDGS
o« FNHH
+VBH
+VPH

+ VCON

' GPM
+LMTOBH
2 AVLTPH
+LMTOCN
+AVOTVE

+ROA
+HDEA
'RPMM
+PODEA
+PO
+FDFAC,
+QEFAC ,
+ TRFAC
+HEAT
sELEC

v
+PLCAPD
+PLDIN

1HOy 33HTOTAL(CAPLITAL+RETUBINGH+OPERATING) +5X4Fl5.2,FL6.4)

’
sRETUBY
+PLCAPY
« TOTUPY

PR 64340
PR 64350
k¥
PR 64360
PR 64370
PR 64380
PR 64390
PR 64400
PR 64410
PR 64420
PR 64430
8% %
*EE®
PR 64450
PR 64460
PR 64470
PR 64480
PR 64490
PR 64500
PR 64510
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 64770
PR 64780
PR 64790
PR 64800
PR 64810
PR 64820
PR 64830
PR 64840
PR 64850
*%E e
2 2 2]
*¢% &
PR 64890
PR 64900
PR 64910
PR 64920
PR 64930
PR 64940
PR 64950
PR 64960
PR 64970
PR 64980
PR 64990



C
c
C

VPK
INSTR
HEATK
YEAR

S WN e

sCMCA
K +ELEC
+CHEM
2y CGPC

PK ,DEAK

97

TK »SBCK

K »POMERK

2 TOTALK

OUTPUT FORMATS FGR CONCENSED SUMMARY PAGE

»OPLRK

s CNDSRK ¢ BHK

sMAINTK ,TOTOPK

7600 FORMAT(1HL,*VERTICAL TUGE EVAPORATCR PLANT = ROUTINE VTE2L1',7X,

1 * CONDENSED
7005 FORMAT(1HC, *MGD

1 ' CC
7010 FORMAT(IHC,*TS

1 ' 10
7015 FURMAT(LIHC,*WP

A2014.6/

1 ' WO
7020 FCRMAT(1HO, *ANE

1 ' NPH

2 ' WVEMAX
7025 FGRMAT(1HC,'008BH

1 * ODPH

2 ' UDCCN

3 ' ODVE
7030 FGRMAT(1HC, *UBH

1 ' AVGUPH

2 * UCON

3 ' AVGUE

4 3014.¢)
7035 FORMAT(LIHC,*QE

12Cl4.6/

2 ' QPH

33C14.6)
7040 FURMAT(1HG, *HSEA

1 ' RPNMC

2 ' PUSEA

3 * HEAOPH
7045 FORMAT(1HO, *AJ

1 * VILF

2 ' TREPVE
7050 FURMATV(IHC,'CFVE

1 * CFVEIL
7055 FORMATI{1HO, 'VETUBD

1 ' VPD

2 * INSTRO

A28XyD14.6)

7060 FCRMAT(LIHC, *VETUBY
1 ' VPY
2 ' INSTRY
.A28K4D14.6/
3 * HEATY
4 e

7065 FORMAT{L1HC, *VETUBK
1 * VPK
2 * INSTRK
A28Xy014.6/
3 * HEATK
4 '

RETURN

ENC

SUMMARY OF PLANT DATA®*)
PRP PRVE PRPH CRVE
ce (o1} CIE(NE) MAVG
T™ TCF TE(NE) TCON
T00 Tt TP R
WPE WPPH wWOCEAN
WR WM WSE WSPH
EFFL LVEP VEHGT VEVOL
ELL LPH PHHGT PHVOL
WVEMIN ACRES OVRKhGT TOTVOL
WALBH LBH NBH ABH
WALPH LPH NTPH APH
WALCCN LCUN NCON ACON
WALVE LVE TOTNVE TOTAVE
HIBH HOBH K8H RBH
AVHIPH AVHOPH KPH RPH
HICON HOCON KCON RCON
KVE RVE
AVODPE AVBPE
QTR AVQMSF AVGSUB
HFEED HPR HBL HVE
RPMR RPMP RPMB RPNV
POFEED POPRO POBLO POVE
HEADBH HEADCN EFF PODEAS
AXJ INT ACHR ANCGRb
PHLF BHLF CCONLF  PLNTLF
TREPPH TREPBH TREPCN AERTE
CFPH CFBH CFCUN CFSHEL
CFPHI CFBHI CFCUONI1 CFPUNP
PHTUBD SHELLD PMD WALTD
CMCAPD DEAD CNOSRD ©HD
ELECTD S8cCo
PHTUBY SHELLY PMY WALTY
CMCAPY DEAY CNDSRY BHY
ELECTY S8CY
CHEMY POKWERY OPERY MAINTY
PHTUBK SHELLK PMK WAITK
CMCAPK DEAK CNDSRK BHK
ELECTK SBCK
CHEMK POWERK OPERK MAINTK
YEAR CGPD

CR
CAPF
STLTNMP
STLLEN
WF

WS
TRAINS
BLDGS
ENBH
VBH
VPH
VCON
GPM
LMTDBH
AVLTPH
LMTOCN
AVDTVE

ROA

HDEA
RPMM
PODEA
PO
FOFAC
QEFAC
TRFAC
HEAT
ELEC

PLCAPD
PLOIN

RETUBY
PLCAPY

TOTOPY
TOTALY

RETUBK
PLCAPK

TOTOPK
TOTALK

oRETUBK PR 65000
+PLCAPK PR 65010
PR 65020
PR 65030
PR 65040
PR 65050
PR 65060
PR 65070
PR 65080
*,6014.6/ PR 65090
'y6014.6) PR 65100
'e6D14.6/ PR 65110
*,6014.6) PR 65120
1,3014.6414XPR 65130
PR 65140
' ,6014.6) PR 65150
'96DL4.6/ PR 65160
*,6014.6/ PR 65170
'56014.6) PR 65180
*,6D14.6/ PR 65190
",6D14.67 PR 65200
1,6D14.6/ PR 65210
*,6014.6) PR 65220
',6D14.6/ PR 65230
*,6D14.6/ PR 65240
*,6D14.6/ PR 65250
t9014.6928X PR 65260
PR 65270
1,014.6414X,PR 65280
PR 65290
1,2014.64 14XPR 65300
PR 65310
*,6014.6/ PR 65320
',6D14.6/ PR 65330
*,6014.6/ PR 65340
*,6014.6) PR 65350
*,6014.6/ 888
*,6D14.6/ soes
*,6D14.6) 528
1,6D14.6/ PR 65390
*,6014.6) PR 65400
*,5014.6/ PR 65410
',6D14.6/ PR 65420
* 4301469 PR 65430
PR 65440
',5014.6/ PR 65450
*,6014.6/ PR 65460
'93014.69 PR 65470
PR 65480
*,6D14.6/ PR 65490
* 70X, D14.6)PR 65500
*y5014.6/ PR 65510
*,6014.6/ PR 65520
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