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ABSTRACT

This report presents the development of a microcomputer based

data management system for wastewater treatment plants. The rela-
tional database model was shown to be well suited for data manage-
ment applications in wastewater treatment plants. A general data
management system was developed for use with a microcomputer using
a commercially available relational database management system.
Use of the developed system requires no special computer training.
The system was tailored for use at the wastewater treatment plant
at Springdale, Arkansas. The capabilities of the system were de-
monstrated with actual data from the Springdale plant.

David G. Parker and Sandra C. Parker

Completion Report to the U.S. Department of the Interior, Washington,
D.C., September, 1984.

KEYWORDS -- Wastewater treatment/database management/microcomputer/
relational database.
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INTRODUCTION

Data management at wastewater treatment plants requires a me-
thod of storing, accessing, and processing data by some regular and
consistent means. Data are required for permit reports, process con-
trol, and design of facilities.

Typical plant data consists of laboratory analysis and plant
operating data. Manual management of plant data requires many hours
each week even in small plants.

It has been known for some time that computerized data manage-
ment systems are a cost-effective method for data management in the
larger plants, although many of the larger plants still do not use
computerized systems. In the past, the complexity and cost of com-
puterized data management has prevented all but the largest munici-
pal treatment plants from incorporating computers for data manage-
ment.

If a Tow cost microcomputer could handle the data management
needs of a wastewater treatment plant, then computerized data manage-
ment would be available for treatment plants for the relatively low
price of a microcomputer. Besides being easy to operate, a micro-
computer-based data management system for treatment plants would
have to meet the specialized data-handling requirements of a parti-

cular plant.

The system would have to be user-friendly. A menu-driven for-



- mat would be required for entry, editing, and reporting of data.
The system would need some means of checking data during entry to
avoid entry of invalid data types. The system should be able to
expand with the plant rather than become obsolete.

Such a system could increase plant efficiency through more
efficient process control, cut time presently spent on data manage-
ment, and minimize the chance for errors in management of plant data.

A. Purpose and Objectives

The objective of this research is to develop a general data
management system for wastewater treatment plants that will operate
on a microcomputer and may be tailored for use at a specific plant.
The system will allow the operator to store, update, retrieve, and
process data. The operator will need no special computer training
to use the system. Plant operating costs may be reduced by reduc-
ing the amount of time devoted to data management. Improved capa-
bility to analyze data may lead to improved plant performance.

The general data management system developed by this research
operates on a microcomputer. A series of application programs were
written for use with a commercially available database management
software package.

The system uses a menu-driven format in which the operator se-
lects the operation to be performed from a menu on the computer
screen. The operator may enter data, edit data, obtain reports, and

output data for use with programs independent of the system. Error



checking on data entry allows the operator to input only the type
of data that has been specified for a particular parameter. Para-
meters may be restricted to numbers or text. Reports may include
data or results of calculations from data for any specified range
of dates. Independent programs may be developed as the need arises
to process data for special needs.

The system was tailored for use at the Springdale, Arkansas
wastewater treatment plant. Actual data from the Springdale plant
was used to demonstrate the capability of the data management sys-
tem. A plotting program was written in BASIC to demonstrate how
the system may be interfaced with independent programs.

B. Related Research or Activities

This review focuses on the use of computerized database manage-
ment system (DBMS) as a data management tool. The first part of the
review is a general description of database structure and organiza-
tion and a detailed description of the relational model - the basis
for a relatively new and powerful DBMS known as a relational DBMS.
The relational model is discussed because the DBMS chosen for this
project is a relational DBMS. The second part of the review is a
description of applications for and capabilities of computerized
DBMS presently in use in wastewater treatment plants.

