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A B S T R A C T

This re p o r t presents the development o f  a m icrocom puter based 
data management system fo r  wastewater tre a tm e n t p la n ts . The r e la ­
t io n a l database model was shown to  be w e ll s u ite d  fo r  data manage­
ment a p p lic a t io n s  in  wastewater trea tm en t p la n ts . A general data 
management system was developed fo r  use w ith  a m icrocom puter using 
a com m ercia lly  a v a ila b le  re la t io n a l database management system.
Use o f  the  developed system re q u ire s  no spec ia l computer t r a in in g .  
The system was ta i lo r e d  fo r  use a t the  wastewater tre a tm e n t p la n t 
a t S p rin g d a le , Arkansas. The c a p a b i l i t ie s  o f  the  system were de­
m onstrated w ith  ac tua l data from the S pringda le  p la n t.

David 6. Parker and Sandra C. Parker

Completion Report to  the  U.S. Department o f  the  I n t e r io r ,  W ashington, 
D .C ., September, 1984.

KEYWORDS - -  Wastewater trea tm en t/da tabase  management/microcomputer/ 
r e la t io n a l database.
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INTRODUCTION

Data management a t wastewater trea tm en t p la n ts  re q u ire s  a me­

thod o f  s to r in g ,  access ing , and processing data by some re g u la r  and 

c o n s is te n t means. Data are re q u ire d  fo r  pe rm it re p o r ts ,  process con­

t r o l ,  and design o f  f a c i l i t i e s .

T yp ica l p la n t data co n s is ts  o f  la b o ra to ry  a n a ly s is  and p la n t 

op e ra ting  da ta . Manual management o f  p la n t data re q u ire s  many hours 

each week even in  sm all p la n ts .

I t  has been known fo r  some tim e th a t  com puterized data manage­

ment systems are a c o s t - e f fe c t iv e  method fo r  data management in  the 

la rg e r  p la n ts , a lthough many o f  the  la rg e r  p la n ts  s t i l l  do no t use 

com puterized systems. In  the  p a s t, the com p lex ity  and co s t o f  com­

p u te riz e d  data management has prevented a l l  but the  la rg e s t m u n ic i­

pal tre a tm e n t p la n ts  from in c o rp o ra tin g  computers fo r  data manage­

ment.

I f  a low co s t m icrocom puter cou ld  handle the  data management 

needs o f  a wastewater tre a tm e n t p la n t ,  then com puterized data manage­

ment would be a v a ila b le  fo r  tre a tm e n t p la n ts  fo r  the  r e la t iv e ly  low 

p r ic e  o f  a m icrocom puter. Besides being easy to  o p e ra te , a m ic ro ­

computer-based data management system fo r  tre a tm e n t p la n ts  would 

have to  meet the  s p e c ia liz e d  d a ta -h a n d lin g  requirem ents o f  a p a r t i ­

c u la r  p la n t .

The system would have to  be u s e r - f r ie n d ly .  A m enu-driven f o r -
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mat would be re q u ire d  fo r  e n try ,  e d i t in g ,  and re p o r t in g  o f  da ta .

The system would need some means o f  checking data du ring  e n try  to  

avo id  e n try  o f  in v a lid  data typ e s . The system should be ab le  to  

expand w ith  the  p la n t ra th e r  than become o b so le te .

Such a system cou ld  increase p la n t e f f ic ie n c y  through more 

e f f ic ie n t  process c o n tro l,  cu t tim e p re s e n tly  spent on data manage­

ment, and m in im ize the  chance fo r  e r ro rs  in  management o f  p la n t da ta . 

A. Purpose and O b je c tives

The o b je c t iv e  o f  th is  research is  to  develop a general data 

management system fo r  wastewater tre a tm e n t p la n ts  th a t  w i l l  opera te 

on a m icrocom puter and may be ta i lo r e d  fo r  use a t a s p e c if ic  p la n t.  

The system w i l l  a llo w  the o p e ra to r to  s to re ,  update, r e t r ie v e ,  and 

process da ta . The o p e ra to r w i l l  need no spec ia l computer t r a in in g  

to  use the  system. P lan t op e ra ting  costs  may be reduced by reduc­

ing the amount o f  tim e devoted to  data management. Improved capa­

b i l i t y  to  analyze data may lead to  improved p la n t perform ance.

The general data management system developed by th is  research 

operates on a m icrocom puter. A se r ie s  o f  a p p lic a t io n  programs were 

w r i t te n  fo r  use w ith  a com m erc ia lly  a v a ila b le  database management 

so ftw are  package.

The system uses a m enu-driven fo rm at in  which the  o p e ra to r se­

le c ts  the  o p e ra tio n  to  be performed from a menu on the  computer 

screen. The op e ra to r may e n te r da ta , e d i t  d a ta , o b ta in  re p o r ts ,  and 

ou tpu t data fo r  use w ith  programs independent o f  the system. E rro r
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checking on data e n try  a llow s the op e ra to r to  in p u t o n ly  the  type 

o f  data th a t  has been s p e c if ie d  fo r  a p a r t ic u la r  param eter. Para­

meters may be r e s t r ic te d  to  numbers o r t e x t .  Reports may in c lu d e  

data o r re s u lts  o f  c a lc u la t io n s  from data fo r  any s p e c if ie d  range 

o f  da tes . Independent programs may be developed as the need a r is e s  

to  process data fo r  sp e c ia l needs.

The system was ta i lo r e d  fo r  use a t the  S p rin g d a le , Arkansas 

wastewater tre a tm e n t p la n t .  Actua l data from the  S pringda le  p la n t 

was used to  dem onstrate the  c a p a b i l i ty  o f  the  data management sys­

tem. A p lo t t in g  program was w r it te n  in  BASIC to  dem onstrate how 

the system may be in te r fa c e d  w ith  independent programs.

B. R elated Research o r A c t iv i t ie s

Th is rev iew  focuses on the  use o f  com puterized database manage­

ment system (DBMS) as a data management t o o l .  The f i r s t  p a r t  o f  the  

review  is  a general d e s c r ip t io n  o f  database s tru c tu re  and o rg a n iza ­

t io n  and a d e ta ile d  d e s c r ip t io n  o f  the  re la t io n a l model -  the basis 

fo r  a r e la t iv e ly  new and pow erfu l DBMS known as a re la t io n a l DBMS.

The re la t io n a l model is  d iscussed because the  DBMS chosen fo r  th is  

p ro je c t  is  a re la t io n a l DBMS. The second p a r t  o f  the  rev iew  is  a 

d e s c r ip t io n  o f  a p p lic a t io n s  fo r  and c a p a b i l i t ie s  o f  com puterized 

DBMS p re s e n tly  in  use in  wastewater tre a tm e n t p la n ts .

Database R epresenta tion

A database was d e fined  by M a rtin  (15) as a c o l le c t io n  o f  re ­

la te d  data s to red  independen tly  o f  programs th a t  use the  da ta . The
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database is structured in a form that  allows addition, modification, 

deletion, and re tr ieva l  of data within the database. In 1982 approxi­

mately 15,000 databases were in use in the United States.  (4)

The database s tructure  provides a foundation for development 

of future applications.  Database structures may be catagorized as 

h ie rarch ica l ,  network, or re la t iona l .  (15)

The hierarchical structure may be thought of as a t ree  s t ruc­

ture composed of elements called nodes which reside a t  various l e ­

vels within the t ree .  Nodes may consist  of segments of data or 

pointers used to describe the physical organization of an index.

Only one element, called the root,  may reside a t  the uppermost l e ­

vel of the t ree .  Every node except the root is rela ted to a node 

a t  a higher level called the parent.  No node may have more than 

one parent. Each node may be re la ted to one or more nodes a t  a 

lower leve l ,  called children. Figure 1 i l l u s t r a t e s  the hierarchical 

or t ree  s t ructure .  Node 1, the root,  is the parent of node 2. Nodes 

4 and 5 are children of node 2. (15)

The network s tructure  also consists  of nodes residing a t  va­

rious leve ls .  The difference between the network s tructure  and the 

t ree  s tructure  is  tha t  in a network s t ruc tu re ,  a node may be linked 

to any other node. Figure 2 shows a network s tructure  where one or 

more nodes have multiple parents.  (15)

The s tructure  of a re la t ional  database is  similar  to tha t  of 

two-dimensional tab les .  These tables are known as re la t ions .  Each
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column in a re la t ion  contains a d i s t in c t  type of data. Columns in 

a rela tion are known as a t t r ibu tes  or domains. Each a t t r ibu te  in 

a re la t ion  has a name which may be used to describe the type of data 

found in the column. Rows in a re la t ion  are not stored in any par­

t ic u la r  order. Figure 3 shows a re la tion named SUPPLY with the a t ­

t r ib u te s '  supplier,  par t ,  project ,  and quantity. The tabular s t ruc­

ture of the rela tional database is an advantage for database users 

since the user may visualize data organized as simple tables rather 

than trees or networks. (5)

The Relational Model

In 1970, E. F, Codd defined a re la t ion  in the mathematical 

sense as follows: "Given sets S1, S2, . . . ,  Sn, (not necessarily

d i s t in c t ) ,  R is a re la t ion  on these n sets  i f  i t  is  a se t  of n-tuples 

[rows] each of which has i t s  f i r s t  element from S1, i t s  second e le ­

ment from S2, and so o n . . .  as defined above, R is said to have de­

gree n." (5) The re la t ion  SUPPLY in Figure 3 is a re la t ion  of de­

gree 4 containing five rows of data which re f lec ts  the shipments in 

progress of parts from specified suppliers to specified projects in 

specified quant i t ie s .  (5)

Codd defined a rela tional database as a time-varying co l lec­

tion of data which can be accessed and updated as a collection of 

time-varying tabular re la t ions of various degrees defined on a set 

of domains (6). Codd proposed a se t  of rules to distinguish a 

relational system from other systems. To be considered r e la t io n a l ,
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TYPICAL HIERARCHICAL STRUCTURE
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FIGURE 2

SIMPLE NETWORK STRUCTURE
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SUPPLY (SUPPLIER PART PROJECT QUANTITY)

1 2 5 17

1 3 5 23

2 3 7 9

2 7 5 4

4 1 1 12

FIGURE 3

TYPICAL RELATION
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a database system must follow the s t ructure  of the re la t ional  model, 

and support a data sublanguage with re la t ional  processing capab i l i ­

ty .  (6,7)

Relational Processing

The re la t iona l  processing capabil i ty  was developed in response 

to three principal problems. F i r s t ,  exis t ing systems forced users 

to think in terms of complex concepts having nothing to do with data 

re t r ieva l  and manipulation. Second, exist ing systems did not sup­

port se t  processing. Rather than using commands to process mult i­

ple records or an en t i re  f i l e  a t  one time, users were forced to 

think in terms of i t e r a t iv e  loops. Third, the needs of users i n t e r ­

acting d i rec t ly  with databases could never be an t ic ipated  fu l ly .  

Existing systems frequently became obsolete due to a lack of a b i l i ty  

to change or grow. (7)

In 1979, Hutt (10) defined nine re la t iona l  commands used in a 

re la t ional  database management system developed in 1973 for the 

Bri t ish  Broadcasting Corporation. Hutt asser ted  tha t  a database 

management system could support re la t iona l  processing using even 

fewer than nine commands. Codd said tha t  the minimal re la t iona l  

processing capabi l i ty  required to qualify  a system as re la t iona l  is 

the a b i l i t y  to support the se t  processing algebra ( re la t io n a l )  com­

mands PROJECT, JOIN, and SELECT. (7)

Data Sublanguages

According to Schmidt, the "c lass ica l"  language requirements
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for  a re la t iona l  processing language are: (a) primit ive in s t ruc ­

tions for  a l te r ing  re la t ions  a t  the level of individual tuples 

(rows) by in se r t ion ,  de le t ion ,  and modification, and (b) powerful 

re t r ieva l  f a c i l i t i e s  operating on re la t ions  a t  the level of sets  

of tuples by using re la t iona l  calculus-and algebra-oriented query 

languages. (18)

In 1979, Codd named seven general purpose database manage­

ment systems designed according to the re la t iona l  models tha t  were 

in use for large data banks with concurrent users (6).  In 1984,

King reported tha t  over twenty s imilar  data sublanguages have been 

developed for  re la t iona l  database operations using personal com­

puters alone. (13)

The Relational Commands

Codd chose the commands PROJECT, JOIN, and SELECT as the mini­

mal re la t iona l  processing c a p ab i l i t i e s  of a re la t iona l  database sys­

tem because these commands represent a se t  of algebra operations which 

play a key role in deriving re la t ions  from other r e la t io n s .  Codd 

summarized each operation with an example as shown below. (5)

The PROJECT Command

The PROJECT command se lec ts  specif ied  columns from a re la t io n ,  

forms a new re la t io n  using only the specif ied  columns, and removes 

any duplicate rows from the new r e la t io n .  Figure 4 shows the pro­

jec t ion  of new re la t io n  from the re la t io n  supply. Notice tha t  two 

columns and a duplicate  row were deleted in the new re la t io n .

10



SUPPLY ( 3 , 1 ) (PROJECT SUPPLIER)

5 1

5 2

1 4

7 2

SUPPLY (SUPPLIER PART PROJECT QUANTITY)

1 2 5 17

1 3 5 23

2 3 7 9

2 7 5 4

4 1 1 12

FIGURE 4

TYPICAL PROJECT
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The JOIN Command
The JOIN command combines rows and columns from two re la t ions  

with some common a t t r i b u te  (column) without a loss of data.  In 

Figure 5, the second degree re la t ions  R and S are said to be jo in -  

able i f  a 3rd degree re la t ion  U may be formed so tha t  both re la t ions  

R and. S could be formed from a PROJECT performed on re la t ion  U. 

Figure 5 shows the re la t ions  R and S and two possible JOINS of R 

and S.

The SELECT Command

A subset of a re la t ion  is also a r e la t io n .  The SELECT Command, 

also known as RESTRICT, may be used to generate a re la t ion  tha t  is a 

subset of an exis t ing  re la t io n .  A re la t ion  S may be used to generate 

a subset of re la t io n  R through the r e s t r i c t i o n  of R by S. Figure 6 

shows the use of the SELECT command to generate the subset R' from 

R through the r e s t r i c t i o n  of R by S represented by the statement 

R1 = R(2,3) | (1,2)S.

Normalization

Attr ibu tes  in a re la t io n  may be e i th e r  independent of other 

a t t r i b u te s  in the re la t io n  or functiona lly  dependent on other a t t r i ­

butes in the r e la t io n .  I f  a value X is  associated with a value Y 

and for any given value of X there ex is ts  only one valid  value of Y, 

then Y is functiona lly  dependent on X. I f  no person has more than 

one address,  then the address can be said to be functiona lly  depen­

dent on the person. (12)
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R ( SUPPLIER PART ) S (PART PROJECT )

1 1 1 1

2 1 1 2

2 2 2 1

R*S ( SUPPLIER PART PROJECT)

1 1 1

1 1 2

2 1 1

2 1 2

2 2 1

U ( SUPPLIER PART PROJECT )

1 1 2

2 1 1

2 2 1

FIGURE 5

TYPICAL JOINS
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R ( s P j ) S (p j ) R ' ( s P j )

1 a A a A 1 a A

2 a A c B 2 a A

2 a B b B 2 b B

2 b A

2 b B

R' -  R ( 2 , 3 )  I ( 1 , 2  ) S

FIGURE 6

TYPICAL SELECT
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Normalization refers  to a se t  of rules tha t  provide guide­

lines for the logical design of re la t ional  database structures  (12). 

