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

I The site modeling program models the manufacturing processes which rontri
hute pollutants to the system , models the sewer system , and models the rreat—
meat system inc lud ing  acid or caust ic  n e u t r a l i z a t i o n, s e t t l i n g  ponds , and

I 
domestic treatment. The inputs to the model are the  p r o d u c t i o n  levels  of the
manufacturing processes and the outputs are the predicted pollutant measuremen
values at each possible measure point in the system .

The resource matching program accep ts data def ining proposed measurement s

‘ 
and matches these against the available time , ma npower , and equipment. The
output lists the pollutant to be measured at each measure point , the total
commitment of time for each analyst and for each piece of equipment. Note is

I made of any overcornmitmenc of manpower or equi pment.
The model re f inement  or u p d a t i n g  program accep ts  measurements  taken d un n

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

I The indicator model program evaluates the performance of sanitary treat-
• ment~ facilit1es.

The progra m uses des ign da ta , data from the operating log and/or data
generated during the survey and computes key operational characteristics. Con
par ing  these w i t h  desirable  v a l u e s  as c i ted  in design hooks and manuals  w i l l
give the survey planner insight into the operation of the system and su~~~est

‘ 
the need for more survey measurements or the need for changes in operation .

A system was developed fo automatic instrumentation of pH , co n d u c t i v i t \ ’ ,
• and other parameters which use strip charp recordings . Interface h a r d w a r e  was

selec ted and purchased and interface software was developed for direct connec—

I tion to a digital computer.
A data handling system was developed for use during and after the su rv v .

A PDP8—OS/8 and pe r iphe ra l  equT .pment was pu rchased .  So f twa re  was d e v e l op e d  t o

I perform data handling functions ari d to direct the user in  application of  t i l e
software. The program accepts raw data from the analytical chemist and pe r-
forms data conversions , transcriptions, and data logg ing functions. O u t p u t
is available in several forms as ma; he needed for various reports dur ing andI at the  end of the  survey .

Reconm~enda t ions  a r e o’ the  survey p l a n n e r  s h o u l d  o b t a i n  s u f f i c ie n t  (!~1t,3 lii
a p r e l i min a r y  survey to model Gnd a n aly z e  the  s i t e ;  m e a s u r e m e n t s  s h o u l d  ~ n I

‘ 
m a t e d  to the  maximum e x t e n t  poE .slhle; ‘data handling should be delegat&~ to t h e
computer when the operations are well tdefin ed and repetitive. The pr o~’r . in
software and hardware included here will assist the survey planner in follcwin ~
these recommendations and design a more effective survey.I \,

,
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1

INTRODUCTION

I
This manual was written to assist in the use of the Survey Planning

I Program deve l oped as part of the research entitled “A Systems Analysis of

I Water Quality Survey Design ” conducted by the Eng ineering College at Clem-

son University and supported by U.S. Army Medical Research and Development

Command.

The program can perform three basic functions by assembling the prope r

I subrout ines. These functions are :

I
l. Modeling and simulation of the plant site operation . The model

includes the effluent of the manufacturing processes , the sewer

I system pollutants , and industrial and domestic sew~~~ treatment.

2. Resource matching or resource commitment for a p lanned survey.

Using the modeling and simulation results , the survey p lanner

determ i nes the frequency and l ocation of the measure points for

each pollutant to be measured . The RM model uses this informa-

tion along with information on available resour’ es (time , per-

sonnel and equi pment) determines the required commitment of

personne l and equi pment. Note is made of non-feasible survey

p lans wh ft, wouid require more personnel or equi pment than is

available. The survey planner can then add more oersonnel or

equi pment for the survey or try another survey p lan wh i ch w i l l

use different personnel and equi pment. By iterating throug h

several survey p lans the p lanner can find a survey p lan which

wi l l  y ield the maximum of useful data for the available time ,

personne l and equi pment.
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I 
3. Mode l Verification and/or Updating.

The site model process models can be updated or improved using

i preliminary survey data or survey results. While the best data

available were used in constructing the process models , there

was considerable variation in data for a g iven process from one

plant to another or from one season to another. Better process

1 model values may be obtained using the CORRCT subroutine with

I judiciousl y selected grab samples , taken on a preliminary survey.

Survey results can also be used to verif y or refine the process

I models. With confiden :e in the model , it can now be used to

predict levels of potential pollutants for production levels

other than those which occurred during the survey. This should

give added si gnificance to the survey report.

I The site modeling and simu ation uses MAIN and the following sub-

I routines: PROCES , START , TOP , N EUTRA , SETTLE , DOME .

The resource matching application uses all of the subroutines re

quired for site modeling p lus the following subroutines: LEVEL , FLAG ,

RM , CONCK , TO , EQCNER , VSCHEC , CNCHEC , ADD , SET , P I E Q C H , SUBT , INFORM ,

I SAMPLE , PRPAR , USECT ,

The modv~l verification and/or updating uses all of the subrouintes

required for site modeling p lus the subroutine CORRCT.

The functions of the subroutines are discussed briefl y be l ow .

MAIN: sets the system dimensions and calls appropriate subroutines .

PROCES: This program reads in process mnemoni cs for processes present

at the particular site being studi ed. A ppropriate process data is

called out of process libra ry . Process data can be altered to better

represent a particular site .
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I 
Process Library: Contains process models.

START : Reads in; the number of processes(sources), the number of

I branches , the number of parameters and the number of outfal ls in

this site study. Also reads in the numbers of the particular pollu-

I tants in the current study (NPLIST). Reads in branch names. Branches

I 
are named for convenient interpretation of output data. Ca lls CHK 1 .

CHK1 : Reads in the number of non-competing parameters (used in RM);

I reads in the names of all of the pollutants in the master l i st , for

each the number of rneasrrement methods available and the samp ling

1 frequency . This program also prints out the input information available

a t  this point. In particular this includes the process data and the

topo l ogy matrix.

I TOP: This program essentiall y does the following: reads in treatment

data; takes process data and site topology data and calculates the flow

I and pollutant parameters for each branch of the system. The effects

of treatments are included in the calculation; calls the treatment sub-

routine NEUTRA , SETTLE , and DOME ; calls CHK2 to output results.

NEUTRA : This subroutine is called by TOP if acid or caustic neutral i-

zatior i is required in any branch.

SETTLE : This subroutine is called by TOP is a settling pond or clari-

fier is required in any branch .

DOME : This subroutine is called by TOP if domestic or sanitary t reat-

ment is required .

CHK2 : This program essentiall y writes out the results of the TOP cal-

culat ions , i .e., the system simulation .

FLAG: This subroutine is not used in system simulation but in system

planning with RM . However , it s called by TOP to prepare data for RM .



_ 
-

I
I
I 

LEVEL arranges TOP output for use in RM .

FLAG allows survey p lanner to specif y for RM , measure points in

I addition to those selected by RM log ic.

RM reads in and prints out resource information , allocates resources

I and calls subroutines when needed to relieve violations , and prints

I 
out resource allocation information .

CONCK determines feasible measure methods and allocates resources to

I flagged points.

TO zeros out temporary allocations for equi pment times.

I EQCHEC determines if any equi pment time violations occur.

VSCHEC checks for van space constraint violations.

- • I CNCHEC checks for anal yst t~me constraint violation .

I ADD adds current allocations of equi pment time , analysts ’ times , van

space and costs.

I SET stores the array of methods used at a branch in a leve l for a g iven

parameter.

H PIEQCH searches past assignments to attempt to relieve constraint viola-

tions.
- 

• SUBT subtracts current allocations.

INFORM prints out branch names and parameters to be measured at that

branch .

SAMPLE allocates anal yst type 1 time required for taking samp les and

measur ing flow .

PRPAR outputs parameter measurement information .

USECT total usage equi pment.

TICHAN converts minutes to hours and minutes.

-t
I
L. - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

.
~~~~~~~~~~~~~~ • • •~~~~~~~~~~~~~~
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~~-



_ _ __ _  
• 

.—-- - •

5

I
CORRCT is used for model veri fication or up dating.

I Subsequent sections of this manual define the data required by

these program subroutines , list the required coding and ordering of data ,

and illustrate the Format and computer card layout required by the sub

I routine . Also , the various components of the output information are listed

and exp lained in the last section of this manual.

1 The programs have been written so that only the subroutines required

for the particular app lication need to be read in. Thus , the program could

be visualized as three separate decks with some of the subroutines appearing

I in more than one deck. Also , the complete set of subroutines can be read

as one bi g single program. Depending on the computer facilities available ,

memory space available and turrt~around time may be a prob l em if the three

- 
smaller decks are not used .

In either case flags have t:o be read in MAIN to define the particular

I app lication that is desired.

- 

NFLAG = 0 call LEVEL an~ RM

= I terminate after TOP or CORRCT

EPSLON 0 do not call CORRCT

1 call CORRCT

i These are read in with the following statements in MAIN

READ (1 ,900) NFLAG

READ ( 1 ,800) EPSLON

900 FORMAT (1 5)

- - •• _ _
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B R I E F D E S C R I P T I ON OF FO RMAT STATEMENTS

The purpose of the FORTRAN FORMAT statements is to tell the com-

puter what kind of information is to be inputted and where to find that

info rmation on a data card . In this program , onl y three different types

of data are inputted: integer data (‘T’ FORMAT) , floating point data

(“F” FORMAT) and alphanumeric data (“A” FO RMAT).

Integer Data

Integer formats are of the forrr wlm , where w is the number of

intege r data fie~~is , and m is the leng tri of each integer fie ld. For

examp le , 3~ 5 ~i1 read 3 items of data from a card , with each i tem in

a field 5 card col umns wide. It should be mentioned that within a field

the data must be ri ght justified. This means that if a 14 format is

used to read in the number 6, 6 must appear in the 4th co l umn of the

field. If it does not , the trailing blanks are read as zeros . So , if

the 6 is p laced in the 3rd column , it w i l l  be read by the computer as

60, or in the 2nd col umn it w i l l  be read as 600. Ca re must be taken

that integers are ri ght justified. Many apparent programming errors may

be caused by i ncorrect punching of data cards.

Examp les:

READ 100 , K , L , M

100 FORMAT (3t4) 

~~~~~~~~~~~~~~~~~~~ • • • • - • -- • •-- ~--- 
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This wil l  read in three integer values for the var iables K , L , and M.

If the desired values for those variables are 5, 106 and 79, the data card

would appear as follows :

5 1 0 6  7 9

Co l umn 1 2 3 4 5 6 7 8 9 10 11 12 l 3 .  0

Field 1 Field 2 Field 3

Since the computer wil l  only look at the first 12 col umns in this

example , col umns 13-80 could be filled with anything.

Floating Point Data

Floating Point Formats are of the Form wFrn.n , where w is the numbe r of

floating point fields , m is the total width of each field , and n is the

number of p l aces to the ri ght of the decima l point. The restriction on n

is n~~m+l , since one p lace is reserved for the decima l point. Floating

point allows the user to omit the decimal point , if the data if right

justified. Otherwise , data may be placed anywhe re in the Field.

