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USERS GUIDE: SIMULATION MODEL FOR
AMMUNITION PLANTS; PREDICTION OF
WASTEWATER CHARACTERISTICS AND
IMPACT OF REUSE/RECYCLE

1 INTRODUCTION

Background

Army Ammunition Plants (AAP) manufacture
explosives and propellants for use by all U.S. military
services. The Army began to eliminate pollutant
discharge from ammunition plants in the early 1970s.
As a result, most AAPs now meet National Pollutant
Discharge Elimination System (NPDES) discharge
requirements; however, production is not even close
to design capacity at any of the plants. Thus, it is not
clear that wastewater treatment facilities could success-
fully treat a five- to ten-fold increase in pollutant
loadings caused by capacity production to the levels
required by NPDES permits. Therefore, the Army
must identify the effects of increased levels of am-
munition production on the ultimate amount of
toxic pollutants discharged from AAP wastewater
treatment facilities.

Obijective

The objective of this study was to develop a com-
puter modeling tool to help Headquarters, Army
Materiel Development and Readiness Command
(DARCOM) and AAP personnel predict: (1) the
effluent quality of wastewater streams as a function of
ammunition production level, and (2) the effect of
various water reuse/recycle options of effluent quality.
This report documents the model formulation, soft-
ware development, and user instructions.

Approach

Needed model characteristics were defined, and a
model was designed to satisfy these requirements
(Chapter 2). Software and supporting documentation
were then developed (Chapter 3).

2 MODEL FORMULATION

Defining Model Characteristics

The first step in designing a model that would meet
Army requirements was defining its necessary qualities.
Research indicated that a model combining the follow-
ing characteristics would best meet these needs:

1. Ability to model any type of water use that may
occur in AAPs, including water for nine manufacturing
processes, washdown, cooling, and transporting fin-
ished ammunition through pipes.

2. Ability to specify a water-using process as many
distinct steps or at a “‘black box.”

3. Ability to change flow interconnections and re-
run the model to assess the impact of recycle/reuse.

4. Creation of a user-friendly interactive environ-
ment to prompt the users for necessary data inputs
and changes.

5. Use of the C programming language and UNIX
operating system for all software developed in order 10
simplify eventual transport to DARCOM computers.

A model flexible enough to apply to the variety of
AAP water-using activities allows the user to become
familiar with one tool which can solve many problems.
Designing such a “‘general-purpose’” model means that
very few assumptions are made about the character-
istics of any particular process. Instead, the user must
describe each process train fuily.

General Dascription
The model designed to incorporate these defined
characteristics includes four basic steps:

1. The user describes a process train.

2. The user describes water use, pollutant gener-
ation, and treatment efficiencies for each process in
the train as a function of production level.

3. The program calculates water flows or pollutant
loadings throughout the system, including the dis-
charge; this is displayed immediately and saved in a
file called RESULTS.

4. The user may change the system characteristics
such as flow connections, treatment levels, etc., and
re-run the program; this allows the analysis of various
water reuse/recycling schemes.

The program describes the flow network with a set
of simultaneous linear equations whose solution is the
flow rates in each pipe. Each plant process. whether
manufacturing or treatment, is referred to as a node.
Nodes can also be pipe junctions or other situations
where water or pollutant flow rates are changed. The
flows between connected nodes are the variables the




program solves for. Figures 1 and 2 are simplified
flowcharts that describe how the plant model handles
water flows and pollutant loadings.

The program describes the system of flows by means
of the connection matrix -- the variable “‘array.” The
connection matrix is a two-dimensional array, with
each node represented by a row and a column. The
columns represent nodes which flow is “from ” and
the rows represent nodes which flow is “to”;a *1”in
the matrix indicates connection between nodes. For
instance, flow from node 3 to node S is represented by
a “1” in column 3, row 5. The connection matrix
allows the user to change flow pathways easily by
simply inserting or deleting “1”’s in the matrix. The
routine called Matrxin creates the connection matrix,

Once the connection matrix is made, it is used
by the routine Bildsys to generate the equations
describing the system. These equations are represented
by their determinant (variable “determ’’) and the vector
of right-side values (“rhs”). (In matrix notation, the
system of equations is defined by ‘“‘determn[](] *
var[] =rha[] ")

Several kinds of equations describe the inflows and
outflows at each node, in a manner analogous to the

use of Kirchoff’s laws to solve electrical networks. The
first set of equations, which is extracted directly from
the connection matrix, simply states that the sum of
inflows to a node equals the sum of outflows. When
there is a node with more than one outflow, such as
for a recycle, more equations are added to describe the
fraction of the outflow which goes to each downstream
node. At nodes where there are water inflows to the
system, an equation is added which states that the
inflows to the node, including inflows from the water
source, equal the water demanded by the node. At
this point, a variable representing the source flow at
the node is added.

After all these equations are generated. there is
one equation for each variable (pipeflow), and the
equations can be solved. This is done by the computer
with a Gaussian Elimination routine in the function
Solvsys.

Following a more detailed description of each
routine of the program, roughly in the order in which
control normally flows. Figure 3 shows a simple
process train which will be used to illustrate the results
of each routine.

RELATIONSHIP BETWEEN
MATRIX OF WATER USE AND COMPLETED SYSTEM
W T ERCONNECTIONS SYSTEM OF SIMULTANEOUS PRODUCTION LEVEL AT OF EQUATIONS
Lt L EQUATIONS BUILT FROM  [——r@=l EACH NODE IS DERIVED H 1S SOLVED FOR
INPUT DATA CONNECTION MATRIX AND GRAPHED FROM $ WATER FLOWS
i | user nPuTS b (SOLVSYS)
(MATRXIN) (BILOSYS) H (FINDMOL B GRAPH)
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Figure 1. Simplified flowchart of hydraulic model.
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Figure 2. Simplified flowchart of pollutant model.
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Figure 3. Example process train.
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Routines
Matrxin

Matrxin builds the connection matrix from inter-
active input. It was designed to minimize input effort
by allowing the user to describe nodes with alpha-
numeric names of 20 or fewer characters. The user is
asked to put in the name of a node and the name of
the nodes(s) to which flow goes. This is done for all
nodes; the program builds the matrix from this infor-
mation. The information for each node (its name and
the names of the nodes flow goes to) is stored in a
structure called “‘node.” “node.ndname” is a character
string with the node’s name, and “node.ndto[] " is an
array of character strings containing the names of the
nodes flow goes to. The program is presently dimen-
sioned for up to 29 nodes and up to five outflows for
each node. (The structure “node” is dimensioned to
30, but the O element is not used; likewise, the charac-
ter arrays tonode and flofrac are dimensioned to 6 but
only S are used.)

Flows to the outfall (or “sink*“) should not be put
in as nodes. Matrxin asks the user which nodes go to
the outfall and automatically includes these flows in
the flow network. Likewise, flows into the network
from the source, whether it is a river or water treat-
ment facility, are automatically included for any node
at which there is a water demand (this is done in
routine Bildsys).

To avoid having to enter all the node information
every time the program is run, an option has been
added to allow the user to read all the input values for
Matrxin from a file. Matrxin returns a value to the
main routine which is the size of the connection matrix
which is also the number of nodes in the system.
Figure 4 shows an example connection matrix.

NODE | NODE 2 NODE 3
NODE ! 0 o )
NODE 2 | 0 0o
NODE 3 0o | ]
OUTFALL 0o o |

Figure 4, Connectinn matrix built by routine Matrxin.
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Chgmtx

The routine Chgmix allows the user to modify the
connection matrix either to correct input mistakes or
to model different flow routes. The routine asks the
user which node to change; this refers to changing the
outflows. The nodes to which flow is going are printed
out, and the user is asked which nodes, if any, to delete.
The user may then add flow to any existing node.

This routine may be called immediately after the
input routine or before starting a subsequent run of the
program.

Bildsys

Bildsys builds the system of simultaneous equations.
Because it is also the main function, it is known in the
program as “main.” After calling functions Matrxin
and Chgmtx, Bildsys uses the connection matrix to
write the first group of equations.

The variables are labeled by the program before the
equations are generated. Since each “1” in the con-
nection matrix represents a flow, there will be one
variable for each “1.” To keep track of them, the
program goes through the matrix from row 1, column
I, moving across each row and numbering the “'17s
encountered in ascending order. These numbers are
then referred to as ‘“variable numbers.” Since the
“1” in the matrix is replaced by its variable number.
the variable number for a flow is expressed as
“matrix [row] [col] .” There will be a row and colurmn
in the determinant for each variable number. Figure 5
shows a numbered connection matrix.

The first group of equations (there will be one for
each node), simply states that the sum o. inflows
equals the sum of outflows at each node. This is done

NODE 1| NODE 2 NODE 3
NODE 1 0 o |
NODE 2 2 o 0
NODE 3 o 3 o
OUTFALL o 0 4

Figure 5. Numbered connection matrix (variable
numbers) in routine Bildsys.




by moving through the connection matrix and at each
variable (element in the matrix with a non-zero value),
putting a +1 in the determinant at row = row in
matrix, column = variable number, and a —1 at row =
column in matrix, column = variable number. In other
words, the program looks at a flow, finds the node at
which the flow is an inflow, and puts a +1 in the
equation for that node. It then finds the node for
which it is an outflow and puts in a —1 in its equation.
For the bottom row of the connection matrix, which is
for the outfall, only —1's are added, since flow does
not go to anywhere from the outfall. The result is one
equation for each node. Within the determinant, the
row number is equal to the number of the node the
equation is for; the column numbers correspond to
variable numbers, with one additional column for
flow to the outfall.

Bildsys then asks the user which nodes are processes
at which there is a water demand. These are nodes at
which the process being modeled requires a certain
amount of water; this amount is determined from the
production level by the function “findmdl” (explained
below). For such nodes, an additional variable must
be added to represent the amount of water coming
from the source to this node. An equation is added
which states that the sum of inflows to the node,
including the source flow, equals the water demand
as determined by Findmdl. The model assumes that
if there is a water demand at a node and if there is
insufficient inflow from upstream nodes to meet the
demand, water from the source is added.

The equation is added by making a new row in the
determinant which has a +1 in each column cor-
responding to a variable number in the node’s row of
the connection matrix. The inflow is then added by
putting a +1 in a new column, which then represents
the inflow; the required flow rate is added to the right-
hand side vector (rhs) for this new row.

Because another inflow has been added to the node,
each time this procedure is used to add source flow,
the program must go back and add a +1 to the node’s
“inflow = outflow” equation. This is done by first
looking in the node’s column in the connection matrix
and finding the first variable number in the column.
In any row of the determinant in which there is a —1
in the column equal to that variable number. a +1 is
added to the column corresponding to the inflow.

The final group of equations added describes how
flow is divided a1 nodes with more than one outilow,
This 15 necessary to provide enough equations (o solve

the system, sirice an extra outflow seans an exira
variable. The equations needed at each node include
one tor each extra outflow, or one less than the
number of outflows. It is assumed that a constant
fraction of the total outflow will go :. each down-
stream node.

The program moves through the columns of the
connection matrix. Any column with a non-zero value
in more than one row has more than one outflow. At
this point, the user is asked for the fraction of the vut-
flow going to one of the downstream nodes. This
question is repeated so that all the equations needed
can be written. Each equation states that (1 - flofrac{i} )
times the outflow to node i plus (-1 * flofrac|i])
times all the other outflows equals zero (flofraci])
equals the fraction of the outflow to node 1). This
equation divides the flow between node i and the other
outflow nodes. Figure 6 is an example of a determinant
built by Bildsys.

Modeling consumptive use of water is not now
included in the program, but doing so would not be
difficult. Water consumption either as a constant rate,
as a constant fraction of water use, or as a function of
production level can be modeled by altering the
“inflow = outflow™ equations. This process is similar
to the way poilutant removal is handled. as described
onpl3.

At this point, the set of equations is complete and
Bildsys calls function Solvsys to solve them. The above
description of Bildsys has assumed that water flows are
being modeled and there are some differences when
pollutants are being modeled instead. Instead of asking
if a water demanrd function exists, the program asks if
there is pollutant generation at each node. If the
answer is “‘yes,” function Findmdl determines the
amount of pollutant added to the system instead of the
water demanded. Instead of adding a vanable and an
equation describing water inflow, Bildsys mudifies the
existing “inflow equals outflow™ equation to say
“inflow plus pollutant generated equals outflow ™
This is done by changing the right side of the cquation
from zero to the amount of the pollutant gencrated It
no pollutant 1s generated at a node, the program asks
the user if the node is a waste treatment process where
the pollutant s removed. 1t 1t is. the program uses the
function Trtmdl o determine the percent removat ot
the pollutant. The “inflow equals outflon ™ equation is
then moditied to “inflow umes removal equals out-
flow.” This is done by muftiplying the 41 (ntlow)
values m the equation by the removal traction




VARIABLE NUMBER
(FLOVI 1'0) (mrLow AT)
OUTFALL / \NODE |

RHS MEANING
| 2 3 4 5

EQ # 1 | +t -1 o o+l = 0 INFLOW = OUTFLOW AT NODE |

#2 o + -l 0 0 2 INFLOW = OUTFLOW AT NODE 2

#3 | - 0 +H - 0 = o INFLOW= OUTFLOW AT NODE 3

#4 o + o o o = |00 OUTFLOW AT NODE 1 =100

(FLOW REQUIRED)
#5109 O o -01 O s ¢ RECYCLE 0% OF NODE 3 OUTFLOW

SOLUTION: VAR # | = 10
#2=100
#3=100
#4= 90
#5=90

Figure 6. Determinant (system of equations) built by routine Bildsys.

The final section of Bildsys prints out the various
flows after the system of equations has been solved
and then allows another run of the program.