The normalization rules permit the designer to simplify re la t ions  

containing functionally  dependent a t t r ib u te s .  (5)

Codd observed tha t  a re la t ion  composed of independent a t t r i ­

butes may be represented by a two-dimensional array in which the 

ordering of rows is in s ign if ican t  and all  rows contain the same num­

ber of elements. (5) This concept is known as f i r s t  normal form (3).

Attr ibutes in re la t ions  may be termed key or nonkey. A non­

key a t t r ib u te  should provide a fac t  about a key a t t r i b u te .  When a 

nonkey a t t r ib u te  is a fac t  about a subset of a key a t t r i b u te ,  the 

re la t ion  is said to v io la te  second normal form. Kent gave an ex­

ample of second normal form i l l u s t r a t e d  in Figure 7. (12)

The a t t r ib u te s  PART and WAREHOUSE go together to form a key 

in the re la t ion  in Figure 7. The second normal form is violated be­

cause WAREHOUSE-ADDRESS is a fac t  about WAREHOUSE, a subset of the 

key PART and WAREHOUSE. Several problems with th is  re la t ion  are as 

follows: The warehouse address is repeated in every row tha t  refers  

to a part  stored in the warehouse. I f  the warehouse address were to 

change, every record must be changed. I f  there were no parts  stored 

in a warehouse, there would be no rows in which to keep the ware­

house's address. In Figure 7, Kent shows how the re la t ion  may be 

made into two re la t ions  which s a t i s fy  the normalization ru les .  (12) 

Third normal form is similar  to second normal form. According
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PART WAREHOUSE QUANTITY WAREHOUSE-ADDRESS
.............k e y ...............................

NORMALIZED

PART WAREHOUSE QUANTITY
.............k e y . ............................

WAREHOUSE WAREHOUSE-ADDRESS 
.............k e y ..............................

FIGURE 7

SECOND NORMAL FORM
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to th ird  normal form, a key a t t r ib u te  must not be a fac t  tha t  des­

cribes another nonkey a t t r ib u te  ra ther  than a key a t t r i b u te .  (12)

The fourth normal form is violated when an attempt is  made 

to assign more than one value to an a t t r i b u te  in a p a r t icu la r  row. 

The f i f t h  normal form is  violated when data is  stored redundantly 

and could be constructed when needed from other information. (12) 

Codd proposed a method for normalization of a data s t ru c ­

ture using a t ree  s t ruc tu re  to iden t i fy  functionally  dependent a t ­

t r ibu te s  and key a t t r i b u t e s .  The only r e s t r i c t io n s  of th is  nor­

malization process are tha t  the functionally  dependent a t t r ib u te s  

can be shown as a co l lec t ion  of t ree  s t ructures  and no primary key 

a t t r ib u te  v io la tes  the fourth normal form. (5,12)

Database Management System

Large water qua l i ty  databases are helpful in determining 

trends in the water pollut ion f i e ld .  Data on water qual i ty  is  

generated by many agencies, municipali t ies  and researchers ,  but is  

frequently hard to locate .  (8)

Martin defined a database management system (DBMS) as the 

co l lec t ion  of software required for  using a database (15). Several 

large DBMS were developed to handle data required under Public Law 

93-523, the Safe Drinking Water Act of 1974 (SDWA). The Model 

States Information System (MSIS), a la rge ,  decentra l ized ,  automated 

information management system, was developed to a s s i s t  s ta te s  in 

complying with the SDWA. The Federal Reporting Data System (FRDS)
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is a centralized database of public water supply information used 

by Environmental Protection Agency (EPA) personnel to monitor s ta te  

compliance with the SDWA. (9)

The University of Michigan Computer System supports a time­

sharing system tha t  can be accessed through local telephone numbers 

in about 100 c i t i e s  in the United States and Canada. In the Uni­

vers i ty  of Michigan DBMS, users employ conversational English-type 

commands to search for and re t r ieve  data from a database. (8)

Federal regulations concerning development of industr ia l  

waste pretreatment programs prompted the Metropolitan D is t r ic t  Com­

mission in Boston to develop a computerized DBMS. In 1980 the 

Metropolitan D is t r ic t  Commission provided sewerage for 43 communi­

t i e s  and over 6,000 indus t r ie s .  The Metropolitan D is t r ic t  DBMS has 

been used in a varie ty  of ways to meet the industr ia l  waste pre­

treatment requirements of the Environmental Protection Agency. (2) 

The Metropolitan D is t r ic t  DBMS is capable of revising d is ­

charge l im ita t ions  for  indus t r ie s ,  checking industr ia l  waste data 

for  compliance with pretreatment standards,  keeping track of in ­

dustr ia l  permits, maintaining required compliance schedules, gener­

ating reports required by the Environmental Protection Agency, and 

providing access to stored wastewater data.  (2)

Jones and Sullivan (11) discussed the benefi ts  of using micro­

computers for  database management and process control in industr ia l  

waste treatment p lan ts .  Until the recent development of the micro-
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computer as a r e la t ive ly  powerful and inexpensive data management 

tool,  the high cost and complexity of computerization discouraged 

smaller plants from investing in a computer DBMS.

The usual equipment for a microcomputer-based DBMS consists  

of a microcomputer with keyboard and video display screen, two floppy 

disk drives, and a p r in te r .  The system may be updated as needed a t  

a reasonable expense and is highly r e l ia b le .  (11)

In the system described by Jones and Sullivan, (11) data was 

logged on input sheets to be input to the computer manually from 

the keyboard. Entering data in te rac t ive ly  in response to prompts 

on the screen requires l i t t l e  or no knowledge of computer program­

ming by the operator.

Several large municipal plants use systems tha t  permit auto­

matic and d irec t  data entry from a remote sensor to the computer. 

Jones and Sullivan iden t i f ied  three advantages of manual data input 

over automated data input: 1) remote sensors for automatic data 

entry are extremely expensive and require additional interfacing 

and data entry programs within the computer, 2) the present prob­

lems with r e l i a b i l i t y  and accuracy of remote sensors require f r e ­

quent maintenance often exceeding the cost in time and money of 

manual lab t e s t s ,  and 3) manual data entry forces the operator to 

observe data on a daily basis and gives the operator more insight 

to plant operating parameters. (11)

Process control programs u t i l i z e  the database to perform
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 calculations to predict  plant performance or generate operating 

parameters to a s s i s t  the operator in making operational decisions. 

Jones and Sullivan described six process control programs for an 

industrial  wastewater treatment plant t rea t ing  a p la s t ic s  manufac­

turing waste. Using wastewater data collected a t  specif ic  s i t e s  

within the p lant,  the process control programs provided organic 

overload control ,  chemical coagulant feed control ,  mixed-liquor 

suspended solids (MLSS) control ,  sludge volume index (SVI) calcu­

la t io n s ,  zone s e t t l in g  velocity computations, and f inal c l a r i f i e r  

computations. (11)

Jones and Sullivan suggested additional time, labor and money­

saving uses for microcomputers a t  industr ia l  waste treatment plants 

as follows: (11)

1) Mathematical Modeling of the P lan t : A theore t ica l  mathe­

matical model of the plant allows an operator to predict 

plant performance and response under a varie ty  of flow 

and loading s i tu a t io n s .

2) Maintenance Program: Maintenance records maintained by the 

computer may be used to generate a weekly maintenance sche­

dule.

3) Inventory: An inventory f i l e  of major equipment provides 

a quick way of locating and identifying equipment type or 

ch a rac te r i s t ic s  such as s ize or capacity.

4) Operator Training: A number of operator t ra in ing  pro-
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grams are being developed for microcomputers. Computer­

ized tra in ing  can provide powerful reinforcement of con­

ventional in s t ruc t ion .

5) Other: S ta t i s t i c a l  trends and National Pollutant Dis­

charge Elimination System (NPDES) reports could be gener­

ated from the database.

Sands and Hasit (17) presented a case study of a DBMS designed 

for processing data concerning the qual i ty  and quantity of waste e f ­

f luen t  from an oil  ref inery  located in the Greater Philadelphia area. 

The ref inery  was using a time-sharing DBMS designed for petroleum in ­

dustr ies  to produce reports on the qual i ty  and quantity of waste- 

water from the re f inery .  Reports were generated for the sewage auth­

o r i ty  t rea t ing  the waste and for NPDES reports .

At some point the ref inery  was required to extend the DBMS capa­

c i ty  to handle data on fug i t ive  emissions. Updating the exis t ing  

database appeared to be expensive and in e f f i c i e n t .  Three a l te rn a t iv e  

DBMS considered by the company involved; a) using the r e f in e ry ' s  

central computer, b) using a word processor,  and c) using a micro­

computer. The company found the microcomputer to be the most econo­

mical and powerful a l te rn a t iv e  and eventually t ransfer red  al l  data­

base management functions to the microcomputer. (17)

Different databases were formed for  fug i t ive  emissions, waste- 

water qual i ty  and quant i ty ,  and NPDES data.  The DBMS was se t  up on 

the microcomputer with the a b i l i t y  to enter  data ,  ed i t  ex is t ing  data ,
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generate monthly reports ,  generate yearly repor ts ,  and perform the 

re la t ional  command SELECT for d i f fe ren t  databases. (17)

A recent expansion of the Norfolk, Nebraska wastewater t r e a t ­

ment plant included a microcomputer, p r in te r ,  and data management 

programs for the microcomputer. Using the microcomputer as a manage­

ment too l ,  the plant has consis tently  met NPDES requirements. The 

programs in use a t  the Norfolk plant provide data management, pro­

cess contro l ,  time management, and maintenance. (14)

METHODS AND PROCEDURES

Equipment: The following is  a l i s t  of the equipment required 

to implement the system developed in th i s  research. Total cost of 

the system is approximately $3,500 to $4,000:

Computer: IBM PC with two floppy disk drives ,  256 K RAM 

memory, and a monochrome monitor.

Printer :  Epson MX-100

Software: R:BASE Series 4000 Relational Database 

Management system by MICRORIM (16).

Description of Software: R:BASE 4000 is  a fu l ly  re la t ional  

commercially available re la t ional  database management sys­

tem. R:BASE supports the re la t ional  processing commands 

JOIN, SELECT, PROJECT, and others .  A to ta l  of 39 d i f fe ren t  

commands are available for  use in R:BASE. R:BASE can handle 

up to 100 b i l l io n  records of data and process up to 40 f i l e s  

a t  one time. R:BASE features prompt screens for d i rec t  pro-
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cessing, a report w r i te r ,  and limited programmability.

The major part  of th is  research involved developing applica­

tion programs which u t i l i ze d  R:BASE 4000 as the data management 

system.

Description of the Database Management System:

This section consists  of two par ts .  The f i r s t  par t  des­

cribes typical methods by which data is managed a t  the Springdale, 

Arkansas wastewater treatment plant.  The second part  describes 

the database management system developed in th is  research, shows how 

the system was ta i lo red  to the Springdale p lant ,  compares the two 

systems, and demonstrates use of the DBMS with actual data from the 

Springdale plant.

Present System: Data in the Springdale plant comes from d i ­

rec t  measurements, laboratory analysis of samples, and from calcu­

la t ions  on exist ing data. Figure 8 shows the re la t ionship  between 

d if fe ren t  data types in the Springdale plant and the sequence in 

which data is obtained.

An example of data obtained by d i rec t  measurement is  plant 

flow data. Daily flow measurements are read from a continuous 

to ta l iz ing  meter and recorded on a monthly operating report show­

ing monthly t o t a l s ,  averages, maximums, and minimums. Figure 9 

shows a portion of the monthly operating report  including flow 

for August, 1983.

Data from laboratory analysis  is typ ica l ly  reported from the 

laboratory on a special form. The data is then logged daily  on
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TABLE 8

DATA MANAGEMENT SCHEME AT SPRINGDALE PLANT

DIRECT
MEASUREMENT

FLOW

•WEATHER

pH

DISSOLVED OXYGEN

►SLUDGE MOVEMENT

DIGESTERS

BOD

•SUSPENDED SOLIDS

TOTAL SOLIDS

SETTLEABLE SOLIDS

FECAL COLIFORM

►LOADINGS PERMIT
REPORT

SAMPLING
PROGRAM

LAB
WORK



FIGURE 9

MONTHLY OPERATING REPORT FOR SPRINGDALE PLANT
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a fo rm  w ith  o th e r  da ta  o f  th e  same typ e  f o r  one m onth. The d a i ly  

lo g  is  used to  com p ile  th e  m on th ly  o p e ra tin g  re p o r t  f o r  th e  data  

ite m . F ig u re  10 shows th e  la b o ra to ry  re p o r t  f o r  B0D5 f o r  two days. 

F ig u re  11 shows th e  d a i ly  lo g  o f  B0D5 o b ta in e d  from  the  la b o ra to ry  

r e p o r ts .  The p o r t io n  o f  th e  m on th ly  o p e ra tin g  re p o r t  in  F ig u re  9 

shows th e  d a i ly  va lu e s  o f  B0D5 as w e ll as the  m on th ly  t o t a l ,  a v e r­

age, maximum, and minimum v a lu e s . A lso  shown in  F ig u re  9 f o r  B0D5 

a re  th e  va lues  f o r  p e rc e n t re d u c t io n  and seven day ave rage . P er­

ce n t re d u c t io n  is  a va lu e  c a lc u la te d  from  o th e r  B0D5 da ta  on the  

m on th ly  re p o r t  by th e  e q u a tio n .

EQ 1 % re d u c t io n  = [  ( in f lu e n t  -  e f f lu e n t  ) /  i n f lu e n t ]  X 100

where in f lu e n t  and e f f lu e n t  va lues  are  expressed as c o n c e n tra t io n s  

in  m g/1. Seven day averages are ru n n in g  averages c o n s is t in g  o f  the  

a r ith m e t ic  average o f  e f f lu e n t  B0D5 f o r  a p a r t ic u la r  da te  and the  

s ix  days im m e d ia te ly  p re c e d in g . F ig u re  9 shows s im i la r  columns un­

de r th e  heading Suspended S o lid s .  Suspended S o lid s  da ta  a re  c a l ­

c u la te d  and re p o rte d  in  the  same manner as d e sc r ib e d  f o r  B0D5.