Database Representation

A database was defined by Martin (15) as a collection of re-

lated data stored independently of programs that use the data. The



‘database is structured in a form that allows addition, modification,
deletion, and retrieval of data within the database. In 1982 approxi-
mately 15,000 databases were in use in the United States. (4)

The database structure provides a foundation for development
of future applications. Database structures may be catagorized as
hierarchical, network, or relational. (15)

The hierarchical structure may be thought of as a tree struc-
ture composed of elements called nodes which reside at various le-
vels within the tree. 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 at the uppermost le-
vel of the tree. Every node except the root is related to a node
at a higher level called the parent. No node may have more than
one parent. Each node may be related to one or more nodes at a
Tower level, called children. Figure 1 illustrates the hierarchical
or tree structure. Node 1, the root, is the parent of node 2. Nodes
4 and 5 are children of node 2. (15)

The network structure also consists of nodes residing at va-
rious levels. The difference between the network structure and the
tree structure is that in a network structure, a node may be 1inked
to any other node. Figure 2 shows a network structure where one or
more nodes have multiple parents. (15)

The structure of a relational database is similar to that of

two-dimensional tables. These tables are known as relations. Each



column in a relation contains a distinct type of data. Columns in

a relation are known as attributes or domains. Each attribute in

a relation has a name which may be used to describe the type of data
found in the column. Rows in a relation are not stored in any par-
ticular order. Figure 3 shows a relation named SUPPLY with the at-
tributes' supplier, part, project, and quantity. The tabular struc-
ture of the relational 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 relation in the mathematical
sense as follows: "Given sets S1, S2, ..., Sn, (not necessarily
distinct), R is a relation on these n sets if it is a set of n-tuples
[rows] each of which has its first element from S1, its second ele-
ment from S2, and so on... as defined above, R is said to have de-
gree n." (5) The relation SUPPLY in Figure 3 is a relation of de-
gree 4 containing five rows of data which reflects the shipments in
progress of parts from specified suppliers to specified projects in
specified quantities. (5)

Codd defined a relational database as a time-varying collec-
tion of data which can be accessed and updated as a collection of
time-varying tabular relations of various degrees defined on a set
of domains (6). Codd proposed a set of rules to distinguish a

relational system from other systems. To be considered relational,
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a database system must follow the structure of the relational model,
and support a data sublanguage with relational processing capabili-
ty. (6,7)

Relational Processing

The relational processing capability was developed in response
to three principal problems. First, existing systems forced users
to think in terms of complex concepts having nothing to do with data
retrieval and manipulation. Second, existing systems did not sup-
port set processing. Rather than using commands to process multi-
ple records or an entire file at one time, users were forced to
think in terms of iterative loops. Third, the needs of users inter-
acting directly with databases could never be anticipated fully.
Existing systems frequently became obsolete due to a lack of ability
to change or grow. (7)

In 1979, Hutt (10) defined nine relational commands used in a
relational database management system developed in 1973 for the
British Broadcasting Corporation. Hutt asserted that a database
management system could support relational processing using even
fewer than nine commands. Codd said that the minimal relational
processing capability required to qualify a system as relational is
the ability to support the set processing algebra (relational) com-
mands PROJECT, JOIN, and SELECT. (7)

Data Sublanguages

According to Schmidt, the "classical" language requirements



for a relational processing language are: (a) prfmitive instruc-
tions for altering relations at the level of individual tuples
(rows) by insertion, deletion, and modification, and (b) powerful
retrieval facilities operating on relations at the level of sets
of tuples by using relational calculus-and algebra-oriented query
languages. (18)

In 1979, Codd named seven general purpose database manage-
ment systems designed according to the relational models that were
in use for large data banks with concurrent users (g). In 1984,
King reported that over twenty similar data sublanguages have been
developed for relational database operations using personal com-
puters alone. (13)

The Relational Commands

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

mal relational processing capabilities of a relational database sys-
tem because these commands represent a set of algebra operations which
play a key rolein deriving relations from other relations. Codd

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

The PROJECT Command

The PROJECT command selects specified columns from a relation,
forms a new relation using only the specified columns, and removes
any duplicate rows from the new relation. Figure 4 shows the pro-
jection of new relation from the relation supply. Notice that two

columns and a duplicate row were deleted in the new relation.

