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survey, conducting the survey and reporting on the survey were included in the
study.

The site modeling program models the manufacturing processes which contrid
bute pollutants to the system, models the sewer system, and models the treat-
ment system including acid or caustic neutralization, settling ponds, and
domestic treatment. The inputs to the model are the production levels of rhe
manufacturing processes and the outputs are the predicted pollutant measuremen
values at each possible measure point in the system.

The resource matching program accepts data defining proposed measurements
and matches these against the available time, manpower, and equipment. The
output lists the pollutant to be measured at each measure point, the total

comnitment of time for each analyst and for each piece of equipment. Note is
made of any overcommitment of manpower or equipment.
The model refinement or updating program accepts measurements taken durin

a preliminary survey or during a regular survey and computes suggested new
parameters for the process models.

The indicator model program evaluates the performance of sanitarv treat-
ment facilities.

The program uses design data, data from the operating log and/or data
generated during the survey and computes key operational characteristics. Comt
paring these with desirable values as cited in design books and manuals will
give the survey planner insight into the operatdon of the system and suggest
the need for more survey measurements or the need for changes in operation.

A system was developed for automatic instrumentation of pH, conductivity,
and other parameters which use strip charp recordings. Interface hardware was
selected and purchased and interface software was developed for direct connec-
tion to a digital computer.

A data handling system was developed for use during and after the survev.
A PDP8-0S/8 and peripheral equipment was purchased. Software was developed to
perform data handling functions and to direct the user in application of the
software. The program accepts raw data from the analytical chemist and per-
forms data conversions, transcriptions, and data logging functions. Output
is available in several forms as may be needed for various reports during and
at the end of the survey.

Recommendations are: the survey planner should obtain sufficient data i
a proliminary survey to model and analyze the site; measurements should be aut
mated to the maxfmum extent possible; data handling should be delegated to the
computer when the operations are well defined and repetitive. The programs,
software and hardware included here will assist the survey planner in followi:
these recommendations mnd design a more effective survey.
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SECURITY CLASSIFICATION OF THIS PAGE When Data Friered)




TABLE OF CONTENTS

LA CHUECT A el it or ol o o e S R S S S AR e
Nable of Contents o i i s s aa i e e e G e e e S
INERGAUEETON v 5 kit v e e el e e et e e e S e ek e e ke e D
Changing Program DImensions « . « s o & « v 8 & s 6's & & # » o & s & &

RN e L i A o e O s e o P M L Vet W s e s vl

Subroutine

PROGES - 5 <2 & e v o e el ok r i e e e R S e ke e e o

R RO S SH ENB R ARY L o o e B R e ol e e
START. o v oar (ol et ol &l 5 o s e e et hed Noai e e -
CHIC B Lo s e e O LR e S e el Il e ke e g e D
TP o o w5 o e i R I A R e ek % L
NEUTRA o i o wie s i o 1o slba e s i S s N o e o e o B 1
SERTEE " o fs Soivas & o e B R Tl L R R e o e ok B B i i e B
BOME . 00w vn e o b e el SO R I S 6 S W ik et | 102D
BUAR = v o a o vt 3 e MO Rl e e e e e o e ey 3
CHK R & v 0 win & 8 e B T B e e e W e e e
BEVEL . o o v v d 4 e S e S R R N e e e 30
. R T T L B AP o i ARl R Aty RO R -
CONEK o v « o % a w5 Gue o b ge was e o, s e e e e e ek S
L R e P Rl T S L I SR Tl TR R T -
BQEHEE & v o « « v wie v W mow e m e o e e e s e e ST
VSCHEE .+ =« & <« & & 4 TR R A IR R S S PR TR
CNEHEE + & & v 3 6 . s'v b Wi & b % & 9 % & % & & u & o5 B
T T S S I I A T TR S A R SR
SEV v iaivim 5o Wem 2.5 % ¥ &0 %% 2w s Ay e e

PIEQEH & & 5 v 5 ¢ 4 o & x 6 & w i o ok 6 wow o oW e w e W e s O




FLOW

B el e e e

INFORM . . ¢ ¢« & o & «
SAMPLE .

PRPAR

USECT

R R B e s e
CORRCT .

CHARTS

Composite Program Flow Chart .

PROCESS MODEL

TR . .

NERRAL S e e
SETTLE .

DOME .

RM .

CONCK

PIEQEH . . . . .

CORRCT .

< 70

. 74
. 78
. 82
. 83
. 84




INTRODUCTION

"

This manual was written to assist a programmer in modifying the
Survey Planning Program. The documentation given here is sufficiently
complete so that an experienced programmer should be able to add to,
delete or alter parts of this program.

For each subroutine the variable names and variable notations are
defined. The function of each statement or small group of statements

is explained. Flow diagrams are included to depict the logic relation-

ship among statements and/or subroutines.‘
‘\

\




CHANGING SYSTEM PLANNING PROGRAM DIMENSIONS

The program and subroutines have been written so that only cards
in the MAIN program need to be changed to redimension the system. The
! quantities that can be varied are: the number of pollutant parameters,
t the number of sources (processes), the number of branches, the number
of pieces of equipment.
The specific items in the MAIN program which must be changed to
redimension the system are given in the following paragraphs:

number of sources)

To handle more than 25 sources (where i

in the MAIN program,

change MSORS = 25 to MSORS = i and in

the DIMENSION statement the arrays to modify are:
XNAME (25) XNAME (i)
YNAME (25) YNAME (i)
FLOW (25) FLOW (i)
SPLIST (25,25) CHANGE TO SPLIST (i,25)
CAP (25) CAP (i)
A (25,25) A (i,25)
¢ (25,25) ¢ {1,25)
P (25,25) P {1 ,25)
SUM (25) suM (i)
SUMA (25) SUMA (i)

To handle more than 25 branches (where n = number of branches)
in the program,

change MBRNC = 25 to MBRNC = N

PO I R B B B

and in the DIMENSION Statement the arrays to modify are:

| A (25,25) A (25,n)
Y (25,25) Y (n, 25)
X (25,25) X (n,25)
EFF (25) EFF (n)
NBRNCH (25,2) CHANGE T0O NBRNCH (n,2)
IBN (51,26) IBN (51,n+1)
: PC (25,25,25) PC (25,25,n)
l AMAR (25,27) AMAR (25,n+2)
2
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NALOW (25,25) NALOW (25,n)
BRN (25) BRN (n)
BRANCH (25,25) BRANCH (n,25)
NROUT (25) NROUT (n)
NFLOW (25) NFLOW (n)

To handle more than 25 parameters (m = number of parameters),
in the MAIN program,
change MPARM = 25 to MPARM = m

and in the DIMENSION statement the arrays to modify are:

SPLIST (25,25) SPLIST (25,m)
¢ (25,25) ¢ (25,m)

Y (25,25) Y (25,m)

X §25,25; X Ezs,m;

P (25,25 P (25,m
NPLIST (25) NPLIST (m)
POLN (25,5) POLN (m,5)
NTEMP (25) NTEMP (m)
SAMF?E ;25) SAMF?E)(m)
NMA (25 NMA (m
MENAM% (2553,5) CHANGE  TO MENAM% (m53,5)
PCRM (25,3 PCRM (m,3
PMDATA (25,3,4,5) PMDATA (m,3,4,5)
1D0 (25,25) 100 (m,25)

PM (25,25,3) PM (m,25,3)
AMAR (25,27) AMAR (m,27)
Pc (25,25,25) PC (m,25,25)
NALOW (25,25) NALOW (m,25)
EQUSED (25,75) EQUSED (m,75)
NSET (25,3) NSET (m,3)
FLGPT((Z?) FLGPT((T)
RANK (25 RANK (m
BRANCH (25,25) BRANCH (m)
ELE (25) ELE (m)

To handle more that 75 pieces of equipment (j = number of equipment)

in the MAIN program,
change MEQ = 75 to MEQ = j

and in the DIMENSION statement:

change VNSP (75) to UNSP (j)
SMEQT! (75) SMEQT! (j)
EQUSED (25,75) CHANGE  TO EQUSED (25,])
3
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EU (75) EU (j)
EQTIME (75) EQTIME (j)
EQNAME (75,5) EQNAME (j,5)
It should be noted that these are the only changes required on the

array dimensions. There is no need to make modifications in the sub-

routines. Also, it is very important that the array parameters MSORS,

MBRNC, MPARM, MEQ, MBRP1, and MP2 and the array subscripts correspond
exactly. For example, if MPARM = 31, then every array that is affected
by an increase in parameter capability must have ''31'" appearing in the
proper subscript position as explained in that section. Care chould
also be exercised that every array has its proper subscript changed.

Any omission may lead to errors that may not be immediately apparent.




MAIN - Th

TO
Variable
: Va
é Listed he
r program.

NFLAG

MPARM

TEST
MSORS
MBRNC

MEQ

MBRP1
MP2

MASTER

EPSLON
Statement
1

2-7

8-13
14-140

is program calls the subroutines LEVEL, START, CORRCT, PROCES,
P, and RM. Also it sets up arrays and zeros out memory Space.
Definition

riables are defined in each subroutine where they appear.

re are only the variables specifically referred to in this

- a flag to determine if the RM routine is to be called

- a number to dimension arrays--the number of pollutant
parameters

- a flag to indicate insufficient data for TOP

- a number to dimension arrays--the number of sources

- a number to dimension arrays--the number of branches

- a number to dimension arrays--the number of pieces of
equipment

- the number of branches plus 1

- the number of branches plus 2

- the largest parameter number to be used in the current
problem

- a flag to determine if CORRCT is to be called

s

defines COMMON

dimensions all arrays in the program. These dimensions must be

in agreement with numbers assigned MPARM, MSORS, MBRNC, MEQ,MBRPI,
and MP2.

defines size of MPARM, MSORS, MBRNC, MEQ, MBRP1, MP2

zeros out arrays NSET, PCRM, PMDATA, SAMFRE, NMA, NALOW, Y, PC,

PM, AMAR, NPLA, SMEQTI, EQTIME, CONSTR, SUMM,

P IR s L T e S 1 W R N R TN T Ry .
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L
42
43
Lk
45
46
L7
48

kg
50
51
52
53
54
55

MASTER is read in

NFLAG is read in

EPSLON is read in

format for reading MASTER, NFLAG, EPSLOM
CALL PROCES subroutine

CALL START subroutine

CALL TOP subrouting

if TEST = 1 terminate program if ALK and ACV are not included
in NPLIST

if EPSLON = 0 22 not call CORRCT
Call CORRCT

if NFLAG = 0 call LEVEL and RM
Call LEVEL

Call RM

STOP

END




SUBROUTINE PROCES -

Variable Definition

XNAME (MSORS)

YNAME (MSORS)

ELE (MPARM)

VAL (MPARM)

INAME (25)

FLW (25)

FLOW (MSORS)

SPLIST (MSORS,
MPARM)

CAP (MSORS)

This program accesses a library of subroutines

each of which defines a process in terms of flow at
100% capacity operation and concentration or other
measure number of pollutant parameter from the process.
It forms two arrays, one for flows from each process
and another for concentrations of each pollutant

from each process. It also allows the modification

of these arrays by changing individual parameters with-
in the arrays or by replacing entire irows which

represents an entire process.

- nrocess names--read in when defining list of
processes in a plant

- process names--read in when performing modifications--
defines row in which modification is to be made

- parameter (element) in row to be modified

R e e s b o o e A

- value to which above parameter (element) is
to be modified

- process model names--name of process models which

i iy i e

do not reside in library which user wishes to define
- value which represents 1007 flow of a new process model

- array which holds values of process flows at full

Ban s i R

operating capacity
-~ array which holds values of pollutant parameters--
rows relate to process model names--columns relate |

to each different pollutant name |

- operating capacity of a process

7




Lines
1
2
3
L~ 54
55~ 60
61~ 62
63~ 68
69
i 70-122
!
i 123-124
125
126
127-128
129
130-134
¥35=139

Name of subroutine PROCES

Dimensions the arrays, XNAME, ELE, YNAME, VAL, ZNAME, FLW,
FLOW, SPLIST, CAP

Sets the variable ELE to an integer variable

Initialize the names of processes in the library

Initialize the FLOW and SPLIST arrays to zero

Reads N - the number of processes to be used in a particular run
Reads and writes the names of each process to be used in a
run and the corresponding operating capacity of each process.
Resets JM = 0

Selects and calls the appropriate subroutine for defining
each process used in a particular run. These subroutines
are described beilow

Reads NOD - this variable if '"1'" indicates that these are
modifications to be performed on the SPLIST array - if "'0"

indicates that there are no modifications

Writes NOD
Checks value of NOD - if NOD = "'I''" program execution is
transferred to statement 127 - if NOD = ''0'"' program execution

is transferred to Statement 140

Reads NMOD - the number of modifications to the SPLIST array
Writes NMOD

Reads and writes YNAME, ELE, and VAL variables

Compares YNAME's to XNAME's. When YNAME matches XNAME the
value of the SPLIST element defined by JM and ELE(NM) is

replaced by VAL(NM)

e —————
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1450-142

143

f 144-145
; 146

147-159

160

161

e S TR Y A A~ ~

Reads and writes NPRO - if NPRO = "1" indicates that there
are processes named in the XNAME array which are not in the
library and which are to be defined now. |If NPRO = ''0'
indicated that there are no undefined processes in the XNAME
array.
Checks the value of NPRO - if NPRO = '"'I'"" execution is
transferred to Statement 144. |f NPRO = ''0' execution
is transferred to Statement 160.
Reads NUMP - the number of new processes to be defined now
Reads NELE - the number of pollutant elements to be placed
in the SPLIST row pertaining to each new process being
defined now.
Does the following:
1. Reads ZNAME - name of new process previously put
in XNAME array and also reads FLW which is flow from
new process at 100% capacity.
2. Compares ZNAME to XNAME array entries. When proper
entry found this process is defined:
a. FLOW - flow for new process at operating capacity
b. SPLIST - elements are read in corresponding to new
process.
This process is repeated for each new process until all new
processes are defined.
Return statement - returns program execution to main program

END statement

-




PROCESS LIBRARY - Subroutines for defining processes in library.

