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Abstract:

Man has modeled things since the beginning of civilization. The invention of the computer allowed
him to solve mathematical models of many complex processes. Mathematical models of the processes
found in the petroleum industry are quite common. Mathematical models of inorganic processes are
less common. This research project was an attempt to develops mathematical models of some of the
processes found in the inorganic processing industry. Using processes found in a zinc producing
facility it was possible to develope mathematical models that provide a basis for future work.
Mathematical models developed include: .

1. Particle size distribution equation.
2. Wedge roaster model.

3. Electrostatic precipitator model.
4. Ballmill model.

5. Mixer model.

6. Leach tank model.

Calculations were made using subroutines, written to fit a modified CHESS system, prepared from the
mathematical models developed. The results of the calculations agreed with data supplied by the
Anaconda Company zinc operations at Great Falls, Montana.
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Abstract

Man has modeled, things since the beginning of civilization. The
invention of the computer allowed him to solve mathematical models of
many complex processes. Mathematical models of the processes found
in the petroleum industry are quite common, Mathematical models of
inorganic processes are less common, This research project was an
attempt to develope mathematical models of some of the processes
found in the inorganic processing industry, Using processes found in
a zinc producing facility it was possible to develope mathematical
models that provide a basis for future work, Mathematical models
developed include:

1, Particle size distribution equation,

2, Wedge roaster model,

3, Electrostatic precipitator model,

4, Ballmill model, '

5, Mixer model,

6, Leach tank model.
Calculations were made using subroutines, written to fit a modified
CHESS system, prepared from the mathematical models developed, The
results of the calculations agreed with data supplied by the Anaconda
Company zinc operations at Great Falls, Montana,




Introduction

Simulation of actuai events with models is not a new development,
Models have been used since the early beginnings of mankind,
Originally all models were descriptive in nature, but as mathematics
developed, it became possible to formulate predictive as well as
descriptive models. Man's need to know why something happened
broughﬁ about a third type Qf Qodel called an explanatory model.

The modern analysis of process problei:s usually involves some
form of modeling. The model can be physical, like a pilot plant, or
it can be analytical, like a mathematical model, Since a model is a
partial representation of the real system, the qﬁality of that
representation is determined by comparing the behavior of the model
to that of the real system, under various constraints, These
constraints are called the initial and boundary conditions., The
initial conditions describe the system at the starting time pf the
study, while the boundary conditions describe the environmental
restrictions oﬁ the operation of the system,

. Before the advent of the computer there were two bottlene;ks in
the procedure for obtaining quantitative solutions from an analytical
approach, These were, analysis of the problem to get thg
mathematical model, and then solution of the equations .resulting

from the analysis. The bottleneck of computation was generally
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impossible, so that efforts. at mathematical modeling were of no

practical value since the equations could not be solved., As a
result, the éffective'way‘to solve technical problems was by
laboratory or pilot-plant experimental procedures, The diseiplines

of the analytical appréach were regarded as purely academic and

" consequently were not practiced as a way of life in industry.

In the last 15.to 20 years electronic digital computers have
beén used to obtain solutions to the équations developed from the
analytical approach, At first the applications were restricted to

'small, simple models because of the limitations of early computer
technology. As computers increased in_flexibility of operation,
speed, and memory capacity, it became feasible to apply them more
frequently to models of Jarger écopeﬁ The development of software

~ languages have madéﬂpomputers accessible to the average engineer if

he can get past the fifst_bottleneck of analysis. The bottleneck of
gomputation does not exist today for most practical purposes,

There are various mathematical models for the same system, each
one suited to solve a particular problem associated with the s§stém,
The two broad classifications constitute steady-state and dynamic
‘models, and in either type the degree of detail depends on the
problem to be solved and the amount of basic data available. A very

precise description of a chemical process system will often lead to
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a large set of unwieldy equations. Although they can bevsolved, it
is advisable for the analyst to use engineering judgement to reduce
the equations to a less complex set that for all practical purposes
will yield an engineering solution within the accuracy of the
available basic data,

The mathematical models used to simulate chemical processes use
the laws governing the conservation of matter énd energy to describe
the physical or chemical transformations that occur in actual |
processing units, When the rate éf transformation is important, the
laws governing the transport of matter, energy, and momentum are
applied,

The chemical engineer can use mathematical models of chemical
processes to gain information that he would otherwise have to obtain
by experimental methods, If for example, he desired to scale up a
process from bench scale to a producing plant, he could simulate the
scale up with his mathematical model, predict the results and thereby
eliminate the need for an intermediate pilot plaht to test the results
of such a scale up, Also if he wished to make.a change in an ’
existing plant, he could simulate the change and determine the results
of such a change without actually making thét change.

Chemical Engineering Simulation System, CHESS, (13) is a digital

computer program developed at the University of Houston, This
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program is used to simulate the steady-state operation of chemical
plants processing organic'chemiééls; CHESS can be used to simulate
any_plant procesging petroleum derivatives if the user can specify
the equipment sequence in the plant and thelinput stream data.

In CHESS each piece of processing equipment found in an actual
plant is modeled mathematically in a subroutine simulaiing that
piece of equipment, The subroutines are called by the CHESS
executive programs at the proper position in the process matrix
specified by the user. This allows the usér to simulate similar
pleces of equipment with the same subroutine, For example, if two
" ‘mixers are used in a process, they can both be simulated by the same
mixer subroutine with different input streams., _

A simulation system similar to CHESS would be useful in the in-
organic processing field., The pieces of equipment used in inorganic
processing are generally large and expensive, and a great deal of
money could be saved if proposed changes in plant design could Be

tested mathematically béfqre the actual changes are‘made,




Objgctives

In the Petroleuﬁ products industry many of the process streams
are homogeneous in nature, Most mathematical modeling done f&r the
petroleum products industry can there fore be basedvon the assumption
that all of the processes occur in a single homogeneous phase, The
mathematical models in CHESS used to simulate petrochemical
processes required that all stfeams be single phaSed and homégeneous.

In the inorganic process industry most reactions occur as the
result of an interaction between two or moré phases, and the phases
are not usually homégeneous. In a multiphase system mass transfer
between phases is ofteﬁ the rate controlling step. In the case of
a solid phase with a distribution of sizes, the size of each particle
may have an effect on the chemiéal and physical processes,

This study was undertaken to develope mathematical models that
could be used to simulate inorgaﬁic processes, The development of
techniques for simulating the physical processes involved in the
handling of streams containing solids of various particle sizes was
undertaken, Simulations of multiphase chemical reactions were .
developed, In particular, the chemical and physical processes found
in a zinc producing facility were simulatéd, and computer subroutines

were written to fit CHESS using the mathematical models developed,

-The results obtained were then checked against data supplied by the
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Anaconda Company on their zine plant at Great Falls, Montana.




A}

.Description'of the Modified CHESS System
CHESS is a simulation prog£am developed for the petrochemical
industry. It was designed to allow the user to simulate any petro-
chemical plant by specifing the procesé matrix and the input stream
data, The system allows the user to simulate 50 processing units
with 100 process streams.l
The CHESS system used NAMELIST input/ output to allow thé user
the flexibility required to simulate several different systems with
the same program, NAMELIST input/output allows the user to input
and output numeric data without FCRMAT statements, Each input
record specifies exactly which variable is being input, rather than
reguiring the input data to iqterface with an internal input list,
This allows the user to input informatioﬁ without knowing in advance
‘which items are going to be processed, (26)
NAMELIST input statements have the form:
READ (u,x)
where
u is thg deﬁice mumber that causes the proper computer
input device to be called,
x is a NAMELIST block name
The NAMELIST block name is given to a specific list of variables or

. 26) _ '
-array names in a NAMELIST statement. (26) An example of a NAMELIST




statement is:
NAMELIST/ PMLIST/KPM1, KPM2,..... where
PMLIST is the block name KPMi, KPM2 are variables,

The CHESS system uses NAMELIST to input data in vector notation,
Instead of being single variables KPML, and KPM2 are %ector names and
have the form: |

KPML = x1, %2, X3, %¥y0eeccesss

where x1, x2, x3, and x4 are elements in the vector. The same

values could be expressed as KPMl(l) = xi, KPML(2) = x2; but

" the vector manner gives a more compact data input and thel
computer can divide the vector into its separate elements.
A1l of the data used by the CHESS system is inputxas vectors in
NAMELIST notation. Each separate vector is discussed as its use is
developed and eadch vector is élso discussed in detail in the appendix.

%pe CHESS system uses KPM vectors to specify the process layout
of the plant being modeled., (12) There is room in the system for 50
pieces of processing units so there are 50 KPM vectors of the form

KpMi = 1, 'ROST', 'R-1', 1, -2, -3, 4*0,,

This vector says that the first piece of equipment in the process is
a roaster that the user has designated R-1, the,inpét stream is 1 and

the output streams are 2 and 3, ROST is the four letter name given

"to the subroutine similating a roaster and is the signal that is used

by the CHESS system to call the roaster subroutine at the proper time,
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R-1 is a user identification namé for fhe roaster and can be any four
character name bécause‘it doesn't affect the problem solution,
Positive numbers after tﬁe user identification name are the stream
numbers of the input streams, and the negative numbers identif& the
output streams., The number of input and output streams together can
not exceed 7 and when the number is less than 7 the remaining vector
must be filled out with zeros (In fhis case four zeros are required).

One of the output streams from the first processing unit might
be the input stream for the second processing unit. If for example
.stream 3 goes to a screen the KPM vector describing the screen would
be:

KP¥2 = 2, 'SCRN', ;s—i', 3, -6, —7, hxo, .

This vector says that piece of equipment number 2 is a screen
designated S-1 %ith stream number 3 as input and streams numbers 6
and 7 as outputs,

The user would continue to describe the process matrix with KPM
vectors until the system was completely described. The remaining KPM
vectors up to KPM 50 can be left out of the input data with the NAME;
LIST input system,

PMLIST is the NAMELIST block containing the KPM vectors,

PMLIST also contains COMPNT, and NOCOMP., NOCOMP is the total numbef

of cbmponents and COMPNT is a vector listing of the component numbers
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used., An exampie of each is:
COMPNT = 2, 6, 7, 9, 11, 15%0,
5 :

The zeros are used to £ill out the CGMPNT vector which can be used

NCCOMP

to specify the component numbers of up to 20 components.

The CHESS system can handle up to 100 process streams. The
properties and compositions of these streams are contained in two
‘stream vectors., In the original form of CHESS the intensive variables
where specified in_SIN vectors and the extensive variables in SEX
vectors, In the modified version of CHESS presented in this paper,
the stream properties weré not divided into intensive and extensive
variables,

The intensive variable vector has room for 10 variables and
cqntains a stream flag and the roasting constaﬁt of the.zinc
concentrates entering the process., In terms of the NAMELIST
convention: |

SINJ = ‘J, Fg Kg 7*00’

where
J = Stream number
F = Stream flag; 0, = intermediate streém, 1, = feed stream,
2, = PrAduet stream.
K = Roasting constant of zine concentrates being processed
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The seven zeros at fhe end Pf the Qector provide room for

additional.variables that ﬁight be required as the system

is developed and expanded further,

The SIN vector must be input for process input and product
streams only. . The input and product streams must be flagged by the
user because_the.CHESS system automatically flags all streams not
specified as input or product streams as intermediate streams in the
process, All streams used in a simulation but not flagged as input or
wwmtﬂmmswehﬂwinm@wémmo

' The vectors SINL through SIN100 together with SNAME make up the
NAMELIST block SINLST,

A SEX vector is 23 units iong and contains constants describing
the particle size distribution of the solids, an effective holding
' time, the average conversion, the total weight of the stream, the
weight fraction of each cbmponent in the stream, and the standard
cubic feet of gas in the stream, The form of the SEX vector is:

SEXJ = J,‘A, B, C, EHT, AVC, 5%0,, TWy; WFecsesoeeo, WFN, CFG, M*0
where |

J = Stream number

4, B, C = Constants used to describe the particle size distribution

of the solids; B and C are unitless while the units on A are inches.,
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EHT = Effective holding time.required to get the average
conversion given for the‘stream;
AVC = Average cénversion of ZnS to Zn0O for the stream,
The five zeros provide room for additional variables that are
required as the system is expanded.
™ =‘Total'weight of the stream - Tons/Day
WF;........WFn = weight fraction of each component in the stream,
N = Total number of componeﬁts, NCCOMP, minus 1; the last
component is always the gas phase and is nét figured in the
total weight and tﬁerefore does not have a weight fraetion,
CFG = Standard cubic feet of gas in the stream,
M*0, = The remaining vector up to 23 elemen@s is filled out with

Zeros.,

" The constants A, B, and C are used in the equation

x/(i-C#)
r = AB

This equation gives the radius of a particle as a function of the

weight fraction solids, x, with radii less than r, The equation

gives the best fit to experimental data of several equations tested.

Figures 1, 2, and 3 show the closeness of fit of this equation to

experimental data,

The constants A, B, and C are fit to the experimental data -

using the method of "least squares", Assuming that C is known.
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and that Q = x/(1-Cx), the equation becomes r = ABY., A and B'Qan
be obtained by taking the logarithm of both sides and fitting thg
resulting equation to the data using a least squares iine#r fit.(13)
To find the best value for C a Golden Section search is made between
C=0and C =1 for the minimum sum of the squares for the difference
between the célculated r values and the experimentai_r values. (15)
The limits C = O and C = 1 were chosen because at C = O the curve
becomes exponential and the distributions tested were at least
exponential in nature, and at C = 1 the curve becomes discontinuous
in the range from x = 0 tox = 1,

The effective holding time, EHP, is £he holding time in the
roaster required to obtain the average conversion of that stream,
This parameter is carried along so that when a stream is divided the
average conversions of the resulting streams can be obtained
according to their particle size distributions.

The average conversién carried is the conversion of the component
being roasted, In this case it is the fractional conversion of ZnS
to Zn0,

Only the input streams must be specified by SEX vectors, The re-
maining streams are listed in ; SNAME vector, The vectors SNAME and

SEX1 through SEX100 make up the NAMELIST block SEXIST.

Although the vector name SNAME appears in Both SINIST and SEXLST
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it is not the same vector. The name SNAME is assigned to two
different vectors that are handled separately by the CHESS system,

As a result of feedback or recycle streams in process networks
the computer must either be programmed to solve a set of simultaneous
equations or to carry out an‘iteratiQe substitution calculation
around the loop or loops containing recycle streamsm(iz) CHESS allows
the user to use his insight into the processes being modeled to specify
thé best recycle sequence, The cémputer then makes iterative
calculations around that loop until the results converge to a
tolerance limit set by the‘usér or the nﬁmber of iterative
calculations around the recycle loop reach-a limit set by the users

The sequence of the equipment node making up a recycle loop is
specified in vectors KE2 and KE3 as input data. KE2 is used t;
describe the primary recycle loop and should always be used before'
KE3, It was felt by the designers of CHESS that the user would very
rarely be required to use both vectors. Figure 4 shéws how a recycle
loop might be specified using KEZ.(lz) |

The user can also specify certain streams on which he would 1lik
to use Wegstein's method of convergehce promotion.(12’25)A list of

these streams, up to ten in number, is input through the vector KE4.

\ .
, This allows the user to force convergence at several points in the
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recycle loop at the same time,

KE2, KE3 and KB4 are part of a NAMELIST block called KELIST,
LOOPS, NPFREQ, DERRCR and KTRACE make up the rest of the block, The
value of LOCPS tells the computer the maximum number of loops in the
recycle calculations, The allowable fraction of error in the recycle
calculations is specified in DERROR. NPFREQ and KTRACE were used in
the original CHESS system to print out intermediate data, but they
are not used in the modified version,

The CHESS system can be divided into two major parts;. the
executive programs and the supporting programs, The.executive
programs include the main calling program and the subroutines that
handle data input and manipulation. The supporting programs include -
the subroutines that simulate the actual cheﬁical and physical'
processes that occur in the various pieces of equipment found in the
plant being simulated. The supporting subroutines are generally built
into the system and are calléd automatically as they are specified
at a node in the process matrix; however the user can include his
own equipment subroutines if required,

(12)

A Executive Programs
1, MAIN - This program is the main calling program that

controls the execution sequence in the system, Figure 16
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DREAD - The principal:function of this subroutine, called
by MAIN, is data input to the system, This subroutine
reads.the input data and converts it to a form useable
by the other subroutines in the system. Figure 17
shows a computer listing of DREAD.,
CIEAN sets all of the data regions to zero. This sub-
routine is called by DREAD before data is read into the
system for a new problem, Figure 18 is the computer
listing for CIEAN,
ZERO is a matrix zeroing routine called by CIEAN to set

the values for a large data array to zero, See Figure

19 for the computer‘listing of ZERO,

DCHECX, called by MAIN, takes the process matrix data
read. into the system by DREAD and checks it to make sure
that all input, butput, and intermé&iate streams are
préperly specified., If the data is inconsistent‘(If for
example a stz;eam labeled an intermediate stream does not
go from one piecé of process equipment to another) an
error messaée is printed and the job terminated., A
computer listing of DCHECK can be found in Figure 20,
DPRINf prints the stream and equipment sequences and the

control constants read in as data, This subroutine,
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called by MAIN, lists each piece of equipment by number,

followed by the name of the pieces of equipmeént and the

numbers of the streams entering and leaving it, The

subroutines also list each process stream by number,
and indicated between what pieces of equipment the
stream exists, The control constants for the problem
are also listed, Figure 21 is a program listing of
DFRINT,

SUBSET is called by MAIN and is the subroutine that
controls the coﬁputations made by the supporting
programs, This subroutine is mainly a calling program
that uses other subroutines to scan the equipuent matrix
and see that the necessary calculations are made, See
Figure 22 for a program listing,

SCAN is a subroutine called by SUBSET that flags the
process streams and pieces of equipment, Feed streams
are given a flag of 1. Ail unused streams and pieces
of equipment are given a flag of -1, And all other;
streams and pieces of equipment are given‘é flag of O,

Figure 23 is a computer listing of SCAN.

~ RCYCIE is called by SUBSET when recycle streams are present

in the process being simulated, SUBSET systematically

investigates each equipment node in the process matrix
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11,

22
and if the input streams to that node are defined the
computations are made innediately, When the computations
can no longer proceed due to the undefined staius of some
iﬁput stream or streamé, RCYCIE uses an ordered list of
equipment module numbers input by the user in an iterative
recycle loop calculation, The system iterates on the loop
calculation until the output stream data for each equip-
ment node in the loop converges to a tolerance supplied by
the user or until a specified iteration limit is exceeded,
The system then sees if any.further computations can be
made with the newly defined stream data, If some equip-
ment nodes remain uncalculated the system looks for a
second list of equipment nodes and begins a secoﬁd iterative
recycle loop. A listing of RCYCIE can be found in Figure
24,
BQUIP transfers stream data from the system data storage
to the input and output stream matrices of an equipment
module, The stream data is then used by the equipm;nt

module to make the necessary calculations, EQUIP is

“called by either SUBSET or RCYCIE, The program listing is |

found in Figure 25,

REQUIP is the reverse of EQUIP in that it transfers data
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from an équipment nodule back to the data storage block
of the system after the equipment nodule calculations are
completed, REQUIP is called by either SUBSET or RCYCIE.,
Figure 26 is a listing of this subroutine,

12, EQCALL is called by either SUBSET or RCYCIE and in turn
calls the equipment subroutine to be used to make the
calculations for a specific unit, If for example, a
roaster is the piece of equipment specified at a
particular equipment node, EQCALL will call the roaster .
subroutine, A listing of EQCALL can be found in Figure
27,

13, TEST called by RCYCIE controls the convergence of recycle
loop iteration, This subroutiﬁe checks to see if output
stream valugs are within convergence tolerances, It also
incorporates Wegstein's method of convergence prgé% i%gz
Wegstein's method allows convergence acceleration at every
iteration step; the method is applied to each component
as though it were the only variable in the loop,
Convergence acceleration is applied to.user - specified
streams in the system, A listing of TEST is shown in
Figure'ZS.

Supporting Programs

The supporting subroutines are those subroutines developed
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by the author during research to simulate a zinc plant. The input
data, other than stream data, required for each subroutine to
complete the necessary calculations is contained in a EQP vector.
Each vector is developed specifically for the subroutine that it is
used with because each equipment simulation subroutine requires a
unique set of data, Complete descriptions of each subroutine and
the models used are presented in the appendix along with the forms of
the EQP vectors for those readers interested in using them., For
those readers wanting an overall look éf the system a brief
description of each model follows,
ROASTER - ROST

The wedge roaster is presently in common use in the zinc
smelting industry. The roaster consists of several hearths on which '
the zinc concentrates are roasted in bedg approximately four inches
deep. The material on each hearth is continually turned By lgrge
rotating rakes which move the concentrates to the inside or outside
of the hearth where they fall to the next lower hearth, Some of the
fine particles are carried out of the roaster by the roasting éases
as overhead fines, the remaining solids are removed from the bottom
of the roaster as roasted calcine,
For the development.of this model it was assumed that:

1. All the concentrates going through the roaster have the
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same reaction time, This is equivalent to saying the
roaster is a plug éiow reactor, Since the concentrates
do.pot return to a hearth after falling to a lower one,
this assumption is a valid one,
All the concentrates passing through fhe roaster
experience the same effective enviromment, Since
the rakes turn tﬁe concentrates on the‘heapths"
continually, itAis assumed that each conéentrate
particle spends the same amouﬁt of time at each
position in the bed,
A1l of the overhead fines have the same effective
holding time in the roaster., 'The fines are carried
out of the roaster by the overhead gases and are
co}lected in the dust collecting system. It is
assumed that all of these fines spend the same léngth
of time in the reaction zonse,
The aiffusion of reaction gas through the roasted
zone éf a spherical particle i# the rate controlling
étep. In a heterogeneous reaction the rate is deter-
mined by the kinetic rate, the rate of diffusion through
a gas film surrounding the particle; or by diffusion

through the reacted zone surrounding the unreacted éore-
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(for reactions that have a solid product). The kinetic
rate increases exponentially with temperature while the
diffusion rate increases linearly with temperature.
Therefore, 2t high temperatures the rate of diffusion’
is usually the controlling factor. Since diffusion |
through a solid is normally slower than diffusion
through a gas film in a system where the gas in the
bulk phase is moving, diffusion through the reacted
zone was assumed to be the rate conffolling step.
Figure 5 shows the particle model used for this simulation.
Where R equals.the overall parficle radius, and r, equals th? radius
of the unroasted core, |

Setting up a2 material balance across a differential element

yields:
g2 NN
=172 ( d(r°Np,)/dr ) = dCp/dt

where Npyp s the mass transfer rate of oxygen at any r, and Cy is the

concentration of oxygen, .

By assuming a pseudo steady state, the time term can be

neglected and the equation becomes:

d(erAr)/dr =0
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Figure 5
Particle Model for Roaster
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This equation is then‘sélved usipg the followihg boundary conditions:
a, qA = QA* at r = é, where C*; = the equilibrium
concentration éf oxygen absorbed on fhe surface of the particle,
b. QA =0at r = Ty
The time dependence was obtained by setting the number of moles
of ZnS reacting per unit time equal to the number of moles ZnS per
unit volume multiplied by the change in volume of the unreacted core
per unit time,

When the equations are integrated and the appropriate

substitutions made, the equation used in the simulation is obtained:
R? = r2 - K(Rro/(R - £5))t'= 0

Where K is an empirical éonstant that depends on the ore being
;oaéted and the roasting conditions, and t is the holding time in
the roaster. The equation is solved for r, u;ing the Newton-Raphson
technique¢(7)
The amount of material left unreacted is proportional to the

volume of the unreacted core, Therefore, the conversion can be

obtained from the following equation:
conv = 1 - rg/R3

As the concentrates pass through the roaster they are divided
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into two streams. The Vefy small concentrate particles are carried
along by the roasting gases leaving the top of the roaster, The
remaining concentrates pass through the roaster and are removed from
the bottom of the roaster as roasted calcine. The roaster model
divides the incoming stream into two outgoing streams, an overhead
fines stream, and the roasted calcine stream, The division is based
" on a critical particle radius., This radius is the fadius of the
particle whose buoyant forces, based on the upward velocity of the
roasting gases, are equal to the forces of gravity. All particles
with smaller radii &sre assigned to the overhead fines ;tream, and
those with larger radii go to the calecine stream,

In the roaster model it is necessary toﬁaccbunt for the
degradation and agglomeration that occurs in the calecine stream, To
do this theé constants for the equation describing the particle size
distribution are adjusted by multiplying them by "agglomeration
factors", These factors are part of the equipment parameters and are
empirical constants that depend on the ore being roasted and thg
roasting conditions, f

After the incoming stream is divided into tw§ streams, and the
particle size distributi&n equatioﬁ for each stream iS‘specified, the
average conVeréion for each outgoing stream is calculated, The

average conversion is obtained by calculating the conversion at
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several radii in the.particle size distribution and taking the
integral average, The average conversion is then used together with
stoichiometric constants to obtain the composition and weights of

the outgoing streams,

SCREEN - SCRN

Screens are used in industry whenever some solid material being
processed must have a particle size less than or gréater than a given
size, The screen is a divider that separates material acéordiﬁg to
particle size, The material with particle sizes greater than the
screen opening remains on top of the screen and goes to the oversize
stream, The ﬁaterial with particle sizes smaller than the sereen
opening passes through the screen t o become the undersize stream,
The simulation model compares the size of the screen opening to the
size of the particles. The fraction of material with particle sizes
greater than the screen opening are assigned to the oversize stream,
while the rest of the material is assigned to the undersize stream,

‘The conversion of the small particles ih the incoming stream is
greater than the conversion of the larger particles, When this stream
is divided into two streams according to particle size, the average
conversion of each outgoing sfream will reflect the difference in
their particle size distributions, The average-cénversion of the

undersize stream will be higher than the average conversion of the
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incoming stream, while the average conversion for the oversize
stream will be lower. In the simulation model the average conversion
of each stream is calculated from the effective roaster holding time
and the particle size distribution of the'corre;ponding stream, The
average conversions are then used together with stoichiometric
constants to obtain the compositions and the weights of the outgoing

streams,

GRINDER or BALIMILL - GRND

For this model it was assumed that when a2 solid material is
retained an infinite length of time in a size reduction unit, all of
~ the material will reach a minimum size beyond which no further size
reduction is possible, The difference between the radius of the
particle being grourd and the fadius of the minimum sized particle
was used as the driving force in the grinder model,

It was further assumed that the grinding process was first order,
using the difference between the radius of the particle and the
minimum particle radius as a dri%ing force, The process is éﬁpn
analqgou; té a first order kinetic reaction with an equilibrium
concentration; replacing the éhemical‘concentration‘by the particle
radius.(g)

The form of the equation used in the grinder model is:

rp,=(r - rm) EXP(-k/w) + Ty

{1 RN DY A -
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Where

‘v, = the new particle radius ~ inches

r = the original particle radius - inches

r, = the minimum particle radius - inches

w = material rate - tons/day

'kl= empirical constant that depends on the geoﬁetry of the

grinder and the grindability of the solid material,

ELECTROSTATIC PRECIPTTATIOR - FREP
In 1907 Frederick Cottrell developed the first electrostatic
precipitatior, This precipitatior was used to remove acid mist from

(20)

the gases leaving a sulfuric acid process. Since that time the

electrostatic precipitator has become a very important piece of
equipment for the removal of particuiate matter from gas streams,
The eguation that has been used to describe the efficiency of
an electrostatic precipitator was developed in i922 by W, Deutsch,(lg)
Eff = 100 (1-e ~27/Q)
Where:

A

i

area of collecting surface,

v

the electrically induced drift velocity toward the
collecting surface,

Q = volume rate of air flow through the precipitator,
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FLUE ~ FLUE

Some of the dust particles leaving the roaster settle out the
gas stream in the flue leading to the electrostatic precipitator,
Also some of the dust particles not trapped in the electrostatic
precipitator are colleéted in the flue between the preciﬁitator‘and
the ﬁlant stack, Since the fines collected from these flues are re-
cycled back to the process, they must be considered in the plant
simulation, |

In a flue the dust settles out by gravity and is collected in
biné at the bottom of the flue. The amount of dust that settles out
is a function of the gas velocity in the flue, géometry of the flue,
and solids loading. After trying several times to get an accurate
model for a flue, it was decided to use the electrostatic precipi-
tator model, with different constants, as the flue model,

There was not enough core capacity in the computer for the extra
electrostatic precipitator subroutine so the user must use FREP in-

stead of FLUE whenever he wants to simulate a flue,
~

H23q4 ard Fez(squ)B Addition - AMIX

In actual plant operation some H,S0, and Fe2(804)3 must be added
to the leach circuit. This subroutine simulates that addition along
with adjusting the weight fraction solids in the leach tanks.

The subroutine calculates the total moles of ZnO entering the




H
~ The sulfate compounds all exist as ions in the leach solution

in the following form:

HZS% 4—2 2 HF + so4
: ZnSOu < In't + S0,

+3 =
Fez( 50,) % Fe + 350,

' l +
Tn the leaching of the ZnO the amounts of H', Fe 3

and Zn+2 change
while the total amount of SO, is constant. Therefore in the model,
the ions are‘used instead of the compounds from which they come,

The Fo'~ ion comcentration can be related to the H* ion
concentration by the equation: .

Fe+3 = 2,56 X 108 IH% ' 3 (See Appendix)
where the concentrations are in 1b mole/ftB. If the acid concen-
tration is high enough, the calculated ferric ion concentration will
be higher than the actuai ferric ion concentration, Wﬁen this
condition exists; as it does in the acid leach,>the solution is not
buffered and the acid concentration changes rapidly with the amount
of ZnO leached. When the calculated ferriec ion concentration,is less
than the actual ferric ion concentration, ferric hydroxide will be
precipitated until the actual ferric ion and acid concentrations are

in equilibrium., This buffered ¢ondition exisfs in the neutral leach

where the acid concentration is low., In the neufral leach the acid
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mizer, The total sulfate (H,50, + Fe,(S0,);) to ZnO ratio is then

calculated. If the ratio is too Zow, HéSQh or Fez(SQQ)B; depending
which is low, is added to the stream to make up the proper sulfate to

7n0 ratio at the proper pH, In some cases both HZSQ4 and Fez(SQ4)3
are added, The user puts the desired H,S0,/Zn0 and Fe,(S0y),/2n0
ratios into the computer as equipment parameter input data,

After adjusting the sulfate to ZnO ratio the subroutine
calculates the weight fraétion solids, If the calculated weight
fraction solids is gfeater than a user specified value the sub-

routine adds water to the outgoing stream.

LEACH TANKS - LECH

The leaching of Zn0O to form ZnSQ& is a buffered leach with
stqu as the acid and Fez(sou)3 as the buffer. 7This leach is
divided into two sections a neutral leach and as acid leach, In the
neutral leach thé FeZ(SQL'_)3 acts as a buffer, while the acid 1egch,
the acid content is high enough that the Fez(sou)3 does not act as
a buffer,

The reactions involved in these leaches are:

“Zn0 + HéSQ4 G Zn304 + HZO

Fez(sou)3 + 6Héo > 2Fe(OH)3 + 3E,50,

Zn0 and Fe(OH)3 are solids while the rest of the reactants are a

part of the leach solution,
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concentration changes very 1itt19 as an is leached, since'ferric ion
is being precipitated as ferric’hydroxide to form acid,

The solution leaving the neutral leach goes to the electrolytic
plant, Any iron in that stream will cause problems in the electrolysis
of the zine solution, so it is desirable to havé the ferric ion
concentration as low as possible in that solution, If the acid
concentration is 10"4 1b mole/ft3 the ferric ion concentration will

-

be 2.56 X 10~ 1b mole/ft3, If the acid concentration is lowered to

10™5 1b mole/ft3 the ferric ion concentration is lowered to 2.56 X 1077
lb'mole/ftB. It cén be seen that maintaining the outlet stream from
the neutral leach at a pH near 7 is necessary.