An example o f  a m on th ly  re p o r t  item  d e r iv e d  from  c a lc u la t io n s  

perform ed on d i r e c t  measurements is  th e  f lo w  to  p r im a ry  d ig e s te rs  

1 and 2 shown under th e  heading Sludge Movement in  th e  p o r t io n  o f  

the  m on th ly  o p e ra tin g  re p o r t  shown in  F ig u re  12. The f lo w  to  each 

p rim a ry  d ig e s te r  is  c a lc u la te d  from  da ta  logged in  th e  s ludge  pump 

re co rd s  shown in  F ig u re s  13 and 14. The s ix  s ludge  pumps named in  

F igu res  13 and 14 may o p e ra te  in  se ve ra l f lo w  schemes to  pump
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FIGURE 10

LAB REPORT OF B0D5
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FIGURE 11

DAILY LOG FROM SPRINGDALE PLANT
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FIGURE 12

MONTHLY OPERATING REPORT FOR SPRINGDALE PLANT
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SLUDGE PUMP RECORDS

TABLE 13

DAILY SLUDGE PUMP LOG
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SLUDGE PUMP RECORDS

FIGURE 14

DAILY SLUDGE PUMP LOG
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sludge to  p rim a ry  d ig e s te rs  1 and 2 . The e n t i r e  d a i ly  f lo w  from  

a pump is  assigned e ith e r  to  d ig e s te r  1 o r d ig e s te r  2 . Flow from  

a p a r t ic u la r  s ludge pump is  c a lc u la te d  by the  e q u a tio n :

EQ 2 f lo w  = [  p re se n t read ing  -  p re v io u s  re a d in g  ]  X s tro k e  

where the  p re sen t and p re v io u s  read ings  are o b ta in e d  d a i ly  from  a 

pump and the  s tro k e  is  a c o n s ta n t f o r  a p a r t ic u la r  pump. The re ­

s u lt in g  va lue  is  expressed in  g a llo n s  per tw e n ty - fo u r  hours as 

shown in  F igu res  13 and 14. A t th is  p o in t  i t  is  necessary fo r  the 

o p e ra to r  to  in d ic a te  which d ig e s te r  has been assigned to  each pump. 

The to ta l  d a i ly  f lo w  to  a d ig e s te r  is  c a lc u la te d  as the  sum o f  the  

flo w s  from  a l l  s ludge pumps assigned to  the  d ig e s te r .  F igu re  12 

shows th a t  f o r  A ugust, 1983 a l l  flo w s  were assigned to  p rim a ry  

d ig e s te r  1 w ith  no f lo w  to  p rim a ry  d ig e s te r  2 . A lso  shown in  F i ­

gure 12 is  the  to ta l  f lo w  to  the  d ig e s te rs .  The to ta l  f lo w  to  d ig e s ­

te rs  is  the  sum o f  the  flo w s  to  p rim a ry  d ig e s te r  1 and 2.

Some item s in  the  m on th ly  o p e ra tin g  re p o r t  are generated fo r  

use in  o th e r  re p o r ts .  F ig u re  15 shows a p o r t io n  o f  the  m on th ly  

o p e ra tin g  re p o r t  w ith  th e  heading E f f lu e n t  S o lid s .  The f i r s t  column 

in  F ig u re  15 is  a B0D5 lo a d in g  expressed in  lb s /d a y . B0D5 lo a d in g  

is  c a lc u la te d  by the  fo l lo w in g  e q u a tio n :

EQ 3 B0D5, 1b /d  = e f f lu e n t  B0D5, mg/1 X f lo w ,  MGD X 8 .34

where e f f lu e n t  B0D5 and f lo w  a re  o b ta in e d  f o r  the  co rrespond ing  date 

in  F ig u re  9 and 8 .34  is  a co n ve rs io n  fa c to r .  The seven day h igh 

in  the  second column o f  F igu re  15 is  a seven day runn ing  average o f
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FIGURE 15

MONTHLY OPERATING REPORT FOR SPRINGDALE PLANT
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the  B0D5 lo a d in g . The suspended s o lid s  lo a d in g  shown in  F igu re  15 

is  c a lc u la te d  by s u b s t i tu t in g  th e  va lue  o f  e f f lu e n t  suspended s o l­

id s  in  mg/1 from  F ig u re  9 in to  EQ 3 . The seven day h igh  f o r  sus­

pended s o lid s  is  a seven day run n in g  average o f  the  suspended s o l­

id s  lo a d in g .

F ig u re  16 is  a copy o f  the  NPDES D ischarge M o n ito r in g  Report 

(DMR) f o r  A ugust, 1983 f o r  the  S p rin g d a le  p la n t .  The f i r s t  row in  

F ig u re  16 is  a re p o r t  o f  B0D5. Values o f  B0D5 a re  re p o rte d  as the  

B0D5 lo a d in g , lb /d a y  o b ta in e d  from  F ig u re  15, the  m on th ly  average 

o f  e f f lu e n t  B0D5, mg/1 from  F ig u re  9 , and the  m on th ly  maximum o f  

the  seven day runn ing  average o f  B0D5, mg/1 from  F ig u re  9 . The re ­

m a in ing  rows in  F ig u re  16 were o b ta in e d  from  a p p ro p r ia te  columns in  

the  m on th ly  re p o r t  f o r  A ugust, 1983.

The Database Management System: The DBMS has been custom ized 

to  pe rfo rm  the  data  management ta sks  re q u ire d  by the  S p rin g d a le  

p la n t .  The o p e ra to r  is  gu ided th rough  the  system by a s e r ie s  o f  

menus and prom pts.

F ig u re  17 shows the  main menu l i s t i n g  the  program o p tio n s  

which appears on the  screen a t  the  b eg inn ing  o f  the  program . When 

the  o p e ra to r  chooses to  add data  by in d ic a t in g  o p tio n  1 , the  system 

responds as shown in  F ig u re  18. A f te r  in d ic a t in g  the  d e s ire d  d a te , 

th e  da ta  e n try  menu in  F ig u re  19 is  d is p la y e d . In  F ig u re  19 the  

o p e ra to r  chose o p tio n  1, p la n t  f lo w .  An a p p ro p r ia te  data  e n try  

form  is  d is p la y e d . In  th is  case the  FLOW DATA form  in  F ig u re  20
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CHOOSE AN IT E M  AMD PRESS RETURN I

FIGURE 17

MAIN MENU SCREEN

36

M A IN  MENU

Q—  Q U I T

1—  ENTER NEW DATA

2 —  CHANGE OLD DATA

3 —  GENERATE A REPORT

4 —  USE PLOTTER



P r e s s  [ E S C ]  when d o n e  w i t h  t h i s  d a t a

WHAT DATE FOR T H IS  DATA? ( M M /D D /Y Y ) : 0 8 / 0 1 / 8 3

FIGURE 18

DATE INPUT SCREEN
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FIGURE 19

DATA ENTRY MENU

CHOOSE AN ITEM AND PRESS RETURN 1

DATA ENTRY MENU

Q  - -  Q U I T

1 --  P LAN T FLOW

2  - -  WEATHER

3 - - 5  DAY BOD

4  - -  SUSPENDED S O L ID S

5  - -  TO TAL S O L ID S

6  -- PLANT PIT 

7 — S E T T LE A B LE  S O L ID S 

8 — D IS S O LV E D  OXYGEN AND TEMP 

9  - -  F ECAL  C O LIFO R M  

10 --  SLUDGE PUMP RECORDS 

11 - -  P R IM A R Y D I GE STER  #1

12 —  PR IM AR Y D IG E S T E R  # 2

1 3 —  SECONDARY D IG E S TE R

1 4 —  C H LO R IN E  LOG

1 5 —  COMMENTS

1 6 .....ANOTHER DATE

ALL. E N T R IE S  I RON T H IS  MENU W IL L  BE FOR THE DATE-..- 0 8 / 0 1 / 8 3

TO ENTER ANOTHER DATE CHOOSE 16



is  d is p la y e d  w ith  th e  da te  in d ic a te d  by the  o p e ra to r  in  F ig u re  18. 

The o p e ra to r  f i l l s  in  the  b lanks  on the  form s w ith  da ta  as shown 

in  F ig u re  20 and s e le c ts  th e  C(hange) o p t io n  to  add da ta  to  the  

da tabase .

F ig u re  21 dem onstra tes th e  e r r o r  check ing  c a p a b i l i t y  o f  th e  

system . The o p e ra to r  has in p u t  t e x t  va lues  f o r  the  a t t r ib u t e  con­

ta in in g  va lu e s  o f  maximum f lo w .  S ince t h is  va lu e  has been p re ­

d e fin e d  as a re a l number, o n ly  re a l numbers a re  accepted  and the  

o p e ra to r  is  in fo rm ed  o f  th e  e r r o r  and asked to  c o r re c t  th e  e n t r y .

In  a d d it io n  to  r e s t r i c t i n g  da ta  ty p e , ru le s  may be s e t r e s t r i c t i n g  

c e r ta in  da ta  va lues  to  a p a r t ic u la r  range o f  expected  v a lu e s .

F ig u re  22 shows th e  in p u t  fo rm  f o r  o p t io n  3 on th e  da ta  e n try  

menu. The B0D5 fo rm  shown in  F ig u re  22 co rresponds w ith  th e  f i r s t  

row on th e  d a i ly  lo g  in  F ig u re  11. A t t h is  p o in t ,  th e  o p e ra to r  

would have th e  o p t io n  o f  in p u t t in g  B0D5 da ta  from  th e  d a i ly  lo g  o r 

e lim in a t in g  th e  d a i ly  lo g  a lto g e th e r  and in p u t t in g  d a ta  d i r e c t ly  

from  th e  la b o ra to ry  re p o r t  in  F ig u re  10.

F ig u re  23 shows th e  in p u t  fo rm  f o r  s ludge  pump re co rd s  d a ta .

F ig u re  23 co rresponds to  F ig u re s  13 and 14. The in p u t  fo rm  p ro ­

v id e s  a column to  in d ic a te  f lo w  ass ignm ent f o r  each s ludge  pump.

O p tion  2 in  F ig u re  19, th e  e d i t  o p t io n ,  fo l lo w s  th e  same ru le s  

as th e  in p u t  ro u t in e  and g iv e s  th e  same menu f o r  e d i t in g  as shown

in  th e  da ta  e n try  menu. O p tio n  0 sends th e  o p e ra to r  back to  th e

main menu.
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C( h a n g e  e n t r y ) , A ( d d  e n t r y ) , R ( e s e t ) ,  S ( k i p ) , E < d i t ) , D ( e l e t e ) , Q ( u i t )

FIGURE 20

FLOW INPUT SCREEN
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FLOW DATA DATE:  0 8 / 0 1 / 8 3

MAXIMUM, 1 0 0 0  GPM: 7 . 8 0 0 0 0  

M IN IM U M , 1 0 0 0  GPM: 1 . 7 0 0 0 0

T O T A L , MGD: 6. 9 0 0 0 0



ERROR A t t r i b u t e  M AX: FLOW m u s t  b e  a  v a l i d  REAL P r e s s [ E S C ]  w h e n  c o r r e c t e d

FIGURE 21

ERROR CHECKING CAPABILITY
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F L OW DATA D A T E : 0 8 / 0 1 / 0 3

MAXIMUM, 1 0 0 0  GPM: f l o w 

M IN IM U M , 1 0 0 0  (3PM: 1 . 7 0 0 0 0

T O T A L , MGD : 6..9 0 0 0 0



C ( h a n g e  e n t r y ) , A ( d d  e n t r y ) , R ( e s e t ) , S ( k i p ) , E ( d i t ) , D ( e i e t e ) , Q ( u i t )

FIGURE 22

B0D5 INPUT SCREEN
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BOD 5  DAY, M G /L  D ATE : 0 8 / 0 1 / 8 3

IN F L U E N T :  5 1 8 . 0 0 0  

PRIMARY E F F :  2 0 7 . 0 0 0  

IN TE R M E D IA T E  E F F : 2 8 . 0 0 0 0  

E F F L U E N T : 1 4 . 0 0 0 0



CO

FIGURE 23

SLUDGE PUMP RECORDS INPUT SCREEN

C (h a n ge e n t r y ) , A( dd e n t r y ) ,  R( e s e t ) , S( k i p ) ,  E ( d i t ) ,  D ( e le t e ) , Q ( u i t ) :

SLUDGE PUMP RECORDS D ATE : 0 8 / 0 1 / 8 3

SLUDGE 
PUMP #

PRESENT 
READING

PR EVIO US 
READING

STROKE, 
IN .

FLOW ASSIG NED TO: (1 OR 2 )  
1= PRIM ARY D IG ESTER  #1 
2=P R IM A R Y  D IG E STE R  #2

E A S T : 4 7 3 5 0 . 7  4 7 1 8 6 . 4  8 2 . 0 0  1

WEST: 5 5 6 0 0 . 5  5 5 4 2 5 . 8  8 2 . 0 0  1

# 2  VAC: 3 4 3 1 1 . 6  3 4 1 7 4 . 1  8 2 . 0 0  1

NORTH: 1 8 0 2 2 0 .  1 7 3 5 9 4 .  1 . 6 9 0  1

SOUTH: 5 4 0 6 8 0 .  5 3 4 6 3 4 .  1 . 6 1 0  1

#1 VAC: 7 5 8 8 7 9 ,  7 5 5 7 7 4 .  1 . 6 9 0  1



O ption  3 in  th e  main menu in  F ig u re  17 p repares the  system 

f o r  r e p o r t  g e n e ra tio n . F ig u re  24 re q u e s ts  th e  range o f  da tes f o r  

th e  re p o r t  and shows th a t  th e  o p e ra to r  has chosen th e  e n t i r e  month 

o f  A u g us t, 1983 f o r  a r e p o r t .

F ig u re  25 is  th e  re p o r t  menu. Item s 1-16 co rrespond  to  item s 

in  the  m on th ly  o p e ra tin g  re p o r t  ke p t by th e  p la n t .  V a rio u s  o th e r  

o p tio n s  s e le c t  m u lt ip le  re p o r ts  and da ta  f o r  p e rm its . A l l  re p o r ts  

a re  a v a ila b le  as p r in te d  c o p ie s .

O p tion  1 from  th e  re p o r t  menu g iv e s  th e  Flow R eport shown in  

F ig u re  26. The Flow R eport co rresponds to  the  da ta  under th e  head­

ing  Flow Data in  F ig u re  9 .

O p tion  3 g ive s  the  B0D5 R eport shown in  F ig u re  27. The B0D5 

R eport co rresponds to  da ta  under the  heading B0D5 in  F ig u re  9 . The 

item s AVG:B0D and PR:BOD r e fe r  to  seven day ru n n in g  average e f f lu e n t  

B0D5 and P e rcen t R eduction  B0D5 r e s p e c t iv e ly .

O p tion  10 produces the  Sludge Movement R eport shown in  F ig u re  

28. The Sludge Movement R eport corresponds to  th e  data  under the  

heading Sludge Movement in  F ig u re  12 and is  composed o f  da ta  from  

the  in p u t fo rm  in  F ig u re  23 and o th e rs .  The " - 0 - "  seen in  two 

columns o f  F ig u re  28 re p re s e n t n u l ls  -  item s f o r  which no da ta  has 

been e n te re d .