Examp 1 e:

READ 101 , X

1 01 FO RMAT (Flo.3)

If the va l ue desired for X is 1O7 .3~6, the data card may appear

as:

L .~~~~~~~ •~~~~~~~~
. - - - - . --
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I Co l umn 1 2 3 4 5 6 7 8 9 10

I
or as

I — --
i;-

~~~~

_ _

2) Column ~

“

2 3 4 5 6 7 8 9 10

The presence of the decimal point overrides the Format specifi cation .

f In the firs t case , if 107346 started in co l umn Li instead of co l umn 5 it

would be read in as 1073.460.

I
Al phanumeric Data

Alp hanumeric formats are of the Form wAn , where w is the number of

alphanumeric fields , and n is the width of each fi eld. Any character may

be read in as alphanumeric data.

Example:

READ 102 , NAME , N , J

102 FORMAT (2A4 ,A3)

(
i I T L E S  3 2  7

Column 1 2 3 Li 5 6 7 8 9 10 11

Field 1 Field 2 Field 3 

-- -~~~~~~ -~~
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1
In this examp le , variable NAME would have the computer representation

of ‘ T I T L ’  stored in it , N would contain ‘ES ~~~~
‘ (~ represents a blanL)

and J would contain the alphanumeric representation of ‘327’ . It is

important to note that this “value ” of J does not correspond to an integer

val ue of 327.

I
Mixed Formats

In many instances integer , floating point , and alphanumeric data

all appear on the same card. It is simp l y a matter of combining the

different formats in the correct sequence to read this data. Also ,

many times certain col umns of the data card wil l  want to be skipped.

To accomplish this , the nX Format is used where n is the numbe r of

col umns to be ski pped.

Examp le:

READ 103, X , ~~ , N , Y

103 FORMAT (F6.2 , Lix , 12, A3, 2X , F4.l)

4 7 . 3  7 ~, B C 7 6 7 2 2

Columns 1 2 3 4 5 6 7 8 9 10 II 12 13 14 15 16 17 18 19 20 21

Ski pped Sk pped

The value of X wi l l  be 47.3, the value of I will be 7, the “value ”

of N wi l l  be ABC , and the va l ue of V wi l l  be 672.2. Notice that the 7

~ 

. • •~~~~~~~~~~~~~~~~~~~~~~~~~ .. - . .  ~~~~~~~~~~~~ . ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
• • • . • .•~~~

• • • • •.
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which appears in column 17 is not assigned to any variable since it is

in a column which is skipped .

For each i tem of data that is needed by the program , the associated

READ statement and FO RMAT statement is inc l uded , along with a sample data

card in the “User ’s Man ua l . ”

h!I Iri,ir__i_r 1~~~ ff • : •trIt . — •
. - JflL—— ~— — — -—_ _ — • —  — - -—— — — — ——— —-—-———- - — —-——.—— — ——— — — . ——.-



II

MAIN PROGRAM USERS GUIDE

I . Required Main Data and Forma t

The onl y data requ i red by MAIN are MASTER , F’F LAG , and EPSLON .

If UFLAG is t
~J~

1 the program stops after the TOP or CORRCT subroutine

calculations are complete. The TOP subroutine calculates the flow , mass ,

and pollutant parameter for each branch of the system . If NFLAG is “0’

the program goes from TOP into the RM subroutine where the survey is planned.

MASTER is the largest parameter number to be used in the current stud y.

The master list of parameters is g iven in Table II .  If in a given study no

parameter listed above tota l phosphates is to be included then ~AST[R is 18.

If EPSLON = 0 the CORRCT subroutine is not called . For EPSLON =

the CORRCT subroutine is called .

MASTER and NFLAG are read in with the following statements:

READ ( 1 ,900) MASTER

READ ( 1 ,900) NFLAG

READ (1 ,900) EPSLON

900 FORMAT (15)

The fol l owing card layout is for MASTER l~

1 2 3 4 5

_,
._
..—
‘ 

I I

The following car layout is for NFLAG 1 or for EPSLON =

1 2 3 4 5

/;
_ 

I I I I~~ I 

—
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II .  Cha ng ing System Planning Program Dimensions

The program and subroutines have been writte n so that onl y cards in

the MAIN program need to be changed to redimension the system . The quan-

tities that can be var ied are: the number of pollutant parameters , the

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

p ieces of equi pment.

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

dimension the system are g i ven in the following paragrap hs:

To handle more than 25 sources (where i = number of sources) in the

MAIN program ,

change MSORS = 25 to MSORS i and in the Dimension statement

F the arrays to modify are :

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

To handle more than 25 branches (where ri = number of branches) in

the program ,

change MBRNC = 25 to MBRNC = n

and in the DIMENSIO N statement the arrays to modif y are :

- ~ ‘~~r~
- pf~

-
~*~ t~ trr- rJ r 1-tw..r ~ -r 

~~~~~~~~~~ t~~~ 1~~ ’-~----Thr—t ---- 
~ ff~- r -
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A (25 ,25) A (25,n)
V (25,25) Y (n,25)
X (25, 25) X (n,25)
EFF (25) EFF (n,25)
NBRNCH (25 ,2) NBRNCH (ri ,2)
IBN (5 1 ,25) IBN (5 1 ,n+l)
PC (25,25,25) CHANGE PC (25,25,n)
AMAR (25,27) AMAR (25, n+2)
NALOW (25 ,25) TO NALOW (25,n)
BRN (25) BRN ( n )
BRANCH (25,25) BRAN CH ( n ,25)
NROUR (25) NROUT (n)
NFLOW (25) NFLOW (n)

To handle more than 25 parameters (m = number of parameters), in

the MAIN program ,

change MPARM = 25 to MPARM = m

and in the DIMENSION statement the arrays to modif y are:

SPLIST (25,25) S P L I S T  (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) CHANGE SAMFRE (m)
NMA (25) NMA (m)
MENAME (25,3,5) MENAME (m ,3,5)
PCRM (25,3) TO PCRM (m,3)
PMDATA (25,3,4,5) PMDATA (m ,3,4,5)
100 (25,25) 100 (m,25)
PM (25,25,25) PM (m,25,3)
AMAR (25,27) AMAR (m,27)
PC (25 ,25,25) PC (m ,25,25)
NALOW (25 ,25) NALOW (m,25)
EQUSED (25,75) EQUSED (m,75)
NSET (25,3) NSET (m,3)
FLGPT (2 5) FLGPT (m )
RAN K (25) RANK (m)
BRANCH (25,25) BRANCH (25,ri)
ELE (25) ELE (m )

L~ =. - 
- -

~~~~~~~~

-

~~~~
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To handle more than 75 pieces of equi pment (j = number of equipment)

in the MAIN program ,

change MEQ — 75 to MEQ = j

and in the DIMENSION statement:

change VNSP (75) to VNSP (j)

SMEQT I (75) SMEQT I (j)
EQUSED (25,75) CHANGE EQUSED (25,j)
EU (75) EU (j)
EQT I ME (75) TO EQT I ME (j)
EQNAME (75,5) EQNAME (j,5)

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

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

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

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

exactl y. For example , if MPARM = 31 , then every array that is affected

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

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

also be exerc i sed that eve ry array has its prope r subscri pt changed.

Any omission may lead to errors that may not be i mmediatel y apparent.
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PROCESS MODEL USER ’S  G U I D E

I. PROCESS MODEL INTRODUCTION

The p rocess mode l is used to define a manufactur ing plant in terms

of the pollutants produced by the manufacturing processes as a function

of the production levels of the various plant components. In orde r that

the mode l be app licable to more than one p la nt , manufacturing operations

are subdivided on the basis of “objectives ” and then further subdivided

into “processes” required by these objective . “Objectives ” are identified

in terms of general plant products or objectives. A g iven p lant may have

one or severa l “objectives ”. Examples are : continuous TNT; TNT (batch);

paint stripp ing of artillery shells. The processes are manufacturing

operations wh i ch are definable in terms of production level and resultant

pollutants. The processes are cperations which may be components of one

or several “objectives ” and may occur in one or severa l p lants. Models

are constructed for each process wh i ch may occur in any of the p lants to

be surveyed. A p lant process model is obtained by assembling the appro-

priate process models. The input to this model is the production leve l

of each of the processes making up the p lant model. The output is an

ordered listing of the types and levels of pollutants generated by pro-

ducing products at a certain level. Also listed are the points in the

effluent drain system at wh i ch the pollutants enter. Any time varia-

tion in pollutant flow requires a new listing, a listing for each state.

The pollution potential of an efflu ent is measured in a number of

ways. One type of measurement is to determine the concentration of a

part icular element or compound. An example of this type of measurement

would be the measure of sulfates in milligrams per liter. Another type

of measurement measures a characteristic of the system not necessaril y

~~~~~~~~~----~~~~~~~~~~~~~~~~~~~~~~~ -- -~~~~~~~~-• - --— --- -~~~~~~~~- - - -
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STNT

I
0001 SUBROUTINE STNT (FLOW , SPLIST , CAP , JM , MSORS , M PARM )

I 
0002 DIMENSION FLOW (MSORS) , SPLIST (M SORS , MP A R M) , CAP (MSORS )
0003 FLOW (JM) = 0.01 ~ CAP (JM) ~ 0.10
0004 SPLIST (JM ,l)  = 1.5
0005 SPLIST (JM ,3) = 40000

I 0006 SPLIST (JM ,4) = 40
0007 SPLIST (JM ,7) = 1000
0008 SPLIST (JM ,8) = 8

I 
0009 SPLIST (JM ,9) = 20000
0010 SPLIST (JM ,lo) = 10
0011 SPLIST (JM, 12) = 2500
0012 SPLIST (JM ,l5) = 1500

‘ 
0013 SPLIST (JM , l 6 )  = 5. 0
001 4 S P L I S T  (JM ,l8) = 0.5
0015 SPLIST (JM ,19) = 10.0

I 0016 SPLIST (JM , 20) = 20
0017 SPLIST (JM ,22) = 0.0
0018 SPLIST (JM ,23) = 5.0
0019 SPLIST (JM ,2’+) = 5000

1 0020 RETURN
0021 END

I
I EXAMPLE PROCESS

Figure I

I
I

— ——— -
.
~~~~

—— —— —
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related to onl y one chem i ca l element or compound. Examples of this type

I of measurement are conductivity, color , and pH. To speak of in general

of the numbers that define the leve l of pollution potential , whether they

I are of one or the other of the above types , the term “pollution para-

meter” will be used.

Fi gure I is an examp le of a computer program subroutine model of

~ a process. Statement 0001 g ives subroutine name . Statement 0002 is the

- 

DIMENSION statement. Statement 0003 computes the effluent flow from this

I process in m i l l i o n  gallons per day (MGD) for a given operating leve l ,

CAP ( JM ) in ~ capacity for JM . The remaining lines 0004 throug h 0019

I g ive the pollutant parameters necessary to define this process. These

I parameters must be identified by a number assi gned ~n a master l i st g iven

in Table II.  For examp le , SPLIST (JM ,3) = 40000 g ives the conductivity of

I the effluent of the process numbered JM. Three is the parameter number for

conductivity from the master list.

Further , each process is identified by a mnemonic from a master list.

A list is g iven in Table I .

Final l y, the process modeling is comp lete for a g iven p lant when all

of the processes and their operating levels are identified for that p lant

and the computer program calls in the appropriate subroutines wh i ch defines

these processes. This information includes a listing of the poi nts in the

drain system at which the pollutants enter.

• - • ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - — -
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I I .  GENERAL D E S C R I P T I O N  OF PROCESS MODEL PROGRA M

The process model is identified by a mnemonic name for a specific

operation within a plant and is defined in terms of production leve l

capacity and the pa rameters which measure the pollutants found in the

effluent of that operation . A master list of process models is

available in Table I . These models are contained in the main program

card deck.

During the preliminary survey all processes which make up the

plant operation are identified in terms of the proper mnemonic from

the master list. The expected operating capacity in ~ of full load is

noted for each process. The mnemonic and capacity are p laced on a

data card for read in by the PROCES subroutine. These process cards

are read in the order determ i ned by the topolog ical numbering dis-

cussed on page 39 under ordering of data and coding. The re are no

restrictions on the numbering or ordering of the processes except that

once the numbering has been assigned it must be used here and in the

topology part of the program.

As the subroutine PROCES reads in the process data cards it forms

a plant model in terms of a SPLIST matrix. The SPLIST matrix has as

its rows the different processes present and as its columns the parameter

values , the parameters in order as defined by the master l ist of Table II

and processes in the order read in. An abbreviated SPLIST matrix format

example for the first five process models as well as the first fou r

pollutant parameters is described for BAAP .

- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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ORDER IN WH I CH FOUND I N  PROGRA M AND MN E MO N I C S  CORRESPO NDI NG
SUBROUTINES

I
PAPC - AOP Compression SAPC

PA OP - AOP - Fl ow 3 SAOP

PSAC - Sulfuric Acid Concentrator SSAC

PNAC - Nitric Acid Concentrator SNAC

PBDN - Bl owdown at BAAP SBDN

PBIX - Ion Exchange at BAA P SBIX

PCOW - Cooling Water - Flow 10 SCOW

PNBP - Nitration and Boiling Operations SNBP

PBPP - Beater and Poaching Operation SBPP

PBEX - Benzene Extraction SBEX

PNCS - Nitrocellulose into Ball Power SNCS

PNGS - Ball Power with Nitroglycerin SNGS

PPND - Pond at Head of Sewer SPND

PAPP — AOP - Flow 4 SAPP

PSWG - Sewer Influent — Flow into STP Process SSWG

PCWZ - AAP - Cooling Water — Flow 11 SCWZ

PPAS - Purification Acid Scrubber SPAS

PPCU — Purification Clean—Up ~PCU

PPCW — Purification Cooling Water SPCW

PFSW - Fin i sh i-i g Scrubber Water SFSW

PROCESSES

(SOURCES)

TABLE 1

-- - - ~~~
—- -  

~~~
— - -
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Table 1 Continued :

ORDER IN WH I CH FOUND IN PROGRA M AND MNE MO N I C S CORRESPO N D I N G
SUBROUTINES

S PFCU - Finishing Clean-Up SFCU

PFCW — Finishing Cooling Water SFCW - 
-

PTCW - Tank Car Wash STCW

PSAR - Sulfuric Acid Recovery Cooling Water SSAR

PSAW - Su l furic Acid Recovery Waste Acid SSAW

PANP - Acid Neutralization Plant (Radford) SAN P

PC IX — Ion Exchange at Newport — C line SCIX

PZBM - Ion Exchange at Newport - A line SZBM

PCWB - Power House Cooling Water at Newport SCWB

PAPN - AOP at Newport SAPN

PNDN - NAC/DN at Newport SNDN

PGRB - Grab Sample at M-6 at Newport SGRB

PSAZ - Sulfuric Acid Recovery at Newport SSAZ

PTNT - TNT Lab at Newport STNT

PPHZ - Pumphouse #2 at Newport SPHZ

PSTP - Sewage Treatment Plant Influent at Newport SSTP

PROCESSES

(SOuR CES)

TABLE I 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~~~~~ - _ _ _ _ _ _ _ _
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I Table 1 Continued

PCW L Cooling Water Blow~
-;
~n SCWL

PODW - Oil/Descalar Water SODW

- PCOA - Cutter Oil - Line A SCOA

PCOB - Cutter Oil — Line B SCOB

PRW S — Rinse Water Supply SRWS

PAPS — Alkaline Paint Stri pper SAPS

PADR - Alkaline Dc-Rust SADR

PZPP - Zinc Phosphate Dip - Paint Stripp Ing SZPP

I PCAP - Chronic Acid Rinse - Paint Stri pping SCAP

PAPK - Alkaline Pre—Cleaner SAPK

PAHC - Alkaline Hot Cleaner SANC

PZPD - Zinc Phosphate Di p - Detrex SZPD

• PCAD - Chronic Acid Rinse - Detrex SCAD

PROCESSES

TABLE 1

- —-r~~ -~~~~~
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1. pH

2. COD

3. CONDUCTIVITY

4. TOC

5. AMM O N I A  (N H
3
) - N

6. DISSOLVED SOLIDS

7. N ITRITE/N I TRATE (N)

8. TOTAL N (KJELDAHL)

9. TOTAL SOLIDS

10. SUSPENDED SOLIDS

1 1. TOTAL HARDNESS

12. SULFATES

13 . MBAS -

14. SUL FITES

15. CHLORIDES

16. VOL. SUSP. SOLIDS

17. SOD I UM

18. TOTAL PHOSPHATES

19. TNT 
-

20. CALC I UM

21. COLOR

22. ALKALINITY

23. TURBIDITY

24. ACIDITY

25. BOD
MASTER L I S T  OF PARA M ETERS

TABLE II
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PH COD CONDUCTIVITY TOC I,— Pollutant Names
in Co l umns

PPND 6.0 20.0 u.O 11 .0

PAPC 6.2 20.0 0.0 11.0 4—~
Pollutant

PAOP 6.2 20.0 0.0 11.0 Parameters

PAPP 6.2 20.0 0.0 11.0

PNAC 2 .5 2~ .O 0.0 22.0

Process Model names in rows

ABBREVIATED SPL I ST MATR I X

• TAB LE I I I

The PROCES subrout ine is w r i t t en  such that if a process mnemonic

and capacity is read in on a data card and the re is no library sub-

routine defining this process , a row will  be reserved in SPLIST with

parameter data to be supplied later.

The PROCES subroutine a lso accepts data which w i l l  a l t e r  one or

more parameter for any process present. If the user feels that at a
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I

particular plant site a different parameter valu e gives a better

• mode l , the parameter can be changed. Furthe r in a more extreme case ,

all new parameters can be read in for a given process if existing

data and the judgment of the user wa rrant the change . Clearly, this

latter capability can be used to include a process in a survey p lanning

when the process is not in the p rocess library .
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1 1 1. GENERA L DESCRIPT I ON OF PROCESS MODELS

Flow rates in MGD are based on the production capacity

of the process mode l at the time it was evaluated . A summary

of each process mode l as of J u l y  1 , 1 974 , is enclosed by loca-

tion , cod e name , f low ra te , capacity at 100%, capacity at

evaluation , and other characteristics to clarif y the process

description as deemed necessary .

~~~~~~~~~~ Badge r

PAPC (.57 MGD) — 6 units at 50 T/D. Total 300 T/D. Evaluated
at 75 lID. 3—8 5. AOP Compression

PAOP (.48 MGD) — Same as PAPC — (Cooling water)

3 PSAC (1.6 MGD) - 3 units at 150 T/D each. 3-8—5. Evaluated
at 110 T/D (Cooling water) Sulfuric Acid Concentrator

PNAC (.30 MGD) — 16 towers at 30 T/D each . 3 —8— 5. Evaluated
at 50 T/D (Cooling water) Nitric Acid Concentrator

PBDN (.08 MGD) — 4 boilers at 175,000 lb stream/hr each.
Continuous at 5 per cent of product i on . Blow down

PBIX (.01 MGD) - 7 col umns at 150 ,000 lb stream/hr each .
Evalua ted at Li co l umns . 400 GPM for 10 m m .
backwash. 132 GPM for 15 m m .  slow rinse.

• 264 GPM for 50 m m .  fast rinse. Once every
30 hours. Ion Exchange

PCOW (.30 MGD) — Cooling water from boiler at 25 percent
capacity . Continuous. 1.5x stream production. Cooling Water

PNBP (.50 MGD) - 17,000 lb/day . 8 am - 3 pm weekdays. Ni tration and Boiling

• PBPP (.20 MGD) - 120 ,000 lb/day . Evaluated at 1 1 ,000 lb/day
from E- line . Continuous. Beater and Poaching

PBEX (.45 MGD) - 610 ,000 lb/mo . of reprocessed nitrocel lulose.
Intermittent. Benzene Extraction

PNCS (2.0 MGD) - 2,700,000 lb/mo. of ball powder. Evaluated
at 700,000 lb/mo . 3-8-5 Nitroc el lulose into Ball Powder

PN GS (.09 MGD) - Same as PNCS .

PPND (.40 MGD) - Pond overflow based on the water treatment level.
45 MGD. Evaluated at 12 MCD. Continuous. Pond

PAPp (.89 MGD) - Same as PAPC - (process water). 

- - - - - --- -
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PSWG (.27 MGD) - Based on BAA P facilities. Continuous . San i tary Sewer

PCWZ (.20 MCD) - Cooling water from compressors , fans , and
pumps. 50 Percent of capacity on weekdays
and 25 percent on weekends. Continuous.

NOTE : All values for BAAP are based on averages in the assay
or data sheets. Additional element va l ues were added
to the assay v a l u es for cooli ng wa ter and p rocess wa te r
effluents by us i ng the data sheets for raw water and
process water.

RAAP (The 5en processes for one 50 T/D continuous TNT line). (Radford)

PPAS (.0015 MCD) Purification Acid Scrubber

PPCU (.02 MGD) Purification Clean Up
$

PPCW (.90 MCD) Purification Cooling Water

PFSW (.0024 MCD) Finishing Scrubber Water

PFCU (.01 MGD) Finishing Clean Up

PFCW (.15 MGD) Finishing Cooling Water

PTCW (.015 MCD) Tank Car wash

PSAR (1.5 MCD) Sulfuric Acid Recovery Cooling Water

PSAW (.01 MCD) Sulfuric Acid Recovery Waste Acid

PANP (.135 MGD) - uni que to RPIAP . Acid Neutralization Plant

~~~~~~~~~~ Newport

PCIX (.3214 MCD) — 3 cation exchanges with 2 operations during
eva luation . 6 ,000 ga l.  tank for bulk storage .
Evaluat ed at 90 percent capacity . Ion exchange Newport-A

PZBM (.0381 MCD) - 2 anion exchanges with 1 operating during
evaluation . Eva luated at 90 percent capac i ty .
Ion exchange Newport-C

PCWB ( . 17 MCD) - 120 GPM norma l blow down . Evaluated at
90 percent capacity . Powe r House Cooling Water Newport

PAPN (.30 MCD) - 350 T/D of 65 percent HNO3. 100 percent acid
bas is .  AOP at Newport

PNDN (.30 MCD) - 2 NAC uni ts w i t h  100 T/D capac i ty  of 98.5
percent acId. Li denitiating units wLh 290 T/D
of TNT waste acId each. Nitric Acid Concentrator-Newport 

— - -- -- - - - - - —---~~-—----- -- -———-——--- ~~~
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PCRB (.002 MCD) - Unique to NAA P Crap Samp le at M- 6 Newport

PSAZ (.30 MGD) - Regeneration of 7.4 T/D of 40 percent Oleum
and 326 T/D of 20 percent Oleum. Sulfuric Acid Recovery-Newport

PTNT (.10 MGD) - 5 lines at 50 T/D each. Evaluated at one line
with outfall uni que to NAAP . TNT Lab-Newport

PPHZ (.02 MCD) — Evaluated at 90 percent capacity. Pumphouse #2-Newport

PSTP (.50 MCD) - Based on NAAP facilities. Sewage Treatment Plant Influent -Newport

NOTE: Values were based on conference at Clemson University
In January 1974. All operations are continuous and
100 percent capac i ty was used unless noted otherwise.

LAD Letterkenney

Shell Production — 160 ,000/mo. Evaluated at 100 ,000/mo.

PCWL (.0286 MCD) - Samp le Point J Cooling Water Blowdown

P ODW ( . 154 MCD) - S ip le Point K Oil/De sca ler Water

PCOA (.01 MCD) - (i-l2 (10 ,000 gal. cap. tank) Cutter Oil Line A

PCOB (.01 MGD) - G- l 3 (10 ,000 ga l . cap. tank) Cutter O i l Line B

• • - -  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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I Paint Stripping - 3 to 5 percent of the shells are rejected .
Capaci ty  i s  500-700 shells/day/shift. There

I 
are 2 lines of wh i ch 1 line was used during
evaluation not at fall capacity. Continuous
overflow for rinse is 2 GPM.

I PRWS (.0056 MCD) Rinse Water Supp l y

PAPS (.00035 MCD) Alkaline Paint Strippe r

PADR (.00035 MGD) Alkaline Derust

PZPP (.00035 MCD) Zinc Phosp hate Di p

PCAP (.00035 MCD) Chromic Acid Di p

I Point Preparation - “DEXTREX” process of batch dumps which
last 10 minutes at the end of each work
period . Continuous overflow for pre-
cleaner and hot cleaner 4 GPM.

PAPK (.001 MCD Weekly) Alkaline Pre-Cleaner

I PAHC (.0012 MCD Monthly) Alka li ne Hot Cleaner

PZPD (.0011 MCD Monthl y) Zinc Phosp hate Di p- Detrex

PCAD (.0009 MCD Daily) Chromic Acid Di p-Detrex

Notes: Averages of days 2, 6, and 9 we re used for point “J” .
Averages for days 8-13 were used for point “K”.
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iv . REQU I RED PROCESS SUBROUTINE DATA INPUT AND FORMAT

The following paragrap hs describe the data • required by the

PROCES subroutine and the card format required by the subroutine .

The cards and data wil l  be discussed in the order in which they must

be read in. The data required is:

1. The numbe r of processes in the p lant model , N

2. The process name s , XNAME (JM), and the pe rcent
of full p roduction capacity, CAP (JM)*

3. A fla g indicating whether or not there are to
be pollutant parameter modification for any of
the processes , NOD

Li . If the re are modifications , g ive the numbe r
of parameters to be changed , N MO D

5. For each parameter to be changed , g ive the
process name , the pollutant numbe r , and the
new pollutant value . YNAME (NM), ELE (NM),
VAL (NM) - One card for each parameter to be
changed.

6. A f lag indicating whether or not there are to
be any complete processes changed , NPR O
(Could be a new process)

• 7. If there are processes to be changed , g ive
the numbe r of processes to be changed , NUMP

8. Read in the numbe r of parameters currentl y in
the master list , N E L E .

9. For the first process to be changed , read in
the process name and the % of full capacity
fl ow. ZNAM E (JN) , FLW (JN)

10. One card for each parameter In the master list
in the same order as in the master l ist , g iving
the new parameter values , SPLIST (JE , JK )

1 1 .  Repeat 9 and 10 for each process to be modified.

~Mu st be readin i n  the sar e order as topolo gic al numbering.

-
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I
The data card formats are read in statements for the PROCESS

data and are now given.

1 . The numbe r of processes in the p lant mode l N . Example

for 16 proceses:

READ (1 , lO)N

10 FORMAT (lx , 12)

1 2 3 4 5 6 4— Card Co l umns

I I I

2. One card for each process g iving process mnemonic and the %

of full production capacity. Example: PINT at 5O0?~ capacity.READ ( 1 ,200) XNAME (JM) , CAP (JM)
200 FO RMAT (lx , A4 , lx , F6.2)

1 2 3 4 5 6 7 8 9 10 11 12 4— Card Columns

f l P I T t N~~
T
~ ~t ° 4 Hot

3. Flag to indicate pollutant parameter modifications. If there

are modifications N O D 1 . If there are no modifications NOD O.

Example: NOD I

READ ( 1 ,400) NOD
400 FORMAT ( lx , Ii)

1 2 3 Card Co l umns

Ihili
- - •~~~~~~~~- - • — - -  -~~~~~~~~~~~ -- -~~~~ - - ~~~~~~~~~ - - ~~~~~ - ---~~~ —- - -— -~~~~- -
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i Li . If the re are modifications the next card g ives the numbe r of parameters

I to be modified . Examp le: 21 (bypassed if NOD O)

READ (1 ,700) NMOD

1 700 FORMAT ( ix , 13)

1 2 3 4 5 4— Card Columns

Ii j 2 t l L  ~~~~

I
I 

5. In this group , one card for each parameter to be changed. Give

the process mnemonic , the pollutant number and the pollutant parameter

I value . Example: PPND , pollutant number 2, pollutant parameter value

21.1 5 (number 2 is COD)

I READ (1 ,750) YNAME (NM), ELE (NM) , VAL (NM)

750 FORMAT ( lx , ALi , I X , 12, I X , F9.2)

1 2 3 4 5 6 7 8 9 10 11 12 13 1L 1 4 Card Co l umns

~ I P I P t N ~D 1 t I2H I H L t 11 . 1115 1

6. This is a flag card to indicate if any complete processes are to be

changed. If there are modifications NPRO=1 . If there are no modifications

NPRO=O. Example: NPRO= 1

READ ( 1 ,875) NPRO

875 FORM AT ( lx , Ti)

1 2 3 4 5 4- Card Co l umns

• —-.—- • • •~~ • • • • • • - ----.~ • .-- --~~~ -- -— -— -—-~~~ - - — -— • • -- --
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1 7. If there are complete processes to be mod ified , this card gives the

number of processes to be changed. Example : 12

I (bypassed if NPRO=O)

READ ( 1 ,89O) NUMP

1 890 FORMAT ( l x , 12 )

I l 2 3 4 5 6 7 8 Card Columns

(i I 1 1 2  I I I I I I

8. Next read in the number of parameters curren tl y in the master list.

I NELE Example:24

READ (l ,89o)NELE

890 FO RMAT ( lx , 12)

1 2 3 4 5 6 Card Column s

9. For the first process to be changed , read in the process

mnemonic and the % full load capacity.

I Example: ZNAME (JN) = P P N D ,FLW (JN ) = 80

t I READ ( 1 ,895) ZNAME (JN), FLW ( JN)

895 FORMAT ( lx , ALi , lx , F6.4)

I
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 Card Columns

I (~ I P I P I N I D I  1810 I . l o l 0 1 1 I I

I 
j

I

-•-—— 
~~~~— - - .—~~~~- - ------- - -~~~~--- -— • --• -- ~~~~~~~~~~~~~ . - - - • -  