In the acid leach, the solids from the neutral leach are mixed
with cell acid from the zinc electrolysis plant., This givés é high
acid content and a very low ferric ion content so the ferric hydroxide
present in the solids from the neutral leach reacts with some of the
acid to form ferric ion, In the acid &each generally there is enoughf
acid so that all‘of the.ferric hydroxide goes to ferric ion leaving
an excess of acid, The first thing the leach tank model does is to
check the ferric ion - acid balance and to adjust it if there is ferric
hydroxide present,

After the ferric ion - acid balance is checked, the subroutine

. calculates the amount of ZnO leached, This calculation is based'on
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the assumptions:

1. The leach tank isl; well mixed reactor. The leach
ténks ars pachuca tanks (Thése are wooden cylindrical
tanks with conical boftoms). In the center of each tank
is an air 1ift that draws material from the bottom of
the tank to a splash pan covering the top of the tank,
Tﬁe material then circulates from top to bottpm with an
overflow at the top,(é)'With this type of mixing the
assumption of a well mixed réactor is valid, |

2, The leaching rate is proportional to the acid concen-
tration., Since acid is the leaching agent, it is

_ reasonable to assume that the leaching rate is

deperdent on it,

3. The leaching rate is proportional to the surface area of

the Zn0, Whenever a reaction involves a solid-liquid
interface, the size of that interface usually affects
the reaction rate,
When these assumptions are developed into equations; the result is
three equations and three unknowns. These are:

Unknowns

(1) r = radius of average ZnO particle in the leach tank at

time t
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(2) Ca = concentration of acid at time t

(3) cf

concentration of ferric ion at time t

Equations

(1) Cf =.2.56 X 108 ca’

A
2_

(2) r - (( AO C, + 3(Cro CF))r3 /X T c (wt % Zno) )

(3) r=r( ZnOin—(vo/Z)(CAo ¢, #3(Cp cF),)/(wt % ZnO)in)i/3
where

K = empirical rate constant

T = holding time

QAO = acid concentration al time = 0

CFO = ferric ion concentration at time = O

r, = radius of average ZnO particle entering the leach tank

vo = volumetric flow rate of slurry into the leach tank

ZnO in ; moles ZnOf unit time entering leach tank
These equations were solved by a Golden Section search<2) for the
concentration of acid that.gave the same value for r from equations
2 & 3. Once the proper value for.CA was known, CF and r were fixed,
The conversion of ZnO to ZnSOu was calculated using the equation:
P

3

r
o

conv = 1 -~
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After the conversion of Zn0 to ZnSQu was calculated, that

conversion along with the necessary stoichiometric constants were

used to calculate the amount of each component leaving the leach tank,

CIASSIFIER - CLAS

The c¢lassifier model is based on user input. The user inputs a
eritical radius and the computer puts all the solid material with
 particle radii greater than the critical fadius in the oversize stream
and the rest of the solid materizl in the undersize stream, The weight
fraction solids in the oversize stream is élso an equipment parameter
entered as data by the user. The computer uses this piece of data
together with the weight of solids in each stream to make a material
balance on the 1iquid‘components, coming into the é¢lassifier, to ob-

tain the composition of the outgoing streams,

THICKENER - SETL and FILTER - FLTR

The thickener and filter are simulated by the same subroutine,
The subroutine makes a mafterial balance around the piece of equip-~
ment based on the weight fraction solid in the two output streams(S)o
As part of the equipment parameter data the user provides the
computer with the weight fraction solids in each output stream,

Some theoretical equations have been developed for the

thickening process, but the results of these dévelopménts required
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more data than is generally avai@able to the average usg%§’ ?2' 23)
MIXER - MIXR

The mixer model'will mix up to six incoming streéms to form one
output stream, The weight of each component in the.output stream
and the total weight of the output streams are calculated in thé
model by addition of the incoming values.

The particle size distribution equation of the output stream is
obtained by ordering all of the incoming particle sizes from the
sﬁallest to the largest, and doing a least squs.os fit of the re-

' sulting distribution,

ZINC BLECTROLYSIS - ELET

In this subroutine, the computer uses a chemical efficiency
. supplied by the user to calculate the amount of zinc produced, Tﬁe
chemical efficie;cy is the fraction of the input zinec sulfate
converted to zine, |

The electrical current required to produce the zine is
calculated using Faraday's Law.(lo) The cell, current is calculated
from the required current using a current efficiency supplied by the
user,

The composition of the cell acid returning to the acid leach is

_calculated in the final section of this subroutine, This cell acid

stream is the only outpuﬁ stream from the electrolysis process since
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the amount of zinc pfoduced is prihted out in the subroutine itself.
c Computing Subroutines

The process module subroutines use four subroutines, COﬁVT,
13C, SIME, and TGS, to make calculations that are required in many
places, |

CONVT is a subroutine that solves the equations develobed in
the roaster model, This routine caleculates a trial and error average
conversion (ZnS to Zn0) from the particle size distribution, roasting
constant; and the roaster holding time,

1SC does a least squares fit of the particle size data to
get the particle size distribution equation (r = ABX/(l_CX)) for a
process stream., The subroutine does a Golden Section search for the
proper value for C, and for each value of C it does a least squares
analysis of the data to compute A and B,

SIME solves two simultaneous equations for two unknowms,

TGS is the counter part of CONVI, It calculates the holding
time required to get a certain average conversion, Tt uses the same

equations as CONVT,




Computing Hardware and Software

The computer used in this study was an 80 K word Sigma 7 built
by Xerox Data Systems., The programming was done in Fortran IV H
" computer language, and the program was executed under the BPM
operating system,

In order to fit the program into the working core under the BPM
system it was necessary to OVerlay(iz)the program, The subroutines
were placed into seven elenment files and overlayed as shown in Figure
6,

The subroutines placed in each element file were:

1, MANZRO

a, Main ecalling program

b.- ZERO
2, DCLEAN

a, CLEAN

b, DREAD SO
3. DPECK

a, DCHECK

b, DFRINT
4, EQALL -

a, EQCALL

b, EQUIP




5e

7o

c, EQUIP
d, REQUIP
e. . RCYCIE
f. SCAN
g. SUBSET
h, TEST
i, CONVT
Jo 1LSC

k., SIME
1, TGS |
m, GRND
n, MIXR
TRANT

a, TRANSF

b, BIFRNT

¢, PIPRNT

ROS
a, ROST
b, SCRN
c. FREP
LTS

a, AMIX

b3




b, IECH
c., CIAS
d. SETL .
e, FLIR
f. ELET

With the program overlayed in this manner, the data block required
41,136 bytes of core and the operational part of the program re-

quired 6,737 bytes of core.
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Figure 6

Overlay Scheme
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. Results ang Discussion

The primary objective of tﬁis project was to modify CHESS to
simulate a2 zinc plant, The plant was divided into two sections; a
roasting section and a leaching section, Simplified block diagrams‘
of each section are presented in Figures.7 and 8.

Simulation of the roasting section required ten equiément nodes
intercomnected as shown in Figﬁre 9. The seven primsary roasters
used to roast fresh calcine are simulated by one roaster designated
by "R-1", and the recycle solids from the flue system plus the
crushed solids are foasted in roaster "R-2%, The roaster nodes,
flue nodes, precipitator node; screen node, and ﬁhe crushing make up
a total of seven nodes. The remaining three nodes are mixer nodes
that must be placed at each point two or more streams come together,

The purification plant was not included in the simulation of the
leaching section,. The purification plant removes cadmium and other
impurities from the solution going to electrolytic plant, For this
problem the chemical and physical propérties of only zinc and iron
were considered, Compounds of other metals such as cadmium were in~
cluded as gangue which was assumed to be a solid inert material and
as such no purification ﬁlant was required to remove these compounds

from solution, The 3 equipment nodes and their connevting elements

‘used to simulate the leach section are shown in Figure 10,
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An explanation of the data inputs for the twé simulations, and
the computer results are given in the Appendix, Table I compares
the results of the computer calculgtions with plant data obtained
from the Anaconda Comp;ny.

From Table I it can be seen that values calculated by the
simulation program are close to the values supplied by Anaconda., This
shows that through adjustment of input parameters, the models and sub-
routines developed can be used to simulate the zinc plant, The
results of this simulation were used as a basis for changes maae in
input parameters,

The first input parameter to be changed was the roastiﬁg
éapacity° The number of brimary roasters was reduced from seven to
six and then to five with correspon@ing’decreases in concentrate input
from 350 tons/day to 300 tons/day and 250 tons/day respectively. The
results of this series of tests are shown in Figure 11,

Figure 11 shows that the change in zinc production was not
directly proportional to the change in concentrate input, The
reduction in zine production for a reduction in plant input is less
than would be experienced if zinc production was directly proportion-
al to concentrate input. This should occur because as the roasting
capacity and concentrate input are reduced the sizes of the other

pieces of p;ocessing equipment do not change, ‘The flue system has
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Table I

Calculated Results vs Plant Data

Variable
Plant Input

Fines Lost overhead
by primary roasters

Conversion of Calcine

Efficiency of Flue system
to precipitator

Efficiency of electrostatic
Precipitator -

Efficiency of flue from -
precipitator to the stock

% incoming Zn leached in
neutral leach

% 7n Remaining leached
in acid leach

4 Zn removed from solution
in electrolytic plant

Tons/Day Zn produced

Plant Data
350 tons/day

70 tons/day
93%

3%

95%

6% -

60%

15%

50%

Calculated Results
350 tons/day (set)

58 tons/day
95.6%

364

Rl

56%

60,17%
14,43

50% (set)
116,3

B i,
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the same sizé so thé velocities in the flue system will decrease, .the
collection” efficiencies of the flues and precipitator will increase,
and less will be lost up the stack. The leach capacity will not
change causinglthe holding time in the leach system to increase, An
increase in holding time will increase the amount of zinc leached
from the calcine and will make more efficient use of the acid., There
will be.iess zine lost in-the residue and more zinc recovered in the
electrolytip‘plant. The net effect is that plant capacity damps
changes in roasting cépacity.

Figure 12 is a representation of the relationship between the
roasting constant and the calculated zine production, This relation-
ship indicates that the effects of changing the constant are more
pronounced as the valﬁe of the constant is reduced, When considering
what this means in terms of actual plant operation it must be
remembered that a concentrate with a low constant is hard to roast
while a concentrate with a high constant is easy to roast, The
highest~possible fractional conversion of ZnS to ZnO is one, and as
the roasting constant increases the conversion asymptotically
approaches one, Increasing an already high roésting constant will
increase the amount of ZnS converted to Zn0O only slightly and will
therefore. not affect the zinc production significantly,

The calculated results of reducing the number of neutral leach
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tanks is shown in Figure 13, It was not expected that the zinc
production would first decrease and tﬁen increase as the number of
neutral leach tanks reﬁoved from service increased, Examination of
the neutral and acid leach systems provided the reason for this |
rhenomenon, At th; head end of the neutral and acid leaches, the
acid and ferric sulfate to zinc oxide ratios were maintained at a
-given valus., As tanks were removed from the neutral leach the
fraction of incoming zinc leached in the neutral leach decreased,
causing more zinc oxide ¥ go to the acid leach, As more zinc oxide
entered the acid leach, more acid was added and the acid leach be-
came more acidic, Since the leaching rate is dependent on the acid
concentration, the acid leach became more effective, The net resuit
was that the increase in the amount of zine leached from the calcine
in the acid leach was greater than the decrease in the neutral leach
(Figure 14), ,

Based on the results obtained by removing heﬁtral léach tanks

from service, it would appear that it would be more efficient to

leach at a higher acid concentration in fewer leach tanks, Itlmust

be remembered that ferric sulfate is present., The purpose of ferric
sulfate is twofold; it acts as a buffer by going to ferrie hydroxide
and releasing hydrogen ion, and as the ferric hydroxide precipitates

some impurities such as arsenic and antimony are precipitated with
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Figure 13
Zinc Production vs Number of Leach Tanks
Removed from Neutral Leach Circuit
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Figure 14
Zn0O Leached vs Number of Leach Tanks
Removed from Neutral Leach Circuit
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it, The ferric sulfate is unwanted in the electrolytic tanks, be- -
cause it lowers the efficiency of the electrolytic plant if it re-
mains in solution after the neutral leach, so it is necessary that
the amount of ferric sulfate leaving the neutral leach be kept at
a minimum, Removing three of the neutral leach tanks increased the
weight percent ferric sulfate leaving the neutral leach by two orders
of magnitude (Figure 15) showing thé need for the neutral leach tanks,

The model for the electrolytic plant does not have the capability
of predicting the effects of impurities on cell efficiency, For
this reason it is not apparent what effect tﬁe increase in ferric
sulfate, eaused by removing neutral leach tanks, would have on the
amount of power required to produce a ton of zinec,

The results of the tests show thatlthe models developed can be
used to simulate a‘zinc plant, Changes in the input parameters allow
the usef to determine the effect of changes in plant operation such
as reducing roaster through put, changing the concentrate properties,
and changing the leach configuration, Thus the pfimary objectives of

’

the project have been met.
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Ferric Sulfate Concentration Leaving Neutral
Leach vs Number of Neutral Leach Tanks
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- Recommendations

This project has shown that CHESS can be modified to simulate a

zinc plant, and that the simulation can be a useful tool in the

examination of the effects caused by changes in plant operation, To

make the simulation a more useful tool it is recommended that:

1.

2,

Each piece of operating equipment be studied separately.
These studies would provide iﬁformation that could be used
to improve the individual equipment subroutines,

The effects of impurities on plant operation be studied, and
the simulétion modified to include these effects,

The simulation be expanded to simulate other types of
inorganic plants, Thus ultimately achieving the goal of
having a system that can be used to simlate most inorganic
procéssing\plants as CHESS does for oréanic processing

plants,




- Summary

The primary purpose of this research project was to develope

mathematical models to simulate inorganic processes. The particular

processes simulated were those in operation at the Anaconda zinc

plant in Great Falls, Montana, The mathematical models developed were
made into subroutines that fit the CHESS computer system. The calcu~
lated results obtained from the computer system were compared to data
from the plant at Great Falls,
The models developed were:
1, An equation for the particle size distribution of the
solid materials involved in the processes,
2, A model for a wedge roaster used to oxidize ZnS to Zn0O,
This model can be applied to any process in?olving a
solid-gas reaction with a solid product,
3. A ﬁodel for the division of a solids stream where some
of each particle size goes to each sﬁream, The example
used in this paper is an electrolytic precipitati%n where
some of the particles in each size range are collected,
although the larger particles are collected more readily.
4, A model of a ballmill which can be used.to similate other
particle size reducing processes where the final

particle has a finite size,
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5. A mixér model which simulates the m! ..g of two or
more ,so0lids streams of different siéé distributions.
6. A leach tank model which simulates a well mixed reactor
‘where the reaction occurs at the interface between a
solid and a ligquid., This model also includes a simu-
lation representing a buffered solution,
These models provide a basis for future simuiation of inorganiec
processes, They caﬁ be modified and expanded tg'fit a particular

application. Since this research provides a basis for future simu-

lation of inorganic processes it has been successful,
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Detailed Description of Supporting Subroutines




ROASTER

Input

i,

Figure 5

by a layer of

the following

Output 1 (Overhead Fines)

Lol

ROST

Output 2 (Calecine)

The roaster model is based on the following assumptions:

All the concentrates passing through the roaster have
the same reaction time

All the concentrates passing through the roaster
experience the same effective environment

All of the overhead fines have the same effective
holding time in the roaster

The rate controlling step is the diffusion of the
reaction gases through the reacted zone of a spherical
particle.

shows a particle with an unreacted core of ZnS covered

Zn0. Where r, = the radius if the ZnS core and R is

the total radius of the particle,

The equations used in the mathematical model were developed in

manner:
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Make a material balance across a differential element:

HVEZNArlr - bﬂ%zNAr' = Wrear dc, / dt

r4 r

Divide through by U7r® r
~(1/r2)(a(r? N, )/dr) = dC,/at

Where N,,. equals the mass transfer rate of oxygen at

any r and C is the concentration of oxygen at any r,

A
Assume Pseudo Steady State;

-(1/r?)(a(x® N, )/dr) = 0
Multiply both sides by -r<
2 . k)
d(r NAr)/dr = 9
Integrate
2 o
r NAr = @ = Constant

Apply Fick's First Law

N, =~ CD dgA/dr + Xy (NA + NB)

ms+ﬂ2%._pzm+s%

Ny = 2/3 N,

NAr = - CD d;A/dr + xA(NAr -2/3 uAr)
2

Ny, =~-CD d;A/(i -1/3 xA) dr = Q/r
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- c?/;gA/(1f1/3 x,) = Q dr/ 2

3 €D 1n(1-1/3 x,) = -Q/r & 8

4, Solve for Q ans S using the boundary conditions;
a. At r equal to R, CA equals QA*.or assuming a

constant concentration x, equals KZ where ;Z is
the mole fraction oxygen absorbed on the surface
of the parficle

b, At r equal to Tor Xp equalsO
At r = r,

3 CD 1n(1-0) = _Q/rc + S

Q/rc -38=0

S = Q/I‘c

At r =R )

3°CD 1n(1-1/3‘$Z) = —Q/R + 8
30D In(1-1/3 x) = /R + U/r

3 CD 1n(1-1/3 gZ) = (R - rc)Q/R r,

r N, =Q=3CDRr In(1-1/3 x)/(® - r)
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5. Get the tiﬁe dependence’

moles of oxygen transfered = moles of oxygen reacted

2/3 of a mole 7ZnS reacts per mole of oxygen reacted

yrR® N, =32 Wr? P ar/M dt

- Where P is the density of ZnS and M is the molecular

weight of ZnS

Rz NAr =Q=3/2 2 (P/M) (dr/dt) |
[

. .
Qfdt = (3P/ ZMJI‘Z dr
6 : R

3
Qt = (p/2M) r3]R

Qt

~(p/2M) (RB-rz )

PP =R+ 6MCRr In(1-1/3 x)t/P(R-1 )
c c A c
Combine constants to get the equation used in the

roastef model

r3 = R3 +KRr /(R -1 ))t
c c N

Where K is a combination of the other constapts and is

determined empirically. The value for K depends on the

ore being roasted and the roasting conditions., The

easier an ore is to roast and the better the roasting
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conditions, the higher the value for K,
The equation is solved for r, using the "Newton
Raphsoh"-technique. (7
To calculate the fractional conversion of a particle it is

assumed that the unreacted fraction is proportional to the volume

of the unreacted core:

volume of the unreaéted cofé
volume of the original particle

conv = I =

conv

L= (4] 3720)] (4] 30R7)

conv

1=~ r3/R3
C

The concentrates entering the roaster are divided into two out-
put streams. The small particles are carried out the top of the
roaster, as overhead fines, by the roasting gases. The remaining
concentrates pass through the roaster and are removed from the bottom
of the roaster as roasted calcine, The separation is based on a
eritical particle radius, This radius is the radius of a particle
whose buyant forces, in the upward flowing roasting gases, equal the
force of gravity on that particle, This critical radius is
proportional to the square root of the gas velocity, and is

calculated, in this model, by multiplying the square root of the
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volumetric gas flow rate Ey an empirical constant, The constant is

a function of the roaster geometry and the gas properties at the
roasting conditions, The standard cubic feet of gas passing through
the roaster is an input parameter, The subroutine corrects this value
for ﬁressuré and temperature to get the volumetric gas flow in the
roaster,

The fraction of material_going to thé overhead fines stream is
equal to the fraction of material with particle sizes less than the
critical particle radius, The particle size distribution eguation
for this stream is determined by fitting it to radii ranging from the
minimum incoming radius up to the critical radius, These radii are
calculated from the size distribution equatién for the incoming stream,

The fraction of material going to the calcine sﬁream is equal to
the fraction of material with—particle sizes greater than the critical
radius. The particle size distribution equation for this stream can-
not be obtained from the incoming particle size distribution directly
due to agglomeration and degradation of this stream in the roaster,
The constants for the caleine particle size distribution‘are‘d;-
termined by multiplying the corresponding.constants of the incoming
distribution by "agglomeration factors", These empirical factogs
are specified as equipment parameters by the user and are a finction

of the ore being roasted and the roasting conditions, The factor for
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C must be chosen carefully because if C becomes equal to, or greater
than one the size distribution equation becomes discontinuous,

After the particlg size distribution of each output stream is
specified, the average conversion of each stream is calculated., The
conversions of representative particles, equal%y spaced along the
particle size distribution, are calculated and the integral average
-of these conversions is used as the average conversion for the stream,
The con&ersion of a particle is calculated from ité radius and the
holding time using the equations developed earlier in this section,
For material entering the roaster already partially converted, the
holding time used is the sum of the time previously spent in a
roaster and the time spent in this pass through the roaster,

The equipment parametérs for the roaster are specified in an
equipment parameter vector in the following manner:

EQPJ = J, XKC, FG, P, T, RC, OC, CTC, AC, BC, CC, STCl,.a

s s & o STCN, M * 0,..
J = Equipment number
KC = Component number of the key component, i; this
case the component number of ZnS
FG = Standard cubic feet of gas/min° leaving the
roaster

P = Pressure in étm.
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H
T = Average temperature in the roaster (°F)
RC = The constant used to calgulate the fadius of
the particle whose buyant forcés equal the force of
gravity; Critical radius = RC (Volumetric gas flow
rate) |
OC = The holding time constant for the overhead fines;
‘This constant divided by the volumetric gas flow rate
gives the holding time, (days) in the roaster for the
overhead fines
CTC = The holding time constant for the calcine;
This constant divided by the weight of the. solids
passing through the roaster gives the holding time,
(days) in the roaster for the calcine
AC, BC, CC = “Agglomeration constants' for the
constants (A, B, C) used in the particle size

distribution equation for the calcine

STCi’ e o @ o o STCN = Stoichiometric constants;
These constants give the pounds of each compogént
produced per pound of the key component converted
N = The total number of components‘(NOCOMPj ﬁinusAlg

The last component is always the gas phase and

figured in the total weight and therefore does not
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have a weolght fraction
M = Balance of vector, up to 25 elements, is filled

out with zeros,




SCREEN

Output 2 (Oversize)

Input |

SCRN

lOutput 1 (Undersize)

A screen is a piece of equipment that divides a solids stream
into two streams according to particle size., In the screen model,
the particle size distribution of the incoming stream is compared to
the size of the screen opening. The fraction of material with particle
sizes less than the screen opening is assigned to the undersize stream,
while the remaining solids are assigned to the oversize stream,

The particle size distribution for the output streams are
determined by fitting the particle size distribution equation to the
proper segment gf the incoming size distribution, For the undersize
stream the equation is fit to radii, calculated from the incoming
size distribution, ranging from the minimum incoming radius up to
the radius of the largest particle that will pass through the screen,
The equation for the oversize stream is fit to radii ranging from the
smallest particle remaining on the screen up to the largest particle

in the incoming stream,

The conversion of a particle decreases as the particle radius

increases for a constant roaster holding time, (as explained in the
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roaster model).
Therefore, when a stream is divided according to particle siée the
oversize stream will have a lower conversion ﬁhan the undersize
stream, In the screen model, the average conversions of the under-
size and oversize streams are calculafed using the corresponding
particle size distributions and the effective roaster holding time
carried in the SEX vector of the input stream. The calculations made
are the same calculations made to calculate conversion in the roaster
model,

The equipment pafameter vector for the screen is:

EQPJ=J' KC, SS’ STC oonQQSTCNM*OoO

1
J = Equipment number

KC = Component number of the key component, in this
case the component number of ZnS

SS = Screen size, the radius of the largest particle

that will pass through the screen (Incﬁes)

STC, + - o .. STC), = Stoichiometric constants; These
cﬁnstants-give the pounds of each component prodiced
per pound of the key component reacted

N = The total number of components (NOCOMP) minus 1;
The last component is always the gas phaéé and it is

handled separately from the other components

M = Balance of vector, up to 25 elements, is filled




out with zeros.
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GRINDER or BALLMILL

Input GRND |—— Out put

The size reduction process was assumed to be first order, with
an equilibrium size., It is reasonable to expect that if a given
amount of material is processed in a size reduction unit for an
infinite length of time, the particles will all reach an equilibrium
size beyond which no further size reduction is possible.

The first order size reduction process with an equilibrium
particle size is analogous to a first order chemical reaction with
an equilibrium concentration, The equation for the chemical reaction

was modified to the following form for the size reduction process.

*, =Kt *
r=(R-1r)e +r

where

r = new particle radius

o
1}

original particle radius
r = equilibrium radius
K = grinding constant

t

holding. time
The subroutine converts the incoming particle size distribution

to the particle size distribution of the outgoing stream, using the
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above equation and the equipment parameter vector:
EQPJ = J, RE, Kt, 22%0,
where
J = equipment node number

RE = equilibrium radius (inches)

Kt

]

Gombination grinding constant and holding time constant;
this number when divided by the mass flow rate through the

grinder gives the Kt term of the eguation




ELECTROSTATIC PRECIPITATOR

=
Output 1 (uncollected
solids +
Gas Phase)
Input FREP

J'Out.pu‘t, 2 (Collected solids)
In 1922, W, Deutsch(ig) developed a simple equation describing

the efficiency of an electrostatic precipitator:

Bef = 100(1 - o9
where
A = area of collecting surface
v = the electrically induced drift velocity toward the
collecting surface
Q = volume rate of flow through the precipitator

This equation is only good for a given particle size, since the
drift velocity is proportional to the particle diameter, accoraing
to equations presented by Deutsch,

G.W, Penny in 1969(19), expanded the Deutsch equation to

describe the collection of dusts with particle size distributions,

For two particle sizes, the equation is:
-AXv/ Q)

v/

=A
Eff = 100(1 - F e Q- (1-F)e
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where
F = fraction of small particles
V = drift velocity of the small particles
K = a constant that when multiplied by gives the drift

velocity of the larger particles
Based on the examples given by Penny and the equations of
Deutsch(lg), relating drift velocity to particle size, the equation

can be modified to the form:

-AKrl/Q -AKr /Q

Eff = 100(1 - F e - (1-F)e 2 )

By expanding the equation to fit more particle sizes and making A
part of the constant, (for a given precipitator A is constant) the

equation used in the model is evolved:

~Kri/Q _ -Krp/Q
-F e

~kr /Q
5 )

Eff = 100(1~F1e - 6 o a-Fne

In the subroutine, the particle size disfribution of the in-
coming stream is divided into 20 equal parts. The efficiency for
the average particle in each segment is calculated., The above
equation is then used to get the total efficiency and the efficien-

cies of 10 equal segments of the particle size Qistribution,'
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. Since the smaller particle sizes have a higher efficiency than
the larger particle sizes, the particle size distributions of the
two output streams will be different from each other and from the
input particle size distribution. The total efficiency; the
efficiencies of the 10 particle size distribution segments, and the
ipcoming particle size distribution are used to calculate new
. particle size distributions for the outgoing streams (See computer
printout for method),

The last section of the subroutine calculates the fractioné;
conversion of ZnS to Zn0 for the outgoing streams based on the in-
coming conversion and effective roaster holding time (See roaster
model write up), These conversions are then used to make the
material balance necessary to calculate the composition of the out-
going strééms.

The equipment parameter vector for this model is:

EQPJ = J, KC, T, K, STC; o o ¢ o v o 2 s o @ STCy» M*0,
where |

J = equipment node number

KC = component’ number of ZnS

T = temperature in precipitator °F

K

precipitator constant

STCl. 6o 5 s o 0 2 o o o o STCN = stoichiometric constants
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(1b component produced/1b ZnS reacted)

M*0 = balance of'vector, up to 25 elements, filled out with

Zeros,




ACID and FERRIC SULFATE ADDITION

Leach Slurry Tank

Input 1
(Solids or Slurry) Ty Input 2 (Recycle Acid)
AMIX
l Output (Slurry)

AMIX does not correspond to a single piece of equipment, instead
it simulates the addition of the leaching agents to a solids stream,
The Zn0O, stoh’ and F92(504)3 must be maintained at certain ratios to
each other if the leaching process is to operate correctly. In the
actual plant this is done by operator control, but in the CHESS
simulation scheme it must be done as though there is a piece of equip-
ment to do it.

The user inputs, as part of the equipment parameters, a sulfuric
acid to zinc oxide ratio and a ferric sulfate to zinc oxide ratio,

The subroutine, after mixing streams 1 and 2, checks to see if enough

acid and ferric sulfate are present, and if not one or both are added

to the levels specified by the user. It is possible for the levels of
one sulfate compoﬁnd to be low while the level of the other sulfate

+ compaund is high, giving a total sulfate to zinc oxide ratio that is

about right. The total sulfate to zinc oxide ratio is more important
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than.the acid and ferric sulfate to zinec oxide ratios, therefore the
total sulfate ratio.is checked by the subroutine and if it is low acid
and/or ferric sulfate is added depending on which is needed,

After adjuséihghfhé ;cia and ferric sulfate levels, the subrouiine
checks the weight fraction solids in the outgoing stream, If the
_weight fraction solids in the output stream is higher than a uéer
specifiedvlevel water is added, |

The subrdutine prints out the amounts of acid, ferric sulfate, and
water added,

The ébnstants required by this subroutine are specified in the
following equipment parameter vector:

EQPJ = J, KC1, KC2, KC3, KC4, NS, AR, FR, WFS, 16%*0.,
where

J = equipment node number

KC1 = component number of ZnO
KC2 = component number of H,S0,,
KC3 = component number of FeZ(SOLp)3

KC4 = component number of H20

NS = number of solid components

i}

AR

H2804 to Zn0 ratio (moles stou/mole Zn0)
FR = Fez(SOLL)3 $0 Zn0 ratio (moles Fe2(504)3/mole Zn0)

WFS = weight fraction solids




NEUTRAL and ACID LEACHS

—e

Input Material to be
leached + leaching
agents

LECH
: Output Leached Material

The neutral and acid leachs are parts of a ferric sulfate
buffered leach, In the neutral leach the acid concentration is low
enough that the ferric sulfate acts as a buffer while in the acid
leach the acid concentration is high enough that the buffering capacity
of the ferric sulfate is exceeded.

The ferrid.ion concentration can be related to the hydrogen ion,

or acid concentration, through equilibrium considerations:

(Fe*3) (oK) - 10-%
(5h) (0H™) & 1o~ ¥
- (OH) - 10-14/(H+)

(Fe™)/ (i) 2 10
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+3 6

Fe T x> % 10

Change units so that the concentrations are in 1b mole/ftB:

8 (H+)3 equation 1

rt? = 2.5 X 10
from this development it can be seen that the ferric ion will exist as
ferric sulfate at high acid concentrations and as ferric hydroxide at
low acid cohcentrations.

The ferric hydroxide is an insoluble‘precipitate, This is very
important to the operation of the process, since iron is a contaminate
in the electrolytic plént. Tﬁe solution from the neutral leach goes
to the electrolytic plant so the férric ion concentration in that
solution must be kept at a low value, Therefore, at the end of the
neutral leach most of the iron must be in the ferric hydroxide form.
This would be the case when the acid concentration is low, or the pH
of the solution is above five,

The solids from thg neutral leach go to the acid leach where they
are treated with cell acid from the electrolytic plant, The solids
from the acid leach are washed and leave the plant, while the acid
leach solution goes to the neutral leach, Since ferric sulfate is
required as a buffer in tﬁe neutral leach the ferric ion must be in the
sulfate form wheﬁ it leaves the acid leach so that it can be recycled
" to the neutral leach, Any ferric ion present as ferriec ﬁydrbxide‘is

lost from the process and the hydrogen ion concentration must be high




89
enough at the end of the acid leach to keep the ferric ion in the
sulfate form,
The development of the leach tank model was based on the

assumptions:

1, The reaction rate depends on the acid concentration,

2, The reaction rate depends on the surface area of the Zn0O,

3, The leach tanks are well mixed reactors,

The reactions used in the model development are:

0 + 20" == ' ¥ H 0
e 3060 ——= Fe(OH)
3
H 0 i + OH
The 1.0del development follows:
moles ZnO reacted = + moles H' reacted + 3/2 moles Fo3 reacted

moles ZnO reacted/unit time = %-%é(CAO o )

+ B(CFO_C

QA F

where

VY = volumetric flow rate through the leach tank

Cpo = initial acid (E*) concentration
C, = acid (H") concentration leaving the reactor
CFo = initial ferric ion concentration
CF = ferric ion concentration leaving the reactor

also based on rate of reaction
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moles Zn0 reactéd/unit time KCyV

Ll L

surface area of 7ZnO

£t3 of solution

= K,V (number of -Zn0 particles ) (area )
rt3 of sulution particle
- kv (Ht % ZnO3 fs) b 7T 22
A f“/SYTrO
where
K = emperical constant
V = wvolume of leach tank
{g = density of the slurry
= density of ZnO
r, = initial radius of particle
r. = final radius of particle
Wte % Zn0O = weight percent in incoming stream
Combining Constants
. wt. % Zn0 Fs r?
moles ZnO reacted/unit time = KCAV 3
r
o

Combining the two equations giving the rate

’V_’%_ (Cho=C*3 Cro~Cp) )3 =
c ~-¢C +3 (¢, ~-C 3 v
( a0 I Fo F) ) r, 2T

2k ¢, (Wt. ¢ Zn0) s

of Zn0 reaction
K{)AV " wt. 4 7n0 s r2

r
(o]

2
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Assuming constant slurry density

_ | 5 ,
AO-CA-.}-B (CFO..CF) ) I'o =/Xr
K Cy Wt, % Zn0 '

(C

where T is the holding time in the leach tank

~ = - C
(Cuo =G =3 (Cgo =Gy rOB)_% equation 2

K ©, Wt. 4 7n0 & /

The radius of a particle can also be calculated based on a material

balance:

EE _ 'Zn0 in - Zn0 reacted

3 7n0 in

r
(o]

3
I

r (Zn0 in = Zn0 reacted ) 1/3

Zn0 in

-3
i

- (,us(% 20 3n) - (G, - C, +3 (Cp =C) ) ) 1/3
equation 3

Mo (% ZnO in)

The development of the leach tank model left three equations
(equations 1, 2, and 3) and three unknowns (C, Cps r). The solution
of these equatiogs is a trial and error solution based on assuming a
value for'qA.calculating CF from equation 1, and then us?ng equations

A 2 and 3 to get values for r, The proper value for QA is obtained when
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the two values for r obtained from equations 2 and 3 are equal to each
other,
The first section of the subrddtine calculates an average ?o to
be used in the rest of the calculations. A straight arithmetic-average
did not give the proper results so another method of averaging was

developed : —
£, Wke % Zn0 ‘/s TR

' ‘{ Lf 31Tr13

surface area size 1 =

3 £, Wt. %Zno(”s

T

3£, Wt ¢ Zno ‘Ips
fr2

3 wt. % Zn0 105

surface area size 2 =

total surface'area = t
{r
= 3 f1 Wt. % Zn0 'fs 3 fz Wt. % Zno 495
: +
r r
1 | { %
1 _ £ f
T Tt 4+ 2
o T r,
r = 1
° . . I
o, 2
T T
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This development can be extended_to more size fractions and in the
leach model the particle size distribution of the incoming solids is
divided into ten equal parts,

The ﬁaxt section of the subroutine adjusts the values of the
incoming acid and ferric ion concentrations so they fit equation 1ﬁ
This is done using equation'l and material balance calculations in-
volving the acid and ferric ion concentrations aﬁd the amount of
ferric hydroxide entering the leach tank, This section is required in
case acid or ferrig sulfate is added to the incoming stream, The
addition of either of these components at any point ahead of a leach
tank ﬁill disturb the acid - ferric ion balance. The leach tank is
the only simulation model with the capability of adjusting that
balance,

The nextlsection searches for a minimum value for the acid
concentration, In the acid leach there is more acid present than is
required to leach all of the Zn0, If in thé trial and error calcu-
lafions of equations 1, 2, and 3 more.acid is used in one of the trials,
the model becomes unstable, Therefore a lower limit for the acid
concentration must be establishéd.

