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I survey, conducting the survey and reporting on the survey were included in the
s tudy .

The site modeling program models the manufacturing processes which c n t r i

I bute pollutants to the system , models the sewer system , and mode l s  t h e  t r € , t —
ment system including acid or caustic n e u t r a l i z a t i o n, s e t t l i n g  ponds , m d
domestic t r e a t m e n t .  The i n p u t s  to the model are the  p r o d u c t i o n  levels of ~~

I 
manufacturing processes and the outputs are the predicted pollutant moa surl cu n
values at each possible measure point in the system.

The resource matching program accepts data defining proposed meaud Ire~~ Ct S
and matches these against the available time, manpower, and equipment. The

I output lists the pollutant to be measured at each measure p o i n t , the  t utal
commitment of time for each analyst and for each piece of equipment. h ITtI 15
made of any overcommitment of manpower or equipment .

I The model refinement or updat ing  program accepts measurements taken dun n
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 saniturv tr it-

I ment facilities.
The program usea design data , data from the operating log and/or d , i t , i

generated during the survey and computes key operat ional  c h a r a c t e r i s t ic s .  Corn

I paring these with desirable values as cited in design books and manuals w i l l
give the survey planner insight into the operation of the system and suggest
the need for more survey measurements or the need for changes In o p e r a t i o n .

I A system was developed for automatic inatrumentation of pH , conduct ivit y ,
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 .

I A data handling system was developed for use during and after the survey .
A PDP8—OS/8 and periphetal equipment was purchased. Software was develu~ i l  to
perform data handling functions and to direct the user in a p p l i c a t i o n  of the

I software. The program accepts raw data from the a n a l y t i c a l  c h e m i s t  and per-
form s data conversions, transcriptions, and data logging functions. Putput
is available in several forms as may be needed for various reports durin~ i l l

P
at the end of the aitrvey.

Reconinendations are: the survey planner should obtain s u f f i c i e n t  ~at  I i l l

a proliminary survey to model and analyse the site; measurements should h ~UI ’ -

mated to the maxtmum *xtent possible; data hAndling should be del egat.~ t~~ t

I computer when the opei~ations are well defined and repetitive. The p T I 1 . r s .

software and hardware Included here will assist the survey planner in i e l 1 c ~i
these recommendations and design a more effective survey.
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INTRODUCTIO N

This manua l was written to assist a programmer in modif y ing the

Survey Planning Program. The documentation given here is sufficientl y

comp lete 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

def i ned . The function of each statement or small group of statements

I is explained . Flow diagrams are included to dep ict the log ic re lat ion-

ship among statements and/or subroutines.
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CHANGIN G SYSTEM PLANNING PROGRAM DIMENSIONS

The program and subroutines have been written so that onl y cards

in the MA IN program need to be changed to redimension the system. The

quant ities that can be varied are: the numbe r of pollutant parameters ,

the number of sources (processes), the numbe r of branches , the numbe r

of pieces of equi pment.

The specific i tems in the MAIN program wh i ch must be changed to

redimension the system are g i ven in the follow ing paragrap hs:

To handle more than 25 sources (where = numbe r of sources)

in the MAIN program ,

change MSORS = 25 to MSORS = i and in

the DIMENSION statement the arrays to modif y are :

XNAME (25) XNAME (i)
YNAME (25) YNAME (i)
FLOW (25) FLOW (1)
SPLIST (25,25) CHANGE TO SPLIST (1 ,25)
CAP (25) CAP (1)
A (25,25) A (1 ,25)
C (25,25) C (i ,25)
P (25,25) P (i ,25)
SUM (25) SUM (i)
SUMA (25) SUMA (1)

To handle more than 25 branches (where n number of branches)

in the program ,

change MBRNC = 25 to MBRNC = N

and in the DIMENSION Statement the arrays to modify are :

A (25 ,25) A (25,n)
V (25,25) Y (n , 25)
X (25,25) X (n,25)
EFF (25) EFF (n)
NBRNCH (25,2) CHANGE TO NB RNC H (n ,2)
IBN (51 ,26) IBN (51 ,n+1)
PC (25,25,25) PC (25,25,ri)
AMAR (25,27) AMAR (25,n+2)

2



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 ,

J 
change MPARM = 25 to MPARM rn

and in the DIMENSION statement the arrays to mod i fy are :

SPLIST (25,25) SPLIST (25,m)
C (25,25) C (25,m)
V (25,25) V (25,m)
X (25,25) X (25,m)
P (25,25) P (25,m)
NPL IST (25) NPLIST (m)
POLN (25,5) POLN (m,5)
NTEMP (25) NTEMP (m)
SAMFRE (25) SAMFRE (m)
NMA (25) NMA (m)
MENAME (25,3,5) 

CHANGE TO MENAME (m ,3,5)
PCRM (25,3) PCRM (m,3)
PMDATA (25,3,4,5) PMDATA (m,3,4,5)
IDO (25,25) !DO (m,25)
PM (25,25,3) PM (m,25,3)
AMAR (25,27) AMAR (m,27)
PC (25,25,25) PC (m ,25,25)

J NALOW (25,25) NALOW (m,25)
EQUSED (25,75) EQUSED (m ,75)
NSET (25,3) NSET (m,3)
FLGPT (25) FLGPT (m)
RANK (25) RANK (m)
BRANCH (25,25) BRA NCH (m)
ELE (25) ELE (m)

To handle more that 75 p ieces of equi pment ( j  = numbe r of equi pment)

in the MAIN program ,

change MEQ = 75 to MEQ = j

and in the DIMENS 1ON statement:

change VNSP (75) to VNSP (j)

SMEQTS (75) SMEQT I (.j)
EQUSED (25,75) CHANGE TO EQUSED (25,j)

3
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I

EU (75) EU (j)
EQTIME (75) EQTIME (j)I EQNAME (75,5) EQNAME (j ,5)

I 
It should be noted that these are the only changes required on the

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

routines. Also , it is ve ry i mportant that the array parameters MSORS ,

MBRNC , MPARM , MEQ, MBRP 1 , and MP2 and the array subscr i pts correspond

I exactly. For examp le , i f MPARM = 31 , then every array that is affected

by an increase in parameter capability must have 1 1 3 1 1 1  appearing in the

prope r subscri pt position as exp lained in that section . Care chou ld

also be exercised that every array has its prope r subscript changed.

Any omission may lead to errors that may not be i mmed iatel y apparent.

- I
I

I

I
I

I
I
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MAIN - This program calls the subroutines LEVEL , START , CORRCT , PROCES ,

TOP , and RM . Also it sets up arrays and zeros out memory space.

Variable Definition

Variables are defined In each subroutine where they appear.

Listed here are onl y the variables specificall y referred to in this

program.

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

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

parameters

TEST - a flag to indicate insufficient data for TOP

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

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

MEQ - a number to dimension arrays--the number of p ieces of

equi pment

MBRP 1 - the number of branches plus I

MP2 — the number of branches plus 2

MASTER — the largest parameter number to be used in the current

prob l em

EPSLON — a flag to determine if CORRCT is to be called

Statements

defines COMMON

2-7 dimensions all arrays in the program. These dimensions must be

in agreement with numbers assi gned MPARM , MSORS , MBRN C , MEQ,MBRP 1 ,

and MP2 .

8 l 3  defines size of MPARM , MSORS , M B R N C , MEQ, MBRP 1 , MP2

14-40 zeros out arrays NSET , PCRM , PM DATA , SAMFRE , NMA , NALOW , Y , PC ,

PM , AMAR , NPLA , SMEQT I , EQTIME , CONSTR , SUMM .

L ~~~~~~~ - _ _ _ _ _ _ _ _  ___________________



41 MASTER is read in

42 NFLAG is read in

43 EPSLON is read in

44 forma t for readinq MASTER , NFLAG , EPSLOM

45 CALL PROCES subroutine

S. 146 CALL START subroutine

47 CALL TOP subrouting

48 if TEST = I terminate program if ALK and ACV are not inc luded
in NPLIST

49 If EPSLON = 0 ‘.. not ca l l CORRCT

50 Cal 1 CORRCT

51 if NFLAG = 0 call LEVEL and RM

52 Cal l LEVEL

53 Cal l RH

54 STOP

55 EN D

i.

6



SUBROUTINE PROCES - This program accesses a library of subroutines

each of which defines a process in terms of flow at

lOO?~ capacity operation and concent ration 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 chang ing individual parameters with-

in the arrays or by rep acing entire -ows which

represents an entire process .

Variab le Definition

XNAME (MSORS) - ‘~rocess names--read in when defining list of

processes in a p lant

YNAME (MSORS) — process names--read in wr~en performing modifications--

defines row in which modification is to be made

ELE (MPARM ) - parameter (element) in row to be modified

VAL (MPARM) - value to which above pa rameter (element) is

to be modified

ZNAME (25) - process model names--name of process models which

do not res de in library which user wishes to define

FLW (25) - value which represents lOO .~ flow of a new process model

FLOW (MSORS) - array which holds values of process flows at full

operating capacity

SPLIST (MSORS , - array which holds values of pollutant param eter~ --
MPA RM)

rows relate to process model names--columns relate

to each different pollutant name

CAP (MSORS) - operatin g capacity of a proce
.7



4

Lines

Name of subroutine PROCES

2 Dimensions the arrays , XNAME , ELE , YNAME , VAL , ZNAME , FLW ,

FLOW , SPLIST , CAP

3 Sets the variable ELE to an integer variable

4.. 5L~ Initialize the names of processes in the library

J 55- 60 Initialize the FLOW and SPLIST arrays to zero

61- 62 Reads N - the number of processes to be used in a particular run

63- 68 Reads and writes the names of each process to be used in a

run and the corresponding operating capacity of each process.

69 Resets JM = 0

70-122 Se l ects and calls the appropriate subroutine for defining

each process used in a particular run. These subroutines

are described below

123-124 Reads NOD - this variable if h1 l ~~ indicates that these are

modifications to be performed on the SPLIST array - if l o ll

ind i cates tha t there are no modifications

1 25 Writes NOD

126 Checks value of NOD - if NOD = “I program execution is

transferred to statement 127 - if NOD = “0” program execution

is transferred to Statement 11+0

127-128 Reads NMOD - the number of modifications to the SPLIST arra ’,

129 Writes NMOD

1 30-134 Reads and writes YNAME , ELE , and VAL variables

135-139 Compares YNAME ’ s to XNAME ’s. When YNAME matches XNAME the

value of the SPLIST element defined by JM and ELE(NM) is

rep laced by VAL(NM)

8
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I

I
140-142 Reads and writes NPRO - if NPRO = “I” ind i cates 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”

ind i cated that there are no undefined processes in the XNAME

array.

143 Checks the value of NPRO - if NPRO 1 11 execution is

transferred to Statement 144. If NPRO ‘0” execution

is transferred to Statement 160.

144-145 Reads NUMP — the number of new processes to be defined now

11+6 Reads NELE - the number of pollutant elements to be p laced

in the SPLIST row pertaining to each new process bei ng

defined now.

11+ 7- 159 Does the following :

I . Reads ZNAME - name of new process previousl y put

in XNAME array and also reads FLW which is flow from

new process at IO0?~ capacity.

2. Compares ZNAME to XNAME array entries. When proper

entry found this process is defined :

a. FLOW - flow for new process at operatin g capacit y

b. SPLIST - elements are read in corresponding to new

process.

This process is repeated for each new process un til all new

processes are defined .

160 Return statement - returns program execution to main pro gra’

161 END statement

9
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PROCESS LIBRARY - Subroutines for defining processes in library.

One subroutine for each process in l ib rary .

Line

Subroutine name

2 DIMENSIONS FLOW , SPL IST , CAP

3 Defines flow of process at operating capacity

Flow (JM) = .01 * CAP (JM) in % ‘~ MGD at 1OO~

Next N The next N statements define the row of the SPLIST

statements array which correspond to this process. N be i ng

the n umber of pollutants.

The next statement returns execution to the PROCESS

subroutine .

END statement

10



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

l ist.

Variable Definition

A (MSORS , - contains the topo l ogy matrix of up to 25
MB RN C )

sources and 50 branches

NS - number of sources

NB — numbe r of branches

NP - number of parameters

NTOP — number of outfalls from system

C (MSORS , - contains parameter concentration for each of
MPARM)

25 possible sources for up to 25 parameters.

Selected from SPLIST

SPLIST (MSORS , - master parameter concentration list passed
MPARM)

from the Process Model

NPLIST (MPARM) - parameter equ i valence 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 , pa rameters , and

out fa l l s  (NS, NB , NP , NTOP , respective l y)

1 1 -12 reads in the numbers of the parameters from the m aster

l ist

1 1
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13-16 reads in the topo l ogy matrix

1 7-19 reads in the names of the branches

20-26 selects the appropriate parameter concentrations from

SPLIST which contains the information for the master

list of parameters and compresses it into array C

27-32 initializes variables for COMMON , calls CHK 1 and returns

and ends

12



SUBROUT I NE CHK1 - Thi s routine reads in parameter name s, samp le

frequencies , number of methods available for

anal ys is , length of survey , and outputs topo logy

matrix , and source parameter information

Variable Definition

A (MSORS , MBRNC) - contains the topo l ogy matrix of up to 25 sources

and 50 branches

NS - numbe r of sources

NP — number of parameters

NB - number of branches

C (MSORS , MBRNC) — contains pa rameters 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 1+

characters)

NTEMP (MPARM) — contains the number of methods available to

analyze each parameter

NPLIST (MPARM) - parameter equivalence array

SAMFRE (MPARM) — contains sample frequency for each parameter

NMA (MPARM) — contains numbe r of methods available to anal yze

each parameter (from master list)

Statements

1— 9 subroutine definition and COMMON area

13



-- - --V.-— V_V -- 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

10-11 reads in length of the survey

12—1 3 reads in the number of non-competing parameters

14— 17 FORMAT statements for output , and page eject

18-22 prints number of parameters , number of non—competing

parameters , length of the survey, and labels

23—33 reads in all parameter names , number of method s and

samp le frequencies from the mater list and saves onl y

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

34-37 prints labels and number of sources , branches , and

out f a l l s

38-1+1 prints the numbers of the sources , the names of the

sources , and the rows of the topology matrix

42-46 prints labels and the flow associated with each source .

47-i+9 in tiaHzes counters and flag (for use if more than 6

parameters are used)

50 if more than 6 parameters are present go to 30 (statement 60)

51-57 prints out parame ter name , source name , and the corre-

spond i ng concentrations for up to 6 parameters at all

sources

58- 59 if more than 6 parameters go to 31 (statement 7?), othe r-

wise go to the return segment.

60— 61 there are more than 6 parameters so in i t i a l i z e  counters

the first time this segment is used

62 if this segment has been used before , go to 32 (statement

65)

11+
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63-64 increment counter and transfer to 33 (statement 51)

65 set I to the next parameter number

66-69 determ i nes the upper lim i t  on the parameter number (NNP) .