10
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1 2 5 17
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The JOIN Command

The JOIN command combines rows and columns from two relations

with some common attribute (column) without a loss of data. 1In
Figure 5, the second degree relations R and S are said to be join-
able if a 3rd degree relation U may be formed so that both relations
R and S could be formed from a PROJECT performed on relation U.
Figure 5 shows the relations R and S and two possible JOINS of R
and S.

The SELECT Command

A subset of a relation is also a relation. The SELECT Command,
also known as RESTRICT, may be used to generate a relation that is a
subset of an existing relation. A relation S may be used to generate
a subset of relation R through the restriction of R by S. Figure 6
shows the use of the SELECT command to generate the subset R' from
R through the restriction of R by S represented by the statement
R' = R(2,3) I (1,2)S.

Normalization

Attributes in a relation may be either independent of other
attributes in the relation or functionally dependent on other attri-
butes in the relation. If a value X is associated with a value Y
and for any given value of X there exists only one valid value of Y,
then Y is functionally dependent on X. If no person has more than
one address, then the address can be said to be functionally depen-

dent on the person. (12)

12
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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
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s ( J) R' (s p )
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FIGURE 6
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Normalization refers to a set of rules that provide guide-
1ines for the logical design of relational database structures (12).
The normalization rules permit the designer to simplify relations
containing functionally dependent attributes. (5)

Codd observed that a relation composed of independent attri-
butes may be represented by a two-dimensional array in which the
ordering of rows is insignificant and all rows contain the same num-
ber of elements. (5) This concept is known as first normal form (3).

Attributes in relations may be termed key or nonkey. A non-
key attribute should provide a fact about a key attribute. When a
nonkey attribute is a fact about a subset of a key attribute, the
relation is said to violate second normal form. Kent gave an ex-
ample of second normal form illustrated in Figure 7. (12)

The attributes PART and WAREHOUSE go together to form a key
in the relation in Figure 7. The second normal form is violated be-
cause WAREHOUSE-ADDRESS is a fact about WAREHOUSE, a subset of the
key PART and WAREHOUSE. Several problems with this relation are as
follows: The warehouse address is repeated in every row that refers
to a part stored in the warehouse. If the warehouse address were to
change, every record must be changed. If 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, Kentshows how the relation may be
made into two relations which satisfy the normalization rules. (12)

Third normal form is similar to second normal form. According

15
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to third normal form, a key attribute must not be a fact that des-
cribes another nonkey attribute rather than a key attribute. (12)

The fourth normal form is violated when an attempt is made
to assign more than one value to an attribute in a particular row.
The fifth 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 struc-
ture using a tree structure to identify functionally dependent at-
tributes and key attributes. The only restrictions of this nor-
malization process are that the functionally dependent attributes
can be shown as a collection of tree structures and no primary key
attribute violates the fourth normal form. (5,12)

Database Management System

Large water quality databases are helpful in determining
trends in the water pollution field. Data on water quality is
generated by many agencies, municipalities and researchers, but is
frequently hard to locate. (8)

Martin defined a database management system (DBMS) as the
collection 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 large, decentralized, automated
information management system, was developed to assist states 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 state
compliance with the SDWA. (9)

The University of Michigan Computer System supports a time-
sharing system that can be accessed through local telephone numbers
in about 100 cities in the United States and Canada. In the Uni-
versity of Michigan DBMS, users employ conversational English-type
commands to search for and retrieve data from a database. (8)

Federal regulations concerning development of industrial
waste pretreatment programs prompted the Metropolitan District Com-
mission in Boston to develop a computerized DBMS. In 1980 the
Metropolitan District Commission provided sewerage for 43 communi-
ties and over 6,000 industries. The Metropolitan District DBMS has
been used in a variety of ways to meet the industrial waste pre-
treatment requirements of the Environmental Protection Agency. (2)