The next section in the model makes the actual trial and error
calculations to ébtain C,, CF' and r, This is done by using a gplden

A
" section search for the value of C, that yields the same value for r
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from equations 2 and 3, Once this.is done the remaining fart of ﬁhe
subroutine calculates the amount of each component leaving the leach
tank based on the material balance.

The equipment parameters for the leach tanks are specified in a
vector of Fhe formé ’
EQPJ = J, KC1, KC2, KC3, KC&4, KC5, s, HTC, K, STCL, o s « o o o
sIc , M%0,,
where
J = equipment node number

KC1 = component number of ZnO

KCz

component number of H28q4
KC3 = component number of Fez(504)3
KC4 = component number of Fe(OH)3

KC5 = component number of HZO
s = density of the slurry (1b/ft>)
HIC =

holding time constant (the slurry capacity of the leach
tanks in Tons) '

K = leaching constant

STCi' o o e o o 'STCN = stoichiometric constants based on Zn0O-
(1b of each component produced per 1b ZnO leached)
N = the total number of components (NOCOMP) minus 1; because the

last component is always the gas phase ard the gas phase is not
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~considered in the leach tank model
M*0 = balance of vector up to 25 elements, is filled out with

zZeros




CLASSIFIER

Output 2 (Oversize)

e )

Tnput of GIAS

l

Output 1 (Undersize)

This subroutine divides a solids stream based on a critical
particle size input by the user., The subroutine searches the particle
size distribution of the incoming stream until it finds the particle
size corresponding to the critical size, it then assigns the material
with smaller particle sizes to the undersize stream and the remaining
material to the oversize stream,

If there is a liquid phase in the incoming stream, the sub-
routine assigns part of it to each of the outgoing streams'according to
the weight fraction solids, specified by the user, in the oversize
stream,

The equipment parameter vector for this subroutine is:

EQPJ = J, NS, CR, WFS, 21*0,
where .

J = equipment node number
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NS = number of solid componients

il

CR = critidal radius (inches)

WFS = weight fraction solids in oversize stream




THICKENER

> Output 1 (Bver-
flow)

Inpat  cemeew—a  SETL

v

Output 2 (Underflow)

The equations used in this subroutine are based on a material

balance around the thickener,

Wy
X1 ;
» Wo
i Xo
Wu
Xu

Total material balance
wi = Wo + Wu
Solids balance
WX = WoXo = WuXu

Solve for Wo

Wu =W =~ Wo
i
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WX, = WoXo + W,Xu - WoXu

11
W (X -Xu) = Wo (Xo-3Xu)
1 1
Wo =, X1 - Xu
Xo - Xu
where
Wi = total weight input
X1 = weight fraction solidd input
Wo = total weight in overflow

Xo = weight fraction solids in overflow
Wu = total weight in underflow

Xu = weight fraction solids in underflow

The subroutine qbtains values for Wi and Xi from.the incoming
_ stream data, The user must specify Xo and Xu. The subroutine then
calculates valués for Wo and wp. Once Wo and Wu have beén calculated,
the weights of each component in each stream are calculated based on
the fraction of incoming solid and liquid components goihg to each
output stfeam.
| The equipment parameter vector for a thickener has the form:

. EQPJ = J, NS, Xo, Xu, 21 * 0 !

where

J = equipment node number

NS = number of solid components




FILTER

Output 1 (Filtrate)

Tnput FLTR ——j

lOutput 2 (Filter Cake)

The filter subroutine uses the same equations as the thickener
subroutine, with the overflow replaced by the filtrate and the under-
flow by the filtercake,

The equipment parameter vector is:

EQPJ = J, NS, XF, XC' 21 * 0,
where

J = equipment node number

NS = number of solid components
XF = weight fraction solids in the filtrate
X = weight fraction solids in the filter cake




MIXER

Input ——f MIXR 2 Output

The mixer model will mix up to six incoming streams to form one
output stream, The weight of each component in the output stream
and the total weight of the output streams are calculated in the
model by addition of the incoming values,

The particle size distribution equation of the output stream is
obtained by ordering all of the incoming particle sizes from the
smallest to the largest, and doing a least squares fit of the re-
suliing distribution, The particle sizes are ordered by placing all
of the incoming particle sizes in a matrix and then testing each
particle size in the matrix tp find the smallest one, Once the
smallest particle size is found it is placed in the outgoing
distribution, and the corresponding value matrix is arbitrarily set
to a value of 106, which is above all particle sizes, The process is
repeated until all of the particle sizes are in the outgoing distri—
bution

The last section of the subroutine calculates the average
conversion (ZnS to Zn0) for the outgoing stream by calculating the

arithmetic average of the incoming conversions, The equations de-
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veloped in the roaster model aré then used to calculate the effective
holdipg time in a roaster required to get the average éonversion.
The equipment parameter vector for this subroutine is:

EQUPJ = J, KC, NNN, 22*0,
where

J = equipment node number

KC = component number of ZnS

NNN = number of solid components




ELECTROLYTIC PLANT

Output (Recycle Acid)

Input e el LT

Zinc

The electrolytic subroutine calculations are all user specified,
The user specifies the fraction of incoming zinc sulfate converted to
zinc, and the current efficiency, The subroutine uses the fraction
of zinc sulfate converted to calculate the amount of zinc produced,
From the amount of zinc produced, Faraday's constant, and the current
efficiency the cell current is calculated, The final section in the
subroutine makes stoichiometric calculations to determine the compo-
sition and amount of recycle acid produced.

The equipment parameter vector for this subroutine has the form:

BQPJ = J, KC1, EFF, CEFF, STCL, o ¢ ¢ ¢ ¢ ¢ o .STCN. M*O;;
where

J = equipment node number

KC1

component number of ZnSQu
EFF

fraction of incoming ZnSQu converted to Zn
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CEFF = current efficiency .
STIC{ ¢ o o o o 0 o0 s STCﬁ'= stoichiometric constants (1b of
each compoﬂent produced per 1b of ZnSO, reacted)
N = number of components (NOCOMP) minus 1; because last
component is always the gas phase | |

M*¥0 = balance of vector, up to 25 elements, is filled out with

z2eros

DATA INPUT FOR PLANT STMUIATION

For the purpoée of this demonstration, the zinc plant wasg
divided into two sections, the roasting section and the leaching
section, Figuré 7 shou.s the equipment sequence for the roasting
section, and Figure 8‘shows the equipment sequence for.fhe leaching
section of the Finc plant modeled., The first step in modeling each
of the sections is to place the equipment subroutines used in a
sequence that simulates the section modeled, This is done in Figureé
9 and 10, The next step involves the preparation of the computer
input and will be done step by step for the readers benefit.

The first card in the data deck is the "CLEAN' card, This card
zeros all of the data storage blocks in the prﬁgram. The word CLEAN,

beginning in coltumn one is the only thing on this card,

The title card follows the“"CLEANY card and can have anything on
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it the programmer chooses that fits in the 80 colﬁmnsm For the
roasting section the title card ﬁsed wass

ZINC PLANT SIMUIATION ROASTING SECTION

The remaining cards of the input follow the NAMELIST format, with
all input béginning in the second column of each card, The first
section of input is the YPMLISTY input string, This block of data
creates the equipment sequence and specifies'the input and outpﬁt
streams of each piece of equipment., Each card has the following.formz

KPML = 1, 'ROST', R-11, 1, -2, -3, b0, o
This card specifies that a roaster signified by the user as R-1 is the
first piece of equipment with stream number 1 as input and streams 2
and 3 as output, The remaining four data areas of KPMl are filled
with zeros, The second piece of equipment is a mixer specified as
M-1 with input streams 3 and i? and output stream 4, The card
indicating this data has the form:

KPM 2 = 2, 'MIXR', 'M-1%, 3, 17, -4, 4*0,
One data card éf the above form is prepared for each piece of eguip-
ment similated, The last data card of this block specifies the

" number of components and the component number of each component used,

The roasting section used 6 components (component numbers 1 throught6)

This data .was specified:

NOCOMP = 6, COMPNT = 1,2,3,4,5,6,14%0,

s
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. The next section of input data (EQLIST) is the equipment

parameters, This input depends on actual plant data and the data
used in this simulation is shown in Table » BRach piece of equip-
ment has different input parameters so that each piece of input d;ta
in this section will be examined, |
Equipment Node Number 1 - Roaster
- EQPJ - J, KC, FG; P, T,-Rc; oc, CTC, A, BC, CC, STC, » ; e o o STCy,
M*0

J = Equipment number = 1,

KC = Component number of ZnS = 1,

FG = Standard cubic feet/min gas leaving roaster = 65681,

P = Pressure = 1 atm,

T = Temperature = 1475o F

RC = Critical radius constant = 6,41E-08

0C = Holding time constant for overhead fines = 3,E05 cubic feet

CTC = Holding time constant for calcine = 86,0 tons
AC = agglomeration constant = ,9825
BC = Agglomeration constant = 1,19

CC .= Agglomeration constant = 1,017

STC1 = Stoichiometric constant for component'l (Zns) = -1,
.'S.TC2 = Stoichiometric constant for component 2 (Zn0) =:,835
5T03-=‘Stoichiometric constant for component 3 (Fesz) = -,1148
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STCy, = Stoichiometric constént for component 4 (Fe203) = 0764

ST05 = Sto;chiometric consfént for component 5 (inert material) = O,
The remaining equipment parameters (9) are zero,

' The component nuinbers were established by the programmer when he

set up the problem, The gas rate, pressure, and tempeiature'were ob-
tained from data supplied by Anaconda, and other sourées.(17’ 2?9 2)
The radius constant, holding time constants and agglomeration constants
were determined empirically by trial and error to get fhe output

desired, The stoichiometric constants give the pounds of the corre-

sponding componeﬁt produced/ pound of ZnS reacted,

Equipment Node Number 2 - Mixer

EQPJ = J, KC, NNN, 22*0,,

.J = Equipment number = 2

KC = Component number ZnS = 1,

NNN = Number of solid components = 5,0
Equipment Node Nuhber 3 - Screen

EQPJ = J, KN, SS, STClp'n o o0 o o o eSTCNg M*Q,

J = Equipment number = 3, ‘

KC = Component number. of ZnS = 1,

Ss

‘Screen size (inches) = ,0937

SIC, through STCN = Stoichiometric constants same as in roaster,
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Equipment Node Number 4 -~ Ballmill
EQPJ = J, RE, Kt, 22%0.,
J = Equipment number = 4,

RE

Minimum radius = 1,E-03

Kt

Grinding constant = 11,5802

The minimum radius was determined by extending the lower end of
the experimental particle size distribution curves until they
asymtotically approached a minimum value, The grinding constant was
empirically determined,
Equipment Node Number 5 - Mixer

\Same as equipment node 2 with J Qhanged to 5.
Equipment Node Number 6 - Flue

EQPJ = J, KC, T, K, SIC;» o » o + o » o o SIC, MO,

J = Equipment number = 6,

KC = Component number of ZnS = 1.

T = Temperature = 396° F

K = Precipitator constant = 5,E06

Hi

STC1v e o0 o0 e o o oSICy = Stoichiometric constants = Same
value as use& in roaster,

Equipment Node Number 7 - Electrostatic Precipitator,
The flue and precipitator use the same model so the input has the
same form, In this case only J was changed from 6 to 7 and the

precipitator constant was raised from 8.E05 to 5.,E06 to get a
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higher efficiency.
Equipment Node Number 8 - Flue

This flue is the same as equipment node 6 but J has been changed

from 6 to 8 and the precipitator constant has been raised from

8.E05 to 1,506 to get a higher efficiency. |

Equipment Node Number 9 - Mixer
The equipment paraﬁeter vector for this mixer is identical to
the other mixer vectors with J equal po 9.

Equipment Node N@ber 10 - Roaster

' This roaster is a recycle roaéter and is smaller than the first

roaster, which is really a combination of several primary

roasters, Somé of the constants have been change& to account
for the smaller size but the equipment parameter vector has the

same form as equipment node 1,

.The last data card of EQLIST is the ENAME card, This card is
used to list the equipment nodes specified in PMLIST that have no
equipment parameters, There is room for 50 numbers and in this case
" where all equipment nodes have equipment parameters it has the form:

ENAME = 50%*0,,

SEXLIST is the next block of data, and is used to specify some
of the stream proferties for incoming, intermediate and outgoing

' streams, For this example only the properties of the roaster input
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stream ( Stream number 1) were known, The vectér for this stream has
the form:

SEXJ'—'J,A,B,C,?*O,TW,W,o.ouoooamN’M*O'P

J = Stream number = 1
A = Particle size distribution constant = 1,20496E-03
B = Particle size distribution constant = 1,12046

C = Particle size distribution constant = ,949301
TW = Total weight stream = 350 Tons/day
WF, = Weight fraction ZnS = ,784

1
WF = Weight fraction Zn0 = O,

N

WF = Weight fraction FeSz = ,0899 -

W

TA?F‘}+ = Weight fraction Fezo3 = 9.

WF5 = Weight fraction inert material = ,1261 .

The remaining 6 places are filled with zeros,.

The final data card in the SEXLIST block is the SNAME card that
contains a list of streams specified in PMLIST but not specified in
SEXIST, In this example there are 17 streams but only stream number 1
has its properties specified, so SNAME has the form: ’

SNAME ; 2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,84*0,

The 84 zeros are required to fill out the 100 unit vector,
The remaining stream parameters are placed in the SINLST data

block, The stream parameter vector has the form:

SINJ = Jp F, K, ?*Oo’
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J = Stream nunber

F = Stream flag; 0, = intermediate stream, 1, = feed streanm,

2, = product stream |

K = roasting constant of the ore being used,
In this example stream 1 is anxihput.stream and the roasting constant
for this ore, determined empirically, is .00096, so the-vector has
the form:

SINL = 1., 1., .00096, 7%0.,
There are two procduct streams, stream numﬁer 5 which is the calpiné to
the leach and stream number 12 which is the material lost up the
stack.
These two streams are specified:

SIN5 = 5., 2., 8%0,,

SINi2 = 12,, 2,, 8%0.,
If no parameters need to be specified by the user for intermediate
streams they can be listed in SNAME, In this case 1, 5 and 12 have
been given parameters or are prodgqt‘streams, givipg SNAME the form:

SNAME = 2,3,4,6;7,8,9.10,11,13,14,15,16,17,86*0,

The last section of input KELIST specifies recycle loops, For.
this problem the input can be put on one card in this manner:

KE2

KEl4

2,3,4,5,6,7,8,9,10,41%0, LOOPS = 10, DERROR = 0,05,

5, 9%0,
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This card tells the prdéram that there is one recycle loop'containing
equipment nodes 2 through 10, tﬁe max imum number of calculations
thpough the cycle is 10, with a maximum fractional error of ,05 and
that“éonvergence promotion(sg%l be used on stream 5. If a secondary
recycle loop had been required it would have been specified in KE3.
’ Thé complete data input for the roasting section simulated is
shown in Figure 46 and the computer output froﬁ this caleculation is
shown in Figure 47,

For the leaching segtion of the plant.the data input follows the
same format as tha£ for the roasting section, The name of the problem
was changed to: ZINC PLANT SIMUIATION IEACHING SECTION, and the
product stream from the roasting section became the feed stream for
the leaching section. Only the equipment parameter vectors not dis-

' 'cuésed in the roasting section will be discussed here.,

‘A complete data input-is shown in Figure 48 and the results of

this input are shown in Figure 49,
Equipment Node 1 Leacﬁ Slurry Tank
EQPJ = J, KC1, KC2, KC3, KC4, NS, AR, FR, WFS, 16%*0,

d

Equipment Number = 1,

KC1 = Component number of Zn0O = 2,

Kc2 Coﬁponent number of HéSO =7,

M

KC3 = Component number of Fez(SO‘u)3 = 8,

)
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KC4 = Component number of HéO = 10,

Number of solid components = 6,

NS

AR

Moles Hésqu/mole Zn0 = ,0025
FR = Moles Fez(Sou)B/m01es Zn0 = ,2
WFS = Weight fraction solids = .2
The number given each component is established by the user at the
Beginning of the program. The acid to ZnO ratio, the Fez(SOM)3 to
Zn0 ratio and the weight fraction solids were adjusted to fit the data
supplied by Anaconda for this probiem.
There are several neutral and acid leach tanks in this section
and only one‘will be shown. The one selected is Equipment node 2,
EQP2 = 2, KCi, KC2, KC3, XKC4, KC5, HIC, K, STCi, o o 0 ¢ o o o
STCN, M*0,, |
KC1 = Component number of ZnO = 2.

KC2

1}

Component number of H2304 =7,
KC3

Component number of Fez(SO‘u’)3 = 8,

KC4 = Component number of‘Fe(OH)3 = 6.

KC5 = Component number of HZO = 10,
= Density of slurry = 112,3 1b/ft>
HIC = Holding time constant = 300, Tons

K = Leaching Constant = 6,

ST01, ; o 5 o o o STCN = Stoichiometric constants similar to

those used .in the roasting section,
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but _in this_caée they are based on
7n0 in place of ZnS.° ak
The leaching constant is empirically deterﬁined, and its value

depends on the ore being'procéséed%ﬁﬁ?'

Equipment node 10 Classifier

EQPJ = J, NS, CR, WFS, 21*0,,

. J = BEquipment number = 10
NS = Number of solid components = 6.
CR = Critical radius = 1,21E-03 inches

WES = Weight fraction solids in oversize stream = .20

.Bquipment node 13  Thickener

EQPJ = J, NS, Xo, Xu, 21%*0,,
J = Equipment numbef = 13;
NS = Number of solid components = 6,
Xo =

Weight fraction solids in overflow = 0,0

Xu = Weight fraction solids in underflow = ,60

Equipment Node 32 Filter

The same model was used for a filter as was used for a thickener.
The weight fraction solids iﬁ'the filtrate replaces the weight
fraction solids in‘the thickener overflow,.and_the weight fraction

solids in the cake replaces the weight fraction solids in the
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thiqkener‘underflow¢

Equipment Node 3%  Electrolytic Plant

The electrolytic plant is a part of the leach segtion since it
recycles material back to the acid leach tanks.,
J, KC1, EFF, CEFF, STC.,5 o o o ¢ o & o STCN' M*0, ,

1
Equipment number = 34,

EQPJ

B

J

KC1

Component number ZnSG, = 9.

EFF

i}

Fraction of incoming ZnSQu converted to Zn = .5

CEFF = Current efficiency = .9
STcln o o o s o STCN = Stoichiometric constants based on ZnSQ, .




Executive Program Printouts




Figure 16

C
c
C

o000

" FOLLOWING DUMMY ARRAYS ARE USED FOR 'NAMELIST! RIGID=INPUT GF

00~ O U1 F W PO

$8% MAIN CALLING PROGRAM $$$3$$455355055¢$530$4%9

COMMONZSYSAA/Z TITLE(Z20),COMPNT(20)sKOMNAMIEO)

COMMON/SYSE/ KE1(50)sNEIMAXSKEZ(S50) s NEZMAXSKE3(SC)sNE3MAX
COMMON/SYSB/ KE4{10) s NE4MAXsKRETSKRET2JKRET3

COMMON/SYSC/ LIMIT,LIMIT2,LIMIT34L0O0PsLOGRS

COMMON/SYSD/ KEFLAG(50)sKSFLAG(100)sKTRACEsDERRORSNPFREQs IPUNCH
COMMON/ZEQGPB/ NECALL(SQ)sNEXEQN(S0)sNAME(S0)
COMMON/CONTL/NINANOUTsNOCOMPaNE s NEN

COMMON/PHD/ APC(20),ATC(20)5AVC{20)sAMW(20)5AOMEGI2C) S ADEL(E0) s
X AVW(20),APHIZ20)sBET(20),CAM{20),DTAIZ20)sEXFLAG

LocIcal EXFLAG .

INTEGER .SNAME{10Q)sENAME(S0) s TITLEZCUMPNT

A

TKPMY ) YEQPARV S 'SEXTSV I, AND 'SINTSV! ARRAYSS

COMMON/SYSA/ KPML(10)2KPM2(10)sKPMB(1C) sKPM4(10)sKPMETI40) s KPME(10)
1sKPM211C) s KPMEBL10)»KPMIL10)sKPM10(10) sKPM11(10) s KPMIZ(1C)sKPM13(10
JiKPM44(10) s KPMLIG(10) s KPM16(10),KPM17(10),KPMIB(10)iKPM1S(10)s
KPM2C(10)sKPMZ21(10) 1 KPM22(10),KPM23(10)sKPM24(10)sKFPM25(101,
KPME6(1C)sKPM27110)sKPM28(10)skKPM23(10)sKPM3CI10)sKFME1(10),
KPr32(10))KPM33110)sKPM34110),KPM3E(10)sKPM36(10)sKFM37(101,
KPM3B(1C)sKPM39(10)sKPM40(10) sKPM41L10) s KPMEZ(10) s KPM43 (10T,
KPN##(iC):KPM4S(10))KPM#&(iO):KPMQ?(iO)aKPM#S(10)1KFW49(10!:
KPMSQ (4101 ,KSEM{3,100) s N3MAX
COMMON/EQPA/ EQPT(R28),EQP2(25)4EQP3(251+EQP4{25)EQPEI25)EQPE(25)
1,EQP7(28),EQP8(251,EQPI(25)+EQP10(25),EQP11125),EQP12(25),EQP13(25S

2 ),EQP14(28),EQGP15(25)sEQP16(25),EGP17125),EQP18(25)4EGP19(25) s ,

3 EQP20(25),EQP21(25),EQP22(28)EQP23(25)sEQP24(28),EGP25(251),
4 EGP2€(25),EQP27(25),EQP28(25)sEQP29(25)sEQP30(25)4EGCP31(25),
5 EGP32(25),EQP33(25)2EQP34(25)sEQP35(25),EQP36(25)EGF27(25),

| i
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Figure 16 (contd.)

6 EGP38(25)JEGP39(25)aEQP#O(EJ)JEGPGi(25):5&P42(25):EGP43(251:

7 EQP44(25),EGP45(25),EQP46(25)JEQP47(25),EQP48(25),ECP4S(25),

8 EGPSC{25),NEMAXsMAXEQP

COMMCAN/STMA/ SEX1(231,SEX2(23),SEX2(23)1,SEX4(23)28EXE(23),8EX6(23)

12SEX7(23)1,8EX8(23),SEXI(23)s8EX10(231,5EX14(23),5EX12(23),
SEX13{231,SEX14(23)sSEX15(23)s8EX16(23),8EX12(23)5SEx18(231),
SEX15(23),SEX20(23)sSEX21(23)58EX22123),SEX23(23)sSEX24(23),
SEX25123))SEX26(23)sSEX27(23)sSEX28(23)2SEX29123)2SEXZ0(231,
SEX31123)s8EX32(23)+SEX33(23),SEX34(23)sSEX35(23),SEX26(231,
SEX37(23),SEX38(23),SEX39(23)sSEX4C(23),SEX%41(23)sSEX42(2370,
SEX43(23),SEX44(23)sSEX45(23)sSEX46(23),5EX47(23),SEX48(231),
SEX43(23),SEX50(23),SEXS1(23),8EX52(23),SEX53(23),SER54(237,
SEXB55(23),SEX56123)2SEXE57(23),SEXE8(23),SEXS8(23),SEX6C(2315
BEX61123),SEX62(23)sSEX63({23)sSEXE4L(E3),SEXE5(23)2SEXEe(23]),
SEX67123)sSEX68(23),SEX69(23),SEX70(23),SEX71(23)sSEX72(237)
SEX73(231sSEX74(23)sSEX75(23)s8EX76(23)sSEX77(23)»SEX78(23),
SEX72(231,SEX80(23)sSEX81(23),SEX82(23),SEX83{23),SEX84(23),
SEX85(23) s SEX86(23)sSEXE7(23)sSEX88(23)sSEX89(23)48EXS0(23),
EXSi(23):SEX92(PB)JSEXSS(EB)JSEX94(23)5SEX95(23)JSEX°6(23)J
‘SEX87{23),SEX98(23)sSEX99(23)s8EX100(23) .

8Tt

- COMMONZETMA/ SINi(10)noINE(10)aSIN3(10)pSIh4(10)aSIN“§10)ﬁSIhG(iC)

1,SIN7(1C)1sSINBI1C)sSINS(10),8INIC{10)s8IN11(40),SINLI2(140),

SIN13(10)sSIN14110)sSINIS(10))SINI6(10),SINI7(40)sSINIB(10),
SIN19(10),SIN20(10)sSIN21110),SIN22I10)sSIN23(10)4SINZ4(10),
SIN2E(10),SIN26(10)sSIN27(10),SIN2B(10),SIN2I(10),SINZC(10),
SIN31{10),SIN32(10)sSIN33(10),)SIN34(40)8IN35(10),SIN36(10]),

SINAS(10)a8IN44(10)sSINLS{10):SIN46(1C)sSINA7(10),8INGg(10),
SIN4S({10),SINSO(40)»SINSLII10),SINS2I10),SINE3(40)s8INE4L40),
SINSE(10),SINS6(10)sSINS7(10),SINSE8I10)sSINEI(10)5sSINCO(10),
SINGLI110C),SINE2110),8ING3{10)sSINEL(10),S5INES(10),SINCE(1C),
SING7(10),SIN6B(10)sSINGS(10)sSIN70(10)s8IN71(10),SIN72{10),
SIN73(101,5SIN74(10)2SIN7S5(10)sSIN76(10),8IN?77(101,SIN78(107,
SIN7391101,SIN8Q(10)+SIN8L{10)sSINEB2({10),SINBI(10),SINE4(10),

SIN37110),SIN3E(10)2SIN3IO(10),SINKOILC) s SINAL(10),SING2(40T,

SINBE(10),SIN86(10)sSIN87(10)s8INEB(10),SIN8I(10),SINSO(10},




Figure 16 (contd,)

F SINS1{10)1,SINS2(10)2sSINS3{10),SINS4I10),,SINIE(10)sSINSE(40),
G SINS7(10),SINS8110)sSINII{10),SINIOC{10)sNSMAXIMAXSEXIMAXSIN

C
CIVMENSION KPM(10s50):EQPAR(25550),SEXTSY(234100),SINTSV(1C,2100)
EQUIVALENCE (KPMsKPM1)2 (EQPARIEQP1) s (SEXTSVs SEX1)s(SINTSVs SINY)
C
CONMCB/STRMIN/SINUM(8:1O)JSICNST(1018)JSINOLE(S)J
1SICOMP(1128)08IKY(1048)
CGFNGN/STWOUT/SONUM(8:10)»SOCNST(1008)180P0LE(8)3
150COMP11128)sS0KYV(10s8)
C

18 CALL DREAD
CALL DCHECK( &15 )
CALL DFRINT
20 CalLL sSUBSET
30 CALL BIPRNT
¢o T0 15
END

61T
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Figure 17

SUBROUTINE DREAD

Ceos TYPE 1 -SHCULD CONTAIN WORD !'CLEAN' IN CDLe 1=5
Cess ALL CTHERS ARE TREATED AS TYPE 2 AND DG NOT REQUIRE /PMLIST/ 9V

(@]

OO0

COMMON/SYSAA/ TITLE(20)sCOMPNTI{20)sKCMNAM(BO)

COMMCN/SYSB/ KEA1{B0)sNEAMAX KE2(S50))NE2MAXIKESIS0) »NEZMAX
COMMGN/SYSB/ KE#(10)sNE4MAXIKRET,KRET24KRET3

COMMON/SYSC/ LIMIT,LIMIT2sLIMIT34L0OCP,LOCPS

COMMON/SYSD/ KEFLAG(SO):KSF[AG(100)aKTRACEaDERRORahPFREQ;IFUNCH
COMMON/ZEQPB/ NECALL(B0)aNEXEQGN(S0):NAME(S5C)
COMMON/CONTL/NINSNOQUToNOCOMPSNES NEN-

COMMON/PKD/ APC(EO)pATC(EO)pAVC(EO)aAMW(EC)JAOMEG(EO)iADEL(EO)J
X AVW(20)pAPH(EO)JBET(EO)JGAM(ED)JDTA(EO)JEXFLAG

LCGICAL EXFLAG

INTEGER SNAME(100)sENAME(S0)sTITLEsCOMBNT

AVAILABLE '20' EQUIPMENT SUBROUTINE NAMESI

INTEGER NMLIST(30)/'ROST!'s1SCRN' s ' MIXRYSVGRND 3 VPRERYSYLECK', 'FLUE
AV VFLTRY)VSETL V) 'CLASY s YRLTS Y VELET s 'AMIX Y2 VADD3 V5 VADDAG ' 5 1ADDS Y,
2VADDE 2 YADD7 ' s Y ADDEB 'S 'ADDS 1o VAD1O 5 VADLL Y, tADL2V 4 YADLI3 1 p VADL Y Y
3VAD15Y2 1 ADL6 s YADLT7 s TADLIBY Y VADLISYY

FOLLOWING DUMMY ARRAYS ARE USED FOR }NAMELIST"RIGIDNINPUT CF
'KPM1 s YEQPAR' s 'SEXTSV'I2AND 'SINTSV! ARRAYSe

COMMON/SYSA/ KPMI(10)sKPM2{4C) s KPM3(10)sKPM4{10)sKPME(10)sKPME(10)
1oKEM7(10)sKPMB(10)sKPMI(10)sKPM10(1C)sKPM11(10)sKPMIZ2{10)sKPM1I3(10
JsKPM14(10) s KPMIS(10)sKPMI6(1C) sKPM17(10) s KPMIB(1C) 2KPML9{10) s
KPM20t10) sKPM21(10) s KPM22(10),KPM23(10)sKPM24(10) sKPMES{1C ),
KPM26(1C) s KPM27110) s KPM28(10)sKPM29(10)sKPM30(10)sKPMZ1(101),
KPM32(10)sKPM3310)VsKPM34110)KPM3B(40C)sKEMIE(10)sIKFMI7 (1017,
KEMIBI1C)sKPM39(10) sKPM40(10) s KPME1(10) s KPM42(10) s KPMERIAC),
KPP#Q(iO)oKPM#S(iO)aKPM#é(10);KPM47(10):KPM48(10)§KPW49(1033
KPMSCI10)sKSEM{3,100) 2 N3MAX

o ~$ O U1 & WY

COMMON/EQPA/ EGP1(25)»EQP2(25):EQP3(ES)oEQP#(ES):EQPE(25)1EQF6(25)