One subroutine for each process in library.

Line
1 Subroutine name
2 DIMENSIONS FLOW, SPLIST, CAP
3 Defines flow of process at operating capacity
Flow (JM) = .01 * CAP (JM) in % * MGD at 100%
Next N The next N stateménts define the row of the SPLIST
statements array which correspond to this process. N being

the number of pollutants.
The next statement returns execution to the PROCESS

subroutine.

END statement




SUBROUTINE START - This routine reads in the number of sources,
branches, parameters, the topology matrix, and
selects the parameters to be used from the master

: list.

Variable Definition

A (MSORS, - contains the topology matrix of up to 25
MBRNC)
sources and 50 branches
b NS - number of sources
: NB - number of branches
: NP - number of parameters
| NTOP - number of outfalls from system
‘ ¢ (MSORS, - contains parameter concentration for each of
MPARM)

25 possible sources for up to 25 parameters.
Seiected from SPLIST

SPLIST (MSORS, - master parameter concentration list passed

MPARM)

from the Process Model

NPLIST (MPARM) - parameter equivalence array indicating the
number of the parameter of the master list
that is associated with the parameters being
used

NBRNCH (MBRNC,2) - contains the names (up to 8 characters) of

up to 50 possible branches

Statements
1- 8 subroutine definition and common area
9-10 reads in number of sources, branches, parameters, and
outfalls (NS, NB, NP, NTOP, respectively)
11-12 reads in the numbers of the parameters from the master

list

i-----u-nillilllllllllilﬁli"




13-16
17-19

20-26

27-32

reads in the topology matrix

reads in the names of the branches

selects the appropriate parameter concentrations from
SPLIST which contains the information for the master
list of parameters and compresses it into array C
initializes variables for COMMON, calls CHKI and returns

and ends

12




SUBROUTINE CHKI - This routine reads in parameter names, sample

frequencies, number of methods available for

analysis, length of survey, and outputs topology

matrix, and source parameter information
Variable Definition

A (MSORS, MBRNC)

contains the topology matrix of up to 25 sources

and 50 branches

NS - number of sources
NP - number of parameters
NB - number of branches

C (MSORS, MBRNC)

contains parameters concentrations for up to

25 sources

FLOW (MSORS) - contains flow quantity from each source
LENGTH - length of the survey (days)
POLN (MPARM,5) - contains the names of the parameters (up to

20 characters)

ISTOP - the number of non-competing parameters
XNAME (MSORS) - contains the names of each source (up to 4
i characters)
i NTEMP (MPARM) - contains the number of methods available to

analyze each parameter

NPLIST (MPARM) - parameter equivalence array

1

§ SAMFRE (MPARM) - contains sample frequency for each parameter
NMA (MPARM) = contains number of methods available to analyze

each parameter (from master list)
Statements

-9 subroutine definition and COMMON area

13




10-11
12-13
14-17

18-22

23-33

34-37

38-41

42-46
L7-49

50

t=57

58-59

60-61

62

reads in length of the survey
reads in the number of non-competing parameters
FORMAT statements for output, and page eject
prints number of parameters, number of non-competing
parameters, length of the survey, and labels
reads in all parameter names, number of methods and
sample frequencies from the mater list and saves only
those that are currently being used. Also the total
numbers of samples for the survey are calculated based
on sample frequency and length of the survey
prints labels and number of sources, branches, and
outfalls
prints the numbers of the sources, the names of the
sources, and the rows of the topology matrix
prints labels and the flow associated with each source.
initializes counters and flag (for use if more than 6
parameters are used)
if more than 6 parameters are present go to 30 (statement 60)
prints out parameter name, source name, and the corre-
sponding concentrations for up to 6 parameters at all
sources
if more than 6 parameters go to 31 (statement 71), other-
wise go to the return segment.
there are more than 6 parameters so initialize counters
the first time this segment is used
if this segment has been used before, go to 32 (statement
65)

14
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63-64
65
66-69

70
71-72

73-75

increment counter and transfer to 33 (statement 5i)
set | to the next parameter number

determines the upper limit on the parameter number (NNP).
This segment is used to guarantee that no more than 6
columns of parameters are printed at a time

transfers to print segment (statements 51-53)

if all parameters have been printed, return, otherwise,
go to 30 (statement 60) to select next 6 parameters

CONTINUE, RETURN, AND END control statements

15
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SUBROUTINE TOP - This subroutine calculates the flows, concentration of

parameters, mass per day of conservative parameters in

all branches of the system. The effects of treatment

are included. Also calls a subroutine which flags

parameters to be measured at specified measure points.

Also calls CHK2 for read out of pertinent information.

Varis-le Definitions

A (MSORS, MBRNC)

NS, NSS

NP, NPP

NB, NBB

C (MSORS, MPARM)

Y (MBRNC, MPARM)

FLOW (MSORS)

X (MBRNC, MPARM)

EFF (MBRNC)

P (MSORS, MPARM)

NPLIST (MPARM)

PT(25)

contains the topology matrix of up to MSORS sources
and MBRNC branches

number of sources in a particular study
number of parameters in a particular study
number of branches in a particular study
contains the parameter concentrations for NS
sources and NP parameters

output matrix of parameter concentration for
each of NB branches and NP parameters.
contains the quantity of flow for each source
(MGD)

contains mass parameter for each of the NB
branches

contains the flow for each branch

contains the mass parameter for each source
{C (J, K) * FLOW (J)}

lists the numbers (from the master list) of

the parameters in this study

branch parameters passed to treatment

subroutines

16
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EFFT

MSORS
MPARM
MBRNC

TEST

CRFLAG

RANK

FLGPT

branch flow passed to treatment subroutines

the program dimension for the number of sources
the program dimension for the number of parameters
the program dimension for the number of branches

a flag that is set if all source flows are not
given

a flag that is set if TOP is called from CORRCT

so that read in of treatment data is omitted
variable for summing masses in FLAG subroutine

flagging level for each parameter




Statements

1 -7 subroutine definition and dimensions
8 set test flag =0 Test = 1 informs MAIN that

there is insufficient flow information to con-

tinue
9 - 11 zero out X(1,J) array
12 flag to skip read in if TOP is called from
CORRCT
13 - 28 read in treatment data

Settle: AREA
NEUTRA: MNEUT, MENU, NCAUS, MACY,
DOME: |ITYPE, TEMP, AREAP, AREAS, ABVOL, TFAREA,

TFVOL, MLSS, YN, R1, R2, R3, R4, K20, NN

29 - 30 read out AREA
33 = 35 change pH to (H+}
36 - 38 concentration C(l,J) times FLOW to give P(1,J)

for each source
39 - 49 Do loop to compute the flow of each branch,
EFF(1). If flow of any source is not given,
print message and return to MAIN with TEST = 1.
50 - 51 set flags NAC and NALK = 0. These will indicate

when alkalinity and acidity are not in NPLIST.

52 - 53 set constants XKl and XK2
54 - 56 determine numbers for NAC and NALK
57 - 61 I f both NALK and NAC are in NPLIST continue.
If not print out message set Test = | and return.
62 - 142 calculates the mass parameter, X(I,K), in branch I.
18




63 - 66

67

68

69

70 - 88

72
S =S

76 - 79

80

81,87

88

89

G

92 = 93

set variables and counters to zero

start search through topology matrix to determine
branch inputs

if source J does not contribute to branch I, look
at next source

if current branch is not the first branch, go

to 180 (statement 89)

for the first branch calculate the contribution
to X(I,K) for each contributing source J for each
parameter K. As each source J is added, alkalinity,
acidity, and capacity factors CT are computed as
conservative parameters.

Source {H'} for computing CT is computed

a1, a2, and ag are computed for source J

if source alkalinity is known CT and acidity are
computed from alkalinity

for branch 1 look at next source

if acidity is given for source J then CT and
alkalinity are computed in terms of acidity.

for branch 1 look at next source.

sets II to one less the current branch number
begins search back through columns of topology
matrix

L is the current column being checked

if source J appears in branch L go to 200

(statement 95) otherwise look at next branch back
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'
'
!
d
J
4
¥
'
J
2

95 =

94

101

96 - 99

102 -

105 -

109 -

LLI =

103
104

123

105
106
107
108
111
112
117

118

if source has not been included in some previous
branch go back to 130 {statement 70} and compute
the contribution to X (I,K), including alkalinity,
acidity, and CT.

if source has been included in some previous
branch L, add the X (L,K) of that branch to the
current X (I,K) calculation unless that X (L,K)
has been included in X (I,K) when looking at a
previous source.

if the amount from branch L has already been
added to current branch, go to 230 (statement 104)
otherwise increment NKNT the number of branches
that have been added, and add to the list

{NTB (NKNT) = L}

compute CT1 for branch L and get composite CT
look at next source

given the conservative values of CT and
alkalinity for a mixture of flows in branch I,
{0*} is computed by iteration using flow weighted
{H%} as starting value.

approximate value of {H*} for starting

molar value for alkalinity

Composite CT with flow divided out

alkalinity from CT and approximate {H')}

test for Convergence

decrement pH by 0.1

recalculate ALK and test for convergence

increment pH by 0.1
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4L

125

128

135
140

143

149

E59
158

162

= }23

124

=27

= 131
132
133
134

~ ¥39

- 141
142

- 148

- 153
- 157
- 159
160
161
- 163

recalculates ALK and test for convergence

this gives buffered pH for composite flow

of branch

checks to see if the branch flow undergoes a
new treatment in this branch. Note {the X(L,K)
values previously added were treated values if
appropriate} if a treatment occurs here go to
280 (statement 128) else go to next branch.
prepare variable for treatment subroutine

if A(J,I) =2, then call NEUTRA

if A(J,1) = 3, then call SETTLE

if A(J,I) = 4, then call DOME

calling statements

restoring X(I,K) after treatment

end of loop for each branch

change mass variables back to concentrations
{Y(1,J)} for output.

change the (H*) values to pH

change A matrix to - or 1 entries for later use
set NBB and NPP

call CHKZ for read out

call FLAG subroutine

RETURN and END statements
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SUBROUTINE NEUTRA - This subroutine models the neutralization treatments.
It models acid or caustic neutralization and for each

allows one of several neutralizing agents. The fol-

lowing flags are required and are read in in TOP

subroutine

MNEUT = 1 acid neutralization
MNEUT = 2 caustic neutralization
MENU = 1 Ca(OH)Z
MENU = 2 Caco3
MENU = 3 Na2C03
é MENU = 4 NaOH
?' ,
’ NCAUS = 1 H,50, or HCI or HNO3 !
¢ NCAUS = 2 co, f
|
]
§ MACY = 1 H,S0,, }
MACY = 2 HC 1 ‘
1
4 MACY = 3 HNO3 |

Variable Definitions ;

lists the numbers from the master list of the ;

" NPLIST (MPARM)

parameters in this study

PT (MPARM) - branch parameters passed to treatment subroutine
EFFT - branch flow passed to treatment subroutines !
MPARM - the program dimension for the number of parameters
NP - the number of parameters in a particular study
Statements |
1- 5 call and dimension statements
6, 7 constants for capacity factor (CT) calculation
!
22
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8 PT(1) to H'
+
9=l IR for branch H
12 if caustic neutralication go to 180 (statement 42),

for acid neutralization continue

13-19 compute CT in and ACYIN with either ALKin or ACYin
given
20-22 ag and a) for H = 7 after treatment
23 if acid neutralization treatment is by Ca(OH)2 or

NaOH go to 104 (statement 25)

24 if acid neutralization treatment is by CaCO3 or Na2CO3
go to 105 (statement 29)
(]oi? CTout for Ca(OH)2 or NaOH
26 ACY, . for Ca(OH)2 or NaOH
27 if Ca(OH)2 go to 106 (statement 33)
28 if NaOH go to 107 (statement 79)
(|o§? ACYout for CaCO3 or Na2C03
30 CTout for CaCO3 or Na2C03
31 if CaCO3 go to 108 (statement 88)
32 if Na2C03 go to 209 (statement 133)
33
(106) Ca(OH) added to neutralize to pH = 7
34 20% excess added
35-96 do loop to determine if both Ca and SOu are included
in study. |f not print message and return.
L7 SOQ in molar units
48 total Ca in molar units
49 active Ca in molar units
23
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50-52

53
Sh
55-57
58
59
60-68

38
(108)

89

90-101

102
(112)

103-
104

105
106
107
108

109-
11

H+, ALK, ACY out after neutralization (all multiplied by
flow)

calculate solubility product (SOLYP)

if SOLYP < 1.32 x 10-“ go to 20 (statement 69)
calculate CaSOu precipitate

remaining SOh

remaining Ca

determine dissolved solids, total solids, suspended solids,
and hardress return

determine Ca, dissolved solids, total solids, suspended
solids and hardness if there is no precipitate. return

Calculate NaOH required for neutralization

determine dissolved solids, total solids, suspended solids,

pH, ALK, ACY. return

calculate CaCO3 required for neutralization

20% extra added

do loop to determine if both Ca and SOl0 are included in
study. |f not print message and return.