Findmadl

The routine Findmdl returns the amount of water
demanded or poilutant generated at a node when
called trom Bildsys. This 1s done when the program
searchies a file of existing process models, which are
two-dimensional graphs of production [evel (as percent
ol tull production) versus water demanded or poilutant
generated. The name of each tile is the name of the
constituent,

The program first checks whether such a file exists
by using the UNIX library function “open.” I "open™
returns a negative value, the file does not exisi and one
is created with the library function “creat.”™ I the file
does exist, it is scarched tor titde tines  lines which
begin with the character “x.” It (he title is the same as
the node name in question, the model is read. If' no
model is found with the node’s name, a new model
must be put in. Thus, the user should use the same
node names to use existing process models.

I

If an existing model is found, it is graphed out by
the function Graph, and the user may replace the
model. If the user does not want to change the existing
model, it interpolates the desired water demand or
pollutant gencrated and returns it. In all other cases
(a new file created. no existing model found. or ex-
isting model to be replaced), a new model is gener-
ated and written into the file, overwriting the existing
model it there was one. The user is asked w0 put in the
production fevel and corresponding water demand or
poliutant generated ior arbitrary numbei of points.
up to 20. When a production ievel ol 100 is enicred.
the routine automatically stops, cails the graphing
routine, and asks i the model should be changed.
When the user is satisfied with the model. Findmui
interpolates the water demand of poilutant generation
from the production level specitied by the user.

An impoitant assumpuon built o Fmamd! qand
Trimdl) 1s that when g production ievel s moacked
which is less thai the fitst point m the modei, the
water demand s the same as in the first pomnt ot the
model. In other words, the program does not assume
that water demand goes 1o zero as production goes to




2erv. This assumption could be changed with a minor
program maodification in the interpolation routine.

Trtmdl

Trtmdl is very similar to Findmdl; the difference is
that Trtmdl is used to handle modeling of wastewater
treatment processes, while Findmdl is used to handle
poliutant generation. Instead of modeling water
demand or pollutant generated vs. production level,
it models removal efficiency vs. flow rate, a function
which is more traditionally used in wastewater
engineering and modeling. Once the proper model is
found or put in, exactly as in Findmdl, a value of
percent removal is returned. To do this, a value of the
flow rate must be obtained. This value is stored in
the structure ‘“‘nodes” under the variable “watrin,”
where its value was assigned the last time the program
was run for water flows. This means it is important to
mode] water flows before modeling pollutant flows
and removal.

Graph

The function Graph is a simpie graphing routine
which uses two one-dimensional arrays as input. It
generates 50 points between zero and the maximum
value of the x=axis, then plots them out on 20 rows
of 50 columns each.

Solvsys

Solvsys solves the system of linear equations gen-
erated by Bildsys, using Gaussian Elimination on the
determinant “determ” and the vector “rhs” of right-
side constants. Gaussian Elimination requires that the
elements of the main diagonal of the determinant be
non-zero to avoid division by zero.

Solvsys uses two separate methods to insure non-
zero values in the diagonal. First it moves down the
rows and if it finds a row with a zero on the diagonal,
it looks below that row for another row with a non-
zero value in the desired column. If it finds such a row,
the rows are interchanged. After going through the
entire determinant in this fashion, most (but not
necessarily all) of the diagonal elements are non-zero
and the Gaussian Elimination routine starts.

The routine starts at row 1, column 1, and looks
down the rows until it finds a non-zero value in column
1. When this happens, row 1 is multiplied by the
appropriate value and added to this row to make the
value go to zero. The program proceeds in this fashion
down through all the columns for each row. If a non-
zero element is found in a column whose dirgonal
element is stilt zero. the element’s row is added to the

diagonal’s row to get a non-zero diagonal. When this
process is finished, all values below the diagonal of
the determinant are zerc; Solvsys then goes back.
starting with the last variable, and evaluates all the
variables. A variable is evaluated by using the row with
it on the diagonal (the row number equal to the
variable’s column number): iis value is the rght side
of the row. minus the sum of all other variables to the
right of the variable times their coetficients in the
determinant: this number is divided by the coefficient
of the variable in qucstion. The values ot the variables
are stored in the array “'var[].” At this point, contrul
returns to the main routine Bildsys. which pnints
out the results and writes them into a file called
“RESULTS.”

Help

Help is called whenever the user replies to a prompt
with the word “help.” Help includes some general
instructions on using the program and specific in-
structions for each prompt. The instructions for each
prompt are based on the information in the user’s
guide (Chapter 3).

Model Verification and Field Application

Enough data has not yet been obtained from any
single ammunition manufacturing process to do a
verification study of the model. There are many
publications from AAP water pollution studies, but
there is no complete set of information on process
descriptions, water use, pollutant generation, waste-
water treatment capacities, and effluent characteristics.
all measured under the same production conditions:
such data is needed to make a realistic model run.
The problem is compounded because much waste-
water treatment modernization, including water reuse
and recycling. has been done since plants stopped
large-scale production: in fact, the present lack of
activity at AAPs will hamper any mu.:eling eftort.

Conversations with Government engineers at AAPs
have determined that the input data needed to run
this inodel is available, though it may have to be
extracted from operating logs. Untortunately. these
logs are not available to non-DARCOM personnel,
which indicates that the program should be used by
plant operators or overseers, since they are most
familiar with plant operations and production levels.

One problem which will be encountered when the
model is used in the field is that some production
lines do not really have gradations of production
level; i.e., they are either on or off. The model can
handle this situation in several ways. If. tor instance, a




production line is either on or off during each of three
daily shifts, the water use/pollutant generation graphs
can be drawn as three-stage step functions: for up to
33 percent production, the pollution generated by 8
hours (one shift) of continuous operation is used; for
up to 67 percent production, the pollution generated
by 16 hours (two shifts) is used; and for 100 percent
production, the pollution generated by 24 hours (three
shifts) is used. In such cases, water flows will be
averaged over the whole day, which is realistic if there
is much detention time in the wastewater treatment
system.

The program can also be used with flat water use/
pollutant generation curves, meaning that pollutant
generation is independent of production level, or that
production level is irrelevant. In these cases, where the
production line is either on or off, the effluent is
readily predicted by using historical measurements of
poliutant flow as the (flat) pollutant generation graph.
When the line is on, these measured flows will be
routed into the treatment models to predict the
effluent; when the line is off, no effluent will be
predicted.

Another problem in field use will be that in some
cases, data from only one production Jevel will be
available. In this case, the user will have to estimate the
shape of the curves; usually this will mean extrapo-
lating toward higher production levels. An experienced
ammunition plant operator should know to some
extent how water use and pollution generation will
change as production increases; for instance, the
operator may feel that the amount of washwater will
remain constant if washdown operations are not
increased with production, while the discharge of some
pollutant from the actual production line may be
estimated to be linearly related to production level.
This requirement for user judgment is another reason
why plant operators should use the program.

Possible Model Modifications
The plant model could be further developed to
include:

1. Built-in models of the manufacture of explosives
and propellants other than TNT. Currently, such
models must be input by the user.

2. A method to account for the consumptive use of
water and reaction kinetics of pollutants. A kinetic
model would involve a major effort; however, a model
for consumptive use of water could be added easily.
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3. A checking routine tor process trains involving
reuse/recycle to compare the recycled water qualty
against the water quality needed for process intluent.

4. Environmental fate of toxic pollutants in the
receiving stream. A number of adequate fate models
exist, but they are not written in the C programming
language.

5. Costing algorithms and expected treatment
efficiencies for various treatment technologies used
to treat ammunition plant process wastes.

3 USERS GUIDE

The plant model is available as Experimental Profile
Number 30 of the Environmenta! Technical Intor-
mation System (ETIS)."! ETIS can be accessed over
commercial telephone lines by almost any kind of
computer terminal. ETIS is an interactive. answer-
driven umbrella system which can be used by people
unfamiliar with computers.

Accessing ETIS

If you decide to access the plant model atter inter-
actively entering ETIS, you need only transfer into the
program. The following paragraphs provide instructions
for accessing ETIS information by remote terminal.

Once you have acquired a log-in and a password
from CERL's Environmental Division, you can access
ETIS by remote terminal by following the directions
in CERL Technical Reports N-56 and N-2° (DA
Pamphlet 200-2*), and CERL Technical Report

'R. D. Webster, et al., Development of the Environmental
Technical Information System, Interim Report E-52/ADA
009668 (U.S. Army Construction Engineering Research
Laboratory [CERLI, 1975).

2. van Weringh, J. Patzer, R. Welsh, and R. Webster.
Computer-Aided Environmental Legislative Data System
(CELDS; User Manual, Technical Report N-56/ADA061126
(CERL, 1978).

3R. D. Webster, R. A. Mitchell, R. L. Weish, E. Shannon,
and M. L. Anderson, The Economic Impact Forecast Svstem -
Description and User Instructions. Technical Report N-2/
ADAO027139 (CERL, 1976).

4The Economic Impact Forecast System- Description
and User Instructions, DA PAM 200-2 (Department of the
Army, December 1976).




N-43.° After acquiring a remote terminal and a tele-
phone, dial the system’s number (FTS 217/3334086,
WATS 800/637-0958). If there is no answer, the entire
system is down for maintenance. Upon hearing a
steady tone, plug the phone into the terminal, making
sure that the earpiece and the speaker are in the
proper openings, and log into the system. After logging
in with the correct name and password, you will
receive system messages. If the system indicated “NO
DIRECTORY™ or a similar designation, access to ETIS
is probably closed down and you should try again
later. If the system is in operation, output similar to
that shown in Figure 7 will appear on the screen or
terminal. (The text on the right-hand side of the figure
is explanatory and is not part of the output.)

Keep several things in mind when using the system.
The symbol <CR>> used in some instructions means to
depress the carriage return button. The instruction to
type CTRL-d means to simultaneously depress the
button marked CTRL and the letter d. An input error
can be corrected by typing CTRL (hitting the CTRL
and h buttons simultaneously) if the return button has
not yet been depressed. This procedure will back the
carriage up one space each time it is repeated. This can
be done as many times as necessary. Every symbol
which has been backspaced over has been removed
from the terminal memory. Therefore, if the first
digit of a six-digit number has been mistyped, you
must depress CTRL-h six times and then retype all six
digits. The corrected symbols will be overprinted on
the paper. To stop a long listing depress the button
marked DEL (delete).

The Plant Model

Like ETIS, the plant model also contains an answer-
driven system to accept required input data from the
user. Five types of information are required to run the
model:

1. A process train showing all flow interconnec-
tions, source water inputs, and outfalls.

2. Volume of source water necessary (cubic meters/
hour or cubic meters/batch for batch processes) at a
minimum of two different production levels (percent
of full production).

5S. E. Thomas, R. A. Mitchell, R. E. Riggins, J. ). Fittipaldi,
and E. W. Novak, Computer-Aided Environmental Impact
Analysis jor Industrial, Procurement, and Research, Develop-
ment, Test, and Evaluation Activities— User Manual, Technical
Report N43/ADA056997 (CERL, 1978).

15

3. Volume of each pollutant (constituent) gener-
ated (kg/hour or kg/batch) in the water phase versus
the production level (percent of full production).

4. Efficiency (percent removal) of all treatment
processes for each pollutant (constituent) with respect
to flow rate through treatment process (cubic meters/
hour or cubic meters/batch).

5. How the process train could be modified o
incorporate recycie/reuse.

The model returns values for the flow rate and
pollutant loading for each interconnection in the
process train, including the outfalls. Then modifica-
tion of the existing process train or specification of a
new one is allowed before the program is rerun.

Several general instructions should be followed
throughout the program.

1. Al process names are alphanumeric words
which can contain any character, but should not
include blanks and must be no more than 20 characters
long. It is important to maintain spelling and upper/
lower-case consistency. It is also important to make
sure that a process’ name is the same as the name of
the process model, if any, that is on file. At some, but
not all prompts, the program will find a spelling error
and let the user correct it.

2. Yes or no questions can be answered by spelling
out yes, no, or just by y or n. Upper/lower case is not
important.

3. The first constituent that should be modeled in
any run is water because water flows are needed by
the treatment process models. Changes in flow routing
or in production level change water flow rates, and the
program reminds you to model water again after
making these changes.

4. At any point in the program where a list is
typed in, the program will keep repeating the same
prompt. Typing a O (zero) tells the program that the
user is through entering the list and wants to move on
to the next prompt. In general, 0" acts as an escape.

5. At any prompt which is followed by “h/a,”
on-ine help is available. Simply answer the question
with the word “help”™ to obtain a help routine which
provides information similar to that given in this
report,




ETIS (Trademark apptied for)

United States Army Corps of Engineers

Environmental Technical Information System

ETIS: What program? (Type <cr> to see list):

Type:
1 or intro

2 or eics
3 or celds
4 or eifs
5 or afeics
6 or iicep

7 or xper

8 or help

9 or rubouts
10 or end or bye

! mail

for an introduction to the Environmental Technical
Information System and people to call for help with
problems about using the programs.

for the Environmental Impact Computer-aided System.

for the Computer-aided Environmental Legislative Data System.

for the Economic Impact Forecasting System.

for the Air Force Environmental Impact Computer-aided System.

for the Interagency/Intergovernmental Coordination for
Environmental Planning (1ICEP).

for the Experimental Subsystem Module of ETIS -
Pilot Systems under development.

for HELP on using any of the ETIS systems or UNIX.

to ignore extraneous phone noise.

to exit from ETIS.

to see your mail.

Figure 7. Example ETIS instructions and explanation.

Step-by-step instructions for using the model are
given below, in the order in which the program general-
ly flows. Because you can choose how the program
proceeds at several points, some prompts may be
repeated during a session.

1. Do you want process configuration input to
come from a file? (h/a)

This allows you the option of keeping the answers
to questions 3 through S (below) in a file. Be sure to
include all the zeroes in the file to terminate question-
ing (see general instruction 4 above).

2. What is the name of the file? (h/a)

Question 2 asks the name of the input file if ques-
tion 1 was answered affirmatively.

If question 1 was answered negatively, questions 3
through S will be asked.

3. What is the name of the next node? (h/a)

The first step in the program is to describe the flow
network. This is done by first typing the names of each
node, in any order.