-
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I
10. This next group of cards (NELE in number), one for each parameter

in the master list , g ives the value for each parameter defining

the process. These must be in the same order as in the master

l ist of parameters.

Example card : the th i rd  card - conductivity = 1 800.

DO 897 JK— l , NELE

READ ( 1 ,898) SPLIST (JE ,JK)

898 FOR MAT ( l x , F9 .2)

897 CONTINUE

1 2 3 4 ~ 6 7 8 9 10 Card Columns

I I  1 1 J 8  I o J o I . I o I o  I

I l .  Cards described in 7 through 10 are bypassed if NPRO = 3.

Procedures described in 9 and 10 are repeated for each process

to be modified. Clearly this procedure can be used to include

processes in a survey p lan when these processes are not included

in the process library . Howeve r , this use does not place the

new process in the library . The next section explains how a

new process may be added to the library . 



_ _ _ _ _ _ _  -~~-—- -~~~~~~~~~ ~~~~~--—~~

34

V. Procedure for Adding a Process Model to the Library :

A. Add a DATA statement to the existing set of data statements

to initia l i z e  the new process name .

DATA P 1 2 3/4HP 1 2 3/

B. Add an IF statement to the existing set of IF statements to

allow the main program to call the new process

IF(XNAME(JM). EQ. P 1 2 3  CALL S 
~

New Subroutine
Process Name for
Name 4 Subroutine
Characters that Defines

the New Process

Pos i tions 1 2 3 being the same .

C . Add a subroutine with the following for m to def ine the new process .

SUBROUTI NE S !i~. (FLJW , SPLIST , CAP , JM , MSORS , MPARM)

DIMENSION FLOW (MsORS) , S P L I S T  ( MSO RS ,MPARM) , CAP (MsORs)

FLOW (JM) = 0.01 * CAP(JM ) (Some va l ue to represent the flow

of the process at I OO0/~ c a p a c i t y~

SPLIST (JM , l )  = (val ue 0F first element in process}

S P L I S T  (J M ,2) = (va l ue of second element in process }

These are va l ues of pollutant 1 throu g h N

SPL IST (JM ,N) = (value of Nth elem ent in process~

RETURN The SPLIST array m u s t  be redi me n sion ed
END i f  N > 25.

If a p ol lu t~int ’ s value is not known or is zero , then the sta te m tn t de-

f i n ing  tha t pol l ut an t may be omitted and the proqr~ r w i l l  in~ rrt a ;er

in to the SPLIST array 1 or that pollutant.

_ _ _ _ _ _ _ _ _ _  -~~~~~~~~ 
• p -~~~~~~~ -
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vi. Summa ry :

The user must be awa re of the most reLent master lists

of process models and pollutant names contained in the system

library so that he can plan his overall data gathering require-

ments during the prelimin ary survey. He must not feel that each

new operation is uni que , requiring the development of data for

the addition of new process models.

As more process models are added to the library , the

emphasis in preliminary surveys can be p laced on the determination

of the flow rate at full pr oduction , the production operating

capac i ty during measurement periods; and a few measurements of

operations simila r  to the process models in the library to

ver i fy previousl y recordec data. When there is a large de-

via tion in a pollutant parameter the methods and procedures

of the operation which contributed the unfavorable parameter

should be investi gated and compared to the favorable operation

to possibly recommend improvement rather than merely record

the unfavorable parameter as a modification. Confidence in

the validity of the data wi l l  increase as the surveys imp rove

in quality.

I

_ _ __ _
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TOPOLOGY MODEL USER’S GUIDE

I . Collection of Data:

The topology data of a site consists of the following:

1 . A map of the sewe r lines (include flow direction).

2. Identification of all processes (sources) noting where
these processes empty into the sewer system.

3. Identification of all treatment facilities and where
these treatments occur in the sewer system.

• 4. Note the l ocation of all manholes , w e i r s  o r o ther
possible samp le points in the sewe r system.

5. Identification of pollutant parameters to be measured.

6. Settling pond areas if any-type of neutralization if any-type of
domestic treatment if any

Fi gure Il a and II b g ive the topology da ta for Badger AAP

and serves as a good examp le of how to record the necessary da ta .

The sewers are represe nted as directed line segments showing the

flow direc tions and interconnections.

The processes are represent ed as rectangles and are identified by

nu mber  a nd/or  some mea n i n g ful acronym. The location of the point where

each process d ischarges its effluent into the sewe r is also known .

Treatment fa c i l i t i e s  are represneted by ovals and are identi fied

by an acronym describing the type of treatment. (Acid or caustic neu-

tralization , settling, domestic sewage treatment.)

The loca tion of all manholes , we i rs , or other possible sample

poin ts are represented as c ircles on the sewe r line. Further iden-

tify ing and describing infor ra tion can be included if necessary as shown

by the co llumn on the ri ght side of Fi gures I a and I b.
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PROCESS DESCRIPTIUN
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I I .  Ordering of Data and Codin g

All of the da ta must be ordered (numbered) and coded.

All processes (sources) must be identified on the master

list for which subrou tine exist in the porcess

model. This master list is g iven in Table I . Each process

is then assi gned the prope r mnemonic l i s ted in the lef t

col umn of Table I . This correct coding i s  n e c e s s a r y  i f  the

program is to call the correct subroutine (named in the rig ht

hand col umn) wh i ch defines that process. Note : In the sec-

t ion describing “Processes ,” it is exp lained how a process

in the master li s t  can be m od i fied to fit the needs of the

user .

Af ter the processes have been assi gned their appropria te

mnemonic , the processes must be numbered. The number ing order is ar-

bi t rary bu t when a s s i gned i t mus: be used cons istently throug h-

ou t the program (In both ‘‘Process ’’ and ‘‘Topology ’’) .

Nex t one needs to identif y and order the measure points

and iden t i f y the flows of all processes wh ich pass throug h

each meas ure point. This orderi ng and identif y ing is bes t

done by using a li near grap h as show n in Fi gure I I I  for the

Bad ger AAP system of Fi gure II a and II b.

The rules for constructing the linear grap h are :

I . Each process is represented by a rec t ang le conta i n ing
the process mnemonic code and a line from the rectang le
to the point where the process disc har ges into the system . 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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PNAC (5)

PSAC (4) 
~~~~~~~~~~~~~~~~~~~~~

PAPP (6) , 
6

ANP

~~~~~~~~~~~~ /

~~~~~~~~~14~~~~ BEx~~ci4~~i

PSWG (8)
ITP

STP 2~Y 19

POND

21

OUTFALL

Linear Gra p h for Bad ger AA P
Sew er Sys tem

Figure i i i

- - -

~

-
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-

~
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2. Each manhole or other measure point is represented by
a directed line segment on the grap h.

3. Each leg of the sewer system that does not conta in a
manhold or measure point is contracted to “zero’ length.

4. The direction of flow in each line segment is indicated
by an arrow head .

5. Partial treatments are represented by ovals containing
an i dentifying code and a line from the ova l to the —

point in the system where the flow is treated.

6. The essential info rmation on the linear grap h includes
the identity and ordering of all processes , identity
and ordering of measure points , and flow s from each
process which pass throug h each possible measure point.

As a rule of thumb , one can beg in the construction of

the system linear grap h by going to the “preliminary survey ”

data such as s hown in Fi gures II a and II b and start by listing

a p rocess approximatel y the greatest n umber of measure points

away from the outfall. In the example this is the “overflow

from pond” , its mnemonic is PPND. We shall assi gn this as

process number one (I) and note that the flow enters tl~e

system at a manhole which we wi l l  identif y as measure point

number one (1) and represent as a directed line segment on

our grap h in Fi gure IV.

Beg inning Cons t ruc t ion of
System Linear Grap h

(S tep 1)
Figure IV

• • ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — -------- --- - - - - - . -
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Next as we proceed from measure point number one to the

next measure point to which we assign numbe r two , note

that flow from the process identified as “AOP Compression

House” must be included at measure point two. The p rocess

is identified by its mnemonic , PAPC , and assi gned the number

two , (2). In Figure IV the flows from processes I and 2 are

included at measure point numbe r 2 represented by a directed

line segment

Fi gures 1 a and I b show no manholes or other measure

points in the sewer system froir the point marked NF on

Fi g. II a to the point marked 18 on Fi g. II b. Thus , all these

sections of sewer line are contracted to a sing le point and

the Fi gure V shows the linear graph including measure point 18.

2

18

Construc tion of System
Linear Gr aph

(Step 2)
Figure V
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It is noted from Fi gures II a and II b that severa l other

flows are inc l uded at measure point 18. In Fi gure VI several

of these are added and Fi gure III show s the comp leted linear

grap h. Fi gure VI shows the addition of processes PAOP (3),

PAPP (6) , PSAC (4), an d PNAC (5). Measure poin ts 4, 5, 6, 7,

and 8 are included. Acid neutralization treatment is in-

cluded as ANP ova l acting on flow entering measure point 8.

1/
PNA C (5)  /

4

PSAC (4) /
5 /

PAPP (6) 
6 2~~

7

ANP

8

18

Construction of System
Line ar Grap h

(S tep 3)
Figure V I

-

~

• -

~ 
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There are restrictions in numb ering the measure points (branches of the

linear grap h). The restrictions are :

1. The numbering must start at 1 and continue consecutivel y

to the hi ghest number.

2. The numbering must be such that in tracing from any branch j

to the outfall onl y hi gher numbered branches wi l l  be encountered .

3. Thus , the outfall branch must have the hi ghest number.

If the sewer system is in separate parts and hence has multi p le

outfalls , the outfall elements of the separate parts are connected together

and a fictitious new outfall element is included in the linear graph . In

the input data a data i tem desi gnated NTOP g ives the prog ram the information

necessary to handle this situation . Fi gure V II illustrates the addition

of the fictitious outfall.

21 22 ’ ’ 
23

/ 21 - outfall o~ Part 1
\ / 22  - outfall of Part 2
\ / 23 - outfall of Part 3

24 - fictitious out fall.

+2 4

Mul tiple  Outfalls
Figure vi i

I I I .  Cons truction of the Topo l ogy Ma t r i x

A convenient way of tabulating the flow informat ion for en tering into

the computer program is to put the in formation in a matrix form . The n ’ ’ r —

ma tion required for each branch of the linear grap h (each p o s s i b l e  r~eas ure

poin t) includes: 

-~~ - 
-~~~~~

--
~-~~~~~ - -•-• ~~~- —- - _ _~~~~~_~~~~~~~T . ~ -~~~~~~~



1.5

1 . Does the flow of source i flow throug h b ranch j ?

2. Does the flow undergo any treatment in branch j ?  If so ,

wha t trea t ment?

A matrix is constructed with a column , j, for each branch of the 
-

sys tem a nd a row , i , for each source of the systen . The entries for the

.th . . - 

ft
row are obtained by start ing at the i process on the linear qraph

and t r a c i n g  a path throug h the branches to the outfall. If the path dot~s

not include the ~th branch the ij entry is zero. If the path does include

the ~
th 

branch an appropr iate number is entered in the ij position . That

a p p r o p r i a t e  numbe r depends upon whether or not the f l o w  unde rgoes  treat-

ment in tha t branch and specificall y wh ich  t rea tm e nt. If t he f l ow of

so u rc e i passes  t hrou gh branch j and no tre a tm en t occu r s a t b ra n ch j ,

then the ij entry is I . If the flow of source i passes throug h branch

and the composite flow in branch j is treated at branch j, then the ij

en t r y  i s  2,3, or 4 dep ending on the type of t r e a t m e n t  as follows:

ac id or cau stic n e utrali zat io n -2

s e t t l i n g  pond — 3

d o m e s t i c  sewage t r e a t e m n t

Fi gu re V I I I  g ives the topo logy m a t r i x  for  the syste’-; of Fi qur ’~ I I I .

IV. Id entification of Pollutant Parameters

I t is nec essary  to su pp ly information to the programs which tel l

the particular pollutant parameters that arc’ to be measured on a surve\ .

Each of the process -’. are defined in te r r is  of 25 p a r a r’ t e r s .  Howev,’ r ,

a ll of these may not be me asurec~ in a given survey. These 25 parar t t- r ~

are listed and numbered in a master l i s t  g iven in Table I I .  The’,t- ar , i n

the san e o rde r  used in the  process r-~ode I - The ta L l& ru -h e r s for  s pec •

parameters is supp l ied to the program on a d a t i  L a r d .  A lso~ a n o t h e r  set

of cards is used to  read in the n a - e c  f 1’ -  p a r i r n c ’ t~~’ s n c ~ h, ~- ) 5 u r ~~~t -

- -- -— - - — --— - -~~~—-—~~~~ — — - -
~~~~~