1:EQP7128),EQPB(25),EQPS(25),EQP10(25),EQP11(26),EQP12(25),ERBP13 (25

0ct
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Figure 17 (contd.)
)JECP14(25)pEGPiS(25)1EQP16(25)lEGP17(25))EQP18(25)JEGPiS(ES)d
EGP2CIZ8 ), ECP21(25)+EQP22(25) sEQP23(25),EQP24l25)sEGPZES (25T, .
EGP26{ 28 ) ,EGQP27(25)+sEQP2E (28 sEQP2S{28)4EGPIC(251sEGP21(28),
EGP32(25),EGP33125)sEQP34(28)sEQP35(25)+EQP36(25)2ECR37(25)
EGP32(28),EQP39125)sEQR40{28),EQP41(25)1EQP42{25),EGP43(25]T,
EQPu4 (25 ) )EQP45 (25 ) s EQPL4E (28 ) sEQPA7 (28 ) sEQP4BI2S)JEGPES {28 ) s
EQP50({28) s NEMAXs MAXEQP
COMMON/STMA/ SEXi(33)JSEX2(23)JSEX3(23’JSEX4(23’BSEX=(83)JQEXG(EE)
12SEX7(Z23)sSEX8(23)25EXS123)sSEX10(23),5EX11(23)sSEX12(23).
SEX13{23)sSEX14(23)s8EX15(23)18SEXL6{23)s8EX17(23)1s8€EX18(23),
SEX18(23),SEX20(2P3)s8EXR211(232) s SEXZE(23)sSEX23(23)sSEX24(23) s . .
SEX25(231,SEX261{23)s8EX27(23)sSEX28(23)s8EXR29(23)sSEXZ0(23)
SEX31{(23)4SEX32123)28EX33(23)4sSEXIGIC3)s8EXIB(23)28EX36(23);
SEX37(23)JSEX38(23)aSEx39(23?nSEX#O(23)aSEX41(23)&SEX42(23’0
SEX43123),SEX44(23)sSEX4L45(23)sSEX46{23)sSEX47(23)sSEX48(23);
SEX49(23),8EX50(23):SEXS1{23)sSEXBR(23)s8EXB3(23),8EXB4(23),
SEX55(23)JSEX56(23)pSEX57(23)JSEX58(23)35EX59(23)$SEX60(E3)I
SEXG61{23)2SEXG2{23)sSEXE3(23)SEXEL(23),8EX65(23),8EX66t23),
SEX67(23)sSEX68(23)s8EX69(23)5SEX70123)sSEX71(23)sSEXT72(23]),
SEXT3(231)SEX74(23)sSEX75(23)SEX76123)sSEX77(23)s5EX78(23 ),
SEX79(23)JSEXSOLEB)JSEX81(23)lSEXEE(23)JSEX83(23)JSEXS4(23’J
SEXBS{23) s SEXBE(23)»SEXB7(23),SEXB8I22)sSEXES(23)sSERE0(23),
SEX91(23))SEX9E(23,ISEX93(25)JobX°4(23))SEX95(23)JSEX96‘83)9
CEXS7?(23),SEXSBI23)s8EX99(23:rLEX10C(23)
COMMON/STMA/Z SINL(10),SINZ2(10),SIN2(ACISINS(10)sSINS{10)s8SINEI1G)
15SIN7(10)+SINB(40)2SINS(40)sSINAOIAIC»SINI1I(L0)2a8INIZL10)Y
SINI3(10)sSIN14{10)2SINIS(10)2SIN16{10)sSINLI7(10)s8IN1IE(10]),
SIN1S(10),8IN20(10),SIN21110),SINC2I10)s8INC3(10)2SINEL(10),
SIN2E(10)sSIN2EI10)2sSINR7(10)sSIN2EBLA0)sSIN2I(10)s8INZ0(10),
CSIN31(1C)sSIN32(10),SIN33(10)sSIN34(10),SIN3E(10),8INZ6(107,
SINZ7110),SIN38(10),SINSS{10),SINGOIL0)aSINAL(10)s8ING2(10),
SIN43(10)JSIN#Q(iO)JSIN45(10)ESINQG(10)&SIN47(10)JSINQS(10’J
SINGSI1C),SINEC(10)28INS1(10)8INS2{10)1sSINGS3{10)sSINB4(10T;
SINGS(1C),8INS6(10)2SINS7(10),SINE8(1G)aSINSI(1C)sSINEO(10),

00~ O U E WY

MO T>OVE NG TEWR

V3 IR, N I SR\

121




Flgure 17 (contd,)

SIN61(10>JSIN62(10)aSINGE(iO)ISIN&#(1O)JSIN65(1O)ASIN66(1O)J
SING7U10)sSINEGBI10)sSINES(10)sSINZCIIC)sSINTI(10)2SINT2(101),
SIN73(1C)»SIN74(10)sSIN7S{10)sSIN76(10)»SIN77(10)sSINTB(10),
SIN79(10),SINBOCI10)sSINB1I(10):8INER2(10)58INB3(10)2SINEL(10),
SINEEL{10),SINBE(10)sSINB7{410}»SINGR{L0),SINBI(10)5»SINSC(10) s
SING1(10)sSINS2(10)sSING3(10),SINSLI1IC)I,,SINIS(10)sSINSE110Q)
SINSZ7(10)},SINSB(10)»sSINIS{101s8INLIOGI10) sNSMAXIMAXSEXsMAXSIN

Gy TMTMOC NI >

bINENSION KPM(10s50)sEQPAR(25s50) ,SEXTSY(235100),SINTSV(1Cs100)

NAMELIST/PMLIST/ KPM1 2KPM2 sKPM3 sKPM4& SKPMS sKPME sKPNM7 sKPME
1KPNS sKPM10sKPMI1sRPMICsKPMI3sKPML4sKPMIS)KPM16sKPM17sKPM182KPM1S,
2KPMEC0IKPM2L1sKPMZ2aKPM23 s KPM2h s KPM2BsKPM26,KPM27 s KPMY28aKPNMN2SIKFPMI0,
3KPM31sKPMB2sKPM33sKPM34 s KPM3SsKPMB62KPM37,KPM38sKPH39sKPM4CIKPME1 s
4KFP#2:KPP430KPM#Q»KPW#5JKPM#6:KPN479KFN#SJKFMQBJKPFSC&

5 NOCOMPoCOMPNToKOMNAMS IPUNCH

NAMELIST/EQLIST/ ENAMESEQP1,EQP2,EQP3,EQP4,EQPG,EQPEIECP7,EQPS,

1 EQPY,ECPI0,EQP11,EQP12,EQP134EQPL14sEQP15,EQP16,EQPL17,EGF18FEGP1S,
BEQP20,EGPE1,EQP22,EQP23,EQP 244 EQP25,EQP26,EQP27sEQP28,EQFR9IEQP30,

3EQP31+EQP32,EQP33,EQP34,EQP35sEQP36,EQP37,EQP38,EQP3SIEQP4C2EQP 41,
LEQP42,EQP43)EQP 44, EQP4EIEQP46sEQPA7,EQP48,EQP49,EQPECD

NAMELIST/SEXLST/ SNAMEsSEX1sSEX2,SEX3sSEX4,SEXSsSEXE6sSEXT2SEXSE,

1 SEXS sSEX10,8EX1128EX12,5EX13s8EXT14,SEX15,SEX16sSEX17,8EX18,5EX19
25SEX20ISEX21,SEX22sSEXR3sSEXCLISEX25sSEX26sSEX27,SEXZRISEXES,SEX30
3sSEX31sSEXS2,SEX33sSEX34s SEX3E s SEXTEsSEXZT7»SEX3BISEXI3GSsSEX4O0,SEX41
4y SEX42sSEXL3sCEX44 s SEX4DISEXA6sSEX475 SEX4B8,SEX49,SEXTCISEXST,SEXS2

51SEXS3ISEXE4,SEXS5sSEXS564SEXE7 5 SEXS8,SEXSSsSEX60sSEXE1sSEX62,SEXED

65 SEXCHISEXEDsSEXGCEs SEXET s SEXEB) SEXES s SEXTOISEX71sSERT25SEXT I, SEXT 4
7sSEXTSISEXT6sSEX77sSEX78s8EX79,SEXB0sSEX81,SEXB2,SEX83,SEX84, SEXES
8s85EX8658EX874S EXSS;SEX&Q#SEXBO&SEX91£SEXSE;SEXSS&SEXCQJSEXSSaSEXSS
9,SEXS7+SEXS8,SEXTII,SEX100 ~

EQUIVALENCE (KPMsKPM1)s (EQPARSEQP1)s (SEXTSVs SEXL1)s(SINTSV, SINY) |

227




Flgure 17 (contd )

hAVELIST/SINLST/ SNAMEsSINAJSIN2,SINGIBINYISINSSSINGISINTISING,
1 SINS sSIN10,SIN11sSINLI2,sSINI3ySINI4,SINISsSINI6ISINI?2SINIBISINTY
2,SIN20ISIN2LISINZ2,SINC3sSINZY ) SINCE,SINCEsSINC7sSINER,SINATSSINGO
3,8IN31sSIN32sSIN33,SINB4,SINISISIN3EsSINGTsSINIBISINGSISINGO; SING
438IN42sSINAB,SINGA,SINASISINGGs SIN7sSINABSSINGSSSINSC,SINEL,SINER
BsSINS3sSING4sSINSBISINS6,sSINE7sSINGB8ISINGG»SINGOISINELISING2,SINES
6sSINE4sSINGS,SINGG6ISING7sSINGBISINGSISINTOISINTLsSIN?2sSINT3,SINT 4
758IN75sSIN76,8IN77:SIN7RsSINTS;SINROSSINBLsSINSZISINEIISINEH s SINGS
EJ&INSEﬂSIN879SINSB&SINSS:SINSOJSINSi#SZNBEJSIN93JSIN94pSIh95:SIN96
‘95 SING75SIN98sSINGTISINLOO
c
' NAMELIST/KELIST/ KE2sKE3sKE4sLOOPSsNPFREG)KTRACE s DERROR
¢
Cese READ ALPHANUMERIC.HEADER CARD '20A4' FIELD ('TITLE(20} )
¢ . :
17 FORMAT(2CA%4)
3 ITYPE & 2
657 FORMAT (1H1)
WRITE (€s5657)
READ(5254END=200)LCARDL,LCARD2
WRITE(6,395)LCARD1sLCARDZ
INTEGER ICL(2)/iCLEANt/
IF(LCARD1-NEoICL{1)) GO TO 23
. IFILCARD2eNESICL(2)) GO TO 23
& FORMATUI2A4) "
595 FCRMAT (2Xs2A4)

Catl CLEAN

ITYPE =4
Coee 'CLEANT = TYPE 1
Coos CTHERS = TYPE 2

23 READ( 85,17) TITLE
WRITEL 6s47) TITLE
IFtITYPEoNEs1) GO TO 63

€21
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Figure 17 (contd.,)
o
CooREAL REMAINING CONTROL CONSTANTS! COMPONENT ID» AND PROCESS MATRIX
Cos FROM 'NAMELIST/PMLIST/

C
READ( B,PMLIST)
MAXSEXENCCOMP+12
MAXSINELO
MAXEQP=25

c

C SET UP EGUIPMENT SUBROUTINE CALLING NUMBER FROM EQUIPMENT NAME

KvgIDp=g

51 CO 56 K2=1,50
IF{KPM(14K2)+EQ.0) GO TO Se
NEX=KPM(12K2)
NEMAX=KZ

NEX IS EGUIPMENT NUMBER OF PROCESS MATRIX ROW 1w KPM(iJKE)
- KPM(3,K2) IS THE EXTERNAL NAME GIVEN TO THIS UNITe

OO0 0

I=1
53 IF(KPM{2sK2)sEQsNMLISTII)) GO TO 55
IF{I«CT+30) GO TO 54
I=1+1
CC TC £3
54 WRITE( 65108) NEXsKPM{25K2)sTITLE
108 FORMATU('1IN ''DREAD'! EQUIPMENT NUMBER V1,513,711 HAS BEEN GIVEN T
1FE ILLEGAL NAME "0V, A40 0061 //7 1 THIS DATA IS NOT BEING CALEULATED
2e'// ' PROBLEM 111,204 ,1! HAS BEEN VOIDEDs!)
, KVOID=1 ‘ '
55 NECALLINEX)=sI
NAME(NEX )=KPM(2,K2)
NEXEGNINEX)=KPM(3,K2) ' -
56 CONTINUE '

Al




Figure 17 (contd.)
c : '

C IF THE NUMBER OF EQUIPMENT SUBROUTINE NAMES OR AN EQUIPMENT SUBROUs

C  TIME NAME ITSELF IS CHANGEDs» SUBROUTINE- VEQCALL' MUST BE MCDIFIEDS

c : s ,  BE RUL

53 CONTINUE
B0 62 J=1sNEMAX
IFIKPMI1sJ)sEQs0) GO TO &2
CO 61 I=2,8
61 KPM{IsJdreKpM(I+asd)
62 CONTINUE
63 CALL Z2EROX(ENAMEsS0)
c .
CosREAC 'EQPAR'(BY USING EQP1=EGP50) AND 'ENAME '
"READ(  BsEQLIST)
DO &5 Im1sNEMAX
JEENANME(T)
IF(JeEGeG) GO TO 65
IF(ABSIEQPARI15J) 1oL Te1eE=20) EQPAR(1sJ)=d

C - WRITE( :6466) Js (EQPARIKsJ)sK=1,25)
65 CONTINUE |
C 66 FORMAT(! EQPAR(4s1,12,%)=!,4061002/(13X54061062))
: CALL ZEROX(KEFLAGJ50) ' _

CooREAD 'SEXTEV'!(SEX1 =SEX400) AND 'SNAME! .

c

CALL ZERGX(SNAMEJ100)
c

READ({ S,SEXLST)
LU 68 I=1s400"
JESNAME(T)
IF{JeEGsC) GO TO 68
IF(ABSISEXTSVI(isd))eLTo1:E=20) SEXTSV(1isd)ed
c WRITE( 6,6%) Js(SEXTSVI(KsJ)sK=1,23} '
68 CONTINUE . ‘

ger




.Figure 17 (contd,)

C

68

70

c

FORMATU! .SEXTSVI1,1,12:0 )=

CC 70 I=1:10¢C

IF(ABSISEXTSVI{1,s1)) ¢GTo.

CONTINUE

CesREAC 'SINTSV'( SINi=SIN10O)

C

C
- C
C

C2¢REAC EQUIPMENT

Cos

"C

72

73

CALL ZERCX({SNAME,»100)

REAC( 'S»SINLST)
CC 72 I=1,NSMAX

WeSNAMELT)

IF(J¢EQ20) GO TO 72

IF(ABS(SINTSV(1,J))elLTolsE=20)

1=E“20)

AND

'SNAME!

WRITE(L 6273) Js(SINTSVIKsJ)sK=1,10)

CONTINUE

FORMAT (' SINTSV(15'312st )i )F3s0sF4eCs

CALL ZEROX(KSFLAG»100)

NSMAXZE]

SINTSVY(isd)=d

28G1003)

LISTS FOR RECYCLE CALCULATIONSs KEZ,

THEIR CONTROL CONSTANTS NE2MAXs NE3MAX AND NE&MAXe

75

76
77

78
79

80

READ( E,KELIST)

WRITE( 6&2KELIST)

NESMAXEQ
NE3MAX=Q
NEEMAREQ

DG 76 Is=s1s50
IFIKE2(I)eEQs0)
REZMAX=ANEZMAX+1
CO 78 I=1s50
IF(RE3(I)sEQeQ)
NEIMAXENE3MAX+]
0 8C I=1,10
IF(KE4(I)eEQeQ)
NEL4MAXENEL4MAX+1

GO TO0 77

GO 70 79

GO TO &1

'52F300,11C103/30X,10G10%3 )

KE3 AND KE4

WILL RE .CALCs

9ct




. Figure 17 (contd,)

c

C

81

g2

83
8%

 N3MAX=8

IF(KVOIDeGTs0) GO TO 3
IF{ITYPEsNEs1) RETURN

CO 83 K=Zs8

I=10aK '

CO 82 J=m1sNEMAX
IF(KPM(IsJ)sNEsQ) GO TO 85
CONTIMUE '
N3MAX=NIMAX=1

CONTINUE

BUILD UP THE STREAM CONNECTION MATRIX KSEMe
- CO 187 Mi=41,NEMAX

188

180

191
182
188
187

200

seseece o PUNCH OUT DATA BLOCK TO RESUBMIT THE CASE STUDYtcssosodsssan

IF(KPM(1sM1)eLE.O) GO TO 187
FeeKPM{1sM1)

DO 189 M3=2,N3MAX
IF(KPMIM3IML)) 19154875190
Mée (KPR (IM3sM1))

KSEM(3sM4 )eM2

¢e To 1s2

Mpea (KPMIM3IM1))
KSEM{2sMi M2
KSEM(1sMb)aMy

CONTINUE

CONTINVE

RETURN

STOP

ENTRY DPUNCH
RETURN
END

A
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Figure 18

c o
CosTHIS SUBROUTINE ZEROS FOLLOWING COMMON STUGRAGES 8BY CALLING SUBRQUTINE

Cos
Cos
Ceos
c

SUBROUTINE CLEAN .

T VZERUXU{IARRAYZISIZE) !
COMMON /SYSA/J/SYSB/:/SYSD/:/EQPA/J/EQPB/:/STMA/a/STRPIh/ AND

/8TMOUT/ + /SYSaAA/

COMMON/SYSAAZ TITLE(20)sCOMPNT{20)sKOMNAM(80O)

COMMON/SYSA/ KPM{40,50)KSEM(35400) s N3IMAX

CoMMON/SYSB/ KE1(50)sNE1MAXSKEZ(S0) sNESMAXIKES(50) sNE3NMAX
COMMON/SYSB/ KE4UI40) s NE4MAXSIKRETIKRET2IKRETS '

COMMON/SYSD/ KEFLAG(SO):KSFLAG(iOO)JKTRACEJDERRORaRPFREOoIPUNCH
COMMON/ZEQPA/ EQPAR(25,50)sNEMAXSMAXECP .

COMMON/EQPB/ NECALLI(50),NEXEQUNIBO)INAMELSO)

COMMON/RXMS/ NESAVE(20)

COMMON/STMA/ SEXTSVI23,100),SINTSV(1Cs10C) sNSMAXIMAXSEX2MAXSIN
COMMON/STRMIN/SINUMIE510)»SICNST(1028)5SIMOLE(8)
1SICOMP(1128)58IKV(10,8)
COMMON/STMOUT/SONUM(B210)sSOCNST{10s8)2SOMOLELR),
1S0COFP(1158)5S0KV(10,8)

CIMENSION. ISYSA(SOi)oISYSBt&&?)aISYSD(&S%)»IEQPA(iESr)JIEGPB(iSO)
CIMENSION ISTMA(3303)sISTINIA40O8)ISTOT(4CE)IISYSAA(L20)
EQUIVALENCE (ISYSAKPMIs(16YSBaKEL)s {1SYSDsKEFLAG) s L IEQPALEQPAR),
1 (IEGPE;RECALL):(ISTPA;SEXTSV))(ISTIh:SIhUM’a(ISTOTJSONUP)A
2 (ISYSAA:TITLE)

CALL
Call
CALL
caLl
CALL
CALL
CaLLl

CALL

ZEROX(ISYSAA;iZO)
ZERCX(1ISYSA»801)
2EROX(ISYSBs167)
ZEROX(ISYSDs154)
ZERCX(IEQPA»1252)
ZERCX(IEQPB2150)

ZEROX{ISTMA23303)

ZERCX(ISTINI408)

MAN

get

HornT

ra




Figure 18 (contd,) ,
CALL ZEROX(ISTOTs408)
CALL ZEROX(NESAVE»20)

RETURN
END

621
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Figure 19

-SUBROUTINE ZERU (AsN)

CIMENSION A(N)
0C 3 I=1sN
AlI)=0s
RETURN

ENTRY ZEROX(K4N)
CIMENSION KI(N)
E0 1 I34uN

K (I)=0

RETURN

END

0€T




. Figure 20

C
C

SUBROUTINE DCHECK{ =« )

" COMMON/SYSA/ KPMU10,50)2KSEM(35100)sN3MAX

RE

10

[A N

22
24

26

28

COCMMCN/STMA/ SEXTSV(233100)aSIhTSV(iOJiOO’aNSMAXJHAX“EXJMAXSIN
TURN 1 HAS BEEN USED

LOGICAL FLAG
FLAG=sFALSEo

WJuQ
EO 10 I=1,NSMAX
IF(KSEM(421)4EQe0Q) GO TO 10
IF(KSEM(2,1)sEQe0cANDIKSEMIZsT)EQe0) GO TO 2
CIF(KSEM(Z2o1)6EQ +OsAND o eNOT ¢ (ABS(SINTSVI2,1)=14)eLTsCsC0140R"

1 ABS(SINTSV(2:1)=36)sLTe0:001)) GO TO & '
IF(KSEM(347)¢EQsOcANDsABSISINTSV(2s 1) =20 )eGTe04001) GO TO 6
CONTINUE
G0 TO 8
WRITE( .gs22) 1
FLaCG=»TRUE
‘€0 TO 10 .

KRITE( &s24) 1

GO To 3

WRITE( 6426) 1

Co To 3

IF¢eNCTsFLAG) RETURN

WRITE( ¢€s28)

RETURN 1

FCRMAT('C STREAM NOo'sI4s' HAS NO CONNECTING EQUIPMENTSe!)’ "
FORMAT('C STREAM NOo's514,!' APPEARS AS A FEED STREAM IN THE PROCESS

1 MATRIX BUT IS NOT CODED AS SUCH IN THE STREAM VARIABLES MATRIXe!)
FCRMAT('C STREAM NOs'sI4s' APPEARS IN THE PROCESS MATRIX AS A PRGD

1L$; STREAM BUT 1§ NOT CODED AS SUCH IN THE STREAM VARIABLES MATRIX
D
FORMATHYIQV/// Y #axxn COMPUTATION 'FOR THIS DATA SET WILL .BE TERMINAT

1ED. 1) .

END

MAN

€T
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. Figure 21

SUBROUTINE DPRINT

COMMON/SYSAA/ TITLE(20),COMPNT(20)sKOMNAM{RO)

'CUMMCON/SYSAZ KPMU10:50)sKSEMI35100)sMN3MAX

comMon/s/sYSs/ KEifSO)aNEiMAXaKE2(50);hEEVAXJKES(SO):NE3VAX
COMMON/SYSB/ KE4(410)sNE4MAXsKRETIKRET24KRET3

_COMMON/SYSC/ LIMITLLIMITZ2,LIMITI,LO0P,LOCPS

CCMMON/SYSD/ KEFLAG(S50)sKSFLAG(100)sKTRACEJDERRORSNPFREQ) IPUNCH
COMMON/EQPA/ EQPAR{25,50)sNEMAX2MAXEGP

COMMON/ZEGPB/ NECALL{S5Q)sNEXEQN(50)sNAME(SC)

COMMON/STMA/ SEXTSVI(23,100)sSINTSV(1Co100)sNSMAXIMAXSEX S MAXSIN
COMMCN/CONTL/NINsNOUTSNOCOMP s NE s NEN

"INTEGER .COMPKT»TITLE

18 WRITE(6,19)

19 FORMATI VLAY ///7/7/72(6X050( et )/)08%X,18('e1),1 C HE S8 t,18(1s1)y
1 2(5Xs80( et )/ )s5Xs5 8002 ;TEFs e0e) y8XstasslsT20, 'UNIVERSITY OF HOU &
ECTGN'JT:QJ'odo'/=X9'606';T531'°°0'/5Xﬂ'060 CHEMICAL ENGINEERING
SSIMULATICN SYSTEM 'baﬁ'/SXJ'°¢°’3T533'ono’/2(5X550('G')/)aSXJ
4 18(tef )yt C HE S S tsi9(tet)/2(BXa8000at)/))

Cx¥PRINT PRCUCESS MATRIX HEADING, THEN PROCESS MATRIX

C

WRITE( 6,22} TITLE i
22 FORMAT(11t,20A4//18%: ' ' 'PROCESS VECTCRS! 1 //0V woseas EQUIPMENT oo
Clees ) 13X, VSTREAM NUMBERSU!/1. NUMBER SUBROUTINE NAME'
LG .24 Te1,NEMAX ' '
IF(KPM(1s 1)eLE«O) GO-TOQ 24 ,
WRITE( 6s26) KPM{1sI)aNAME(TI)ANEXEGN(I) o (KPMIJsI)sJ=2sNEMAX)
24 CONTINLE | :
26 FORMAT‘/15)7X3A4)5X1A486X391§’

b

C+»WRITE STREANM AND EQUIPMENTS CONNECTION

WRITE( €227) TITLE

27 FORMAT{Y1',2CA4//723Xs "1 'STREAM CONNECTIGNS‘"//EEX;'cTREAN‘IQXa‘EQ
1UIPMENT ' /30X 'FROM ToV )
CC 28 I=1sNSMAX

N

.

vl




Figure 21 (contd,)

IF(KSEM{151)1:EQ:Q) GO TO 28
KRITE( 6429) (KSEM(JsI)sd=1,3)
‘28 CONTINUE
‘28 FORMAT(/20X5165217)
WRITE(64,30) TITLEJNOCOMPsNEZMAX)NEIMAXS (COMPNTII) s I=1iN0OCONP)
-30 FORMAT('1%,2CA4//12Xs "' 'OTHER .SYSTEM VARIABLESY14//-
1! NUMBER OF COMPONENTS'sT48,14//1 NUMBER OF ITEMS IN RECYCLE LIST( -
CBKE2)'saT48s14/' NUMBER OF ITEMS IN RECYELE LIST(RE3)'sT45,I147/
‘3¢ COMPONENT -NUMBERS USED'sT42512)9(1Hs312)/7(T41210(1ks252)) )

1=2 '
IF(NEBMAXONEsO) WRITE( 6s40) T4(KE2(dJ)sJelsNEZMAX)
1=3 '
IF (NE3MAXONESO) WRITE( 6s40) Is(KE3(J)sJ=1sNEBMAX)
) IF(NE4MAXONEsO) WRITE( 6s41)  (KE&{J)ad=1sNESMAX)
51 FORMAT(VOSTREAMS USED IN CONVe ROUTINEIKE4) 'aT42512,541Hss12)/7(T4e &
1,10(1Hss12) 1) : C ' w
40 FORMATIVORECYCLE L1ST KE's115T42,12,914Hs212)/(T4151C (4 Hs012)) ]

WRITE( 6s42) DERRORs LOOPS :
42 FORMAT('OTOLERANCEs ''DERROR''1,18XsF1Co4//!' MAXs LOCFS IN RECYCLE
4 CALCo ', Tas,14)
RETURN 77 -
" END

it | —_— T




Figure 22

EsEaNaXal

a0

C
c
C

27 DO 42 T=2sNIMAX

SUBRUBUTINE SUBSET

COMMON/SYSAA/ TITLEL20)sCOMPNTI20)sKOMKNAM(RO)

CUMMON/SYSA/Z KPM{10s50)sKSER{3,100)sN3MAX

COMMON/SYSB/ KE41(BO)sNELMAXSKE2IS0)sNE2MAXIKES(S0)INEIMAX
COMMON/SYSB/ KE&4{410)sNE4MAXIRRETIKRETR2IKRETS3

COCMMON/SYSC/ LIMITSLIMITRZLIMITZsLO0OPsLOOPS

COMMON/SYSD/ KEFLAG(SO0)sKSFLAG(100)sKTRACE,DERRORSNPFREQS IPUNCH
COMMON/EQPA/ EGPAR{25,50)sNEMAXIMAXEQP

COMMONZEQPB/ NECALL(B50)sNEXEGN{S0)sNAME(50)

COMMONASTMA/ SEXTSV(EaaioO)ASINTSV(1CaiOG)aNSMAX:MAXQEX:FAXSIN
COMMON/CONTL/NINSNOUTsNOCOMP s NE s NEN

MNAMELIST/FLLIST/ KEFLAGIKSFLAG |
IF(IPUhCHuGEoi) GO TO 61. : o .
KRETZ2=0 ' ;

SAVEZ &NEZ2MAX

SAVE3 '=NE3MAX

FEED STREAM FLAGS ARE (+1)c UNUSED EQUIPe AND STREAM ARE (1),
UNKNOWN STREAMS ARE (0) AS ARE EQUIPs NOT COMPUTED.
KES IS '+4' IF ANY EQUIPMENT IS CALCULATED IN KPM SCAN IN SUBSETe
CALL SCAN ' ‘ ‘
21 KES=0
LOOP = © ,
START PROCESS MATRIX SCAN COLUMN BY COLUMN

22 00 24 I2=1:NEMAX
NE=KPMI({1,12)
IFINE) 24024026

26 IF(KEFLAGINE)eNE®Q) GO TO 24

START SCAN OF COLUMN OF UNCALC'D EQUIP» LOOK AT SIGN OF STREAM

"_751

T T




Figure 22 (contd.)