O p tion  14 re s u lts  in  the  E f f lu e n t  S o lid s  R eport shown in  

F ig u re  29. The item s in  th e  E f f lu e n t  S o lid s  R eport correspond to  

item s in  F ig u re  15 under th e  heading E f f lu e n t  S o lid s .
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P r e s s  [ E S C ]  w h e n  d o n e  w i t h  t h i s  d a t a

REPORT DATES

ENTER S T A R T IN G  DATE ( M M / D D / Y Y ) : 0 8 / 0 1 / 8 3  

ENTER ENDING  DATE ( M M / D D / Y Y ) :  0 8 / 3 1 / 8 3

FIGURE 24

REPORT DATES INPUT SCREEN
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46

REPORTS

I t e m s  1 0 0 - 6 0 0  a r e  p r i n t e d .  I t e m s  1 - 1 6  may  b e  p r i n t e d  o r  v i e w e d  o n  t h e  s c r e e n .

C h o o s e  an  i t e m  l i s t e d  o r  0  a n d  p r e s s  r e t u r n

FIGURE 25

REPORT MENU

1 0 0 GENERAL 3 0 0 - -GENERAL S O L ID S  CONTROL

1- - F l o w
2  - - W e a t h e r

2 0 0 - - CHEM ICAL  AND B I O L O G IC A L  A N A L Y S I S

3 - - Bod5
4 - - S u s p e n d e d  S o l i d s
5 - - T o t a l  S o l i d s
6 - - P I a n t  pH
7 - - Set t l e a b l e  S o l id s
8 - - D i s s o l v e d  O x y g e n  a n d  T e m p .
9 - -  F e c a l  C o l i f o r m

5 0 0 - - P ER M IT  DATA 6 0 0 — P R I N T  A L L  T O P IC S

1 0 —  S l u d g e  M ovem ent .
1 1 —  P r i m a r y  D i g e s t e r s  1 & 2 

F l o w ,  V o l . A c i d s ,  A l k a l i n i t y
1 2 —  P r i m a r y  D i g e s t e r s  1 & 2 

F l o w  pH a n d  Te m p .
1 3 —  S e c o n d a r y  D i g e s t e r

4 0 0 - - A DDI T I O N A L  INFORMATION

1 4 —  E f f l u e n t  S o l i d s  ( B o d 5 ,  SS)
1 5 —  C h l o r i n e  R e s i d u e
1 6 —  C o m m e n t s

7 0 0 -— USE D IF F E R E N T  DATES



FLOW REPORT

DATE MAX:FLOW MIN:FLOW TOT:FLOW

0 8 /0 1 /8 3 7 .8 0 0 0 0 1 .7 0 0 0 0 6 .9 0 0 0 0
0 8 /0 2 /8 3 7 .0 0 0 0 0 2 .3 0 0 0 0 6 .7 0 0 0 0
0 8 /0 3 /8 3 7 .3 0 0 0 0 2 .2 0 0 0 0 6 .9 0 0 0 0
0 8 /0 4 /8 3 7 .1 0 0 0 0 2 .2 0 0 0 0 6 .7 0 0 0 0
0 8 /0 5 /8 3 6 .2 0 0 0 0 2 .1 0 0 0 0 5 .8 0 0 0 0
0 8 /0 6 /8 3 3 .7 0 0 0 0 1 .9 0 0 0 0 4 .0 0 0 0 0
0 8 /0 7 /8 3 7 .6 0 0 0 0 1 .4 0 0 0 0 5 .7 0 0 0 0
0 8 /0 8 /8 3 7 .8 0 0 0 0 ' 2 .0 0 0 0 0 7 .0 0 0 0 0
0 8 /0 9 /8 3 7 .6 0 0 0 0 2 .2 0 0 0 0 7 .3 0 0 0 0
0 8 /1 0 /8 3 7 .1 0 0 0 0 2 .4 0 0 0 0 6 .9 0 0 0 0
0 8 /1 1 /8 3 7 .6 0 0 0 0 2 .1 0 0 0 0 7 .2 0 0 0 0
0 8 /1 2 /8 3 6 .2 0 0 0 0 2 .5 0 0 0 0 6 .1 0 0 0 0
0 8 /1 3 /8 3 4 .6 0 0 0 0 4 .5 0 0 0 0 4 .5 0 0 0 0
0 8 /1 4 /8 3 3 .6 0 0 0 0 1 .5 0 0 0 0 3 .7 0 0 0 0
0 8 /1 5 /8 3 7 .5 0 0 0 0 1 .7 0 0 0 0 6 .7 0 0 0 0
0 8 /1 6 /8 3 8 .0 0 0 0 0 2 .0 0 0 0 0 7 .3 0 0 0 0
0 8 /1 7 /8 3 7 .2 0 0 0 0 2 .3 0 0 0 0 7 .0 0 0 0 0
0 8 /1 8 /8 3 7 .7 0 0 0 0 2 .0 0 0 0 0 7 .0 0 0 0 0
0 8 /1 9 /8 3 6 .1 0 0 0 0 2 .0 0 0 0 0 5 .9 0 0 0 0
0 8 /2 0 /8 3 3 .9 0 0 0 0 1 .9 0 0 0 0 4 .0 0 0 0 0
0 8 /2 1 /8 3 3 .6 0 0 0 0 1 .5 0 0 0 0 3 .6 0 0 0 0
0 8 /2 2 /8 3 7 .2 0 0 0 0 1 .8 0 0 0 0 6 .4 0 0 0 0
0 8 /2 3 /8 3 6 .8 0 0 0 0 2 .0 0 0 0 0 6 .4 0 0 0 0
0 8 /2 4 /8 3 7 .6 0 0 0 0 2 .0 0 0 0 0 7 .1 0 0 0 0
0 8 /2 5 /8 3 7 .1 0 0 0 0 2 .5 0 0 0 0 7 .0 0 0 0 0
0 8 /2 6 /8 3 6 .2 0 0 0 0 2 .3 0 0 0 0 6 .0 0 0 0 0
0 8 /2 7 /8 3 4 .3 0 0 0 0 1 .8 0 0 0 0 4 .2 0 0 0 0
0 8 /2 8 /8 3 9 .7 0 0 0 0 1 .5 0 0 0 0 4 .9 0 0 0 0
0 8 /2 9 /8 3 8 .2 0 0 0 0 2 .4 0 0 0 0 7 .7 0 0 0 0
0 8 /3 0 /8 3 7 .5 0 0 0 0 2 .2 0 0 0 0 7 .2 0 0 0 0
0 8 /3 1 /8 3 8 .5 0 0 0 0 2 .3 0 0 0 0 7 .8 0 0 0 0

1 9 1 .6 0 0
SUMMARY MAX:FLOW M IN : FLOW TOT:FLOW

MAXIMUM 9 .7 0 0 0 0 4 .5 0 0 0 0 7 .8 0 0 0 0
AVERAGE 6 .7 1 9 3 5 2 .1 0 3 2 3 6 .1 8 0 6 4
MINIMUM 3 .6 0 0 0 0 1 .4 0 0 0 0 3 .6 0 0 0 0

FIGURE 26 

FLOW REPORT
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BODS REPORT

DATE

08/01/83
08/02/83
08/03/83
08/04/83
08/03/83
08/06/83
08/07/83
08/08/83
08/09/83
08/10/83
08/11/83
08/12/83
08/13/83
08/14/83
08/15/83
08/16/83
08/17/83
08/18/83
08/19/83
08/20/83
08/21/83
08/22/83
08/23/83
08/24/83
08/25/83
08/26/83
08/27/83
08/28/83
08/29/83
08/30/83
08/31/83
SUMMARY

MAXIMUM
AVERAGE
MINIMUM

INF:BOD

518.000
578.000
623.000
420.000
333.000
615.000
147.000
428.000
488.000
348.000
443.000
480.000
738.000
204.000
630.000
600.000
363.000
333.000
615.000
278.000
189.000
413.000
420.000
435.000
433.000
623.000
315.000
186.000
313.000
533.000
488.000 

INF:BOD

738.000 
463.742
147.000

pri:bod

207.000
231.000
240.000
198.000
222.000
141.000
52.0000
165.000
238.000
246.000
234.000 
233.000
177.000
78.0000
222.000
261.000
231.000
234.000
240.000
147.000
37.0000
147.000
186.000
177.000
192.000
213.000
132.000
63.0000
177.000
204.000
282.000 

PRI:BOD

282.000 
189.323
32.0000

INT:BOD

28.0000
43.0000
48.0000
41.0000
50.0000
43.0000
16.0000
26.0000
33.0000
49.0000
43.0000
49.0000
32.0000
23.0000
24.0000
39.0000
63.0000
57.0000
54.0000
63.0000
20.0000
17.0000
23.0000
23.0000
36.0000
43.0000
38.0000
18.0000
13.0000
47.0000
37.0000 

INT:BOD
63.0000 
38.7419
13.0000

eff:bod

14.0000
17.7000
14.3000
9.40000
11.3000
9.30000
9.30000
9.00000
11.3000
12.0000 
9.80000
9.50000
3.70000
4.40000 
10.4000
16.3000
12.9000
15.3000
10.3000 
10.6000
11.9000
8.70000
7.50000 
8.60000
10.9000
9.00000
9.30000
7.30000
3.30000
9.30000 
10.6000

eff:bod
17.7000 
10.3677
4.40000

AVG:BOD

11.7857 
12.0571 
12.3714 
11.8837 
11.8714 
11.8143 
12.1837 
11.4714
10.5571 
10.2286 
10.2837 
10.0286 
9.51428
8.81429 
9.01428
9.73714 
9.88571 
10.6714 
10.7837 
11.4857
12.5571 
12.3143 
11.0286 
10.4143 
9.78571 
9.60000 
9.41429
8.73714
8.27143 
8.52837
8.81429 

AVG:BOD
12.5371
10.5147
8.27143

FIGURE 27 

B0D5 REPORT

PR:BOD

97.2973 
96.9377 
97.7047 
97.7619 
97.8799 
98.4878 
93.6733 
97.8972 
97.6844 
97.8102 
97.7878 
98.0208 
99.2480 
97.8431 
98.3492 
97.2300 
97.7087 
97.2432 
98.3232 
96.1871 
93.7037 
97.8933 
98.2143 
98.0230 
97.4943 
98.3334 
97.0476 
96.0733 
98.3173 
98.2532 
97.8279 

PR:BOD
99.2480 
97.5002 
93.6733
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SLUDGE MOVEMENT REPORT

DATE G A L : P D 1 G A L :P D 2 s : t h : 1 2  s : t h : 3 4 v : T H : 1 2  v : T H : 3 4

0 8 / 0 1 / 8 3 6 5 . 2 5 2 5 0 . 0 0 0 0 0 2 . 7 0 0 0 0  - 0 - 6 3 . 0 0 0 0  - 0 -
0 8 / 0 2 / 8 3 6 9 . 1 5 2 0 0 . 0 0 0 0 0 2 . 0 0 0 0 0  - 0 - 7 5 . 0 0 0 0  - 0 -
0 8 / 0 3 / 8 3 5 8 . 7 6 5 9 0 . 0 0 0 0 0 3 . 0 0 0 0 0  - 0 - 6 0 . 0 0 0 0  - 0 -
0 8 / 0 4 / 8 3 5 7 . 9 7 3 4 0 . 0 0 0 0 0 3 . 1 0 0 0 0  - 0 - 6 5 . 0 0 0 0  - 0 -
0 8 / 0 5 / 8 3 5 5 . 6 6 3 7 0 . 0 0 0 0 0 4 . 0 0 0 0 0  - 0 - 7 3 . 0 0 0 0  - 0 -
0 8 / 0 6 / 8 3 5 5 . 3 0 5 4 0 . 0 0 0 0 0 4 . 0 0 0 0 0  - 0 - 6 8 . 0 0 0 0  - 0 -
0 8 / 0 7 / 8 3 5 6 . 5 3 6 1 0 . 0 0 0 0 0 3 . 0 0 0 0 0  - 0 - 6 7 . 0 0 0 0  - 0 -
0 8 / 0 8 / 8 3 4 9 . 9 0 8 5 0 . 0 0 0 0 0 4 . 5 0 0 0 0  - 0 - 6 2 . 0 0 0 0  - 0 -
0 8 / 0 9 / 8 3 4 5 . 7 0 6 3 0 . 0 0 0 0 0 4 . 5 0 0 0 0  - 0 - 7 1 . 0 0 0 0  - 0 -
0 8 / 1 0 / 8 3 4 5 . 2 9 2 0 0 . 0 0 0 0 0 4 . 2 0 0 0 0  - 0 - 7 1 . 0 0 0 0  - 0 -
0 8 / 1 1 / 8 3 4 4 . 8 0 7 0 0 . 0 0 0 0 0 3 . 2 0 0 0 0  - 0 - 6 9 . 0 0 0 0  - 0 -
0 8 / 1 2 / 8 3 4 5 . 6 0 9 5 0 . 0 0 0 0 0 3 . 2 0 0 0 0  - 0 - 6 6 . 0 0 0 0  - 0 -
0 8 / 1 3 / 8 3 4 8 . 9 2 6 0 0 . 0 0 0 0 0 3 . 0 0 0 0 0  - 0 - 6 7 . 0 0 0 0  - 0 -
0 8 / 1 4 / 8 3 5 5 . 0 7 2 4 0 . 0 0 0 0 0 3 . 0 0 0 0 0  - 0 - 8 0 . 0 0 0 0  - 0 -
0 8 / 1 5 / 8 3 5 7 . 9 6 0 5 0 . 0 0 0 0 0 2 . 7 0 0 0 0  - 0 - 7 0 . 0 0 0 0  - 0 -
0 8 / 1 6 / 8 3 5 8 . 4 2 9 3 0 . 0 0 0 0 0 3 . 2 0 0 0 0  - 0 - 6 9 . 0 0 0 0  - 0 -
0 8 / 1 7 / 8 3 5 8 . 0 1 8 3 0 . 0 0 0 0 0 3 . 4 0 0 0 0  - 0 - 6 5 . 0 0 0 0  - 0 -
0 8 / 1 8 / 8 3 6 8 . 1 8 2 8 0 . 0 0 0 0 0 3 . 1 0 0 0 0  - 0 - 6 7 . 0 0 0 0  - 0 -
0 8 / 1 9 / 8 3 6 7 . 0 4 3 6 0 . 0 0 0 0 0 2 . 6 0 0 0 0  - 0 - 6 9 . 0 0 0 0  - 0 -
0 8 / 2 0 / 8 3 7 1 . 8 6 3 1 0 . 0 0 0 0 0 3 . 0 0 0 0 0  - 0 - 7 0 . 0 0 0 0  - 0 -
0 8 / 2 1 / 8 3 8 2 . 1 8 0 4 0 . 0 0 0 0 0 2 . 5 0 0 0 0  - 0 - 6 4 . 0 0 0 0  - 0 -
0 8 / 2 2 / 8 3 8 4 . 1 0 9 9 0 . 0 0 0 0 0 2 . 6 0 0 0 0  - 0 - 5 8 . 0 0 0 0  - 0 -
0 8 / 2 3 / 8 3 8 4 . 2 0 7 6 0 . 0 0 0 0 0 5 . 9 0 0 0 0  - 0 - 3 4 . 0 0 0 0  - 0 -
0 8 / 2 4 / 8 3 6 9 . 0 7 2 9 0 . 0 0 0 0 0 3 . 0 0 0 0 0  - 0 - 6 0 . 0 0 0 0  - 0 -
0 8 / 2 5 / 8 3 5 6 . 8 6 4 9 0 . 0 0 0 0 0 3 . 4 0 0 0 0  - 0 - 5 9 . 0 0 0 0  - 0 -
0 8 / 2 6 / 8 3 5 8 . 5 2 9 0 0 . 0 0 0 0 0 3 . 1 0 0 0 0  - 0 - 6 1 . 0 0 0 0  - 0 -
0 8 / 2 7 / 8 3 5 2 . 1 5 0 7 0 . 0 0 0 0 0 3 . 0 0 0 0 0  —0 — 7 0 . 0 0 0 0  - 0 -
0 8 / 2 8 / 8 3 5 2 . 5 7 6 9 0 . 0 0 0 0 0 2 . 0 0 0 0 0  - 0 - 7 0 . 0 0 0 0  - 0 -
0 8 / 2 9 / 8 3 5 4 . 8 0 9 1 0 . 0 0 0 0 0 4 . 4 0 0 0 0  - 0 - 5 0 . 0 0 0 0  - 0 -
0 8 / 3 0 / 8 3 5 2 . 9 0 4 1 0 . 0 0 0 0 0 3 . 6 0 0 0 0  - 0 - 6 7 . 0 0 0 0  - 0 -
0 8 / 3 1 / 8 3 5 2 . 6 8 5 3 0.00000 3 . 9 0 0 0 0  - 0 - 6 4 . 0 0 0 0  - 0 -