_ --
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PROCESSES BRANC HES

3 4  5 6  7 8 9  10 11 12 13 14 15 16 17 18 19 20 21

1

2 I~~~~~~~JJ~J ?J_ i~
3 1 1 2 3

4 1 1 1 2  1 2 1  3

5 i l l 1 2  i r 2 1 H
6 1 1 2
7 1 2  i t 2 ~~ 3

12 
—- ~~~~~~~~~~~~~~~~~~~~~~~~~ 

13 1 1~~~2
14 

_ _ _ _  

1 1  1
15 1 1 1 2 1 3

16 1 1 ~~2 L i 3~

TOPOLO GY MAT R I X

FIGURE V II I

L • • • • • - -~~~~~ • -
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V. Names of System Branches

The program was writ ten to require names as well as numbers to be

assi gned to the branches. Up to an ei ght le tter mnemonic is used here .

Meanin g ful names assi gned here w i l l  allow more rap id interpre tation of

print outs.

V I .  Treatment Facilities Data

The TOP subroutine , in calculating the pollutant valves for each

branch of the sys tem , takes in to consideration any treatment fa c i l i t i e s

in the system . Treatr ient types modeled include acid or caustic neutra-

1 izat ion , settling pond (industrial), and domestic sewage treatment.

Data required to identif y and define the types of treatment used

follows .

1 . Clarifier or settling pond area in acres (industrial treatment)

2. Acid or caustic neutralization (industrial treatment)

MNEUT J’l acid neutralization
1~ 2 caustic neutralization

I f  MNEUT = I then for neutralizing agent

(1 Ca(OH)2
MENU .~~ 2 CaCO 3

\ 3 Na~CO 3
‘~- 4 NaOH

I f  MNEUT = 2

NCAUS [ 1 H~SOi4 , HC I o r HNO 3

~~~2 CO 2

I f NCAUS = 1

MACY ( 1 H 2SO~
.
~~ 2 HCI
\. 3 HNO 3

• • • . ••• • • • . • --- • • • - • . • - • • -~~~~~~~~=-—~~~~~~~~~~~~~~ ----- 
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3. Domestic sewage treatment.

ITYPE = 0 trickling filter
= 1 activated sludge

TRICKLI NG FILTER

AREAP primary clarifier area in acres

TV O L t r i c k l i n g  filter vo l ume in acre-feet

TEMP wastewa ter temperature (°C)

R2 recycle from filter effluent (MGD)

R3 recycle from secondary clarifier (MCD)

R4 recycle to filter (MCD)

TFAREA trick l ing fil ter area in acres

K20 = 0.23 for I” rock media

= 0.13 for 2½” rock media

AREAS secondary clarifier area in acres

ACTIVATED SLUDGE

AREAP as above

AREAS as above

ABVOL aera tion basin vo l ume in (MG)

MLSS mixed liquor suspended solids (Mg/l)

YN ne t yield from p lant log data

Rl activated slud ge recycle (MCD)

V I I .  Flagg ing

The flagg ing informa t ion required by the progr ar-- is generall y rot

da ta collected on the p reliminary survey but rather is data based on th e

jud gemen t of the survey ot ficer. The jud genent nay t-e based or experience

but w i l l  also be based on resul ts of tr i a l  run ’s of the plannin g progra-

during the s ur vey p la nning operation . a I Ian is assoc iatec ~ w~~ b a

L •~~ -• — -- ~~-— -~~•—~~~~~~~~~~~~~~~~~~~ • • -~~~ • —~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ --—— -~~
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particular pollutant at a particular point in the system , neasu r~~r.rent

w i l l  be made of that po l lutant at that point and resources w i l l  be

comm i tted before assi gnments are made by the Resource Matching Model.

Three types of flagg ing procedures are available.

I . Automatic flagg ing.

2. Manual flagg ing of sources

3. Manual flagg ing of branches

For automatic flagg ing a subroutine is included wh i ch w i l l  check

the total mass of any pollutant discharged at the outfall. The prog rar-

w i l l  then automatically flag any source wh i ch con tributes more than X

(dec i ma l fraction) to this total. The source is flagged for the measure-

m ent of this parameter onl y. The survey officer can spec if y the value

of X for each parameter.

The subrou tine also permits the surve’. office r to flag for measure-

ment an ; par ticular source for any particular parameter or any particula r

bra nch for any particular parameter.

V I I I .  Required Topology Subrou tine Data Input and Forma t

The input data requ l e~ uy the topology part of the survey p lan n ing

progra m are:

1 . The number of sources , NS

2. The nu mber of branches , NB

e. The numbe r of pollutant parameters , NP

4. The number of ou tfalls , NTOP

5. The number desi gnation from Table II of the paramete rs to b e

measured on the survey , NPL IST (I)

6. The topology - - - a t r i x  data , A (J.I)

7. The branch names , NBRNC~ ( I ,J)

- - - - -. -- - -~~~~~~~ 

—--- , -• •
~
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~8. The length of the survey in days (LENGTH)

~9. The number of noncompetin g parameters (ISTOP)

10. The parameter names POLN (N , I )

~:ll . The number of measure method s for each parameter (NMA(N))

~I2. The samp ling frequency per day (SAMFRE(N))

13 . Sewage treatment data

14. The flagg ing l evels FLGPT(I)

15. The source and paramete r manua l flags NF , NX(t) , NY( I)

16. The branch and parameter manual flags NFB , NX( I ) , N Y ( I )

~These data are read in here by subroutine CHK I but are used in

Resource Matching.

The data cards for these data arc recd in the order listed above

immedia tel y after the process rr-jdel data cards. The card for ma ts are

described be l ow : (this data is called for by topo l ogy subroutines.)

L 

The NS , NB , NP , NTOP are read in on one card , the first card , with

four fields each five long and rig ht justified .

l 2 3 4 5 b 7 S  
_ _ _  —

~~~~~~~~~~~~~~~~ I I ~~~2 I l I I I 1 l ~~
t1 H t I H

NB \1 Y ~~~~~~~~~~~~~~~~~~~ ~ i~~~~ r\ 1  ~~~~

The numbe r des i gnations from Table Ii of the parame ters to be measured

are read in on one card , wi t h  25 fields each three long and ri gh t just i-

fied . These are read i n  as NPL IST . The fol lowin g card layou t is for

measu rer-ent of para r--eters : 1 , 3, 5, 6 etc.
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1 2 3 4 5 6 7 8

~~~~~~~~~~~~~~~~ 3j I I 5 j~~~~~6j

The topology matrix is read in next , one row of the matrix per card

and the row s in the same order as in the topo l ogy ma trix. The cards

are read in w i t h  the f o l l o w i n g  s ta tements :

D 0 2 J ~~~ l , NS

READ (1 ,3) (A(J ,l) , 1 = N B ) )

3 FORMAT ((8011))

2 CONTINUE

As an exampl e , the following card layou t is fo r the f i r s t row of the

topology matrix of Fi gure V I I I :

1 2 3 4 5 6 8 9 10 Ii 12 13 1 4 iS  16 17 1~~ 19 20 2 1

1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 2 03

The branch names are read in an order with the following statemen ts:

DO 30 I 1 , NB 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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30 R E A D  ( 1 , 901 ) (NBRAN CH ( T ,J) , J = 1 ,2 ’)

901 FORMAT (2A4 )

For example , branch ~‘l may be assigned the name POND1 . The card

format would be as shown be l ow. One card is used for each branch .

(up to 8 characters can be used)

1 2 3 4 5 6 7 8

I P I O I N I  D I I I  I I

The length of the survey design in days is read in at this point ,

by CHK 1 subrou tine. The information is used in the resource

ma tching subroutine . The sampling frequency and constraints are

g iven on a per day basis. If survey periods diffe rent f rom a

per day basis need to be considered in p lanning this entry allows

such periods to be considered.

The number of days is read in with the following statements:

READ ( 1 , 903) LENGTH

903 FORMAT (12)

For a one day period the card l ayout is as foll ~ ws:

1 2 3 4 5 6 7 8

I I I I I I

The numbe r o f noncompe t ing para me te rs is read in a t

thi s point by CHKI . The information is used in the resource

L. --._- - - -
~~~~
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matching subroutine. The program is written so that parameters which

have only one measurement method available can be listed first. Avai l

able resources are assigned for these parameters first. If an ISTOP

number is entered to desi gnate the number of these parameters , then

when the program is later searching for alternatives it w i l l  not

search back through these. The designat i on is ISTOP and it is read

in with the following statements :

READ (1 ,100) I STOP

100 FORMAT (12)

,‘~,nd for 2 noncompeting parameters the card l ayout follows :

1 2 3 1 i 5 b 7

I I I I I

The names of all parame ters in the master li s t  (Table I I )  must

be listed in the same order. The prog ram saves the names of those

parameters previously desi gna ted to be included in this survey. One

parameter is listed per card . On the same card , for each parameter

the number of measure methods available (NMA (N)) and the sam pl ing

f requency (SAMFRE (N)) for that parameter a re  listed. The NMA(N)

and the SAMFRE (N) are used in the resource matching subroutine but

are read in here by subroutine CHKI while entering the parameter

name . The si gnificance of the NMA(N) is discussed in the re’ururce

match i ng section of the r - anual . The SA~ 1RE (t4) is the



54

number of samples for day per measure point for the N th parameter.

The data card layou t is according to the format statement:

FORMAT (5A 1e , 5X , Il , 4x , F6 . l )

and for the parameter a lka l i n i t y ,  2 measure method s , and 4 samples per

day per measure point:

I
2 3 4 5 6 7 8 9 10 

- 
20 25 26 30 36

‘ ( l A l L l K l A l L l I l N l I l T l Y l  1 1 1 1 1 1 1 1 1 1 1 1 I I 12 1  I I I I 1 I 1 1 4 1 . 1

POLN (N)
NMA( N)

The sewage treatment data is read in next. The reading format and

the programs using the data are writte n so that all cards listed must be

included . A ppropriate data is included on the cards. When a particular

treatment is not included , the cards normall y carry ing this data are left

blank. (i.e. zeros are read in) This data is read in by the TOP subroutine.