The Metropolitan District DBMS is capable of revising dis-
charge limitations for industries, checking industrial waste data
for compliance with pretreatment standards, keeping track of in-
dustrial 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 benefits of using micro-
computers for database management and process control in industrial

waste treatment plants. Until the recent development of the micro-
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computer as a relatively 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 @ microcomputer with keyboard and video display screen, two floppy
disk drives, and a printer. The system may be updated as needed at
a reasonable expense and is highly reliable. (11)

In the system described by Jones and Sullijvan, (11) data was
logged on input sheets to be input to the computer manually from
the keyboard. Entering data interactively in response to prompts
on the screen requires little or no knowledge of computer program-
ming by the operator.

Several large municipal plants use systems that permit auto-
matic and direct data entry from a remote sensor to the computer.
Jones and Sullivan identified 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 reliability and accuracy of remote sensors require fre-
quent maintenance often exceeding the cost in time and money of
manual lab tests, and 3) manual data entry forces the operator to
observe data on adaily basis and gives the operator more insight
to plant operating parameters. (11)

Process control programs utilize the database to perform

19



. calculations to predict plant performance or generate operating
parameters to assist the operator in making operational decisions.
Jones and Sullivan described six process control programs for an
industrial wastewater treatment plant treating a plastics manufac-
turing waste. Using wastewater data collected at specific sites
within the plant, the process control programs provided organic
overload control, chemical coagulant feed control, mixed-1iquor
suspended solids (MLSS) control, sludge volume index (SVI) calcu-
lations, zone settling velocity computations, and final clarifier
computations. (11)

Jones and Sullivan suggested additional time, labor and money-
saving uses for microcomputers at industrial waste treatment plants
as follows: (11)

1) Mathematical Modeling of the Plant: A theoretical mathe-

matical model of the plant allows an operator to predict
plant performance and response under a variety of flow
and loading situations.

2) Maintenance Program: Maintenance records maintained by the

computer may be used to generate a weekly maintenance sche-
dule.

3) Inventory: An inventory file of major equipment provides
a quick way of locating and identifying equipment type or
characteristics such as size or capacity.

4) OQperator Training: A number of operator training pro-

20



grams are being developed for microcomputers. Computer-
ized training can provide powerful reinforcement of con-
ventional instruction.

5) Other: Statistical 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 quality and quantity of waste ef-
fluent from an oil refinery located in the Greater Philadelphia area.
The refinery was using a time-sharing DBMS designed for petroleum in-
dustries to produce reports on the quality and quantity of waste-
water from the refinery. Reports were generated for the sewage auth-
ority treating the waste and for NPDES reports.

At some point the refinery was required to extend the DBMS capa-
city to handle data on fugitive emissions. Updating the existing
database appeared to be expensive and inefficient. Three alternative
DBMS considered by the company involved; a) using the refinery'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 alternative and eventually transferred all data-
base management functions to the microcomputer. (17)

Different databases were formed for fugitive emissions, waste-
water quality and quantity, and NPDES data. The DBMS was set up on

the microcomputer with the ability to enter data, edit existing data,
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. generate monthly reports, generate yearly reports, and perform the
relational command SELECT for different databases. (17)

A recent expansion of the Norfolk, Nebraska wastewater treat-
ment plant included a microcomputer, printer, and data management
programs for the microcomputer. Using the microcomputer as a manage-
ment tool, the plant has consistently met NPDES requirements. The
programs in use at the Norfolk plant provide data management, pro-

cess control, time management, and maintenance. (14)

METHODS AND PROCEDURES

Equipment: The following is a list of the equipment required
to implement the system developed in this 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 fully relational

commercially available relational database management sys-

tem. R:BASE supports the relational processing commands

JOIN, SELECT, PROJECT, and others. A total of 39 different

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

up to 100 billion records of data and process up to 40 files

at one time. R:BASE features prompt screens for direct pro-
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cessing, a report writer, and limited programmability.