4. What node does flow go to from <nodename>?
(h/a)

For the node just entered in response to question 3,
enter the name(s) of the node(s) to which flow goes.
When there are no more, type in *0."

Questions 3 and 4 will be repeated until all nodes
are entered; at this point, type in “0" in response to
prompt 3.

5. Enter node which goes to sink. (h/a)

Type in the name of any process from which flow
goes to the outfall. This prompt will be repeated,
allowing multiple outfalls, so type “0” after the last
one.




At this point, the flow connections are printed out.
6. Do you want to change flow connections? (h/a)

To change where flow goes for any of the nodes,
answer yes. This question is repeated at the beginning
of each run, so new flow routing schemes can be tried
during the same session.

Prompts 7 through 9 occur if flow connections are
changed.

7. Which node do you want to change? (h/a)

Enter the name of the node whose outflow you
wish to re-route. This instruction will be repeated at
the end of the change routine. so you can change as
many nodes as desired.

At this point, the nodes which flow goes to from
the node you want to change are printed out.

8. Which node do you wish to eliminate flow t0?
(h/a)

If you want to stop flow from going to a node,
enter the node's name. You can eliminate flow to the
outfall by entering “outfall.”” This question will be
repeated so you can eliminate flow to more then one
node, if necessary.

9. Which node do you wish to add flow to? (h/a)

If you want to direct flow to a node, enter the
node’s name. If not, enter *0.” You can add flow to
the outfall by entering ““outfall.” This question is also
repeated.

After all changes have been made, or if no changes
were requested, the following prompts are given.

10. What production level? (h/a)

Enter the production level you want to model.
This should be expressed as a percent of full pro-
duction, so it should be between 0 and 100.

11. What constituent do you want to model? (h/a)

At this point, the program also prints out a list of
the constituents for which models exist, and you
should choose from them. You may also add a new
constituent to the list by entering its name. For the
first run, and after any changes in flow routing or
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production level, water should be modeled first. The
prompts rnow given depend on whether waier or a
pollutant 15 being modeled. The prompts tor modehng
water flows are explained in questions 13 through 15,
The prompts for modeling pollutant generation are
explained in questions 19 through 28.

12. Do you want to use the existing <constituent>
models? (h a)

If you want to use the models already on the file,
without any modifications and without seeing the
models, answer “yes.” This will bypass prompts
13 through 16, 20 through 23, and 25 through 28.

13. Is there a water demand at <nodename>?
(h/a)

If the process represented by the nodename is one
which requires a certain amount of water. answer
“yes.” This tells the program that you wish to model
the water demand at this node.

If question 13 is answered “yes.” the program looks
for a file of existing models which includes this node.
If the file is not found, or it no model with the node’s
name is found in the file, the next prompt will be
question 15. If a model is found, it will be graphed out
on the terminal.

14. Do you want to change this model”

If the graph adequately represents the water demand
vs. production level tor this node, answer “no.” Other-
wise, answer “yes,” and you will be able to type in a
new model by answering questions 15 and 16.

15. Production level?
16. Water?

Each tin ¢ these two prompts are given, put in a
point on the water demand vs. regular production
level graph. You need nut enter a point tor zeru pro-
duction. When a production level of 100 is entered,
the program automatically moves on.

The model is now graphed ou.. and you will be
asked again if you want to change it. When you are
satisfied with the model, answer “no’ and the new
model will be written into the file.

Questions 13 through 16 will be repeated for all
nodes.




17. Enter fraction of flow from <nodename> to
<nodename>>. (hfa)

Wherever there is a divided outflow from a node,
the program must know what fraction of the flow goes
to each outtlow. It will ask this question for all nodes
which have divided outflows. The vaiue entered should
be between zero and one.

After question 17 has been answered, the program
has all the input it needs and will compute the flows
between all nodes. The results will be typed out at
the terminal as well as appended to a file called
RESULTS, which can be accessed after the session is
over.

18. Do you want another run? (h/a)

Answering ‘“‘no” will terminate the session. “Yes”
will take you back to question 6.

The prompts explained below are for modeling
pollutant flows. The following sequence will follow
question 11 if a pollutant constituent is chosen for
modeling.

19. Is <constituent> generated at <nodename>?
(h/a)

If the node is one at which the constituent enters
the wastewater stream, answer ‘“‘yes,”’ and pollutant
generation will be modeled, as explained in questions
20 through 23. A “no” reply will lead to further
prompts, as explained in questions 24 through 28.
Replying with an “x” tells the program that this node
is not a treatment process; this bypasses prompts 24
through 28.

After a “yes” reply to question 19, the program
searches for a model of pollutant generation vs. pro-
duction level in a file. If no file exists or if there is no
model in the file, you will have to build one as in
questions 21 and 22. If a file does exist, it will be
graphed out and question 20 asked.

20. Do you want to change this model?

If you are satisfied with the existing model, answer
“no.” Otherwise, questions 21 and 22 will be used to
build a new model.

21. Production level?

22. <constituent>?

Put in the points for a graph for the amount of the
pollutant constituent generated vs. production level.
Production level should be expressed as a percent ot
full production, i.e., between 0 and 100. You need not
put in a point for zero production; the program stops
asking for points after you have entered a production
level of 100.

23. Do you want to change this model?

If you are satisfied with the new model whici has
just been graphed, answer "no,” and it will be written
into the file. Otherwise, you will go back to question
20.

If the node was not one where the pollutant was
generated, the following series of prompts will appear.

24. Is <nodename> a treatment process where
<constituent>> is removed? (h/a)

Answer “‘yes” if you want to model the removal of
the pollutant at this node, and you will get prompts
25 through 28. A “no” moves you on to the next
node.

Modeling treatment processes is very similar to
modeling generation or water demand, except you
are modeling percent removal vs. flow rate for treat-
ment processes.

At this point, when modeling a treatment process,
the program looks for a file containing a model for the
process. If no file is found or no model with the node’s
name is found in the file, questions 26 through 28 will
be used to build a model. If a model is found, it will
be graphed out and question 25 asked.

25. Do you want to change this mode]?

If you are satisfied with the existing model of
treatment efficiency (y-axis) vs. inflow rate (x-axis),
answer “no,” and the program will use the model.
Otherwise, answer “yes,” and you will get questions
26 through 28 to build a new model. If your model
does not include flow rates as high as you are trying
to model, you will have to build a new model.

26. Flow rate?
27. Removal?

For up to 20 points, put in flow rate vs. removal.
Type in ““0” for flow rate to end the input and move




on. The new model will be graphed for you at the
terminal.

28. Do you want to change this model?

If you are satisfied with the model you just built,
answer “no.” and the program will return to question
19 until all nodes have been examined. A “‘yes™ reply
will return you to question 26.

Appendix A provides an example session of the
model, and Appendix B provides the program listing.

4 SUMMARY AND RECOMMENDATIONS

A pilot ammunition plant computer-aided simu-
lation model was designed and programmed to predict
wastewater effluent quality at various production levels
and to assess the impact of reuse/recycle on effluent
quality. Any type of process train can be used as
input to the model to describe water use in AAPs. The
plant model may be accessed through the Environ-
mental Technical Information System.

Detailed model input data on wastewater quality
and quantity for cooling, washing, and transport
operations is not available in the literature. Such
information is probably available in AAP operating
logs, but would take some time to extract, and it may
not be available for more than one production level.
Appropriate estimations and assumptions can be made
by the user when water use and pollutant generation
are not well-defined functions of production rate.

It is recommended that the plant model described
here be tested and used by AAP and other DARCOM
personnel before being further developed or refined.

APPENDIX A:
EXAMPLE SESSION

This example run is for a simplified version of the
sellite wash process for TNT, the source of so-alled
“red water.”” For this example, a pond is the only
treatment process. In recent years, “red water” has
either been sold for paper processing or dried and
incinerated. In the example, a hypothetical recycle
of the pond effluent is considered.

The model’s level of resolution can be chosen by
the user; nodes may be chosen for units as small as
individual reactors, or whole process trains may be
included in one “black box™ node. A degree of
resolution should be chosen that is suitable for the
data available.

sellite mfgr

sellite wash

treatment pond

»  outfall

Figure A1. Example process train.




Plant Model Program

At all prompts which are followed by: (h/a) you can get on—line
help by responding with the word ’‘help’

Answer yes-na questions with yes, nu, y, or n

Do you want process configuration irput to come from a file? (h/a;

Do you want general help or help specific to the question you are on?
Enter 1 or 2

= general
2=gpecific

®

Ammunition Plant Process Model

This is & program to model the flow of water and water-borne pnilutants
The following general instructions apply:

1. All process (node) names should contain 20 or fewer characters of
any type, but without blanks. DBe careful with spelling!

2. Yes or no questions can be answered with: yes, na, y, or n.

3. Whenever a prompt repeats itself you can tell it to move on
by typing ‘O’ (zero).

3. You must always model water flows before pollutant flows because treatment
models use flow rate as a parameter. Any time you change the production
level or re-route flows you should madel water flows again

5. At any prompt where ‘(h/a)’ appears, you can answer ‘help’ ana qget it

More details are available in the user manual and details are available
here for specific prompts.

@it ‘1’ to continue

hoose one of the following:

Do you want input to come from a file?
What is the name of the file?

What is the name of the next node?

What node does flow go to?

Enter node which goes to outfall

Do you want to change flow connections?
Which node do you want to change?

Which node do you wish to eliminate flow to?
Which naode do you wish to add flow to?
10 What production level?

11 What constituent do you want to model?
12 Do you want to use the existing models?

13 Is there a water cemand at this node?
15 #for help with units.

OVOMNOC U SWMN-
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17 Enter fraction of flow from a to b

13 Do you want another run?

19 Is the constituent generated here?

24 Is this a treatment process where constituent is removed”
28 for intrepretation of results

99 to quit HELP and return to program

Which one do you want? (you entered ‘help’ from no. 1)(3

Help for question 1:
Do you want process configuration input to come from a file?

If you have @ file with all the node names. where flow
goes to for each one:, and the names of nodes which drazn
to the outfall. you can uvse it instead of answering
questions 3 through S This is very useful when running a
model several times. If you answer yes, the next question
will ask you the name of the input file

More help? y or n()
Do you want process configuration input to come from a file? (h/a)()

Process configuration entry routine: put i1n the name
and where flow goes to for each node

What is the name of the next node? Hit zero for no more (h/a)

sellitemfr
What node does flow go %o from sellitemfr? (h/a)
sellitewash

What naode does flow go to from sellitemfr? (h/a) ()

o N

Wwhat is the name of the next node? Hit zero for no more (h/a}
seilitewash

What node does flow go to from sellitewash? (h/a&)}
treatmentpond

What node does flow go to from sellitewash? (h/a) ()
(o]

What is the name of the next node? Hit zero for no more (h/a)
treatmentpond

What node does flow go to from treatmentpond? (h/a) ()

o}

What is the name of the next node? Hit zero for no more (h/a)()
V]
Enter node which goes to sink (h/a) (tresatmentpond

treatmentpond

)00

Enter naode which goes to sink (h/a)()
Flow goes from sellitemfr to sellitewash

Flow goes from sellitewash to treatmentpond

Fiow goes from treatmentpond to sink

Do you want to change flow cannections? y or n (h/a) ()
What production level- O to 1007 (h/a)

What constituent do you want to model?

The following are available: (h/a}

water
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TNT

Do you want o use the existing watsr models” (h/a)®
Is there a water demand at sellitemfr? y or n (h/a) @
Mogel Water Use at sellitemér

No file of models found; file created

BUILD A NEW MODEL for sellitemfr
Input water used as a function of production level

Far @ max of 20 points, put in prod. level., up to 1CO,
not including 1ero, and water used/generated

Use unmits af cubic meters/hour or cubic meters/batch for water
(for help with units type ‘help’)

Prod. level(11? (h/a) @

water?
Prod. levell2]? (h/a)

water?

Prcd. level(3]1? (h/a)
water”

105 GO! o
H Jvo0
H [-1-1-]
: ong
84 00! oecno
: cao
H [-1.1.}
' coo
&3 00! coo
H 003
H 00
' (1]
42. 00! ooo
H oo
H on
w i -X-1)
a 21. 00! oa
t 100000
e H
r H
40 60 80 100

20
PRODUCTIOM LEVEL
Do you want to change his model® y or n (D)

1s there & water demand at sellitewash? y or n (h/a) @

Is there a water demand at treatmentpond? y or n (h/a) @

water from sellitemér ¢tn sellitewash = 105 Q0
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water from seilitewash to treatmentpond = 103 Q0
water from treatmentpond to outfall = 105 Q0

Inflow to network at sellitemfr = 105 00
Do you want another run? y or n (h/a)(j
Do you want to change flow connections? y or n (h/a) C)

wWhat production level- 0 to 0 (h/a)
{(Previous level was 100) (i%

what constituent do you want to model?

The following are available: (h/a)

water

TNT

DNT @

Do you want to use the existing TNT models? (h/a)(j

Is TNT generated at sellitemfr? y or n (h/a3) 6::}

Do you want general help or help specific to the question you are on?
Fnter 1 or 2:

{= general
2=specific

)

Help for question 19, Is constituent generated here

I1f this is a process at which the oollutant enters the
wastewater stream, and at which there is a pollutant
generation vs. production level model., answer yes
Answering with @ ‘x’ tells the program that there is
neither a pollucant generation nor a treatment model
faor this node.

More help? y or n@

Is TNT generated at seilitemfr? y or n (h/a) (B)

Is sellitemfr a treatment process where TNT is removed? (h/a)C)
Is TNT generated at sellitewash? y or n (h/a) C)

No file of models found: file created

BUILD A NEW MODEL for sellitewash
Input TNT generated as a function of production level

For & max. of 20 paints, put in prod. level, up to 10O,
not including 2070, and TNT used/generated

Use units of kg/hour or kg/batch far TNT
(for help with units type ‘help’)
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Prod levell11? (nh/a} @

TNT?
Prod. level(21? (h/a)

TNT? 200

Rrod. 1svel(317 (h/a) 1100 @D

TNT? @
Prod. level{41? (h/a)
TNT?