WY * EFFT

ALK and ACY after neutralization (times flow)

50“ in molar units

active Ca in molar units

solubility product SOLYP

SOLYP <1.32 x 107" go to 113 (statement 123)

determine CaSOb precipitate
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112

113

114-
122

123~
132
(113)

133
(209)

134-
141

142-
148
(180)

149-
151

152

L% oy
157

158
159
160~
164

165
(123)

166
167-

171

172
(125)

173-
177

remaining SOQ

remaining Ca

determine dissolved solids, total solids, suspended solids
suspended solids, and hardness. return

if no precipitate determine Ca, dissolved solids, total
solids, suspended solids and hardness. retur

determine Na,CO, for neutralization

2 3

determine H+, ALK, ACY, dissolved solids, total solids,
and suspended solids after neutralization. return

for caustic neutralization - determine CTin and ALKin
if either ALKin or ACYin is given

H' after neutralization, r and o and a, for pH = 7

i CO2 neutralization go to 127 (statement 178)
CT 5 ALK ; H+, ACY after neutralization
out out

if not stoh neutralization go to 123 (statement 165)

HZSOM required for neutralization

dissolved solids, total solids and SOQ after neutralzation.
return

if not HCI neutralization go to 125 (statement 172)

HCl required for neutralization
dissolved solids, total solids, and chlorides after
neutralization. return

HNO3 required for neutralization

dissolved solids, Nitrate/Nitrite, total solids after

neutralization. return
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178
(127)

179
180
181-
186

187

ALKout for COZ neutralization

CTout for CO2 neutralization
CO2 required for neutralization
H', ALK, ACY, dissolved solids, and suspended solids

neutralization

return

26
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SUBROUTINE SETTLE - This subroutine models the settling pond or

clarifier. The clarifier area is read in acres

TOP.

SETTLE is called from TOP when a 3 appears

in A(J,I).

Variable Definitions

PT (MPARM)

NPLIST (MPARM)

EFFT
MPARM
NP
Statements
1-4
5-6
7

16-18
(15)

19

20
(17)

- branch parameters passed to treatment subroutine

- lists the numbers (from the master list) of the
parameters in this study

- branch flow passed to the treatment subroutine

- the program dimension for the number of parameters

- the number of parameters in a particular study

- call and dimension statements

- compute the removal factor (RF)

- starts DO loop for Settling solids

settles COD which is 30% dissolved

settles TOC which is 30% dissolved

if KJELDAHL N is in study go to 15 (statement 16)

if total solids is in <tudy go to 25 (statement 22)

computes
computes
computes
go to 10

go to 7

go to 10

suspended solids after settling

susp. solids after settling

turbidity after sett!ing
for K > 23 (statement 45)

f ammonia is irmcluded (statement 20)

if ammonia is not included (statement

compute settled Kjeldahl N
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21

22-L4
(25)

4s
(10)

46-47

go to 10 (next K) (statement 45)

calculates total solids if any two of the following three

are given:

next K

Return - end

total solids, dissolved solids, suspended solids
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SUBROUTINE DOME - This subroutine models the domestic or sanitary

sewage treatment. This model includes a trickling
filter with recycle or an activated sludge type
treatment. DOME is called from TOP. Treatment

system data is read in in TOP and includes:

TRICKLING FILTER

AREAP

ITYPE

TFVOL
TEMP
R2

R3

R4
TFAREA

K20

AREAS

ACTIVATED SLUDGE

AREAP

ITYPE

AREAS

ABVOL

MLSS

YN

R1

primary clarifies area in acre

0 trickling filter

1 activated sludge

trickling filter volume in acre-feet
wastewater temperature ('C)

recycle from filter effluent (MGD)
recycle from secondary clarifier (MGD)
recycle to the filter (MGD)
trickling filter area in acres

0.23 for 1" rock media

0.13 for 2 1/2 rock media

secondary clarifies area in acres

as above

as above

as above

aeratian basin volume in MG

mixed liquor suspended solids (Mg/%)
net yield computed from plant log data

activated sludge recycle (MGD)
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Variable Definitions

NPLIST (MPARM)

PT (MPARM)

EFFT

MPARM

NP
Statement
36
7- 8

9
10-12
13

14

15

16

LY

18

19

20

21
22
23
24

Initialize
Store inpu
Calculate
Calculate
Calculate
Calculate
Calculate
Calculate
Calculate

Calculate

o R S b

lists the numbers (from the master list) of the

parameters in this study

branch

parameters passed to the treatment

subroutine

branch

flow passed to treatment subroutine

the program dimension for the number of

parameters

number

data

t water
removal
primary
primary
primary
primary
primary
primary

primary

of parameters in a particular study

quality parameters in array TT
factor for primary clarification
clarifier effluent total solids
effluent TKN

effluent TSS

effluent VSS

effluent Turbidity

effluent COD

effluent TOC

Calculate primary effluent BOD

Route to 3 for trickling filter system or 4 for activated

sludge sys

tem

Calculate recirculation ratio

Calculate organic loading

Calculate recirculation factor

Calculate filter BOD removal factor
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25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
42
43
il
45
46
47
49
50
51
52
53

54-57

58

Correct BOD removal factor for water temperature
Calculate filter effluent suspended solids
Calculate filter effluent COD

Calculate filter effluent TOC

Calculate filter effluent BOD

Calculate depth of filter

Calculate hydraulic loading on filter

Correct media coefficient for water temperature
Calculate filter nitrification factor

Calculate filter effluent nitrates

Calculate filter effluent TKN

Calculate filter effluent ammonia

Calculate flow to secondary clarifier

Calculate removal factor for secondary clarifier
Calculate secondary effluent suspended solids :
Calculate process loading intensity

Calculate sludge age

Calculate flow to aeration basin

Calculate aeration basin effluent BOD

Calculate aeration basin effluent COD

Calculate aeration basin effluent TOC

Calculate aeration basin effluent suspended solids
Change area of secondary from acres to square meters
Calculate secondary solids surface feed

Calculate secondary effluent suspended solids
Check for nitrification requirement

Initialize coefficients

Calculate aeration basin detention time

31
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59
60-61
62
63
64-65
66
67-70
71-82

99
100
101

103-
104

Make initial guess of Nitrosomonas concentration
Set Nitrosomonas limits

Set iteration counter for Nitrosomonas

Make initial guess of ammonia concentration

Set ammonia limits

Set iteration counter for ammonia

Make calculations on ammonia and Nitrosomonas
Test ammonia concentrations, adjust it necessary and
repeat steps

Calculate aeration basin effluent nitrates
Calculate aeration basin effluent TKN

Calculate aeration basin effluent ammonia

Store changed parameters in array PT
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Variable Definition

FLGPT (MPARM)

POLN (MPARM, 5)
NP

NS

NB

RANK (MPARM)

P (MSORS, MPARM)
A (MSORS, MBRNC)

Y (MBRNC, MPARM)

NF
NX (50)

NY (50)

NFB

XNAME (MSORS)

SUBROUTINE FLAG - This subroutine flags parameters for measurement
at a source based on fraction of total mass
contribution, and also flags any parameters at

sources and branches selected by the user.

an array containing the fractional level of total
mass for which a parameter will be flagged at a
source (the first branch in/which a source appears)
an array containing the names of the parameters
number parameters

number of sources

number of branches

contains total masses of parameters

contains mass of each parameter at each source
topology matrix (up to 25 sources and 50 branches)
contains the concentration in each branch (50
possible) of each parameter

number of flagged sources (selected by user)
contains the source number (or branch number) for
contains the parameter number for a selected flag
point. There is a one to one correspondence between
NX and NY (eg. NX (3) contains the source (or branch)
number for flagged point 3, and NY (3) contains the
parameter number for flagged point 3)

number of flagged branches (selected by user)

contains the name for each source
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Statements

I~ 8

9=10

11=15

16-18

19-28

29-31

32-34

35-41

42-50

subroutine definition, COMMON and DIMENSION area

reads into FLGPT the minimum mass contribution flagging
levels for the parameters (from the list chosen by the
user)

prints out a title followed by the name of each parameter
and its flagging level

adds up the mass for each parameter from each source and
puts the total in RANK

calculates the fraction of mass contributed by each

source for each parameter (TEMP), and if this is greater
than or equal to the flagging level, the topology matrix
(A) is searched to find the first branch where the source
appears, and then the corresponding concentration in

the branch-parameter concentration matrix (Y) is flagged
by setting it negative

the number of flagged sources (selected by the user) is
read in, and if there aren't any, go to 80 (statement 51)
each source (NX) and the parameter for that source (NY) are
read in

a title is printed followed by the name of each source and
parameter flagged

searches the topology matrix to find the first branch where
a source appears, then sets the corresponding entry in the
branch-parameter concentration matrix negative to indicate

the flag
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reads in the number of flagged branches (selected by the
user) and if this is zero, the routine is ended

S5h-64 prints a label followed by the name of each branch and
parameter flagged, then sets the appropriate entry in
the branch-parameter concentration matrix (Y) negative
to indicate the flag for each of the flagged points then

returns




SUBROUTINE CHK2 - This subroutine outputs parameter concentration and
mass information

Variable Definition

Y (MBRNC, MPARM) - output matrix of parameter concentration

£ for each of 50 possible branches

NB - number of branches
NP - number of parameters
NBRNCH (MBRNC, 2) - name of each branch (up to 8 characters)

for up to 50 branches

POLIN (MPARM, 5) - name of each parameter (up to 20 characters)
for up to 25 parameters

X (MBRNC, MPARM) - output matrix of parameter mass for each of

50 possible branches

EFF (MBRNC) - flow in each of 50 possible branches
Statements
| £ subroutine definition, common area, and dimensioning
6 sets flag to use in determining which output seament is

being done (concentration or mass)
7=11 prints title on page and outputs name of branch and
flow in that branch
¥Z=15 prints title on page and outputs number of branches
and parameters
16-18 initializes counters and flag (for use if more than 6
parameters and present)
19 if more than 6 parameters are present go to 30 (statement 29)
20-26 prints out parameter name, branch name, and the corresponding

concentrations for up to 6 parameters at all branches

36
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27
28

29-30

31

32-33

34
35-38

39

Lo-41

42-43

Lli-49

50-51

52=57

58-66
67-68

if more than 6 parameters are present go to 3| (statement 40)

go to 5 (statement 42)

there are more than 6 parameters, so initialize counters
the first time this segment is used

if this segment has been used previously go to 32
(statement 34)

increment counters and transfer to 33 (statement 20)

set | to the next parameter number

determines the upper limit on the parameter number

(NNP). This segment is used to guarantee that no more

than 6 columns of parameters are printed at a time.
transfers to print segment (statement 20-26)

if all parameters have been printed go to 5 (statement 42),
otherwise, 9o to 30 (statement 29) to select next parameters
if both concentrations and masses have been printed go to
60 (statement 52)

prints title and converts mass to pounds per day (array

Y is used temporarily for this information)

sets the flag and goes to 55 (statement 16)

restores concentrations in array Y

converts H+ concentration to pH

RETURN and END control statements
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SUBROUTINE LEVEL -

Variable DEFN

SUM (MSORS)

SUMA (MSORS)

soL (SI, MBRPI)

ToP (100)

SUMRR

Y (MBRNC, MPARM)

NP
NS
NB
NLEV
NTOP

A (MSORS, MBRNC)

This subroutine provides the interface between the

Topological and Resource Models. |t determines

from the topology matrix all possible levels cf
the system, a level defined as a set of points
(branches) which completely characterizes all
outfalls of the system. Once the levels have been

found the Y matrix Is transformed to the P matrix.