The major part of this research involved developing applica-
tion programs which utilized R:BASE 4000 as the data management
system.

Description of the Database Management System:

This section consists of two parts. The first part des-
cribes typical methods by which data is managed at the Springdale,
Arkansas wastewater treatment plant. The second part describes
the database management system developed in this research, shows how
the system was tailored to the Springdale plant, 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 di-

rect measurements, laboratory analysis of samples, and from calcu-
lations on existing data. Figure 8 shows the relationship between
different data types in the Springdale plant and the sequence in
which data is obtained.

An example of data obtained by direct measurement is plant
flow data. Daily flow measurements are read from a continuous
totalizing meter and recorded on a monthly operating report show-
ing monthly totals, averages, maximums, and minimums. Figure 9
shows a portion of the monthly operating report including flow
for August, 1983.

Data from laboratory analysis is typically reported from the

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

23



ve

DIRECT
MEASUREMENT

S22 F e s e e R e
*x% >FLOW *
* *
* *
*x*% DWEATHER * .
322222222222 2 32 U300 033 D
* *
%M >pH *
* *
* *
##x >DISSOLVED OXYGEN *
I3

#*#%x >S5l UDGE MOVEMENT
W N DR
*

< JEIE I I B

%

* >LOADINGS %% %x

*%x% >DIGESTERS

R R R R R R R R R R R R kR R R R,
*%% SBOD

*

%

#%% D>SUSPENDED SOLIDS
k.3

*

ok ok ok ok ok ok k% DK %k ko k Kk kX X
x ok ok ok ok ok ok ok ok DR X X X ¥ X % X