C
C
.C

C
c
C

g X e (eNeNeRgN g

CHECK SIGN OF. .STREAM IN PROCESS MATRIX
28 IF(KPMII »I2)) 44,42,29

IF STREAM IS INPUT SEE IF IT IS KNOWN: IF NCT GO TO NEXT EQUIPMENTs

29 I16=KPMII »12)
40 IF(KSFLAGtxs)oLEuO) GO TO .24 -
42 CONTINUE
OUTFUT STREAM REACHED WITH INPUTS KNOWN
CALL OUT SUBRCUTINE OF EQUIPMENT INE'c CALCos OUTPUT :STREAMS
44 CALL EGUIP
CALL EQcaLL
CaLl REGUIP
46 KES=1
47 KEFLAGINE)=1
SET OUTPUT STREAM FLAGS FROM 0. TO 1

GeT

48 CO S50 I7=2,N3MAX
18=KpMIlI7412)
IF({I8+GE-0) GO TO SO
I18==718
KSFLAG{I8)=1

50 CONTINLUE

24 CONTINUE
THIS COMPLETES A 'SCAN OF PROCESS MATRIX CCLUMN BY COLUMN

IF KES IS 4 RESCAN PROCESS MATRIX

IF KES IS 0, SEE IF ALL EQUIPs HAS BEEN CALCe IF NGT 60 70 RCYCLE

- 85 IF(KES*GT«Q) GO TO 21

ARE ALL EQUIPe KNOWN? IF NOT GO TO RCYCLE

A




Figure 22 (contd.,)

CO 58 Ig=1,NEMAX

IF(KEFLAG(IS)eNE«O) GO TO 58

IF(IPUNCHoLTsO «ANDs KRET24EQe0) WRITE!7,FLLIST)
C START TRIAL & ERROR CALCULATION OF RECYCLE STREAMS

61 CALL RCYCLE

c
C 1IF KRET2 IS 2, EQUIPe LIST FOR RECYCLE CALCs NOT AVAILe IN !'RCYCLE!
IF(KRETZ2eNEe2) G0 TO 21
CC To &7
58 CONTINUE
C

C 'SUBSET! LOOP COMPLETE
67 NE2MAXESAVEZ
NE3MAXESAVES
RETURN
END

9T |

T € ) W h1]




Figure 23
: SUBROUTINE SCAN ‘
COMMON/SYSA/ KPMI10550)sKSEMI3,100) s N3MAYX
COMMON/SYSD/ KEFhAG(SO)aKSFLAG(iOO);KTRACE:DERROR:&PFREQ:IPUNCH
COMMON/EQPA/ EGPAR(25550)sNEMAXs MAXEQP

COMMONZSTMA/. SEXTSV(ESJiOO):SINTSV(10:100):NSMAX:MAX°EX;HAXSIN
CO 8 I =1,NSMAX

IF(SEXTSVI151 1)) 5s5,3

3 IF(SINTSVIRsI )=lo) 706457

C FLAG UNUSED STREAM NUMBERS AS o
5 KSFLAG(I }e=ail
¢o0 TC 8

C FLAGC FEED STREAMS EQUAL TO 1
6 KSFLAGII )= 1
GO TO 8

C FLAG PRODUCT AND INTERMEDIATE STREAMS EGUAL TO O
7 KSFLAG(I )= 0
8 CONTINUE
BO 9 T =1,NEMAX

C FLAG UNUSED EQUIPMENT NUMBERS AS =14y OTPERS AS O
KEFLAGLI)=0

IF(KPM(1s1) «GTe O } GO TO 9

KEFLAGII ) = =g

CONTINUE

RETURN

END

w
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Figure 24
SUBROUTINE RCYCLE
COFMON/SYSA/ KPM(10s850)sKSEMI{3s100)sRN3IMAX
.COMMCN/8YSB/ KE1{50)sNE1IMAXSKER (50)JNEEMAXJKEBCSO)ANESPAX
COMMONZSYSB/ KELT10) s NESMAXSKRETIKRET24KRETS
COMMON/SYSC/. LIMITSLIMIT2sLIMITI:L00PsLOOPS
COMMON/SYSD/ KEFLAG(ﬁO)oKSFLAG(100’JKTRACEJDERRORANPFREQJIPUNCH
COMMCN/CONTL/NINSNOUTsNOCOMPsNEsNEN
COMMON/EQPA/ EQPAR(25:50) s NEMAXSMAXEQP '
‘COMMCN/STMA/ SEXTSV(233100)&SINTSV(10&100)JNSMAX»MAXQEXJPAXSIN
INTEGER ' LKEE/'KEae'/aLKES/'KESo'/
IFINEBMAX ¢EQe Q) GO TO &
L0 2 I=1sNE2MAX
2 KE1{IVY2KE2(T)
NE1MAXSNEZMAX
NEZMAXZ2(Q
WRITE( 6s3) LKEZ
3 FORMAT("1»sex2BEGIN TRIAL AND ERROR RECYCLE ‘CALCULATIONS WITH EQUI
1PMENT LIST 1544)
GO TO 10
<. 4% IFINE3MAX sEQe 0) GO TO 8
CO 5§ I21,NE3MAX
6 KE1(I)=KE3(I) "
NEIMAX=NESMAX
NEJMAXZC
WRITE! 6:3) LKE3
¢ To 1¢
8 WRITEL 6s,9)
9 FORMATI'Cruxx2RECYCLE COMPUTATION REGUIRED BUT EQUIPa LIST WaAS NOT
1 SUPPLIED®»w»sx?)
KRETZ2=2
RETURNMN
10 LCOP=1

35 LIMIT2%0

gET

(¥l i B




Figure 24 (contd.)

on

0o

OGO

WRITE(6,36)L0O0P
36 FORMAT(!Ceso BEGIN VILOOP' sT4s 11 sost]
I' IS COUNTING INDEX FOR KE4

DO 86 I=1,NE1IMAX
37 NE=KE1( I}
CALL EQUIP
CALL EQCALL
CALL TEsT
: CALL REQUIP . :
IF LIMIT 1S ZERQs CONVERGENCE OBTAINED FOR EQUIPs KE4( I}
NUMBER OF ITEMS EXCEEDING DERROR IS VALUE OF LIMIT
IF(LIMIT) 86s86,68 ‘ ‘
68 LIMIT2ELIMITZ+1

86 CONTINUE

87 IF(LIMITZ2sGT+0) GO TO 113

CONVERGENCE OBTAINED IF LIMIT2 IS ZERG :
 co To 13 |

CHECK NUMBER OF LOOPS THRU KE1

113 IF(LOOPS=LOOPSLESO) GO TO 116

IF(NPFREQsEG@s Q | GO TO 115 »
IF(LCOP/NPFREQu#NPFREQSEQeLOOP) CALL PTPRNT

© 118 LCeP=LOCP#+1

(g N 9]

o Nel

G0 THRU KE1 LIST AGAIN

€0 TC 35 , .
MAXIMUM NUMBER OF LOOPS TRIED WITHOUT CONVERGINGS

116 WRITE( 6,117}
117 FORMAT{'Qux»x*EQUIPMENT CALCULATIOM LOGGP DID NOT CONVERGE COMPUTA

3




Figure 24 (contd,)

1TIONS WILL CONTINUE« ')

13 CO 14 I=1,NE1MAX
KskE4(1)
KEFLAG(K) =14
CO 12 J=2 N3MAX
LakPM{daK)
IFtL) 11014512
11 L==L ' :
~ IF(KSFLAG(L)sEQeOQ) KSFLAG(L)=1
12 CONTINUE
14 CONTINUE
kRITE( 6:416)
16 FORMAT('Qwxxx% END OF RECYCLE CALCULATIONS(/////)
KRET2=1
RETURN
END

ot
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Figure 25

Oo0n

SUBROUTINE. EQUIP
COMMONIBYSA/ KPMI10s50) s KSEM{34100)sN3IMAY
COMMONZSTMA/ SEXTSV(EBAiOO)oSIhTSV(iC:iOO)ANSHAXJMAXSEX:NAXSIN
COCMMON/CONTL/NINSNOUTsNOCOMPINE s NEN
COMMON/STRMIN/SINUMIB,10) s SICNST(1CsRY3SINMOLE(RY S
15ICOMP(14s8)48SIKVi10,8)
CGVMCN/STMOUT/SONUM(8&10)JSOCNST(iclS)}SCNQLE‘S)J
1850COMP(112,8)2S0KV(10s8)

t2t ENTRY PCINTS!: EQUIP & REQUIP
CIMENSION STIDUMIB,10) 5S80IDUMIR,10C)
EGQUIVALENCE (SINUMsSIIDUM) ., (SONUM,SOIDUM)
K =14 . .
iJ =1
O .20 L2=2sN3MAX
L3 =RPFPILZ2sNE)

13 IS THE STREAM. NUMBER OF KPM&COLUVN(NE)

21 IF(L3) 24)23:22

SET INPUT STREAMS IN COMMON/STRMIN/

22 BC 25 I =1,NCCOMP

25 SICOMP(I»K)=SEXTSV(I+12s:L3) -
SIMOLE(K)=SEXTSVI12,0L3) .
C0 51 I=1s10 : .

51 SICNST(IsK)=SEXTSV(I+1sL3)
BO 287 1 =1sMAXSIN .

27 SIIDUNMIK #1 )=SINTSVII sL3)

28 K =K +1
€6 TC 20

24 NIN=K =1 _

NIN = NUMBER OF INPUT STREAMS

SET OUTPUT .STREAMS IN COMMON/STMOUT/
30 L3=%L3

Ll
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Figure 25 (contd,)

53

3z

34
35
20
23

C NOUT = NUMBER OF QUTPUT STREAMS

CO 53 I=1,10
SOCNSTIIaJI=SEXTSV(I+1,L3)
CO 32 I =1,N0COMP
SCCOMP{I,J)=SEXTESV(I4+12,L3)
SOMOLElIJ)=8EXTSVI12,L3)

CO 34 I =1,MAXSIN =~
SOIDUMIJ aI )=SINTSVII ,L3)

Wo=d e

CONTINUE
NOUT=d =1

RETURN

T

™T
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F:'Ll'gure 26

c
C
d

#x% REQUIP xax
SET CALCs OUTPUT STREAM VALUES IN SEXTSV & SINTSV

58

41

43
39

57

b

45
46

ENTRY REQUIP

CO 3% I =1,NCUT

J =SOIDULMIT s1) % 01

CO 55 K=1,10 ‘
SEXTSVIK+1,J)=SOCNST(KsT)
0O 41 K =1sNOCOMP
SEXTSVI{12s,J)=SOMOLE(T) .
SEXTSVIK+12,J)=8S0COMP{KsI)
CO 43 K =1,MAXSIN .
SINTSVI K +J )=SQIDUMII » K )
CONTINUE

CO 46 I=1sNIA
K=STIDUNM(I,1) + «01

CO §7 dJ=1:10
SEXTSY(U+1sK)=SICNST(JsT)
CO 44 J=1,NOCOMP
SEXTSVIJ+12,K)=STICOMP(Js])
SEXTSVI12,K1=SIMOLE(T)

CO 45 JelsMAXSIN

SINTSV( JsK)=SIIDUMIIsJ)
CONTINUE

RETURN

END

4T
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Figure 27

SUBROUTINE EGCALL ' MAN
COMMON/SYSD/ KEFLAG(BO)sKSFLAGII00) s KTRACEIDERRORINPFRERS IPUNCH.
COMMON/EQPB/ NECALL{BSO0))NEXEQN{S0)sNAME(SG)
COMMON/ZCONTL/NINSNOUT s NOCOMP 2 NEJNEN '
COMMON/STRMIN/SINUMIBI10) s SICNST(1048)5SIMOLE(B)
18ICONMP(11,8)sSIKY(1028)
NAMELIST/DATAINY/ SINUM:SIVPFRJSITEMP:SIPRESJSIENTH:SIWCLE:CICOVP
IF(KTRACEsGTs C ) WRITE(6,60) NEsSNAFE(NE) '
IF{KTRACE oEQes 2 ) WRITE(G,DATAIN)
60 FORMAT('ONOW CALLING EQUIPMENT 54,0 “"'JA#I"'G')
NEGUIPENECALL (NE)
GO 7O (1;2;334:5:6:71839:10:11:12»1311@11“;16117:18:19:20:21;223
1 23,24025+26527,528029230)aNEQUIP
1 CaLL ROST
RETURN
‘2 CALL -SCRN
RETURN
Cal.L MIXR
. RETURN
4% CALL GRND
RETURN
5 CALL PREFP
RETURN .
¢ CaALL LECH
RETURN
7 cALL FLUE
RETURN
8 CALL FLTR
RETURN
9 CALL SETL
RETURN ™
10 CALL CLAS -
FETURN .
11 caLL RLTS S . e : o —

yut’

x)

T ¥
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Figure 27 (contd.)

12
13

14
15
1¢
17
18
15
20
21
22
23
24
25

26,
27

28
29
30

RETURN’
CALL ELET
RETURN
CALL -AMIX
RETURN -
CCNTINUE
CONTINUE
CONTINUE
CONTE NUE
CONTINUE.
CONTINUE "
CONTINUE
CONTINUE
CCNTINUE
COGNTINUE
CONTINUE
CONTINUE
CONTINUE
CONTINUE

CONTINUE

CONTINUE
CONTINGE
RETURN
END
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Figure 28

SUBROUTINE TEST

COMMON/ZSYSB/ KE1{50)INEIMAXSKEZ2(50)sNEZMAXSKES(B0) sNESMAX
‘COMMON/SYSB/ KE4({10)sNE4AMAXIKRETIKRET24KRET3

COMMON/SYSC/ LIMITHLIMIT2,LIMITR,L.00PsLOOPS

COMMCN/SYSD/ KEFLAG(SO)JKSFLAG(iOO)JKTRACEJDERRORJNPFREQJIPUNCH
COMMON/CONTL/NINSNOUToNOCOMP s NESNEN

COMMON/STMAZ SEXTSV(23,100)sSINTSVI{1C,100) s NSMAXIMAXSEX s VAXSIN
CGNFGN/STMOUT/SONUM(8110)JSOCNeT(1008)JSOVOLE(8)u
180CONMP(1128),S0KV(10,8)

CIMENSION SOIDUMIB410)

EQUIVALENCE (SONUMsSOIDUM)

LOCICAL FLAGJFFLAG

REAL SAVEX{1Cs20)/7200%Ce/sSAVEF{(10s20)/7200%0e¢/°
REAL SAVEQ(10s20C)/200%1 e/

LIMIT=0 J

LIMIT3=0

I=1

J=SOICUNMIT,1) + 0601

IS CUTFUT STREAM NUMBER OF EQUIPe(NE) : )
E 'DERKRCR' TO CHECK OUTPUT STREAM VALUES AGAINST 'SEXTSV!,'SINTSV!

TMOLE=SEXT8V(12,4d)

IF(ABSUTMOLE) eLTe1eE=20) GO TO 21
IF(ABS{(TMOLE=SOMOLE{I))/TMOLE) eGTeDERROR) LIMIT3=LINIT3+1
GO0 To 22 .

IF(ABS(SCMOLE(I))eGTDERROR) LIMIT3=LIMIT3+1

€0 To 22

CONTINUE -

K=3

SINK=SINTSV(KsJ)

CIF(ABS(SINK)eLTeo14E=20) GO TO 25

ot




Figure 28 (contd,).

IF(ABS((SINK=SQIDUM(I+K))/SINK)sGT«DERRCR) LIMIT3=LINMIT3+1
€O TO 26 .
25 IF(ABSU(SCIDUM(TI,K))oGTsDERROR) LIMITS=LIMIT3+1
26 CONTINLE
IF(LIMIT3.LEeQ) GO TO 28 )
c IF(KTRACE«GTs C ) WRITE(6,30) LOOPsJINELLIMITS
LIrIT3IEQ ‘
LIVMIT=LIMITH+ .
28 IF({ I &GEe NOUT ) RETURN
I=1+1
c¢ 70 2¢
3C FORMATU('CIN LOOP NUMBER'»I42' OF THE TRIAL & ERROR ITERATIVE .CALCU
1LATIONS, '/ ' OUTPUT STREAM NUMBER'2IS5s' OF EQUIPMENT ANUMBERIs 14,
2.t MAS',14,!' STREAM VALUES WHICH E2CEED THE CUNVERGENCE LIMITSst)
C WEGSTEIN'S ITERATIVE METHOD ‘dbosso08c6bs0to60dseasdtsboiosasacsaenbdoetose
22 LIMIT4=0 )
FLAG=oFALSE
 FFLAG=sFALSEs '
Ceoe TEST PERMISSIBLE STREAM NUMBERS osce Q0 < NE4MAX slLEe 10
IF(NE4MAXoLEeQ o0ORoe NE4MAXeGTs40) GO TO 42 '
0O 40 IK=m1,NE4MAX ' '
IF{IKeGTe10) GO TO 42
IF{JoECeKE4(IK)) GO TO 41
40 CONTINUE
60 TO 42
41 FLAG=oTRUE
42 CO 55 K=1,NOCOMP
EO0COM=SQCOMP(KAT)
COMPK=SEXTSY(K+12,J)
IF(ABS(COMPK)IoLTe 10E=20) GO TO 27

IF(ABS({COMPK=SOCOM ) /COMPK) s LT*DERRCR) GO TO 43
GO TO 47 _ .
27 IF (ABS(SCCOM ) sGTsDERROR) GO T0 47

43 IF{eNCToFLAG) GO TO 55

2
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Figure 28 (contd.) =

Ceoe NCW TEST LOQP COUNTER AND BRANCH FOR 10 2 & oGEe3
IF(LOCP=R2) 44,45,46
44 SAVEX({IKaK)=S0COM
) GQ To 5% ’
45 SAVEF(IKsK}=SOCOM
g0 TC¢ 58
46 SAVEX(IKaK)=COMPK
SAVEF(IKsK)=SOCOM
.60 TO S5
47 LIMIT4ELIMITA+E
IF(LCOP«LTs3) GO TO 43
IF(sNCTsFLAG) GO TO 55
Cess CALCULATE WEGSTEIN'S COEFFICIENTS = PH] & § o9
GOLD=SAVEQ(IKsK)
PHI=(COMPK=SAVEX({IKsK))/{SOCOM - =SAVEF({IKsK))
IF(1e=PHI) 4£8,50048 ' '

IF(QsLT«Qs00)GC TO B2
IF(KTRACE-GT+0) wWRITE(6,49) JslaQ
49 FORMATI'CWEGSTEIN/TEST2 STREAM!'sT4s'=1,;13,5Xs'Q=1,F1C23)
L=1eE=10 ’ ‘
GO TQ 63
50 IF{KTRACEsGT+0) WRITE(Gs81) Jr1sPHI
51 FORMAT('OWEGSTEIN/TESTH STREAM';IA;'@';IS:SX:'PHI='4E1=o5)
GO TO 46 :
52 IF(QeCTe=10¢0Q) GO TO 53
IF(KTRACE.GTs0) WRITE(6s49) Jolsa
G==1CeC :
53 X2=Q#COMPK+(1¢=Q)*S0COM
IF(KTRACEoGToO) WRITE(&s36) J:KaCONPK:SOCOMJXE:QaSAVExtIk:k):
= ' SAVEF(TKaK)
36 FORVAT('OSTREAP'oIAa’ﬂ'al3o5x:'Xn':E1335:SXo'F-':Eisasasx:'anw='
1 E13:525%X21Q="sF20e3/ 16Xs 'SAVEX=1,E13s5s1 SAVEF=1,E13.5)
IF{X2eLEoCo) X2=S0C0OM/2s

48 G=10/{1e=pPHI) L L -

L5




Figure 28 (contd,)

54
37

58
56
- 87
- 58

59

FFLAG=sTRUE

IF(G#Q0L0+LT+0s40ReLO0PsEQe3) CO TC 54
IF((X2=COMPKI®*(SAVEF(IKsKI=COMPK)sLE«CY) GO TO S4
SCCOMP(KsT)=COMPK

¢o0 To 37

SCCOmMPIKsI)=X2

EAVEX(IK2K)=COMPK

SAVEF(IK,K)=SOCCM

SAVEQ(IKsKI=Q

CONTINUE -

LIMITE=LIMITI+«LIMITS

IFIFLAGsANDFFLAG) GO TO 87

GO -TC 24

THELE=Co

CO 58 K=1sNOCOMP

TMCLE=TMOLE+SOCOMP(K2T) o
IF(KTRACE«GTe0) WRITE(6259) JsaSOMOLE(TI)}aTMOLE

FORMAT({'OSTREAMYsI4s ' OLD AND NEW TeNMOLESoe',2F1505)

SOMOLE(I)=TMOLE
GO TC 24
END

641




Figure 29

SUBROUTINE TRANSF(IsLTHoKFLAGsN1,SVsNZsN3sAsL)
C
CxzTHIS SUBRCUTINE TRANSFERS DATA FRCM TWO DIMENSIONAL ARRAY SVI(NZ2sN3)
Cxsx TO A ONE DIMENSIONAL A{d1)ecealS) FOR PRINT=0UTe
CIMENSICN KFLAGIN1)s SV(N2sNT)s A(S)
CO 5 K=I,LTH
K1=K=l414
Ke=KFLAG(K)
5 AfK1)=8v(LsK2)
RETURN
CusTHIS PORTION FOR INTEGER AND LITERAL ARRAYS
ENTRY TRANSX(IsLTHsKFLOGsN1sIVsIA)
CIMENSICN KFLOGIN1),IVINL)sIA(S)
CO 7 KelsLTH '
KieKa]+1
K2=KFLCG(K)
7 TALRKL)=TV(K2)
RETURN
END

MAN
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Figure 30

SUBRCUTINE TPRINT

COMMON/SYSA/ KPM{10,50)sKSEM(3,100)sN3MAX

COMMON/SYSAA/ TITLE(20),COMPNT(20)2KOMKAM(BO)

COMMON/SYSB/ KE1(S0)sNEIMAXsKEZ(50) s NEZMAXSKES(S50) aNE3MAX
COMMCN/SYSB/ KE4(10)aNEAMAXIKRET,KRETZ2sKRET3 '

COMMON/SYSC/ LIMITSLIMITZ2,LIMIT3,L00P L OOPS

COMMON/SYSD/ KEFLAGISO0)sKSFLAGI100)sKTRACESDERRORSNPFREQS IPUNCH
COMMON/EQPA/ EQPAR(25,50)sNEMAXsMAXEGP

CCMMON/EQPB/ NECALL(S0)sNEXEQN{B0)sNAME(SC)

COMMON/STMAY/ SEXTSV(23»100)aSIhTSV(iO:iGO)»NSMAX:MAXSEX MAXSIN
COMVCh/CCNTL/hINaNOUTJNOCOMPJNEANEh

INTEGER COMPNT4PFLAG(100) »TITLE

c : .

Crs#nxx THIS PORTION WAS TO PRODUCE RELOAD CECKeosos o TEMPORARILY DELETED?®
c E .

RETURN
C .
Cﬁ“”*” BIPRNT -sapan
c .

"ENTRY BIPRNT
CoaoCOMMON AREA PUNCH DELETEDose e
INTEGER FHDGUl4)/'FINAL RESULTStt//1t/
INTEGER MDNG(16)/7'(1H1)3Xs18HTFINAY 'L RESULTSYV//43%, 1, 120A4/232
1Xo416M 18T, TREAM SUMMARY' ')t/
INTEGER HDG(10) /' (AH1»3Xs1SHY 'FINAY ) 'L RESULTSY 1 //43Xst,12CA /7)1y

C .
LC. & I=i,4
HONG(143)=FHDG(I)
5 KOG (I43)=FHDGII)
60 TO 10
c

Caaxxnr  PTPRNT  nwarax
C o o e

141




Figure 30 (contd.)f

ENTRY PTERNT

CIMENSICN IPNT(S)2JPNT(S5)sRPNT(E)

INTEGER IHDG(4)/VINPUT DATAMY. /Yy

INTEGER LABEL(32)/'VAPOR FRACTION's ' TEMPERATURE, RV, 'PRESSURE
1AV, YENTHALPY, BTU'S'VISCOSITYs PFMYs fKi BTU=FT=HR=F 'y Z=sFACTOR,

2Catpt2aFACTORs VAPs !/

12

14

1%

16
18

20

CO 7 I&1,4

FONG(I+3)=IHDG(I)

FDG (I+3)=IKDG(I)

WRITE( 65HONG) TITLE

w=0

GO 12 I=1,NSMAX
IF(SEXTSV(1s1)6EQe00) GO TO 12

deded
PFLAG(JI=T
CONTINUE

DO 24 I=10ds5
LTH=I+4

IF(LTHeGT o) LTH=J
WRITE(L 6s14) ( PFLAGIK)sKeIsLTH)
FORMAT{'OSTREAM NUMBER t»5(19:5X%))

DO 15 K=I,LTH

KPNT=K=141

MPNTa PFLAG(K)

IPNT(KPNT ) =KSEM(2,MPNT)
WJPNT(KPNT)aKSEM(3sMPNT)

LTHP=LTH=I414

WRITE( 6+16) (IPNT(K}sJPNT(K)sK=1sLTHP)
FORMAT{'CEQUIPs CONXION ',5(5H FR sI2s4H TO s12s1X))
FORMATU! ', 4A45T16,5F14e4) . .

WRITE( 62201

FORMAT(V0',40Xs'COMPOSITIONs LBsMOLES/HOUR' / )

PSI
LI

2aT




Figure 30 (contd,)

22

"23
24
26

hGCOP: = NOCOMP + 2
Do 22 L = NOCOPZ2

"CALL TRANSF(IsLTHs PFLAG,1CO0sSEXTSY223s100RPNT,L)

K1 = 42i=11

Ke=K143 )
WRITE 6518 ) {KOMNAMIK ) s K=K12K2) s (RPRNTIK ) s k=1 )LTHP)
CAaLL TRANSFII.LTH, PFLAG#iOOéSEXTSVJE36100JRPNT13)
WRITE( 6+23) {(RPNT(K)iK=1,LTHP)

FORMATIVO',SXa VTOTALYsEF14e4)

WRITElL 6:26)

FORMAT /27777 7)
RETURN ’

END

€491
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Figure 31

SUBROUTINE ROST
COMMON/ SYSD/KEFLAG (50) 4+KSFLAG(100) ,KTRACE,DERRORyNPFREQ, IPUNCH
. COMMDN/EQPA/ EQPAR(25,50), NEMAX,MAXEGP
COMMON/CONTL/NIN,NOUT 3 NOCOMP yNE ¢ NEN
COMMON/STRMIN/SINUM(8,10) ,SICNST{104+8) ;SIMGLE(8),
1SICOMP(11,8)3SIKV{10,8)
COMMON/STMOUT/SONUM(8,10) ,SOCNST(10+58) ,SOMOLE(8) ,
1SOCOMP(11+8) 450KV (10,48)
DIMENSION RM(5),AVC(5),SICPWT{11,8),SOCPWT(114:8)+X(10),Y{10)
WRITE (6,4)
4 FORMAT('1 RGASTER?)
M=NOCOMP-1
DU 13 J=1,NOUT
PO 11 K=1,M.
11 SOCPWT(KsJ)=0.
13 SOMOLE(J)=0. .
KC=EQPAR(2,NE)+.1
DO 15 K=1,M
SICPWT(Ks1)=SICOMP(K,1)*SIMOLE(])
15 WRITE(69501) KaSILPWTIK,1)
501 FORMAT(' SICPWT(',12,') = ',614.7)
TWINS=SICPWT(KCs1)/(1.—-SICNST(5,1))
WRITE(64502) TWINS

502 FORMAT(' TWINS = ",G614.7)

GVOL=EQPAR{3,NE)* (1. /EQPAR(4 4 NE) ) *{EQPAR(5,NE)+460.)/492.%24,.%60.
_ CR=EGPAR(6,NE}*SQRT(GVOL)
WRITE(6,600) CR
600 FORMAT{'OCRITICAL RADIUS = ',614.7)
SGCOMP (NOCOMP , 1) =GVOL/(244%60.)%492./ (EQPAR(5, NE)+460.)
AR=SICNST(1l,1)
BR=SICNST(2,1)
CC=SICNST(3,1)
XF=0s.
19 XF=XF+.1

MAN

84T
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F:’L"gure 31 (contd,)

P

20

21
23

25
338

27

29

31

Q=XF/(1.-CC*XF)
ROP=AR¥BR*%Q :
IF(ROP.GE.CR) GO TO 21
IF(XF.GE.1.) GO TO 20
G0 TO 19

XF=1.

GO TOU 25

XF=XF—-.1
Q=XF/(1.~CC%XF)
ROP=AR*BR*%Q
IF(ROP.GE.CR) GO TO 25
XF=XF+.01

G0 TO 23

WRITE(6,338) XF
FORMAT(' XF 1,614.7)
DG 33 J=1,2

IF(J.NE.1) GO TO 29
HI=EQPAR{7,NE) /GVOL+SICNST{4,1)
DO 27 I=1,10

P=]

X(I)=P*.1

XX=P%*XF/10.
Q=XX/{1a=CC*XX)
Y(I)=ARXBR¥%:(

CALL LSC(XsYy105A,B,C)
GO TG 31 )
HT=EQPAR(ByNE) /(SIMOLE(L)*{1-—XF))+SICNST(4,1)
A=EQPAR(9,NE ) *AR
B=EQPAR (10U, NE)*5R
C=EQPAR(11,NE)*CC
SOCNST(1,4)=A
SOCNST(2,J3=8
SOCNST(3,J4)=C
SOCNST{(4yd) =HT

94T -

TT




Figure 31 (contd,)

WRITE(6,342) As4BsC
WRITE(6,503) SOCNST(4,J)
503 FORMAT(' RT 1,G514.7)
342 FORMAT(Y A T9G1i4.Ty' B = "3Gl4.7¢' C = ":Gl4.7)
' CALL CONVT(A,8,C,SINUM{1,3),HT,AVC(J))
KRITE(6,344) AVC(J)
344 FORMAT(? AVC = ",614.7)
33 SGONST{5,J)1=AVC(J)
511 DO 45 J=1,2
IF{(J.NE.1) GO TO 37
XJ=XF
GO 70 39
37 XJ=1l.—-XF
39 DO 45 K=1,M

L=K+11 .
IF(K.NE.KLC) GO TO 41

SOCPHWT(KCyJd) = TWINSHXJ¥x{1l.—AVC(J))

WRITE(64504) JsTWINSsXJySCCPWTI(KC,J) _
504 FORMAT(Y J = v4,12," TWINS = '"3G14.7," XJ = "3,614.7,'SOCPWT(KC+J)

1= "4y614.7)

GO TO 45
41 SOCPWT(K,J)=(SICPWTIKsLl)+EQPAR(LNE)*TWZNSH{AVC(J)-SICNST(5,1)) )%

1XJ

WRITE{64505) SICPHWT(K,1),EQPAR(L,NE) +XJ
505 FORMAT(' SICPWT = ',614.7+" EQPAR = *,G1l4.7,' XJ = '3,614.7)

WRITE(64506) AVC(J)sSICNST(5451)5SOCPHT(K4J)
506 FDRMAT(Y AVC = '43514.74y% SICNST(541) = '",G14e74?! SOCPWT = ',G14.7)

45 CONTINUE
DO 51 J=132
DO 47 K=1,M
IF{SOCPWT(KsJ)GT.0-) GO TO 47
SOCPWT{KsJ)=0.

47 SOMOLE(J)=SOMOLEtJ)Y+SOCPWTI(K,J)
DO 49 K=iyM

5T

TT
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Figure 31 (contd,) -

49

51

6

10

53
12

14
57
18

SOCOMP (K, J)=SOCPWT (K, J)/SOMOLE(J)
PO 51 I=3,10

SONUM{J,1)=SINUM(1,1)

WRITE(6,6) SOCUOMP(NUCOMP,1)
FORMAT('0 GAS FLOW OVERHEAD (CFM)
DO 57 J=1,2

WRITE(64510) SONUM{J,1)

FORMAT('C STREAM NUMBER ',G14.7)
DO 53 K=1,M

WRITE (67,12) K,SOCOMP(KsJ)

FGRMAT( ® WT FRACTION COMP 1',12,!
WRITE (6,14) SOMOLE(J)

FORMAT( ! TOTAL STREAM WEIGHT = *,5814.7)
WRITE (6,18) AVC(J)

FGRMAT( * AVERAGE CONVERSION = ',614.7)
RETURN :

END

H

- 14614.7)

'361l4.7)

s
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Figure 32

SUBROUTINE SCRN | ’
COMMON/SYSD/KEFLAG({50) yKSFLAG(100) ;KTRACE,DERRCRyNPFREQ, IPUNCH
COMMCN/EQPA/ EQPAR(25,50), NEMAX,MAXEQP
COMMON/CONTL/NIN,NOUTNOCOMP s NEyNEN .
COMMON/STRMIN/SINUM(8, 10),SICN$T(10 8),SIMOLE(8),
15ICOMP(11,8),SIKV(10U,8)

CONMON/STMUUT/SONbM(8110)130CN§T(10 8)+SOMOLE(8),

150C0MP(11,8),S0KV(10,8)

11
13

15

19

21

61

DIMENSION RM(5), AVC(S),SICPWT(II 8),SOCPWT(11,8),X(10) Y(10)
WRITE (644)

FORMAT('1 SCREEN')

M=NOCOMP-1

DO 13 J=1,NOUT

CO 11 K=1,M

SCCPWT(K,J)=0.

SOMOLE(J)=0.

KC=EQPAR{2,NE)+.1

DO 15 K=1,M .
SICPWT(Ky1)=SICOMP(K,1)%SIMGOLE(1)
THWINS=SICPWT(KC+1)/{1.~SICNST(5,1))
AR=SICNST{1ls1)

BR=SICNST(2,1)

CC=SICHST(3,1)

XF=0.

XF=XF+.1

Q=XF/ (1 .~CC*XF)

ROP=AR%BR¥*%Q
IF(ROP.GT.EQPARI3,NE)) GO To 23
IF{XF.GE.1l.) G0 TO 21

GG TO 19

XF=1.

DO 61 K=14M
SOCOMP(K,1)=SICOMP(K,1) -
SOMOLE(1)=SIMOLE(1)

65T




Figure 32 (contd,)

65

63

23
25

27

503

29
31

33

342

b0 63 J=1,2"

DG 65 I=3,10

SONUM({J,I)=SINUM(1,1)
DO 63 K=1,5
SOCNSTI(K4J)=SICNST(K,1)

GG TO 99

XF=XF-.1
Q=XF/({1.—-CCxXF)
ROP=AR*BR**Q
IF(ROP.GE.EQPAR(3,NE)) GO TO 27
XF=XF+.01 :

G0 TO 25

BO 35 J=152
SOCNST(4,J)=SICNST(441)
WRITE(6,503) SOCNST(4,J)
FORMAT({' HT = ',G14.7)
O 33 1=1,10

X(I)=0a

Y{I)=0.

P=1

IF(J-NE-1) GO TO 29
XX=P*XF/10.