- contains linear combinations of columns of the 3
topology matrix 1

- contains previous contents of SUM

- array containing the branch number for each level
(1BN). soL (1, 1) contains the number of points
(branches) in level 1. SOL (1, 2-50) contains
the corresponding branch numbers for each point
in the level

- contains sequences of branches which are being
treated as solution sequences

- used to sum the rows of the topology matrix

- output matrix of parameter concentration for
each of 50 possible branches

= number of parameters

= number of sources

- number of branches

- number of levels

- number of outfalls

- topology matrix
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NPLA (25) ~ number of points in each level
P (MPARM, 25, MBRNC) - parameter concentration at a point and a

level. P (2, 4, 7) is the concentration of

parameter 2 at point 7 of level 4.

Statements
1~ 7 subroutine definition, COMMON and DIMENSION area
9 sets NP to the number of parameters
9-15 checks to make sure that the topology matrix has

all ones in the last row and if it doesn't prints
an error message and executes a special return.
Otherwise, it goes to 35 (statement 16)
16-21 initializes SUMA, SUM, JJ ( number of levels found),
I (location of the newly added branch in a sequence
in the TOP array), and M (the number of the newly
added branch in a sequence stored in the TOP array)
22 sets the next branch | in the TOP array (tried
sequences array) to M
23 sets K to zero
24-28 tests the tried sequence contained in TOP. |If the
new branch added to the sequence, (M added to position
| of TOP) violates the solution criterion (no SUM
entries can be greater than 1), control is transferred
to 5 (statement 36). The SUM entries are formed by
adding the column M of the topology matrix to columns
of old column numbers contained in the first -]

positions of the TOP array. If any SUM (J) is 0, K

is set to I.
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29 Tests the value of K. If K equals zero a solution
sequence has been found and control transfers to 7
(statement 41). If K is equal to one the trial sequence
has not violated the solution sequence, but another
branch must be added to the sequerice.
30-31 stores the new SUM (J) totals on the SUMA array
32-35 adds one more element on trial solution and sets M to
the new branch to be added equal to one less than the
| last branch. |If M is less than one, go to 47 (statement
94), otherwise, go to 6 (statement 22) and test the
new sequence.
36-37 replace SUM with SUMA (the previous values of SUM)
38-40 sets new trial branch to be added to trial sequence
to old trial branch minus 1. If new trial branch is

greater than or equal to 1 control is transferred to

6 (statement 22) and the new sequence is tested.

Otherwise, go to 47 (statement 94)

L4y increments the number of solutions found (JJ)

L2 stores in row JJ column 1 of SOL the number of branches
in the new solution sequences

L3-44 stores in row JJ column 2, | + 1 the branch numbers of

the new solution sequences

4g if the maximum number of solution sequences (levels) has
been found go to 20 (statement 141)

L6 if the last branch in the new solution sequence is not
equal to one, go to 5 (statement 36) and the case is
handled as if the last element in the solution sequences

had been a violation

)




47

48
h9~53

Sk
55

56
57-58

59-60

61

62-64

65-70

71
1a=73

74-75

76-77

78-82

if only one solution sequence has been found, go to 55
(statement 78)

set KK to zero

determine the position (KK) of the last common entry

in the last two solution sequences found

if there are no common entries go to 55 (statement 78)
decrements the branch in the KK + 2 position of the
solution sequence by 1.

if IR is less than or equal to one go to 351 (statement 74)
set the next branch in the trial sequence (M) to IR and

set the number of branches in the trial sequence to KK

transfer the first KK elements in the last solution
sequence into positions 1 to KK-1 of TOP

sets LIMT to KK (number of branches in trial sequence)
resets SUMA and SUM arrays to zero

store the sum of the columns of topology matrix
designated in TOP into SUMA and SUM arrays

go to 6 (statement 22)

if KK (number of branches in trial sequence) is zero,
go to 300 (statement 128) else go to 271 (statement 55)
decrement the number of branches in the trial sequence
and go to 362 (statement 72)

set the number of branches in the trial sequence to
one and go to 271 (statement 55)

determine KK when only one solution sequence has been

found, and go to 300 (statement 128)
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83

84-85

86-87

88-89
90-91

92-93

94-97

98-103

104

105-106

107-109

110=-111

112-113

114-118

119

if only on branch is in the trial sequence, go to 300
(statement 128)

determine the last common entry and if it is less than
one, go to 651 (statement 92)

set M (the next branch in the trial sequence) to IR, and
the number of branches in the trial sequence to KK

set TOP to the last solution sequence

set LIMT2 to the number of branches minus one and go
to 69 (statement 62)

decrement the number of branches and go to 970
(statement 83)

if no solution sequences are found print an error
message and return, otherwise, go to 360 (statement 98)
determine KK as the position of the last common entry
between the trial solution sequence whose last branch
is one and the last solution sequence found.

if there is no common entry, go to 855 (statement 114)
if the common branch is less than or equal to one, go
to 851 (statement 110)

save the common branch number, the number of branches
decrement the number of branches and go to the next
statement

if there are no branches, go to 300 (statement 128),
otherwise, go to 871 (statement 105)

determines KK (number of branches in solution sequence)
from TOP

if there is only one branch, go to 300 (statement 128)
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120-121
122-123
124-125
126-127
128-134
135-136
137-140
141-145
146-147
148-15¢

160

161
162-168

169
170-180

if the common branch is one or less, go to ©5! (statement 126)

saves the common branch and the location of the newly added
branch

sets LIMT2 to the previous position and go to 69

(statement 62)

decrement KK and go to 670 (statement 119)

check to see if any more solution sequences exist. |If

not, go to 20 (statement 141)

try a new sequence whose first element (M) equals the

first branch in the TOP array minus one and set | to one.
reset SUMA and SUM arrays to zero and go to 6 (statement 22)
determines NMAX and NEMAX as the maximum number of branches
in a solution sequence (level)

defines DO loop counters LIM2 and LIM3

rearranges the rows of the SOL array in increasing

number of branches in the levels

tests to see if there is more than one outfall from

the system. |If so, go to 33 (statement 169)

defines DO loop counter LIM6 (number of solution

sequences)

moves the levels in SOL down and inserts the level that

consists of only the outfall, and goes to 52 (statement 170)

redefines LIM6
calculates P (I, J, K) array from the Y array and level

information of SOL array
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181-183 defines number of levels (NLEV), maximum number of branches
in a level (NPMAX), and the number of parameters (NOPL)
184-185 sets up NPLA array

186-187 RETURN and END control statements
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SUBROUTINE RM - This subroutine reads in and prints out resource informa-

tion, allocates resources and calls subroutines when
needed to relieve violations, and prints out resource
allocation information.

Variable Definition

NL - number of levels

NP - number of parameters

NPLA (25) - number of points in each level
NPOFEQ - number of pieces of equipment

EQNAME (MEQ, 5) names of equipment items

EQTIME (MEQ) - time available for each item of equipment

NPLIST (MPARM) parameter equivalence array

NMA (MPARM) - number of methods available for each parameter (in
the current parameter list)

NTEMP (MPARM) - number of methods available for each parameter in

the master list that are not in the current list

MENAME (MPARM,3,5)

the names of the methods

PCRM (MPARM, 3)

the minimum acceptable concentration for each method

PMDATA (MPARM, 3,
4, 5)

contains resource information for up to 3 methods for
each parameter. The information is stored as follows:
first column - equipment item codes (up to 4 per
method), second column - equipment times per sample,
third column - van space requirement for each item,
fourth column - analysts' times, fifth column - cost
per sample, set up time, location of analysis, and

time contraint

L5




VNSP (MEQ) - van space requirement for each item of equipment

POLN (MPARM,5) - names of each parameter
CNSTAR (6) - contraints on van space, analysts' times, and cost
ID0O (MPARM, 25) - if for a parameter | at level J all points are

flagged, then IDO (I, J) = 1, otherwise, it is zero
PM (MPARM,25,3) - array containing feasible method numbers (up to 3)

for each paameter at each level. [(f an entry is

zero, then no method is feasible at that /ievel as a

whole (although a method might be feasible at a point

in a level).

AMAR (MPARM, MP2) - array containing selected methods. AMAR (I, 1)
contains the method number for parameter |. AMAR (1, 2)
contains the level number at which the method is used,
and AMAR (1, 3-25) contains the number of the method v
at the corresponding point in the level if the
concentration is greater than zero.

tvioL - violation code as follows: | - equipment violation,

2 - van space violation, 3 - 6 analyst violation

(analysts | - 4 respectively), 7 - cost violation
USENO (MEQ) - contains the number of times each item of equipment i
is used
SMEQT ! (MEQ) - sum of equipment time for each item
SUMM (6) - contains totals of van space, analysts' times, and
cost
Statements
1- 10 subroutine definition, COMMON and DIMENSION area
11 initializes the violation indicator
L6




27
28

29=

A=

33
36-

38-

4o-

7k

it

87-

90

Y=

93
94

20

26

32
35
37

39

73

92

prints out a lavel and the number of points at each level

reads in and prints out the number of pieces of equipment
reads in and prints out the equipment names and times
available for each item

initializes the counter for NPLIST

DO loop to scan the master list

determines the number of methods available for each
parameter

DO loop to read in all methods

DO loop to read in resource information (PMDATA)

if the parameter under consideration is in the current
list, increment N, then look at the next parameter

FORMAT statements for reading

DO loop to look at all paramaters in the current list
and to print out all information read in about them

call subroutine CONCK to determine feasible methods and
make allocations for flagged points

read in and print out constraints on van space, analysts'
times, and cost

initialize LVIOL and skip output to a new page

DO loop to allocate for all parameters

initialize LREM (initial method) and LT (flag indicating
method assignment)

DO loop to scan all levels

if all points at the current level are flagged, don't

allocate any more resources and look at the next parameter

47




95
96
97- 98
99-102
103-105
106-114
115-118
19
120-122
123

obtains the number of points in the current level

DO loop to scan all methods

if there are no more methods at the current level to

to the next level

if a feasible method is found on the first attempt, go

to 2050 (statement 103), otherwise, set flag to two

and save the first method and level number

save the method number in AMAR, decrement the flag (LT)
and save the level number

call the appropriate subroutines to check for violations
using the current method. I[f there are violations control
is transferred to 2200 (statement 115). Otherwise, the
allocations are added and allocations for the next para-
meter are started.

if this is not the first time through this segment, go
directly to another method, otherwise, save the first
violation number to occur (and if it is, an equipment
number) and then look at another method

look at another level

control reaches this point if no method at any level was
found that did not relieve a violation. Resources are
allocated for the present parameter by the first feasible
method and level

if an equipment violation could not be relieved, and

the violation is on the same equipment item as the initial

violation, go to Lk0OD (statement 132)
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if a violation could not be relieved and it's the same
violation as the initial violation, go to the statements

dependent on the type of violation

125-126 attempts to relieve violation on equipment. |f successful
go to 1000 (statement 149). |If not go to 4000 (statement 132)
127-128 attempts to relieve violation on van space. |If successful
go to 1000 (statement 149). If not go to 4100 (statement
137).
129-130 attempts to relieve violation on analyst time. |If
successful go to 1000 (statement 149). If not go to

4200 (statement 141).

55 attempts to relieve violation on cost. |If successful
go to 1000 (statement 149). |If not go to 4300 (statement
146) .

132-136 print out violation information and save violation number

and equipment number, and go to 1000 (statement 149)
137-140 print out violation information and save violation number,
and go to 1000 (statement 149).
141-145 print out violation information and save violation
number, and go to 1000 (statement 149)
146-149 print out violation information and save violation
number, and look at the next parameter
150-151 calls subroutines to print out measure information and
to allocate time for sampline and flow measurement
152 initializes flag point counter

DO loop to look at all parameters

3




154-159

160-162

163
164

165-170

171-175

176-182

183-198

199-205

206-207

calls subroutine to print out parameter allocation
information

prints out a label and calls a subroutine to obtain
equipment usage information

DO loop to look at all possible equipment items

if an item of equipment has not been used, go to 5200
(statement 175)

initializes variables and determines if an equipment
time violation occurred, and the amount of time an

item was used

calls subroutine to convert minutes to hours and minutes,
and prints out equipment usage information, then looks
at the next equipment item

prints out van space usage information (van space used,
if a violation occurred, and the amount of the violation)
prints out the grand total of each analysts' time, of a
violation occurred, and the amount of the violation
prints out the grand total of cost, if a violation
occurred, and the amount of the violation

RETURN and END control statements
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Variable Definition
NP
POLN (MPARM, 5)
MENAME (MPARM, 3, 5)

FP (40O, k)

IFPT

1D0 (MPARM, 25)

NL
NMA (MPARM)
NPLA (25)

PC (MPARM, 25, MPARM)

PCKM (MPARM, 3)

PM (MPARM, 25, 3)

hh-__'_""‘“'—"'-'---—-—--—__-

SUBROUTINE CONCK - This subroutine determines feasible methods at all
levels for all parameters, and allocates resources to

flagged points.

number of parameters

names of parameters

names of methods (up to 3 per parameter)
flagged point information. FP (I, 1) contains
the parameter number for flagged point .