This segment is used to guarantee that no more than 6

col umns of parameters are printed at a time

70 transfers to print segment (statements 51—53 )

71-72 if all parameters have been printed , return , otherwise ,

go to 30 (statement 60) to select next 6 parameters

73-75 CONT I NUE , RETURN , AND END control statements

i

I
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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 .

Variehie Definitions

A (MSORS , MBRNC) — contains the topology matrix of up to MSORS sources

and MBRNC branches

NS, NSS — number of sources in a particular study

NP , NPP number of parameters in a particular study

NB, NBB — number of branches in a particular study

C (MSORS , MPABM) — contains the parameter concentrations for NS

sources and NP parameters

Y (MBRNC, MPARM) — output matrix of parameter concentration for

each of NB branches and NP parameters .

FLOW (MSORS) — contains the quantity of flow for  each source

(MGD)

X (MBRNC, MPARM) — contains mass parameter for each of the NB

branches

EFF (MBRNC) — contains the flow for each branch

P (MSORS , MPARM) — contains the mass parameter for each source

fc (J , K) * FLOW (J) }

NPL IST (MP ARM) — lists the numbers (from the master list) of

the parameter s In this study

PT(25) — branch parameters passed to treatment

subroutines

16 
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EFFT — branch flow passed to treatment subroutines

MSORS — the program dimension for the number of sources

MPARM — the program dimension for the number of parameters

MBRNC — the program dimension for the number of branches

TEST — a flag that is set if all source flows are not

given

CRFLAG — a flag that is ~et if TOP is called from CORRCT

so that read in of treatment data is omitted

RA}I K — variable for summing masses in FLAG subrout ine

FLGPT — flagging level for each parameter

17 
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Statements

1 - 7 subroutine definition and dimensions

8 set test flag = 0 Tes t  = 1 informs MAIN that

the re is insufficient flow information to con-

t i nue

9 — 1 1 zero out X(i ,j) array

12 flag to ski p read in if TOP is called from

CORRCT

13 — 28 read in treatment data

Settle: AREA

NEUTRA : MNEUT , MENU , NCAUS , MACY ,

DOME : h YPE , TEMP , AREAP , AREAS , ABVOL , IFAREA ,

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

29 - 30 read out AREA

+33 - 35 change pH to ~H }

36 — 38 concentrat ion C ( I  ,J) times FLOW to g ive P (i ,J)

for each source

39 — 49 Do loop to compute the flow of each branch ,

EFF(I). If flow of any source is not g iven ,

print message and return to MAIN with TEST 1 .

50 - 51 set flags NAC and NALK 0. These wi l l  indicate

when alkalinity and acidity are not in NPLIST .

52 — 53 set constants XK 1 and XK2

54 — 56 determine numbers for NAC and NALK

57 — 61 If both NALK and NAC are in NPL IST continue .

If not print out message set Test = 1 and return .

62 - 11+2 calculates the mass parameter , X( I ,K) . in branch I .

18 
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63 — 66 set variables and counters to zero

67 s tar t  search through topology matr ix  to  de te rmine

branch inputs

68 if source J does not contribute to branch I , look

at next source

69 if current branch is not the f i r s t  branch , go

to 180 (statement 89)

70 — 88 for  the f i r s t  branch calculate the contr ibut ion

to X( I ,K) for  each con t r ibu t ing  source J fo r  each

parameter K. As each source J is added , a l k a l i n i t y ,

a c i d i t y ,  and capacity fac tors  CT are computed as

conservative parameters .

72 Source fW~} for  computing CT is computed

73 — 75 ci i, ~~~ 
and c~o are computed for  source J

76 — 79 if source a lka l in i ty  is known CT and acid ity are

computed from a lka l in i ty

80 for branch 1 look at next source

81,87 if acidi ty is given for source J then CT and

alkal ini ty are computed in terms of a c i d i t y .

88 for branch 1 look at next source .

89 sets II to one less the current  branch number

90 begins search back through columns of topo logy

matr ix

91 L Is the current column being  checked

92 — 93 if source J appears In branch L go to 200

(statement  95) otherwise look at next  branch back

19 
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94 if source has not been included in some previous

branch go back to 130 (statement 70) and compute

the con t r ibu t ion  to X (I,K), inc lud ing  a l k a l i n i ty ,

acidity , and CT.

95 — 101 if source has been included in some previous

branch L , add the X (L ,K)  of t ha t  branch to the

current  X (I ,K) ca lcula t ion  unless tha t  X (L ,K)

has been included in X (I ,K) vhen looking at a

previous source.

96 — 99 if the amount from branch L has a l ready 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

7 {NTB (NKNT) = L}

102 — 103 compute CTI for branch L and get composite CT

104 look at next source

105 — 123 given the conservative values of CT and

alkalinity for  a mixture of flow s in branch I ,

(H +} is computed by i t e ra t ion  using f low we igh ted

{H + } as s tar t ing  value .

105 approximate  value of {H +} fo r  s t a r t i n g

106 molar value for alkalinity

107 Composite CT wi th  f low div ided out

108 alkalinity from CT and approximate  (H +}

109 — 111 test fo r  Convergence

112 decrement pH b y 0.1

113 — 117 reca lcu la te  ALK and t es t  f o r  convergence

118 incremen t pH by 0.1

20
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1 19  — 123 recalculates ALK and test for convergence

12 1+ this g ives buffered pH for composite flow

of branch

125 — 127 checks to see if the branch flow undergoes a

new treatment in this branch. Note {the X(L ,K ;

values previousl y added were treated values if

appropriate) if a treatment occurs here go to

280 (statement 128) else go to next branch .

128 — 13 1 prepare variable for treatment subroutine

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

133 if A(J , i ) = 3, then call SETTLE

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

135 — 139 calling statements

140 — 11+1 restoring X ( I ,K) after treatment

142 end of loop for each branch

11+ 3 — 11+ 8 change mass variables back to concentrations

{ Y ( I ,J ) }  for output.

11+9 - 153 change the ~~ va l ues to pH

159 — 157 change A matrix to — or I entries for later u’.e

158 — 159 set NBB and NPP

160 call CHKZ for read out

161 call FLAG subroutine

162 — 163 RETURN and END statements

21
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SUBROUTINE NEUTRA - This subroutine mode ls the neutra lization treatments .

I t 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 (O H) 2

J 
MENU = 2 CaCO 3
MENU = 3 Na 2 CO 3
MENU = 4 NaOH

NCAUS = 1 H
2SO4 or IIC I or 1*40

3

NCAUS = 2 CO2

MACY = 1 H2SO4

MACY 2 HC I

M A C Y = 3  HNO
3

Variable Definition s

NPL IST (MPARM) - lists the numbers from the master list of the

parameters in this study

PT (MPARM) - b r a n c h  parameters passed to treatment subrout ine

EFFT - branch flow passed to treatment subroutines

MPARM - the program dimension for the number of parameters

NP - the number of pa rameters in a particular stud y

Statements

1- 5 call and di c-i ~ n sion statement s

6, 7 constants for capacity factor ( C T )  ca lcul it ion

22
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8 PT(I) to

9 1 1  V~~~~, ~~ 
for branch H~

12 i f  caustic neutra l ication go to 180 (statement 1+2),

for acid neutralization continue

1 3— 1 9 compute CT in and ACYIN with either ALK i n  or ACY .

g iven

20-22 and for H~ = 7 after treatment

23 if acid neutralization treatment is by Ca(OH)
2 

or

NaOH go to 104 (statement 25)

21+ if acid neutralization treatment is by CaCO
3 

or N~i~ C0
3

go to 105 (statement 29)

25 CT for Ca(OH) or NaOH
(101+) 

out 2

26 ACY for Ca(OH) or t4aOHout 2

27 if Ca(OH)2 go to 106 (statement 33)

28 if NaOH go to 107 (statement 79)

29 ACY for CaCO or Na CO
(105) out 3 2 3

30 CT for CaCO or Na CO
out 3 2 3

31 if CaCO
3 

go to 108 (statement 88)

32 if Na2C0~ 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 SO
4 

are included

in stud y. If not print message and return .

47 SO
4 in molar units

48 total Ca in molar uni ts

49 act ive Ca in molar units

23
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50-52 H~ , ALK , ACY out af ter neutra l i za t i on  (a l l  mu l t i p l ied  by

flow )

1 53 calcu la te so lub i l i t y  product (SOLYP )

51+ if SOLYP < 1.32 x ~~~ go to 20 (statement 69)

U 55-57 calculate CaSO4 precipitate

1 58 remaining SO4

59 remaining Ca

60-68 determine dissolved solids , total solids , suspended solids ,

P 
and hardress return

69-78 determine Ca , d issolved so l ids , total solids , suspended

I (20) solids and hardness if there is no preci pitate. return

79 Calculate NaOH required for neutralization
(107)

80-87 determine disso lved so l ids , tota l so l ids , suspended so l ids ,

-! 
pH , ALK , ACY. return

88
(108) calculate CaCO required for neutralization

I 3
89 2O~ extra added

I 90-101 do loop to determine if both Ca and SO4 are included in

stud y. If not pr int  message and return .

1 102 H~
(112)

103- ALK and ACY a f t e r  n e u t r a l i z a t i o n  (t ime s f low )

1 104

105 SO
1+ 

in molar units

1 106 act Ive Ca in molar units

107 sol ub i li ty product SOLYP

1 108 SOLYP < 1 .32 x lO~~ go to 11 3 (statement l2 3~

I 109- determine CaSO 4 preci p i t a N

i l l

24

-~~~~~~~~ 
- —. ~~~~~~~~~~~~

V
~~~~

— V - - - — —  - - - ~~~~~~~~~~~~~~~~



~ - -~

112 remaining SO4

11 3 remaining Ca

1 1 1+ — determine dissolved solids , total sol ids , suspended solids
122

suspended so l Ids , and hardness , return

123— if no p reci p i tate determine Ca , dissolved solids , to tal
132

(113) solids , sus pended solids and hardness. retur

133 de termine Na
2
CO for ne utralization

(209)

134— de termine H~~, ALK , ACY , d i sso l ved  so l i ds , total solids ,
141

and suspended solids after neutralization , return

142— for caustic neutralization - determine CT . a n d ALK .
148 in in

(180) if ei ther ALK . or ACY . is g iven

149- H~ af ter neutralizatio n , I ’ and -
~~~~ 

and fo r pH = 7
15 1

152 if CO
2 

ne utra l izat ion go to 127 (statement 178)

153- CT , ALK , H~~, ACY af ter neutralization
157 

out out

158 if no t H2SO 4 neutralization go to 123 (statement 165)

159 H
2

SO
4 

required for neutralization

160— dissolved solids , total solids and SO
4 

after neu t ra l zation .
161+

return

165 if not HCI neutral iza tion go to 125 (statement 172)
(123)

1 66 HCI required for n e u t r a l i z a t i o n

1 6 7 — d isso lved so l ids , to ta l  s o l i d s , and ch lor ides after
171

neutralization , return

172 HNO
3 

required for neutralization
(125)

173— dissolved solids, Nitrate/Nitr i te , total solids a H r
177

n e utra l i .’~~tion . re~ tj rn

25
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178 ALKout for CO neutralization
(127) 2

179 Clout for CO
2 

neutralization

180 CO
2 

required for neutralizati on

18 1— H~ , ALK , ACY , dissolved solid s , and suspended solid s after
l~ 6

neu tralization

187 return

II

26
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SUBROUTINE SETTLE - This subroutine models the settlin g pond or

clarifier. The clarifier area is read in acres

TOP . SETTLE is called from TOP when a 3 appears

i n A(J ,I) .

Variable Defi nitions

PT(MPARM ) — branch parameters passed to tre at ’~ent su br ou t ine

NPLIST (MPARM) — l i s t s  the numbers (from the master 1 st) of the

para me ters  i n t h i s  s tu d y

EFFT — branch flow passed to the trea t~-en t subroutine

MPARM - the program dimension for the nu -~iLe r o4 pd r~y i eters

NP - the numbe r of parameters in a particular s t u J ~

S t a t e m e n t s

1-1+ — call and dimension statements

5-6 - compute the remova l f a c t o r  (RF)

7 — starts DO loop for Settlin g sol ids

8 se ttles COD which is 30 dissolved

9 settles TOC which is 30 dissolved

10 if KJELDAHL N is in stud y go to 15 (state-ient 1 ( V )

11 i f  total sol id s 5 in tu dv qo to 25 (stat ~~~~rit 22)

12 c o m p u t e s  suspended solid s ter s t t t  I in ~

13 computes vol. susp. sol ids ~~ t e r  set

11+ computes t u r b i d i  N a~ te r  set  1 ng

15 go tn 10 for K 23 (sta te- ~ent Y)

16—1 8 go t ‘7  rI 1~T1fl )f l  i a i i rc I it i (s .~ ~ - t n  t 20)
( 15)

19 go I 10 i I  - ‘ i s n~ t i n c  1 (St il ~~~~~ V

20 compute s ett led K j e ld -~~ l N
( 1 7)

:7 
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21 go to 10 (next K) (statement 4~ )

22- 1+ 1+ ca lcu la tes  total so l i ds  if any two of the following three
(25)

are given: total so l ids , dissolved solids , suspended solids

45 nex t  K
(10)

1+6- 1+7 Return — end

28
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SUBROUTINE DOME - This s u b r o u t i n e  models the domes t ic  or s a n i t a r y

sewage t reatment.  T h i s  model includes a trickling

filter with recycle or an activated slud ge type

treatment. DOME is called from TOP . Treatment

system data is read in in TOP and inc l udes:

T R I C K L I N G  FILTER

AREAP primary clarifies area in acre

ITYPE = 0 trickling filt er

= 1 activated slud ge

TFVOL trickling filter volume in acre -feet

TEMP wastewater temperature C C)

R2 recycle f rom filter e f f l u e n t  (MGD)

R3 recycle from secondary clarifier (MGD)

RL+ recycle to the filter (MGD)

TFAREA trickling fi l ter area in acres

K20 = 0.23 for 1” rock media 
V

= 0.13 for 2 1/2 rock media

AREAS secondary clarifies area in acres

ACTIVA T ED SLUDGE

AREAP as above

ITYPE as above

AREAS as above

ABVOL aeratian basin vo l ume in MG

MLSS mixed liquor suspended solids (Mg! )

YN n e t  y ield computed from plant log data

Rl activated sludge rt cvc le (MGD)

2q
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Variable Defini tions

NPL IST (MPARM) — lists the numbers (from the master list) of the

parameters in th is  stud y

PT (MPARM ) - b r a n c h  p a r a m e t e r s  passed to the treatment

subro ut i n e

EFFT - branch flow passed to treatment subroutine V

MPARM - the program dimension for the number of

parameters

NP - number of parameters in a particular stud y

Statement

3— 6 Init i a l i z e  data

7- 8 Store i np u t  water q u a l i t y  parameters in a rray IT

9 Calculate remova l factor for primary clarification

10—12 Calcula te primary clarifier effluent total solids

13 Ca l cu la te  pr i mar y e f f l uen t TKN

14 Calculate primary effluent TSS

15 Calcula te primary effluent VSS

16 Calculate primary effluent Turbidity

17 Ca lcula te primary effluent COD

18 Calculate primary effluent TOC

19 Calculate primary effluent BOD

20 Route to 3 for trickling filter system or 1+ for activated

slud ge syste r-~ 
V

21 Calcula te recircu la tion ratio

22 Calculate organic loading

23 Calculate recirculation f a c t o r

24 Calculate f i l t ~~r BUD removal f a c t o r

30
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25 Correct BOD remova l factor for water temperature