GO TD 31
XA=XF+{1a0-XF)/10.%P
X({I)=P%*,.1
Q=XX/(1.-CC*XX)
Y{I)=AR*BR*%*Q

CALL LSC(X,Y»10+A,B8,+C)
SOCNST(1l,J)=A

-SOCNST{2,J)=8

SOCNST(3,4)=C

WRITE(65342) A,B,C .
FORMAT(' A = ',014.7,' B = ",614.7,"
HT=SOCNST(4,J)

CALL CONVT(A3B2CySINUM(L1,3),HT,AVC(J))

C

"42Gl4.7)

097
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Figure 32 (contd,)
WRITE(6,344) AVC{J)
344 FORMAT(' AVC = ',Gl4,.7)

35 SOCNST(5,J4)=AVC(J)
DO 45 J=1,2
IF{J.NE.1) GO TO 37
XJ=XF
GO TG 39

37 XJ=1.-XF

39 DU 45 K=1,M

L=K+3
IF{K.NE.KC) GO TO 41
_SOCPHT{KCsJ) = THINSHXJI®(1l.—AVC(J))
GQ TG 45

41 SOCPWT(K,J)=(SICPWT(K,1)+EQPAR{L,NEI*TWZNS*{AVC(J)-SICNST(5,1)))*
1XJd

45 CONTINUE
DO 51 J=1,2
DO 47 K=1,M#

47 SOMOLE(J)=SOMGLE({J)+SOCPUWT(KsJ)
DO 49 K=1,M :

49 SOCOMP(K,J)=SOCPWT(K,J)/SOMOLE(J)

DO 51 I1=3,10

51 SONUM{J,I)=SINUM(1,I)

99 DO 57 J=1,:2 :
WRITE(6,10) SCNUM(Jsl)

10 FORMAT('C STREAM NUMBER 7,G1l4.7) -
DO 53 K=1,M ~

53 WRITE (6,12) KySOCOMP(K,J)

12 FORMAT(? WT FRACTION COMP ',12,' = ',614.7)
WRITE (6,y14) SOMOLE(J)

14 FORMAT(®_  TOTAL STREAM WEIGHT = ',Gl4.7)

57 WRITE (6,18) AVC(J)

18 FORMAT(! AVERAGE CONVERSION = *,Gl4.7)
RETURN '
END

191




Figure 33
: SUBROUTINE GRND
COMMON/SYSD/KEFLAG(50) +KSFLAG{100) +KTRACE,DERRORyNPFREQ, IPUNCH
COMMON/EQPA/ EQPAR(25,50), NEMAX,MAXEQP
COMMON/CONTL/NINsNOUT s NOCOMP o NE 4 NEN
COMMON/STRMIN/SINUM(8,10) ,SICNST{10,8),SIMOLE(8),

1SICOMP(11,8)4SIKV(10,8) .
COMMON/STMOUT/SONUM{8,10) ySOCNSTI(1GC,8),SOMCLE(8),
.ISDCUMP(1118)1SOKV(1618)
DIMENSION X(10),Y(10)
WRITE(6,4)
4 FORMAT('1 BALLMILL")
M=NOCOMP-1
- AR=SICNST{1,1)
BR=SICNST(2,41)
CC=SICNST(3,1)
DO 7 I=1,10
X{I)=0.
Y{I)=0.
P=1 s
I=P3%41 .
Q=Z/{1.—-CC*Z)
RM=AR&B R&*={
RN={RM—-EQPAR(2,NE})*EXP(-EQPARI(3,NE)/SIMOLE(1))+EQPAR(2,NE)
X(I1)=2 \
7 Y{I)=RN
CALL LSC{XyY+104A,8,C)
SOCNST(1l,1)=A
SOCNST{2,1)=8
- SOCNST(3,1)=C
WRITE{(6,342) A,B,C .
342 FORMATI('! A = '4G1l4.7,! B = ',G14.7," €C = ",5614.7)
TLL=0.
"UL=SICNST(4,1) .
CALL TGS(TLL,UL,SOCNST(5,1);SONUM{1+3),A,8,C,AHT)

29T




Figure 33 (contd,)

59 SOCNST{(4,1)=AHT
WRITE[6,503) SOCNST(44s1)
503 FORMAT(! HT = ',G14.7) ,
DG 13 K=1,M :
13 SUCOMP(K,1)=SICOMPI(K,1) ‘
SOMOLE({1)=SIMOLE(1)
DO 15 I=3,10 »
15 SONUM(1,I)=SINUM(1,I)
WRITE(6,10) SONUM(1,1) :
10 FORMAT('0 STREAM NUMBER.',614.7)
DO 53 K=1,M
53 WRITE (6,12) K,SOCOMP(Ks1)
12 FORMAT(? WT FRACTION COMP .',12,' = ',G14.7)
WRITE (6,14) SOMUOLE(1)
14 FORMAT(! TOTAL STREAM WEIGHT = ',614.7)
RETURN
END -




Fiéure 3 .

11
13

15

17

. JEFF=TEFF+EFFZ%*.05 .

SUBROUTINE PREP :
CUMMUN/SYSD/KEFLAS(50) 3 KSFLAG(100) ,KTRACE 3 DERRGRyNPFREQ, I PUNCH MAN
COMMON/EGPA/ EGPARI(25,50), NEMAX,MAXEQP
COMMON/CONTL/NIN,NOUT, NOCOMP ,NE, NEN
COMMON/STRMIN/SINUM(84,10),SICNST(10,8) ySIMOLE(8),

1SICONMP(11,48)4SIKV(10,8)
COMMOM/STMOUT /SONUM(84510) 4 SOCNST(1058) y SOMOLE(8),

1SOCONMP(11,8),S0KV{1058)

DIMENSION EFF(10),AVC(5),SICPWT(11,8),SOCPWT{11+8),X(10),Y(10)
WRITE (6,4) : -

FORMAT('1 PRECIPITATOR!)

M=NOCOMP-1 - -

DO 13 J=1,NOUT

DO 11 K=1,M .

SOCPWT(K,J)=0C.

SOMOLE(J)=0.

KC=EQPAR{2,NE)+.1

DO 15 K=1,M
SICPWT(K,1)=SICOMP(Ky1)%STMOLE(1)
TWZNS=SICPWT{KC,1)/(1a=SICNST(5,41))
AR=SICNST(1ls1) ~
BR=SICNST(2,1)

CL=SICNST(3,1)

SOCOMP (NGCUOMP, 1) =SICOMP{NOCOMP,1) .
GVOL=SICGMP {NOCOMP,1) /60« %(EQPAR(3,NE)+460.)/492.
DG 17 J=1,10 : :
EFF(J)=0.

TEFF=0.

1=-.025

DO 19 J=1,20

Z=7+.05

Q=Z/(1.~CC*Z)

RM=AR¥BR** _
EFFZ=1.~-EXP(-EQPAR(4,NE)*RM/GVOL)

9T




Figure 3 (contd.)

19

20

I=(J=-1)/2+1
EFF{I)=EFF(I)+EFF2%.05
bg0 20 1=1,10
EFF(I)=EFF({I)/.1

DO 31 J=1.2

XF=0.

DO 25 1I=1,10

X{1)=0.

S Y(I1)=0.

21
23
25

503

342

31

P=1

L=Px*,1

Q=Z/(1.-CC*Z)

Y({I)=AR®BR*x

IF{J.NE.1) GO TO 21
RX=el*(1a—-EFF(I))/(1.-TEFF)
GO T0O 23

RX=.1%EFF(1)/TEFF

XF=XF+RX

X(I)=XF

CALL LSC(X3Y,103A48,C)

SOCNST(1,d)=A

SOCNST(2,4)=8

SOCNST(3,J)=C

SOCNST(4,J)=SICNST(4,1)

WRITE(65503) SUCNST(4,4)

FORMAT (' HT = ',G14.7)

HT=SOCNST{(4,J)

WRITE(6,342) AyB,L

FORMAT{' A = ',G1l4.7,' B = ',Gl4.7,°"
CALL CONVT(A,B,C,SINUM{1+3),HT,AVC(J))
SOCNST(5,4)=AVC(J)

B0 49 J=1,2

IF(J.NE-1) GO TO 35

XJd=1.—TEFF

GG TO 37

C

997
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Figure 3% (contd,)
35 XJ=TEFF .
37 DO 43 K=1.M
L=K+4
IF(KNE.KC) GO TO 39
SOCPWT(KC,J)=TwiNS*XJ*(1.—AVC (J))
GO TO 43
39 SUCPUWT(KsJ)={(SICPWT(Ks1)+EQPAR(L,NE)I*TWZNS*H{AVC({J)-SICNSTI{5,1))})x%
1XJ
43 CONTINUE
DO 45 K=1,M
45 SUMOLE(J)=SOMOLE{JI+SOCPWT(K,J)
DO 47 K=1,M
47 SOCOMP(KsJ)=SOUPKT{KsJ)/SOMOLE(J)
BO 49 [=3,10
49 SONUM{J,yII=SINUMIL1,I)
DO 57 J=1,2
WRITE(6,10) SONUM{J,1)
10 FORMAT('O STREAM NUMBER ';G14.7)
DO 53 K=1,M
53 WRITE (6,12) KySOCOMP (KyJ)
- 12 FORMAT{*® WT FRACTION COMP 1,12,' = ',G14.7)
WRITE (6:14) SUMOLE(J)
14 FORMAT(? TOTAL STREAM WEIGHT = *,G1l4.7)
57 WRITE (6,18} AVC(J)
18 FORMAT(? AVERAGE CONVERSION = 7,G14.7)
WRITE (6426) TEFF °®
26 FORMATI(! " JOTAL EFF = 1,614.7)
RETURN
. END

991

TT




Figure 35

SUBROUTINE AMIX

COMMON/SYSD/KEFLAG(50) s KSFLAG(100) 3 KTRACE , DERROR s NPFREQ, I PUNCH

COMMON/EQPA/ EQPARI(25,50), NEMAX,MAXEGP
COMMON/CONTL/NIN,NOUT yNOCOMP s NEyNEN

COMMON/STRMIN/SINUM(8,10),SICNST(10,8),SIMOLE(8),

1SICOMP(11,8),SIKV(10,8)

COMMON/STMOUT/SONUM(8,10)  SOCNST(10, 8),SOMOLE(8),

150COMP(11,8)5SOKV(10,8)

11

13

DIMENSION SICPWT(11+8),SOCPWT(11,8)
WRITE(S6:4)
FORMATI 'l LEACH SLURRY TANK'")
SUVULE(l)—O.

=NOCOMP-1
DU i1 J=1,2
DO 11 K=1,M
SICPUT(K,J)=SICOMP(K,J)®=SIMOLE(J)
KCL=EQPAR(24NE)+.1
KC2=EQPAR(3,NE)+.1
KC3=EQPAR{44NE)+.1
KC4=EQPAR(S5,NE}+.1
NS=EQPAR({6,NE)+.1
DO 13 K=1,M
SOCPUHT(Ks1)=SICPWT(Ks1)+SICPKT(Ks2)
ZNO=SOCPWT{KC1,1)/81.38
ACID=SOCPWT(KC2,1)/98.08
FESO=SOCPWT(KC3,1)/399.9
X1=ACID/ZNDO"
X2=FESO/ZNO
XS=X1+3.%X2

IF(XS.GE.(EQPARI(T, NE)+3-*EQPAR(8,Nt))) GO TO 19

IF{X1.GE.EQPAR(7,NE)) GO TO 17
IF(X2.GE. _QPAR(B_K:)) GO TO 15
AREQ=ZNO*EQPAR(74NE)*98.G8
ANEED=AREQ-SOCPWTI{KCZ,1)

49T
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WRITE(64400) ANEED

FORMAT('G TUNS/DAY MAKEUP ACID ADDED = ',G614.7)
SUCPWT(KL2,1)=SOCPWT(KC2,1)+ANEED
FEREQ=ZNG*EGPAR(8,NE)%*399.9
FEMR=FEREN—SGCPWT{KC3,1)

WRITE(6,402) FEMR

FORMAT('O TONS/DAY MAKEUP FE2(S04)3 ADDED = %,Gl4.7)
SOCPWT(KC3,1)=SOCPWT(KC3,1)+FEMR

60 TO 19

X1=EQPAR{7,NE)I+3.%EQPAR(8,NE)~3.%X2
AREQ=ZNO%X1%98.08

ANEED=AREQ-SOCPWT(KC2,1)

WRITE(64400) ANEED
SOCPKT(KCZ2,1)=SOCPWT(KC2 41 ) +ANEED

GJ TO 19

X2=(EQPAR(74NE)+3.%EQPAR (8yNE)-X1)/3.
FEREQ=ZNU*X2%399.3

FEMR=FEREQ-SOCPWT(KC3,1)

WRITE(6,402) FEMR
SUCPWTIKC3,1)=SOCPWT(KC351)+FEMR

WS=0a

DG 25 K=1,NS

WS=WS+SOCPWT(Ky1)

TW=0.

DU 27 K=1,M

TW=TW + SOCPWT{K,1)

WES=WS/Tw

IF{WFS.LE.EQPAR(9sNE)) GG TB 29

TWAW=WS /EQPAR (9 ,NE) '

WADD=TWAW-TW

WRITE(6,404) WADD .
FGRMAT(®0 TONS/DAY MAKEUP WATER ADDED = ',G1l4.7)
SOCPWT(KC421)=SOCPRT(KC431)+WADD

DO 31 K=1,M

897
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31
33
37

39

10

41
12
59

14

SOMOLE(1)=SOMOLE{1)+SOCPWT(K,s1)
DO 33 K=1,M :
SOCOMP(K,1)}=SOCP®TI{K,1)/SOMOLE(1)
DO 37 J=3,10
SONUM(1,J)=SINUM({L,J)

DO 39 J=1,10
SOCNST(J,1)=SICNST(J,y1)
WRITE(6,10) SONUM{1,1)

FORMAT('C STREAM NUMBER ';G14.7)
DO 41 K=1,M . .
WRITE(6412) K,SOCOMP(K,1)

FORMAT{ ! WT FRACTION COMP ",I2,' = ',G1l4.7) "

WRITE(64514)S0OMOLE(1)

FORMAT(?® TOTAL STREAM WEIGHT =
RETURN

END

! 1614‘07)
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SUBROUTINE LECH

COMMON/SYSD/KEFLAG{50) ,KSFLAG(100)yKTRACE,DERRCRsNPFREQ, IPUNCH
COMMON/EQPA/ EGPAR(25,50), NEMAX,MAXECGP
COMMON/CONTL/NIN,NOUT,NOCOMP ,NE,NEN
COMMUN/STRMIN/SINUM{8,10) s SICNST(10,8),SIMOLE(8),
1SICOMP{11+8),SIKV(1G,;8)

COMMON/STMOUT/SONUM{8,10) ySOCNST(10,8) ,SOMOLE(8) 5
150C0MP{11,8)sSOKV(10,8)

DIMENSION SICPWT(11,8),SOCPWT(11,8),Y(10),X(10),XF{2),RES(2),CA(2)
1,CF(2),R12)

WRITE(6,4)

FORMAT('1 LEACH TANK?')
M=NOCOMP-1
IF(EQPAR{83sNE)<sGT.1.E~-06)G0 TO 7
XA=1.

DO 3 K=1M
SOCOMP{K;1)=SICOMP(K,1)
SOMOLE(1)=SIMOLE(1)

D0 5 J=1,10
SUCNST(J51)=SICNST(J,1)

G0 T0 99

DO 11 K=1:M
SICPWT({K,1)=SICOMP(K,1)*SIMOLE(]1)
AR=SICNST(1,1)

04T

- BR=SICNST(2,1)

13

CC=SICNST(3s1)
XX==.025

RAI=0.

D0 13 I=1520
XX=XX+a05
Q=XX/{1.-LC*XX)
RM=AR*BR*%Q
RAI=RAI+.05/RM
RA=1.0/RAI
KC1=EQPAR(24NE)+.1

R i |




Figure 36 (contd,)

17
19

21

KC2=EQPAR(3,NE)+.1
KC3=EQPAR(4,NE)+.1
KC4=EGPARIS5,NE) +.1
ZNOIN=SICPWT(KCL,1)/81.38
ACIDIN=SICPWT(KC2,1)/98.08
FESDIN=SICPWT(KC3,1)/399.9
FEOHIN=SICPWT(KC4,1)/106.89
KCS5=EQPAR(63NE)+.1
VOL=SIMOLE(1) /EQPAR (75NE)
CAQ=2.%ACIDIN/VOL

-CEO=2+%FESUIN/VOL

IF(FEOHIN.LE.O.) GO TO 30
EOC=CFO/(CAU*%*3)
IF(EOC.GE.2.535E08) GO TO 30
AA=0.

BB=1.

ERR=.001
XF(1)=AA+0.618034%(BB—AA)
XF(2)=AA+B3-XF (1)

DO 17 J=142
QF=CFO0+1./3.%CAQ%XF(J)
QFF=2.56E08%(CAU%(1.—XF(J)))=*x3
RES(J)=ABS{QFF—QF)
IF(RES{1).LE-RES(2)) GO TO 21
BB=XF1{1)

XE(1)=XF(2)

RES(1)=RES(2)
XF{2)=AA+BB~XF (1)
QF=CFO+1./3.%CAD¥XF(2)
QFF=2.56E08% (CAO*{1.—XF{2)))%x*
RES(2)=ABS(QFF-QF)

G0 TO. 23

AA=XF(2)

XF{2)=XF(1)

"RES(2)=RES(1)

TiT




23

25

27
29
30
701

71

73

] Figure 36 (contd,)

XF{1)=AA+B8B-XF(2)
QF=CFO+1./3.%CAO%XF (1)
QFF=2.56E08% (CAD*(1—XF(1)))%%3
RES(1)=ABS{QFF-QF)
IF({BB-AA).GT.ERR) GO TO 19
IF(RES(2).LT.RES(1)) GO TO 25
CAA=CAU*(1l.—-XF(1))
CFF=CFO+1./3.%CAQ%XF{1)
FEOH=FEOHIN—(1l./3.%CAQ%XF{1))*VOL
GO TO 27

CAA=CAQ*(1l.-XF(2))
CFF=CFO+1./3.%CA0%XF(2)
FEOH=FEOHIN—-{1./3.%CAO%XF(2))*VOL
IF{FEQOH.GE.0.) GO TO 29
CFF=FECQHIN/VOL+CFO
XFA=3.%{CFF-CF0) /CAU
CAA=CAD%*{1.—XFA)

FEOH=0.

CAO0=CAA

CFO=CFF

FEOHIN=FEQH

CONTINUE

WRITE(6,701) CA0,CFO
FORMAT({'0CAQ = ",G14.7," CFO = ',G14.7)
ST=EQPAR{8,NE)/SINMOLE(1)
ZINOR=1.0/2.%VOL* (CAO0+3.%CFO0)
IF({ZNOIN-ZNOR).GE.G.) GG TO 91
XFX=1.

XFX=XFX=.o1l ,
CAX=CAQ*XFX

CFX=2.56E08%CAX%%3
IF{CFX.LE.CFQ) GG TO 73

CFX=CFO

ZNOR=14/2.%VOL*{CAO-CAX+3.%(CFO-CFX)) -

24T
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15

17

79

81

91
87

31

102

IF(ZNOR.LE.ZNOIN.AND.XFX.GT.0.) GO TQ 71 .

XEX=XFX+.1

XFX=XFX-.C1

CAX=CAU*XFX

CFX=2.56E08%CAX*%*3

IF(CFXaLE-CFO)} GG TO 77

CFX=CFU
INOR=1./2+.%VOL*(CAG—CAX+3.*{CF0~CFX))
IF(ZNORLE.ZNOIN.ANDXFX.GT.0.) GO TQ 75
XFEX=XFX+.01

XFEX=XFX-.001

CAX=CAO*XFX

CFX=2.56E08%CAX**3

IFICFX.LE.LFO) GO TO 81

CFX=CF0
INOR=1./2.%VOL*(CAO-CAX+3.*(CFD-CFX))

IF(ZNOR .LE-ZNOIN.AND.XFX.GT.0.)} GO TQ 79

AFX=XFX+.001

AA=CAD*XFX

GO TO 87
AA=0.

BB=CAD

ERR=:01%*(BB—-AA) .
CA{1)=AA+0.618034%(BB—-AA)
CA{2)=AA+BB-CA(1)

DO 33 J=1s2
CE(J)=2.56E08*=CA{J)**3
IFICF(J)-.LE.CFO) GO TO 31
CF(J)=CFO )
INOR=1./2.%VOL*(CAG-CA(J)+3.*(CFO-CF(J)))
WRITE(6,702) CA(J),CF{J),ZNOIN,ZNOR
FORMAT(?0CA = *3G1l4.Ts"'" CF = "3Gl4.7,"

1" ZNOR = ',G14.7)

R{J)I=RA*( (ZNOIN-ZNOR)/INQIN)**(1./3.)

ZNOIN

' oGl4.Ts

A

" e e




Figure 36 (contd

td.)
RR=SQRT (RA**3%(CAC- CA(J)+3.*(CFO CF{J) )/ (EQPAR(9,4NE)=ST*CA(J)
1%*SICOMP({KC1,1)))

"33 RES(JI=ABS(RR-R(J))
35 IF(RES(1).LE.RES{2)}) GO TO 39

88=CA(1)
CA(1)=CA(2)
CF(1)=CF(2)
R{1)=R{2)

. RES{1)=RES(2])

CA{2)=AA+BB~-CA(1)
CF{2)=2.506E08%CA(2)%x%x3 .
IF{CF{2).LE.CFO) 60 TO 37
CF(2)=CFO

37 INOR=1./2.%VOL*(CAC-CA(2)+3.*{CFO-CF(2)))

R(2)=RA%{ (ZNOIN-ZNOR)/ZNOIN)*%(1./3.)

RR=SGRT(RAX*#*3% (CAQ-CA[2)+3.%{CFO-CF(2}))/{EQPAR{9,NE)* ST*CA(Z)
1%SICOMP(KC1,1)))

RES(2)=ABS{RR-R(2))

GO TO 43

39 AA=CA(2)

CA(2)=CA(1)

CF(2)=CF(1)

R{2)=R{1) |

RES(2)=RES(1)
CA(1)=AA+3B-CA(2)
CF(1)=2.56E08%CA{1)%%*3
IF(CF(1).LE.CFD) GO TO 41
CF(1)=CFO.

4] ZNOR=1./2.%VOL*{CAO-CA(L)+3.*(CFC-CF(1)))

R(1)=RA*( (ZNOIN-ZNOR}/ZNOIN}**(1./3.)
RR=SQRT{RA%*3% (CAUG-CA(1)+3.%(CFO~-CF(1)))/(EQPAR(9,NE}*ST*CA(1)

1*SICOMPIKC14+1)))

RES(1)=ABS(RR-R{1))

43 IF((BB-AA).GT.ERR} GO TO 35

"IF(RES(2).LT-.RES(1)) GO TO 45

AT




Figure 36 (contd,)

CAF=CAL L)

CFF=CF(1}

RF=R({1)

GO0 TO 47

CAF=CAL2) - ‘

CEF=CF(2) o b

RF=R{2)}

XA={RF*%3)/(RA%*%3) i .
SOCPWTIKCLl21)=SICPWT(KC1l,1)%XA
SOCPWT(KC2,1)=CAF*V0OL*98.08/2.
SOCPWT(KLC34 1)} =CFF*kVOL*3G69,9/2..

SOCPWT(KC4y L)=(FEOHIN+(CFG-CFF)*®V0OL)#*106.89

DO 49 K=1l.M

L=K+9
IF(KoEQeKCLleOR.KeEQeKC2.0RK.ELGeKC3a0R.K.EQeKLC4)
SOCPWT(K, 1) =SICPWT{K,1)+EQPAR(LyNE
COGNTINUE

DO 51 I=1,10

P=1

X{I)=Px_,1

S Q=X(I)/(l.-CCAEX{I))

KRM=AR*BR**Q
RN=RM&XA*#%{1e/3.)
Y{I)=RN

CALL LSC(Xs:Y5310,A4,8,C)
SUCNST(1,1)=A
SGCNST(2,1)=8B
SOCNST(3,1)=C
WRITE(64342)
FORMAT (! A =
SOMOLE(1)=0.

. DO 53 K=1,M _
SOMOLE(1)=SOMOLE(1})+SOCPWT(K:1)

45

47.

49

51

A,B,C

342 V96l4.T74 B = '3G1l4.7,Y C =

53

«

%{1.~XA)*SICPNT(KC1s1)

SOCPWT{KC5,1}=SOCPWT(KC5,1)}+SIMOLE(L)-SOMOLE{L) _ .

GO TO 49

TS

¥ 761407)
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55

59
99
57

SOMOLE(1)=SIMOLE(L)

L0 55 K=1,M

SCCOMP (K, 1)=S0CPWT(Ky1)/SOMOLE(1)
DG 59 J=4,10
SUCNST(J,1)=SICNST(Jd,1)

DO 57 4=3,10
SONUM(14J)=SINUM{1,J)

. WRITE(6,10) SONUM{1,1)

10

61
12

14

18

FORMAT('0 STREAM NUMBER '3G14.7)
DO 61 K=1,M :
WRITE(6,5,12) K,SOCTOMP(K,1)

FORMAT (! WT FRACTION COMP 1',12,°
WRITE(6,14)SOMOLE(1)

i 1614.7)

FORMAT (? TOTAL STREAM WEIGHT = 7,G14.7)

WRITE(6518) XA

FORMAT{1'0 FRACTIUN OF ZNO LEACHED =

RETURN
END

'9G14.7)

9LT-




Figure 37
: SUBROUTINE CLAS
COMMON/SYSD/KEFLAG(50) ,KSFLAG(100) +KTRACE,DERRORsNPFREQ;IPUNCH
COMMON/EGPA/ EQPAR(25,50), NEMAX,MAXEGP
COMMON/CONTL/NIN ¢ NOUT yNOCOMP » NE,NEN
COMMGN/STRMIN/SINUM(8,10) SICNST(1¢,8),SIMOLE(8),
1SICOMP(1148)2SIKV(10,8)
COMMON/STMOUT/SONUM(8,10) y SOCNST(10,8) ,SOMOLE(8)
1SOCOMP(11,8),S0KV(10,8)
DIMENSION TWS(2)ySICPWT{11,8),SOCPWT(11,8),X(10),Y(10)
WRITE(644) .
4 FORMAT('l CLASSIFIER?')
M=NOCOMP-1
DO 143 J=1,NOUT
DO 141 K=1,M
141 SOCPWT(K,J)=0.
143 SUMOLE(J)=0.
DO 11 K=1,M
11 SICPWT(K,1)=SICOMP(K,1)%*SIMOLE(1)
WIS=0.
NS=EQPAR(2,NE)+0.1
DO 15 I=1,NS
15 WIS=WIS+SICPWTI(I,1)
AR=SICNST{1,1)
BR=SICNST{(2,1)
CC=SICNST(3,1)
XF=0.
17 XF=XF+.1 v
Q=XF/(1.-CC*Xi. :
ROP=AR*BR*%Q
IF(ROP.GE.EQPAR(3,NE)) GO TO 21
IF(XF.GE-1.) GO TO 19 '
GO TO 17 ~
19 XF=1.
- GO TO 25

24T




Figure 37 (contd,)

21 XF=XF-.1
23 Q=XF/{1.-CC*XF)
ROP=AR*BR*%Q

IF(ROP.GE.EQPAR(3,NE)) GO TO 25

XF=XF+.01
GO TO 23
- 25 WRITE(6,388) XF .
388 FORMAT(?' XF = ',G1447)
DO 37 J=1,2
DO 27 1=1,10
X{I)=0.
27 Y(I)=0.
DO 35 I=1,10
P=1
IF(J.NE.1) GO TO 51
XX=P%XF/10.
GO TO 33
31 XX=XF+(1l.-XF)/10.%P
33 Q=XX/(l.—CC*XX)
RM=AR®BR**{
X(I)=Px*x.1
35 Y{I)=RH :
CALL LSC({X;Ys105A4B,C)
SOCNST(1,J)=A
SOCNST(2,J)=8
SOCNST(3,4)=C
37 WRITE(6,342) A,B,C
342 FORMAT(' A = ',G1l4.7,' B
DO 45 J=1,2
TWS{J)=0.

T,Gl4.7,¢

C

! ’G14o7)

84T
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39
41
43
45

47

211

213

- 10

49
12
51
24

IF{J.NE.1) GO TO 39

XJ=XF

GO TO 41

XJd=1.—-XF

DO 43 1=1,NS
SOCPWT{I,J)=SICPHT(I,1)*XJd .
TWS{J)=WIS*XJ
SOMOLE(2)=TWS(2)/EQPAR{4,NE)

"SUMOLE(1)=SIMOLE(1)-SOMOLE(2)

K=NS+1

DO 47 J=1,2

DO 47 I=K,M

SOCPWT(I,J) =SICPWT(I,1)%*{SOMOLE(J)=TWS(J))/(SIMOLE{1)-WIS)
DB 51 J=1,2

DO 211 I=3,10

SONUM(J4,1)=SINUMI1,1)

DU 213 I=4,14¢

SOCNST(I,J)=SICNST{I,1)

WRITE{6510) SONUM{J,s1)

FORMAT{'0 STREAM NUMBER ',G14.7)

DO 49 K=1,M

SOCOMP (K, J)=SOCPWT(KyJ)/SOMOLE(J)

WRITE (6,12) KySGCOMP({KyJ)

FORMAT (! WT FRACTION COMP ",12,' = ",G14.7)
WRITE (6,24) SUMGLE(J)

FORMAT (! TOTAL STREAM WEIGHT = ',614.7)
RETURN

END

64T
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Figure 38
SUBRGUTINE SETL
COMMON/SYbD/KEFLAu(SO)7KSFLA"(1OO)1KTRACE DERRORyNPFREQ, IPUNCH
CCMMON/EGPA/ EGPARI(25,50) s NEMAX,MAXEGP
COMMUN/CONTL/NIN,NOUT; NOCOMP s NE,NEN
COMMON/STRMIN/SINUM(8,10),SICNST(10,8),SIMOLE(B)>
1SICOMP(11,8)5SIKV{1(,8)
"COMMOM/STMOUT/SONUM(8,10) ySOCNST(10,+8)5SOMOLE(8)
lbUCONP(ll 8),S0KVI108,+8)
DIMENSION SICPWT{11,8),SOCPWT(11,8)
WRITE(G6+4) :
4 FORMAT('1 THICKENERT')
M=NOCOMP-1
DO 11 K=1:M
11 SICPWT(K,1)=SICOMP{K,1)*SIMOLE(1)
Tw$=0.0
NS=EQPAR{24NE)+0.1
= DO 31 J=1,NS
31 TWS=TWS+SICPWT(J,1)
XI=TWS/SIMOLE(L)
SOMOLE(1)=SIMOLE{1)*(XI-EQPAR(4,NE))/ (EQPAR(3,NE)-EQPAR(4;NE))
SOMOLE(2)=SIMOLE(1)-SOMOLE(1)
DO 39 I=1,42
DO 33 J=1,NS
33 SOCPWT{J, I)‘SICPWT(J,I) (SDMDLE(I)aEQPAR(I+2,NE))/(SIMOLE(I)*XI)
K=NS+1
DO 35 J=K,M g :
35 SOCPWT{(J,11=SICPWT(Js1)*(SOMOLE(I)*(L.0—EQPAR{I+2,NE})/{SIMOLE(1)>*
1{1.0-X1)))
DU 37 K=1,10"
- 37 SOCNST(K,1I) =SICNST(Ks1?
DO 39 J=3,10
39 SONUMI{IsJ)=SINUMI1,J)
DO 93 J=1,2
B0 65 K=1,M

081"




Figure 38 (contd-.)

65 SOCOMP(K,J)=SOCPWTI(K,J)/SOMOLE(J)
WRITE(65,10) SONUM(Js1)

10 FORMAT('0 STREAM NUMBER = ',G14.7)
DO 41 K=1,M
WRITE(6432) K+SOCCMP(KyJ)
32 FORMAT(? WT FRACTION COMP ',I2,!' = ',G14.7)
41 CONTINUE
93 WRITE{(6,49) SOMUOLE(J)
49 FORMATI(! TOTAL WEIGHT STREAM = ',G14.7)
RETURN ' '
END

S N
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Figure 39

11

SUBRUGUTINE FLTR
COMMON/SYSD/KEFLAG(50) s KSFLAG(100Q) yKTRACE, DERRORyNPFREQ, IPUNCH
COMMON/EQPA/ EQPAR{25,50), NEMAX,MAXEGP '
COMMON/CONTL/NINsNOUT ,NOCOMP o NE, NEN
COMMON/STRMIN/SINUM(8,10),SICNST(10,8),SIMOLE(8),

ISICOMP(11+8)4SIKV(10,8)

COMMON/STMOUT/SONUM{8,10) s SOCNST(10,8) ySOMOLE(8),

1SGCOoMP(11,8),S0KV{1C,8)

DIMENSION SICPWT(11,8),SOCPWT(11,8)
WRITE(6,4)

FORMAT('1 FILTER?')

M=NOCOMP-1

DO 11 K=1,M -
SICPWT(Ky1)=SICOMP (K, 1)*SIMOLE(1)

. ThS=0.0

31

33"

35

37

39

NS=EQPAR(2,NE)+0.1

DO 31 J=1,NS

TWS=TWS+SICPWT(J,1)

XI=TWS/SIMOLE(1)

SOMOLE{1)=SIMOLE(1)*(XI-EQPAR(4,NE))/ (EQPAR(3,NE)—EQPAR(4,NE))
SOMOLE(2)=SIMOLE(1)~SOMOLE(1) .