F® {t, 2) contains level number, FP (1, 3)
contains point number, and FP (I, 4) contains
the method number

number of flagoed points

if for a parameter [, at a level J, all

points are flagged, 1D0 (I, J) = 1, otherwise
it is zero.

number of levels

contains number of methods available to analyze
contains the number of points at each level
contains the parameter concentration information.
PC (1, J, K) contains the concentration of
parameter | at point K of level .

contains the minimum acceptable concentration
for each method (3 possible) for each parameter
array containing feasible method numbers (up

to 3) for each parameter at each level
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IBN (51, MBRPI)

NALOW (MPARM, MBRNC)

SMEQTI (MEQ)

SAMFRE (MPARM)

EQUSED (MPARM,.MEQ)

EU (MEQ)

SUMM (6)

LENGTH

NSET (MPARM, 3)

PMDATA (MPARM, 3, 4, &)

array containing the branch numbers for each
level. IBN (I, 1) contains the number of
points (branches) in level |. BN (I, 2-50)
contains the corresponding branch numbers for
each point in level |I.

contains flags to determine if a parameter

is measured at a branch. |If NALOW (I, J)

is a one then parameter | is measured at
branch J, zero if it is not measured.

sum of equipment time for each item

the sample frequency of each parameter

number of times a piece of equipment has

been used for a particular parameter

total number of times each item of equipment
is used

contains sums of van space, analysts' times,
and cost for previous allocations

length of the survey

array to indicate if set up time for a given
method has already been added to the total
array containing resource information for up
to 3 methods for each parameter. The informa-
tion is stored as follows: first column - equipment
codes (up to 4 items for each method), second
column - equipment time per sample, third

column - van space for each item, fourth column-
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Statements
1- 6
7
8

13-14
15
16

17

18-20

21
22

23

24

25

analysts' times, fifth column - cost per sample,
set up time, location of analysis, and time

constraint.

subroutine definition, COMMON, and DIMENSION area

DO loop to look at all parameters

sets counter to zero (MNCK indicates if a feasible method
has been found)

DO loop to look at all levels

sets method counter (MC) to zero

determines the number of methods available for the current
parameter

DO loop to look at all methods

DO loop to check all points at the current level

if the concentration is zero, go to 400 (statement 17)
if the concentration is less than the minimum acceptable
for the current method go to 300 (statement 21)

look at the next point in the level

increment MNCK to indicate a feasible method has been
found, increment the method counter and store the number
of feasible method

look at the next method

look at the next level

if no feasible method was found, allocate the first
method anyway

look at the next parameter

initialize the flag point counter to zero
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26-27

28-30

3l=32

33

34

35-36

37-38

39

4o-4)

h2-143

L4-46

47
48

39-53

DO loops to look at all parameters and all levels

initialize flagged point indicator array, flagged points

at a level and feasible method indicator

DO loop to look at all points in the current level

if a point is not flagged go to 700 (statement 72)

if a method is available go to 750 (statement A4k)
determine the number of methods available and look at
«11 of them

if the method is feasible go to 735 (statement 42),
otherwise, look at the next method

set LN to indicate no feasible method was found

since no method was feasible use the first method anyway
and go to 750 (statement L4k4) ;
save the feasible method number and set LN to indicate ;
a feasible method was found at a point

determine the branch that the level and point correspond
to, and if a measurement has already been made there, go
to 1000 (statement 67), otherwise, set NALOW to indicate
that a measurement will have been made

obtain the method number

DO loop to add all equipment times, van space, analysts'
times and cost

if no equipment item is used, go to 910 (statement 56),
otherwise, add new equipment time to previous total, and

increment the number of times the item is used
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54-55

56-58

59-60

61
62-66

67
68-69

70
Fh=ipd

73
7b
75
76-77

if the item has been used previously, go to 910 (statement
56), otherwise, add van space requirement to previous
total

if set up time has already been added, go to 900 (statement
59), otherwise, add set up time to the appropriate
analysts' total, then set the array to indicate that

set up time has now been added

add sample time requirement to the analysts' total and
close the loop (statement 48)

add new cost to the previous total

increment the flagged point counter and save the parameter
number, level number, point number, and method number

if no feasible method existed go to 925 (statement 70)

if a feasible method existed only at a point, reset PM

to zero and go to 940 (statement 71)

if the level is not the first level, reset PM to zero
increment the number of flagged points at a level and

look at the next point

if all points at a level are flagged, set ID0 to one

look at the next level

look at the next parameter

RETURN and END control statements

55
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SUBROUTINE TO - This subroutine is used to zero out temporary allocations
for equipment times.
Variable Definition
TEMP (4, 2) - contains equipment number and total time allocated
for that item for the method under consideration

(up to 4 items per method)

Statements
1-2 subroutine definition and dimension statement
3-6 zeros out TEMP

7-8 return and end




SUBROUTINE EQCHEC - This subroutine determines if any equipment time
violations occur for a method under consideration.
Variable Definition

! - current parameter number

J - current level number
L - current method number
MC - not used

NPLAJ - violation code

IvioL - violation code

IEQN - equipment number

PC (MPARM, 25,-parameter concentration at a level and a point (eg. PC

MBRNC)
(2, 4, 7) is concentration of parameter 2 at point 7 of
level 4)
AMAR (MPARM, - array containing feasible methods. AMAR (I, 1) contains
yics the method for parameter |. AMAR (I, 2) contains the

level that the method is used at, and AMAR (I, 3-25)
contains the number of the method if it is used at
the corresponding branch in the level

PMDATA (MPARM, - array containing resource information for up to 3 methods

3,4,5)

for each parameter. The information is stored as follows:
first column - equipment codes (up to 4 items for each
method), second column - equipment time per sample,
third column - van space for each item, fourth column -
analysts' time, fifth column - cost per sample, set up
time, location of analysts' and time constraint

TEMP (4,2) - contains equipment number and total time allocated

for that item for the method under consideration

57 i

- --........................-....-.--..-u-n-illlﬂlllllll...‘ll.l.lll"i




SAMFRE (MPARM) - sampling frequency for each parameter (for the total
survey)
SMEQTI (MEQ) - sum of equipment time for each item
EQTIME (MEQ) - total time available for each item of equipment
Statements
1- 4 subroutine definition, COMMON and DIMENSION area
5 DO loop definition, to check all points at the level
under consideration
6- 9 if parameter concerncration at point K of level J is
greater than zero, go to 150 (statement 11), otherwise
set the corresponding branch entry in AMAR to zero and
check the next branch
10 sets the corresponding branch entry in AMAR to the method
under consideration
11-22 selects the number of the equipment item (if no equipment,

IEQN = 0 so skip the time check), calculates the time

used for the method under consideration, and checks if this
will violate a time constraint. |[If it does then the

error flag is set (IVIOL = 1) and the special return is
used. Otherwise, a normal return is executed. This is

done for each of four possible items of equipment.

58
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SUBROUTINE VSCHEC - This subroutine checks for van space-constraint

violations.

Variable Definition
| -
L -
IVIOL -
SUM -

PMDATA (MPARM, 3, 4, 5)-

current parameter number

current method number

violation code

van space used in current method
array containing resource information for up
The

to 3 methods for each parameter. informa-

tion is stored as follows: first column - equipment
item codes, second column - equipment time per
sample, third column - van space for each

item, fourth column - analysts' times per

sample, fifth column - cost per sample,

set up time, location of analysis, time constraint

EU (MEQ) - number of times each item of equipment is used
SUMM (6) - contains sums of van space, analysts' times,
and cost for previous allocations
CNSTAR (6) - contains constraints for van space, analysts'
times, and cost
Statements
}J=- 3 subroutine definition, COMMON and DIMENSION area
b4 sets current van space allocation to zero
5-11 computes van space needed for current method. I[f an item

of equipment has been used previously (EU (I1EQN) greater

than 1), it is not added to the current van space
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12-16 determines if a van space violation occurs. |If not a
normal return is executed. Otherwise, the violation

code is set and a special return is executed.
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ﬁ‘ SUBROUTINE CNCHEC - This subroutine determines if any analyst time
violations or cost violations occur.
Variable Definition
I CONNO - analyst number (or row number of cost information)

| - current parameter number

J - current level number
L - current method number
{ ICP - column number of analyst (or cost) information
1vioL - violation code
TOT - total of an analysts' time (or cost) for current
me thod
NPLA (25) - number of points in each level
NSET (MPARM, 3) - array to indicate if set up time for a given

method has already been added to the total

LENGTH - length of the survey
AMAR (MPARM, MP2) - array containing possible methods. AMAR (I, 1)
contains the method for parameter (. AMAR (I, 2)

contains the level that the method is used,
and AMAR (I, 3-25) contains the number of the
method at the corresponding point in the level
if the concentration is greater than zero.

SAMFRE (MPARM) - sampling frequency for each parameter

SUMM (6) - contains sums of van space, analysts' times
and cost for previous allocations

CNSTAR (6) - contains constraints of van space, analysts'

times and cost
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PMDATA (MPARM, 3,4,5) =~ array containing resource information for

Statements
1- 4
5

10-13

14

15

16-17

19-20

21-24

up to 3 methods for each parameter (see

variable definition for SUBROUTINE EQCHEC)

subroutine definition, COMMON and DIMENSION area

sets current time total (or cost) to zero

sets NPLAJ to the number of branches in level J

if cost is being calculated go to 20 (statement 14)

if set up time has already been added for this method

go to 20 (statement 14)

if analyst ICONNO is used for this method, calculate the

set up time

for each branch of the level for which the current method

is used calculate analysts' time (or cost) and add it to

the total

if analysts' times are being considered go to 15 (statement 18)
if no cost was added, return without checking for a violation
if no cost violation return normally, otherwise, go to

50 (statement 21)

if no time was added, return

if no time violation return normally, otherwise, go to

50 (statement 21)

if a violation has occurred, set the proper violation

code and execute a special return and END control statement
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SUBROUTINE ADD - This subroutine adds the current allocations of equipment

time, van space, analysts' times, and cost to the previous

totals.

Variable Definition

I
J
L
NPLA (25)

PC (MPARM, 25,
MBRNC)

PMDATA (MPARM,

SMEQT! (MEQ)

SAMFRE (MPARM)

EQUSED (MPARM,

EU (MEQ)

~ current parameter number

~ current level number

- current method number

- number of branches in each level

- parameter concentration at a level and a point
(eg. PC (2, 4, 7) is the concentration of para-

meter 2 at a point 7 of level 4)

3,4,5) array containing resource information for up
to 3 methods for each parameter. The informa-
tion is stored as follows: first column -
equipment codes (up to 4 items for each method),
second column - equipment time per sample,
third column - van space for each item, fourth
column - analysts' time, fifth column - cost
per sample, set up time, location of analysis
and time constraint
- sum of equipment time for each item
- sampling frequency for each parameter (for the
total survey)
MEQ) - number of times a piece of equipment has been
used for a particular parameter
- total number of times each item of equipment

is used
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SUMM (6)

- contains sums of van space, analysts' times,

and cost for previous allocations

NSET (MPARM, 3) - array to indicate if set up time for a given

Statements
1- 6
7

i I'i=t2

13
14-15
16

17
18

19-20

21
22

2325

method has already been added to the total

subroutine definition, COMMON and DIMENSION area

sets NPLAJ to the number of branches in level J

DO loop to look at each branch in level J

if parameter has zero concentration in a given branch do
not add anything to the totals; check the next branch

DO loop to look at all possible equipment items used

and analysts' used

if no equipment is used don't add any equipment usage
transfer to 300 (statement 18)

add the time to the appropriate equipment time total
increment the number of times a piece of equipment is used
if an item of equipment has been used before, go to 300
statement (statement 18) to avoid adding van space again
add van space requirement for equipment item

add analysts' time to total

if set up time has been allocated previously go to 200
(statement 21) to avoid adding it, otherwise, if an analyst
is used for this method, then add the set up time

end of DO loop

adds cost to total

end of DO loop and RETURN and END control statements
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SUBROUTINE SET - This subroutine sets up the array of methods used at

a branch in a level for a given parameter.

Variable Deiinition

J

L

PC (MPARM, 25,

MBRNC)

A (MPARM, MP2)

N (25)
Statements
=3

4
5
6
7
8-10

subroutine
sets A (I,
sets A (1,

sets NP to

current parameter number

current level number

current method number

parameter concentration at a point and a level
(eg. PC (2, 4, 7) is the concentration of a
parameter 2 at point 7 of level 4)

array containing possible methods (AMAR).