1 8 3 5 . 5 6 0.00000
SUMMARY G A L : P D 1 G A L :P D 2 S : t h : 12  S : T H : 3 4 v : t h : 12  v : t h : 3 4

MAXIMUM 8 4 . 2 0 7 6 0 . 0 0 0 0 0 5 . 9 0 0 0 0  0 . 0 0 0 0 0 8 0 . 0 0 0 0  0 . 0 0 0 0 0
AVERAGE 5 9 . 2 1 1 6 0 . 0 0 0 0 0 3 . 3 1 6 1 3  0 . 0 0 0 0 0 6 5 . 2 9 0 3  0 . 0 0 0 0 0
M IN IM U M 4 4 . 8 0 7 0 0 . 0 0 0 0 0 2 . 0 0 0 0 0  0 . 0 0 0 0 0 3 4 . 0 0 0 0  0 . 0 0 0 0 0

FIGURE 28

SLUDGE MOVEMENT REPORT
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E FFLU E N T S O L ID S  REPORT

DATE l b / d : b o d A :  L B :B O D L B / D : S S A : L B : S S

0 8 / 0 1 / 8 3 8 0 5 . 6 4 4 5 9 8 . 6 5 7 8 6 3 . 1 9 0 8 2 8 . 7 5 8
0 8 / 0 2 / 8 3 9 8 9 . 0 4 1 6 0 0 . 6 4 7 5 5 8 . 7 8 0 6 4 4 . 0 8 6
0 8 / 0 3 / 8 3 8 2 2 . 9 0 8 6 2 0 . 1 7 4 1 1 5 . 0 9 2 5 3 9 . 0 0 2
0 8 / 0 4 / 8 3 5 2 5 . 2 5 3 5 9 7 . 6 0 9 7 2 6 . 4 1 4 5 1 3 . 1 4 8
0 8 / 0 5 / 8 3 5 4 6 . 6 0 4 5 9 9 . 6 3 4 6 7 7 . 2 0 8 5 3 6 . 5 0 0
0 8 / 0 6 / 8 3 3 1 0 . 2 4 8 5 9 7 . 7 2 8 3 0 0 . 2 4 0 4 9 8 . 3 7 5
0 8 / 0 7 / 8 3 4 4 2 . 1 0 3 6 3 4 . 5 4 3 8 0 8 . 1 4 6 5 7 8 . 4 3 9
0 8 / 0 8 / 8 3 5 2 5 . 4 2 0 5 9 4 . 5 1 1 5 8 3 . 8 0 0 5 3 8 . 5 2 6
0 8 / 0 9 / 8 3 6 8 7 . 9 6 7 5 5 1 . 5 0 0 3 0 4 . 4 1 0 5 0 2 . 1 8 7
0 8 / 1 0 / 8 3 6 9 0 . 5 5 2 5 3 2 . 5 9 2 4 0 2 . 8 2 2 5 4 3 . 2 9 1
0 8 / 1 1 / 8 3 5 8 8 . 4 7 0 5 4 1 . 6 2 3 1 0 2 0 . 8 2 5 8 5 . 3 4 9
0 8 / 1 2 / 8 3 4 8 3 . 3 0 3 5 3 2 . 5 8 0 5 5 9 . 6 1 4 5 6 8 . 5 5 0
0 8 / 1 3 / 8 3 2 1 3 . 9 2 1 5 1 8 . 8 1 9 5 6 2 . 9 5 0 6 0 6 . 0 8 0
0 8 / 1 4 / 8 3 1-35. 7 7 5 4 7 5 . 0 5 8 3 0 8 . 5 8 0 5 3 4 . 7 1 3
0 8 / 1 5 / 8 3 5 8 1 . 1 3 1 4 8 3 . 0 1 7 4 4 7 . 0 2 4 5 1 5 . 1 7 4
0 8 / 1 6 / 8 3 1 0 0 4 . 5 5 5 2 8 . 2 4 4 8 5 2 . 3 4 8 5 9 3 . 4 5 1
0 8 / 1 7 / 8 3 7 5 3 . 1 0 2 5 3 7 . 1 7 9 9 9 2 . 4 6 0 6 7 7 . 6 8 5
0 8 / 1 8 / 8 3 8 9 3 . 2 1 4 5 8 0 . 7 1 4 9 9 2 . 4 6 0 6 7 3 . 6 3 4
0 8 / 1 9 / 8 3 5 0 6 . 8 2 2 5 8 4 . 0 7 4 6 3 9 . 6 7 8 6 8 5 . 0 7 1
0 8 / 2 0 / 8 3 3 5 3 . 6 1 6 6 0 4 . 0 3 0 - 0 - 7 0 5 . 4 2 5
0 8 / 2 1 / 8 3 3 5 7 . 2 8 6 6 3 5 . 6 7 5 2 4 0 . 1 9 2 6 9 4 . 0 2 7
0 8 / 2 2 / 8 3 4 6 4 . 3 7 1 6 1 8 . 9 9 5 2 6 6 . 8 8 0 6 6 4 . 0 0 3
0 8 / 2 3 / 8 3 4 0 0 . 3 2 0 5 3 2 . 6 7 6 2 6 6 . 8 8 0 5 6 6 . 4 2 5
0 8 / 2 4 / 8 3 5 0 9 . 2 4 0 4 9 7 . 8 3 8 5 9 2 . 1 4 0 4 9 9 . 7 0 5
0 8 / 2 5 / 8 3 6 3 6 . 3 4 2 4 6 1 . 1 4 2 2 3 3 . 5 2 0 3 7 3 . 2 1 5
0 8 / 2 6 / 8 3 4 5 0 . 3 6 0 4 5 3 . 0 7 6 2 5 0 . 2 0 0 3 0 8 . 3 0 2
0 8 / 2 7 / 8 3 3 2 5 . 7 6 0 4 4 9 . 0 9 7 5 6 0 . 4 4 8 3 4 4 . 3 2 3
0 8 / 2 8 / 8 3 2 9 8 . 3 2 2 4 4 0 . 6 7 4 5 7 2 . 1 2 4 3 9 1 . 7 4 2
0 8 / 2 9 / 8 3 3 4 0 . 3 5 5 4 2 2 . 9 5 7 1 2 8 . 4 3 6 3 7 1 . 9 6 4
0 8 / 3 0 / 8 3 5 5 8 . 4 4 6 4 4 5 . 5 4 7 1 0 8 0 . 8 6 4 8 8 . 2 4 7
0 8 / 3 1 / 8 3 6 8 9 . 5 5 1 4 7 1 . 3 0 5 6 5 0 . 5 2 0 4 9 6 . 5 8 7

1 6 8 9 0 . 0 1 6 5 5 8 . 2
SUMMARY L B / D : B O D A : L B : B O D L B / D : S S A : L B : S S

MAXIMUM 1 0 0 4 . 5 5 6 3 5 . 6 7 5 1 0 8 0 . 8 6 8 2 8 . 7 5 8
AVERAGE 5 4 4 . 8 3 9 5 4 0 . 0 6 2 5 5 1 . 9 4 1 5 5 0 . 5 1 6
M IN IM U M 1 3 5 . 7 7 5 4 2 2 . 9 5 7 1 1 5 . 0 9 2 3 0 8 . 3 0 2

FIGURE 29

EFFLUENT SOLIDS REPORT
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F ig u re s  30 , 31 and 32 to g e th e r  fo rm  th e  P e rm it  R eport  a v a i l ­

a b le  as o p t io n  500. Data in  the  P e rm it  R epo rt  c o n ta in s  th e  p e rm it  

da ta  r e q u i r e d  to  f i l l  o u t  th e  S p r in g d a le  NPDES R eport  shown in  

F ig u re  16.

When th e  o p e ra to r  chooses t o  p l o t  d a ta ,  O p t io n  4 in  th e  main 

menu, th e  system re q u e s ts  a range o f  da tes  as in  th e  r e p o r t  menu, 

and th e  p l o t t i n g  menus in  F ig u re s  33 and 34 a re  d is p la y e d .  Every 

i te m  on th e  m o n th ly  o p e ra t in g  r e p o r t  e x c e p t  comments may be p lo t t e d  

ve rsus  any o th e r  i te m .  F ig u re  33 asks f o r  th e  Y -a x is  and F ig u re  

34 asks f o r  th e  X - a x is .  A l l  p l o t t i n g  item s  may be d is p la y e d  be­

f o r e  s e le c t i n g  th e  a x i s .

A f t e r  s e le c t i o n  o f  th e  axe s ,  the  system un loads  a p p ro p r ia te  

da ta  and s h i f t s  program c o n t r o l  to  a BASIC program f o r  p l o t t i n g .

The fo rm a t  o f  th e  BASIC program i s  m e n u -d r ive n  l i k e  t h a t  o f  the  

DBMS. Assuming th e  o p e ra to r  had re q u e s te d  T0T:FL0W ( t o t a l  f lo w )  

as th e  Y -a x is  and DATE as th e  X - a x is ,  th e  program w i l l  g iv e  th e  

o p e ra to r  an o p t io n  t o  r e c e iv e  a p r in t e d  copy and t o  name th e  axes. 

F ig u re  35 shows d a ta  v a lu e s  chosen by th e  o p e ra to r  and g iv e s  th e  

names t h a t  were s u p p l ie d .  The o p e ra to r  has th e  o p t io n  t o  d e le te  

any d a ta  p o in t s  from  th e  g ra p h .  F ig u re  36 shows th e  graph o f  the  

d a ta  i tem s  in  F ig u re  35 .

In  F ig u re  37 th e  o p e ra to r  has chosen t o  p l o t  i n f l u e n t  sus ­

pended s o l i d s  w i t h  i n f l u e n t  B0D5 f o r  th e  month o f  A u g u s t ,  1983. 

Suppose th e  o p e ra to r  chooses to  d e le te  da ta  p o in t  Number 1 in
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PERMIT REPORT

DATE E F F : FC AVG:FC

0 8 / 0 1 / 8 3 0 1 .0 0 0 0 0
0 8 / 0 2 / 8 3 0 1 . 0 0 0 0 0
0 8 / 0 3 / 8 3 0 1 .0 0 0 0 0
0 8 / 0 4 / 8 3 0 1 . 0 0 0 0 0
0 8 / 0 5 / 8 3 0 1 . 0 0 0 0 0
0 8 / 0 6 / 8 3 0 1 . 0 0 0 0 0
0 8 / 0 7 / 8 3 0 1 . 0 0 0 0 0
0 8 / 0 8 / 8 3 4 1 . 3 0 0 0 0
0 8 / 0 9 / 8 3 1 1 . 3 0 0 0 0
0 8 / 1 0 / 8 3 0 1 . 3 0 0 0 0
0 8 / 1 1 / 8 3 0 1 . 3 0 0 0 0
0 8 / 1 2 / 8 3 0 1 . 3 0 0 0 0
0 8 / 1 3 / 8 3 0 1 . 3 0 0 0 0
0 8 / 1 4 / 8 3 0 1 . 3 0 0 0 0
0 8 / 1 5 / 8 3 0 1 . 0 0 0 0 0
0 8 / 1 6 / 8 3 0 1 . 0 0 0 0 0
0 8 / 1 7 / 8 3 0 1 . 0 0 0 0 0
0 8 / 1 8 / 8 3 78 1 4 . 0 0 0 0
0 8 / 1 9 / 8 3 0 1 4 . 0 0 0 0
0 8 / 2 0 / 8 3 0 1 4 . 0 0 0 0
0 8 / 2 1 / 8 3 0 1 4 . 0 0 0 0
0 8 / 2 2 / 8 3 0 1 4 . 0 0 0 0
0 8 / 2 3 / 8 3 0 1 4 . 0 0 0 0
0 8 / 2 4 / 8 3 2 . 1 0 0 0 0
0 8 / 2 5 / 8 3 0 1 . 2 0 0 0 0
0 8 / 2 6 / 8 3 0 1 . 2 0 0 0 0
0 8 / 2 7 / 8 3 0 1 . 2 0 0 0 0
0 8 / 2 8 / 8 3 0 1 . 2 0 0 0 0
0 8 / 2 9 / 8 3 0 1 . 2 0 0 0 0
0 8 / 3 0 / 8 3 0 1 . 2 0 0 0 0
0 8 / 3 1 / 8 3 0 1 . 0 0 0 0 0
SUMMARY E F F :F C a v g : f c

MAXIMUM 78 1 4 . 0 0 0 0
AVERAGE 2 . 8 0 0 0 0
MINIMUM 0 1 . 0 0 0 0 0

FIGURE 30 

PERMIT REPORT
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P E R M IT  REPORT