-z

250. 00 . -}
' oo
H aao [-]
) aa <]
200 00! [-1.1] -]
H Qo o
! o0 o
H -1}
150. 00! 0o o
b oo o
H oo ©
H 00 -]
100. 00! (1) [}
H oo
H on
! Qe
50. 00+ oo
000000

i i t H

40 60 80 100

20
PRODUCTION LEVEL
Do you want to change this model? g or n (}
BUILD A NEW MODREL for sellitewash
Input TNT generated as a function of production level

For a max. o# 20 points, put in prod. level, up to 100,
not including zero, and TNT used/genersted

Use units of kg/haur or kg/batch faor TNT
(for help with units type ‘help’)

Frod. levell1}? (h/a) (:)

TNT?

Praq. levell231? (h/a) @

TNT?

Prad. levelldI? (h/a)

TNT?

Prod. levelld3? (h/a) QD
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30G. &G 2
H - oao
! ooo
: 000
240 Q00! ago
H 000
H oop
H Qo
180. Q0! opo
! -1}
! 0o
H 000
120 00! aa
H [-1.]
H ooo
H [-T¥)
60. 00! -1}
T ! avo
N -1-2-1-1
T H
! e ! ' H ~!
20 40 &0 80 100

PRODUCTIDN LEVEL
Do you want ta change tris model? y or a (o)

Is TNT generated at treatmentpond™® § or n (h/a) @
Is treatmentpond a treatment protess where TNT is removed? (n/a)@

Mogel Treatment Efficiency at treatmentpond
No model called treatmentpond in file

BUILD A NEW MODEL for treatmentpond

Put in removal percent s a function of flau
Far a max. of 20 points, put in flcw rate and removal

Use units of cubic meters/hour or cubic meters/batch for flow
For help with units type “help’

Flow ratelil” (h/a)
removal®?

Flow ratelll? (h/a)

removal’?

Flow ratel33? (h/a)
removal? @

Flow rateldl” (h/a) @

T 98. d0!ooono
R H 000000l
£ B [-2-1-1-2.7-T-T-1. 141
A ! -Y-1.7-1-1-7.1-3.3.]
T 78. 30! acagoaono
M ! 0000000
€ :
N H
T 58 80!
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[ :
F J
F 3% 20!
i :
I :
€ 19 601
N !
c :
Y H
100 200 300 400 500
FLOW RATE

Do jy0u want to change this model? 4y or n ()
TNT from sellitemfr to sellitewash = 0. 00
Concentration = 0 mg/1

TNT from sellitewash to treatmentpond = 300. 00
Concentration = 2857 14 mg/1

TNT from treatmentpond to outfall = 18. 00
Concentration = 171 429 mg/1

Do you want ancther run? y or n (h/a)C)

Do you want to change flow connections? y or n (h/a) C)

Wh ch node do you want to change? (h/a)

Do you want general help or help specific to the question ynu are on™
Enter 1 or

1= general
2=specific

&)

Help for question 7: Which node do you want to change?
You <are now in the routine to change flow routing

Enter the name of the riode (process) whose outflow you
wish to redirect.

More help™ y or n@

whizh node do you want to change? (h/a) treatment

Mo such node as pond

Which node do you want to change? (h/a) {treatmentpond

Flow goes from treatmentpond to autfall

Whizh node do you wish to eliminata flow to? (h/a)()

Which node do you wish to add flow to? (h/a)

done
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Which node do you wish to add flow to? (h/n)@

Which node 4o you want %o change” (h/a) (@)

Flows changed— model water first to get correct results
What production level- QO to 1007 (h/a)

(Previous level was 100)

what constituent do you want to model?

The following are available: (h/a)

water

INT

Do you want to use the existing water mddels? (h/a)@
Is there a water demand at sellitemfr? y or n (h/a) @
Is there a water demand at sellitewash? y or n (h/a) @

Is there 3 water demand at treatmencpond? y or n (h/ad @

Enter fraction of flow from treatmentpond to ouvfall

water from treatmentpond to sellitemfr = 22. 00
water from sellitemfr to sellitewash = 117 0
water from sellitewash to treatmentpons < 1.0.00
water from treatmentpond to outfall = 88. 00

Inflow to netwark at sellitemfr = a88. 00
Do you want another run® y or n (h/a)®

Do you want %o change flow connections? y or n (h/a) @
What production level- 0 to 1007 (h/a)

(Previous level was 100)

What constituent do you want to model?

The following are available: (h/a)

water

TNT

DNT @

Do you want to use the existing TNT models? (h/a)®

Is TNT generated at seilitemfr? y or n (h/a) @

Is TNT generated at seilitewash? y or n (h/a) @
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Is TNT generated at treatmentpond™ y or n (h/aJ @
Is treatmentpond a treatment process where TNT 1s removed? (h/a)CD

Enter fraction of Fflow from treatmentpond to ocutfall

TNT from treatmentpond to sellitem#r = 3. 64
Concentration = 165 624 mg/l
TNT from sellitemfr to sellitewash = 3. 64

Concentration = 33. 1243 mg/1

TNT from sellitewash to treatmentpond = 303 64
Concentration = 2760 4 mg/1

TNT from tre~tmentpond to outfall = 14 57
Concantration = 165 624 mg/l

Co you want another run? y or n (h/a)®

Do ;o0u want to change fl. s connections? y or n (h/a) @

What production level~ O to J007 (h/a)
(Previous level was (00}

Production level changed— model water first to get correct results
What constituent do you want to model?

The following are available: (h/a}

water

TNT

Do you want to use the existing water models? (h/a)@

ls there a water demand at sellitemfr? y or n (h/a) @

Is there a water demand at sellitewash? y or n (h/a) @
Is there a water demand at treatmentpond™ y or n (h/a: @

Enter fraction of flow from treatmentpond to outfall

water from treatmentpond to seilitemfr = 13. 00
water from sellitemfr to sellitewasn = 45. 00
water from sellitewash fto treatmentpond = 65. 00
water from treatmentpand to cutfall = S2. 00

Inflow to netuork at seilitemfr = %2. 00
Do you want another mun? y or n (h/a)@

Do you want %o change flow connections™ y or n (h/a) @




What oroduction level- O tg 1007 (h/a)
(Previous level was 350) @

What constituent do you want to model?
The following are available: (h/a)

water

o @

Do you want to use the existing TNT models? (h/a)()

Is TNT generated at sellitemfr? y or n (h/a) @

Is TNT generated at selilitewash? y or n (h/a) @

fs TNT generated at treatmentpond” y or n (h/a) C)

[s treatmentpond a treatment process where TNT is removed? (h/a)()
Enter fraction of flow from treatmentpond to ocutfall

TNT from treatmentpond to sellitemsfr = 1. 01

Concentration = 78. 0065 mg/1

TNT from sellitemfr to sellitewash = 1. 01
Concentration = 15 6013 mg/1

TNT from sellitewash to treatmentpond = 169 01
Concentration = 2600 22 mg/1

TNT from treatmentpond to outfall = 4. 06
Concentration = 78. 0065 mg/1

Do you want ancother run? y or n (h/a)@

ia >
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NEXT RUN
Zanstituent water Prodyction level. 100
water from sellitemfr to sellitewash = 105 CO

water from seilitewash to treatmentpond = 1G5 00
wster from treatmentpond to outfall = 105 00
Inflow to network at sellitemfr = 105 00

NEAT RUN

Constituent: TNT Production level: 100

TNT from sellitemfr to sellitewash = 0. 00

Concentration = O mg/1

TNT from sellitewash to treatmentpond = 300.00
Conz2ntration = 2857 14 mg/l

TNT from treatmentpond to outfall = 18. 00
Conzcentration = 171 427 mg/1l.

NEXT RUN

Constituent water Production level: 100

water from treatmentpond to seilitemfr = 22. C0
sater from sellitemfr to sellitewash = 110 Q0
water fraom sellitewash tc treatmantpond = 110.00
water from treatmentpond to outfall = 88 00

inflow to network at sellitemfr = 88. 00

NEXT RUN
Constituent TNT Production level 100
TNT from tra2atmentpond to s3ellitemtr = 3 64

Toncentration = 165 624 mg/l

TNT from sellitemfr to sellitewash = 3 64
Conzentration = 33 {248 mg/1

TNT from sellitewash to treatmentpond = 303. 64
Concentration = 27640 4 mg/l

TNT from treatmentpond to outfall = 14. 57
Concentration = 165 624 mg/1l.
NEXT RUN

Constituent water Production level: 350
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water from treatmentpaond to seilitemér

water from sellitemfr to sell:tewasnh =

13 30

&5 00

water from sellitewash to treatmentpond = 65 GO

water from treatmentpond to gutfall =

S2. Q0

Inflow to network at sellitemfr = 52. 00

NEXT RUN:
Constituent: TNT Production level:
TNT from treatmentpond tq sellitemfr =

Concentratian = 78 Q065 mg/1

TNT from sellitemfr to sellitewash =
Concentratign = 15 6013 mg/1

50

TNT from sellitewash to treatmentpond =

Concentration = 2600 22 mg/1

TNT from treatmentpond to outfall =
Concentration = 78 0045 mg/1.

1. 01

1.01

169. 01

4. 06
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APPENDIX B:
PROGRAM LISTING

#i1nclude stdio nl;

doubie determ(10G1L1001,
doubie rnel1001,

dJouvole var(1001:

int detrmsz,

int matr1x[(303{303, arysze;

struct a {char aal201; X;

struct {char ndnamel201;
struct a ndtoléil;
douvble watrin;
- nodel(301;

maind,
{

int nvar, i, 4, varlbll100];

int 1i, ix, temp, col, row. flag;

1int noden., ncnsts, fd;

int tonodel&1

double flofraclél, conc;

double qreq. rmval, qtrt;

double flows[1001,

float pl., Fftemp;

char tqueryl4], querylS], uecnsttl{201, linebuf(B811];

char stempl[5];

struct {char al20); ) cnsts[201;

/% */

/¢ Bildsys is the main routine. It calls routine Matrxin
to build @ connection matrix for the system
Routine chgmtrx allows the user to revise the connectisn
matrix Routine findmdl uses a file of production level
vs. water demand models to determine how much water

1s needed at each ncode(plant process) which requires water

Bildsys uses the abeve informacion to build a system

of simultaneous linear equations describing flow through
the system. Additional equatisis are added for each
node 1n the system with more than one outflow

After the system is built, with the equations described bu

determinant "determ” and right-side vector "rhs". it is
solved 1n the routire "solvsys
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v/
/% variables ®/
Iz nvar the number of simultaneous equatione #/
s origirally equal to the number of =/
/% positive values in the connection matrix #/
/% arysze the length of the x("from") dimension in the #
/* connection matrix */
/% matrix the connection matrix
determ the determinant of the system of simultaneous zquatious
rhs the right side (constants) for the equations
varlbl labels variables 1n the determinanc #/
I T T e S 22 2 T T ST e */

/% print out heading =/

printf("\n\n\n Plant Mcdel Program');

printf{"\n\n At all prompts which are followed by: (h/a) you can getv on~line”)
printf("\nhelp by responding with the word ‘help’ “\n\nAnswer yes 1o ").
printf("questions with yes, no, y, or n \n\n\n\n");

/w */

/% 1nitialize list of constituents

setbuf(stdout, NULL);
strcpylcnsts({0]. a, "water");
strcpylcnstsl1]. a, "TNT");
strcpyicnsts(2]. a. "DNT").
necnsts = 3,

7o {LLLLLLULC{C nitialize watrin 2333233222 FX703¥X¥22235F oo

for (1 =0; 1 <=Z9; i1++) nodelil watrin = 0. 0;
pl = -1,

s* DILIHIZIESS call input routine LKL T I #/

arysze = matrxin(),

(&)
)
)
)
)
-~

s IIDIRILIRLRLDIDYS print and modify matrix {COLLCLLILL LT e/

for (col = 1, col <= arysze; col++)
{
for (row = 1, row <{= arysie; Tow++)
{ 1f(matrixirowllcoll '= 0)
printf("\nFlow goes from %s to %s",nodelcois ndname,
nodelrowl. ndname);
>
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printf("\n"),
¥

for (col =1, col <{= arysze; col++)
1 (matrix[arysze+1llcol] '= 0)
printf("\nFlow goes from ’s to sink",nodelcoll ndname,:

recycle printf("\n\nDo you want to change flow connections® v or n (h/a) ").
scanf("%s", query);
1# (strcmpiquery, "help"”) ==0 | strcmpi{query, "HELP") == 0 )

< help(b); .

goto recycle;

1¢ (query{0] == 'y’ || guerylQ] == ‘Y’)
{ chgmtx();

printf("\nFlows cnanged- model water first to get correct vesvlts”");

Y

b

ten: printf("\nWhat production level- O to 1007 (h/a) ")
1£(pl > 0.0) printf(”"\n(Previous level was %-. Of) ", pl);
scanf("%Zs", query);

1f {strecmp(query, "help") == J ) strcmp(query, "HELP") ==0
{ help(10});
goto ten;
¥

sscanfigquery, "%f", &ftemp):

while (ftemp < 0.0 ! ftemp > 100.0)

{ printf("\nPlease keep production level between O and 100").
printf("\n\nProduction level? ");
scanf("LE", &ftemp);

>

/% 1f the production level is being changed. say so */

if (ftemp '= pl && pl 'a -1.0)
printf("\nProduction lavel changed- model water first to get correct resulte");
pl = ftemp.