26 Calculate filter effluent suspended solids

27 Calculate filter effluent COD

28 Calculate filter effluent TOC

29 Calculate filter effluent BUD

30 Ca l cu la te  depth of f i l t e r

31 Calculate hydraulic loading on filter

32 Correc t media coefficient for water temperature

33 Ca lcu la te  f i l t e r  n i t r i f i c a t i o n  factor

31+ Cal culate filter effluent nitrates

35 Calculate filter effluent TKN

36 Calcula te filter effluent ammonia

37 Calculate flow to secondary clarifier

38 Calculate removal factor for secondary clar i f i e r

39 Calculate secondary effluent suspended solids

42 Calculate process loading intensity

43 Calculate slud ge age

41+ Calc ulate flow to aeration basin

1+5 Calcula te aeration basin effluent BOD

46 Calculate aeration basin effluent COD

47 Calculate aeration basin ef fluent TOC

49 Calculate aeration basin effluent suspended solids

50 Change area of secondary from acres to square meter s

51 Calculate secondary solids surface feed

52 C a l c u l a t e  secondary e f f l uen t  suspended s o l i d s

53 Check for nitrification requirement

54-57 Ini t i a l i z e  coefficients

58 Calcu late aeration basin itt e ri ti o n t i r e

31
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59 Make initi a l  guess of Nitrosomonas concentra tion

60-61 Set Nitrosomona s limits

62 Set iteration counter for Nitrosomonas

63 Make initia l guess of ammonia concentration

64-65 Set ammonia limits

66 Set iteration counter for ammonia

67-70 Make calcula tions on ammonia and Nitrosomonas

71-82 Test ammonia concen trations , adjus t it necessary and

repea t s teps

99 Ca lculate aeration basin effluent nitrates

100 Calcula te aeration basin effluent TKN

101 Calcula te aeration basin effluent ammonia

103- Store changed parameters in array PT
104

32
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SUBROUTINE FLAG — This subroutine flags pa rameters for measurement

at a source based on fracti on of total mass

con t r ibu t ion , and also flags any parameters at

sou rces and branches selected by the user .

Variable Def inition

FLGPT (MPARM) - an array containin g the fractional level of total

mass for whi ch a parameter w i l l  be flagged at a

1
source (the first branch in which a source appears)

POLN (MPARM , 5) — an array containin g the name s of the para r-eters

NP - numbe r para me ters

NS - number of sources

NB - number of branches

RANK (MPARM ) - contains total masses of p a r a m e t e rs

P (MSORS , MPARM ) - contai ’is mass of each parameter at each source

A (M SO RS , MBRNC) - topology matrix up to 25 sources and 50 br ar- ches)

Y (M BPVN C , MPARM) - contains the concentration in each branch (50

possible) of each parameter

NF - number of flagged sources (selected by use r )

NX (50) — contains the source number (or branch n ~
- - 

~-~~ r )  ‘c r

NY (50)  - contains the parameter numb er for a se lect ed flag

po in t .  There is a one to one corr espondence be~~•. en

NX and NY (eg. NX (3) con ta i ns  the source (or b ra n c h )

num be r fo r f l agged  poi nt 3, and NY (3) c c r t a i r s  the

para meter number for flagged poi n t 3)

NFB - number of flagged branches (selected by user~

XNAME (MSORS) - con ta ins  the name for each sour ce

33
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State m ents

1- 8 subroutine definition , COMMON and DIMENSION area

9—1 0 reads into FLGPT the minimum mass contribution flagg ing

l evels for the parameters (from the list chosen by th e

user)

1 1 — 1 5  p ri nts out a t i t l e  followed by the name of each para meter

and its flagg ing level

16-18 adds up the mass for each parameter from each source and

puts the total in RANK

19-28 calculates the fraction of mass contributed by each

source for each parame ter (TEMP), and if this is greater

than or equal to the flagg i n g  leve l , the topology matrix

(A) is searched to find the first branch where the source

appea r s , and then the corresponding concentration in

the branch-parameter concentration matrix (Y) is flagged

by se t t ing i t  nega t i ve

29—31 the number of flagged sources (selected by the user) is

read i n , and if there are n ’ t any, go to 80 (stater-rent 51 )

32-34 each source (Nx) and the parameter for that source ~NY )  are

read in

V 35-41 a title is printed followed by the name of each source ane

pa rameter flagged

42—50 searches the topo l ogy matrix to find the first branch whe re

a source appears , then sets the corresponding entr y in li t

branch—parame ter concentration ma trix rena t i~-e t e  i n d i c a t e

the flag

34
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51—53 reads in the number of flagged branches (selected b -~ the

user) and if this is zero , the rou t ine is end ed

54 —6 4 p r in ts  a label fo l l owe d by the name of each branch and

parame ter flagged , then sets the appropriate entry in

the branch-pa rame ter concentration matrix (Y) ne gative

to indicate the flag for each of the flagged poi nts then

re turns

35
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SUBROUTINE CHK2 — This subroutine outputs parameter concentration and

mass informa t ion

V a r i a b l e  De f i n i t i on

y (M BRNC , MPARM ) — output matrix of parameter concentration

for each of 50 possible branches

NB - number of branche s

NP - number of parame ters

NBRNCH (MBRNC , 2) - name of each branch (up to 8 characters)

for up to 50 branches

POL IN (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

I— 5 subroutine definition , c ommon area , and dimensio nin g

V 6 sets flag to use in determining which output seoment is

being done (concentra tion or mass)

V 7-11 prin ts title on page and outputs name of branch and

flow in that branch

12—1 5 p rin ts t i t l e  on page and outputs number of branches

V and para meters

16-18 ini tializes counters and flag (for use if more than 6

parameters and present )
V 

- 19 if more than 6 para meters are present go t o  30 (state-re nt 2°)

20—26 prints out parameter name , branch name , and the corres~ n-’c~inq

concen trations for up to 6 param eters at a l l br arc~~es

36
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27 if more than 6 parameters are present go to 31 (statement 1+0)

28 go to 5 (statement 1+2)

29-30 there are more than 6 parameters , so i n i t i a l i z e  counters

the first time this segment is used

3 1 i f  t h i s  segment has been used prev ious ly  go to 32

(statement 34)

32— 33 increment counters and t ransfer  to 33 (s tatement  20)

34 set I to the nex t parameter number

35-38 determines the uppe r li m i t  on the parameter number

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

than 6 columns of parameters ar~ pr in ted at a t ime .

39 transfers to print segment (statement 20-26)

40-4 1 if a l l  parameters have been pr in ted go to 5 (s ta temen t  4 2 ) ,

o the rw ise , go to 30 (statement 29) to se lec t  next pa ra r - e ters

42—43 if bo th concentrations and masses have been printed go to

60 (statement 52)

1+4-49 prints title and converts mass to pounds per day (array

Y is used temporaril y for this information)

50- 5 1 sets the f l ag  and goes to 55 (Statement  16)

52-57 restores concentrations in array V

58-66 converts H
+ 

concentration to pH

67-68 RETURN and END control statements
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SUBROUTINE LEVEL — This subroutine provides the interface between the

To polo g ica l and Resource Models . It determines

from the topology ra tr i x  all possible levels rf

the system , a level  de f ined  as a set  o f po ints

(branches) w h i C h  completel y characterizes all

outfalls of the system . Once the levels have been

found the ‘i’ ma t r i x  Is transformed to the P matrix.

Variable DEFN

SUM (MSO RS ) — contains linear comb i natiors of columns o~ the

topo l ogy matrix

SUMA (MSORS ) — con ta ins  prev ious contents  of SUM

SOL (SI , MBRP 1 ) - array containing the branch number for each leve l

( IBN) .  SQL (I , ‘
~) contains the numbe r of points

(branches) in level 1. SOL (1 , 2-50) contains

the corresponding branch n umbers for each point

in the leve l

TOP (100)  — contains sequences of branches ~.h ic b are be ing

t rea ted as so l u t i on  sequences

SUMRR - used to sum the rows of the topology m a t r i x

Y (MBRNC , MPARM ) - output matrix of parameter conce t ra t on for

each of 50 possible branches

NP - numbe r of parameters

NS - number of sources

NB - numbe r of branches

NLEV - numbe r of levels

NTOP - number of outfa il s

A ( MSORS , MBRNC) - topology matrix

38
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N P L A  ( 2 5 )  - number of points in each l eve l

P (MPARM , 25 , MBRNC ) — parameter concentra t ion at a point and a

l evel. P (2, 4, 7) is the c o n c e n t r a t i o n  of

parameter 2 at point 7 of leve l ~+ .

Statements

1- 7 subroutine deF i nition , COMMON and DIMENSION area

9 sets NP to the number of parameters

9-15 checks to make sure that the topology matrix has

al l 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)

16-2 1 i n i t i a l  izes SUMA , SUM , JJ ( number of levels found),

I (location of the newly added branch in a sequence

in the TOP array ),  and H (the number of the newly

added branch in a sequence stored in the TOP array)

22 sets the next branch I in the TOP array (tried

sequences array ) to H

23 sets K to zero

2 4-28 tes ts  the t r i ed  sequence conta ined in TOP. If the

new branch added to the sequence , (H added to position

I of TOP) viola tes the solution criterion (no SUM

en tries can be greater than 1) ,  control  is  t r ans fe r red

to 5 (statement 36). The SUM entries are formed by

adding the co l umn H of the topology m a t r i x  to columns

of old column n umbers contained in the first I-i

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

is set to 1.
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29 Tests  the value of K. If K equals zero a solut ion

sequence has been found and control transfers to 7

(statement 4 1 ) .  If K is equal to one the t r i a l  sequence

has not v io lated the solution sequence , but another

branch must be added to the sequence .

30-3 1 stores the new SUM (J) to ta l s  on the SUMA array

32-35 adds one more element on t r i a l  solut ion and se ts  H to

the new branch to be added equal to one less than the

l as t  branch. If M is less than one , go to 47 (statement

91+), otherwise , go to 6 (statement 22) and test the

new sequence .

36- 37 replace SUM w i th  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 t r ia l  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 91+)

41 increments the number of solutions found (JJ)

142 stores in row JJ column 1 of SQL the number of branches

in the new so lu t ion sequences

43-1+4 stores in row JJ column 2 , I + 1 the branch numbers of

the new solution sequences

1+5 if the maximum numbe r of solu tion sequences (levels) has

-
‘ been found go to 20 (statement 1 1+1 )

/+6 if the las t branch in the new solution sequence is -~c t

equal to one , go to 5 (Sta tement  36) and the case is

handled as if the last element in the solution sequences

had beer a violation

L 4 -
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47 i f  on ly one so lu t ion  sequence has been found , go to 55

(statement 78)

48 set KK to zero

49-53 determIne the pos i t ion (KK) of the last common entry

in the last two solut Ion sequences found

51+ if the re are no common en t r ies  go to 55 (statement 78)

¶ 55 decrements the branch in the KK + 2 position of the

solut ion sequence by 1 .

56 i f  JR is less than or equal to one go to 35 1 (statement 74 )

57-58 set the next branch in the t r i a l  sequence (H) to J R and

set the numbe r of branches in the trial sequence to Kl(

59—60 transfer the first KK elements in the last solution

sequence into pos i t ions 1 to KK-1 of TOP

61 sets LIMT to KK (number of branches in trial sequence)

62-64 resets SUMA and SUM ar rays to zero

65-70 store the sum of the columns of topology matrix

designated in TOP into SUMA and SUM arrays

71 go to 6 (statement 22)

72-73 if KK (number of branches in trial sequence) is zero ,

go to 300 (statement 128) e lse  go to 27 1 (s ta te ner t  55)

74-75 decrement the number of branches in the t r i a l  sequence

and go to 362 (statement 72)

76-77 set the number of branches in the t r i a l  sequence to

one arid go to 27 1 (statement 55)

78—82 determ ine KK when onl y one so lution sequence has been

found , and go to 300 (statement 128 )

4 1
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83 if only on branch is in the trial sequence , go to 300

(statement 128)

8/4 —8 5 determ ine the last comon entry and if it is less than

one , go to 651 (statement 92)

86-87 set H (the next branch in the trial sequence) to IR , and

the number of branches in the trial sequence to KK

88-89 set TOP to the last so lu t ion sequence

90—91 set LIMT2 to the number of branches minus one and go

to 69 (statement 62)

92-93 decrement the number of branches and go to 970

(statement 83)

94-97 if no solut ion sequences are found pr in t  an error

message and return , othe rwise , go to 360 (statement 98)

98-103 determine XX as the position of the last common entry

between the t r i a l  so lu t ion  sequence whose las t  branch

is one and the last solution sequence found .

10 /4 if there is no common en t ry ,  go to 855 (s tatement  1 1 + 4 )

105-10 6 if the common branch is less than or equal to one , go

to 85 1 (Statement 110)

107-109 save the common branch number , the numbe r of branches

11 0 - I l l  decrement the numbe r of branches and go to the next

statement

1 12 — 1 1 3  if the re are no branches , go to 300 (statement 128) ,

otherw i se , go to 871 (statement 105)

1 1 + 4 — 1 1 8  de termines KK (number of branches in solution seque-ce )

from TOP

11 9 if there is onl y one branch , go to 300 (statement 128)

4 2
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1 2 0 - 1 2 1  i~ the common branch is one or less , go to ~‘51 (s ta tement  126)

122 -1 2 3 saves the common branch and the locat ion of the new l y added

bra n ch

l 2 - ~- I 2 5 s e t s  L IMT2 to the previou s pos i t i on  and go to 69

(s ta temen t  62 )

126- 12 7 decre ment KK and go to 670 (statement 119 )

128-134 check to see if any more so lu t ion  sequences e x i s t .  If

not , go to 20 (s tatement  1 + 4 1 )

135-136 try a new sequence whose first element (H) equals the

firs t branch in the TOP array minus one and set I to one .

137 -1 /+0 reset SUMA and SUM arrays to zero and go to 6 (statement 22)

14 1 - 1 +4 5 de termines NMAX and NEMAX as the max i mum rumber of branches

in a solu tion sequence (level)

11+6-14 7 defines DO l oop counters L IM2 and LIM 3

148— 159 rearranges the rows of the SOL array i n  i nc re a s i ng

numbe r of branches in the levels

160 tests to see if there is more than one outfall from

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

161 defines DO loop cou nter LIM6 (numbe r of solution

sequences)

162-168 moves the levels in SQL down and inserts the leve l that

cons is t s  of onl y the ou t f a l l , and goes to 52 (statement 170)

1 69 redef ines  LIM6

170-180 calcula tes P (I , J , K) array from the V array and level

i n forma t ion of SOL array
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I
181-183 defines numbe r of levels (NLEV) , maximum number of branches

in a level (NPMAX) , and the number of parameters (NOPL)

184—18 5 Sets up NPLA ar ray

186-187 RETURN and END control statements

44
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SUBROUTINE RH - This subroutine reads in and prints out resource info rma -

t ion , a l loca tes  resources and calls subroutines when

needed to relieve vi ola tions , and p rints out resource

allocation information.