DL 39 I=1,2

DO 33 J=1,NS _ :
SOCPWT{J,1)=SICPWT(J,1)% (SOMOLE (I)*EGPAR(I+2,NE))/(SIMOLE(1)%*XI)
K=NS+1 ‘

DD 35 J=¥ M
SOCPWT(Jsi)=SICPWT(Js1)* (SOMGLE (I1)%(1.0-EQPAR(I+2,NE))/(SIMOLE(1 )%
1{1.0-XI)))

DO 37 K=1,10 :

SUCNST(KsI)  =SICNST{K,1)

DO 39 J=3,10

"SGNUM (I ,J)=SINUM(1,J)

DO 93 J=1,2

DU 65 K=1,M

281
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T 65

10

32
41
93
49

SOCOMP (K J)=SOCPWT(K,J)/SOMOLE(J)
WRITE(65,10) SONUM(J,1)

FORMAT('0 STREAM nNUMBER = ',G14.7)
DG 41 K=1,NOCGCMP
WRITE(6532) Ky SOCUMPI(K,J)

FORMAT(? WT FRACTION COMP ';12,' = 1,G14.7)
CONTINUE

WRITE(6449) SOMOLE(J) )
FORMAT(® TOTAL WEIGHT -STREAM = 1,614.7)
RETURN

END

€897
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T SUBROUTINE MIXR &~ 7 77

COMMON/SYSD/KEFLAG(50) ,KSFLAG{100) ,KTRACE DERRORyNPFREQ, IPUNCH
COMMON/EQPA/ EQPAR(25,50), NEMAX,MAXEQP
COMMON/CONTL/NIN,NOUT,NOCOMP s NE,NEN

CCMMON/STRMIN/SINUM(8,10) »SICNST{10,8),SIMOLE(8);

1SICOMP{11,8),SIKV(10,8)

141

COMMON/STMOUT/SONLM(8,10) s SCCNST (10, 8),SOMULE(8)9
1SOCOMP(11,8),S0KV{(1G,8)

DIMENSION SICPWT(ll,B),SOCPhT(ll 8),X(80)7Y(80) R(104+8),WIS(8)
WRITE(64+4)

FORMAT(®1 MIXER?")

WF=0.

M=NOCOMP-1

DO 141 K=1,NOCOMP

SOCPWT(K,1)=0.

SOMOLE(1)=0.

SOCOMP{NOLUOMP+1)=0.

KC=EQPAR{2,NE)+.1

NNN=EQPAR(3,NE}+.1

W0S=0.

DO 15 J4=1,NIN

. WIS(J)=0.

11

13

15

17
19

20

GO 11 K=1,M
SICPWT(KsJ)=SICOMP{KeJ}*SIMOLE(J)
DO 13K=1,NNN :
WIS(J)=WIS(J)+SICPWHT(K,J)

SOCOMP (NOCOMP ,1)=50COMP (NOCDMP, l)+SICDNP(NOCDMP J)
WUS=WOS+WIS(J)

DO 19 K=1:M

DO 17 J=1,NIN
SOCPWT(K,1)=SOCPHT(K,1)+SICPWT(K,J)
SDMDLE(1)*SOMDLE(1)+SOCPWT(K71)

DO 20 K=1,M

SOCOMP (K 1) =SOCPWT (K, l)/SDMULE(l)

187




- Figure 40 (contd,)

IF(WDS.LE.1<E~-06) GO TO 75
DO 21 J=1,NIN
AR=SICNST(1,;J)
BR=SICNST(2,J)
CC=SICNSTI(3,J)

DD 21 I=1,10

P=1

Z1=Px%.1

- QR=Z/(1.-CC*Z)

21

23

25

701
35

27

R{IyJI=AR*BR**

K=0

Md=1

MI=1

DO 25 J=1,NIN

bo 25 1=1,10
IF(R{I4J).GE-R{MI,MJ)) GO TO 25
MI=1I

Md=J

CONTINUE

IF(R(MI,MJ).LE.D.) GO TO 35

IF(RIMI,MJ).GE.1.E05) GO TGO 27

WFZ=WIS{MJ)I*.10/W0S
IF(WFZ.LT-1.E-04) GG TO 35
WF=WF+WIS(MJI*.10/W0S
K=K+1

X{K)=WF X

Y(K)}=R{MI,MJ)

WRITE(63701) KoaX{K) Y (K)

FORMAT(®* K = '5I3,' X = ',G14.7,"

R{MI,MJJI=1.EQ6

G0 TO 23

CALL LSC(XsYsKsA3B,0C)
SOCNST(1,1)=A

SOCNST{(2,1)=8B

Y

! 961457)
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Figure 40 (contd,) -

342

29

61

63

65

67

69

71

SOCNST(351)=C

WRITE(6+342) A,B,C , X
FORMAT(' A = ',G1l4.7,' B = 1,614.7,"
TKS=0.

CONST=0.

DU 29 J=1,NIN
CONST=CONST+SICNSTIS:J)RWIS(J)
TKS=TKS+SINUM{Js3)%KWIS(J)
SOCNST{5,1)=CONST/WCS
SONUM(1,3)=TKS/WD

TLL=0. :

UL=0.

DU 63 J=1,NIN
IF(SIMOLE(J).LE.1.E~04) GO TO 63
IF{TLL.GT.1.E-C5) GO TO 61
TLL=SICNST(4,J)

GG TO 63

IFISICNST(45J)-GT.TLL) GO TO 63
TLL=SICNST{4,J)

CONTIRUE

DO 67 J=1,NIN
IF{SIMODLE(J).LE«1.£-04) GO TO 67
IF{UL.GT.1.E~05) GO TO 65
UL=SICNST(4yJ)

GO TO 67 -
IF{SICNST(4,J).LT.UL) GO TO 67
UL=SICNST{4,J)

CONTINUE

IF{UL.NE.TLL) GO TG 69

AHT=UL

GO TO 71 .

C

13614.7)

CALL TGS(TLLsUL.SOCNST(5,1)ySONUM{1,3)+A5B,C5AHT)

SOCNST{451)=AHT

 WRITE(6,503) SOCNST(4,1)

98T
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503
75

31
10

53
12

24

26

FORMAT(® HT = 7,G14.7)

CONTINUE

DG 31 1=4,10

SUNUM(I)I)=SINUM(111)

WRITE(6,10) SONUMI{L1.1)

FORMAT('0 STREAM NUMBER ',Gl4.7)

DO 53 K=1,M

WRITE (6412) K,SOUOMP(K,1)

FORMAT(? WT FRACTION COMP *,12,' = 1,514.7)
WRITE (64524) SOMOLE(1)

FORMAT (¢ TOTAL STREAM WEIGHT = '";G14.7)
WRITE(6,26) SOCNST(5,1)

FORMAT(® AVERAGE CONVERSION = ?,G14.7)

RETURN 27

END

481
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Figure 41

SUBROUTINE ELET
COMMON/SYSD/KEFLAG{50) ,KSFLAG{100) ,KTRACE,DERROR NPFREQ,IPUNCH
COMMON/EQPA/ EOPAR(25+50), NEMAX,MAXEQP
COMMGN/CONTL/NIN,NOUTsNOCOMP 9 NE s NEN
COMMON/STRMIN/SINUM{3,10) ,SICNST(10,8)SIMOLE(8),
1SIC0MP(11,8),SIKV(10,48)
COMMON/STMUUT/SONUN(8,10),SUCNST(lOyB)ySGMOLE(S),
1SOCOMP(11,8),50KV(104+8)
- DIMENSION SICPWT{11,8),SCCPWT(11,8)
M=NOCOMP-1
DO 11 K=14M
11 SICPWT(K,1)=SICOMP (K, 1)*SIMOLE(1)
WRITE(644)
4 FORMAT{'l ELECTROLYTIC PLANT')
KC1=EQPAR{2,NE)+.1
EFF=EQPAR{3,NE)
WZNP=SICPWT(KCl,1)% *EFF%65. 38/161. 44
WRITE(6,6) WINP :

6 FORMAT('0O TONS/DAY ZINC PRODUCED = ',G14.7)
SOCPWT(KCLy1)=SICPUWT(KC1,19*(1l.—-EFF)
AMP=WINP*68.3 . '
CAMP=AMP/EQPAR(4,NE)

WRITE(6,8) CAMP .
8 FORMAT('0 CELL CURRENT (AMPS) = ',G14.7)
SOMOLE(1)=0.
DG 13 K=1.M
L=K+4
IF(K.EQ.KC1) GO TG 13
SOCPWT(K,1)=SICPWT(Ky1)+EGPAR(LsNE)*SICPWT(KCLs1)*EFF
13 SOMOLE(1)=SOMOLE(1)+SOCPWT(K,1)
DO 15 K=14M
15 SOCOMP({K, 1)=SOCPWT(K,1)/SOMOLE(L)
WRITE{(6,1C) SONUMIl,1)
10 FORMAT{'0 STREAM NUMBER = ',G1l4.7)

881"




Figure 41 (contd,)

DO 17 K=1.M
17 WRITE(6,12) KySOCOMP(K,1)

12 FORMAT(? WT FRACTION COMP ',1I2,°
. WRITE(6,14) SOMOLE(1)
14 FORMAT(? TOTAL WEIGHT STREAM =
RETURN
END

= '161407)

f 7G1407)

637
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11
13

15
i7

19
21

99

SUBRUCUTINE CONVT{AR8,CC,CKyTH,AVC)
-.025

AVC=0.

DO 99 J=1,20

X=X+.05%

Q= X/(l.—CC*X)

RM=AR % B %

D0 11 1I= 1 10

P=1

RC=P*RM*. 09999

VRC=RM#*3-RC#=%x3~CK*xTH* (RM*RC/ (RM—RC) )

IF{VRC.LE.C.) GO TQ 13

CONTINUE

A=RC-.09999%RM

DO 15 I=1,10

P=T

RC=A+P*. 00999Y*RH

VRC=RM¥%3-RCx¥3-CK=TH* (RM*RC/ (RM=RC) )

IF{VRC.LE.0.) GO TO 17

CONTINUE

A=RC-+009999%RM

DO 1y I=1,10

P=1 ,

RC=A+P%*.0009999%RM

VRC=RM*¥3-RC%%*3-CK*TH*(RM*RC/ (RM=RC) )

IF(VRC.LE.0.) GG TO 21

CONTINUE ‘

CONV=1.-RC*%3/RM*%3

AVC = AVC+CONV*.05

CONTINUE

RETURN

END

16T




Figure 43

11

15

SUBROUTINE LSC{Z,RyNsA,B,C)

DIMENSION Z(l),R(l)yRES(Z)1CC(2)7TA(£)fTB(Z)vX(3)7Y(3)

AA=(.

B8=1.

ERR=.01

CCl{1)=AA+0.618034%(BB—AA)

CC{2)=AA+BB-CC(1)

DG 19 J=1,2

DO 11 I=1,3

X(1}=0.

Y(I)=U.

DO 15 I:}_,N .

Q=Z({I)/(1.-CC(I*Z11))

X{1¥=X(1)+Q \

XK(2)=X(2)+Q*

X(j)—X(3)+1.

Y{1)=Y(1)+ALOGI(R(I))

Y(2)=Y(2)+ALOG(R(i))*Q

CALL SIME(X,Y)

TA(JI=EXP(Y({1))

TB(J)=eXP(Y(2))

RES{J)=0.

DU 17 I=1,4N
Q=2(I1)/(1.—-CC(JI)=*=Z2(1))

RC=TA(J)I*TB 1 J)**Q

17
19
21

RES{J)=RES(JI+(R(I)-RC)*xx*
CONTINUE

IF(RES{1).LE.RES(2)) 30 TO 29
B3=CC(1)

Cc{l)=CcC(2)

RES({1)=RES(2)

RES(2)=0.

CC(2)=AA+BB-CC(1)

267
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23

25

27

29

31

33

DO 23 I=1,3

X(I1)=0.

Y(I)=G.

DO 25 I=1,N
Q=Z(1)/1L.—-CCI2)%2(1))
X{L)=X(1)+G
X(2)=X{2)+Q%x%2
X{3)=X(3)+1.
Y(1)=Y(1)+ALOG(R(I)
Y(2)=Y(2)+ALGG(R(I)
CALL SIME (X,Y)
TA(2)=EXP(Y (1))
TB(2)=EXP(YL{2))

DD 27 I=1,N
Q=Z(I)/(L.—CC(2)*Z(1))
RC=TA(2)%TB(2)%*G

)
)%

RES(2)=RES(2)+(R{I}-RC)**2

GO TG 37

AA=CL (2)
CC(2)=CC(1)
RES(2)=RES(1)
RES(1)=0-,
CC{1)=AA+BB—-CC(2)
00 31 I=1.3
X{1)=0.

Y{I1)=0.

DO 33 I=1,N
Q=Z{I1)/(1.-CC(L)*Z(I}))

CXEL)=X(1)+Q

X{2)=X{2)+Qx*
X{3)=X{3)+1.
Y{1)=Y({1)+ALOG(R(I))
Y(2)=Y(2)+ALOG(R(I))I*Q

£67




35
37

39

Figure 43 (contd,)

CALL SIME(X,Y)
TA(L)=EXP(Y(L1))
TBl1)=EXP(Y(2))

D0 35 I=1,N
Q=Z(I1)/(1.—-CClL)*2(1))
RE=TA(1)*TB(1)%*Q
RES{1)=RES(1)}+(R{I)=-RC)*x*
IF((BB-AA).GT.ERR) GO TO 21
IF{RES{2).LT.RES(1)) GO TO 39
A=TA(1)

B=TB1{1)

C=CC(1),

RETURN

A=TA(2)

B=TB(2)

C=CC(2)

RETURN

END

61




Figure 44

SUBROUTINE SIME({X,Y)

DIMENSION X(1),Y(1)
A=(X(2)%Y(1)=X(1)®Y(2) )/ (X(3)%X(2)=X(1)*%2)
S=(X3)%Y(2)=X(1)#YTL))/(X(3)%X(2)=X(1)%%2)
Y(1l)=A ' .
Y{(2)=8

RETURN

END

G617
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" 37

SUBROUTINS TGS{TLL,UL,AVC,CKyAsB,C,AHT)
DIMENSIUN RESI(2),CVCI2)4X(2)
ERR=(UL-TLL)*.01 : .
X(L)=TLL+0.618034%(UL~TLL)
X(2)=TLL+UL-X{1)

BU 7 I=1,2

CALL CONVT(A,B+C,CKsX{I)sCVC{I))
RES{I)=ABS{(CVL{I)-AVC)/AVC)
IF(RES(1).LE.RES(2)) GO TO 29
UL=x(1)

X{1)=X{2)

RES(1)=RES(2)

X{2)=TLL+UL-X(1)

CALL COUNVT(A,B,C,CK,X(2)sCVC{2))
RES(2)=ABS{{CVC{2)-AVC)/AVC)

GO TO 37

TLL =X(2)

X{2)=X(1)

RES(2)=RES(1)

X{1)=TLL+UL=-X(2)

CALL CONVT{A,B,CsCK,,X({1),CVC(1))
RES(1)=ABS{{CVC(1)=AVC)/AVC)
IF{{UL-TLL).GT.ERR) GO TO 21
IF(RES{2).LT.RES{1)) GO TQ 39
AHT=X(1)

© RETURN

AHT=X(2)
RETURN
END
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Figure 46

CLEAN
ZINC PLANT SIMULATION ROASTING .SECTION para
EPMLIST
KPM1=1,"'ROST',.
KPM2=2,"MIXR®, 'M~-1
KPM3=31'SCRN‘1'S—1 143-57_6:4*07
KPM4=4,'GRND'1’G—1 ,67“1415*01
?
?
>

1R—1 ¢

'

'

' .
KPMS5=5, "MIXR?,'"M=2 '42,169~7,4%0,

1

1

'

,1;’2,“314*01
137171‘474*0,

KPM6=64 1PREPY, *F=1 ',7,-83—954%0,
KPM7=7,*PREP*, "P-1 %,8,-10,-11,4%0,
KPM8=8,'PREP 'y 'F-2 '31U4-12:,—13,4%0,
KPM9=9, "MIXR','M-3 %,9,11,13,14,-15,2%0,
KPM10=104 'ROST'y?'R—-2 ',15,-16,-1734%0,
NDCOMP=6,CDMPNT=1y2,3,4y596,14*0,
EEND
"EEQLIST
EQP1=1e91.,65681ley1ey1475.56. 41£-08,3. £0518607.98255141941.017y-1.,
©835y—211485.0764510%0.;
EGP2=24e91e15e122%0.4
EQP2=3441a70937422%04,
EQP4=4-71.E—O3,1.5E02,22*0-1
_EQP5=50110150122*Oe1 . ’
CEQPA=6e31.2396498cE059—109e8359—01148,.0764,17%0.5
EQPT7=7291e91396¢35+E065-10328357y-211468,.0764517%0.,
EQP8=8c31e9396031e55009=109e8359=e1148,.0764417%0.4
EQP9=949143935.922%04, '

867

EQP10=10e91e942660212031475.92.1TE-075+80E055242643.98259141951.0005—-1.,

e8353—21148,y.07644910%0x,
ENAME=50%*0,
SEND
ESEXLST
" SEX1=1491.20496E~0341.120465+949301,7% <0 3350072 78472075.0899,.0,.1261,
6%0ay




Figure 46 (contd,)

SNAME=233+4959697387:95105,11,12513+,14,+15,16,17,84%0,
SEND

ESINLST

SINI=1441.,-00096,7%0,

SIN5=5.32.98%0.,

SIN12=12.32.98%0.,
SNAME=2+3+4963738:9+10,11,13514,15,164,17,86%0,
“EEND

EKELIST
KE2=243+435+6+47983991104+41%0,L00PS=104DERROR=0.05,KE4=5,9%0,
LEND - :

661




Figure 47

CLEAN

ZINC PLANT SIMULATION LEACHING SSCTION DATA
&PMLIST
KPMi=1,'ANIX"*AM—1",1:+2,~-3+4%0,
KPMZ=2, "LECH'y "L=1 '33+-495%0,
KPM3=3,YLECH', 'L=2 ';4,-5;5%0,
KPM4=4, 7 £ECH'"y'L—-3 ?,5;—-6,5%0,
KPM5=51 YLECH?T ? 'L“‘l‘ 1 16‘5_7, S*'O,,
KPM6=64 "LECHY, 'L~5 ', 74—-845%0,
KPM7=7,'LECH','L-6 ',8,-9,5%0,
KPM8=8,'LECH?', 1 -7 ® 1ij_‘10y5*01
KPMS=9, "LECH*,*L-8 ',10,-11,5%0,
KPM10=104'CLAS*y'C-1 '311,-12,-13,4%0y
KPM11=115"'CLAS',1C~2 ',13,-14,-15,4%0,
KPM12=12, "MIXR¥3'M~-1 ¥,12,y14,-16,4%0,
KPM13=13,'SETL",*5-1 ',16,-17,-18:+4%0,
KPM14=14, "AMIX"3 "AM—-27,15+419-19,4%0,
KPM15=15,'GRND",'BM-1',19,-20,5%0,
KPMlbzlés 'MIXR') 'LM"Z' 1'18,201—2114*07
KPM17=17,'AMIXYy "AM-3"',21,40,-22+4%0,
KPM18=18,'"LECH"5 "AL13"',22,-23;5%05
KPM19=19,'"LECH"s'AL127523,-24,5%0,
KPM20=20Q,LECH's*AL11Y%,24,-25,5%0,
KPM21=215'LECH'; 'AL10',25,-26,5%0,
KPM22=22, '"LECHY, 'A1 —91,26,—27,5%0,
KPM23=23,LECH'y *AL—-81',27,-28,5%0,
KPM24=244 "LECH"y YAL~-T7'4328,—-29,5%0,
KPM25=259, ' LECH"y TAL—-6"3299-30,5%0,
KPM26=264 "LECHY; YAL-5'5304—-31,5%0,
KPM2T7=2T, YLECH® 3 "AL-4",31,-32,5%0;
KPM28=28, "LECH"s YAL-3",32,-33,5%0,

002




F:'L"gure 47 (contd.)

KPM29=29, *LECH', 'AL-2",33,-34,5%0,
KPM30=30, 'LECH'» 'AL=1%,34,-35,5%0,
KPM31=31, "SETL ', 'AL-S',35,-36,-37;4%0,
KPM32=32, 'FLTR?, 'F=AQ",37,-38,-39,4%0,
KPM33=233, TMIXA®, "M=2 1,36,38,-2,4%0,
KPM34=34, "ELET 'y "ELET ', 17,-40,5%0,
NGCOM93111COMPNT=11213147?161718y9y10y1119*01
S&END :
EEQLIST . .
LEQP1=1012~17018-710-76}9.0025r02001-2116*0.y ) .
EQP2=2°!2‘170780760110.7112-31300.10-6E0110¢1—1013*0.,3*0.11.973,7*0.’

EQP3=3012. ’7.78.16.110.1112.313006 1006E01 10. 9—1013*00 ’3*0&11097317*0.,

EQP4=44292+372984764310.5112.35300.30.6E01,041-1553%0.33%04,1.973,7%0.5

EQP5=5.22237238¢36031043112.37300290.6E01:003=1093%0423%0431.973,7%0.y .

EQP6=621229 72184352431 0251124373005790.6E0150.9=1293%0n93%0c91973y7%0ay
EQP7=Te3 2417038276021 043112237300470-6E0150-9"1433%00e33%0031e9735T7%0x1
EWUPB=821241 72982960391 023112.33300e30.6E019049=1493%02,3%0.51.973;7%0.,
"EQP10=10436¢51.21E-033.20521%0a4,

EQP11=114+6031.370E-034,.9421%0.,

EQP12=12.+643723%0.,

EQP13=13016.)-001e60121*0~7
EQP14=14492¢39Te384510436450.00,0011.516%0.,
EQP15=1547 1.E=03, 7-5E02,22%04

EQP16=16y6e723%04, :
EQPLl7=17092237e380310e76¢212603003.3,16%0.,
EQP18=180¢72+77T38226231029112.3y300.30.2E-011003-Lay3%0453%0.,1.973,
T*0aey . ’

EQP19=19¢ 724372380264 31043911223,300030.2E-023043—1033%04,3%04,1.973,
T#0a 4
EQP20=200e92c37¢38436243100911233300.90.2E-0130+1—-1493%0093%0.41.973,
1%0., .

EQP21=21c¢322 1723823606 31005112:3+4300.50.2E-013005-1543%0.33%0,.51.973;
7%0. ‘
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Figure 47 (contd.) . _
EQP22=22.32437598496221005112.35300+30.2E-013047-1493%0453%0.,1.973, R
T%0.a4 :
EQPZ3=23°124 ’7.180,6. 710191112.3,300. ,O. ZE—Ol 700 1—10 ’3#:0- 13*0-,1.9731
750, '

ECP24=24.1 2017018. 160 1100’1120313GO¢QOcZE—Olyoo 1_1-13*0013*041110973y
T%0.,
EQPZ5~=25.,2-,7.18~169 71007112¢313000 ,OQZE—Olyoo 7—10 ,3*0: ,3*007 109731
7*001
EQP26=26+32:1 7298056091 0e9112:33300430.2E-01+90039-1093%0.93%0.,1.973,
7 O.’
EGP27=27ce 9243 7238096031044112.3,300.,0. ZE 019045—1¢93%0e93%0.,1.973,
T7%0ey
EQPZB 26.12.,7.,8»16011001112 3 3000!0 2E Ol 007 lc.’3*0013*0.1199739
7 O.’
gQp29= 290)2.17.18.760,10.7112 393C00s y0.2E— 019007 1.93%0443%0.,1.973,
CT*0ey '
EQP3O 30.120774180 16.1100,11203’300.90.2E—Ol,00 1—1013'2":0013*00110973,
T%0a,
EQP31=31¢76.9.0053.50,21%Ca>
EQP32=32.,6090001 100121*001
EQP33=33.364.923%0. >
EQP34‘=31"019.1057 .916*0. 7060710. 7"].."‘0 ].117 111*0.9
ENAME=50%*0,
&END
ESEXLST
SEX1=1e91all7E-034912713799.9543234,37%0¢3292e%4101427344E~ 011.7628663,
«3622894E-0249+6979978E—019+1494384,6% O.,
SEXZ 20110"00’386. ,8"‘0»110 72*0.,
SEX40=400.9 10%043304¢+8%00y31032%04, 7
. SNAME=344+5+69728+9,10+11512+13+14+15,16217,18,19520,21,22723,24,425,

" 269279289299 30931,32933534935436537+38439,41,62%05

&END - _ . e
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ESINLST

SIN1=1911018*O-1

SIN39=39.,2.48%0.,

SING1=41.914y8%0.,
SNAME=2§3,4,516171879710v11712113714715716717118119720121!22123y24725{
26127128,29,30131132133134135136,37138140,62*0,

&END ' ‘

EKELIST .
KEZ2=142532 %, 5,6771819’1())11112713114!151161177187197201211227231247259
26127128,29730731132133134,16*01LDOPS=05{DERRUR=-051

SEND ' :

€oz




Figure 48
ZINC PIANT SIMUIATION ROASTING SECTICN RESULIS

' PRCCESS VECTORS!

e o o « o « EQUIPMENT & & o o o : STREAM NUMBERS
NUMBER SUBROUTINE  NAME '
1 ROST R-1 1 -2 -3 0 0
2 MIXR M-l 3 17 - 0 0
3 SCRN s-1 L -5 6 0 0
L GRND G-1 6 -1+ 0 0 0
5 MIXR M-2 . 2 16 -7 0 0
6 PREP F-1 7 -8 =9 0 0
7 PREP T op-1 o 8 10 -11 0 0
8 PREP F-2 10 =12 -13 0 0
9 MIXR M-3 ‘ 9 11 13 14 15

10 ROST R-2 15 -16 -17 0 0

702




Figure 48 (contd,)

205

Z¥HC PIANT SIMULATION ROASTING SECTION

" STREAM CONNECTIONS!

STREAM  EQIEMENT

FRCM
1 0
2 1
3 1
4 2
5 3
6 3
7 5
8 6
9 6
10 7
11 7
12 8
13 8
14 I
15 9

16 10

17 10

TO

1

© W ® W ~N1 o6 F o w N

O O

10




Figure 48 (contd.)

ZINC PLANT SIMUIATION RCASTING SECTION

'OTHER SYSTEM VARIABIES!

NUMBER OF COMPONENTS

NUMBER OF ITEMS IN RECYCIE LIST (XE2)
NUMBER OF ITEMS IN RECYCIE LIST (XKE3)

COMPONENT NUMBERS USED

RECYCLE LIST KE2

TOLERANCE, 'DERRCR!

MAX. LOOPS IN RECYCLE CAIC,

1, 2, 3, 4, 5, 6v

29 3y 49 59 6y 7_v 89 99 109
STREAMS USED IN CONV, ROUTINE (KE4) ‘ 5

0.0500

10

902




Figure 48 (contd.,)

ROASTER

GAS FLOW OVERHEAD (CFM)

207

= 65680,94
STREAM NUMBER  2,000000
WT FRACTION COMP 1 = 0,1947530
WT FRACTION COMP 2 = 0,5853676
WT FRACTICN COMP 3 = 0,2223969E-01
WP FRACTION COMP 4 = 0,5355933E-01
WT FRACTICN COMP 5 = 0,1440808
TOTAL STREAM WEIGHT = 58,20093
AVERAGE CONVERSION = 0,7825913
STREAM NUMBER  3.000000
WT FRACTION COMP 1 = 0,40254848-01
"WT FRACTION COMP 2 = 0,7388481
WL FRACTION COMP 3 = 04499458802
WT FRACTION COMP 4 = 0,6760228E-01
WI' FRACTION COMP 5 = 0,1487952
TOTAL STREAM WEIGHT =240,.2586
AVERAGE CONVERSION = 0,9564861

MIXER

STREAM NUMBER 1+,000000

WI' FRACTION COMP
WT FRACTICN COMP
WT FRACTION COMP
WT FRACTION COMP
WI' FRACTION COMP

\n-F'\Jol\)l—‘

TOTAL STREAM WEIGHT
AVERAGE CONVERSION

MmN un

0,.3183531E-01
0.,7492753
0.3558355E~02
0,6855631E-01
0.,1467761
303,8013
0,9655874




Figure 48 (contd,)

SCREEN

208

STREAM NUMBER  5.000000

WI FRACTION COMP
WI' FRACTION COMP
WI' FRACTION COMP
WI FRACTION COMP
WI FRACTION COMP

- TOTAL STREAM WEIGHT
AVERAGE CONVERSION

1= 0,142734E-01
2 = 0,7628663
3= 0,362289%4E-02
4 = 0,6979978E-01
5= 0,1494384

=292 ,4209

= 0,9848459

STREAM NUMBER  6,.000000

. WI' FRACTION COMP
WI FRACTION COMP
WI FRACTION CCMP
WI FRACTION COMP
WL FRACTTION COMP

TOPAL STREAM WEIGHT
AVERAGE CONVERSTON

BATIMILL

11.24337
0,46 3296 7E~01.

1 = .0,476783%
2 = 0,4049237
3 = 0,1923006E-02
4 = 0,3704922E-01
5= 0,7932079E=-01

STREAM NUMBER 14,00000

WL FRACTION COMP
WI FRACTION COMP
WT FRACTION COMP
WI' FRACTION COMP
WI' FRACTION COMP

TOTAL STREAM WEIGHT

MIXER

STREAM NUMBER  7,000000

WI FRACTION COMP
WL FRACTION COMP
WT FRACTION COMP

WT FRACTION COMP

WI FRACTION COMP

TOTAL STREAM. WEIGHT
AVERAGE CONVERSION

1 = 0.476783%
2 = 0,4049237
3 = 0,1923006E-02
b = 0,3704922E-01
5= 0,7932079E-01

11,24337

0.1337095
0,64924L5
0,1514918E-01
0,5940391E~01
0,1424931

8544159
0,85044 54

wF e

o




Figure 48 (contd,)

PRECIPITATCR

209

STREAM NUMBER 8,000000

WT FRACTION COMP 1 = 0,1326493

WT FRACTION COMP 2 = 0,6502986

W FRACTION COMP 3 = 0,1502741E-01
WT FRACTION COMP 4 = 0,5950038E-01
TOTAL STREAM WEIGHT = 54.,41214
AVERAGE CONVERSION = 0,8516642
STREAM NUMBER  9,000000

WT FRACTION COMP 0,1348186

WT FRACTION COMP 0.6481422

WL FRACTION COMP
WI FRACTION COMP
WI FRACTION COMP

TOTAL STREAM WEIGHT
AVERAGE CONVERSION

TOTAL EFF

FRECTIPITATOR

Ui Fw o=

LI T I T | O O O 1

0,1527654E-01
0.5930304E~01
0.,1424600
31,024 51
0,8491700
0,3630238

STREAM NUMBER 10,00000

WI FRACTION COMP
WI' FRACTION COMP
WI' FRACTION COMP
WI FRACTION COMP
WT FRACTION COMP

W Fw N

TOTAL STREAM WEIGHT
AVERAGE CONVERSION

STREAM NUMVER 11.00000

WT FRACTION COMP
WL FRACTION COMP
WI FRACTION COMP
WI FRACTION COMP
WT FRACTION COMP

W Ew e

TOTAL STREAM WEIGHT
AVERAGE CONVERSION

TOTAL EFF

nmnwunnnu

L T | I T B | B

0,1281393
0.6547818
0,14509478-01
0.5991061E-01
0.,1426592
3.331538
0.8568426

0.1327724
0.6501.761
0.1504156E-01
0,5948918E-~01
0.1425211
51.,07874
0.8515227
0,938714L
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Figure 48 (contd,)

PRECTPITATOR
STREAM NUMBER 12,00000
WT FRACTION COMP 1
WT FRACTION COMP 2
W FRACTION COMP 3
W' FRACTION COMP I

0,1267599
0.6561542
0.1435106E~-01
0,60036178-01

i uauwamnmunu

WI FRACTION COMP 5 0,1427006
TOTAL STREAM WEIGHT = 1.453330
AVERAGE CONVERSION 0.,8584247

STREAM NUMBER 13,00000

WT FRACTTION COMP 1 = .0,1291199

WT FRACTION COMP 2 0,6538072

WI' FRACTION COMP 3 0,1462210E-~01
WT FRACTION COMP 4 0,5982143R~01

it

L | O T B [ Y I |

WT FRACTION COMP 5 0,1426300
TOTAL STREAM WEIGHT 1.878169
AVERAGE CONVERSTON 0.8557175
TOTAL EFF 0.5636395
MIXER

STREAM NUMBER 15,00000

WL FRACTION COMP 1 = 0,1739850

WT FRACTION COMP. 2 0.6206276

WT FRACTION COMP 3 0.1356090E~01
WT FRACTION COMP 4 0,5678556E~01
WT FRACTION COMP 5 0.1350412
TOTAL STREAM WEIGHT = 95,22472
AVERAGE CONVERSION 0,7502980




211
Figure 48 (¢ontd,)
ROASTER |
GAS PLOW OVERHEAD (CFM) = -4265,996

STREAM NUMBER 16,00000

WT FRACTION COMP 1 0,32793378-02

WT FRACTION COMP 2 = 0,7857931

WI' FRACTION COMP 3 = 0,0000000

WT FRACTION COMP 4 = 0,71897691-01
WT FRACTION COMP 5 = 0,1390306
TOTAL STREAM WEIGHT = 27.74767
AVERAGE CONVERSION = 0,9954286

STREAM NUMBER 17.00000

W FRACTION COMP 1 0,6415503E-06

WT FRACTION COMP 2 = 0.7887595

WI FRACTION COMP 3 = 0,0000000

WT FRACTION COMP 4 = 0,7216913E-01
WI FRACTION COMP 5 = 0,1390710
TOTAL STREAM WEIGHT = 64,72583

AVERAGE CONVERSION 0,9999991
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Figure 49
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ZINC PLANT SIMULATION IEACHING SECTION RESULTS

'PROCESS VECTCRS'

e o L] L] o o EQUIP]-\@NT L] ° e o e ©

NUMBER

1

2

[0 BN [SANNNAN =

\O

10
11
12
13
14
15
16

17

SUBROUTTNE
AMTX
LECH
IECH
IECH
LECH
LECH
IECH
IECH
LECH
CLAS
CIAS
—
SETL
AMTX
GRND
MTXR

AMTX

NAME
AM-1
I-1
1-2
-3
L4
-5
1-6
-7
L-8

AM-2

BM~1

AM-3

STREAM NUMBERS

1 2 -3
3 -4 0
b -5 0
5 <6 0
6 -7 0
7 -8 0
8 =9 0
9 =10 0

10 ;1i 0

11 1—12 -13

13 -1k -15

12 -6

16 17 -18

15 b1 -19

19 =20 0

18 20 -21

21 4o -22 .