1 = 99,
while (i = ncnsts) /% read in constituent wanted and
make sure it is availabie T/
{
eleven printf(”\nkhat constituent do you want to model™"),
printf{”\n\nThe following are s ailable: (h/a) "),
for (i=0; i < ncnsts; i++)
{ printf("\n\n%s ", cnstslil a);
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>
scanf("%s", ucnstt):

1f (strcmpl{ucnstt. "help") == 0 ! strcmplucnstt, "HELP") ==
{ help(11),
goto eleven;
>

for (1=0; 1 < ncnstsi i++)
{ 1f (strcmplcnsts(1]. a,ucnstt) == 0) breax:
3

1fF(1>= ncnsts) printf("\nZks not available", ucnstt,;

R BN SN YA

RULLTIL L LIS LTI ALL LG,

YAXA NSNS

Allow the user to uvce the exiscting process models without
modification

S8R B BB B AR AR B e BB BB B B de B el U B BB B BB B BB RS A A L LK RABR LEBS &é& %/

twelve: prantf("\nDo you want to use the existing %s models? (h/a)
scanf("%s", tquery);
if (tquerylO] == ‘'Y’) tqueryiOl = ‘y’;

1f (strcmp(tquery, "HELP") == O ! strcmp(tquery, "help") == O )
{ help(l12),;
goto twelve:
¥

/# === */
/4% 1f modeling water. reset the stored values of water flows to z€ro */

1fistrcmpl(ucnstt, "water”) == 0) { for (i=0; i <= 29; i++)
-:delil watrin = 0 O

>
s R A A A A A N NN NS NN N N
All the input ard bookkeeping is done. Now pnild
the system of simultanecus equation
SHLLIIIIIIITIIIIS LIPS SIS IS S
nvar=0,
for (1=1, 1<=(aryste+l); 1++) {
for (=1, J<=arysze; j++) (
ifimatrixCill ] '=0) matrix(ill ] = ++nvar;
¥
‘#  array now read into "matrix” */
/4 now generate determinant for system of equations #/
/% put "1" 1n determ f2r inflows ./
/# and "-1" 1n for outflows */

for (120, 1 <=99; i++)
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for ;=05 § = 99; ;++) determi13{,3 = 0. C
rhsl13 = 0. 0O;

for 121, 1<= arysie; 1++) {
for (=1, = arysie; j++) {
1f( matrix (ilLy) '= O ) {
determ{iJ((matrixC13r4J)] - 1 O,
determl yll(matrixL1ii 303 - -1 C,
Yo ¥}
for ( y=1; )<= arysze;, j++ )
{
1FC matrix( (arysze+l) [ ] '= Q)
determl )1l (matrix{ (arysze+1) 1L, 1) 3 = ~1.0:
>
detTmsz = arysze
/®* add equations for inflows to sistem-— */
= one equation for 2ach node with a production-level vs. demand functicr #/
e for water. =/
S - call routine "findmdl" to get information on thece nodes #/
/% qreq 15 the flow rate demanded at the node *,

s

add a new row in tne determinant for each inflow #/

for(1=1, 1 =arysze; i++)

1f (strcmp(ucnstt, "water”) == y)

Q13 queryf0] = ’'n’;
prantfi{“\nls there 3 water demand at %s? y or n (h/a) ".,nodelil) ndname).
scanf("%s", query);

1f (strcmp(query. "help”) == 0 ! strecmpiquery, "HELP") ==
{ help(13);
goto q13;
1f{queryl0l == 'Y’ 1! queryl0] == 'y’)

/% build new equation if there is inflow */
{
1fitqueryldd = "y )
praintf{"\nModal Water Use at %s\n",nodelil) ndname),

/# call findmdl with 2 | to allow change$
with a zero for nu changes A4

1f(tquery (0l ‘= ‘4
qreq = findmdl(nodelil ndname,ucnstt.pl, 1);
else qreq = findmdl(nodelii ndname, ucnstt, pl.O);
++detrmsz;
++nVvar;
varlblinvarl = i;
for ( =i; J<=arusze. Jt+ )
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A —— . "~

{ 1f¢ matrix0130)3 !'= 0 )
determl{detrmszllimatr1x{130y1) 3 = 1., ¥
determ{detrmszlinvarl = 1. ;
rhs{detrmsz] = qreq
I find the first var. 1in the nude’s column %/
11=1,
while ( matrix{i11{1] == O ) 11++
for ( 1x=1, 1x<{=detrmsiz; ix++ )
{ if( determfaix][ (matrixCiilCid) ] == -1.0 ) determlix3invarl = 1 ui I},
¥
y /% end of water inflow routine
Now modify =2quations for nodes at which psollutancs
are generated. Change eguvations from
"Sum of inflows == Sum of outflows”" to
"Sum of inflows + pollutant generated == sum of outflowg”
This 15 done by putting -1 # pollut. generated on right
side of equation. L4
else
{
ql9 queryl0l = ’n’;
printf(”\nls %s generated at %s? y or n (h/a) yuenstt, nodeli] ndname).
scanf("%s", query);
ifistrcmp(query, "help”)==0 |! stremp(query, "HELP") == 0)
{ help(19):
goto ql9;
1f{queryl0] == ‘'Y’ ! querylD) == 'y’ )
{
if (tquerylOd '= ‘y’)
qreq = findmdl(nodelil ndname,ucnstt,pl,1);
else qreq = findmdl(nodel{i] ndname,vcnstt.o0l,Q);
rhsl1] = -1. 0 # qreq;
>
s . Modi1fy those equations for nooes which are waste treatment orocesses.
By multiplying the "-1" values in the equation by the fractional
removal by the treatment process, the equation is changed f~em
"inflow == outflow" to "inflow # removal == putfiow"
This 1s done only for pollutants, not for water. */
else
{
/#

if the user replied to the previovs asuvestion
with a 'x’ assume this 18 rnot a
treatment process */

1f (querylO0) 's ‘x’ && querulQO] '= 'X’)
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{ q2d4 printf(“\nls %s a treatment process where %s 15 remzved” (h/a)
nodef1]. ndname, ucnstt);
scanf("%s", queruy?;

1f (strcmpiquery, "help”)==0 |! strcmpiquery. "HELP") =~ Q
{ helpi(2d);
goto q24;
} .
1f iquery{Ql == 'Y’ || queryl0l =='y  ?}
{
1f (tqueryl0] !'s 'y’)

printf{"\nModel Treatment Erficiency at %s", modelil ndname),

/% make sure wster has been modeled rirst and thete
15 a water inflow to this treatment node know  #/

if (naodelil watiin == Q. O}

{ printf("\nWarning— Water flow to process %s i3 z@ro- ",
nodeli1]. ndname);
printf{"\nWere water flows modeled first??");

>

/® 1f changes in model are 2llowed, call trtmdl with & !
if not . call it with a zerao */

1#(tqueryl0l = ‘y )
rmval = trtmdl(nodel{iJ. ndname, ucnstt, nodelil watrin, ).
else rmval = trtmdl(nodelil ndname, ucnstt, nodelil watrin, 0,

rmval = 1.0 - {(rmval / 100 0);
for {col=1, col <= nvar, col++)
{
1f (determ{1]Ccoll > 0.0 ) determli1ilcol] =
determ{illcol] % rmval:

add equations far each node with divided outflcws

telling how much flow goes out each path.

noden 1s the node numbdber which has divided outflows

"tonode” 1s 8 matrix of the nodes flow goes to

"flofrac 15 @ matrix of the fraction of the outflow to tho node
/

forlcol = 1, col <= arysze; col+e)
{ flag = O
for (row =1, row <= arysz2e+l; rows+)
{ 1f(matrixfrowllcoll ‘= O}
{ it (flag '= Q)
{ noden = col.
tonodelflagl = 10w
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>
/¥
1fiflag .
{
{
7
¥
S
for (1=1;
b
VE

go through equation-adding routine for each node with dividea outflow #/

qQl7: 1f(ruw == arysze+l)
printf{"\nEnter fraction of flow from “-
nodelcoll ndname),

zlse

to sutfall

printf{"\nEnter fraction of flow from s to s (h/a)
node{coll ndname, nodelrowl ndname);
scanf("%s", stemp);
if(strcmpi(stemp, "help") == O !! strcmpistemp, "HELP")==0)
{ help(i/);
goto qi7;
sscanfi{stemp, "Jf", flofrac+Fflaa’;
while (flofrzclflagl < 0.0 !! flofracltlagl 1.
{ printf("\nPlease keep 1t between O And 1. "),

"o

printf¢” Try again: "!;
scanfi"%f", flofrac+flau);

>
++flag,

1)

for ti=1;, id{=flag~1l; i++,

++detrmsz;

/% temp is the variable number correspondina to
this flow path (from noden to tonodell) */

temp = matrix[{(tonode{il)I{nodenl;

determidetrmszI{templ = (1.0 ~(flofraclil));
forcii=1: iid{=(arysze+l); ii++)

{ if ¢ (matrixfiillnoden) '= O ) && { ii '= tonodel.%)

determidetrmszll{mat:ix[iillnodend)] = (-1 O # (flofracli1])).

>

print out determinant for debug purposes.

1 <= detrmsi; i++)

{ printf("\n");

praintf("%10. 3¢, rhelild);

for (y=1; y<{=detrmsy; j:+)
{ printf("%=7 3¢#", determ{il(,d);
>

*/
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cend determinant to routine solvsys for solution

#/
solvsysii.
R SRS E R SRR DRI I IN IS 00 10 O G G O O G G O G O S 48 G O O O 4 O S O O G
print out the results!
do this both to *the standard {(terminal) output a =
to a file called REBULTS
13733333233333333352333123333cLNccLeccooocccnecco oo s

/% open or create the results rile *,

fd = openi"RESULTS", 1);

1f (fd < 0 ) fd = creat("RESULTS", 0644),

lseek(fd, 0L, 2); /% write the new output at the end of the file
If an overwrite 1s preferred, change this
statement to lseek(fd,OL,0). v/

strcpy(linebuf, * NEXT RUN:");

11nebuf[O3 = "\n’; linebufl1] = ’\n’, linebuflll]l = \n";

write{fd, linebuf, 12);

for(1=0; 1<=79, 1++) linebuflid = *\Q’;

sprintfilinebuf, "\nConstituent: s Production level %&. Of",ucnstt, o0l
write(fd, linebuf,B1),;

/% print out pipeflows between nodies */

nvar = O,
for (row=1, Tow <= arysie, TOowW++)
{ for (col=1l, col <= arysie; col++)
{ 1f (matrixlrowllcoll '= 0 )
{nvar = nvar + 1,
printf("\n\nis from %s tc %Us = %7 Z2f",
ucnstt, node(coll. ndname, nodelrowl. ndname, verimatrix{rowitco1s1),

for (1=0;, i <=79; i++) linebuflil = '\O ,

sprintf(linebuf, "\n\nis from %s to %s = %7 2f".

ucnstt, nodelcoll ndname, nodelrowl. ndname. verimatrix{irewiiLzolll’
write(fd, linebuf, 81);

/% Save the water inflows to nodes ¥/
1f (strzmp(ucnstt, "water" ) == Q)

{ nodelrow]. watrin = nodelrowl watrin + var(matrix{~ewllcolll,
flows{matrix(rowllcolll = varimatrix(rowllcolll,

¥

R
Calculate and print out tne concentratisn of the consti-uvent
The array "flcocws” stores the water flow rate in eah pipe
The “"else” routine below calculates concentration as f1low
tcubic meters/time) divided by pollutant flow (kgscime) times
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3 conversion factor of 10uu to make mg/l.

%/
else

if (flows{matrixirowifcolll==0) conc = O

else conc = ( varlmatrixlrowllcolll / flowsimatrixircwllcoll)]
* 1000. 0; /% convert kg/cubic meter to mg/l %/

printf{"\nConcentration = %g mg/1", coni);

for (i=0; i <=79; i++) linebuflil = ’'\O/;

sprintf(linebuf, "\nConcentration = %g mg/1l\n", conc).,

write(fd. linebut, B1);

¥
/% print out flows to outfall #/

for {col = 1, col <= arysze; col++)
{ 1f{matrixfarysze+11lccl]) !'= O )
{ nvar = nvar + i,
printf("\n\nZ%s from %Zs to ouvtfall = %7 2+#",
ucnstt, nodelcoil. ndname, varimatrixfarysze+13{colli);

for (i=0; i<=77F; i++) linebuflil = '\g’;
sprintf(linebuf, “\n\nZs from %s to outfall = %7 2¢f",
ucnstt, nodelcoil. ndname, varlmatrixfarysze+lllcolll);
write(fd, linebu#f, B81);:

1f (strcmp(ucnstt, "water” ) == C)
flowsimatrixlarysze+11Ccolll = varlmatrixlarysze+i3lcolli;

Calculate and print out the concentration of the constitvent
T oAy

else

if (flowslmatrix{arysze+11Lcolll==)) conc = O;
else conc = ( varimatrixlarysze+1l3lcoisl /
flowslmatrixlarysze+13lcoll] )
* 100C. 0; /% convert kg/cubic meter to mg/l #/

printf("\nConcentration = %g mg/1", conc);

for (i=0; i <=379; i++) linebufli) = ’'\O’;
sprintf(linebué, "\nConcentration = %g mg/1", conc)
writel(fd, linebu#f,81);

[
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/* print 1nflows to system where there is a flow requirement
printf('\n")y,
far (1 = nvar + 1, 1 <{= detrmez; 1++)
4
1f (var(il 2= 0. ™M
{
printf("\nInflow to netwcrk at %s = %7 2f\n°,
nodelvarlbllill ndname,varlil);

forlcol = 1; col<=79, col++) linebuflcoll = ‘'\O’
sprintf(linebuf. "\n\nlnflow to network at «~s = %47 Z¢f"
nodelvarlbli{ill ndname, varlil),

write(fd, linebuf. 81).

else

var(il = -1 # var(il:
printf("\nExcess flow at %s = %7 2f\n",
nodelvarlblilill. ndname, var{il);

for(col = 1; col<a79; coi++) linebuflcoia = \0%
sprintf(linebuf,"\n\nExcess flow at %s = “7 2¢",
nodeflvarlbllil). ndname, varl(il);

write(fd, linebuf. B1);

¥
writecfd, ‘\n’, 1),
closei fd).,

‘% LR O I e T T R T O R R R R A A I A A A A N N R I A )