Variable Definition

NL - number of levels

NP - number of parameters

NPLA (25) - numbe r of points in each level

NPOFEQ - number of p ieces of equipment

EQNAME (MEQ, 5) - names of equi pment i tems

EQT IM E  ( M E Q )  - time available for each item of equi pment

NPLIST (MPARM ) - parameter equivalence array

NMA (MPARM) - number of methods a v a i l a b l e  for each parameter (in

the current parameter l i s t )

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

the master lis t  that are not in the current li s t

MENAME (MPARM ,3,5) - the names of the methods

PCRM (MPARM , 3) - the minimum acceptable concentration for each i~ethod

PMDATA (MPARM , 3, - contains resource infor m ation for up to 3 -ethods for
4, 5)

each parameter.  The in format ion is stored as fol lows :

first column - equipment item codes (up to +4 per

me thod), second co lumn - equi pment t im e s per sa :-pl e .

third column - van space requirement for each i te m ,

four th column - anal ys ts ’ t imes , fifth column - c o s t

per sample , set up tine , location of ana l ysis , an d

t ime con t ra i n t
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VNSP (MEQ) - van space requirement for each i tem of equipment

POL N (MPARM ,5) - names of each parameter

CNSTAR (6) - con t ra in ts  on van space , ana lys ts ’ t i m es , and cost

100 (MPARM , 25) - if for a parameter I at level J al l  poin t s are

f lagged , then IDO ( I , J)  = 1 , o the rw ise , i t  is zen’

PM ( MPARM ,25, 3) - array con ta in ing  f e a s i b l e  method numbers (up to 3)

for each pa .ame ter at each level. If an entry is

zero , then no method is feasible at that ‘level as a

whole (althoug h a method mi ght be feasible at a point

in a l e v e l ) .

AMAR (MPAR M , MP2) - array conta in ing se lected methods. AMAR ( I , I )

con ta i ns the me th~~ number for parameter I . AHAR (I , 2)

conta ins the level number at which the me t hod is used ,

and AMAR ( I , 3-2 5) contain s the number of the method

at the corresponding point i n  the level i f t he

c o n c e n t r a t i o n  is g r e a ter than zero.

IVIOL - violation code as follows : 1 - equipment violation ,

2 - van space v i o l a t i o n , 3 - 6 ana l ys t  v i o l a t i o n

(anal ysts 1 - 4 r e s p e c t i v e l y ) , 7 - cost violation

USENO (MEQ ) — conta ins  the number of t imes each i t em of equip m ent

is used

SMEQT I (MEQ) - sum of equi pment t ime for each i t em

SUMM (6) - contains totals of van space , anal ysts ’ times , and

cost

Sta tements

I- 10 subroutine definition , COMMON and DIMENSION area

ii i n i t i a l i z e s  the violation indicator
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12- 16 prin ts out a lavel and the number of po i n t s a t eac h l e v e l

17- 20 reads in and prints out the number of pieces of equi p - en t

21- 26 reads in and prints out the equipment names and ti i ’ :e s

availa ble for each item

27 in i t i a l  izes the counter for NPL IST

28 DO loop to scan the master lis t

29— 30 determ i nes the number of methods available for each

p a r a me ter

3 1— 32 DO loop to read in all methods

33- 35 DO loop to read in resource in f o r - a t i o n  (PMDATA)

36- 37 if the parameter under consideration is in the current

l i s t , incremen t N , then look at the next parameter

38- 39 - 
FORMAT statements for reading

40- 73 DO l oop to look at all para maters in the current li s t

and to print out al l  information read in about the :

7L~ call subroutine CONCK to determine feasible me t hods and

make a l loca t ions for f lagged points

75- 86 read in and prin t out constraints on van space , an a l y sts

ti mes , a nd cos t

87- 89 i n i t i a l i z e  LV IOL and skip output to a new page

90 DO loop to allocate for al l  parameters

q l - 92 ini t i a l i z e  LREM ( i n i t i a l  method) and LI (flag indi c.i t in ,

me thod ass i gnment)

93 DO loop to scan all  levels

9L~ if a l l  points at the current level are flaqqed , don t

allocate any more resources and look at the next par~i- - e te r

47 
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95 ob tains the number of poin ts in the current level

96 DO loop to scan a l l  me thods

97- 98 iF there are no more method s at the current level to

to the next level

99-102 if a feasible method is found on the first attempt , go

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

and save the first me thod and level number

10 3- 105 save the method number in AMAR , decrement the f l ag  (LT )

and save the leve l number

106- 114 call the appropriate subroutines to check for violations

us ing the current method . If there are violations contro l

is transferred to 2200 (statement 115) . Otherwise , the

alloca tions are added and allocations for the next para-

me ter are started.

11 5 - 11 8 if this is not the first time throug h this segment , go

d i rec t ly to ano ther method , o th e r w i s e , save the first

viola tion number to occur (and if it is , an equipment

number) and then look at another method

11 9 look at another l eve l

1 20-122 con tro l reaches this point if no me t hod at any le vel was

found that did not relieve a violation. Resources are

alloca ted for the present parameter by the f i r s t f e a s i b l e

me thod and level

123 if an eq uipment violation could not be rel ieved , and

the violation is on the sane equi pment item as the in~ t i a l

viola tion , go to 4000 (state”e nt 132)
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124 if a v i o l a t i o n  could not be re l i eved  and i t ’ s the same

viola tion as the i n i t i a l  violation , go to the statements

depe ndent on the type of violation

1 25—126 attempts to rel ieve violation on equi pmen t. If successful

go to 1000 (statement 149) . If not go to 4000 (statement 132)

127-128 attempts to relieve violation on van space. If succes~~ful

go to 1000 (statement 149) . If not go to 4100 (statem ent

137) .

12 9-1 30 at tempts to relieve violation on anal yst t i - c .  If

s u ccess f u l go to 1000 (statement 149). If not go to

4200 (statement 1 41 ).

13 1 attempts to relieve violation on cost. If successful

go to 1000 (statement 149). If not go to 4300 (statement V

132-136 prin t out violation information and save vi o l a t i o n  nu he

and equipment nur -~er , and go to 1000 (state- e d t  1- 4 )

137—11+ 0 prin t out violatio n infor ation and save ~ i o1a t i on nu - : r r ,

and go to 1 000 (statement 1+4 9).

141-1+45 print ou t vic - lat i on information and save v i o l a t i o n

number , and go to 1000 (statement 149)

1+4 6-1+4 9 pri nt out violation infor m ation and save violat ion

number , and look at the next parameter

150 -1 5 1 calls subroutines to print out measure inf orma t i on and

to allocate time for s a - - p line and How me asurement

152 in i t i a l i z e s  flag point counter

153 DO loop to look at al l  parameters

L4q
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15+4-159 calls subroutine to print out parameter allocation

in forma t ion

160-162 pr ints out a label and calls a subroutine to obtain

equi pment usage in format ion

163 DO loop to look at all possible eq ui pme nt i tems

16+4 if an item of equ i pment has not been used , go to 5200

(statement 175)

1 65- 170 i n i t i a l i z e s  va r i ab les  and determ i nes if an equipment

time violation occurred , and the amount of time an

item was used

1 7 1— 1 75  c a l l s  subroutine to convert minutes  to hours and minutes ,

and p rints out equipment usage information , then looks

at the next equipment item

176-182 prin ts out van space usage informat ion (van space used ,

i f  a v i o l a t i o n  occurred , and the amount of the violat i on)

1 83- 198 p r i n t s  out the grand to ta l  of each a n a l y s t s ’ t i e , of a

v i o l a t io n occ urr ed , and the amount of the violation

1 99-205 p r in ts  out the grand total of cost , i f  a v i o l a ti on

occurred , and the amount of the violat ion

206-207 RETURN and END con trol statements

50
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SUBROUT IN E CON CK - This subroutine determines feasible methods at all

leve ls for all parameters , and a l l oca tes  resources to

flagged points.

Va riable Definition

NP - number of parame ters

• POL N (MPAR M , 5) - names of parameters

MENAME (MPARM , 3, 5) - names of method s (up to 3 per parameter)

FP (400, +4) - flagged point information. FP (I , I) con ta i ns

the parameter numbe r for f lagged point I .

E (i , 2) contains level numbe r , FP (I , 3)

conta ins point number , and FP (I , 4 ) con ta ins

the method number

IFPT - number of f T m ~~~d points

IDO (MPARH , 25 )  — if for a parameter I , at a level J , all

poi nts are flagged , 100 (I , J) = 1 , othe rwise

it is zero.

NI. - number of levels

NMA ( MP A R M )  - contains number of methods available tc’ ana l yze

NPLA (25) - contains the number of points at each leve l

PC (MPARM , 25, MPARM ) - conta ins  the param eter concentration informat io n .

PC (I , J , K) con tains the concentration of

parameter I at point K of leve l  , 1

PC IsM (MPADM , 3) — contains the m i n imum acceptable conc entration

for each me t hod (3 possible) for each parameter

PM (MPARM , 25, 3) - array containing feasible me th o ’ numbers (up

to 3) for each para meter  at each level

S I
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IBN (51 , MBRP 1 ) - array containing the branch numbers for each

level . IBN (I , 1) con tains the number of

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

contains the correspond ing b r a n c h  n um be r s f o r

each point in level I.

NALOW (MP AR M , MBRNC) - contains flags to determine if a parameter

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

is a one then parameter I is measured at

branch J , zero if i t is not measured.

SM EQT I (MEQ) - sum of equi pmen t t ime for each i tem

SAMFRE (I’IPARM) - the sample frequency of each para m eter

EQUSED (MPARM ,.MEQ) - number of times a p iece of equi pment has

been used for a p a r t i c u l a r  parameter

EU (M EQ )  - total number of times each item of equip m ent

is used

SUMM (6) - con t a ins  s um s of va n spac e , an a l - ~s ts ’ t i - t s ,

and cos t for previous allocations

LENGTH — length of the survey

N SET (MPAR M , 3) - array to ind i cate if set up tine for a g iven

method has alread y been added to the total

PMDATA (MPARM , 3, Li , 5) - array containing resource infor m ation for up

to 3 methods for each parameter. The inf orma -

t ion is stored as follows : first column - equ p”-eri t

codes (up to 1+ i t ems  for each m e thod ) ,  second

co lumn - equi pment time per ca ’-rle , t h i r d

column - van space for each i te m , four t~- column-
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anal ysts ’ time s , fifth column - cost per sample ,

set up t ime , locat ion 3f analysis , and ti me

cons t ra in t .

Statements

1- 6 subroutine d e f i n i t i o n , COMMON , and DIMENSION area

7 DO loop to look at al l pa rameters

8 sets counter to zero (MNCK indicates if a feasible method

has been found)

9 DO loop to look at all l evels

10 sets  method counter (MC) to zero

H determines the number of me t hods a v a i l a b l e  for the current

pa rameter

12 DO loop to look at all methods

1 3 - 1 + 4 DO loop to check all points at the current level

IS if the concentration is zero , go to 400 (s ta tement  17 )

16 if the c o n c e n t r a t i o n  is less than the minimum accep tab le

for the current method go to 300 (statement 21)

17 look at the next point in the leve l

18-20 increment MNCK to ind icate a f e a s i b l e  me thod has been

found , increment the method counter and store the numbe r

of f eas i bl e method

2 1 look at the next method

22 l ook at the next leve l

23 i f no feasible method was found , allocate the first

method anyway

24 look at the next parameter

2 5 i n i t i a l i z e  the f l ag  point  counter to zero
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26-27 DO loops to look at all parameters and all levels

28-30 in i t i a l i z e  flagged point indicator array, flagged points

at a level  and f e a s i b l e  method ind ica tor

3 1- 3 2  DO loop to look at a l l  po in ts  in the current  level

V 33 if a point is not flagged go to 700 (statement 72)

34 if a method is available go to 750 (statement 44)

35-36 determine the number of method s a v a i l a b l e  and look at

~l l of them

37-38 i f  the method is f e a s i b l e  go to 735 (statement 4 2 ) ,

o therwise , look at the next method

39 set LN to ind ica te  no f e a s i b l e  method was found

+40-41 s ince no method was f e a s i b l e  use the first method anyway

and go to 750 (s ta tement  44)

42-43 save the feasible method number and set LN to indicate

a f e a s i b l e  method was found at a point

44-1+6 determine the branch that the level and point correspond

to , and i f a measurement has already been made there , ~o

to 1000 (statement 6ï), otherwise , set NALOW to indicate

that a measurement wi l l  have been made

47 obtain the method number

48 DO loop to add a l l  equi pment t imes , van space , anal y s t s ’

times and cost

49-53 if no equi pment i tem is used , go to 910 (statement 56~ ,

o the rw ise , add new equ i pment ti r e to pi- e viOu s ~~tal , and

increment the numbe r of times the it ~~- s u sed

5+4  
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54 -55 i f  the i tem has been used p rev ious l y ,  go to 910 (s ta tement

56) , otherw ise , add van space requirement to previous

total

56-58 if set up time has already been added , go to 900 (s tatement

59), o the rw ise , add set up time to the appropriate

analysts ’ total , then set the array to indicate that

set up t ime has now been added

59-60 add sample t ime requirement to the anal y s t s ’ to tal and

close the loop (statement 48)

61 add new cost to the previous total

62-66 increment the flagged point counter and save the para-eter

number , level number , point number , and method nu -- ber

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

68-69 if a feas ible me thod existed only at a point , rese t PM

to zero and go to 9140 (statement 71)

70 if the leve l is not the first l evel , rese t PH to zero

71-72 increment the number of flagge d points at a level and

look at the next point

73 if a l l  po in ts  at a level  are f lag ged , set 100 to ~oe

74 look at the next level

7 5 look at the nex t parameter

76-77 RETURN and END con trol statements
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SUBROUTINE TO - This  subrout ine is used to zero out temporary a l l oca t i ons

for equi pment times.

Var i ab l e  De f in i t i on

TEMP ( L i , 2) - contains equipment numbe r and total time a 1 1 - cated

for that i tem for the method under c o n s i d e r a t i o n

(up to 4 i tems per method)

Statements

1-2 subroutine definition and dimension statement

3-6 zeros out TEMP

7-8 return and end
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SUBRO UTINE EQCHEC - This subroutine determines if any equipment time

v i o l a t i o n s  occur for a me t hod under consideration.