The area of the settling pond or clarifier is read in (for industrial

treatment). This area is in acres and is read in with the statements:

READ 20, AREA

20 FORMAT (F5.2)

The card layou t for an 8 acre pond is
3 ~

.l 
~ ~, 7

--

If the treatment is for industrial waste and involves acid or caustic

neutralization the next card supplies the value for MNEU T. 

-----.-~~~~~~~~~ - . - -  - •~~~ - - - -~~~~~~~~~~ - -~~- _ _
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MNEUT = 1 for acid neutraliza t ion and

MNEUT = 2 for caustic neutralization

MNEUT is read in wi th the following statements

READ 21 , MNEUT

21 FORMAT (Il)

The card layou t for MNEUT = 2 is

If the treatmen t is acid neutralizat ion , then MENU indicates the

neu tralizing agent.

Ca (OH)2 —

CaC O 3 — 2

Na Co3 - 3

NaOH - 4

MENU is read in with the following statements:

READ 22 , MENL

22 FORMAT (II)

The card layou t for MENU 2 is

If the treatment is caustic n eutralization , then NCAUS indicates the

neutralizing agent

H2SO~ , MC ) or HNO3 -

CO 2 — 2

L. - -- --—-. —~~~~~~~~~~~ -. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



- — -

56

NCAUS is read in with the foll owing statements:

READ 23, NCAUS

23 FORMAT (Il)

The card layout for NCAUS = 1 is

/~~~~ 3 L f 5

1 1 1 1

If UCAUS = I then MACY give s the neutr alization agent

H2S0~ - = MACY

MCI 2 M AC y

HNO 3 - 3 = M A C Y

MACV is read in wi th the foll owin g statements

READ 214, MACV

24 FORMAT (II)

The card layout for MACV = 3 is

I 1
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If the treatment is for domestic waste  there are two types modeled ,

trickling filter and activated sludge. ITYPE supplies the program with this

information

ITYPE = 0 trickling filter

ITYPE = 1 activated slud ge

ITYPE is read in with the following statements:

READ 25, ITY PE

25 FOR MAT , (II)

The card layou t for ITYPE = 1 is
/~~~~3 ‘q 5  

- -  _ _

The domestic treatment data is read in on two cards. A ppropriate

numbers are entered for the particular type of treatment used . The appro-

priate data for each type is as follows :

T R I C K L I NG FILTE R

AREP primary clarifier area in acres

TVOL trickling filter volume in acre-feet

TEMP wastewater temperature in °C

R2 recycle from filter effluent (MGD)

R3 recycle from secondary clarifier (MCD)

R4 recycle to filter (MGD)

TFAREA trickling filter area in acres

K20 = 0.23 for I” rack media

— 0.13 for 2½” rock media

AREAS secondary clarifier area in acres

— ——— — -—S— - - -- - :,: .l 1 . .--~~~,! ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
—
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ACT I VATED SLUD GE

AREP as above

AREA as above

ABVOL aeration basin volume (MG)

MLSS mixed li quor suspended solids (mg/l)

YN net y ield from plant log data

RI activa ted sludge recycle (MCD)

The data are read in with the followin g sta tements:

READ 26, TEMP , AREAP , AREAS , ABVOL , ~FAREA , TFVOL

26 FORMAT (F9.3, lx , F9.3 , lx , F9.3 , lx , F9.3 , lx , F9.3, lx , F9.3)

READ 27, M LSS , YN , R i , R2 , R3, R4

27 FORMAT (F9.3, IX , F9.3 , IX , F9.3, lx , F9.3 , lx , F9.3, lx , F9.3)

The card layou t ill u s t r a t i n g  the first two of these values TEMP =

20 0
C and A R E A P  = 5 acres is as follows :

- - 
1~~ 3 ( ~~ç~~ 7 ~ ~ !~‘ ~~~~~ - -~ -

I 1s~# Id a (o~

Next the f lagg ing data d i scussed  above is read in by the FLAG (P )

subroutine. First the X flagg ing level is read in for each pa rame te r of

the survey in the same parameter order used in prev i ous data. All X ’ s are

read in on the same card wi t h  the statements:

READ (1 ,900) (FLGPT (I), I = I , ( NP)

900 FORMAT (25F3.2) 
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and for flag levels of .10 , .lO , .lO , .99, . 05 etc., the card layout is:

‘T7HI O I.IlIOI.I 1I O I.I 9 I 9 i. Io~ 5I I I 19 i 9I I I I 1 5 1 I I

The manual flagg ing is done in two parts , the flags for the sources

and the flags for the branches. First a card reads in NF the number of

flags for parameters to be measured at sources , then the cards which

designate the source number NX(I) and the parameter number of that

source NY (I) as determined by the consecutive ordering, not the master

lis t number. One card is used for each pair to be des i gnated . The

NF is the numbe r of pairs to be read in. The s ta temen t and the card

l ayou t follow :

READ (1 , 903) NF

903 FORMAT (12)

For 9 source flags the card l ayout is:

1 2 3 4 5 6 7

1

71 1 91 I I I I I

DO 60 1 =  1 , NF

60 READ (1 , 904) NX( I ), NY (I)

904 FORMAT (12 , 1X , 12)

The card flagg ing source 3 parameter 11 follows :

1 2 3 1 4 5 6 7

1 3 1 1 1 1 1 1  I I

- ——~~~---~~~~~~ —.~~~~~
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I n s i m i l a r  manner the branch flags are entered

READ 903 , NFB

903 FORMAT (12)

For 7 branch flags the card layout is

1 2 3 4 5 6

1’~
l 1 7 1  1 1

D l 81 I = 1 , NFB

81 READ 9014, ux( I ) , NY(I)

9014 FORMAT ( 12 , IX , 12)

The card flagg ing branch 5 parameter 12 follows

1 3 4 5 6 7
151 1 1 1 2 1  1

Thi s completes the data called by the START and TOP and

their subroutines.

L . - - -
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RESOURCE MATC H I N G  MOD EL USE R ’ S GU I D E

I . Data Required :

Data required by the resource matching model can be div ided

i nto two classifications. Fi rs t , there is data generated in the

process and topology models; and secondly, there is data that

m u s t be s upp lied by the user .

The da ta generated in the process and topology mode l are

the parameter concentrations or other measure number for each

parame ter for each branch of the system . These va l ues are

comp uted for a g ive n set of process states and are available

to the resource matching program and its subro utines throug h the

common dimension statements.

Th e da ta to be su pp l ied  by the user consists of the

fol lowing :

*j ~ The number of measure methods available for each parame ter
(NMA(N))

~2. The sampling f re q ue n cy for each para meter (SAMFRE(N))

3. The n umber of p ieces of eq u i pme nt in all resource data
(N P0 FE Q)

14 . The names of the p ieces of equi pment and time constraints
on each p iece (EQN AME) , (EQT I ME)

5. The da ta defining the measurement methods for each para-
me ’~er (PMDATA)

6. Constraints other than on pieces of equi pment

7. Sampler assi gnment s

8. Flow measurement data

This infor mation was supplied to a subrouti ne the m r
progra m , CHKI , but it is used here.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -- ——  — —-- ‘—----—-~~~~~~~~~ - ~~~~~~~~~~~~~ 
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1. EXPD SCALE PH MET

2 . V I S  SPECTROPHOT 62

3. PH PREPARAT I ON

4. PH MEASUREMENT

5. AUTOMATIC BU FcET

6. HEATER , EXTRACT RACK

7. CON DUCTIVITY METER

8. ANAL BALANCE

9. OVEN (lO5C)

10 . Oven (I8OC)

11 . DESSICATOR

12. TECHNICON

13.  CARBON ANALYZER

114 . BLENDER

IS . LAB HOOD

16. KJDL DIGEST RACK

17 . VACUUM SOURCE

18 . MAGNETIC ST I RRER

19. NEP HELOMETER (HAcH)

20 . SEPERATORY FUNNELS

21 . FUNNEL RACK

22. MUFFLE FURNACE

23 . AA SPECTROPHOT

24. TECH AUTOANALYZER

2 5 .  GAS CHROM WI FID

26 . CENTRIFUGE

27. MACH TURB I[ ;ME TER

28. HOTPLATE

EQUIPMENT INCLUDE D IN THE RESOU P CE ~~~F L S

TABLE I I I

k --~~~- - - - — —  ~~~ 
-
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For each para met e r to be measured the re are 1 to 3 methods

defi ned for making the measurement. The different methods may

involve differen t techni q ues , d i f f e r e nt equi pmen t or d i f f e r e nt

personnel. The number of methods available for each parameter is

needed and is read in as NMA(N) .

A sam pl ing frequency , SAMFRE(N) , is requi red for each parameter.

Th i s ~s the numbe r of samples measured per day per measure point for

the g iven para meter. When the commitment of equipment and personnel

per samp le is combi ned with the total numbe r of samp le points and the

samples per day for the length of the survey the total commitment for

that parameter is determined for the survey.

The resource s available for use in p la nning a survey are def i ned

in a resource model. The resource model defines one to three measure-

ment me t hods for each parameter. Each measure method model lists

the following i nformation about that method in matrix form: (Fi gure lx)

1. Parameter name

2. Method name and nLmbe r

3. Minimum acceptab le  concent ra t ion

14. Equipment items (name and number)

5. Time comm i tme nt of personnel and equipment for sample

6. Space comi tment

7. Miscellaneous , includ i ng cost , set-up time , location f te- ~t s ,
and time period in which tests must be run.

This data is supplied to the program in the Resource Matching subrout ine.

The cards defining measure methods for each paramet er should be

considered a library of me t hods and the library can be updated by including

the latest or best va lues on the method cards used.

—----- -~~~~~~ --~~~~~~~~~~~~ — --—-- —~~~~~~~~~~~~ --- — -—
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The program reads resource info rmation in as follows :

1 . The numbe r of pieces of equi pment included in all measure
methods is read in. (NPOFEQ)

2. The names of the pieces of equi pmen t are read in along with
the total amount of time available for the sur~~-~ on tha t
piece of equipment (the order in which pieces of equipment
are read in assi gns them a number). EQNAME (1), EQT I ME ( 1 ) .

3. The parameter method data is now read in i n ma t r i x  form .
One set of five cards for each method for each parameter.
The first card for each pa ra meter  g i ves  t he me thod name and
the minimum concentration . (MENAME) (PCRM). The next
four cards read in the five numbers on each line of the
PMDATA model i l l u s trated in Fi gure IX . One lin e  is read
in per card. (PMDATA)

The next resource matching da ta required is a l i s t i n g  of con-

straints other than those alread y l isted for each p iece of

equipment. These constraints are g iven on a total survey basis

and are : Total Van Space , analysts (1) time , analys t (2) time ,

ana l y s t (3) t ime , analyst (14) time and cost. The different

classes of anal ysts have been defined by AEHA Chemists in terms

of a b i l i t ies and pre fere nces fo r per for m ing cer tai n f unc ti ons .

Analyst (Class I), for example , would be used to collect samples

and subdivide them into test size samples. Analyst (Class 2)

could pe rform mos t routine analyses. Analy st (Class 3) could

pe rform the more comp lica ted analyses and would be used on

rou tine analyses only as second choice. Analyst (Class 14) mostly

supervisory but could f i l l  in for Class 2 and 3 i f  needed.