Use the "infinitely-abusable goto” to allow rerouting
of flows and another run of the program

L A A A A N A N S I S T N R SRR AR SRR RN -

q18 printf("\n\nDo you want another run? y or n (h/a) ");
scanf({"%s", query);

1f (strcmp(query, "help") == 0 ! strcmp(query, "HELP") == 0)
{ help(i8);
goto q18;
1¥ (queryl0] == ‘Y’ 1| gueryl0) == y’) goto recyrle;

} /% end of bildsys #/




#include <stdio. h>;

extern struct a {char aal20]);¥;
extern struct Ychar ndnamel201;
struct 8 ndtolsl;
double watrin;
> nodel301;

extern int matrix{303LZV), arysze;

chgmtx () <

L e e A HE
function chgmtx to make changes in the flow connection

matrix, allowing the correction of errors or trying
alternate recycling schemes

The important variabdles are external, as defined eclsewhere
.......... U L %/

char chgnodel20). elmnodef20], addnodel01;
int 1, chgno,

start printfi{"\np\nWhich node do you want to change? (h/a) "),
scanf("%s", chgnode);
1fichgnodelQ) == '0’) return;

if(strcmp(chgnode. "help") == 0 ! strcmp(chgnode, "HELP") =- O)
{
help(7).
goto start,

bl
/# find the number of the node to *e changed #/
for (1=1, 1 <= arysze; 1++)

{ 1f(strcmpi{chgnode, nodelil ndname) == Q )
{ chgno = i;

break;
>
¥
1f (1 > arysze) {prantf(“\nNo such node as %s",chgnooe).
poto start;
>
7 *
print out wuhere flow anes from chgnode
-/

ei1ght for (1=1, i <= arysze; 1i++)
{ 1fimatrixla1dlchgnol '= 0O)
printf{"\nFlow goes from s tz %s",chgnode.node(1] ndname),

i1f(matrixlarysze+illchgnol '= 0)




printf{"\nFlow goes from %s to outfail",chgnodes;

while{elmnodelOl ‘= “0’)
{
printf("\n\nWhich nade do unu wish to eliminate flow to? (h/a) "),
scanfi"%s", elmnode);

1fistrcmp(elmnode, "help") == 0 || strcmp{elmnode. "HELP") == 0)
{
help(8),
goto eight;
>
ifistrcmp{elmnode, "outfall”) == 0) { matrixlarysze+ijlchgnol - O

i = 0; /% break out of loop .
printf{"\ndone");

else
{
for (1=1;, i <= arysze; 1i++)
{ if (strcmp(elmnode, nadelil. ndname) == 0)
{ matrix{illchgnold = Qi
printf{“\ndone”"};
break;
¥
>
>

if (1 > arysze %% elmnodelOl '= ‘Q’)
printf("\nFlow does not go to %“3",elmnode);
¥
while(addnodel{O] '= ‘0’)
{
nine printf("\n\nkhich node do you wish to add riow to? (h/3’ "),
scanf("%s", addnode);

if(strcmp(addnode, "help") == 0 ! strcmp(addnode, "HELP") == )
{

helpt(9);

goto nine

1f(strcmp(addnode. "outfall”) ==3) <{ matrixiarysze+rllichgnol = 1.
1 = Q.
prantf("\ndane" ).
>
else

for (1=, 1 <= arysze, 1++)
{ if (strcmp(addnode, nodelil) ndname) == Q)
{ matrix{illchanocs = };
printf("\ndone"),;
break;
}




¥
1£{(1 » arysie %% addnode{O] '= "0’ )
printf{"\nNo such node ac« %s”, addnode);
}
eimnodelQ) = ‘x’; addnodel0) = x';

goto start;
>

#include <stdio. hii

B A T R T & D 2 S S S R O
routine findmdl to look in @ fiie of existing process
models and read it if it exists. Also allows writing
over existing models

Each model in the file has 5 lines: the first 15 a title lin-
with an x in the first space: and 4 lines of altarnating
x and y points. x Tepresents the production levei, from
0 to 100. Y represents the water demanded or masi of waste
chemical produced.

Each line must have BQ char. (not including the newiine)
11211032030 20222202332030320022270302011202 302121802 i1bi1ll «y

rindmdl{wlabel, umdl, prdlvl, chngs)
char wlabel(20], wmd1(20];

float prdlvl,

int chngs;

char linebuflBll., numbuflPY, Ffletest;
char test{31, labelf0], queryfi103;
int £d, 1, 4, nread, line, ihi, ilow:
float x{201, y¢l201:

double qn;

/% initialize x and y %/
for(i=0; 1 <= 19; i+4) {x(i) = 0. 0; yLi) = 0 0,

Fletest = ‘n’,;
r* +ietest keeps track of what kind
of writing is to be done at eno nf prog
‘r’ = replace old mcdel
‘n’ = write new mocel in etisting file
‘D’ = use existing model, o overwrite
c’ = create new firie, writy in model

The variable "chngs" 18 cqual to § 1~
chans in the model are to be aiiowed and
is O if no changes ailowed

45

-/



fo = opentwmdi. &,
17 . fg 1 O
{ printf("\nNo file of models found: file created\n’,,
fd = creat{wmdl. 0A44),
fletest = ‘¢~
}

7w [f f1le of models exists, print out the names of the modeis &/

eise { lseex.fd, 0L, Q).

while(inread = read(fd: .i1nebuf, 381)) '= 0)
{

1f (lineduflQ == 'x) -

{
for(1=0; 1 <= 19, 1++)
labellil] = linebufli1+t].

1f{stremp(label  wlabel) == Q)
{

flotest = o',
/% desired model 1s now found
read it */

f2r (line = O, line <= 3. line++)
{
read(fd, larnebuf. B1),
for (i = 0, 1 <=4, i++)

{ forly = 0; §j <= 7 je+)
{numbufl 3 = linebuf({lh#y) + ;3.
>

numbuéLnR] = ‘\Q’.

sscanf(numbuf, "%8Ff", x+(l1ne#d + 1));

for( =0; 4 <= 7, ++)
{numbufl )] = linebufl(16#;1)
>

numbuf.nl = *'\O’,

sscanfinumbuf, "ZBFf", y+(line#d + 1)),

+
[
+
(-1}
H

>
/% test 1f requested model not in file «/
1f (fletest '= ’'¢’)

{ printf{"\nNo model) called %20s 1n file”.wiabel);
goto build;

-# 1f no changes are to be made go to end of program +/
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wh

{

1f 1chngs == 0 %&
7 #*
or

graph(x,y, 20, wmdl);
printf{”\n

plot out the model;
1f no model was on the file,

fletest == ‘0’) goto quie.

i1f vier wants to change it

build a new one */

PRODUCTION LEVEL™),

printf{"\nDo you want to change this model™ y or n "),

scanf{"%s", test);

1f(testlO] ‘= 'Y’ && test[O) '= ‘y’) goto aurt;
fletest = 'r7;
¥
buiisc new model “/
11d: test{0] = “y”’;
1le (testl0] == "y
for (1=0;, 1 <=19; i++) {x[1i) = 0.0; yii) = 0 O; labellid = >

printcf("\n\n
strcpyilabel, wlabels;

1f{strcmp(wmdl, "water"”)
printf("\nlInput water v
else prantf("\nlnput %s

wmdl);

printf("\nFor a max. of
printf{"up to 100, \nnot

if(strcmplumdl, "water™)
printf("\n\nUse units of
else printf("\n\nUse un
printfi{"(for help with

q15 for(i=0;
printf{"\nProd. lev
scanf{"%s", query);

BUILD A NEW MODEL for

i=19;

Zs\n", wlabel);

== O)
sed #as a function of production level\n”’,
generated as a function of production levelin",

20 points,
including zero,

put in prod. level, "),
and %s uszi/generated”, wmdl),

== Q)

cubic meters/day or cubic meters/batch for waterin"),
its of k9/day or kg/batch for “s\n",wmdl),

units tyoe ‘help’)\n");

i+4)

eil%d1? (hrsa) ", i+1});

if(strcmp(queru, "help") == 0 || strcmp(query, "HELP") == O°
{ help{15);
goto qi5;
sscanflquery, “4A¢", x+1);
1£#(x01] <= 0.0) {
prantf(“\nPlease, no ncgative or 1€vo values"),
goto build;
prantf{"\n%s? ",wmdl);
scanf("%Uf", y+i);
1¢# (x[1) = 100) break: /% stop at 100% cepacity #/
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¥
araphix, y, 20, wmd 1),
printf(”\n PRODUCTION LEVEL™);
printfi{"\nDo you want to change this model? yorn ")

scanfl{"%s", test),
1f{testlQ) == 'v’) test{O3 = "y,
>

quit: 1f (fletest '= 'z’

/= position file for writing ®/

/%« 1f replacing old model, move back up 5 1ines(d0%5 char) #/
{ 1f (fletest == ‘v, lseek(fd, —-405L. 1);

/# if writing new model in file, move to end of file ¥/
if (Fletest == ‘n ', lseek(fd, OL. 2);

/% 1§ creating new file, rewind =/
if (fletest == ‘c’) lseek(fd, OL., O);

/# write out the model. title line and then 4 data lines. #/

linepufl0]l = 'x’; :
for (1 = 0i 1 <= |9 i++) linebufli+1] = labeliil;
for (1 = &1, i <= 79; i++) lirebufli) = ’ *;
linebu#l801 = ‘\n’;

write(fd, linebuf. 81);

for (line = O; line <= 3; line++)
{ for (1=0: 1 <= 4; i++)
{ sprintfinumbuf, "%8. 1e", x[(line*5) + i1);
for (J=0; § <= 7; j4¢)
linebufli®lb + ;1 = numbufl;);
sprintfinumbyf. "48. le", yL(lines#S) + i)
for (y=0;, 5 <= 7i j44)
linebufl(in1d) 4+, +31 = numbufl yl;
¥
linebuf(BO] = ‘\n’;
write(fd, linebuf, 81);
b

> /% end of write routine &/

clase(fd);

7% RRBVRARARURIE interpolate value of water demand HRRBRBRUY =S UBH x/

1low = 0, 1h1 = 1,

1f{ prdlvl I x£0)) qn = y[O); /% Assume thet if x Jess than
min. in graph, y staye at ymn
Don't a=sume water use gres to
Tero ac zero production */
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else
{
whileiprdivl > x{1h1l
{ +~+1h1;
++ilow:
}
ifizhi >= 20)

{prantf("\nifA production level too high at ¥s;

prdlv]l,wlabel);
goto build:
b

qn = ylilowl +

& 1n2 < 20)

(ylihil ~ ylilowd) # ((prdlvl - xCilowl) /

(xCLihi) ~ x[ilowl));

¥

returniqn),
¥

#

/% Drr*t go off the upper end or the graph
extend mgdel",

PSR S TR LR AR AR BRI R ARSI TER A R ARSI 4 L AR RN LR R R R %3 YR A

Routine Graph to maxe a graph or &8 two-dimensicnai array.

such as a process model.

v

TR I R O R T R T T S S N I S B W SO S B W
L R T T O S O B RSO A P S I I | 1

graph{x, y.npts,ylabl)

float x(201, 4l=01:

int npts,

char ylabll20):

<

float ymax, graphyi(53), temp, amax,

int i, ilew ihi, g

/* w#%  Ffirst find the max

rmax = 0.0,

ymazr = 0 0O;

for (1=0, 1 <= npts=—=1;, i++)
{ if ( ylid 2 ymax) ymax = ylid;

1f ¢ xLid > xmax) xmax = x({13;

>

/4« generate SO points far the graph

1low = O, 1hy = 1§,

v
RN

x and 4 values

by interpolation
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for (q= 1max/50.0; q <= xmax; q = q+ (xmax/50.0Q) )

{
J = q % (50.0 / xmax);:
if¢ q < xL01) graphylyl = ylOIl; /% Assume that if x liss than
Mmin. 1n graph, u stays at ysin
Don't assume water Use goes to
1eTo at iero production. */
else
{
while(q> xLihil)
{ ++ihi;
++1low;
¥
graphyl )3 = ylilowl +
(ylihil - yCilowd) * ((q - xCilowl) /
(xCihid = 2lilowl));
>
>
/® now print the graph */

ih1 = strlen(ylabl);
for(i=20; i > 0; i-~-)

if0i <= ih1) printf("\nic", ylablCihi-il); /% write tha y label #/
else printf("\n ");
ifC i %44 ==0) { temp = (ymax / 20) * i;

printf("%10. 2¢#!", temp);

else printf(” HAD ¥

fori{y=1; <=50; j++)

{ 1f (graphyl ] < (i+1)#(ymax/20.0) %& graphyiyl >= i #(ymax/20. 0’ )
printf(”o"); /% print if it is & point %/ -
else printe(r "); /# print this if it isn‘t a point # —

>

/% print x axis and label %/

print&("\n 1y,
for (i=1; i<=m%; i++)
prantf( " —w—— ——ty
prantf("\n “y,
for (1=1, i<=m5; j++) {; = xmax * (i/5 0);
P"int‘(“ 7-36". J)' }
return;
>
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# 1nclude <stdio hi,

heipi(n}

int n,

{

/- help routine for the ammo plant model. */

int test. 1. oldn,
char query(31:

oldn = n,
whiled(l)
{
printf{"\nDo you want general heip or");
prantf(" help specific to the question you are on? "),
printfi{"\nEnter 1 or 2: "). i
prantf{”"\n\n 1= jeneralin ==specificin”),

scanfi"%d", ttest);
1f (test == 1)