V a r i a b l e  De f i n i t i on

I - current parameter number

J - current leve l number

L - current method number

MC - not used

NPLAJ - violation code

IV IOL  - v i o l a t i o n  code

IEQN - equ i pment number

PC (MPARM , 25 , -parameter concentrat ion at a level and a point (eg . PC
MB RN C )

(2, 4, 7) is c o n c e n t r a t i o n  of parameter 2 at point 7 of

leve l 4)

AMAR ( MPARM , - array conta in ing feas ib le  methods. AMAR ( I , 1 ) conta ins
MP2 )

the method for parameter I. AMAR ( I , 2 ) conta ins the

l eve l that the me t hod 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 conta in ing resource in format ion for up to 3 me t hods
3,4,5)

for each parame ter. The information is stored as fol lows :

f i r s t  co lumn - equi pment codes (up to +4 i tems for eac~

method), second column - equipment time per samp le ,

third column - van space for each it e r , four th co lur -n -

anal ysts ’ time , fifth column - cost per sample , set  up

time , location of anal yst s ’ and time constraint

TEMP (L + ,2) - conta ins  equi p ment  number and t o t a l  t i - e  allocated

for that i te m for the method under cons iirr at ion
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SAMFRE (MPARM) - sampling frequency for each parame ter (for the total

survey)

SMEQT I (MEQ) - sum of equi pment t ime for each i tem

E QT IM E (MEQ) - total  t ime a v a i l a b l e  for each i tem of equi p m e n t

Statements

1- 4 subroutine definition , COMMON and DIMENSION area

5 DO loop d e f i n i t i o n , to check a l l  po in ts  at the leve l

under consideration

6- 9 i f  parameter conc~~ c ra t  ion at point  K of level  J is

greater than zero , go to 150 (statement 11 ) , otherwise

set the corresponding branch ent ry  in AMAR to zero and

check the next branch

10 sets the correspond ing branch en t ry  in AMAR to the rie t hod

under c o n s i d e r a t i o n

11-22 se lec ts  the number of the equipment i tem ( i f  no equipment ,

IE QN = 0 so ski p the t ime check ) , c a l c u l a t e s  the t i r e

used for the method under cons ide ra t i on , and checks i f  this

w i l l  v i o l a t e  a t ime c o n s t r a i n t .  If i t  does then the

error f l ag  is set ( I V I O L  = I) and the spec ia l  re turn is

used . Otherwise , a norma l return is executed . This is

done for each of four poss ib le  i tems of equi pment ,
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SUBROUTINE VSC HEC - Th is  subrout ine checks for van space-cor ~s t r a i n t

v i o l a t i o n s .

Va r i ab l e  De f i n i t i on

I — current parameter number

L - current method number

VIOL  - v i o la t i on  code

SUM - van space used in current method

PMDATA (MPAR M , 3, 4, 5)- array containing resource information for up

to 3 methods for each parameter. The informa-

t ion i s s tored as fo l lows : f i r s t  column — e q u i p - e n t

item codes , second column - equipment time per

sample , th i rd  co lumn - van space for each

item , fourth column - anal ysts ’ t i m e s  per

sample , fifth column - cost per sample ,

set up time , location of ana l ysis , time constraint

EU ( M EQ) - number of time s each item of equi pmen t is used

SUMM (6) - contains sums of van space , anal y sts ’ t~ - -e s ,

and cost for prev ious a l l o ca t i ons

CNSTAR (6) - contains constraints for van space , anal y sts ’

t imes , and cost

Statements

1- 3 subroutine def inition , COMMON and DIMENSION area

4 sets current van space aHocat ion to zero

5—1 1 computes van space needed for current me t hod . If an item

of equipment has been used previousl y (EU (IEQN ) :reater

V than 1), it is ~ot added to the current van space

59
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12 - 1 6 determines if a van space v i o l a t i o n  occurs.  If not a

norma l return is executed . Otherw i se , the violation

code is set and a spec ia l  return is executed .
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SUBROUTINE CNCHEC - This subroutine determines if any an alyst time

v i o l a t i o n s  or cost v io la t ions occur .

Variable Definition

ICONNO - analyst number (or row number of cost information)

- current parameter number

J - current leve l number

L - current method number

ICP - column number of anal yst (or cost) information

I VIOL  - v i o l a t ion code

TOT - total of an ana l ysts ’ time (or cost) for current

me t hod

NPLA (25) - number of poin ts in each level

NSET (MPA RM , 3) - ar ray to ind ica te  if set up t ime for a g iven

me thod has a l read y been added to the total

LENGTH - length of the survey

AMAR (MPAR M , MP2 ) - ar ray conta in ing poss ib le  methods. AMAR ( I , 1)

contains the method for pa rameter I . AMAR (I , 2)

contains the leve l that the method is used ,

and AMAR ( I , 3- 2 5 )  conta ins the number of the

method at the corresponding point in the leve l

if the concentration is greater than zero.

SAMFRE (MPARM) - sampl ing f req uency for each para meter

SUMM (6) - contains sums of van space , analysts ’ time s

and cos t for previous allocations

V C N STAR (6) - con ta ins  c o n s t r a i n t s  of van space , a n a l y s t s ’

ti me s and cost
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PMDATA (MPARM , 3, 4 ,5 ) - ar ray  con ta in ing  resource in format ion for

up to 3 methods for each parameter (see

va r i ab le d e f i n i t i o n  for SUBROUTINE EQCHEC )

Statements

1— 4 subrout ine d e f i n i t i o n , COMMON a-i d DIMENS I ON area

5 s ets  current t ime to ta l  (or cos t )  to zero

6 sets NPLAJ to the number of branches in level J

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

8 if set up t ime has a l ready been added for th is  method

go to 20 (statement 14)

9 if anal yst  ICONNO is used for th i s  method , c a l c u l a t e  the

set up t ime

10- 1 3 for each branch of the level  for wh i ch the current me t hod
V 

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

the total

14 if ana l ys t s ’ time s are being considered go to 15 (statement 18)

15 if no cost was added , return w i thou t  check ing for a v i o l a t i o n

1 6- 17 if no cost v i o l a t i o n  re turn  normal l y , - t h e r w i s e , go to

50 (statement 21)

18 if no time was added , return

19-20 if no t ime v i o l a t i o n  re turn  no r ma l l ~~. o t~~n rw i s e , go to

50 (statement 21)

21-24 if a violation has occurred , set the pr op er violation

code and execute a spec ia l  re turn  and END co ntro l  s ta te m ent
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SUBROUTINE ADD - This subroutine adds the current a l l o c a t i o n s  of equi pment

time , van space , anal ysts ’ times , and cost to the previous

totals.

Variable Definition

I - current parameter number

J - current leve l number

L — curre nt method number

NPLA (25) - number of branches in each level

PC (MPAR M , 25, - parameter concentration at a level and a point
MBRNC)

(eg. PC (2, +4, 7) is the concentration of para-

meter 2 at a point 7 of level 4)

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

to 3 me t hods for each parameter , The informa-

tion is stored as follows : first column -

eq u i pment codes (up to 4 i tems for each method),

second column — e q u i pment t H e  per samp l e ,

t h i r d  col umn - van space for each i t e - , 1~~ ur th

column - anal y s t s ’ t ime , f i f t h  column - co- t

per samp le , set up t i me , l oca t i on  a ’ a n a l . s i s

and time constraint

SMEQT I (MEQ) - sum of equipment t ine for each te--

SAMFRE (MPARM ) - samp l i n g  frequency for each parameter (‘or t’ e

total survey)

EQUSED (MPARM , MEQ) - number of ti --e s a p iece of equi pment has :-ee-

used for a p a r t i c u l a r  par a m eter

EU ( M EQ )  
- total number 1 ti- - es each i t e - ~

- of equ ip~en~

is  used
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SUMM (6) - contains sums of van space , analysts ’ t i - e s ,

and cost for previous all ocations

NSET (MPARM , 3) - array to indicate i f set up time for a g iven

me thod has alread y been added to the to ta l

Statements

1- 6 subroutine definition , COMMON and DIMENSION area

7 sets NPLAJ to the number of branches in level J

8 DO loop to look at each branch in leve l J

9 if parameter has zero concentration in a g iven branch do

not add anyth ing to the t o t a l s ;  check the next branch

10 DO loop to look at all possible equip m ent items used

and ana l ysts ’ used

1 1 — 1 2  if no equi pment is used don ’ t add any equipment usage

t ransfe r to 300 (statement 18)

13 add the time to the appropriate equi pment time total

1 +4-1 5 increment the number of times a p iece of equi pment is used

16 if an i tem of equi pment has been used before , go ro 300

statement (statement 18) to avoid addin g van space again

17 add van space requirement for equip m ent ten

18 add analysts ’ time to total

1 9-20 i f  set up t ime has been a l l oca ted  p rev ious l y go to 200

(s ta tement  2 1) to avoid adding i t , o t h e r w i s e , i f  an a n a l y s t

is used for this method , then add the set up t i me

2 1 end of DO loop

22 adds cost to to ta l

23-25 end of DO loop and RETURN and END control sta t eme nt s
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S U B R O U T I N E  S E T  - This subroutine sets up the array of methods used at

a branch in a leve l  for a g iven parameter.

Variable De i inition

I - current  parameter number

J - current level number

L - current method number

PC (MPAR M , 25, - para me ter concen tr a t ion a t a poi nt a nd a le vel
MBRNC)

- - (eg . PC (2, 4, 7) is the concentration of a

parameter 2 at point 7 of level 4)

A (MPARM , M P 2)  - array containing possible methods (AMAR).

A (I , I) contains the method for parameter I

A (I , 2) contains the leve l number that the

method is used , and A (I , 3-25) contains th e

number of the method at the corresponding

point in the l evel if the concentration is

grea ter than zero .

N (25) - number of points in each level (NPLA)

Statements

I- 3 subroutine def i n i t i o n  and DIMENSION area

4 sets A (I , 1) to the current method number

5 sets A (I , 2) to the current level number

6 sets NP to the number of points i n  l e v e l  J

7 DO loop to check every point in level J

8- JO if the concentration at point K in level J is greater

than 7ero go to 40 (statement 1 1 ) ,  otherwise , set A

( I , K + 2) to zero and check the next point.
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1 1 — 1 2  sets the correspond ing point in arra y A to the current

V method number and chec k the next po int

- 

13- 14 RETURN and END control statements

• 

- 

I 
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SUBROUTINE P I E QCH - This subrout ine searches past ass i gnments to a t t e - - p t

to alleviate constraint violations

Variable Definition

I - current parameter number

ISTOP - number of noncompeting parameters

IEQ NR - code of eq u ipmen t ite n s for which a violation

has  occ u r r e d

NOV - v i o l a t ion code

AMAR (MPARM , MP2) - a r ray  con ta in ing  a l l oca ted  me t hods . AMAR (I , I~

contains the me t hod number for para r- eter I .

A MA P~ (I , 2) contains the level number at ~..b c b

the me t hod is used , and AMAR (I , 3-25) ~~ r1t~~i n s

the numbe r of the method at the corre sponding

point in the level if the concentration is

greater than zero.

PM (MPARM , 25, 3) - array containing feas ible me t hod nur bers

(up to 3) for each parameter and each level

NPLA (25) - number of poin ’ s at each level

PMDATA (MPARM , 3, 4, 5)-  a r ray  con ta in ing  resource i n f o r - a t  ion up to

3 me t hods per parameter. The information s

stored as fol lows : first column - e qui i~-- e -- t

codes (up to 4 items for each --e thod), ~-econd

co lumn - equi pment tine per sample , third column

van space for each it e~ - , fo u r t h c o l u m n  - ana l~ sts ’

t i - e s , f i f t h  column — cos t per samp le , set up

ti-- c , location f ana l y s i s , and t i n e const ra int

NL - number of levels

(-7
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Statements

I- 5 subrout ine definition , COMMON and DIMENSION area

6- 7 p rints out violation information

8 sets IMO to the current parameter number

9-10 looks at the next l ower parameter and i f  i t i s  a

V noncompe t ing parameter , RETURN 1 .

1 1-12 obtains the method number (LP.) and the le v el number (JR)

13-14 saves the method and level numbers first tried

1 5- 16 p r i n t s  out method in format ion

17 if the violation is on anal ysts ’ time , go to 200 (statement 24

18 if the violation is on van space or cost , go to 300

(statement 25), otherwise , the violation was ci equ i pm ent

t i me

19-23 searches to determine if the current me thod used the

e q u i pmen t i tem on which the violation occurred and if it

does , go to 300 (statement 25). If it doesn ’ t go to 50

(statement 9)

2+4 if the current method does not use the anal y st for which

there was a violation , go to 50 (statement 9).

25 ca l l  subrout ine SUBT

26-28 determines i f  the current method is a f e a s i b l e  -- -e t hod and

if i t  is , go to 500 (statement 29)

29-31 if the method is the last (third) feasibl e method , go to

550 (statement 32), otherwi se , set MC to zero and incre ment

the leve l number

32 increment MC
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33 DO loop to search all rel- d i n i n q le v els

a
1 3+4 sets NPLAJ to the number of points in Te~ el 2

I 
35 DO loop to look at a l l  ‘ easib le -et h o d s

36—37 if there is not a feasible “ethod ~or the cur r - o- t ~~~~~ c

I to 690 (statement 52)

38-51 ca l l subroutines to see rev. method reli o ves v i o l a t i o n ,

and if it doe s call A D D , set the v i o l a t i o n  code to :oro ,

and use RETURN 2. Othe rwise , c~— ecL u -other cthcd

— 52-53 set MC to one and chec— anot~- er level

54— 55 i f v i o l a t ion was not removed , ad d in t i e  for pro - ous~~/

allocated m eth od , and check another par i - - eter

56-57 RETURN and END contro i 5 t V ~~tenerts

I
I
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I
SUBR OO T INE SUBT - Th i s sub rout in e subtracts th e current allocations

of vq ui pment tine , van space , analysts ’ t i mes , and

cost ron the previous totals

Variable D efini tion

same as SUBROUTI bE ADD

Stat e- c - its

s a c  as SUBROUTI N E ADD , except rep lace add with ‘‘subtract

to with from ’’ , i n c r e - - - e n t  w i t h  otcrement ’’
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SUBROUTINE INF CRM - This subrou tine prints out the nar- e o f  every

bra n ch u n d  the names (V t a l l  the pc rar -ete rs

m easured at each branch .

Va riable De ’ i n i t i o n

AMA P , (MPA ~~’ , MP2) 
- array conta inin o selected m ethods. -- r- (~, 1)

co ntains the method for par ,-V ete r I . .t’1-~ (I , 2)

contains the level number at -,-i hich t he method i5

u sed , and AMAR (I , 3— 25) contains the nu -- b e r 0’

the method at the correspondin g po int in the

level if the concentration is u re at er than zero

IE~ (51 , MBRP I ) — array containin g the bra nch numbers fec e,w h

l eve l . I fN (I , 1) contai ns t°e rumbe r o~ pc i --t s

(b ranches) in level I . RN (I , 2— 50) cor ta -is

the correspondin g branch numbers k or t- -~Ch n D r ~

in the level.

NPLA (25) - contains tb € num ber o’ po i nts (br ar ’cbe ~~) in euci

level

POL N (MPr~RM , 5) - contains thi na-ic ~ each par~r-It - ter

FP (400 , 4) — contains flag ged poin t H’ - r nat on . FP ( 1 . 1 )

contains t i e par Inu-tel number ‘ - r  lac ;c: ,-J D o i n t  I .