If the data for the van sp~ice i s prop erl y defined , t h i s

information can be used to det ermine if add it i onal fac I l i t  I es 

~~~~~~~~~~~~~~~~~~~~~ —-- .—--~ -——— ----~ ~~~~~~~~~~~~~~~~~~~~~~~ ———~~~~~~~~~~-~~~~~~~~~ -— ~~~ —-- ————-— ~~~-- - . —
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w i l l  be needed for the survey, (e.g., additional wet chemistry

laboratory fad 11 ties).

O ther resources in the survey separate from the anal y t ica l

chemistry are the resources requi red for collecting the samples.

These resources include samp ler equi pment , equipment time , and

person nel time commitment to collect the samp les. The i nformation

required by the SAMPLE subroutine is shown in Table IV .  The

personnel ti me requires a commitment of analyst (Class I) time .

4’ Samp ler Name T i me/Sample Set-Up Time

1 EASY GRAB 5.0 5.0

2 HARD GRAB 15 .0 5.0

3 ISCO 20.0 5.0

14 PROTECH 5.0 5.0

SAMPLER DATA
TABLE IV

4

In addition to the sampler data of Tab !c IV , t’-e survey

office r must decide du ring the p re l im i nary survey which samp lers

w i l l  be used at each branch if the survey plan ca lls for a

measure ment at that branch. This data is supp lied to the SAMPLE

subrou t ine by reading in the appropriate sampler number from the

lef t-hand col umn of Table IV for each branch . NROUT (I).

The last i tems of data required are for the flow measurement.

The flow measure method , time per measurement and set-up time are

given i n Table V. 

—-- ~~~~~~ - - —~~~ -~~~~~~~~~~~—
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Flow Meter Time/Meas. Set-up Time

1 Stevens Recorder -- 20.0

2 Gur ley  Me ter -- 30.0

FLOW METER DATA
Table V

This i nformation is suppli ed to the SAMPLE subroutine. In

addi t ion , the survey officer must decide for each branch if a

flow measuremen t is to be made and if the measurement is to

be made w i l l  meter type ~‘l or ~2 be used. This i nformation is

su pplied to the program by reading in for each branch a zero

for no measurement , a one for a measurement using a Stevens

recorder , or a two for a measurement with a Gurley meter.

I I  . Da ta Fo rma t

The forma ts and card layout for reading in the resour c-~

ma tching data is g iven next.

The firs t card read in by the resource matching model is

t he one g ivi ng the numbe r of pieces of equi pmen t in PMDATA.

This is NPOFEQ and is read in by statements

READ 135 , NPOFEQ

135 FORMAT (13)

the card l ayout for 32 pieces is

1 2 3 4 ~~~
(I 13 12 1  I I I

The next group of cards l i s t  equi pmen t names and the time 

~~~~~~~~~ - - - —  -— ~~~-— ~~~~~~------— -
~~~~~~~~

-- - —
~~~~~~~~——~~~~~ - -

~~~~~~~~~
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available on that item of equi pment. Two ite m s of equip ren t

per card (one i tem shown). See Fi gure X IX .

READ 145, ((EQNAME (I ,J) J = 1 ,5), EQT I ME (I), I = I , NPOFE Q)

1145 FORMAT (2(5A4 , F l O . l , lO X))

1 2 3 4 5 6 7 20  30 40

I E I X ~ P~ D I  I S I C I A ~ L I E I  P 1 1—f l ~! I E l r I  ! I I I s l 8 l s I o J . I o ’ — ~.: 
-

The nex t set of data cards contain the parameter measure-

ment method data (PMDATA) .

Five cards are used for each para m eter for each rethod .

The f i r s t in each group of five g ives the method name and the

minimum concentrat i ons required by the method . The read and

forma t statement are :

READ 1410, (MENAME (N , J , II), I I  = 1 , 5 ) ,  PCRM (N ,J )

1+ 10 FORMAT (5x , 5A4 , F1O .5)

Example Card

5 25

I
H I  I E I L I E I C I T I R I O I M I E I T I R I I I C I  I I I I  I . ~ o i

ME NAM E (N ,J) PC I~ (N ,. ’)

N t h  parameter Jth method

The next four cards supply the four lines of data of the

parameter measure method matrix; One line /card in proper

order. The read-in and forma t statement are : 

. —. - - - -p—— -—-- ~~~~~~~~~~~~~ —-——~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -‘
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D O 3 O L =  1 ,4

30 READ 430, (PMDATA (N, J , L , L I ) , Li — 1 ,5)

430 FORMAT (F5.o , FlO. 2, FlO. 3 , FlO .2 , Fl0.3)

Example card for first line of da ta

5 15 25 35 45

1 4 1 .  O l ~~~~ J 1 l .  I O l O J ~~~I3 I. o J O I 0 I ~~~~lO~ . I o I~~~l O I . l 1 I o I

EQ ~ T/SAN P VAN/SP ANAL/TIME COST

The other three lin es are read in on the next three cards

as L iterates f rom 1 to 4.

If there is a second method (J) for the same parameter (N),

PMDATA is read in for the next method (five cards). The next

parameter is then considered as N goes to N + 1 .

Af ter all of the PMDATA cards , the constraint card follows .

This lists any constraints on Van space , anal yst ’s time , costs or

other. This program is set up to c’nsider six constraints in

add ition to the constraints on equ~~ ment time .

The read and forma t statement 3re :

READ 650, (CNSTAR (N) , M 1 ,6)

650 FORMAT (4F 20.3)

Example card

20 40 60 se

~~~~i I 0 l O I O I .  I 0 I 0 I O ~~~ I b I 3 l 0 I O I .  1 0 1 0 1 0  ~~~t l [ 3 I O I O l . 0 1 0 1 0 ~~ I 1~ 2~ 
(~~~~~• O f O  C

V A N  Sl :\LE A NAL 1 A N A L  2 

~~~~-~~~~~~~~~ -~~~~~~~~ - ~~~~~~~~~~~-— ~~~~~~ -— - -- --~~~~~~~~~~~~~~~~~~ -—- -~~~~ - -~~-
- -
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A second card using the same forma t is required to list ANAL 1+

and cost constraints.

The format for reading I n  the sampler name , samp le time

and set-up time is Illustrated by the statements

D030 I — 1 ,4

30 READ 903, (NSAMPL (I , K), K — 1 ,5) SAMPTI (I), SET UP (I)

903 FORMAT (5A4 , 2F6 .l)

An example card for reading i n EASY GRAB , 5.0 minutes per

sample , and 5.0 minutes set—up time is shown

1 2 3 4 5 6 7 8 9 26 32

(

~ I A S I Y  I G I R I A I B I  ~~~
_

~~~~~) 1 5 1 . 1 0 1  I 1 5 1 . 1 0 1

The listIng of the sampler type to be used for each branch

if a sample i5 to be taken at that branch is read in by the

following statemen ts

READ 906 , (NR OUT ( I) ,  I — l ,NB)

906 FORMAT (4012)

The card layout for reading in sampler 1 for branch 1 ,

samp ler 3 fo r b ranch 2 , etc.

1 2 3 4 5 6 7 8

lii 1 3 1 i l  2 1

The format for reading In the flow meter name , sample tine ,

and se t—up ti m e is g iven by the stater’er-ts (thIs is an extension

of the samp ler  read in ) .
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D050 I 5, 6

50 READ 903, (NSAMPL (I K), K = 1 ,5), SAMPTI (I), SET uP(I)

903 FORMAT (5A4 , 2F6 .l~

An examp le card for reading in STEVENS RECORDER , 0 sample

t ime and 20.0 minutes set-up time is shown

1 2 3 4 5 6 7 2

~~ SI T I E I V I E I N I S I  I R I E I C I O I R I D I E I R I ~~~~ I O l . I O I ~~~~~ : 1 0 1 . 1 0 1

The li s ting of the flow measure method t e  be used for each

branch

READ 906, (NFLOW(I) , I = 1 , NB)

906 FOR MAT ( 14012)

Examp le card with no flow readin g on branches I , 2 , -i . 5, and

a Stevens recorder on 3 and a Gur ley met er on (I -

1 2 3 4 5 6 7 8

( 1 0 1 1 0 1 1 1 1 0 1 01 2 1  ~~~~ other branches

- —~~~~~~~ — ~~~~~~~~~~~~~~~~~~~ — --
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MODEL V E R I F I C A T I ON AND /OR UPDAT I NG

I. INT RODUCTI ON

The model v e r i f i c a t i o n  and or updating is done using the CORRCT subroutine.

The CORRCT subrou tine accepts Site measurement data , compares it with model

predicted measurement data and computes and prints out suggested new values

for the parame ters of the process model s.

The subroutine CORRCT is used in conjunction with the program sub-

routines which make up the site model. They are MAIN , PROCES , START , TOP ,

NEUTRA , SETTLE , DOME , CHKl , and CHK 2.

The site model package with CORRCT has two objectives . First , the

process models can be updated or improved using preliminary survey data.

While the best data available were used in constructin g the process models ,

there was considerable v a r i a t i o n  in data for a g iven process from one plan t

to another or f rom one season to another. Bet ter  process model va lues may be

obta ined w i t h  CO RRCT us ing measurements from jud i c i ousl y se 1ec te~ arab

samp les taker on a pr e liminary survey. The output of CORRCT lists new values

for cer tain process parameters. If the survey office r wishes , he may enter

these new values into the process models using procedures outlined in the dis-

cussion of the PROCES subroutine.

A second use of the site model package with CORRCT would be ver i~ cation

of the model. After the survey , measurements are available for obt ai nin n

max , m m , average or other expected values for each parameter at each br .~nU

for known levels of production . These va l ues can be entered inte the Si t e

model package with CORRCT to determine values ~or process ~-ode l ~‘,r arrie r s

which can be used to veri f y the mode l or ref Hc the - - - - - e l  as a p p - r r i a t e .  

—- ---- ~~~~~~~~~~~~~--- - - - -~~~~~~~~ - - - - -,~~~~~- -  — --~~-~~~~~~~~~~~-
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With confidence in the -od d , one can now use it to predict level s of p o t e r - t a i

pollutants for prod u c t i o n  levels other than those .-..hich occurred durin g t e

survey. This should g ive added s ig n i f i c a n c e  to the s u r v ey  r e p o r t .

Ideally, if measurements are to be made to ve r i f y the process models ,

the measurepoints should be chosen such that each process w i l l  be determined

uniquel y by the measurements. However , if the survey office r who deter i -- ines

the measure points does not visual ize the system in terms of the same processes

as are used in the process mode l , measure ments may not un i quel y deter m ine

process parameters. The program is desi gned to accept such non -uni que —l ea-

suremen t da ta and uni quel y de termine pro;esses , whe re possible , and make

approx i ma tions on other processes informing the user of the determination is

non -uni que .

The measure poin ts for uni que~y de termin ing al l  processes can be identi-

f i ed by referr i ng to the l inear  grap h of the system (Fi gure I l l  for exar- p le)

wh i ch disp lay all processes and all possible measure points. On the linear

grap h , identif y all of the vertices (junctions) neare t to the processes .

If at a vertex there are N branches inciden t to a vertex , then measuIe~- ert~

must be taken or imp i led at ~s
’ -i of these branches. By taking N-i measurements ,

t he N th measurement is im plied. Note that one of the N -I ~-easurenent s at a

vertex A may be implied by measurements at a vertex B or other vertices.

Ii .  INPUT DATA AND OUTPUT DATA

After the decisions are made which determine where measure r-e --ts are (~

be m ade , this information is supplied to the CORPCT subrout ine in the ~~orr’

of the MESUR( I) matrix. The MESUR( I) matrix contains a ‘‘0” for each branc h

where measurements are not taken and a “1” for ean l- branch where - -e o-~ rernents

are taken. 

--- - - - - - - - 
~~~——-—~~~--
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I t may not be appropriate or even possible to check every parameter in

a p rocess model. The subro utine CORRCT onl y app lies to con servative parameters

[i.e. onl y those measured in mass terms (mg/i) or flow]. The program a lio ~s

the user to select the one , two , or several (up to 20) parameters to be

included in each model verification . The parameters to be considered in a

par t ic u lar s tudy are identified by their numbers in the master lis t  of

Table II .  The Flows mus t be included in any branch where other parameters are

c o n s i d e r e d .

The number of parameters and the parameter numbers are supplied to COPRCT

for each branch whe re measurements are to be taken using BPL ?ST (IB ,N) , ~-he re

lB is the branch number and N is the parameter number. The first number N

for each bra nch is the number of parameters considered in that branch . The

subsequent numbers N are the parameter numbers for that branch .

The next inputs to CORRCT are the measured parameter values YM(IB ,P4).

For each branch l B the first value , for N= l , m u s t  be the flow in MGD. The

re m a i n i n g  YM( IB ,N) input for a branch are the measure values of the par ameters

listed 1n BPL IST(I B ,N).

- 
The subroutine CORRCT output lists each source (process) by number ,

notes if the determination is uni que or estimated , and g i v es the old p .:lraret, r

and the suggested new parameter for each parameter verified. If the doter-

m i n a t i on  i s  u n i qu e , the branch where the defining measu rement was taken is l i s t e d .

I I I .  DATA FORMAT

The data required by CORRCT is:

I. MESUR(I) , indicating if a measurement is rrade ir branch I

2. BPL IST( IB ,N) l i s t i n g  for N= l , the number of parameters to be

verified in this branch and for ot her ‘~ i s  the ~1ir ameter num b e rs

for pa rameters to be verified for bra nch lB .

~~~II~ 
— ---- - - ——~~~~~ —- —-- - - - -- —— - - _ - - —-____~ - - - - - —_ ----—-
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3. YM (IB ,N), l i s t ing for N= l , the flow in branch lB and for other N’ s

the measurement values for each para meter listed in B PL I ST( IB ,N) .