{
printf{“\n\nAmmunition Plant Process Model\n”):
printf("\n This i1s & program to model the flow 0Ff water and water-borne”).
printf(" pollutants. \nThe following general instructions applu:");
printf("\n\nl. All process (node) names should contain 20 o, fewer"),
printf(” characters of\nany type., dut without bdlanks. ")
prantf(” DBe careful with spelling!");
printf{”\n\n2. Yes or no questions can be answered with: yes. no, y. or n “}.
printfi{“\n\n3. Whenever a prompt Tepeats itself you can tell it to move on™),
printf("\nby typing ‘0O’ (zero). ");
printf{"\n\nd You must always model water flows before poiivtant Flows ").
printfi{”"because treatment\nmodels uwse flow rate as a parameter Any time "),
printf&'you change the productioni\nlevel or re-route flows you should model").
printfi{" water flows again. \n\n”);
printf(”5 At any prompt wnere ‘(h/a)’ appears, you can answer ‘help’ and get"),
prantf" it ),
printf{"\n\nMore details are available in the user manual =ad det:zils are™)
printf{" available\nhere for specific prompts. "),
prantf("\n\nHit ‘1’ to continueln");

scanf("%s", query);

printf{"Choose one of the following: ");

printf("\n\n");

printf{"\n 1 Do you want input to come from a file™");
prantf(”\n 2 What is the name of the file?");

printfi"\n 3 What is the name of the next node™");
prantfi("\n 4 what node does flow go to?"),

printf{”\n 5 Enter node wnich goes to aoutfali®);

printf{"\n & Do you want to change flow connections™");
printf{"\n 7 Which node do you want to change?");

printfi"\n 8 Which node do you wish to eliminate fiow to?"),
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praintf{”\n 9 Which node do you wish to add flow to%?”),
printf{”"\n 10 What production level?”):

prantf(”\n 11 What constituent do you want to model:>");
printfi{"\n 12 Do you want *> use the existing models™"),
printf{"\n 13 Is there a3 water demand at this node?");
printfi”\n 15 for help with units "),

printf("\n 17 Enter fracticn of flow fram a to b“),
prantf("\n 18 Do you want 2nother run?”);

praintfi”"\n 19 [s the constituent generated here™"),
printf("\n 24 [s this a treatment process where constitucnt 1s"),
printfi{" removed?").,

printf{"\n 98 for intrepretation of results").
printfi”\n 99 to quit HELP and return to program");

prantf{"\n\nWhich one do you want? ");
prantf{”(you entered ‘help’ from no. %d) ".o0ldn,
scanfi"%d", &n)i

1f {n== 39) return;

else 1f (n==})
{ printf("\nHelp for question i: \n");

printf{"Do you want process configuration input to come from a rile™"});
printf("\n\nlf you have a file with all the node names, where flow");
printfi{"\ngoes to for each one, and the names of nodes Wwhich drain\n"),
printf(”to the outfall, ysu can use it instecd of answering\n’y,,;
prantf(“"questions 3 through 5. This is very uvsefui when running a");
printf{"\nmod2]l several times. If you answer yes, the next question"),
printf("\nwill ask you the name of the input file "), B

else 1f (n==2)

{ printf("\nhelp for questior 2. What is the name of the £ile™":,
printf("\n\nlf you told the program that the process comfiguration”);
printf("\nwas in a File, uuu now have to teir it cne name of tha™),
printf{" file \nIf the file 1s not in your directory. be sure to”),
prantf{"\ninclude the path to the file ”);

else 1f (n==3)

{ printf{"\n help for question 3: What is the name of the next nnde?")
printf{"\n\nYouv now have to enter the names of all the nodes”);
printf("(processes)\nin your model. one at a time. Each name can").
printf("“"\nhave up to 19 cnaracters, with no blanks. The program"),
prantf{"\nis presently dimensioned for up to 30 nodes "
prantf{"\nAfter all nodes are entered, answer this quesci~n with");
printf("\na ‘0’ (zero0). "),

else 1f (n==4)
¢ prantf(”\nHelp for question 4. What node does flow go to>"):
praintf("\n\nFor the node that you just entered, enter theé names"),
printf{"\nof the nodes which flow goes to. You can entef from Q- ),
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else

else

eise

else

else

printf{" to S\nnodenames: be sure to spell them correctly When" ),
printf{"\nthere are no more to enter, enter e "0 {:ero'” After you"'.
printf{"\nhave entered all the nodes and where flow goes {or e=ch"),
printf{"\n one, the program will tell you where flow goee from each”i.
printf("one\nso you can check it. "),

printf("\nlf it isn*t right. you will be allowed to change flow"’.
printf{"\nconnections at a later prompt. "), ’
prantf("\nDon’t worry about flows to the nutfall (or othTrwise out”).
printf("\nof the the sustzm); you will be allowed tn tell the™);
printf("\nprogram which nodes go to the outfall later "

if (n==5)

{ printf{“\nHelp for question 3: Enter node which goes to sink":
printf{("\n\nType in the name of any node (process) whi¢h draine to").
printf(”"\nthe outfall or otherwise leaves the system. “This promet”),
printf("\nrepeats, so you can have multiple outfalis. Enter ‘0°");
printf(" (zero)\nwhen there are no more. "1},

¥

it (n==6)

{ printfi"\nHelp for question &: Do you want ta cnange Fleow "),
printf("connections?"); :
printf("\n\nIf you want to change where flcw goes to frowm any of !,
printf("\nthe nodes., answer yes. You wili enter a routine which™);
printf("\nallows you to do this. ");

b

if (n=a7)

{
printf{"\nHelp for question 7: Which node do you wanc to change?"),
printf(”“\n\nYou are naow in the rouvtine to change flow rewtinae. "),
printf("\nEnter the name of the node (process) whose sutflow you")
printf("\nwish to redirect. "),

b

1f (n==f8)

{
printf{"\nHelp for quescion B: Which node go you wish to eliminate”’.
printé("” flow to?");
printf("\n\nYou have just heen told wnich nodes, I+ any, flow gles”).
printf(”\nto from the one you want to change. I yov want to stop”)
printf{"\nflow from going to any of these, type 1n the name 3¢*).
printf(”"\nthat node. Enter ‘O’ (2e70) when you don't want to"),
printf{"\nchange any mots&. ");
printf("\nTo elimate flou to the outfall e-ter the word ‘outfall ).

¥

if (na=q)

{

printf("\nHelp for guestion 9: Which node do you wish to add"i,

printf(” flow toP\n\n");

printf("If you want to add a flow path from this node to some™),
printfi"\nother, enter the name of that node To add flow o).
printé("\n tne outfall, enter the word ’‘outfall’. Enter '0’M),

printf("\n(zero) when you don’t want to add any more }:

53




elise 1f (n==10)

{ printf{"\nHelp for question IQJ wWhat production levei™ I,
printfi{"\n\nEnter the production level you want to model This™),
printfi{”\nsnhould be expressed as a percent of full productian, ™),
printf{"\nso should be between O and 100. "),

>

else 1f (n==11)

{ printf("\nHelp for question !). What constituenc do you want");
printf(" to madel?\n\n");
printf("The program will print out a list of the oollucart"),
printf("\nconstituents for which models exist, ano you should”).
printf("\rnchoose one of them. For the first run, and after any"},
printf(”\nchange in flow routing or praoduction level, you must),
printf("\nmodel water fluws first, because the creatmept models™),
printf(”"\nneed to know the water flow rTatze. ")

¥

else 1f (n== 12)

{ printf{"\nHelp for auescion 13- Do you want to use existing "),
printf{"models?"):
printf("\n\nIf you answer yes, you will nct be ailcwed to lock”J;
printf(“"\nat and modify any of the process modeis. If this 12"
printf("\nnot your first time through the program and you are sure”).
printf("\nthat you are satisfied with the models, this wi1ll save").
printf{"\nsome time. Gtherwise, answer no and look at. modiry, ");
printf("\nand build models as needed. "),

>

eise 1f {n==13)

{ printf{”\nHelp for ovestion 13. Is there 2 water demand~ ).
printf{"\n\nif this node 1s one where water 15 used and where").
printf(”\na water demand vs. production l2vel mode) ex1sts (ar");
printf("\nshould exist), answer yes ").

>
else 1§ (n=={5)

{
printf{”\nHelp for units \n\n"),
printf("To get correct concentration calcuiations, ali flows must').
printf(”\nbe in cubic meters/time and all pollutant ggmnerationn”).
printf("rates must dbe 1n kilogram/time. The time valye may be any").
printf(“\nconsistenct unit, such as day., or by batch for Satch’n”).
printf(“prozesses. The concentration will be averaged aver the").
printf{”\ntime period chosen \n\nSome conva2rsion facters \n\n ;.
printf("Cubic feet x . 0283 equals cubic meters. "),
printf("\nLiters x . 001 equali cubic maters ");
printf{"\nGallons x 00379 equals cubic meters “),
printf(”\nPounds x . 453 equals kilograms. ");
printf("\nCubic feet/sec x 2447 equals cubic metersrday /.
printf("\nMillion gal/day » 3786 equals cuoic mevers/day "i.
printf("\ncubic lightyears/millisecond x 1. O2ex-40 equdals m3/day" .

>
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else 1f (n==i7)

{ printf(”"\nHelp for cuestion 17, Enter fraction cf flow' ),
printf{"\n¥You must tell the program what fraction of tho outflow").
printf("\nfrom the first node goes to the second. En<¥€r & numper">,
printf{"\nbetween z2ero and one. "),

b

else if (n==18)

{ printf{"\nHelp for question 18, Do you want another rvn"),
printf{"\nlf youv want to run the program again, type ‘y’. ");
printf{”\nYou will be allowed to change flow routing, model"):
printf{“"\nanother constituent. change the production jevel,");
printf{"\nand all kinds of fun stuff. "),

>

else 1f (n==19)

{ printf{"\nHelp for quesction 19, Is constituent generated here");
printf("\nIf this is a process at which the pollutant enters the"),
printf("\nwastewater stream, and at which there is a pollutant"%
printf("\ngeneration vs. production level model, answer yes”):
printf{”"\nAnswering with a ‘x’ tells the program that there is“),
printf{“\nneither a pollutant generation ncr a treatm=nt model™);
printf("\nfor this node. “);

>

else if (n==24)

{ printf(”"\nHelp for question 24, Is this a proczess where /s,
printf("\n the the constituent is removed”);
printf("\nIf this is a process where the vollutant is rzmovad”);
printé("\nfrom the wastewater stream, sucn as a treatment process”).
printf(”\nand where treatment efficiency vs. flow rate is to te”),
printf(”"\nmodeled, answer gyes. ");

>

else 1f (n==98)
{

printf(“\nHelp for interpretation of resvitvs \n\n");
printf("There are four different kinds of autout lines. "),
printf{"\n\n’<{constituent> from <node> to <noder = __ '");
printf{"\n\nThis line teils you the flcw 3f the const.zucnt”),
printf(”"\n{or water) in the pipe between the two nodes Flew"),
printf(“\nrates are the same as used in the water uvse/poliutant”),
printf(“\ngeneration graphs. "),
printf("\n\n’'Concentration = ___'\n");
printf("\nThis line tells you the concentration of the constituent’™).
printf(”\nin the pipe wnen modeling pollutant Fflows ")
printé("\n\n‘Inflow to network at <node> = __ '\n");
printf("\nThis line appears when modeling water flows and tells "),
printt("\nyou the rate at which water enters the system from");
printf("\nuhatever the source is (well, intake from river.,");
printf("\ntreatment plant, etc.). "),
printf("\n\n‘Excess flow at <node> = ___'*-");
printf(“\nThis line appears when there is more water flowing iste"),
printf("\nthe node from upstream nodes than is needed. as");
printf{"\ndetermined by the water demand graph. ":;
printf("\nThis excess water leaves the system at this point and”);
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printf("\ncould be considered as flow to t.e outfall "):
prantf("\nThe presence of excess flow means that you ave Trouting
printf("\ntoo much water into the node "),

else
{ print#f("\nSorry, you picked an option which 1sn't avallavle "),
>

prantf(”"\n\nMore help” y or n ");

scanf("%s", queryl;
1f (querylQl '= 'Y’ %& querulO0} = ‘y") return;

#include <stdia. h3;

extern int matrix{301(301;

S AR R AR XX R XK XN XX XX XX B AX XXX KR AXXXY " XRXXXXXATIXIAIAIXNAARNXNXX XX
subroutine matrxin to build the connection matrix Read 1in
node labels, nodes Laing plant processes or treatment
processes. Nodes representing sources to the system (withdrawasls
from the Tiver etc. ) are addsd avtomatically.

variables:

ndname~ an array of the node names. The node number is assigned
as the posicion in the array.

ndto- an array of the node numbers vs. the node numbers Flow goes
to.

mtxsze~ the number of columns in the matrix. There is one more
row than columns to accomodate the sink

struct a { char 2al20); )i

struct { char ndnameiZ0];
struct & ndtolb6l;
double watrin;
} nodel30);
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matrxini) {

int z. i, iy, J, ndno. mtxsze;
char tosink{20], testl4i;

char filenm(203:

FILE #fp, #fopen();

one. printf("\nDo you want process configuration input ");
printf("to come from a file? (h/a) ");
scanf("%s", test);

if (testlO] == ‘H’ ! test(0] == ‘%) { help(1);
goto one;
}

if (testl{O] != ‘Y’ && testl[0] != ’‘y’)
{

printf("\nProcess confiouration entry routine: put in the name"):
printf("\nand where flow goes to for each node. \n\n");

»

for (z = 1, 1 <= 30; 1z4+)

{ three: printf("\nkhat is the name of the next node?"):
printf(” Hit zero for no more (h/a) ");
scanf("%s", nodel2]. ndname;
printf("%s"”, nodel2). ndname);
1f (nodelz]). ndnamel0] == ‘O’) break;
if (strcmp(nodelz]. ndname. "help”") == 0 !
stremp (nodelz). ndname, "HELP") == 0 )

{ help(3);
s=to three:
>

for (i = 1; i <= 5; 1++)

{ four: printfi’\nWhat node does flow go to from %s? (h/a"
nodel2]. ndname);
scanf("%s”, nadel2]. ndtolil. aa):;
printf("%s", nodelz]l. ndtolil aa);
if (nodelz].ndtolil. sal0] == ‘0’) break;
if (strcmpi{nodelz]. ndtoli). aa, "help") == 0 |
strcmp(nodelzl. ndtolil. aa, "HELP") == 0 )