FF’ (I , 2) contain s  the r~~e l nu be ‘
~~~ l a D - c -

b u n t  I , FR (I , 3) contains tn, p o i n t  —iumt-c ’-

fur the I ~v &- 1 indicated , an d FR ( I  , 4) con t i

t He thod used

f I FPT — H~ - numbe r o’ f I u~~ eJ 0 n s

‘,BP NLH (MBRNC , 2) — co n t a ins th e na---e - ,ni~ h branch

BP ’, frBRNC ) - con ta ns ~he number o ’ rd - i - - t a rs - , - ~~~~~ cd

cac h b ran ch

11
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NP - number of parameters V

NB — number of branches

~tatem ents

1- 6 subro utine definition , COMMON and DIMENSION area

7-10 zeros out the array BRANCH and BRN

11 pri nt s a labe l

12 DO loop to look at al l  parameters

13- 14 se ts NPTS to the number of points in the level obtai red f rom ~~~~

15 DO loop to look at all points

16 if a para meter is not measured at a point , go to 100 ( s t a t e - - t

47-18 sets N to the branch number and increments the nur- b er of P a r V
a ,V c r5

mea su red a t tha t bra nch

19-21 places the parameter numbe r in BRANCH and closes the DO loop

22 DO loop to look at al l  branches

23 ini tializes KOUNT (a fla g used to deter- - m e  if any n t - i n u r e

we re made at a branch)

2+4 DO loop to look at a l l  parameters

25 prints out the b r a n c h  n a me t e  first time throu g h the 1 oo~

26 i f  no more parameters u-.ere allocated at a branch , go check

the flagged point s

27 se~ KOUNT to ind i cate a measurem ent was made at a branch

28-30 prints the n ame of the parameter meas ured and con t i n u e - - th e

DO l oop

31 if there are no ‘ la u~uu-~ points , go to 211 (state -- ‘ nt NC’ )

32 DO loop to l ook at a l l  lagged points

3~ -35 obtains parameter number t~NUB ) , level ~- t-er h’) , and

nu ’~ber ~NN)
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3~~ 39 obtains the branch number , and i f  i t is the sa fle as the

bra nch under cons i dera t ion , p rint the name of the

parameter , and se t the flag (KOUNT) to indicate that a

measurement was made at that branch , the n look at the

nex t flagged point

40—41 if no measurements were made at a branch , p rint this

informa tion and look at the next branch

42—50 CONTINUE statements , FORMAT statements , and RETURN , and

END con trol statements
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SUBROUTINE SAMPLE — This subroutine allocates analyst ti- -c (classification )

for taking samp les and flow measurements . The r - - et~~od

used for samp ling at each branch is de t e rr i nec b y tl~e

u s e r , and alloca tion of tine is based on the hi ghest

numbe r of samp les required at a branch . Flow n eus-

urement is also determ i ned by the u ser .

Variable Defini tion

SAM FRE (MPARM ) - samp le frequency for each para meter

SUMM (6) — contains allocations of van space , anal ysts ’ t i~~t S

and cost. SUMM (2) contains time allocation ~er

ana lys t classification I .

IFPT - the number of flagged points

FR (400 , +4) — contains flagged poin t information . FP (~ , H

con tains the parame ter number for flagged point I -

FR (I , 2) conta ins the level number , FP ( I  , 3 ) con t o  ri

the point number , and FR (I , 4) contains t e  c ’ho- ’

number .

IBN (51 , MVRP I ) — array containing the branch- numbers for roe - Ic~~ I

IB N (I , 1) contains th e nu ’ber u ’ p o i n t s  (bru r c ’-e~.

in l eve l I . IBN (I , 2—50) contains th e eo r-~~op~-r d 
- -

branch numb ers for each poi n t in the ~~~ I

NBRNCH (MBRNC ,2 )  — contains the n lr -e f i r  each b r an ch

NP - number of parameters

NB - number of bra nches

LENGT H - length of the sur-’ey
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BRANCH (MBRNC , MPARM) - conta in s the number of the parameters

measured a t each branch

NSAMPL (10 ,5) — contains the names of the samp l i ng  a nd t b ’ .-

measurement methods (up to 20 characters)

- - 
- SAMPTI (10) — contians the samp ling and flow measurer-ant

times for the methods

V 
SETUP (10) —contains the set up times for the methods

NROUT (MBRNC) — contains the code numbers of the samp linç

method s (first method is 1 , second is 2 , et c.~

to use at each bra nch

NFLOW (MBRNC) — contains the code numbers of the flow -neaH L . rt

me thods to use at each branch (zero means nc fl o w

meas urement)

Statem ents

I- 7 subrou tine definition , COMMON and DIMENSION area

8—l a p rints titles

1 1 - 1 6 reads in and prin ts out the samp l ing method name s , ti V
& ,

set up t imes

17-18 reads in the method to be used at each branch

19 00 loop to look at a l l  branc hes

20 Sets flag (used to ind i cate if a measu rto- ert is made at a Hrarc

21 initializes maximum samp le frequency to zero

22 DO loop to l ook at parameters

23 if no measurements were allocated at branch I , go to ~‘

(statement 28) to cb -€ -d flagged points

4 V~~~~~~~~~~~~~~ V ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ --
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24-25 selec ts the parameter number and if its samp le f requency is

gr eater than the previous maximum set the maximum (SMAX) to

t his new f requency

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

bra nch , 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 ob tains parameter number (t-sUB) , level number (MM) , and poin t

number (NN)

33-34 obtains the branch number and if it is not the same as the

branch curren t ly under consideration , go to 16 (staten-ent 37)

:~5— 37 set the flag to indicate a mea surenunt was made and determine

if the new samp le frequency is greater than the previous

maximum . CONTINUE

38 if no measurements were made at a branch , go to 17 (state -- t- - t L.2 -

39— 41 ob tain the sample method used for the branch , calcula tes t h ~

ti me req u i red , and adds it to the previous total

42-45 prin t out the appropriate information

46 CONTINUE (book at another branch)

47-48 prints a title

49-51 reads in and prin ts out the flow measu rement method na-- ’ - - ,

tines , and set up times

V 52 reads in the flow measurement cod e for each branch

53 DO l oop to look at a l l  branches

54 if no flow measurements are -iade at a branch , go to 52

(statement 61)
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‘ p-57 ob tain the proper location in t - .SETUP arru -~ (4 i s

added because t here ar e +4 sa mp le me thods) , calc ulate

the tine , and add i t to t he total

58-60 prin t out flow measurement infor rat ion and look at t h e

nex t b r a n c h

61—6 3 p i i n t  Out flow measurement information and look at th~

next branch (no f l o w  measurements)

64-65 RETUR N arid END control statements

BLOCK DATA - This segment is needed to i n i t i a l i z e  variables with

DATA statements that appear in COMMON.



I - SUBROUTINE PRPAR — This subroutine outputs parameter measurement

infor m a t ion b i s i n g  methods used , m e a s u r e

loca tions , expec ted values , and eq u ipmen t a nd

- a na l y s t ’ times.

Variable Defi nition

IFPT - the total number of flagged points

[ IFPP - the number of the next flagged point to creek

FR (+400 , 4 ) — con ta ins  f lagged poin t infor m a t ion . FP (I , 1 )

contains the parameter number for fl a cc t ed point

I . FP (I , 2) contains the leve l nu — -b e , FP

( I , 3) conta ins the point  numbe r , FP ( 1 ,4)

con tains the m ethod number

POLN (MPARM , 5) — contains the equi pmen t names

- I - the current parameter number

iii AMAR (MPARM , MPL) — array containing selected --~ethods. -M ,J~ ( I , 1)

con tains the method nu m b e r  for parameter I

AMAR (I , 2) contains the leve l number at wh ch

the r’ethod is u sed , and 7-Mi\~ (I , 3— 25) co n t a ins

the number of the method at the correspondin q

point in the level is the concentratio n is

greate r than zero .

NPLA (25) - contains the number of po ints at each leve l

IB M (51 , MBRP 1) - array containing the branch numbers ‘or t~~ CH

L leve l . IBM (I , i) contains He nun-h,-r o’

po i n t s  (branch es ) in level I . IBN (I , 2-50)

c u i n t , i n s  the corr esçs-r-d inq branch numbers ‘ fur

each poin ’ in tH e lev e l .

7P 
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PC (MPARM , 25, MBRNC) - para m eter concentration at a point and a

leve l (eg. PC (2, +4 , 7) is the cun cent rat ior

of parame ter 2 at point 7 of leve l 4 ) .

0 SAMFRE (MPARM) - toe sample frequency of ea ch  param eter

PMDAI A (MPARM , 3, +4 , 5) — array containing resource inf o rn -at ion for

up to 3 methods per parameter. The in ’ornation

is stored as fol lows : first column - e i :u i pr ent

codes (up to 4 item s for each method ), s e C u V , V d

column - equi pment ti ne per samp le , t h i r d

column — anal ys t s ’ ti ~-i es , fifth column — cost

per  sa m p le , set up time , locat ion of ana l ysis ,

and t i u e  constraint

SMEQ I I (MEQ) — sum of equipment ti ne for each it o- ’ -

V EQT IME (MEQ) - total time available for each equi pm ent te~

5(2MM (6) — c o n t a i n s  to ta ls  of va n s pace , a n a l ysts ’ t i r e s

a nd cos t

Statements

1- 7 subroutine definition , COMMON and DI MENSION area

8-1 1 pr in t s ou t t i t les

12- 1 3 i n i t i a l i z e s  LI , to indicate i f  there are any allocat ec po i ’-ts ,

and NPTS to count the total nu rb e r , alloca ted and flagged

1 4—1 5 finds the allocated level at w h i c h  the current para - t- te ~ is

measured and obtains the nu-- ber of points at that leve l

16 DO loop to look at a l l  points in the leve l

17 if a -~ethod is r u t  used at a point , go t o 15 (sta tu i - n t ~

lt ~—2 O if it is not the f i r s t  time tb r o u ob the l oop , co to 10 0

(statement 25), otherwise , i ncre ---ent LI and N F T S



21-24 ob tain the method nu r- ber , prin t out the parameter r ar e ,

method name , meas u re poi nt , a nd expec ted va lue , t 5en loo k

a t another point

25-27 p ri nt out the measure point , bra n ch , a nd ex pec ted va lue a nd

look at another point

28-29 i f  no points were allocated , just print the parameter nor-ic

30 ini t ialize KPP , the number of f lagged points for the current

parameter that use a different method than the allocated

poin t (s).

31— 32 if a l l  the flagged points have been checked , or if th e 1lagqed

poin t is not for the current parameter , s k i p the ‘~ext s~~: ert

by going to 200 (statement 44)

33-36 obtain the l evel , point , and method numbers , and tb~ expec tu - :

concentration

27
~ 39 i ncremen t the total number of points , and print out the

information abou t the current point

4-C increment the flagged point array locatio n

41-43 if the last flagged poi nt used t he 5d~~r- rethod as the

allocated point , don ’ t increment KPP . If the m ethod was

d i f f e r e n t , i ncrement KPP . In e i t h e r  case , go check the

next flagged point.

44-46 calc ulate the total number of sar-p les taber , and pri nt it out

47-48 print out a t i t l e

49 obtain the allocated met- ed n c - h e r

50 DO loop to l ook at all possible erui p ne n t e”s ‘ or a -etb c ’d

51—52 if no equipment is used , go to 355 (state r~e~ t ‘ - C ’ )

80
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I
53-55 calculate the time used for a method and see if the t c r t , l

time allowed has been exceeded

56-59 print out equi pment name , time , and if a violation occurred ,

then look at the next equipment i tem

60 if no flagged poin ts used a differe nt method , go to 1+00

(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 ten s for the method

65-66 if no equi pment is used , go to 400 (statement 75)

67-69 calculate the time used for an equipment item b y a method and

determine if the total time allowed has been exceeded

70—72 prin t out equi pmen t name , t ime , and if a violation occur red .

then look at the nex t equi pment item

V 73-76 print out labels

77-78 obtain method numbe rs for alloca ted and flagged points

7° DO loop to l ook at each anal yst

80 calculate ti n e used for an anal yst

81-82 i f there are no allocated points , go to 600 (statement 85)

83 if an a nal ys t is used for an allocated met hod calculate t° t-

t ime

84 if the flagged and all ocated methods ar€ the sa -u e , ~io t o  6)0

(statement 86)

85 calculate the analyst ti~ ,. for the flagg ed point

V 86-88 de termine if an ana l-~- t constraint was viol ~~t~ -d , and convert

m i n u t e s  to hours and minute s

p r i n t  out analyst nc--her , t in-r e , and a v io lo t ic - n occu’ red ,

and look at t°e - - e ’ t  a na l y s t

P( T L~ N and E’~C’ co rt lo t ~t ,- ,t,- t- r 1 s

81
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SUBROUTINE USECT — This subroutine calculates the total num ber u~

i tems an equi pment item has been used.

Var iable Definition

E (MPARM , MEQ) — contains the code numbers of each equi~ nr€- - t i t e ~’r

t ha t has bee n used fo r each parar- - eter

NP - number of pa rame te r s

NE - number of equi pment i tems

U (MEQ) — contains the number of times each ite m o~

equi pment is used

Statements

1— 2 subro utine definition and DIMENSION

3- 4 zeros out array U

5- 6 DO l oop to check every equipment item and every par am eter

7 if an i tem of equi pment is used for a pa rameter incre f-- en t

the total number of times that item is used

8-10 CONTINUE , RETURN , and END control state m ents

82
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SUBROUTINE TICHAN - This subroutine converts tin r e f rom m inutes to

hours and minutes.

Variable Definitio n

T — t ime in mi nu tes

IHRS - time in hours

MIN - time in m inutes

Stat e’ren ts

subroutine de f i n i t i o n

2 conver ts from real to i nt eger

3 converts minutes to hours (any remainder in the d i v i s i o n

is truncated)

4 calcula tes the number of minutes remaining

5-6 RETURN and END contro l statements

83
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SUBROUTINE CORRCT - This subroutine accepts branch measurement data

and compu tes process model parameters from these branch mea curenents.

The output compares the process mode l parameters to compoted proces s

pa rameters. The subroutine is called from MAIN if model up da te or

verifica tion is desired.

Variable Defi nitions

A(MSORS , MBRNC) - contains the topo l ogy matrix

NS — number of sources in a p a r t i c u l a r  study

NP - numbe r of parameters in a particular study

NB - number of branches in a particular

C(MSORS , MPARM) - contains the pa rameters concentrations ~or NS

sources and NP parameters

NPLIST (MPARM) - lists the numbers (from the master list) of the

parameters in this study

EFF(MBRNC) — contains the flow for each branch

X(MBRNC ,MPARM ) - contains the mass parameters ~or each  of th e

NB b ranches

FLOW(MSORS) - contains the flow for each source in MGD

P( M SORS , MPARM) — contains the mass parameters for each source

[C(J ,K)- - FLow(J)]

Y ( M BRNC , MPARM) - parameter concentrations for each o~ NB b ranc ’-es

a nd NP pa rameters

POLN(MPARM ,5) - parameter names

MSORS - prog r a ru d i m e n s i o n  for the nur- He r o~ sources

— p rogr a - - - d i r - e r i s i on  for the  number of p a r a m e t e r s

‘ I B R N C - program di n -en s ion for t h e nu be r o~ br a rc ’ es

814
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- l i s t s  the branches for -, r h i c b  tHere are

measurement data

BFii ST (25 ,20) - For up to 25 branches and 19 p ara ret~~r s  l i s t s

pa rameter numbers (from m aster l i s t )  for -,~h i c t

mea surements are taken . Except BPL IST(IF , 1)

wh ich li s ts the number of par a r-eters n -ea sur e 1 .

r t-i~2S , 25) - contains measure \-alue s for flo w and other para-

me ters tar up to 25 branches .

nt a t e -  -e~ t s

i - /  subroutine d e f i n i t i o n  and di m en sions

0 reads out NB ,NP and MS

u - I l  Reads i n  M ESUR (I)

2-I--i Reads in BPL 1ST(lB ,N), yM(IB ,N)

Sets UN = 0 counts the unique l y deterH nod ~~~~~~~

21 Sets NUN 0 counts the nan-uniquel y e~st ir :r atc ~1 1

determined sources

2- i Scans the branches for measure m ents

If no meas urer - cot , next b ra nu

If al I sources have been det err m c d , te- ~ d out So- -

IFLAG = 0 tre atm en t H~~q

IC = (2 cu Liri t s sources cont n ibut in~ to t r d r L h  i t

r e as ur er ent s were taken

counts and id ent it ic s sources cont r i hut i nq t o  t r a : c l

r:C a- ,wre r e fl ts - e r e taken. I ,~n 1 source l u . his

t een t r e a t c i  upon -r rr i v I nq at t ranch I , I Ft - - u

H - I t onl y ne sou r e con t r i t - i t  es t o fri -ì Id ~o to  1 I I -
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40-47 Coun t the contr ibutin g sources which have not been

prev ious l y de termined

48 If onl y one go to 15(84)

49 If equa l to zero- next branch

50-51 If more than one-go to next branch for noL-

52-56 If the one contributing source has already bee n

de ter m ined , go to next branch

57—59 If not , set MESUR( I ) = 2 add one to UN and i de n ti ~~s

newl y de termined source UN IQ(UN)

60 Set IBPLST equal to the number of param eters measured

at branch I

61—69 Set flow of this newl y deter -- m ed source e cr al to

the m easured f low and read ou t

70-71 iden tif y parame ter measured next B PLIST (I ,lP )

72 if treated go to 1210 (77)

73-76 Set parameter of this new l y deter m ined source eccal

to the measu red value for bra nc h I a nd ‘~ -od out ~al~~trs

77-81 i f treated compute parameter of newly deter-- ned

source and read ou t

82 look at next parameter IP

83 whe n a l l  , aranr eters included in branc h I have b e  

cons idered consider next branc h

84 arrive here if there is more than ore source con -- V

tributinq to branch I

85-91 Iden tif y the co ntributing source t h a t has -- - t  ~~~~

previousl y dete rm ined

86 
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91-93 Add one to UN , ide nt i f y newl y determined source

UNIQ(UN)

94 Set MEASUR (I) = 2

95 !BPLST equal to number of measure--rents on branch I

96- consi der eac h measurement (IP) on branch I

97-1 15 if measu rement is flow , subtract known contri h u t in n

source flows from measured flow in branch I and

read out data. Then look at next param eter.

1 16- 11 7 iden tif y nex t pa rame ter

118- 12 7 for this parameter , sub t rac t know n con t r ibu ti ng

sources mass val ues from the total parameter --- ass

in measured branch. This leaves mass contributed

by new source . Convert to concentration . read out.

128 look at next parameter for branch I

129 look at next branch

130 if al l  sources hav e heen de t e n - i r t - d go to- f i n a l

summa t ion

1 3 1—1 79 look a t each process J

132-1 3 4 has the Jth process been determined if so look at

nex t process

135 set treat ment fla g FLAG 0

136-139 find f i rs t branch in which source J appears

)L+C if this branch was not measured look at ne’t source

14 1 if branch was r--easured , is it treated , if so set

IFLAG = 10

1 42 —11+ 3 set coun ters IC I 0 and I C  0 ~~ -- t r i t ~~ sou r c e s

in branch I and branch (I - I)

I ~ - 148 coun and i dent i fy Sources c r u n t  I t i  t ‘ -~ to  f - i inCh I
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149-155 coun t and identif y sources con tr ibutin g to branch

1 1 = 1 - 1

156—158 if the difference in the number of contribu ting

sources in branch I and II is grea ter than 1 , loo k

a t nex t source

l59 l66 coun t and identif y sources con tri b u t i n g  to branch

1 but not to II

167 i f this is greater than 1 , next source

168 if this is not the source , J , unde r current consid-

era t ion , look a t nex t source

169-171 if this source is the current source , J , then set

MESUR ( I ) 2 , UN = UN + I and UNIQ(UN) = j

1 72 are the same number of parameters measured in I

and II . i f  not go to nex t source

173 if yes set IBPST = number of paramete rs -easure d

174-196 look at each parameter

175 if pa rameter i 5 not flow go to 750(182)

176 if parameter if flow compute flow of newl y deter m ine :

source as the difference in measured flow in hranc -e--s

I and I I .

177-180 read ou t flow calculation results

181 next paramete r

182 i f parameter k not flow Continue f rom h ere

183—1 84 identif y par aru -et er BPL I ST ( I P )

185 if treated go to 790(191)

186- 187 if not , calcu late t he ~-ass cont r if- u t  ion t —- e~- 1

deterr - i ned source as t ’-e d i f ’ er en c e  in mass ‘ rorr

-p i s u r e m e n t s at branc h I and I I .  (u n ~~~~r t  t - -  cOr ’-

cen t r a t i on .

88 
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188-189 read out results of calculations

190 nex t parameter

4 191-1 9 1+ arrive here if treated . Compute rn-ass contrit-ution

of new source as the same ~ contributed by model

for each parameter (IP)

1 95- 196 read out resu l t s , look at next parameter

197 af ter all parame ters look at nex t source J. after

V 
all sources hdve been scanned , continue.

-
- 

198 if a l l  sources have been de termined go to summary

read ou t

199 set counter of nonunique (NUN) or estima ted sources

200-249 scan all b ranches again

201 if branch I was not measured or i f measure ment was

V 

- used previousl y go to next branch

202-208 otherwise , count  and identif y contributing sources ,

- IC and I CO N S ( I C )

I 

209 set counter NUNPR = 0 undetermined branch sources

210-223 count and identif y undetermined sources in current

branch and in sySte~

V 221+ ~f no new l y unde ter~-in ed source go to nex t branch

L 

225 BPLST eq uals parameters measured

- 226-246 l ook at each parameter IP

227 if IP is not flow go to 561 (235)

228—232 if flow , compute flow of each c o n t r i b u t  in n un de t e r -~ ned

source as PER times flow measured in b r a nc h I . PER is

the deci ma l fraction contri h uted by that source i n -  ‘~-e

- model. ead out resu lts

89
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2 33 next c o n t r i b u t i n g  source

231+ nex t parameter after flow

235-244 for para meter k , compute mass of each contributing

unde termined source as PER times n-lass m easured in

branch I . PER is the dec i ma l fraction contr ibute c

by tha t source in the model . Conver t to concentra-

tion and read out.

21+5 nex t contributing source

246 nex t parameter

247 total of uni que a nd nonuni que determ i ned sources.

2~-+8 i f all sources have been d etermined qo to final

5 urn-tn-at i on.

2149 nex t branch

250—260 list the uni quel y determined sources and l is t  the non-

uni quel y deter mined sources .

261-262 re turn -end.

(3 (2
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Flow Chart of Composite Program

Read NFLAG

______ c a l l  proces~~~~
I CALL PROCES I ~~ subroutines I

CALL START —~ Cal 1 CHK 1

CALL TOP ~~~ES call treatmen t

NE UT RA
NO SETTLE

DOME

ca l l  FLAG

I ca l l  CHK2