DATE L B / D : S S E F F :S S A V G :S S TO T:FLO W

0 8 / 0 1 /8 3 8 6 3 .1 9 0 15 .0000 16 .2857 6 .9 0 0 0 0
08 / 0 2 /8 3 5 5 8 .7 8 0 10 .0000 13 .4286 6 .7 0 0 0 0
0 8 / 0 3 /8 3 115 .092 2 .0 0 0 0 0 11 .5714 6 .9 0 0 0 0
0 8 / 0 4 /8 3 7 2 6 .4 1 4 13 .0000 11 .00 00 6 .7 0 0 0 0
0 8 / 0 5 /8 3 6 7 7 .2 0 8 14 .0000 11 .4286 5 .8 0 0 0 0
0 8 / 0 6 /8 3 3 0 0 .2 4 0 9 . 00000 10 .28 57 4 .0 0 0 0 0
0 8 / 0 7 /8 3 8 0 8 .1 4 6 17 .0000 11 .4286 5 .7 0 0 0 0
0 8 / 0 8 /8 3 5 8 3 .8 0 0 10 .0000 10 .7143 7 .0 0 0 0 0
0 8 / 0 9 /8 3 3 0 4 .4 1 0 5 . 00000 10 . 0000 7 .3 0 0 0 0
0 8 / 10 /83 4 0 2 .8 2 2 7 .0 0 0 0 0 1 0 .71 43 6 .9 0 0 0 0
0 8 / 1 1 /8 3 1020 .82 17 .0000 11 .2857 7 .2 0 0 0 0
0 8 / 12 /83 5 5 9 .6 1 4 11 .0000 10.8571 6 .1 0 0 0 0
0 8 / 1 3 /83 5 6 2 .9 5 0 15 .0000 11 .7143 4 .5 0 0 0 0
0 8 / 14 /83 3 0 8 .5 8 0 10 .0000 10 .7143 3 .7 0 0 0 0
08 / 15 /83 4 4 7 .0 2 4 8 .0 0 0 0 0 10 .4286 6 .7 0 0 0 0
0 8 / 16 /83 8 5 2 .3 4 8 14 .0000 11 .71 43 7 .3 0 0 0 0
0 8 / 17 /83 9 9 2 .4 6 0 17 .0000 13 .1429 7 .0 0 0 0 0
08 / 1 8 /83 9 9 2 .4 6 0 17 .0000 13 .14 29 7 .0 0 0 0 0
0 8 / 1 9 /83 6 3 9 .6 7 8 • 13 .0000 13 .4286 5 .9 0 0 0 0
0 8 / 2 0 /8 3 —0 - —0— 13 .1667 4 . 00000
0 8 / 2 1 /8 3 2 4 0 .1 9 2 8 . 00000 12 .83 33 3 .6 0 0 0 0
0 8 / 2 2 /8 3 2 6 6 .8 8 0 5 . 00000 12 .33 33 6 . 40000
08 / 2 3 /8 3 2 6 6 .8 8 0 5 . 00000 10 . 8333 6 . 40000
0 8 / 2 4 /8 3 5 9 2 .1 4 0 10 . 0000 9 .6 6 6 6 7 7 .1 0 0 0 0
0 8 / 2 5 /8 3 2 3 3 . 520 4 . 00000 7 . 50000 7 . 00000
0 8 / 2 6 /8 3 2 5 0 .2 0 0 5 . 00000 6 .1 6 6 6 7 6 . 00000
0 8 / 2 7 /8 3 5 6 0 .4 4 8 16 . 0000 7 .5 7 1 4 3 4 . 20000
0 8 / 2 8 /8 3 5 7 2 .1 2 4 14 . 0000 8 .4 2 8 5 7 4 . 90000
08 / 2 9 /8 3 128 .436 2 . 00000 8 . 00000 7 .7 0 0 0 0
0 8 / 3 0 /8 3 1080 .86 18 . 0000 9 .8 5 7 1 4 7 . 20000
0 8 / 3 1 /8 3 6 5 0 .5 2 0 10 . 0000 9 .8 5 7 1 4 7 . 80000
SUMMARY L B / D : S S E F F : SS A V G :S S TO T :F LO W

MAXIMUM 1080 .86 18 . 0000 16 .2857 7 .8 0 0 0 0
AVERAGE 551.941 10 . 7000 10 .9516 6 .1 8 0 6 4
M IN IM U M 115.092 2 . 00000 6 .1 6 6 6 7 3 . 60000

FIGURE 31 

PERMIT REPORT

53



P E R M IT  REPORT

DATE L B / D : B O D E F F :B O D A V G :B O D E F F :P H

0 8 / 0 1 / 8 3 8 0 5 . 6 4 4 1 4 . 0 0 0 0 1 1 . 7 8 5 7 6 . 3 0 0 0 0
0 8 / 0 2 / 8 3 9 8 9 . 0 4 1 1 7 . 7 0 0 0 1 2 . 0 5 7 1 6 . 3 0 0 0 0
0 8 / 0 3 / 8 3 8 2 2 . 9 0 8 1 4 . 3 0 0 0 1 2 . 3 7 1 4 6 . 3 0 0 0 0
0 8 / 0 4 / 8 3 5 2 5 . 2 5 3 9 . 4 0 0 0 0 1 1 . 8 8 5 7 6 . 1 0 0 0 0
0 8 / 0 5 / 8 3 5 4 6 . 6 0 4 1 1 . 3 0 0 0 1 1 . 8 7 1 4 6 . 3 0 0 0 0
0 8 / 0 6 / 8 3 3 1 0 . 2 4 8 9 . 3 0 0 0 0 1 1 . 8 1 4 3 6 . 1 0 0 0 0
0 8 / 0 7 / 8 3 4 4 2 . 1 0 3 9 . 3 0 0 0 0 1 2 . 1 8 5 7 6 . 3 0 0 0 0
0 8 / 0 8 / 8 3 5 2 5 . 4 2 0 9 . 0 0 0 0 0 1 1 . 4 7 1 4 6 . 3 0 0 0 0
0 8 / 0 9 / 8 3 6 8 7 . 9 6 7 1 1 . 3 0 0 0 1 0 . 5 5 7 1 6 . 1 0 0 0 0
0 8 / 1 0 / 8 3 6 9 0 . 5 5 2 1 2 . 0 0 0 0 1 0 . 2 2 8 6 6 . 2 0 0 0 0
0 8 / 1 1 / 8 3 5 8 8 . 4 7 0 9 . 8 0 0 0 0 1 0 . 2 8 5 7 6 . 3 0 0 0 0
0 8 / 1 2 / 8 3 4 8 3 . 3 0 3 9 . 5 0 0 0 0 1 0 . 0 2 8 6 6 . 3 0 0 0 0
0 8 / 1 3 / 8 3 2 1 3 . 9 2 1 5 . 7 0 0 0 0 9 . 5 1 4 2 8 6 . 7 0 0 0 0
0 8 / 1 4 / 8 3 1 3 5 . 7 7 5 4 . 4 0 0 0 0 8 . 8 1 4 2 9 6 . 3 0 0 0 0
0 8 / 1 5 / 8 3 5 8 1 . 1 3 1 1 0 . 4 0 0 0 9 . 0 1 4 2 8 6 . 5 0 0 0 0
0 8 / 1 6 / 8 3 1 0 0 4 . 5 5 1 6 . 5 0 0 0 9 . 7 5 7 1 4 6 . 7 0 0 0 0
0 8 / 1 7 / 8 3 7 5 3 . 1 0 2 1 2 . 9 0 0 0 9 . 8 8 5 7 1 6 . 5 0 0 0 0
0 8 / 1 8 / 8 3 8 9 3 . 2 1 4 1 5 . 3 0 0 0 1 0 . 6 7 1 4 6 . 7 0 0 0 0
0 8 / 1 9 / 8 3 5 0 6 . 8 2 2 1 0 . 3 0 0 0 1 0 . 7 8 5 7 6 . 5 0 0 0 0
0 8 / 2 0 / 8 3 3 5 3 . 6 1 6 1 0 . 6 0 0 0 1 1 . 4 8 5 7 6 . 5 0 0 0 0
0 8 / 2 1 / 8 3 3 5 7 . 2 8 6 1 1 . 9 0 0 0 1 2 . 5 5 7 1 6 . 5 0 0 0 0
0 8 / 2 2 / 8 3 4 6 4 . 3 7 1 8 . 7 0 0 0 0 1 2 . 3 1 4 3 6 . 6 0 0 0 0
0 8 / 2 3 / 8 3 4 0 0 . 3 2 0 7 . 5 0 0 0 0 1 1 . 0 2 8 6 6 . 4 0 0 0 0
0 8 / 2 4 / 8 3 5 0 9 . 2 4 0 8 . 6 0 0 0 0 1 0 . 4 1 4 3 6 . 3 0 0 0 0
0 8 / 2 5 / 8 3 6 3 6 . 3 4 2 1 0 . 9 0 0 0 9 . 7 8 5 7 1 6 . 4 0 0 0 0
0 8 / 2 6 / 8 3 4 5 0 . 3 6 0 9 . 0 0 0 0 0 9 . 6 0 0 0 0 6 . 3 0 0 0 0
0 8 / 2 7 / 8 3 3 2 5 . 7 6 0 9 . 3 0 0 0 0 9 . 4 1 4 2 9 6 . 2 0 0 0 0
0 8 / 2 8 / 8 3 2 9 8 . 3 2 2 7 . 3 0 0 0 0 8 . 7 5 7 1 4 6 . 1 0 0 0 0
0 8 / 2 9 / 8 3 3 4 0 . 3 5 5 5 . 3 0 0 0 0 8 . 2 7 1 4 3 6 . 3 0 0 0 0
0 8 / 3 0 / 8 3 5 5 8 . 4 4 6 9 . 3 0 0 0 0 8 . 5 2 8 5 7 6 . 1 0 0 0 0
0 8 / 3 1 / 8 3 6 8 9 . 5 5 1 1 0 . 6 0 0 0 8 . 8 1 4 2 9 6 . 4 0 0 0 0
SUMMARY L B /D :B O D E F F :B O D A V G :B O D E F F :P H

MAXIMUM 1 0 0 4 . 5 5 1 7 . 7 0 0 0 1 2 . 5 5 7 1 6 . 7 0 0 0 0
AVERAGE 5 4 4 . 8 3 9 1 0 . 3 6 7 7 1 0 . 5 1 4 7 6 . 3 5 1 6 1
M IN IM U M 1 3 5 . 7 7 5 4 . 4 0 0 0 0 8 . 2 7 1 4 3 6 . 1 0 0 0 0

FIGURE 32

PERMIT REPORT
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* * * T E R M S * * P LO T T IN G  MENU

55

Q Q UIT
MAX: FLOW-D  MAXIMUM FLOW
M IN : FLOW--D - - M INIMUM FLOW
TOT: FLOW-D  TOTAL FLOW

R A IN : IN=D  - - R A IN FA LL
H IG H :T = D  .... HIGH TEMP.

LOW: T--D LOW TEMP.
INF:BO D--D  ... -IN FLUENT BODS
P R I : BOD=D  PRIMARY BODS
IN T : BOD-D  INTERM EDIATE BODS
EFF:BO D=D .... EFFLUENT BODS

PR: BOD--D .... PERCENT REDUCTION BODS
AVG:BO D-D .... 7 DAY AVERAGE EFFLUENT BODS

IN F : SS=D   INFLUENT SS
P R I : SS=D -...PRIMARY SS
I N T :S 5= D  .... INTERM EDIATE SS
E F F :S S -D  -...EFFLUENT SS

PR :SS=D  - ..PERCENT REDUCTION SS
M o r e  o u t p u t  f o l l o w s  .. p r e s s  [E S C ]  t o  q u i t ,  a n y  k e y  t o  c o n t i n u e
EXAM PLE: E F F :B O D -D
t y p e  t h e : t e r m  y o u  w a n t  a s  t h e  y - a x i s  ( q t o  q u i t )  t o t : f  l o w = d e x a m p l e : i n f : b o d
TYPE I T  A G A IN  WITHOUT THE =D t o t : f l o w

FIGURE 33

PLOTTING MENU FOR Y-AXIS



* * * T E R M S * *  P LO T T IN G  MENU
Q - - Q U IT

DATE — DATE •
MAX: FLOW -  -MAXIMUM FLOW
M IN :F LO W  -- M IN IM U M  FLOW
TOT:FLOW  - - T O T A L  FLOW 

R A I N : I N  - - R A I N F A L L
H IG H : I - - H IG H  TEMP.

LOW: T .....LOW TEMP.
IN F :B O D  — IN FLU E N T BODS *
P R I :B O D  ...-PRIMARY BODS .
I NT : BOD —  IN T E R M E D IA T E  BODS
E F F :BOD - - EFFLUENT BODS

PR:BO D --P E R C E N T  REDUCTION BODS
AVG:BOD - -7 DAY AVERAGE EFFLUEN T BODS

IN F :S S  - - INFLUENT SS
P R I : S S  - - PRIMARY SS
I N T : SS - - I NTERM EDIATE SS
E F F :S S  - - EFFLUENT SS

P R : SS .....PERCENT REDUCTION SS
M o re  o u t  p u t  f o l l o w s  -  p r e s s  [ ESC]  t o  q u i t ,  a n y  k e y  t o  c o n t in u e  
EXAMPLE: IN F :B O D

TYPE THE TERM YOU WANT AS THE X - A X I S  (Q TO Q U IT )  d a t e

FIGURE 34

PLOTTING MENU FOR X -A X IS
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Y-AXIS X-AXIS Y-AXIS X-AXIS
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
TOTAL FLOW, MOD AUGUST 1983 TOTAL FLOW, MGD AUGUST 1983
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

1 — 7 .8 OB-31-1983 16— 6 .7 08 -04 -1983
2— 7 .7 08-29-19B 3 17— 6 .7 08- 15-1983
3 —— 7 .3 08-09-1983 18— 6. 4 08 -22 -1983
4— 7 .3 08-1 6 —1983 19— 6 .4 0 8 -2 3 -1983
5— 7 .2 08-11-1983 20— 6. 1 08 -12—1983
6— 7 .2 08-30-1983 21— 6 08-26-1983
7— 7. 1 08 -24 -1983 22— 5 .9 08 -19 -1983
8— 7 08-08—1983 23— 5 .8 08-05-1983
9— 7 08-17-1983 24— 5 .7 08-07-1983

10— 0 8 -18- 1983 08-28 -1983
11 — 7 08-25-1983 26— 4 .5 08 -13 -1983
12— 6 . 9 0 8 -0 1 -1983 27— 4 .2 08- 2 7 - 1983
13— 6 . 9 08-03 -1983 28— •4 08- 0 6 - 1983
14— 6 . 9 08 -10 -1983 29— 4 08-20 -1983
15— 6 . 7 08-02 -1983 30— 3 .7 08 -14 -1983

31 — 3 .6 08-21-1983

DELETE A VALUE? (Y/N) N

FIGURE 35 
DATA FOR PLOTTING

57



58

FIGURE 36 

FLOW VS. TIME



F ig u re  38 , th e  l i s t  o f  da ta  item s  f o r  F ig u re  37 . The new da ta  

item s to  be p l o t t e d  a re  shown in  F ig u re  39 . The new graph i s  

shown in  F ig u re  40. The d e le t i o n  o f  th e  s t r a y  d a ta  p o in t  in  F i ­

gure  40 e na b le  th e  s c a l in g  f e a t u r e  o f  th e  p l o t t i n g  program  to  e x ­

pand th e  Y -s c a le  and changed th e  shape o f  th e  g ra p h .  D e le t io n  o f  

bad o r  q u e s t io n a b le  da ta  may a l lo w  th e  o p e r a to r  t o  make a b e t t e r  

i n t e r p r e t a t i o n  o f  d a ta .