A (1, 1) contains the method for parameter I.
A (I, 2) contains the level number that the
method is used, and A (I, 3-25) contains the
number of the method at the corresponding
point in the level if the concentration is
greater than zero.

number of points in each level (NPLA)

definition and DIMENSION area
1) to the current method number
2) to the current level number

the number of points in level J

DO loop to check every point in level J

if the concentration at point K in level J is greater

than zero go to 40 (statement 11), otherwise, set A

(1, K + 2)

to zero and check the next point.
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sets the corresponding point in array A to the current

method number and check the next point

RETURN and END control statements




f SUBROUTINE PIEQCH - This subroutine searches past assignments to attempt
to alleviate constraint violations
Variable Definition
| - current parameter number
ISTOP - number of noncompeting parameters

| EQNK - code of equipment items for which a violation

has occurred

NOV - violation code

AMAR (MPARM, MP2) - array containing allocated methods. AMAR (I, 1)
contains the method number for parameter |.
AMAR (I, 2) contains the level number at which
the method is used, and AMAR (I, 3-25) contains
the number of the method at the corresponding
point in the level if the concentration is
greater than zero.

PM (MPARM, 25, 3) - array containing feasible method numbers
(up to 3) for each parameter and each level

NPLA (25) - number of points at each level

PMDATA (MPARM, 3, 4, 5)- array containing resource information up to
3 methods per parameter. The information is
stored as follows: first column - equipment
codes (up to 4 items for each method), second
column - equipment time per sample, third column -
van space for each item, fourth column - analysts'
times, fifth column - cost per sample, set up
time, location of analysis, and time constraint

NL - number of levels
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1- 5
i 6=7
8
f 9-10
;
1-12
| 13-14
15-16
{ 17
| 18
19-23
24
25
26-28
29-3)

32

Statements

subroutine definition, COMMON and DIMENSION area

prints out violation information

sets IMO to the current parameter number

looks at the next lower parameter and if it is a
noncompeting parameter, RETURN 1.

obtains the method number (LR) and the level number (JR)
saves the method and level numbers first tried

prints out method information

if the violation is on analysts' time, go to 200 (statement 2&)
if the violation is on van space or cost, go to 300
(statement 25), otherwise, the violation was on equipment
time

searches to determine if the current method used the
equipment item on which the violation occurred and if it
does, go to 300 (statement 25). If it doesn’'t go to 50
(statement 9).

if the current method does not use the analyst for which
there was a violation, go to 50 (statement 9).

call subroutine SUBT

determines if the current method is a feasible method and
if it is, go to 500 (statement 29)

if the method is the last (third) feasible method, go to
550 (statement 32), otherwise, set MC to zero and increment
the level number

increment MC
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34
35
36-37

38-51

52-53

54-55

remaining levels

DO loop to search all
sets NPLAJ to the number of points in level J
DO loop to look at all feasible methods

if there is not a feasible method for the current level go
to 690 (statement 52)

call subroutines to see if new method relieves violation,
and if it does call ADD, set the violation code to zero,
and use RETURN 2. Otherwise, check another method.

set MC to one and check another level

if violation was not removed, add in time for previously
allocated method, and check another parameter

RETURN and

END




SUBROUTINE SUBT - This subroutine subtracts the current allocations
of equipment time, van space, analysts' times, and
cost from the previous totals

Variable Definition

same as SUBROUTINE ADD
Statements
same as SUBROUTINE ADD, except replace add with ''subtract’,

to with '"from', increment with ''decrement"
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SUBROUTINE INFORM - This subroutine prints out the name of every

branch and the names of all the parameters
measured at each branch.

Variable Definition

A

AMAR (MPARM, MP2) - array containing selected methods. AMAR

L)

contains the method for parameter !|. AMAR (I, 2)

contains the level number at which the

me thod is

used, and AMAR (I, 3-25) contains the number of

the method at the corresponding point in the
level if the concentration is greater than zer«
IEN (51, MBRPI) - array containing the branch numbers for eact

level. IBN (I, 1) contains the number of points

(branches) in level I. IBN (I, 2-50) con

tains

the corresponding branch numbers for each point

in the level.

NPLA (25) - contains the number of points (branches
level

POLN (MPARM, 5) - contains the name of each parameter

FP (400, 4) - contains flagged point information. FP

contains the parameter number for flagge

FP (I, 2) contains the level number for

point |, FP (I, 3) contains the point
for the level indicated, and FP (I, 4)

the method used.

IFPT - the number of flagged points
NBRNCH (MBRNC, 2) - contains the name of each branct
BRN (MBRNC) - contains the number of parameters mea

each branch
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NP
NB

Statements

17-18

19-21

22

23

24

25
26

27
28-30

31

33-35

- number of parameters

- number of branches

subroutine definition, COMMON and DIMENSION area

zeros out the array BRANCH and BRN

prints a label

DO loop to look at all parameters

sets NPTS to the number of points in the level obtained from AMAF
DO loop to look at all points

if a parameter is not measured at a point, go to 100 (statement
sets N to the branch number and increments the number of parameter
measured at that branch

places the parameter number in BRANCH and closes the DO loop

DO loop to look at all branches

initializes KOUNT (a flag used to determine if any measurement:
were made at a branch)

DO loop to look at all parameters

prints out the branch name the first time through the loop

if no more parameters were allocated at a branch, go check

the flagged points

set KOUNT to indicate a measurement was made at a branch

prints the name of the parameter measured and continues the

DO loop

if there are no flagged points, go to 211 (statement 40)

DO loop to look at all flagged points

obtains parameter number (NSUB), level number (MM), and point

number (NN)
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40-4

L2-50
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obtains the branch number, and if it is the same as the
branch under consideration, print the name of the
parameter, and set the flag (KOUNT) to indicate that a
measurement was made at that branch, then look at the
next flagged point

if no measurements were made at a branch, print this
information and look at the next branch

CONTINUE statements, FORMAT statements, and RETURN, and

END control statements
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SUBROUTINE SAMPLE - This subroutine allocates analyst time (classification 1)
for taking samples and flow measurements. The method
used for sampling at each branch is determined by the
user, and allocation of time is based on the highest
number of samples required at a branch. Flow meas-
urement is also determined by the user.

Variable Definition

SAMFRE (MPARM) - sample frequency for each parameter

SUMM (6) - contains allocations of van space, analysts' times

and cost. SUMM (2) contains time allocation for
analyst classification 1.

IFPT - the number of flagged points

FP (400, 4) - contains flagged point information. FP (I, 1)
contains the parameter number for flagged point 1.
FP (1, 2) contains the level number, FP (1, 3) contai
the point number, and FP (I, 4) contains the method
number.

IBN {51, MVRPI) - array containing the branch numbers for each level
IBN (I, 1) contains the number of points (branches)
in level 1. IBN (1, 2-50) contains the correspondin

branch numbers for each point in the level.

NBRNCH (MBRNC,2) - contains the name for each branch
NP = number of parameters
NB - number of branches
LENGTH - length of the survey
74




R

BRANCH (MBRNC, MPARM) - contains the number of the parameters

measured at each branch

NSAMPL (10,5) - contains the names of the sampling and flow

measurement methods (up to 20 characters)

SAMPT| (10) - contians the sampling and flow measurement
times for the methods

SETUP (10) -contains the set up times for the methods

NROUT (MBRNC) - contains the code numbers of the sampling
methods (first method is 1, second is 2, etc.)
to use at each branch

NFLOW (MBRNC) - contains the code numbers of the flow measurement

Statements

21
22

23

methods to use at each branch (zero means no flow

measurement)

subroutine definition, COMMON and DIMENSION area

prints titles

reads in and prints out the sampling method names, times, and
set up times

reads in the method to be used at each branch

DO loop to look at all branches

sets flag (used to indicate if a measurement is made at a branc!
initializes maximum sample frequency to zero

DO loop to look at parameters

if no measurements were allocated at branch |, go to 15

(statement 28) to check flagged points

o




24-25 selects the parameter number and if its sample frequency is
greater than the previous maximum set the maximum (SMAX) to
this new frequency

26-27 set the flag to indicate that a measurement was made at the

branch, and CONTINUE

28 if there are not flagged points go to 18 (statement 41)
29 DO loop to look at all flagged points
30-32 obtains parameter number (NSUB), level number (MM), and point

number (NN)
33-34 obtains the branch number and if it is not the same as the
branch currently under consideration, go to 16 (statement 37)
25-37 set the flag to indicate a measurement was made and determine
if the new sample frequency is greater than the previous
maximum. CONTINUE
38 if no measurements were made at a branch, go to 17 (statement 42)
39-41 obtain the sample method used for the branch, calculates the

time required, and adds it to the previous total

L2-45 print out the appropriate information
46 CONTINUE (look at another branch)
L7-48 prints a title
L9-5] reads in and prints out the flow measurement method names,

times, and set up times

52 reads in the flow measurement code for each branch
53 DO loop to look at all branches
54 if no flow measurements are made at a branch, go to 52

(statement 61)
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;;
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25-57

58-60

61-63

64-65

obtain the proper location in the«SETUP array (4 is
added because there are 4 sample methods), calculate
the time, and add it to the total

print out flow measurement information and look at the
next branch

print out flow measurement information and look at the
next branch (no flow measurements)

RETURN and END control statements

BLOCK DATA - This segment is needed to initialize variables with

DATA statements that appear in COMMON.




Variable Definition
IFPT
|FPP

FP (L4oo, &)

POLN (MPARM, 5)
. f

AMAR (MPARM, MPL)

NPLA (25)

IBN (51, MBRP1)

SUBROUTINE PRPAR - This subroutine outputs parameter measurement
information lising methods used, measure
locations, expected values, and equipment and

analysts' times.

- the total number of flagged points
- the number of the next flagged point to check

- contains flagged point information. FP (I, 1)

contains the parameter number for flagged point
I. FP (1, 2) contains the level number, FP

(1, 3) contains the point number, FP (I,4)
contains the method number

contains the equipment names

the current parameter number

array containing selected methods. AMAR (I, 1)
contains the method number for parameter |.
AMAR (I, 2) contains the level number at which
the method is used, and AMAR (I, 3-25) contains
the number of the method at the corresponding
point in the level is the concentration is
greater than zero.

contains the number of points at each level
array containing the branch numbers for each
level. IBN (I, 1) contains the number of
points (branches) in level I. BN (I, 2-50)

i

contains the corresponding branch numbers for

each point in the level,
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PC (MPARM, 25, MBRNC) - parameter concentration at a point and a

level (eg. PC (2, 4, 7) is the concentration

of parameter 2 at point 7 of level 4).

SAMFRE (MPARM) - the sample frequency of each parameter

PMDATA (MPARM, 3, 4, 5) - array containing resource information for

up to 3 methods per parameter. The information
is stored as follows: first column - equipment
codes (up to L4 items for each method), second
column - equipment time per sample, third

column - analysts' times, fifth column - cost
per sample, set up time, location of analysis,

and time constraint

SMEQT I (MEQ) - sum of equipment time for each item
EQTIME (MEQ) - total time available for each equipmert item
SUMM (6) - contains totals of van space, analysts' times

Statements

I~ 7
8-11
=13
14-15

16

17
18-20

and cost

subroutine definition, COMMON and DIMENSION area

prints out titles

initializes LI, to indicate if there are any allocated points,
and NPTS to count the total numbgr, allocated and flagged
finds the allocated level at which the current parameter is
measured and obtains the number of points at that level

DO loop to look at all points in the level

if a method is not used at a point, go to 150 (statement 27)
if it is not the first time through the loop, go to 100

(statement 25), otherwise, increment LI and NPTS




21-24 obtain the method number, print out the parameter name,
method name, measure point, and expected value, then look
at ancther point

25-27 print out the measure point, branch, and expected value and
look at another point

28-29 if no points were allocated, just print the parameter name

30 initialize KPP, the number of flagged points for the current
parameter that use a different method than the allocated
point (s).
31-32 if all the flagged points have been checked, or if the flagged

point is not for the current parameter, skip the next segment

by going to 200 (statement 4k)

33-36 obtain the level, point, and method numbers, and the expected
concentration

37-39 increment the total number of points, and print out the

information about the current point

Lo increment the flagged point array location
L1-43 if the last flagged point used the same method as the
allocated point, don't increment KPP. If the method was
different, increment KPP. In either case, go check the

next flagged point.

LL-46 calculate the total number of samples taken, and print it out
47-48 print out a title
49 obtain the allocated method number
50 DO loop to look at all possible equipment items for a method
51-52 if no equipment is used, go to 355 (statement 60)
80

- , _ —_—.