{ help(d);
noto four;
>

else {
two: printf(”"\niwhat is the neme of the File? (h/a) ");
scanf("%s”, filenm),
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1f (strcmpi(Ffilenm, "help") == 0 !|! stremp(filenm, "HELF") == 0 )
{ helpi2}:
goto two;
b
while ({(fp = fopen(filenm, “r")) == Q)
{ praintf("\nFile %s not found. Please try scain (h/a) ¥, filenm),
scanf("%s", filenm);
1f (strcmp(filenm, "help”) == 0 || strcmpifilenm, "HELP ) == )
{ helpt2);
goto two;

for (2=1;1 <= 30; 1++)
{ #scanf(fp. ‘%s",nodelz]. ndname);
if (nodel:z) ndnamelul —=- '0’) break

for (i=1; i <= 5; i++)
{ fscans«fp, "%4s", nodel 2] ndtolil aa);

if (nodel1]). ndtolil. aal0) a= ‘Q’) break;
>

¥
mtxsze = {(z~1};

/¥ The node names and where flow goes to have now béen read in
Now construct the matrix. The column number represents
the node flow comes from and the row number represents the
node flow goes to.

for (i=1; i <{=mtxsze; i++)
{ for (y=1; § (= & j++)
{ if (nodelil. ndtol,). aald] == ‘G’ ) break;

/% look up the node with a node no. equal to ndto
(find the node no. flow goes to, give its name) #/

for (1y = 1, iy <= mtxstre;: iy++)
{ if (strcmp(nodelil ndtol ). aa, nodeliyl. ndname) == $ )
{ matrixCiyilil = 1, break;
>

}
1# (1y > mtxsze)
{
printf("rnc node called %s", nodelil ndtol ) aa);
printf("\rnlnput error occurred- program aborted\n\nYou lose\n\n"),
exit();
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b2
/# add flows to sink or outfall */
1f(testl{0] '= 'Y’ && test[0) '= ’'y’)
{

for ( =1, 2 (= mtxsze;, z++)

{ five: printf("\nEnter node which goes to sink (h/a) ");
scanf("%s", tosink);
if (tosink(Q] == "3’) break;

ifistrcmp(tosink, "help") == 0 ! strcmp{(tosink, "HELP")
{ help(5);
goto five:
¥

for (i=1; i1(mmtxsze; i++)
{ if (strcmp(tosink, nodelil. ndname) == 0O )
{ matrix[mtxsze+13[il = 1;
break;

> .
if (i > mtxsze) printf("\nNo such node as ¥%s", tosink);
¥

>

else { for (z=1; 2 <= mtxsze; I++)
{ fscanf(fp, “%s", tosink);
if (tosinkiO] == Q') break;
for (i=m1; i C= mtxsze; i++)
{ if (strcmp(tosink, nodelil. ndname) == O )
{ matrixImtxsze+131{1] = §;
break:
¥
>
>
fclose(fp);
>

/% print out labelled matrix

printf("\n %-20s", nodel1] ndname):
for (132, 1 <= mtxsze: i++) { printf("%-15s".nodelil. ndname);
for (1=1, 1 <= mtxsze; i++)
{ printé(”\n%-1%s", nadelil. niname);
for (=1, j <= mtxsze; J++)
€ printé("J=-13d",. matrixCilil)3);
>

>
printf("\nSink /outfall ");

for (im1;, | <= mtxsze;, i++)
printf("%-15d", matrixImtxsze+1)Lil); */
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returnimtxsze);
/% end matrxin */

#include Istdio. hii

extern double determl100101001;
extern int detrmsz;

extern double rhs{100]), varf100):
soivsys() {
int 1, iswap, 1i, Tow, col;

double swapo, mltplr;

double count;

/'* -~ WA NN T N N N N e N Ny
make sure the diagonal of the determinant has no zeroes-—
this 15 necessary to make the solution routine wark.

First go down nrough the rows substituting them to

put values in the diagonal. if this does not fill in
the entire diagonal. comtinue by adding rows
AL AP NI AR A AN AR SRR T S AARAAARANAN */

count = 0.0;
for (i=1; i <= detrmsz: i++)
{ if (determ(il(i] == 0.0,
{ count = 1. G
for (ii = {+i; ii <= devrmsz; ii++)
{ if (determlfiil(il :— 0.0)
{ for (iswap = ); iswap <= detrmsz, iswape+)
{ swapo = determlilliswapl;
determlilliswapl = determiiiiLiswapl,
determl{iilliswapl = swapo;
>
swapo = rhelil;
rhsli) = rhsiiil;
rhsliil = swapo;
crvnt = 0.0;
break;

>

iz for diagonal elements not changed from z2ero by substitution,
go back through and add an equation with a non-zero element
in the appropriate column.

if (count '= 0. 0)
{ for (i=m§; i <= detrmsz: i‘+)
{ if (determ(illi] == O O)
{ for (ii = 1, 1i <{=detrmsz; ii++)
if (determliilli) ‘= 0.0
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{ for (iswaps ), 1swap <{=detrmsi. iswap++)
determ{illiswapl) = determ{iiliswapl) + determ{iil{iswap]
rhei1] = rheCil] + rhsliil;
break;

/% Gaussian Elimination Routine (since the iterative one did’'nt

converge)

First eliminate variables below the diagonal L4

for (col = 1, col <= detrmsi; col++)
{ for(row = col + I; rTow <= getrmsz; row++)
{ 1f{determlrowllcoll == 0.0) continue;
if(determicolllcoll == 0. O)

{ for(iswap = 1, Tswap <= detrmsi;, iswap++)
determlcollliswap] = determicoliliswapl +
determirowlliswapli
rhslcoll = rhslcold + rhsirowd;

>
mitplr = determirowllcoll / determlicoiilcolls;
for{i=l;: id= detrmsz; i++)
{ determlrowllil = determirowllil - (mltplr « determicolllil);

rhslrowl = rhsirowl - (mltplr * rhslcoll);

¥
/4% debug print routine
printf("\n\nDEBUG PRINT\n");
for(row = 1; row <= detrmsz; row++)

{
printfi"\n"),
for (iswap = 1; iswap <= detrmsi; iswap++)
{ printf("%-7. 3¢", determirowliiiswapl);
printé(” %=7. 3f", rhelrowl);
b */
>

/» Now solve for the variables, warking up the diagonal
from the bottom right
for{row = detrmsi; row >= i, row--)
{ varlCrow) = 0 0
for(col = row+l; col (= decrmsz;: col++)
{ var{rowl)] = varl{rowl - (determi{rowllcol) # varicolj);

var{row) = (var{rowl + rhsirowl) / determ{rowllrowl;
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S print out variable values. {(TE SOLUTION')
for (1=1; i7=detrmsz: 1++)
printf{”\nvariable %d = %7 3f", i, varlil);

return, }

#include <stdio. bl

B O A o o L T T O Y o T
rovtine findmdl to look in & fiie of existing process
models and read it if it exists. Also allows writing
over existing models

Each model in the file has 5 lines: the first is a title line
with an x in the first space; &i,d 4 lines of alternating N
x and y points. x represents the production level., from
O to 100. Y represents the water demanded or mass of waste
chemical produced.

Each line must have 80 char. {(not including the newline). ~
1111111311113 13332313312312233223°222332121313212111111713111111 »/7

trtmdl{wlabel,wmdl, qin, chgs)

char wlabell(20], wmdl(=01;

float qin;

int chgs;

{

char linebuf(811, numbuf{9], labelczQl, fletest:;
char test(31,

char querylSl;

int fd. 1, j, nread, line, ihi, ilow;
float x({201, ylz01;

double qn;

/# 1nitialize x and y */
fForti=0; i <= 19; i++) (xfil = ¢. 0/ ylil = 0.0: >

fletest = ‘n’;
/% fletest keeps tracx of what kind

“f writing is to be done &t end »n-
‘-’ a replace o0ld mudel

’

-

The variable chgs 13 passed as a | i
changes to models are to be allowed; a O if not

fd = openlwmdl., 2);
1¢ (fd 2 Q)
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{ printf("\nNo file of models found; file creatéed\n”),

fd = creat(wumdl, 0644);
fletest = ‘c’;
¥

/% I1f f1le of models =2xists, print out the names of the models

else { lseeki{fd,OL,0O);

while((nread = read(fd, linebuf.81)) '= 0)
{
if (linebuff0] == ’x’)
{
for(i=0; 1 <= (9 i++)
label({il = linebufli+1d:
1f{strcmp(label, wlabel) == 0)
{
flotest = ‘o’;
/» desited modzl is now found
read it */

for (line = 0; line <= 3; line++}
{
read(fd, linebuf, 81),
for (i = 0; i <=4, i++)

€ for(y = O, J <= 7, je+)

{numbufl ] = linebufl(16#i) + | T1;
>
numbuflBl = ‘\O‘;
sscanf(numbuf, "%BFf", x+(line#5 + 1)),
for( =0 § <= 7; j++)

-/

{numbufl ] = linebufl(lowi) + ; + 81

>
numbufind = '\O’;
sscanf{numbuf, "%B¢", y+{line®d + 1)),

>

/% test if requested model not in file %/
it (fletest != ‘0’)
{ printf("\nNo model called %20s in file”,wiabel);
goto build:
}
/# if no changes are to be allowed g0 to enz of routine

if (chgs == O &% fletest == ‘p0’) goto quit:

/# plot out the model; if vser wants to change it,
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or 1f no model was on the file, build a new one. */

graph(x,y, 20, "TREATMENT EFFICIENCY");

printf("\n FLOW RATE");

printf{"\nDo you want to change this model® y or n "),
scanf{"’Us". test);

1f(testlO] '= 'Y’ &% testlO] !'= ‘y’) goto quit,
fletest = ‘r7;

/4 build new model #*/

build: testliOJ = ‘y’;
while (test(0] == ‘y’)

{
for (1=0; 1 <=19; i++) {(xlild = 0.0; ylid = 0.9, >
printfi"\n\n BUILD A NEW MODEL for %s\n",wlabel);
for(1=0; 1 = 19 i++) labeli1l = * *;
/% printf("\nPut in process nam= ");
scanf("%20s", label); %/
printf("\nPut in removal percent as a function of flow"),;
printfi{"\nFor a max. of 20 points, put in flow rate ")
printfi{”and % removal");
printf{"\n\nUse unite of cubic meters/day or cubic meters/batch for flow\n"),
printf("For help with units type ‘help’\n");
ql%: for(i=0; i<=19; i++)
{ printf("\nFlow ratel%dlI? (h/a) ", i+1{);
scanf("%s", query);
1f(stremp(query, "help") == 0 ! stromp(query, "HELP") == o)
{ help{(15);
goto q15;
sscanf(query, "%&", x+i);
if (xL01 <= 0.0) { printf("\nPlease, no zero or negative values”):
goto build;
>
if (xLid <= 0.0) break;
printf{"\n% removal? ");
scanf("%f", y+i);
>
graph (., y, 20, "TREATMENT EFFICIENCY");
printf{("\n FLOW RATE");
printf("\nDo you want to change this model?” y or n ");
scanf("%s", test);
1f{test[0) == ’'Y’) testl[O] = ‘y',
>

quit: 1f (fletest !'= ‘6’)

/e position file for writing =/

/# 1f replacing old model. move back up 5 lines(40%5 char) «/
{ 1f (fletest == 't ', lseek(fd, -405L. 1);




/% 1f writing new model in file, move to end of file */
1f (fletest == ‘n’) lseekifd, OL. 2);

/# 1f creating new file. rewind ./
1f (fletest == ‘c¢’) lseekifd, OL., 0);

+ write out the model, title line and then 4 data Jines. #/

lineduflO} = "x’,
for (1 = O; 1 I=m 19, i++) linebufli+l) = wlabeilil;

P

for (1 = 21, 1 <= 79 1++) linebuff1l =
linebuflBO] = ‘\n",

write(fd, linebu#f, Bl),

for (line = Q; line <= 3; line++)
{ far (i=0; 1 <= 4 i++)

{ sprintfinumbuf, "%8. 1le", x{{line®S) + i3);
for (y=0; J <= Ti y¢t)
linebufli®#lé + 41 = numbufl(yl;

sprintf(numbué, "%8. le",. yl(linexS) + 13);

for (y=u;i J <= 7i jét)
linebufl(i*1s) +; +83 = numbufl I

>
1inebuf{B0] = ‘\n’;
write{fd, 1inebuf. Bl);
}

Y /% end of write routine ®/
closei(fd),

S RANNRNRRRARNN interpolate value of water demand RABFRRRARNRamB N &/

tlow = 0, 1h1 = 1,

if( qan < xLOJ) gqn = yL[OI; /% Assume that if x less than
min. in graph, y stays at umn
Don 't assume water vse goes to
tero at zero production. */

else
{
while(qin > xLihil && iki < 20)
{ ++ihi;
++ilow:
>
if {1hi = 203
{printf("\nFlcw rate of %Ff too high at %s;, extend model,
qin, wlabel);
goto build:
}
qn = yfilowl +

(ylihil - ylilowd) # ((gin - xlilowd) /
(xLinid ~ xCilowd));
>

returniqn),
>
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¢ prediction of wastewater
(et al.}
available

Users guide : Simulation model for ammunition plants
characteriscics and impact reuse-tecycle / by Steven Railaback ...

- Champaign, IL ; Comstructiou Engineering Research Laboratory ;

from NT1S, 1983.
65 page (Technical Report / Comstruction Engineering Research Laboratory ;

N-152)

1. Ampunition-manufacture-environmental aspects. 2. Water~pollurion-
camputer programs. I. Rallsback, Steven F. II. Messenger, Manette. III,
Webster, Ronald Dwight. IV, Bandy, John T. V. Series : Technical Report
(Congtruction Engineering Research Laboratory) ; N-152.