Database S t r u c tu r e  and A p p l i c a t io n  P rogram s:

The p re c e d in g  s e c t io n  d e s c r ib e d  th e  c a p a b i l i t i e s  o f  th e  DBMS 

t a i l o r e d  f o r  th e  S p r in g d a le  p l a n t ,  d em on s tra te d  use o f  th e  DBMS 

w i t h  a c tu a l  d a ta ,  and compared r e s u l t s  f rom  th e  two sys tem s . T h is  

s e c t io n  w i l l  c o n s id e r  th e  f o l l o w i n g  i te m s :  Database S t r u c t u r e ;  

Development o f  A p p l i c a t io n  Programs t o  P e rfo rm  V a r io u s  O p e r a t io n s ;  

Problems Encoun te red  in  th e  DBMS D e s ig n ;  S o lu t io n s  t o  Problems in  

th e  DBMS D e s ig n ,  and D i f f e r e n c e s  in  R e s u l ts  o f  th e  Two System s.

Database S t r u c t u r e : A c c o rd in g  t c  Codd ( 5 ) ,  a domain in  a 

r e l a t i o n  c o n t a in in g  v a lu e s  t h a t  u n iq u e ly  i d e n t i f y  each e le m e n t  in  

th e  r e l a t i o n  i s  c a l l e d  a p r im a ry  key f o r  t h a t  dom ain. The s t r u c ­

t u r e  o f  th e  m o n th ly  o p e r a t in g  r e p o r t s  f o r  th e  S p r in g d a le  p la n t  

shows t h a t  each row in  a r e p o r t  i s  u n iq u e ly  i d e n t i f i e d  by a p a r t i ­

c u l a r  d a te .  No rows e x i s t  where t h e r e  i s  no v a lu e  f o r  d a te .  T h e re ­

f o r e ,  d a te  may be i d e n t i f i e d  as a p r im a ry  key f o r  a l l  r e l a t i o n s  in  

a da tabase  f o r  th e  S p r in g d a le  p l a n t .

F o l lo w in g  r u le s  o f  n o r m a l i z a t io n ,  th e  da tabase  w ou ld  be s e t  up
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FIGURE 37

INFLUENT SUSPENDED SOLIDS VS. INFLUENT B0D5



Y - A X IS  X - A X IS  Y - A X IS X -A X IS

IN F L U E N T  S S , m g /1 IN F  B O D ,m g / l , AUGB3 IN F L U E N T  S S , m g / l IN F  B O D ,m g / l , AUG83

1— 7 9 0 5 6 3
I-,

— —48 0 4 8 0
3 4 6 0 7 5 8
4 — 3 9 5 6 1 5
5 — 3 6 0 5 7 8
6 — 3 4 0 6 0 0
7 — 3 3 0 5 1 8
8 — 3 1 5 4 8 8
9 — 3 1 5 6 2 3

10— 3 0 5 5 4 8
11 — 3 0 0 5 3 3
12— 3 0 0 5 3 3
1 3 — 2 9 0 5 5 5
1 4 — 2 8 5 6 3 0
1 5 — 2 8 0 6 2 3

1 6 — 2 7 5 4 4 3
1 7 — 2 7 0 4 2 0
1 8 — 2 6 5 4 3 5
1 9 — 2 6 0 6 1 5
2 0 — 2 5 5 4 2 8
21 — 2 5 0 4 2 0
22 — 2 4 5 4 3 5
0 3__ 2 4 0 4 8 8
2 4 — 2 2 5 1 8 6
2 5 — 220 1 8 9
2 6 — 220 3 1 5
2 7 — 1 9 5 1 4 7
2 8 — 1B 5 4 1 3
2 9 — 1 6 5 2 0 4
3 0 — 1 6 0 3 1 5

DELETE A V A L U E ?  ( Y /N )  Y 
ROW TO D E LE TE ? 1 [ [

FIGURE 38

DATA FOR PLOTTING

61



62

Y - A X IS X - A X IS Y - A X IS X - A X IS
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
IN F L U E N T  S S , m g /1 IN F  B O D ,m g / l , AU G B3 IN F L U E N T  S S , m g / l IN F  B O D ,m g / l , AUG83
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

1 — 4 8 0 4 8 0 1 6 — 2 7 0 4 2 0
2— 4 6 0 7 5 8 1 7 — 2 6 5 4 3 5
3 __ 3 9 5 6 1 5 1 8 — 2 6 0 6 1 5
4 — 3 6 0 5 7 8 1 9 — 2 5 5 4 2 8
5 — 3 4 0 6 0 0 2 0 — 2 5 0 4 2 0
6— 3 3 0 5 1 8 21— 2 4 5 4 3 5
7 — 3 1 5 4 8 8 22 — 2 4 0 4 8 8
a— 3 1 5 6 2 3 2 3 — 2 2 5 1 8 6
9 — 3 0 5 5 4 8 2 4 — 220 1 8 9

10— 3 0 0 5 3 3 2 5 — 220 3 1 5
1 1 — 3 0 0 5 3 3 2 6 — 1 9 5 1 4 7
12— 2 9 0 5 5 5 2 7 — 1 8 5 4 1 3
1 3 — 2 8 5 6 3 0 2 8 - - 1 6 5 2 0 4
1 4 — 2 8 0 6 2 3 2 9 — 1 6 0 3 1 5
1 5 — 2 7 5 4 4 3

D E LETE  A V A LU E ? ( Y /N )  N

FIGURE 39

DATA FOR PLOTTING
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FIGURE 40

INFLUENT SUSPENDED SOLIDS VS. INFLUENT B0D5



as a number o f  r e l a t i o n s  each hav ing  th e  a t t r i b u t e  da te  as a p r i ­

mary key . Three r e l a t i o n s  t h a t  wou ld  be s e t  up may be taken  from  

F ig u re  9:

FLOW (DATE, maximum, minimum, t o t a l )

WEATHER (DATE, r a i n ,  h ig h ,  low )

B0D1 (DATE, i n f l u e n t ,  p r im a r y ,  in te r m e d ia te ,  e f f l u e n t )

These r e l a t i o n s  s a t i s f y  f i r s t ,  second , t h i r d ,  f o u r t h ,  and 

f i f t h  normal fo rm .  The a t t r i b u t e s  p e rc e n t  r e d u c t io n  B0D5 and 

seven day Avg B0D5 w ou ld  n o t  be in c lu d e d  in  any r e l a t i o n  s in c e  

bo th  a t t r i b u t e s  may be c a lc u la te d  from  o th e r  a t t r i b u t e s  and w o u ld ,  

i f  in c lu d e d  in  any r e l a t i o n ,  v i o l a t e  f i f t h  normal fo rm .  (12 )

The p re c e d in g  example i l l u s t r a t e s  th e  a p p l i c a t i o n  o f  n o r m a l i ­

z a t io n  r u le s  in  r e l a t i o n a l  da tabase  t h e o r y .  In  p r a c t i c e ,  such a 

n o rm a l iz e d  system  does n o t  a lways r e s u l t  i n  th e  b e s t  p e r fo rm a n c e .  

R e la t io n a l  o p e ra t io n s  p e r fo rm ed  w i t h  com m erc ia l DBMS used in  t h i s  

re s e a rc h  showed t h a t  a f u l l y  n o rm a l iz e d  r e l a t i o n  r e s u l t e d  in  a 

s i g n i f i c a n t l y  s lo w e r  system  and g r e a t e r  d a ta  s to ra g e  re q u i re m e n ts .  

I t  has been sugges ted  (12 )  t h a t  c om p le te  n o r m a l i z a t io n  i s  n o t  a l ­

ways p r a c t i c a l  when p e r fo rm an ce  re q u i re m e n ts  a re  c o n s id e re d .  For 

pe r fo rm an ce  c o n s id e r a t io n s ,  th e  e n t i r e  da tabase  o f  th e  S p r in g d a le  

p l a n t  was p la c e d  in  one v e ry  la r g e  r e l a t i o n .

A p r im a ry  advan tage  o f  th e  r e l a t i o n a l  system  i s  th e  ease in  

w h ich  i t  may be v i s u a l i z e d .  The s t r u c t u r e  o f  th e  DBMS f o r  th e  

S p r in g d a le  p l a n t  may be v i s u a l i z e d  as a la r g e  t a b le  i d e n t i c a l  in
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s t r u c t u r e  t o  th e  m o n th ly  o p e r a t in g  r e p o r t s .  An e f f o r t  was made 

t o  make th e  o p e r a t io n  o f  th e  DBMS as s i m i l a r  as p o s s ib le  t o  th e  

p re s e n t  d a ta  management system  so t h a t  an o p e r a to r  c o u ld  f e e l  com­

f o r t a b l e  u s in g  th e  system  in  a s h o r t  t im e .  I n p u t  fo rm s  and r e ­

p o r t s  were d e s igne d  from  th e  fo rm s and r e p o r t s  a l r e a d y  in  use a t  

th e  p l a n t .

A p p l i c a t i o n  P rogram s: In  a d d i t i o n  t o  program s t h a t  g u id e  th e  

o p e r a to r  th ro u g h  th e  system  w i t h  menus and p ro m p ts ,  program s were 

needed t o  c o n t r o l  th e  r e l a t i o n a l  DBMS in  p e r fo rm in g  th e  r e l a t i o n a l  

commands. In  th e  w o rk in g  model th e  com m erc ia l DBMS and th e  a p p l i ­

c a t io n  program s used a lm o s t  a l l  th e  space on a d o u b le - s id e d ,  d o u b le ­

d e n s i t y  f l o p p y  d i s k  (3 2 0 ,5 1 2  b y t e s ) .  The space re q u i re m e n ts  were 

h ig h  because th e  a p p l i c a t i o n s  had t o  be s to r e d  as ASCII (A m erican  

N a t io n a l  S ta n d a rd  Code f o r  I n fo r m a t io n  In te rc h a n g e )  f i l e s .  ASCII 

f i l e s  seem to  ta k e  up a t  l e a s t  one b y te  p e r  c h a r a c t e r .

C a lc u la t io n s  such as p e rc e n t  r e d u c t io n  and lo a d in g  may be 

p e r fo rm ed  q u i c k l y  u s in g  th e  r e l a t i o n a l  commands. The r e l a t i o n a l  

commands f o r  c a l c u l a t i n g  p e rc e n t  r e d u c t io n  in  B0D5 a re  shown be low : 

ASSIGN PR:B0D TO IN F : BOD -  EFF:BOD IN OPERATE WHERE +

DATE GE .SDATE AND DATE LE .EDATE 

ASSIGN PR:B0D TO PR:B0D /  INF:B0D IN OPERATE WHERE +

DATE GE .SDATE AND DATE LE .EDATE 

ASSIGN PR:B0D TO PR:B0D X 100 IN OPERATE WHERE +

DATE GE .SDATE AND DATE LE .EDATE
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OPERATE i s  th e  name o f  th e  r e l a t i o n  c o n ta in in g  th e  a t t r i b u t e s  

PR:B0D, EFF:B0D, and INF:B0D. .SDATE and .EDATE a re  v a r ia b le s  

t h a t  s p e c i f y  a s t a r t i n g  d a te  and an end ing  d a te  r e s p e c t i v e l y .

C a lc u la t io n s  such as seven day ru n n in g  averages and log-m ean 

averages a re  more d i f f i c u l t  t o  p e r fo rm .  The log-m ean o r  g e o m e tr ic  

mean was a s p e c ia l  p rob lem  f o r  th e  system  s in c e  th e  com m erc ia l DBMS 

used in  t h i s  p r o j e c t  la c k e d  th e  a b i l i t y  t o  ta k e  lo g a r i t h m s  o r  p e r ­

fo rm  e x p o n e n t ia t i o n .

F ig u re  41 and 42 show an a p p l i c a t i o n  program  w r i t t e n  t o  c a l ­

c u la te  seven day ru n n in g  log-m ean averages  o f  f e c a l  c o l i f o r m s .  The 

v a r ia b le  FECI i s  s e t  equal t o  a new ly  e n te re d  v a lu e  o f  EFF: FC ( e f ­

f l u e n t  f e c a l  c o l i f o r m s ) .  The lo g a r i t h m  o f  FECI i s  ta k e n  th e  o ld -  

fa s h io n e d  way. The program lo o k s  up th e  v a lu e  in  a t a b l e .  A f t e r  

a l l ,  a r e l a t i o n a l  da tabase  i s  r e a l l y  a t a b le  where ro w - o r d e r in g  i s  

n o t  s i g n i f i c a n t .  F i r s t ,  c h a r a c t e r i s t i c  o f  FECI i s  d e te rm in e d  as 

s to re d  as v a r i a b le  CHAR. Then th e  v a lu e  o f  FECI i s  reduced by 

d i v i d i n g  FECI by 10 t o  th e  CHAR power. D iv id in g  FECI by a la r g e  

number t r u n c a te s  a l l  b u t  two s i g n i f i c a n t  f i g u r e s  in  FECI. FECI i s  

then  " lo o k e d  up" f ro m  a r e l a t i o n  named LOGS w h ich  c o n ta in s  th e  a t ­

t r i b u t e s  ALOG, a number between 1 .0  and 9 .9  in  in c re m e n ts  o f  0 . 1 ,  

and LOG. A row in  LOGS c o n ta in s  a number under LOGS w h ich  i s  th e  

base 10 lo g a r i t h m  o f  th e  number in  th e  same row under ALOG. The 

column ALOG i s  searched  f o r  a v a lu e  c lo s e  t o  FECI and th e  v a lu e  o f  

LOG on th e  same row i s  a s s ig n e d  t o  FECI. CHAR i s  added t o  FECI
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* (U P D A T E .F E C )
SET RULES OFF
SET V A R IA B LE  F E C I TO E F F :F C  IN  OPERATE WHERE DATE EQ .E D A T E  

IF  F E C I L T  10  THEN
SET VAR CHAR TO O 

END IF
IF  F E C 1 GE 10 AND F E C 1 L T  1 0 0  THEN

SET
SET

V A R IA B LE
V A R IA B LE

CHAR
F E C 1

TO
TO

1
.F E C1 / 10

E N D IF  
IF  F E C 1 GE 1 0 0  AND F E C 1 L T  1 0 0 0 THEN

SET V A R IA B LE CHAR TO 2
SET V A R IA B L E F E C 1 TO .F E C 1 / 1 0 0 0 0 0 0
SET V A R IA B L E F E C 1 TO .F E C 1 X 1 0 0 0 0

E N D IF  
IF  F E C 1

SET
GE 1 0 0 0  

V A R IA B L E
THEN
CHAR TO 3

,
SET V A R IA B LE F E C 1 TO .F E C 1 / 1 0 0 0 0 0 0
SET V A R IA B L E F E C 1 TO .F E C 1 / 10
SET V A R IA B L E F E C 1 TO .F E C 1 X 10 0 0 0