—— L ———

53-55 calculate the time used for a method and see if the total
time allowed has been exceeded
56-59 print out equipment name, time, and if a violation occurred,
then look at the next equipment item
60 if no flagged points used a different method, go to 400

(statement 60)

61-62 print a label

63 determine the method used for the flagged point

64 DO loop to look at all possible equipment items for the method
65-66 if no equipment is used, go to 40O (statement 75)
67-69 calculate the time used for an equipment item by a method and

determine if the total time allowed has been exceeded
760=72 print out equipment name, time, and if a violation occurred,

then look at the next equipment item

73-76 print out labels
77-78 obtain method numbers for allocated and flagged points
79 DO lToop to look at each analyst
80 calculate time used for an analyst
81-82 if there are no allocated points, go to 600 (statement 85)
83 if an analyst is used for an allocated method calculate the
time
84 if the flagged and allocated methods are the same, go to 610

(statement 86)
85 calculate the anatyst time for the flagged point
86-88 determine if an analyst constraint was violated, and convert
minutes to hours and minutes
89-91 print out analyst number, time, and if a violation occurred,
and look at the next analyst

)2-93 RETURN and END control statements
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SUBROUTINE USECT - This subroutine calculates the total number of

items an equipment item has been used.

Variable Definition

E (MPARM,

NP

NE

U (MEQ)
Statements

1- 2

3- &

5- 6

7
8-10

MEQ) - contains the code numbers of each equipment item
that has been used for each parameter
- number of parameters
- number of equipment items
- contains the number of times each item of

equipment is used

subroutine definition and DIMENSION

zeros out array U

DO loop to check every equipment item and every parameter
if an item of equipment is used for a parameter increment
the total number of times that item is used

CONTINUE, RETURN, and END control statements




SUBROUTINE TICHAN - This subroutine converts time from minutes to
hours and minutes.

Variable Definition

T - time in minutes
IHRS - time in hours
MIN - time in minutes
Statements
! subroutine definition
2 converts from real to integer
3 converts minutes to hours (any remainder in the division

is truncated)
4 calculates the number of minutes remaining

5-6 RETURN and END control statements
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SUBROUTINE CORRCT - This subroutine accepts branch measurement data

and computes process model parameters from these branch measurements.

The output compares the process model parameters to computed process

parameters. The subroutine is called from MAIN if model update or

verification is desired.

Variable Definitions

A(MSORS, MBRNC)
NS
NP
NB

C(MSORS, MPARM)

NPLIST (MPARM)

EFF (MBRNC)

X (MBRNC ,MPARM)

FLOW(MSORS)

P(MSORS, MPARM)

Y (MBRNC, MPARM)

POLN (MPARM, 5)
MSORS
MPARM

MBRNC

contains the topology matrix

number of sources in a particular study

number of parameters in a particular study
number of branches in a particular

contains the parameters concentrations for NS
sources and NP parameters

lists the numbers (from the master list) of the
parameters in this study

contains the flow for each branch

contains the mass parameters for each of the

NB branches

contains the flow for each source in MGD
contains the mass parameters for each source
(c(J,K)*FLOW(J)]

parameter concentrations for each of NB branches
and NP parameters

parameter names

program dimension for the number of sources

program dimension for the number of parameters

program dimension for the number of branches




MESUR(25)

BFLIST(25,20)

iM125,25)

Statenients

{o-11

iz2-19

22-529

‘-—_______________ " ”

- lists the branches for which there are
measurement data

- For up to 25 branches and 19 parameters lists
parameter numbers (from master list) for which
measurements are taken. Except BPLIST(IP,1)
which lists the number of parameters measured.

- contains measure values for flow and other para-

meters for up to 25 branches.

subroutine definition and dimensions

reads out NB,NP and NS

Reads in MESUR(I)

Reads in BPLIST(I1B,N), YM(IB,N)

Sets UN = 0 counts the uniquely determined sources
Sets NUN = 0 counts the non-uniquely (estimated)
determined sources

Scans the branches for measurements

If no measurement, next branch

If all sources have been determined, read out summary
IFLAG = 0 treatment flag

IC = 0 counts sources contributing to branch if
measurements were taken

counts and identifies sources contributing to branct
if measurements were taken. (f any source flow has
been treated upon arriving at branch | ,{FLAG = I

If only one source contributes to branch go to 11(51)

85




i

4o-47

48

439

50-51

52-56

57-59

60

61-69

70-71

72

73-76

77-81

82
83

84

85-91

Count the contributing sources which have not been
previously determined

If only one go to 15(84)

If equal to zero-next branch

If more than one-go to next branch for now

|f the one contributing source has already been i
determined, go to next branch

If not, set MESUR(I) = 2 add one to UN and identify
newly determined source UNIQ(UN)

Set IBPLST equal to the number of parameters measured
at branch |

Set flow of this newly determined source equal to

the measured flow and read out

identify parameter measured next BPLIST(!, IP)

if treated go to 1210(77)

Set parameter of this newly determined source equal
to the measured value for branch | and read out valuec
if treated compute parameter of newly determined
source and read out

look at next parameter |P

when all parameters included in branch | have been
considered consider next branch

arrive here if there is more than one source con-
tributing to branch |

Identify the contributing source that has not been

previously determined
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91-93
94

95

96-
97-115
116-117
118-127
128

129

130
131-179
132-134
135
136-139
140

141
142-143
144-148

Add one to UN, identify newly determined source

UNTQ(UN)
Set MEASUR(1) = 2

!BPLST equal to number of measurements on branch |

consider each measurement (IP) on branch |

if measurement is flow, subtract known contributing
source flows from measured flow in branch | and
read out data. Then look at next parameter.
identify next parameter

for this parameter, subtract known contributing

sources mass values from the total parameter mass

in measured branch., This leaves mass contributed

by new source. Convert to concentration. read out.

look at next parameter for branch |

look at next branch

if all sources have been determined go to final
summation

look at each process J

has the Jth process been determined if so look at

next process

set treatment flag IFLAG = 0

find first branch in which source J appears

if this branch was not measured look at next source
if branch was measured, is it treated, if so set

IFLAG = 10

set counters ICl = 0 and IC = 0 (contributing sources

in branch | and branch (1 = 1)

count and identify sources contributing to branch |

87




149~155

156-158

159-166

167
168

169-171

172

173
174-196
175
176

177-180
181
182
183-184
185
186-187

e ———

count and identify sources contributing to branch
WiS=mEe= |

if the difference in the number of contributing
sources in branch | and |l is greater than 1, look
at next source

count and identify sources contributing to branch

| but not to II.

if this is greater than 1, next source

if this is not the source, J, under current consid-
eration, look at next source

if this source is the current source, J, then set
MESUR(1) = 2, UN = UN + 1 and UNIQ(UN) = J

are the same number of parameters measured in |

and Il. if not go to next source

if yes set IBPST = number of parameters measured
look at each parameter

if parameter is not flow go to 750(182)

if parameter if flow compute flow of newly determined
source as the difference in measured flow in branches
| and 11.

read out flow calculation results

next parameter

if parameter is not flow continue from here
identify parameter BPLIST(IP)

if treated go to 790(191)

if not, calculate the mass contribution of newly
determined source as the difference in mass from

measurements at branch | and If. Convert to con-

centration.
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188-189
190
191-194
195-196
197
198
199
200-249
201
202-208
209
210-223
224
225
226-246
227
228-232

read out results of calculations

next parameter

arrive here if treated. Compute mass contribution

of new source as the same % contributed by model

for each parameter (IP)

read out results, look at next parameter

after all parameters look at next source J. after

all sources have been scanned, continue.

if all sources have been determined go to summary

read out

set counter of nonunique (NUN) or estimated sources
scan all branches again

if branch | was not measured or if measurement was
used previously go to next branch

otherwise, count and identify contributing sources,

IC and ICONS(IC)

set counter NUNPR = 0 undetermined branch sources
count and identify undetermined sources in current
branch and in system

if no newly undetermined source go to next branch
{BPLST equals parameters measured

look at each parameter |P

if IP is not flow go to 561(235)

if flow, compute flow of each contributing undetermined
source as PER times flow measured in branch I. PER is
the decimal fraction contributed by that source in the

model. read out results
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233
234
235-244

245
246
2L47
248

249

250-260

261-262

next contributing source

next parameter after flow

for parameter k, compute mass of each contributing
undetermined source as PER times mass measured in
branch I. PER is the decimal fraction contributed
by that source in the model. Convert to concentra-
tion and read out.

next contributing source

next parameter

total of unique and nonunique determined sources.
if all sources have been determined go to final
summation.

next branch

list the uniquely determined sources and list the non-
uniquely determined sources.

return-end.
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Flow Chart of Composite Program

NO

Read NFLAG

!

call process

call treatment
subroutines
NEUTRA

SETTLE

DOME

B ;
CALL PROCES | ———e—- Subroutines
Y
CALL START | —<—{ Call CHK
Y
CALL TOP YES
NO
e
< call FLAG
<« | call CHK2
Y l
CALL LEVEL call CORRCT
YES
CALL RM o call CONCK

A

END

91

Y

call resource allocation

subroutines

TO, EQCHEC, VSCHEC, CNCHEC,
ADD, SET, PIEQCH, SUBT

call INFORM

call SAMPLE

call PRPAR [ call TICHAN |

—

il
B

call USECT |
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Process Model Flow Chart

Common Areas
Set Up Arrays
Dimensions etc

Initialize
Alphameric
Variables for
Process Names

Zero Out
Array Working
Area

Read N-no. of
Processes in
Plant

Read N Input
Process Names
(X Name) and
Capacities (CAP

JM =
JM + |

No

XNAME (M)
= to any Array
Process
Names

Yes

Call Process
Subroutine
Place in SPLIST




READ
NOD

ARE
THERE ANY

Modifications Yes

SPLIST

No
NOD = 0

to NOD =

]

READ NMOD =
No. of Modifi-
cations

NM = |

Read YNAME (NM)
ELE (NM)
VAL (NM)

JM =
JM +

No

+ i

YNAME (NM) =

NAME (UM

Set SPLIST (JM, ELE [NM])
VAL (NM)

IS
NM =NMOD

Yes




Read NPRO

PROCESSES to
be ADDED to NPRD = 1 Y
SPLIST Read NUMP No. o
New Processes

; No L T

Read NELE = # of Element
in Each New Process

© =
Read ZNAME (JN)

FLW (JIN)

L

JE = 1

1S
IZNAME (UN) =
XNAME (JE)

- &
mm
+

FLOW (JE)
Def ined

JK = |

Read SPLIST (FE, JK)

JK = No L
JK + | i
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FLOW CHART FOR SUBROUTINE TOP

START

[E;ad in treatment dagfl

Compute {H+} from pH
Compute P (1,J)

Compute branch flow EFF(I)
set constants

determine NALK and NAC

both NALK NO

and NAC in study

fpo 350 T = 1, NB|

fpo 120 M = 1, NB]

NTB (M)

NKNT
er

o o

(29

{po 230 J=1, NS|

96

print message
and return

‘
|
1




YES
—_—

YES
= 180
DO 170 K =1 NP
X(1,K) = X(1,K) + P(J,K)
' for P(J,1)
compute al, az, aO
1S
NO
P(J,NALK) = 0 ™
compute CT and
X(1, (NAC)
P(J,NAC) = 0 KLy (
Compute CT Next Branch

and x(1,NALK)

<)

Next Branch
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Both ALK and ACY = 0

print message

NO

DO 210 K=1
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(2)
<

NKNT = NKNT + 1

NTB (NKNT) = L

| DO 220 K=1, NP}

|

X(I,K) = X(I,K) + X(L,K)

Composite CT for
X(I,K) and X(L,K)

Starting value of [H+]
branch values of ALK and CT

ALK, using approx. [H+]

DALK = |ALK - ALK, |

1S
YES
DALK < .00001 - 260
!