Figure 49 (contd,)

18
19
20
21
22
23
U
25
. 26
27
28
29
30
31
32
33
I

IECH
LECH
LECH
LECH
IECH
IECH
LECH
LECH
IECH
LECH
LECH
IECH
IECH
SETL
FLIR
MIXR

ELET

AL13
ALi2
AL1l
AL10
AL-9
AL-8
AL-7
AL-6
Al-5
AL~
AL-3
AL-2
Al-1
AL-S

F-AO

ELET

22
23
24
25
26
27
28
29
30
31
32
33

35
37

17




214
Figure 49 (contd,)
ZINC PLANT SIMUIATTION IEACHING SECTION

'STREAM CONNECTIONS!

STREAM EQUIPMEMT
FROM 70
1 o 1
2 33 1
3 1 2
L 2 3
5 3 b
6 b 5
7 5 6
8 6 7
9 7 8
10 . 8 9
11 9 10
12 10 12
13 10 11
1l 11 12
15 1 1l
16 12 13

17 13 %




Figure 49 (contd,) -
| 18 .

19
20
21
22
23
2k

25 .

26
27
28
29
-
31
‘32
3
P
35
%
3
38

215

13
14
15
16
17
18
19
20
21
22
23
2k

25
26

27
28
29
30
31
31
32

16
15
16
17
18
19
20
21

22

23

2l
25
26
27
28
29
30
31
33

32

33




radud il

Figure 49 (contd,)
39
40
b1

216

32 0
3 17
0 14




Figure 49 (contd,)
ZINC PIANT STMUIATION ILEACHING SECTION
YOTHER SYSTEM VARIABLIES?
NUMBER OF CCMPONENTS

NUMBER OF ITEMS IN RECYCIE LIST (KE2)
NUMBER OF ITEMS IN RECYCIE LIST (KE3)

COMPONENT NUMBERS USED 1,
RECYCIE LIST KE2 1,
’ : 12,

21,

30,

TOLERANCE, 'DERROR!

MAX. LOOPS IN RECYCIE CALC,

11

H
0

2, 'Bg 14’9 5
2, 3 }4’9 5y

139 149 1—57
22, 23, 2k,

31, 32, 33, 3¢

0,0500

5

6, 7, 8, 9, 10, 11,

6, 7, 8, 9, 10, 11,
16, 17, 18, 19, 20,
25, 26, 27, 28, 29,

]

412

e ———Tt

T T T T




Figure 49 (contd,)

LEACH SLURRY TANK

218

TONS/DAY MAKEUP.ACID ACCED = 0,1872117

TONS/DAY MAKEUP FEZ(SQLP)3 ADBED = 0,7049561E-02

STREAM NUMBER 37000000

WT FRACTTION
WT FRACTION
WT FRACTION
WT FRACTION
WT FRACTTON
WT FRACTTON
WT FRACTION
WT FRACTION
~ WT FRACTION
WT FRACTION

TOTAL STREAM WEIGHT

COMP 1
COMP 2
COMP 3
CoMP 4
COMP 5
COMP 6
COMP' 7
coMP 8
COMP 9
COMP 10

wnnon o

mi

0,2854519E~02
0.,1525642
0.7245359E-03
0,1395911E-01
0,2988590E~01
0,.0000000

0 0459679“’4?‘"0 3
0.1499395
0,2638180
0.3857947
1462086
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Figure 49 (contd.)

LEACH TANK

STREAM NUMBER

SESE55555

FRACTION COMP
FRACTION COMP
FRACTION COMP
FRACTION COMP
FRACTION COMP
FRACTION COMP
FRACTION COMP
FRACTION COMP
FRACTION COMP

219

L4 ,000000

O O~ OVt B0 oo

WI FRACTION COMP 10
TOTAL STREAM WEIGHT

I T T TR (O (O TR T

0,2854518E-02
0.1287601

0,72l45352E-073

0.1395910E-01
0,2988589E-01
0,2070048R-01
0,2728770E-03
0,1112167
0,3107656
0,3808512

1462.086

FRACTION OF ZNO ILEACHED = 0,1559678

LEACH TANK
STREAM NUMBER

WI' FRACTION COMP
WI FRACTION COMP
WZIFRACTTION COMP
WI' FRACTION COMP
WT FRACTION COMP
WI' FRACTION COMP
WI FRACTION COMP
WI FRACTION COMP
WI FRACTION COMP

WI FRACTION

5,000000 ’
0,2854518R~02

O O~ O Fw o=

I T I O N O T 1

S
=
Hd
 aad
o

TCTAL STREAM WEIGHT

0,1098006
0,724 5347E-03
0.1395909E-01
0,2988588E~01 .
0,3728958E-01
0,2446850E-03
0,8018482E~01
0,3481901
0,3768662

1462,086

FRACTION OF ZNO LEACHED = 0,1473058

[




Figure 49 (contd,)

IEACH TANK

STREAM NUMBER

WT
WL
Wr
WI
WT
- WT
WT
WT
WT
WT

FRACTION.OF ZNO LEACHED =

FRACTION COMP
FRACTION CLMP
FRACTION COMP
FRACTION COMP
FRACTTION COMP
FRACTION COMP
FRACTION COMP
FRACTION COMP
FRACTION CCMP

6.
1
2
3
n
5
6
7
8

\O

FRACTTON COMP 10
TOTAL STREAM WEIGHT

LEACH TANK

STREAM NUMBER
FRACTION COMP

WL
WT
WT
WT
WT
WT
WL
WT
WT
WT

FRACTION OF ZNO IEACHED =

FRACTION COMP
FRACTION COMP
FRACTION CCOMP
FRACTICN COMP
FRACTION COMP
FRACTION COMP
FRACTION COMP
FRACTION COMP

O O~ OVt EFEwWw N

FRACTION COMP 1@
TOTAL STREAM WEIGHT

T T IO TR T T O

N I I { O [

220

00000
0,2854517E-02
0,94 58804E-01
0.7245340E-03
0,1395908E-01
0,2988587R-01
0.5058973E-01
0,2161883E~-03
0,5530532E~01
0.3782042
0,3736727

1462,086

0,1385473

7 .000000

0,2854516E-02
0,8258682E~01
0,7245333E-03
0,1395907E-01
0,2988586E~-01
0.6107715E-01
0.1868163E~03
0,.35687 UE~01
0.4018823
0,3711558
1462,086

0,1268785.




Figure 49 (contd.).

221

LEACH TANK

STREAM NUMBER  8,000000

WT FRACTION COMP 1 = 0,2854516E-02
WT FRACTION COMP 2 = 0,7335812E-01
WT FRACTION COMP 3 = 0,7245326E-03
WT FRACTION COMP 4 = 0,1395906E~01
WT FRACTION COMP 5 = 0,2988585R-01
WT FRACTION COMP 6 = 0,69135498-01
WT' FRACTION COMP 7 = 0,1555817E~03
WT FRACTION COMP 8 = 0,2061323E--01
WT FRACTION COMP 9 = 0,4200903

WT FRACTION COMP 10 = 0,3692237
TOTAL STREAM WEIGHT = 1462,086

FRACTION OF ZNO IEACHED = 0,1117453

LEACH TANK

STREAM NUMBER  9,000000

WT FRACTION COMP 1 = 0,28%4515E-02
WT FRACTION COMP 2 = 0,6660622E-01
WP FRACTION CCMP 3 = 0,7245319E-03
WT FRACTION COMP 4 = 0,1395905E-01
WT FRACTION COMP 5 = 0,2988584E-01
WT FRACTION COMP 6 = 0,7502216E-01
WT FRACTION COMP 7 = 0,1206017E-03
WI FRACTION COMP 8 = 0,9601269E-02
WT FRACTION COMP 9 = 0,4334114

WT FRACTION COMP 10 = 0,3678145
TOTAL STREAM WEIGHT =

FRACTION OF ZNO IEACHED =

1462,086

0,9203970E~-01
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Figure 49 (contd,)
LEACH TANK

STREAM NUMBER 10.00000

WT FRACTION COMP 1 = 0,2854514E-02
WT FRACTION COMP 2 = 0,6237651E~01
WT FRACTION COMP 3 = 0,72453158-03
WI' FRACTION COMP 4 = 0,1395904E~01
WT FRACTION COMP 5 = 0,2988583E~-01
WT FRACTION COMP 6 = 0,7869571E-01
WD BFRACMION COMP 7 = 0,7929774E-04
WI FRACIION COMP 8 = 0,2729307E-02
WT FRACTION COMP 9 = O0,4417562

WT FRACTION COMP 10 = 0,3669392
TOTAL STREAM WEIGHT = 1462,086

FRACTION OF ZNO LEACHED = 0,6350321E-01
LEACH TANK

STREAM NUMBER 11.00000
WI FRACTION COMP
WI' FRACTION COMP
WI FRACTION COMP
WT FRACTION CCMP
WI FRACTION COMP
WI' FRACTION COMP
W' FRACTION COMP
W FRACTION COMP

0,2854 514802
0,6076643E~01
0,7245308E~073
0,13959038~01
0,.2988582E-01
0,8007014E~01
0,3068696E-04%
0,1581728E-03

O O~ O\ FW D

LI T £ 1 I 1 1 I | A

WI FRACTION COMP 0,4449325
WT FRACTION COMP 10 = 0,3666183
TOTAL STREAM WEIGHT = 1462,086

FRACTION OF ZNO IEACHED = 0,2581191E-01
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CIASSIFIER

Figure 49 (contd,)

2273

STREAM NUMBER 12,00000

WT FRACTION
WT FRACTION

WL FRACTION

FRACTION
FRACTION
FRACTION
FRACTION
FRACTION
FRACTION
FRACTION

COMP

COMP
COMP
COMP
COMP

COoMP
CoMP
COMP
CoMP
COMP 10

O O OV FLo e

LS I N I O O O - T T

TOTAL STREAM WEIGHT

0,2767327 5E~02
0,5882416E-01
0,7013720E-03
0,1351285E-01
0,2893057E~01
0,7751083E~01
0,3091441E=04
0.1593452E-03
0,4482303
0.3693355
966,6306

STREAM NUMBER 13,00000

WI FRACTION
WI' FRACTION
WT FRACTION
W FRACTION
WI FRACTION
WI' FRACTION
WI FRACTION
WI FRACTION
WI' FRACTION
WI' FRACTION

COMP
COMP
COMP
CCMP
COMP
COMP
COMP
COMP
COMP
COMP 10

O 0O~ O\ Fw e

R (S| NN A O O L R |

TOTAL STREAM WEIGHT

0,3032516E-02
0,6455570B~01
0,7697111E-03
0,1482949E-01
0,3174946E-01
0,8506322E~01
0,302431 3B~04
0.1558850E-073
0.4384975

0,3613158

Los5, 4551




Figure 49 (contd.)

CLASSIFIER

224

 STREAM NUMBER 14,00000

WT
WT
WT
WT
WT
WT
WT
WT
W
WL

FRACTION.COMP
FRACTION COMP
FRACTION COMP
FRACTION COMP
FRACTION COMP
FRACTION COMP
FRACTION COMP
FRACTION COMP
FRACTION COMP
FRACTION

O O~ O Ew v

mwnnuwnnwun

CaMP 10

TOTAL STREAM WEIGHT

0,70265568-073
0,1495802E-01
0,1783476E~03
0, 3%436099E-02
0,7356580E-02
0.1970976E-01
0,3605199E-04
0,1858260E-03
0,5227207

0.4307145

L06,2729

STREAM NUMBER - 15,00000

WL

5553353355

FRACTION
FRACTION
FRACTION
FRACTTION
FRACTION
FRACTION
FRACTION
FRACTTION
FRACTION
FRACTION

COoMP
CcoMP
COMP
COMP
COMP
COMP

CoMP
COMP

COMP

O 0N O FlWw o

1T T A O | | B VO 1|

COMP 10

TOTAL STREAM WREIGHT

MIXER

0,1364630E-01 -
0.2905005
0, 3H63700E=02
0,6673270E-01
0,1428726
0,3827842
0.3780385E-05
0.19485585-04
0,54812128~01
0,45164L2E-01
89,18192

STREAM NUMBER 16,00000

5555555335

coMp
COMP
coMP
COMP
COMP
COMP
COMP
COMP
COMP

FRACTION
FRACTION
FRACTION
FRACTION
FRACTION
FRACTION
FRACTION
FRACTION
FRACTION
FRACTION

O 00~ OV FEw e

LI S S I I (A F A 1

CoMP 10

TOTAL STREAM WEIGHT
AVERAGE CONVERSION =

0,21534938-02
0.4584324R-01
0.5465981E-03
0,1053093E~01
0.2254636E-01
0.6040628E-01
0,324 3478E-04
0,1671816E-03
0.4702742
0.3874993
1372,901
0,0000000




Figure 49 (contd,)
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THICKENER

STREAM NUMBER 17,00000

WT FRACTION COMP 1 = 0,0000000

WT FRACTION COMP 2 = 0,0000000

WT FRACTION COMP 3 = 0,0000000

WL FRACTION COMP 4 = 0,0000000

WT FRACTION COMP 5 = 0,0000000

WT FRACTION COMP 6 = 0,0000000

WI' FRACTION COMP 7 = 0,3780395E-04
WI FRACTION COMP 8 = 0,1948564E-03
WTI FRACTION COMP 9 = 0,5481220

WT FRACTION COMP 10 = O0.4516448
TOTAL WEIGHT STREAM = 1047,919
STREAM NUMBER 18,00000

WT FRACTION COMP 4 = 0,9097539E-02
WT FRACTION COMP 2 = 0,1936671

WL FRACTION COMP 3 = 0,2309132E-02
WT FRACTION COMP 4 = 0,4448845R-01
WT FRACTION COMP 5 = 0,9524816E-01
WT FRACTION COMP 6 = 0,2551894

WT FRACTION COMP 7 = 0,1512158E-04
WL FRACTION COMP 8 = 0,7794256E-04
W FRACTION COMP 9 = 0,2192488

WT FRACTION COMP 10 = 0,1806579
TOTAL WEIGHT STREAM = 7324,9819
IEACH SLURRY

STREAM NUMBER 19,00000

WP FRACTION COMP 1 = 0,1364631E~01
WT FRACTION COMP 2 = 0,2905006

WD FRACTION COMP 3 = .0,3463703E-02
WT FRACTION COMP 4 = 0,6673276E-01
WT FRACTION COMP 5 = 0,1428727

WT FRACTION COMP 6 = 0,3827845

WTI FRACTION COMP 7 = 0,3780387E-05
WT FRACTION COMP 8 = 0,1948560E-04
WT FRACTION COMP 9 = 0,5481217E-01
WT FRACTION COMP 10 = .0,4516446E-01

| TOTAL STREAM WEIGHT

89.18182




Figure 49 (contd,)

BALIMILL
STREAM NUMBER 20,00000

555553555333

FRACTION
FRACTION
FRACTION
FRACTION
FRACTION
FRACTION
FRACTTON
FRACTTON
FRACTTION
FRACT TON

COoMP
COMP
COMP
COMP
COMP
CoMP
CoMP
COMP
COMP
COMP 10

O o~ Oy W o e

LI | O VT | O 1 L O [

TOTAL STREAM WEIGHT

MIXER -
STREAM NUMBER 21,00000

WT
WT
WT
WT
WT
WL
WI
WT
WT
WT

TOTAL STREAM WEIGHT -

FRACTION
FRACTION
FRACTTION
FRACTION
FRACTION
FRACTION
FRACTION
FRACTTION
FRACTTION
FRACTION

CoMP
COMP
COMP
COMP
COMP
COMP
COMP
coMp
COMP

O O~ OV FEw N

nmmwnnnanmnunnin

8
3
>
S

AVERAGE -CONVERSION

IEACH SLURRY TANK
STREAM NUMBER 22,00000

WI

555355555

FRACTION
FRACTION
FRACTTION
FRACTION
FRACTION
FRACTION
FRACTION
FRACTION
FRACTION
FRACTION

COMP
ceMpP
CoMP
COMP
coMpP
COMP
COMP
CoMP
COMP
COMP 10

O 0O~ N TN e

{1 | O O S T [ I VO 1

TOTAL STREAM WEIGHT

226

0.1364631E-01
0,2905006
0,3463703E~02
0,6673276E-01
0,1428727
0,3827845
0,3780387E-05
0,1948560E-04
0.5481217E~01
0.4 516446E~01
89,18182

0,1007704E-01
0,2145186
0,2557750E-02
0,4927841E~01
0,1055033
0.2826650
0,1267949E-04
0,653551 5E-04
0,1838410
0,1514824
L1k, 1628
0,0000000

0,3174416E-02
0,6757647E-01
0,8057281E-03
0.1552341E~01
0,3323509E~01 .
0.,8904362E~01 .
0,1347375
0.1759013E-03
0.,2798288
0,3758992
1314 ,741
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Figure 49 (contd,)
IEACH TANK

 STREAM NUMBER 23,00000

WT FRACTION COMP 1 = 0,3174415E-02
WT FRACTION COMP 2 0,6520712E~01
WI FRACTION COMP 3 0,8057274E~03
WI FRACTION COMP 4 0,1552340E-01

WT FRACTION COMP 5 = 0.3323508E-01
WT FRACTION COMP 6 = 0,0000000

WT FRACTION COMP 7 = 0,9325441E-02
WL FRACTION COMP 8 = 0.1667417

WT FRACTION COMP 9 = 0,2845032

WI FRACTION COMP.10 = 0,4214839
TOTAL STREAM WEIGHT = 1314.741

FRACTION OF ZNO LEACHED = 0,3506088E-01
1EACH TANK

STREAM NUMBER 24,00000

WT FRACTION COMP 1 = 0,3174414E-02
WT FRACTION COMP 2,= 0,6342798E-01
WT FRACTION COMP 3 = 0,8057267E~03
WT FRACTION COMP 4 = 0,1552339E-01
WE FRACTION COMP 5 = 0,3323507E-01
WT FRACTION COMP 6 = 0,0000000

WT FRACTION COMP 7 = 0,7181235E-02
WI' FRACTION COMP 8 = 0,1667415

WI' FRACTION COMP 9 = 0,2880132

WD FRACTION COMP 10 = 0,4218975
TOTAL STREAM WEIGHT = 1314,741

FRACTION OF ZNO IRACHED = 0,2728420E-01
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Figure 49 (contd,)
IEACH TANK

STREAM NUMBER 25,00000

WT FRACTION COMP 1 = O0,3174413E-02
WT FRACTION COMP 2 = 0,6206777E-01
WT FRACTION COMP 3 = 0.8057260E-03
WT FRACTION COMP 4 = 0,1552338E-01
WT FRACTION COMP 5 = 0,3323505E-01
WT FRACTION COMP 6 = 0,0000000

WT FRACTION COMP 7 = 0,5541917E-02
WT FRACTION COMP 8 = 0,1667411

WT FRACTION COMP 9 = 0,2906967 )
WT FRACTOPM COMP 10 = .0,4222141
TOTAL STREAM WEIGHT = 1314,.741

FRACTION OF ZNO LEACHED = 0.2144474E-01
IEACH TANK

STREAM NUMBER 26.00000
WT FRACTION COMP
WT FRACTION COMP
WT FRACTION COMP
WT FRACTION COMP
WT FRACTION COMP

0, 317441 3E-02
0,6102891E-01
0.8057253E-03
0,1552337E-01
0.3323504E-01

O 0~ vy Fuw o=

N TR O O £ N (| B O

WT FRACIION COMP 0,.0000000

WT FRACTION COMP 0,4289903E-02
WI' FRACTION COMP 0,1667407

WI' FRACTION COMP 0.2927460

WT FRACTION COMP 10 0,4224558
TOTAL STREAM WEIGHT = 1314,741

FRACTION OF ZNO IEACHED = 0,1673728E-01

IR




Figure 49 (contd,)

LEACH TANK

STREAM NUMBER 27,00000

WT
WL

=

WT

5

WI
WT
WT
WT

T

FRACTION
FRACTION
FRACTION
FRACTION
FRACTTION
FRACTION
FRACTION
FRACTION
FRACTION
FRACTION

COMP
COMP
COMP
CoMP
CcoMP
COoMP
CoMpP
COMP
CCMP
COMP 10

OO~ O EFwo ek

[T O O T O T T A I 1

TOTAL STREAM WEIGHT

FRACTION OF ZNO LEACHED

IEACH TANK

STREAM NUMBER 28,00000

WT

FRACTION
FRACTION
FRACTION
FRACTION
FRACTTION
FRACTION
FRACTION
FRACTTION
FRACTION

WT FRACTION
TOTAL STREAM WEIGHT

FRACTION OF ZNO IEACHED =

CoMP
CoMP
COMP
COMP
COMP
CCMP
COMP
coMP
CoMP
CoMP 10

O O~ O\ Flwo oo

I | O ¥ T O S | I [ I I 1
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0,31 7441258~02
0.6023568E-~01
0.8057246E~03
0.,15523358-01
0,3323503E-01
0,0000000

0,3333907E~02

0,1667405
0,2943106
0,4226408

1314,761
= 0,1299733E-01

0.3174411E-02
0. 5962082E-01
0,8057239E~03
0,15523%E-01
0,3323502E~01
0,0000000 -
0.2592938E~02
0,1667402
0,2955234
0.,4227841

1314, 741

0,1020736E-01




Figure 49 (contd,)

LEACH TANK
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STREAM NUMBER 29,00000

FRACTION COMP
FRACTION COMP
FRACTION COMP
FRACTION COMP
FRACTION COMP
FRACTION COMP
FRACTION COMP
FRACTION COMP
FRACTION COMP
FRACTION COMP 10
TOTAL STREAM WEIGHT

O 00 O\t Fwo N e
S VA T A A O I T 1 |

55553558535

'FRACTION OF ZNO IEACHED = 0,8002460E-02

LEACH TANK

0,3174411E~-02
0,59143698-01
0,8057232E-03
0,1552333E-01
0.3323501E-01
0.0000000
0.20179678~02
0,1667398
0.2964645
0.4228956
1314, 741

STREAM NUMBER 30.00000

FRACTTON COMP
FRACTION COMP
FRACTTON COMP
FRACTION COMP
FRACTION COMP
FRACTION COMP
FRACTION COMP
FRACTTION COMP
FRACTTION COMP
FRACTTON COMP 10
TOTAL STREAM WEIGHT

O O~ O\ Fw i e

O | T S| S | S| B [ B { I 1

EEEEEEEEEEE

FRACTION OF ZNO LEACHED = 0,6223381E-02

0, 317L410B~02
0.5877560E-01
0,8057223E-03
0,1552332E-01
0.3323499E-01
0,0000000

0,15743888:02

- 0,1667395

0,2971904
0,4229816
1314 ,741




Figure 49 (contd,)

IFACH TANK
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STREAM NUMBER 31.,00000

WT FRACTION COMP
FRACTION COMP
FRACTICN COMP
FRACTION COMP
FRACTION COMP
FRACTION COMP
FRACTION COMP
FRACTION COMP
FRACTION COMP
FRACTION COMP 10

555553585

O O~ O Fwo =

L1 TR T I I £ O T [ O T OO I

TOTAL STREAM WEIGHT

FRACTION OF ZNO IEACHED =

LEACH TANK

0,3174409E-02
0,5848790E~01
0.8057216E-03
0.1552331E-01
0.3323498E-01
0.0000000
0.,1227715E-02
0,1667392
0.2977577
0,4230490
1314, 741

STREAM NUMBER 32.00000

5553535535

FRACTTON COMP
FRACTION COMP
FRAGEION COMP
FRACTION COMP
FRACTTON COMP
FRACTION COMP
FRACTION COMP
FRACTTON COMP
FRACTTION COMP
FRACTION COMP 10

O 01 Oy B o

L1 T A I S T O A O 1

TOTAL STREAM WEIGHT

FRACTION OF ZNO LEACHED =

0,3174409E-02
0,5826546R-01 -
0,8057209E-03
0,1552330B-01
0,3323497E-01
0,0000000
0,9597018E~03
0.1667390
0.2981963
0,4231011
1314 ,741

0,4894674E-02

0,3802836E-02




Figure 49 (contd,

LEACH TANK

)
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STREAM NUMBER 32.,00000

FRACTION
FRACTION
FRACTION
FRACTION
FRACTION
FRACTION
FRACTION
FRACTION
FRACTTON
FRACTION

55335555355

CoMP

COoMP
COMP
COMP
COMP
COMP
CoMP
COMP
COMP

O 0~ OVt FlLo oo

g o

COoMP 10

TOTAL STREAM WEIGHT

FRACTION 'OF ZNO LEACHED - =

LEACH TANK

0,31744088-02
0,5809046E~01
0,8057202E-03
0,1552328E~01
0.3323496E~-01
0,0000000
0,7488327E-03
0,1667387
0,2985414
0.4231424
1314 741

STREAM NUMBER 34,00000

FRACTION
FRACTTION
FRACTION
FRACTION
FRACTION
FRACTION
FRACTION
FRACTION
FRACTION
FRACTION

553355553355

CcoMPp
CoMP
COMP
CcoMpP
COMP
COMP
COMP
COMP
COMP
COMP 10

O 00~ OV Bl o+

1 T T | T VI S I [

TOTAL STREAM WEIGHT

FRACTION OF ZNO IEACHED =

0,3174407E-02
0.5795519E-01
0,8057195E-03
0,1552327E~01
0,3323495E~01
0,0000000
0.5859009E-03
0,1667384
0.2988078
0,.4231743
1314 ,741

0,3003240E~02

0,2328217E-02




Figure 49 (contd,) .

LEACH TANK

~ STREAM NUMBER 35,00000

=

WT

=

WL
WI
WT
WT
WI
WT
WT

FRACTION
FRACTTION
FRACTION
FRACTION
FRACTION
FRACTION
FRACTION
FRACTTION
FRACTION
FRACTION

CoMP
COMP
CcCMP
CoMP
coMPp
COMP
COMP
COoMP
CCMP
comMpP 10

O o~ O FLoN =

L1 0 S O T O IO N | I 1

TOTAL, STREAM WEIGHT
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0,3174406E-02
0,5784915E-01
0.8057188E~03
0,1552326E~01
0,.3323494E-01
0.0000000
0,45820198-03
0,1667382
0,299016%~
0.,4231994

1314, 741

FRACTION OF ZNO ILEACHED = 0,1829207E-02




Figure 49 (contd,)

THICKENER

23

STREAM NUMBER 36,00000

WI FRACTION COMP
WI' FRACTION COMP
WT FRACTION COMP
WI' FRACTION COMP
WI' FRACTION COMP
WT FRACTION COMP
WI' FRACTION COMP
WT FRACTION CCMP
WI FRACTION COMP
WI FRACTION COMP 10
TOTAL STREAM WEIGHT

O 00~ O oo oo

LI | L O L O [ O

STREAM NUMBER 37.00
WT FRACTION COMP
WI FRACTION COMP
WT FRACTION COMP
WI FRACTION COMP
WT FRACTION COMP
WI' FRACTION CCMP
WI' FRACTION COMP
WT FRACTION COMP
WI FRACTION COMP
WT FRACTION COMP 10.
TOTAL STREAM WEIGHT

O O~ O Fuw e

T I T I T T T TR IR T I

000

0,0000000
0,0000000
0.0000000
0,0000000
0.0000000
0,0000000
0,515173HE~03
0,1874700
0,3361956
0,4758187
1023.953

0,1435247E~01
0,2615538
0,3642900E~02
0,7018536E~01
0,1502653
0,0000000
0,2575866E~03
0,9373492E-01
0,1680977
0.2379093
290,7881




Figure 49 (contd,)
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FILTER
STREAM NUMBER 38,00000
WT FRACTION COMP 1 = 0,0000000
WT FRACTION COMP 2 = 0,0000000
WT FRACTION COMP 3 = 0,0000000
WI' FRACTION COMP 4 = 0,0000000
WL FRACTION COMP 5 = 0,0000000
WT FRACTION COMP 6 = 0,0000000
WT FRACTION COMP 7 = 0,5151725E-03
WI' FRACTION CCMP 8 .= 0,1874697
WT' FRACTION COMP 9 = 0,3361952
WT FRACTICN COMP 10 = 0,4758183
WT FRACTION COMP 1i = 0,0000000
TOTAL WEIGHT STREAM = 145,3941
STREAM NUMBER 39,00000
WI FRACTION COMP 1 = 0,2870493E-0%
WI' FRACTION COMP 2 = 0,5231076
WT FRACTION COMP 3 = 0,7285796E-02
WL FRACTION COMP 4 = 0,1403707
WI' FRACTION COMP 5 = 0,3005305
WT FRACTION COMP 6 = 0,0000000
WT FRACTION COMP 7 = 0,0000000
WT FRACTION COMP 8 = 0,0000000
WT FRACTION COMP 9 = 0,0000000
B WT FRACTION COMP 10 = 0,0000000
WD FRACTION COMP 11 = 0,0000000
TOTAL WEIGHT STREAM = 145,3940
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Figure 49 (contd,)

MIXER

STREAM NUMBER  2,000000

WT FRACTION COMP 1 = 0,0000000
WT FRACTION COMP 2 = 0,0000000
WL FRACTION COMP 3 = 0,0000000
W FRACTION COMP 4 = 0,0000000
WL FRACTION COMP 5 = 0,0000000
WD FRACTION COMP 6 = 0,0000000
WT FRACTION COMP 7 = O, 51517393-03
WL FRACTION COMP 8 = 0,1874701
WT FRACTION COMP 9 = 003361956
WT' FRACTION COMP 10 = 0,4758191
TOTAL STREAM WEIGHT = 1169,346
AVERAGE CONVERSION = 0,0000000

ELECTROLYTTC PIANT
TONS/DAY ZIIC PRODUCED = 116,3077
CELL CUREENT (AMPS) = 8826,457

STREAM NUMBER 40,00000

WI' FRACTION COMP 1 = 0,0000000
WI FRACTION COMP 2 = 0,0000000
WT FRACTION COMP 3 = 0,0000000
W FRACTION COMP 4 = 0,0000000
~  WI FRACTION COMP 5 = 0,0000000
WT FRACTION COMP 6 = 0,0000000
WT FRACTION COMP 7 = 0,1931026
WT FRACTION COMP 8 = 0,2261354E-03
WT FRACTION COMP 9 = 0,3180539
WI' FRACTION COMP 10 = 0,4886174
TOTAL WEIGHT STREAM = 902,9714
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