END IF
SET V A R IA B L E  F E C 1 TO LOG IN  LOGS WHERE ALOG GE .F E C 1
SET V A R IA B L E  F E C 1 TO .F E C 1 + .CHAR
CHANGE D U M B :1 TO .F E C 1 IN  OPERATE WHERE DATE EO .E D A T E  

SET V A R IA B L E  SDATE TO .E D A T E  -  6 
SET V A R IA B L E  COUNT TO 1 
SET V A R IA B L E  DAYS TO .E D A T E  +  6 
SET V A R IA B L E  DAYS TO .D A Y S  -  .S D A T E  

W H ILE  COUNT LE  7 THEN
SET V A R IA B L E  VDATE TO .S D A T E  + 6
COMPUTE AVG AS AVE D U M B :1 IN  OPERATE WHERE DATE GE .S D A T E  +

FIGURE 41

7-DAY RUNNING LOG-MEAN AVERAGES
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AND DATE LE .VDATE AND DUMB:1 EXISTS 
IF  AVG LT 1 THEN

SET VARIABLE ACHAR TO 1 
END IF
IF  AVG GE 1 AND AVG LT 2 THEN 

SET VARIABLE ACHAR TO lO  
SET VARIABLE AVG TO .AVG -  1 

END IF
IF  AVG GE 2 AND AVG LT 3 THEN 

SET VARIABLE ACHAR TO 100 
SET VARIABLE AVG TO .AVG -  2 

END IF
IF  AVG GE 3 THEN

SET VARIABLE ACHAR TO 1000 
SET VARIABLE AVG TO .AVG -  3 

ENDIF
SET VARIABLE FEC1 TO ALOG IN  LOGS WHERE LOG GE .AVG 
SET VARIABLE FEC1 TO .F E C 1 X .ACHAR

CHANGE AVG:FC TO .F E C 1 IN  OPERATE WHERE DATE EQ .VDATE 
SET VARIABLE SDATE TO .'SDATE + 1 
SET VARIABLE COUNT TO .COUNT + 1 

ENDWHILE

FIGURE 42

7-DAY RUNNING LOG-MEAN AVERAGES
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and the lo g a r i th m  o f  the  o r ig in a l  va lue  o f  FEC1 is  o b ta in e d .  By 

using the  c h a r a c t e r i s t i c  o f  FEC1 , the  r e la t io n  LOGS is  ab le  to  

fu n c t io n  as a lo g  ta b le  us ing on ly  n in e ty  rows. The r e s u l t in g  ac­

curacy is  cons idered s u f f i c i e n t  f o r  c o l i f o rm  da ta .

F igures 41 and 42 a lso  demonstrate the  c a lc u la t io n s  f o r  seven 

day runn ing  averages. Using v a r ia b le s  to  re p re se n t the  va lues o f  

da tes , a loop is  se t  up between the  WHILE and ENDWHILE statements 

to  c a lc u la te  a new va lue  o f  AVG:FC (seven day runn ing  average o f  

e f f l u e n t  fe c a l  c o l i f o rm )  and s to re  the  new va lue  in  the  database. 

The r e la t i o n  LOG is  used in  reverse  to  take  an a n t i  lo g .

Processing t im e was a m ajor c o n s id e ra t io n  in  deve lop ing  me­

thods to  update the  database and pe rfo rm ing  c a lc u la t io n s .  Seven 

day runn ing  average c a lc u la t io n s  use more t im e f o r  p rocess ing  than 

any o th e r  o p e ra t io n  in  the  DBMS. Note t h a t  i f  a new va lue  o f  

EFF: FC is  added to  the  database, and the  va lue  added occurs on a 

date l a t e r  than the  date f o r  any o th e r  fe c a l  c o l i f o r m ,  then o n ly  

one seven day runn ing  average need be performed to  update the  d a ta ­

base. Th is  va lue  would be the  average o f  the  l a s t  date added and 

the  s ix  preceding days and would be in s e r te d  on the  same row as 

the  l a s t  date added. However, e d i t in g  a p re v io u s ly  e x is t in g  va lue 

o f  EFF:FC re q u ire s  upda ting  up to  seven rows where dates are l a t e r  

than the date e d i te d .  The upda ting  process can take  cons ide rab le  

t im e .  C a lc u la t io n  and update o f  a s in g le  seven day runn ing  average 

can take  up to  one m inute f o r  s im ple  a r i t h m e t ic  averages and even
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lo n g e r  f o r  log-mean average update.

Performance requ irem ents  make i t  necessary to  s to re  redundant 

va lues such as seven day runn ing  averages. Time re q u ire d  to  gener­

a te  a m onth ly r e p o r t  c a lc u la t in g  seven day runn ing  averages would 

be absu rd ly  lo n g ,  a t  le a s t  severa l hours.

The approach in  t h i s  p r o je c t  has been to  c a lc u la te  a l l  seven 

day runn ing  averages as the  data is  in p u t .  Th is  r e s u l t s  in  a de­

la y  o f  about one m inute when data is  in p u t  s e q u e n t ia l ly  by date 

and lo n g e r  i f  an e x i s t i n g  va lue  re q u i r in g  seven day averages is  

in p u t .  Updates o f  the  database which are ab le  to  use the  r e la t io n a l  

commands are much f a s te r  and take  o n ly  a few seconds to  update even 

two months' o f  da ta .  Updates which can be done q u ic k ly  are on ly  

performed a t  the t im e the  in fo rm a t io n  is  reques ted . Updating the 

database as d iscussed seems to  be the  most reasonable  approach in  

terms o f  performance.

Report gen e ra t io n  was a problem due to  the  l im i t e d  c a p a b i l i t y  

o f  the  r e p o r t  w r i t i n g  fe a tu re  in c lud ed  in  the commercial DBMS. The 

r e p o r t  w r i t i n g  fe a tu re  a llow ed re p o r ts  to  be generated us ing a t t r i ­

butes from a s in g le  r e la t i o n .  Only ten v a r ia b le s  are p e rm it te d  f o r  

c a lc u la t io n s  w i th in  a r e p o r t .  C a lc u la t io n s  o f  maximums and minimums 

using the r e p o r t  w r i t i n g  fe a tu re  was v i r t u a l l y  im p o ss ib le .

An a l te r n a te  method o f  producing re p o r ts  w i th  the  d e s ire d  c a l ­

c u la t io n s  was developed us ing  the SELECT command to  s e le c t  a subset 

c o n ta in in g  the d es ire d  r e p o r t  items from the main r e la t io n s  OPERATE.
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A second r e la t i o n  named SUMMARY was p ro je c te d  from the  main r e la ­

t i o n .  SUMMARY con ta ined  a l l  the  a t t r i b u t e s  from OPERATE t h a t  would 

be shown in  the month ly o p e ra t in g  re p o r ts .  In  p lace  o f  the  a t t r i ­

bute DATE, SUMMARY con ta ined  the  key a t t r i b u t e  SUMMARY. The r e la ­

t io n  SUMMARY con ta ined  th re e  rows. Under the  a t t r i b u t e  SUMMARY 

were th re e  e lements; maximum, minimum, and average, correspond ing  

to  the  th re e  rows. When a r e p o r t  was requested , maximum, minimum, 

and average va lues were ob ta ined  f o r  the  re p o r te d  a t t r i b u t e s  in  

OPERATE and s to re d  in  SUMMARY under the  id e n t ic a l  a t t r i b u t e  name 

and on the a p p ro p r ia te  row. A re p o r t  i s  then ob ta ined  by using 

two SELECT commands w i th  the  fo l lo w in g  syn tax :

SELECT DATE a t t l  a t t2  a t t3  ____ from OPERATE where DATE +

GE s t a r t i n g  date AND DATE LE ending date

SELECT SUMMARY a t t l  a t t2  a t t3  ____ from SUMMARY where +

DATE GE s t a r t in g  date AND DATE LE ending date

The DBMS cou ld  a lso  be accessed d i r e c t l y  us ing the  r e l a t i o n ­

a l commands. The a b i l i t y  to  handle d i r e c t  q ue r ies  in  a p la in  

Eng lish  language is  a s tron g  fe a tu re  o f  the  commercial DBMS used 

in  t h i s  resea rch ,  s ince  i t  would be im poss ib le  to  a n t ic ip a te  a l l  

f u tu r e  a p p l ic a t io n s  o f  the  database when w r i t i n g  the  a p p l ic a t io n  

programs.

The BASIC p l o t t i n g  program was w r i t t e n  to  demonstrate the 

in te r fa c e  c a p a b i l i t i e s  o f  the system. Data f o r  p l o t t i n g  is  

w r i t t e n  to  a ASCII f i l e  named A :PL0T.DAT by the  UNLOAD command.

71



The UNLOAD command a l low s  o p t io n a l  s o r t in g  o f  data w r i t t e n  to  the 

f i l e .  The p l o t t i n g  program reads the  f i l e  A :PL0T.DAT as a sequen­

t i a l  data f i l e  and w i l l  work f o r  any s e q u e n t ia l  data f i l e  t h a t  has 

the  s t r u c tu r e  descr ibed  in  the documentation o f  the  BASIC p l o t t i n g  

program in  the  program l i s t i n g  found in  the appendix.

PRINCIPLE FINDINGS AND SIGNIFICANCE

Data management has been shown to  be im p o r ta n t  p a r t  o f  waste- 

w a te r t re a tm e n t  p la n t  o p e ra t io n .  Treatment p la n ts  must re c o rd ,  

process, and r e p o r t  da ta .  Data management in  t re a tm e n t  p la n ts  i n ­

vo lves  a s i g n i f i c a n t  amount o f  t im e and e f f o r t .

Computerized DBMS have demonstrated the  c a p a b i l i t y  o f  hand­

l ing  the data management needs o f  t re a tm e n t  p la n ts .  The re c e n t  de­

velopment o f  m icrocomputers has made p o s s ib le  a lo w -c o s t  system f o r  

computerized data management. DBMS us ing  m icrocomputers have been 

demonstrated in  t re a tm e n t  p la n ts  f o r  data s to ra g e ,  r e p o r t  genera­

t i o n ,  and process c o n t r o l .

The r e la t io n a l  database model has been shown to  have a number 

o f  advantages over o th e r  DBMS. R e la t io n a l  databases have a s im p le  

s t r u c tu r e  which is  easy to  understand and use. R e la t io n a l  p rocess­

ing is  a powerfu l to o l  f o r  m a n ip u la t io n  o f  da ta .

A general r e la t io n a l  DBMS t h a t  may be t a i l o r e d  f o r  use a t  a 

s p e c i f i c  wastewater t re a tm e n t  p la n t  was developed f o r  use on a 

m icrocom puter. The general DBMS c o n s is ts  o f  a m enu-driven fo rm a t 

f o r  e n t r y ,  e d i t i n g ,  p rocess ing  and r e p o r t  o f  da ta .  E r ro r  checking
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is  p rov ided  on data e n t r y .  Operators re q u i re  no s pec ia l compu­

t e r  t r a i n in g  to  use the system.

The system was t a i l o r e d  f o r  use a t  the  S p r in g d a le ,  Arkansas 

wastewater t re a tm e n t  p la n t .  The data management requ irem en ts  o f  

the S p r ingda le  p la n t  are t y p ic a l  o f  the  wastewater t re a tm e n t  p la n ts  

t h a t  cou ld  b e n e f i t  from a DBMS o p e ra t in g  on a m icrocom puter. The 

p resen t data management system a t  the  S p r ingda le  p la n t  c o n s is ts  o f  

data lo gg ing  sheets w i th  c a lc u la t io n s  performed by hand and r e q u i r ­

ing a g re a t  deal o f  t im e .  As w i th  any manual data management system 

th e re  is  the  p o s s i b i l i t y  o f  e r ro rs  in  c a lc u la t io n s ,  and e r ro rs  in  

t ran spos ing  data between the  many fo rm s.

The custom ized system was demonstrated w i th  ac tua l data from 

the S p r ingda le  p la n t .  Reports co rrespond ing  to  the  re g u la r  m onth ly 

o p e ra t in g  re p o r ts  were generated w i th  the  DBMS. Perm it c a lc u la t io n s  

were performed by the  DBMS. The in te r fa c e  o f  independent programs 

w i th  the  DBMS was demonstrated by a p l o t t i n g  program w r i t t e n  in  

BASIC.

One o f  the  d isadvantages o f  the  computer DBMS developed was 

the slowness in  p rocess ing . Th is  slowness was p a r t i c u l a r l y  e v id e n t  

du r in g  process ing  o f  n o n re la t io n a l  commands and m o d i f ic a t io n  o f  the 

database. The speed o f  the  system seemed to  be l im i t e d  by the  a b i ­

l i t y  o f  the DBMS in  read ing  command f i l e s  and changing data f i l e s  

on the f lo p p y  d is k s .  One p o s s ib le  a l t e r n a t i v e  to  improve p e r f o r ­

mance would be to  add a hard d is k  f o r  a d d i t io n a l  s to rage  and memory.
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A hard d is k  would inc rease  the  t o t a l  c o s t  o f  the system hardware 

by ro u g h ly  $1,500. A lthough the  system may be c a l le d  slow in  

terms o f  computer speed, i t  should be noted t h a t  the  ac tua l savings 

in  t im e f o r  the  o p e ra to r  rep resen ts  an improvement over the  manual 

method o f  data management by a f a c to r  o f  some ten  to  tw en ty  t im e s .

Another s tro n g  p o in t  o f  the  system is  data independence. Data 

is  s to re d  independent o f  the  v a r io u s  l i n k s ,  p o in te r s ,  and indexes 

t h a t  de sc r ib e  the  p h ys ica l s t r u c tu r e  o f  the database. Data indepen­

dence makes i t  p o s s ib le  to  change the p h y s ic a l s t r u c tu r e  o f  the 

database by adding new rows and a t t r i b u t e s  w i th o u t  a f f e c t in g  the 

u s e r 's  v iew o f  the  da ta .  In  a norm alized database, data indepen­

dence a l low s  the  database to  grow w i th o u t  f o r c in g  the  a p p l ic a t io n  

programs to  be r e w r i t t e n .

The DBMS was compared to  the  p resen t system in  use a t  the  

S p ringda le  p la n t .  Comparison o f  re p o r ts  from the two systems 

proved the  DBMS cou ld  handle the  data management requ irem en ts  o f  

the  S p r ingda le  p la n t  w h i le  p ro v id in g  accuracy and le ss  chance o f  

e r r o r .

CONCLUSIONS

The fo l lo w in g  conc lus ions  were drawn from t h i s  research :

1) A database management system o p e ra t in g  on a m icrocomputer 

can be developed to  meet the  data management needs o f  a wastewater 

t re a tm e n t p la n t .

2) The r e la t io n a l  model database is  w e l l  s u i te d  f o r  use in
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data management a p p l ic a t io n s  a t  wastewater t re a tm e n t  p la n ts .

3) The speed and accuracy o f  a m icrocomputer-based data 

management system is  s u p e r io r  to  the  t y p ic a l  manual data  hand ling  

systems c u r r e n t l y  in  use by most wastewater t re a tm e n t  p la n ts .
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