9




&g

YES eli;

NO

decrement pH by 0.1

ALK, using approx. (6']

DALK = |ALK, - ALK|

DALK < .00001

<

increment pH by 0.1

ALK, using approx. L

DALK = [ALK, -~ ALK|

100

IS
DALK <

.00001




T o 2 P i d - " SO

B e

! YE @
& @

s s e e i

| with Einal ']
1 X(1,1) = HPLUS * EFF(I)

DO 270 J=1, NS
% 15 YES 280 Treatment
A(I,I) > 2 e

i DO 290 K=1, NP

PT (K) = X(I,K)
; 359

H(B)—

EFFT = EFF(1)

AL g N T

; 101




CALL NEUTRA

CALL SETTLE

NEUTRA

SETTLE

DOME

L

CALL

DOME

P S
5

DO 340 K=1, NP

[x1,x) = PT()]




[Do 400 I=1, NB|

[po 400 J=1, np|

[Y(1,3) = x(7,J)/EFF(D)]

®

[H+] to pH
®

[po 420 J=1, Nsj

[po 420 1-', NBJ

YES

NBB = BN

NPP = NP
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END
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102

CT from
ACY

Yes

FLOW CHART FOR SUBROUTINE

NEUTRA

set constants XK], XK2

compute HPLUS

compute ao,Aa], az

for ACID NEUT

CT and ACY
from ALK
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1
%0 and ay from ‘
W= 1077
a0H
or Neither-T
" CaC0; = MENU = 2
! NaZCO3 - MENU = 3 !
‘ CaOH - MENU = 1 <£§5 |
| NaOH - MENU = & !
® |
i
CTOUT = CTIN ACYOUT = ACYIN
|
compute ACYOUT compute CTOUT
{
MENU = &4 CalOH or 2 j

‘10» NaOH
MENU = 1

Compute Ca(OH)2

MENU = 3

|
|
1
{

to be added
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Ca and SO

4

in study

Yes

print

message and

return

SOh and Ca

in molar units

Y

PT(1), PT(NAC),
PT (NACK)

after treatment

Y

solubility

product

SOLYP

SOLYP _ 1,32 x 107"




Calculate precipitate
CaSOh and remaining

Ca and SOb

Y

dissolved, total

and suspended

solids, hardness

return

()

compute NaOH

required

determine after treatment
values for H', ALK, ACY,
Na’ dissolved solids,

total solids

Return

e s
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i 2,

no precipitate; calculate
ca; dissolved, total, and

suspended solids, hardness

return

©

CaCo

required

Ca and SOu

Message

and

return

after treatment

+
values for H |

ALK, ACY




Ca and SOA in

molar units

compute SOLYP

- £
OLYP < 1.32 x 10 7 3

No precipitate, calculate:
Ca; dissolved, total, and

suspended solids, hardness

Compute precipitated CaSOh

and new values of SOM and

Ca

Return

determine dissolved,
total, and suspended

solids, hardness
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¢

compute Na2C03

required

Compute after NEUT
values for
H*, ACY, ALK, Na,

dissolved and total

solids
Return
AITT;\ Yes
./
CT and ALK
from
ACY




ay and o, from

CTOUT = CTIN

computer ALK, H+, ACY

=123
=29
Yes

H2S04 -
MACY = 1 Yes
Compute H2S04 HCL - MACY =
required
l Compute HCI
Compute dissolved Y |

and suspended Compute dissolved and

suspended solids, Cl

solids, SO4




Compute HNO

3

Compute dissolved and
suspended solids,

nitrite/Nitrate

Return

ALKIN = ALKOUT

CTOUT from ALK

I

CO2 required

!

resulting H+, ALK, ACY,

dissolved and suspended

solids

Return

L




FLOW CHART FOR SUBROUTINE SETTLE

START

calculate removal

factor, RF

is
Yes

con(2) | Compute new COD
included

No

<

Yes

Compute New TOC

is

KJEL(N) (8)
included

Yes i~ 4;<EE>

TOTAL SOLIDS
(9) included
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if

P QG T A b .

Susp SOL(10)

Compute NEW S. S.

included

Yes

Vol. Susp. SOL

Compute New V. S. S.

(16) included

Yes
turbidity (23)

included

Compute New Turb.

ammonia (5

included

Compute New Kjel.




Set IND = 0

yes

IND = 1
MF DIS. SOL. No.

—

-
Susp. Sol.
No
and not — f37x
Dis. Sol N’

include

NO

IND = 3
MM = SUSP SOL

IND = 2

MM = SUSP SOL
]

Compute total solids
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FLOW CHART FOR SUBROUTINE DOME

START

TT = PT (j)/ FLOW

|

Primary Clarifier
RF

After clarifier

dissolved, suspended, total
solids; TKN, TOC, COD, VSS,
TURB, BOD

= |
ITYPE » @ Activated

Sludge

=0 Trickling
Filter

BOD Removal:
Suspended Solids,
cop, Toc, BOD
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NH3 - N reduction:

NHy, TKN, N.

Secondary7Clarifier
RF
New Suspended Solids

Reset
PT(J)

Return

117

Activated Sludge

Compﬁte
BOD
out

;

New values for:
cop, ToC, BOD,
Suspended solids

1

Secondary Clarifier
and new Suspended

Solids

NH3 by iteration

new values of NH3,
TKN, N




Flow Chart for Subroutine RM

86

Read in and print out
resource information

Y
Call CONCK

Y

Read in and print out

constraints on van space,
analysts' times, & cost

)
DO 1000 I = 1, NP

Y

LREM=0
LT =0

DO 2000 J =

|
=z
—

Have all
points at level, J
been flag-
ged

NO
DO 3000 MC = 1,3

LT = 2
Y LREM = L
JREM = J

Y

AMAR(I, 1) = L

Y
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check all parameters

check all levels

check all methods

saves method number
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LT = LT = 1
AMAR (I,2) =J

Y

| Call Tofi
Call EQCHEC check for equipment
violation
Call VSCHEC check for van space
violation
space vio-
lation
Call CNCHEC check for analyst time

violation (call 4 times)

analys
time viola-
tion

Call CNCHEC check for cost
violation
violation
Call ADD add new allocations

@ check the next
parameter
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300y YES

A

save original
violation code

equipment
violation

save equipment code for
which the violation
occurred

try another method

Y

try another level

Call SET
Call ADD

new viola-

YES
Print out
violation

information

tion the same
as the last
one

Determine the type of
violation

Call PIEQCH
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===

Y Print out violation

viola-
tion relieved

information

; &

Call INFORM
Call SAMFLE

)
Call PRPAR
[

Print out resource
allocation information

RETURN
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check the next parameter




Flow Chart for Subroutine CONCK (feasible method determination only)

DO 100 I = I,NP check all parameters

MNCK = 0

DO 200 J = 1, NL check all levels
Y

Mc-p
A

DO 300 L = 1, NMAI check all methods

[D0 400 K = 1, NPLAJ |  check all points in
level J

zero
concentra-
tion

YES

centration ac-
ceptable for the

method under consider-
ation

MNCK = MNCK + 1
MC = MC + 1

¥

PM(1,J,MC) = L saves feasible method

check if a feasible
method has been found

E




Flow Chart for Subroutine PIEQCH

IMO = |

IMO = IMO - 1
)

LR = AMAR (IMO,1)
JR = AMAR (1MO0,2)

JRR = JR
LRR = LR

200 YES <

mine if the
piece of equipment vio-
lated is used in the
current method

mine if the
analyst violated is
used in the current
method

123

saves parameter number

obtains method and level
numbers tentatively
assigned by RM

saves initial method

and level numbers

analyst violation?

van space or cost
violation?




Call SUBT subtracts current
allocation

mine if the
current method is
last available method at
the current method

NO

[jR = JR + 1 ] increment level

Y

MC = 0 l set method counter
/

MC = MC + 1
|

DO 600 J = JR, NL look at all remaining
¥ levels

DO 700 M = MC, 3 look at all remaining

methods

N

690

Call TO
v

[ call EQCHEC |

ment violation

[carr vschec |

iolation

[;;Jl CNCHEC

Oox




analyst
violation

[cal1 cHewee ]

cost
iolation

NO

Call ADD
NOV = 0O

=
m
i
=
P
=

MC = 1|

(®)-

Call ADD

O
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x e St

add new allocations

set violation code

continue method search

set method counter

continue level search

no relief was found for
current parameter so add
previous allocations

i_




FLOW CHART FOR SUBROUTINE

CORRCT

[wRITE NB,NS,NP]

y

READ
MESUR(1)
BPLIST(IB,N)
YM(IB,N)

SET COUNTERS
UN,NUN = 0

MEASUREMENT
AT BRANCH
s

NO
@ NEXT BRANCH

YES

IFLAG,lc = 0

DID
SOURCE J
CONTRIBUTE

"o NEXT SOURCE

YES
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COUNT SOURCES
e = 1C + |

Y

NOTE SOURCES
IcoNs(IC) = J

IS
IFLAG = 10
(1S ANY
SOURCE
TREATED)

NEXT SOURCE

NEXT SOURCE

IFLAG = 10

NEXT SOURCE J

MORE THAN |
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MORE THAN 1

COUNT = 0

FOR NONUNIQUE
DETERMINATION
AFTER ALL BRANCHES

NEXT CONTRIBUTING
SOURCE

FOR NONUNIQUE
DETERMINATION
AFTER ALL BRANCHES

FOR UNIQUE
DETERMINATION

NEXT BRANCH



ONE CONTRIBUTING SOURCE

HAS
THIS SOURCE
BEEN
DETERMINED

NEXT BRANCH

SET MESUR(1) = 2
UN = UN + 1|
IDENTIFY NEW |
UNIQ SOURCE |

HOW MANY
PARAMETERS
MEASURED
BRANCH |

IS
PARAM
FLOW

NOT FLOW

COMPUTE
CORRECTED |
FLOW, PRINT :
MESSAGE

1
@ NEXT PARAMETER, [P




r
]

IDENTIFY NEXT
POLLUTANT

SOURCE
TREATED

DETERMINE SOURCE
WITH TREATMENT

CORRECT PARAM K
SOURCE 1CONS(IC)
TO YM(I,IP)
PRINT
MESSAGE

@ NEXT PARAMETER I[P

COMPUTE % CONTRIBUTION
OF SOURCE I1CONS(IC) TO
BRANCH | MASS

l

COMPUTE CORRECTED
CONCENTRATION FROM
% AND BRANCH MEAS
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g ()

PRINT
MESSAGE

NEXT PARAMETER [P

AFTER ALL [P THEN NEXT BRANCH |

GO

SOURCE IN

UNIQ LIST, NEXT SOURCE

NO

IDENTIFY
UNDET SOURCE
INCREMENT UN
MESUR(I) = 2

1

HOW MANY
PARAM
MEASURED AT
BRANCH |

NOT FLOW PARAM

I1C

T I Ry ———




SUBTRACT UNIQUE
SOURCE FLOWS
FROM YM(I,1)

CORRECT
FLOWM (UNDET)

PRINT
MESSAGES

COMPUTE % CONTRIB
OF UNDET SOURCE
PRINT MESSAGE

NEXT PARAMETER [P

IDENTIFY NEXT
POLLUTANT, K

DETERMINE X = XE
OF SOURCES NOT
UNDET
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DETERMINE MASS PARAM
K FOR UNDET

CONCENTRATION FOR
K IN UNDET

1

OUTPUT

NEXT PARAM IP

AFTER ALL IP - NEXT BRANCH
AFTER ALL BRANCHES CONTINUE

WAS
SOURCE J

DETERMINED NEXT SOURCE

LOCATE NEAREST
BRANCH
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MEASURED NEXT SOURCE

IFLAG = 10

EE R LEE=R0

COUNT CONTRIB
SOURCES OF
BRANCH |, IC
IDENTIFY, [CONS

Y

LOOK AT PREVIOUS
' BRANCH ||

IS
BRANCH 11

MEASURED NEXT SOURCE




COUNT CONTRIB
SOURCES OF
BRANCH I'I, ICI
IDENTIFY, ICONSI

YES
@ NEXT SOURCE

NO

COUNT AND IDENTIFY
SOURCES [N ICONS NOT
IN ICONSI

MORE THAN NEXT SOURCE

NEXT SOURCE
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T

IS
BPLIST(I,1) =
BPLIST(11,1)

‘L VES

NEW FLOW(J) =
YM(1,1) = YM(11IM])

[

PRINT
MESSAGE

IDENTIFY
PARAM K

IS
BRANCH |
TREATED,

NO

COMPUTE NEW C(J,K)
FRO* MEASUREMENTS
IN BRANCHES I, |1

l

PRINT RESULTS

NEXT SOURCE




COUNTER
NUN = 0

NEXT
BRANCH

¥YES
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NEXT PARAM K

AFTER ALL PARAM
NEXT SOURCE
AFTER ALL SOURCES

“IE’ WITH

TREATMENT

% CONTRIBUTION OF
SOURCE (J) TO
X(1,K) - x(11,K)

!

COMPUTE MEW
c(J,K)

PRINT
RESULTS




WRITE OUT LISTS
UNIQ SOURCES
NONUNIQ SOURCES
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DID
SOURCE J
CONTRIBUTE

COUNT SOURCES
IC = IC 1

NOTE SOURCES
ICONS (IC) =

HAS
SOURCE

NUN = NUN + |
NUNPR = NUNPR + |
NUNIQ(NUN) = 1CONS(ICC)

NSORSC (NUNPR) = |CONS(ICC)
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NEXT SOURCE

NEXT SOURCE

Count for system
count for branch
system sources
each branch




NEXT SOURCE

HOW MANY
PARAMETERS
BRANCH |

NOT FLOW

Y YES

FOR EACH CONIRIB,
SOURCE CALCULATE
% CONTR FROM MODEL
FLOW(J)/EFF(1) = PER
CORRECTED SOURCE
FLOW = PER * YM(I,IP)

PRINT
MESSAGES
& RESULTS

@ NEXT PARAMETER

START NEXT PAGE AT 56!
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IDENTIFY NEXT
POLLUTANT, K

PER = C( ) * FLow ( )/x(1,K)

FOR EACH CONTRIB
SOURCE CALCULATE
% CONTRIB FROM MODEL

CORRECT PARAM K
SOURCE NSORS (JJ) TO
CM (NSORS(JJ), K)

NEXT SOURCE, IJ

NEXT PARAMETER, I[P

HAVE
ALL SOURCES
BEEN
DETERMINED

MESSAGE AND
TERMINATE

NEXT BRANCH

AFTER SCAN OF ALL BRANCHES
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