~~~~FLA G O

CALL RM

call resource allocation

4 subroutines
TO , EQC HEC , VSCHEC , CNC HEC ,
ADD , SET , P I E Q C H , SUBT

~~ TT FORM

~~~~~~~~~~~ T~~A M PLE
_

~~~ca l l  PRPAR ca l l  T I C H A N

~~~~~~~T~~~~~J



Process Model Flow Chart

Common Areas
Set Up Arrays
Dimensions etc

I ni t i a l  ize
Al phame r i c
Variables for
Process Names

Zero Out
Array Working
Area

I
Read N-no. of
Processes in
Plan t

Read N Input
Process Names
(X Name) and
Capacities (CAI~

JM = 1

Is
XNA M E (JM) Call Process

t to any Array Yes SubroutineProcess Pla ce in SPLIST
Names

I J M =  No 

No

J M + l  J M = N

I
1 

:2
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A

READ
NOD

ARE
THERE ANY

Modifications Yes
to N O D = l

SPLIST READ NMOD =

No. of Mod ifi-
cat ions

No
N O D = O  

F N M = I-I
Read YNAME (NM)

ELE (NM)
VAL (NM)

ISNo NM = NMOD

Yes

NM =

JM = l

~~ 
No YNA ME (N M) =

NAME (JM

es

Set SPLIST (JM , EL E [NM))
VAL (NM)

N M =  IS
N M + l  No NM =NMOD

Yes

(
~
) 93
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B

Read NPRO

ARE
THERE ANY

PROCESSES to Yes
be ADDED to NPRD = I

S P L I S T  Read NU MP No. 0
New Processes

No
NPRO = 0

Read NELE = # of Element
in Each New Process

E 

[ J N = l

Read ZNAME (JN)
FLW (JN)

JE =

IS
JE = No ZNAME (JN) =
JE + I XNAME (JE)

es

FLOW (JE)
Defined

JK

Read SPL I ST (FE . JK)

IS
J K =  No J K =
J K +  1 NELE

91~ 

Yes 
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I
FLOW CHART FOR SUBROUTINE TOP

I ____

H 
_ _I FRead in treatment da~J

I Comp ute {H+} from pH
Compute P (I,J)

I 
Compute branch flow EFF(I)

se~ constants
determine NALK and NAC

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

I IDO 120 M = 1, NBJ

I FNTB(M) 
~~NKNT = 01

CT =~J

I 120

_L
~DO 230 J=1, N~J



A

IS YES
A ( J , 1 ) = O  23

NO

Is YES
1 > 1  180

NO
180

DO 1 7O K =  1 NP

X( 1,K) = X( 1,K) + P(J ,K)

17

[Fih for P(J,1)

compute a
1
, c~2

, ao

P(J ,NALK) = o NO
140

YES
compute CT and

P(J ,NAC) = 

YES 

150 
X(1 , (NAC)

NO 230

Compute ~~ 
Next l~ran ’h

and x ( l ,NALK)

23
Next Branch

97

___ ___4•_ _ ___ __ ___ ____ __  
-~~~~~~~_________



L ~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -J~~

150

J Both ALK and ACY = 0

print message

I II = I—i ]

L DO 190K = 1 ,  II 1

L = 1-K

IS
NO

A (J,L) = 0 200

130 DO 210 K=l II

Is
YES 

~3OL = N T B

NO
B

98
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~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

B

NKN T = NKNT + 1

NTB (NKNT ) L

1 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
1 
using approX. [H I

DALK = ALK - ALK 1 I

99
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C

IS
YES

ALK
1 

ALK 250

NO

240

decrement pH by 0.1
ALK 1 using approx. [H

+
J

DALK = ALK 1 
— ALK I

IS YES
DALK < .00001 260

NO

IS YES
ALK 1 < ALK 260

NO

240

increment pH by 0.1

ALK 1 using approx. [H
+
]

DALK = IALK 1 
— ALK I

_  

~~~~~~. OOOOi I~~~~260 1

100



with final [H~]

x(T ,1) = 1-IPLUS * EFF(I)

DO 270 J=1 , NS

IS YES 280 Treatment

A(J ,I) > 2

DO 290 K=1 , NP

270
PT (K) = x(I,K)

350 I
290

EFFT = EFF ( 1)~ J

101

IL



E

IS
YES

~~~.. 300 NEL’TRA

A (J ,I) = 2

Is 
0

A(J ,I) = 3 
YES 310 SETTLE

NO

YES 320 DOME

A(J ,I) = 4

NO

[~~ iL NEUTRA] ~~~~~ SETTLE] ~~ALI. DoM~j

DO 340 K=1, N~J

X ( I ,K) = PT (K)J

340

3 0

102
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I

1D0 400 1=1, NB]

400 J=1, NP]

~Y ( I ,J) = X (i,J )/ EFF (~~j

~H~ 1 to PH]

tDO 420 J= 1, NSj

[DC 420 I_ 1, N~j

IS YES

A( 1  , J) > 1 — I A ( I  1~~~~) 
= iJ S . ( ~~

NO

420

NBB = BN 1

NPP = N~j

103

—S. -~~~~



- . ~~~~~~~~~~ 55~~~~~~~ — ----~:~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

WALL CHK]~~

~~~LL FLA~j

1RETU~ I

END]

101+

~ 

~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~ 
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FLOW CHART FOR SUBROUTINE

NEUTRA

set constants XK 1 
, XK

2

compute HPLUS

compute a0, a1, a2

is
Yes for caustic UT

MNEUT = 2 IC

No

for ACID NEUT

is
Yes

ALK ,’ 0 
101

No

is
Yes

102 ACY ,~~0

01

CT from CT and ACY
ACY from ALK

103

105 
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103

a
0 

and a 1 
from

=

aOH

or Ne ither~~~
aOH CaCO~ 

- MENU = 2

J,, Na 2CO 3 
— MENU 3

CaOH - MENU = 1 (ios)
NaOH - MENU 4

104

ClOUT = CTIN ACYOUT = ACY IN

compute ACYOUT compute ClOUT

MENU = 
CaOH or aCO

3 
or MENU = 2

10 NaOH Na 2Cb3 108

MENU = 1 M E N U = 3

106 209

Compute Ca (OH) 2
to be added

A

106

_ _ _ _ _ _ _ _



A

both
pr in t

NoCa and SO
q 

message and
in stud y return

Yes

SO4 and Ca

in molar uni ts

PT(1) , PT(NAC) ,

Pi (NACK)

after treatment

solub i 1 ity

product

SOLYP

soiyp 
- 

1 .32 x 10~~ 
Yes 

20

No

B

707

--. - - .  -~~~~~
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Calculate precip i tate no precipitate ; calculate

CaSO4 and remaining ca; dissolved , total , and

Ca and SO4 suspended solids , ha rd ness

-~~~~~~~~~~~~~~ I
disso lved , tota l

and suspended

sol id s , hardness

108

compute NaOH CaCO 3 
required

required

determ i ne after treatment both

val ues for H~ , ALK , ACY , Ca aid SO4 No
Mes sage

N , dissolved sol i ds ,
a if l

and
total solids stud y

Yes 

return

after treat ment

va lues for H
4
~

ALK , ACY

• l~~ 

- 5- 
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Ca and SO 4 in

molar units

compute SOLYP

is
yes 1OLYP ~ 1. 32 ~ 10 1 3

No prec ip i ta te , calcu late:

Ca; d isso lved , total , and
NO suspended so l ids , hardness

Compute prec ip i tated CaSO 4
and new va l ues of SO 4 and

Ca

determ ine d issolved ,

total , and suspended

soli ds, hardn ess

109



209

compute Na zCO
~1

required ]

Compute after NEUT

va lues for

H~ , ACY , ALK , Na ,

d issolved and total 130

sol ids

Return 
is Yes 117

A L K , ’ 0

r No

I. is

8 Yes
A C Y , ’ O

CT and ALK 
117

from

ACY 
CT from

ALK

121

a

110
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U

and a2 from

= 10~~

C 02

C02or 127
othe r

othe r

ClOUT = CT IN

computer ALK , H~ , ACY

is No 
12MACY = 1

is No
Yes MACV = 2

H2SOLe -

MACV — 1 Yes

HCL - MACY 2
Compute H2SO4

requ i red

_________________ I

compute  HC
I]

Compute dissolved

Compute dissolved and
and suspended

solids , So4 
suspended sol i ds , C I

~

. _ _  _



Compute HNO
3J

Compute d i ssolved and

suspended sol i ds ,

nitrite/N itrate

IALK IN  = ALKOUT

[~~~~JT f rom ALK

~ 
CO 2 requ Ired~

1’

resul t ing H~ , ALK , ACY ,

dissolved and suspended

sol Ids

1 1 2

_ _ _ _  _ _ _ _  _ _  _ _ _ _ _
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FLOW CHART FOR SUBROUTINE SETTLE

calcula te removal

factor , RF

i s
Y e s  __________________

COD(2) 4Compute new CODE
included

No
4

is
Yes

ToC(~) ~~ IComp
~

te New_TOC }.—_

included

NO

is Yes
Kj E L ( N ) (8)
incl uded

No

A

i s Yes

TOTAL SOLIDS 
________

(9) included 

~~~ _  _ _



-~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

B

i f YES

Susp SOL(1O) Compute NEW S. S.

included

NO

C

is Yes
Vol . Susp. SOL Compute New V. S. S.

(16) include

No ________

i s
Yes

turbidit y (23) Compute New Turb.

included

No

D

Return

Yes __________________

ammonia (5 >,_ —[Compute New )cJe1.j~~~
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

114 

-— 
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25

Set IND 0

is yes

dissolved solids 30

6) given

NO

I N D  = 1
MF DIS.  SOL. No.

30

is

Susp . Sot. No
and not 37
Dis . Sol
include

is

Susp Sol
NOTes nd DIS SOL

I N D  = 3
MM = SUSP SQL

Yes

IND = 2

MM — SUSP SOL

~~~~~~~te :otaI so l lds

11 5
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FLOW CHART FOR S U B R O U T I N E  DO M E

START

IT = PT ( j ) /  FLOW

Primary Clarifier
RF

After c1ar~ fier
dissolved , suspended , total
sol i ds; TKN , TOC , COD , VSS ,
TURB ,

h YPE Activated
Slud ge

= 0 Trickling
Filter

BOD Removal:
Suspended Solids ,
COD, b C , BOD

116
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f NH
3 

- N reduction7j

TKN , N.

Activated Sludge

Secondary C larif ierl  (;~)RF
New Suspended So l id~J

5 Icompute
IB0D

I Lout
.5- I
Reset I
Pi(Jfl

~~~~~~~~~3 

INew va lues for:
IC0D , TOC , BOD ,
LSusPended soUds

Return

~~onda ry Cla r i f i e r
land new Suspended
~Sol Ids

1~13 by iteration

new va lues of NH 3,

~~KN, N

17 7
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Flow Chart for Subroutine RM 86

Read in and pri nt out
resource information

Cal l  CONCK

Read in and print out
constraints on van space ,
anal s ts ’ times & cost

DO 1000 I = 1 , NP ch eck a l l  parameters

LREM=0
=

DO 2000 J = 1 , NL check a l l  leve ls

100 YES Have all
points at leve l , J

been f lag —
ged

NO

DO 000 MC = I check all methods

2000 
YES 

L=O

NO
NO 

LREM= 0

YES
L T = 2
LRE M = L
JRE M = J

AMAR I 1 = L saves method nurTtar

A

118
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_  87
A

LT = LI -

AMAR (1 ,2) = J

Ca ll TO

Ca l l  EQCHEC check for equi pment
violation

V equip-
2200 ent v io la-

t i on

NO

Ca l l  VS CHEC check for van space
violation

van

2200 YES space vio-
I at ion

NO

Cal l  CNCHEC check for anal yst  t ime
violation (call 1+ times)

YES anal ys
220 time viola—

t ion

NO

Call CNCHEC check for cost
violation

YES COSt
2200 v io la t ion

NO
Cal l  ADD add new allocations

100 check the next
parameter

119
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2200

(
~~~~~ YE S~~~~~ 

~~~~>
save ori ginal
violation code

NO equ i pment
v i o l a t i on

YE S

save equi pment code for
which the v i o la t i on
occu rred

00 try another method

2000 try another leve l

C a l l  SET
Ca l l  ADD

isthe
YES new viola-

Print out tion the same

violation as the last

information one

1000 NO

Determine the type of
violation

Ca l l  P I E Q C H

B

120 
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B

v i ola
YES t ion rel ieved

NO

Print out violation
informat ion

1 000 check the next parameter

/

Call INFORM
Cal 1 SAM I~LE

Ca ll PRP AR

Print out resource
allocat ion informat ion

RETURN

121

— 
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Flow Char t for Subroutine CONCK (fea5ible method determ i nation only)

DO 100 I = l ,NP check all parameters

MNCK — 0

DO 200 J = I , NL ch eck a l l  l evel s

MC = 0

DO 300 L = I , NMA I check all method s

DO 400 K = I , NPLAJ check all points in
leve l J

zero
concent ra- YES

tion

0

is
he con-

centration ac-

NO ceptable for the
method under consider-

at ion

400 YES

MNCK = MNCK + 1
MC MC + 1

PM (I ,J ,MC) — L saves f e a s i b l e  method

300

200

NO 
MNCK — o check if a f eas ib le

method has been found
P M ( I ,l , 7 )  — I YES

100

122
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-I,

Flow Chart for Subroutine PIEQCH

IMO = save s parameter number

50

I MO = IMO -

LR = AMAR ( I M O ,l )  obtains method and leve l
= AMAR ( I M O ,2) numbers tentative l y

assi gned by RM

150

JRR — JR saves initial method
LRR = LR and leve l numbers

200 YES 2<NOV<6 analyst violation?

NO

OV—2
300 or van space or cost

NOV=7 v iolation?

NO

Deter-
mine if the

NO ccc of equipment v io- YES 
00lated is used in the

current method

200

etc r-
mine if the

NO a n a l yst violated is
used in the current

met hod

YES

300

I
A

123

-
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A

Ca ll SUBT subtracts current
a l locat ion

deter
mine if the

current method is
NO last available method at

the current method

YES

JR — JR + 1 increment leve l

MC = set method counter

MC = MC + 1

DO 600 .J = JR NL look at all remainin g
level s

DO 700 M = MC , 3 look at all remaining
method s

NO easib

690 method

YES
C a l l  TO

C a l l  EQCHEC

qui p-

700 
YES ment violation

NO
C a l l  VSCHEC

an
space

iolat ion

NO

1 1 CNC (C

B 124
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Q
YES anal yst

700 violation

NO
Ca ll CHCHEC

700 YES cos t
b lat ion

NO
Ca l l  ADD add new alloca tions

NOV = 0 set violation code

RETURN

700 
continue method search

690

[j~ç = 1 set method counter

continue leve l search

[Call ADD no relief was found for
current parame ter so add
previous allocations

125
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FLOW CHART FOR SUBROUT I NE

C OR RCT

START

WRITE NB ,NS ,NP

READ
MESUR(I)

BPLIST( IB ,N)
YM(IB ,N)

SET COUNTERS
UN ,NUN = 0

MEASUREMENT
AT BRANCH 100 NEXT BRANCH

I ?

YES

I F L A G ,Ic = 0

D I D  NOSOURCE J 10 NEXT SOURCE
CONTRIBUTE

YES

A

126
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~~55~~ 5~~ _. -~~~~~~ =-—-- - ---- -- ~~~~. -~~~~

A

COUNT SOURCES
IC  = I C  + 1

NOTE SOURCES
ICONS(IC) =

I S
IFLA G = 1 0 YE S

(Is ANY 10 NEXT SOURCE

SOURCE
T R E A T E D )

NO

I S
SOURCE J NO
TREATED 10 NEXT SOURCE

YES

FLAG = 10

1 0 NEXT SOU RCE J

ONE YES
SOURCE

CONTRIBUTES 1 1

MORE THAN 1

B

127
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--- - . - 
- 5  —

B

COUNT =

AN Y SO U R C E S NO~~
(
~~~ FOR N ON U N I Q UEBEF N \..=./ DETERM INATIO N

DETE RM I NED A F T E R  A L L  B RAN CH E S

HAS
CONTRIBUTIN G 

NC NEXT CONTRIBUTING

DETERM I N ED

YES

COUNT =

COUNT + 1

HOWMORE THAN 1 

_______ 

D E T E R M I N A T I O N
FOR NONUN I QUE
DETERMINAT I ON
A FTER A LL BRANCHES

0

NEXT BRA N CH

128
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5 ---
~~~i, ~~~~~~~~~~~~~~~~

11  ONE C O N T R I B U T I N G  S O U R C E

HAS
T H I S  SOURCE YES 

100 NEXT B R A N C H

DET E RII I  N ED

NO

SET MESUR( I) = 2
UN = UN + 1

I D E N T I F Y  NEW
U N I Q  SOURCE

HOW MA N Y
PARAMETERS
MEASURED
BRANCH I

NO 
31 NOT FLOW

YES

CO M PUTE
C O R R E C T E D

FLO W , P R I NT
MESSAGE

30 NEXT PARAMETER , I P

129
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I DENTI FY NEXT
POLL’JTANT

~~~~~~~~~~~~~~ ES 
DETERMINE SOURCE

NO

CORRECT PARAM K
SOURCE ICONS(IC)

TO YM(l ,IP)
P R I N T
MESSAGE

30 NEXT PARAMETER P

12 10

COMPUTE % CONTR SBUT I ON1
OF SOURCE I CONS ( I C )  TO

BRANC H I MASS

[ COMPUTE CORRECTED
C O N C E N T R A T I ON FRO M

¶~ AND BRANCH MEAS

130
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-5____ _

P R I N T[ MESSAGE

30 NEXT PARAMETER IP

100 AFTER ALL IP THEN NEXT BRANC H I

15

IS
CONTR I B

S O U R C E I N  
YES 

~0 NEXT SOURCE IC
UNI Q L IST

NO

I DENTIFY
UNDET SOURCE
I N C R EM E N T UN
MES IJR( I)  = 2

HOW MANY
PA RA M

MEASURED AT
BR A N C H  I

I S
PAR A M NO
F LOW 5 1 NOT FL W

D

1 3 1



P
SUBTRACT UN I QUE

SOURCE FLOWS
FROM YIi(I ,1)

CORRECT
FLOWM (UN DET)

1: 

_
IM~~~1I COMPUTE ~ C O N T R I B

OF U N DET SOURCE
PRINT MESSAGE

50 NEXT PARAMETER P

I D E N T I F Y  NEXT
POLLUTANT , KJ

1
XE=O ]

5+
DETERMINE :x = XE
OF SOURCES NOT

UNDET

L__ _ _ __
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E

DETE RM INE MASS PARA M
K FOR UNDET

~~+1~~

CONCE NTRAT I ON FOR
K IN UNDET

OUTPUT

50 NEXT PARAM IP

100 AFTER ALL IP - NEXT BRANCH

AFTER ALL BRANCHES CONTI NUE

ALL
SOURCE YES

DETERN INED

WAS
SOURCE J YES

DETER M INED NEXT SOU RCE

NO

[~I~ CAT E NEAREST ]

F L BRANCH

133
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715

I S
THAT BRANCH NO

MEASURED 70C) NEXT SOURCE

YES

IS
BRAN CH YES
TREATE D IIFLAG = 10

I C l , IC = o f

COUNT C O N T R I B
SOURCES OF

BRANCH I , IC
I D E N T I F Y , I C ONS

______f_____
LOOK AT P R E V I O U S

BRANCH I I

IS
BRANCH I I  NO
MEASURED 700 NEXT SOURCE

YES

F-

13~i

_ 
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. .

F

I COUNT C O N T R I B
I SOURCES OF
I BRANC H I I , I C 1

~jDENT IFY , I CONS1

I C  — 
IS 

~ 1 YES ,=\
I 

700 NEXT SOURCE

NO

COUNT AND I DENT I FY
SOURCES IN ICONS NOT

IN IC O NS 1

I F  
YES

MORE THA N 700 NEXT SOURCE
ONE

NO

NO

T H I S  S O U R C E  70’) NEXT SOURCE
J

YES

135
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IS 
NO

N EXT SOURCE

YES

NEW FLOW(J) =
Y M ( I  ,l) — YM (I IM l )

P R I NT
MESSAGE

IDENT I FY
PARAM K

I S YES
BRANCH I 7~ ()

T R E A T E D

NO

COMPUTE NEW C ( J ,K31
FRO ’I M E A S U R E M E N T S
IN BRANCHES I , I I

PR1NT RESUL TSJ

136
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770 NEXT PARAM K

700 AFTER ALL PARAM
NEXT S OURCE
AFTER ALL S OURCES
CONT I NUE

ALL 
YESSOURCES

D E T ER M I N ED 1 L ~O0

NO

COUNTER 780
NUN — 0 WITH

T R E A T M E N T

~ C O N T R I B U T I O N  O~]
SOURCE(J ) TO
X ( I ,K) - x (II ,K)

I S  N O
M E S U R ( I )  = 1 500

BRANCH 
I

COMPUTE NEW]

YES

I PRINT
H

137
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WR I TE OUT LISTS
UNIQ SOURCES

NONUNIQ SOURCES

138 
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H

D I D  NSOURCE J 0

CONTRIBUTE 510 NEXT SOURCE

YES

COUNT SOURCES
IC = IC 1

NOTE SOURCES
ICONS (IC) = j

510

N U N P R  0

HAS
SOURCE YES 

520 NEXT SOURCE

DETERM I NED

NO

NUN = NUN + 1 1 Count ~or s y s t e m

NLJNPR NUNPR + 1 I count for brar~~’
NUNIQ(NUN) = ICONS( ICC) I sys te r~ sources

NSORSC(NU NPR) ICONS( ICC)j each branch

139
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~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

-——-— 5-

~1

520 NEXT SOURCE

HOW MANY
PARA M ETERS

BRANCH I

I S NO
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