MESUR( 1) is read in by:

R E A D ( l  ,l ) (MEsUR (I) , I = 1 , NB)

— 
1 FORMAT (80 I 1)

Card layout for measurements in branches.

1 , 2, 3, 5, 7, 9.
/ 

~ ~~~~~~~~~~~~~~ -—

~1\ ~~I

BPL IST( IB ,N) and yM (IB ,N) : are read in one branch at a time by the state-

men ts.

DO 2 lB I , NB

IF (MEsUR(IB). EQ. 0) GO TO 2

READ (1 ,3) (BPLIST (IB ,N), N = 1 ,20

3 FORMAT (2012)

IBPLIST = BPLIST (IB , l )

READ( I , L+ ) YM (IB ,N), N = I , BPLIST

4 F O R M A T  (F 20.6)

Card layou t for two measurements on a branch IB , one f low and t he o th e r

ac idit y .  Note the parameter number for flow does not exist and is not q i v en

i n BPLIST. (Acidity number is 24)

BPL I ST Card
/ 

‘I

~~ ~~ 

---—-.--- - 

~~~~ ~~.—-~~ —~ - ~~~~~~~~~~~~~~~~~ _
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card for f l o w  = 0.78 and acidity = 2 5 .

/ ‘2 3 ~I ~
[ 6 7 ~‘ ? ID

- /~~~3 .1~~~~e

I I I H I 
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Re view of In put Data

The Di agrams on the next three pages serve as a review of the

data required by the Survey Plannin g Program and al so it serves to

emphasize that the order in which the data is read in must be exactl y

as shown in these diagrams .
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O R D E R I N G  OF I N P U T  DA TA

M A S T E R  = l a r g e s t  p a r a m e t e r  n u m b e r

N F L G  F1a~ t o  b y p a s s  [TM 
- - - -  -

EPSLON Flag to call CORRCT

N the numher of procener in the ~ la5t model

XNAM U (J M ) , CAP ( J M )  p r o c e s s  m o d e l  n a m e  and c a p a c i t y  a n d
ca rd  per process in topolog ical

N O D  F la g  to indicate modifications

NMOD The number of modifications

~~~~~~~~ Y N A ~U ( N M ) , I L L  ( M N )  , \ A L  ~~~ F r o c es s  n a m e , E a r am e t e  r
member , parameter value. One card per modification

N E R O  Flag to indicate comp lete processes t o  h e c h a n g e s

\U~ fl Numbe r of parameter in the ma ster l i s t

:N-\Ml: ( J N )  , H ~ ( I N )  Name  and  1- l os: of p r o c e s s e s -  to be chii ed

S PL I S T  ( 1J 1 , l~~) P a r a m e t e r  v a l u e , on e  c a r d  f o r  e a c h  p a r a t - - e t  r
i n  t h e  m a s t e r  l i s t  f o r  e a c h  c h a n g e d  p r o c e s s .

N S , N D , N P , N I O P  The n u m b e r  of  sou i - c e s  , b r a n c h e s , p a r e -  L t e r ~
and o u t  Ca lls

NP !  1ST ( 1 )  L i s t  of t h e  p ol l u t ent  n u m b e r  u s e r i

(.1 ,1) The  t o p o l o g Y  m a t r i x , one c a r d  ~~C F  r - % ~

R A N C h  V r : i n c h  n a m e s

o F s u r v e y  i s  d ; i v s

L - -  - - ~~~-
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~~~~~~~ ISTOP The nubmer of nor-co nipc-ting par ameters

P OLN , NMA , SAM FRL The names of all parameters in the m a s t c t
up to MASTER , the number of measure me thods avoila h i e
and the sampling frequency

~~ —~~~~Treatment Facilities Data

~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~MLSS ,R 1 ,R2.R3 .RZ .
FLG P T The flagg ing level is read in for each parameter

Nb The number of manual source flags

N X , NY The source and p a r a m e t e r  f l a g g e d  one c a r d  f o r  e a ch  N P

N FB The number of manual branch flags

~~~~~~~~~~ b r a n c h  and p a r a m e t e r  f l a g g e d  one  c a r d  f o r  ~ :ic h

NPOFE Q The n u m b e r  of p ieces of e q u i p m e n t  i n  t h i -  r e s o u r c e  d i ~~a

EQNAMF , E QTI ME Equi pment name and t inc a~~o i l a b  I c  d u r i n g
s u r v e y

M E N - I M I ;  , PCRM M e t h o d  n a m e  and m i n i m u m  c o n c e n t  r a t  ion  f o r  e e c h
p a r a m e t e r  f o r  each  m e t h o d

P M D \ T \ M e t h o d  r e s o u rc e  d a t a  - f o u r  c a r d s  f o r  e ac h  p a r a n ’ :  l e t
f o r  e a c h  m e t h o d

C N S T A R  L i s t s  c o n s t r a i n t s  on v a n  sp a c e , a n a l y s t s  i n c  , e~~ct~~o c a r d s

N S - \ M P L E , SAM PT I , SLTIJP Samp ler name , time per s a m p l e , s r
up t inc f o r  e a c h  t y p e  of s at-n or

Y POU T L i s t  t h e  samp ler to I - c  u s e d  f o r  e a c h  b r a n c h  i f  a
s a m p l e  na \ ’  be t ; ik e n  t h e r e

— - _ — — ---- ~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 1? r T ’~~~~~~ r~~~~~~
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NS AMP L , S A M P T I , SETUP F l o w  meter name , sample time , a n d
se t  up time for each type of meter

~~~~~~~~LOW Lists the flow meter to be used for each br anch
w h e r e  a reading may be taken

Lists branches where measur ement data is taken

~~~~~~~PLIST For each branch mea sured , g i ve  the number  of para meters to be- verif ied and list s them b y numbe rs.

YM G i v e s  t he a p p r o p r i a te me asured  v a l u e s .
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Output Data

The output data falls into two general classifications ,

outpu t  which affirms the input data and output which is a

r e su l t of a n a l ysis. In this section the output data w i l l  be

reviewed . If the data is a reitera tion of inpu t , it w i l l  be

identified and no further discussion w i l l  be g iven. Othe r

output w i l l  be considered in mo re detail .

Al l  of the output data shown on Fi gure X are reiterat ions

of i nput data. The first 10 lines g i ve  the mnemon ic s of the

processes in the survey and their operating levels . The ‘‘1’’

i n  l i n e  eleven indicates that a p rocess model is to be altered.

The ‘‘ 1 ’’ in line 12 indicates that there is to be one altera-

tion . tine 13 defines that change. The ‘‘1’’ in line 14 ind i-

ca tes that the re are new processes to be read in.

The output data shown on Fi gure XI a re most l y re i terat ions

of in put data. The fi rst line is NP , the number of par ameters

to be measured in the survey. The second line indicates that

the survey planning period is one day. The remain in g 17 li nes

lis t  the parameters to be measured on this survey, their

ass i gned  n u m b e r , (left hand column) , NMA and SAN FRE. The

las t column on the ri ght g ives the total number of samp les per

poi n t. This is the product of sample frequency and the lenq t h

of the survey in days.

F i g u r e  XII shows the next groups of output data. All of

these are re i terat ’T’oris of input wit h an ordering assi gnm e nt.
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for the processes. At the top of the page three numbers , NS ,

NB , a nd NIOP a r e  g iven. The next block of output is a re-

li s ting of the topo l ogy matrix , A(J ,I). The last group i n

this figure is headed pollutant m a t r i x  data which li s t s  the

process names , their assi gned number and their flows in MGD.

The nex t block of data is illustrated in Fi gure XIII .

I t is a listing of each source mnemonic , its assi gned number

and the parameter value for each of the pollutants for each

process. This is essen t i a l l y a rei teration of the input pro-

cess data.

The ou tput data in Fi gure X IV i l l ustrates the flagg i n g  —

i nforr-rat ion. The f i r s t b lock  cf da ta g ives  the f l a g g ing

l e v e l s  f o r  each para m e ter for  au toma ti c f l a g g ing. The second

block of da ta is a l i s t  of the -nanual flags at sources. Not

shown but also part of the output is a l i s t i n g  of the manual

flags at the branches.

Fi g u r e  X V l i s t s the a s s i gned branch r~umbers and na-’les

and also includes the calculated flow for each branch .

F i gure XV I l i s t s , a t the top o~ the page , the ru’’ber of

b ra n c h e s , NB , a n d the n umber  of parame ters , NP , i n the stud y.

The remaining da ta on t he Fi gu re XV I i l l u s t r a t e s  the results

of the TOP calcula tions. For each br arch the name and nur-be r

of the branch is listed and along with this the para- -- cte r v a lue

i s  l i s ted for  each pollutant in the stud y. The ne gat ive si gns

on certai n of the numbers is not to be interpreted as indi-

ca ting negative values. Rather , it is an indication t h a t

- -~~~~ --4
L  - -- - -  — - -

~~~~ 
-
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this parameter is flagged for that particular branch. Fi g u re

XVI g ive s onl y an illustrative sample of this o u t p u t data.

Fi gure XV II l i s ts the mass in pounds per day that passes

t hroug h each branch of the system. This mass number is

me a n i ng fu l  for such  parameters as TOC and NiTRIT E /NITRA TE b ut

has no m e a n i n g  in the case of pH and Conductivity. A gai n the

nega tive numbers are flagged po ints and not negative quantities.

Fi gure XV I I I shows the ordering of the measure points as

done by the leve l subroutine. This data tells the number of

measure points required to detect al l  of a parameter if meas-

urements are made at levels different from the outfall. For

examp l e , if the meas urements are to be made at level 2 then

there are three measure points re-~u i r e d .

Fi gure XI X is a reiteration of input data includ i ng

NPOFEQ, e q u i p men t name and n umber , and i i~ e ava i l a b l e on each

p iece of equ i pmen t.

Fi gure XX i l l u s trates the nex t groups of data read out.

Th is is the PMDATA , the measurement method data for each

measure method. This is read out for each parameter for each

me thod .

F i gure XXI is a reiteration of the constraint data input.

The nex t Output data is a l i s in g of each branch of the

syst ’--- and the parameters that are to be - -ca~ ured a’ eac h

b ranch. Fi gure XXI I ill u s t r a t e s  t his output for several

branches.

F i gur e XXI I I  1 i s t ~ the ~amp1 ~-r d.~i ’ r at t he t ; p .  The

f i gu re also l i s t s  cnmputed sanip1~-r comm it ”-e n t ‘- r  each lr a n c b

—-—--—----- — - - - -  - . -- --- -~~~~ - --~~~~~~~~~~~ - ---—- - S—
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as a result of the completed survey plan.

Figure X XI V l i s ts the flow meter data at the top of the

page . The f i gu re also lists computed flow meter t i m e  commit-

ments as a result of the completed survey p l an.

The next group of data is illustrated by Fi gure XXV.

T h i s  ou tpu t l i s ts the f o l l o w i ng da ta for each parameter

measured :

(1) The parameter name at the u p p e r le ft corner.

(2) At the upper ri ght corner the o u t p u t  lists the

bra nches in which the measurements are to be

made in the survey , t he measu re  me thod  to be

u sed a t each bra nch , and the ex pec ted va l ue

of the parameter at that branch. The aster isks

indica te flagged mea -~ure  poi nt s .

(3) The total numbe r of samples of that parameter

d u r i n g  the su rve y p l a n n i n g  pe r iod .

(1+) The items of equ ipme rt required in measuring

th i s  p a r a me t e r , the total t i m e  commi tment  on

each for these measurements , and an indication

i f  a time constraint -d as vio lated (for the survey,

as a whole ,does no t in d i c a t e a t wh i ch p a rame te r

the violation occurred).

(5) The time commit -re nt of each of the types of analyst

in  m ak ing the~ e measurements and an indication ~I

time constraints violated. 

--- ~~~~~~~~ -~~~-~~~~~~~~ -~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~ ---- --
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Figure XXV I shows the read out data which is a summing up

of total commitments of all the equi pment and analysts for —

the total survey pla nning period. Along with the total com-

mitments , viola tions are indicated and the amount noted .

Fi gure XXVI I shows the output data of the CORRCT subroutines.

Whe n CORRCT is used the usual sit e model output from TOP is read

ou t and i n a d d i t i o n  the da ta i n  the for m of Fi gure XXV II is ou tput

to g ive the suggested new va l ues for process parameters. The re

are two types of outputs. In one type where the values are

determ i ned directl y from measurements , va l ues are listed as uni que

determinations. For other types , where the value s cannot be

de termined direct l y f rom measurem e nt s , val ues are listed as

es timated values.
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