R oE R K % Kk Kk ok D%

* ¥ % % % %

SAMFLING #x#x%%%3>L AB *xxxx>xx# >TOTAL SOLIDS 321N 33936203636 3 DN

FROGRAM

WORK *
*
### DSETTLEABLE SOLIDS
*
*
##% DFECAL COLIFORM
O e a  E R R L R

* % ¥ X % ¥

TABLE 8
DATA MANAGEMENT SCHEME AT SPRINGDALE PLANT

#% DPERMIT
REFORT



MONTHLY OPERATING REPORT FOR SPRINGDALE PLANT

25

W | weaTHER B.0.D. 5 DAY SUSPENDED SOLIDS
L3 DATA MGIL MGIL
RATE .
T L T T LA
NINES £11BleL | E] IR
S el el 1B [elel 1Bl
€ S| 2|2 - ol i 21
HHREIOR R IHEREEEEER
S|lsi2|w Yl gl olwNS| <2l D|W|.
WISISISIZ|Slz|2|Slu|2|@Y2|2|8|a |2
HEIEHIEHHEEIHEH B HEEBEHEEEEL
V2 d11.716a] = liealb |52 2| 1daq|. . B2ejias|2e |15 sl
217 2207 = liod ¢ 8 143 1779 Plelnisiac]| o g
3722209 = |jea7 2 (3240 (48 143 98] .Bis| £5] 18] 2dm|
4171022167 = el 2dad 19l i |adtnl_ RS Is]22 'aif}_
5 (a2 058 - Ioﬂ(,{lsl. 223 5% [11.299] 3.0 96| 4ol 1dR
61371 19(4s]| = liod7lislih| 4a][aznld| lald=s]ladl 9 h7
bl kls7.7] 3816 sl 119 2idizias] 7al22] 1719 ||y
817.8/200.002 lwoaley WYl 2¢] 9 BINHI5585 20|10 [TeliaT
91742273l = iclied Wyilasy 33| n. *79/,.%24- 9. |2Ll S19dle
1017 12| (3l = 107 (5| SH94L] 49| 12 |90hedBes] 08| w2l 2 A0
M 2,72 - 1eamalddalzadl 45| 9.YaY)ed275] 100 |BC] 17 B |re.
12\ alosi( | - [aq|72(d9.l25d 49| a9 si9ghedd Teli1e [ 28] 11 1920ey
Ll aldsl = lledzehrseling| s3] s7lagladtid 7. | 44| 15 a7)nd
MBULsza| = 19922l 79[ 2344 1a9|951¢5) 4o |26 10 ad)e
|15 7 sl =10 gl = os|Ld [{3eaan 24 104|299 42Ys] ¥s 26| 2 a7\
160l 2d73l < 1o (I|L odals| ST |1¢S1719.424| s | 39| 14.19¢bed
17 7912317 0 = |joal7alS¢d 231 £3)12919¢0. 4730|120 44 17 |97)0 4
18 7912 70l - |99]|7-|555234 ST |15 29700.d290| /15] So 17|94l
1916 l2.lsa| = 199 Lol bisiadel s |y o sl ed95] 11513 4] 12 H7h2
20139 mlL, = 19061 6lRINAAL EA s o tallud == (105|124 1) ' =}y
2)3¢islad] - |99l U9ttt oo Lunabdhasgem.|es |1¢ | 1 hijad
2500 Yd| - Vos ¢ Y3 1d7] 172 Y1 javled I5| €o |20 | 5 [a7)as
290206 - lrod Tol2eiVe|22 |5 IOY|1t4270 Se| k| 5 QF)ed
87207y - 16T lyY3sir|2 3] ¥.Cla fedl2ls] Y. |28 10 ladlay
B17,1297q- UellCdld36192 3Clreqq102 248 Yo (26| 4 0T,
8i[al33(d-l/ol¢¥1E232)3 42| 9 hal.42¢ | (2] 2e ..§-..’i¥Lj
270 20| sl - 1e7693isY33| 30 9. 3970 H22d f- [33] /¢ |93
28 1990).5144] 1.4 lteelta V24 ) €21 1T [galacfid|2as| 75 |as lid a4
2 |/alzdql. e 2ismalia [ sahtidali (el ¢s] (]2 alge
0 TR 220 ool (2320 4 19 aq f=3ee | 1ds ENA
31 7.52:-7,‘\(‘..3; Hles 41{:‘% 51 ,a.gfw'! &%’;::s.ac 1o kg
a2l Tl E AT A TN IR
o N K S A D
wr | 51251 19] 1a) 1070720754204 C 2| 17a)] | m190.215{ 57 | 12 |ac
wo 131 362|976 || Saloa [ 4ojafl lild 4ol 1d] 2 |9)
o llglaglbal. tiliod tY4C 74139 lre2lernl 12991 94 2 i01l9
FIGURE 9



. a form with other data of the same type for one month. The daily
log is used to compile the monthly operating report for the data
item. Figure 10 shows the laboratory report for BOD5 for two days.
Figure 11 shows the daily log of BOD5 obtained from the laboratory
reports. The portion of the monthly operating report in Figure 9
shows the daily values of BOD5 as well as the monthly total, aver-
age, maximum, and minimum values. Also shown in Figure 9 for BODS
are the values for percent reduction and seven day average. Per-
cent reduction is a value calculated from other BOD5 data on the
monthly report by the equation.

EQ 1 % reduction = [ ( influent - effluent ) / influent] X 100
where influent and effluent values are expressed as concentrations
in mg/1. Seven day averages are running averages consisting of the
arithmetic average of effluent BOD5 for a particular date and the
six days immediately preceding. Figure 9 shows similar columns un-
der the heading Suspended Solids. Suspended Solids data are cal-
culated and reported in the same manner as described for BODS.

An example of a monthly report item derived from calculations
performed on direct measurements is the flow to primary digesters
1 and 2 shown under the heading Sludge Movement in the portion of
the monthly operating report shown in Figure 12. The flow to each
primary digester is calculated from data logged in the sludge pump
records shown in Figures 13 and 14. The six sludge pumps named in

Figures 13 and 14 may operate in several flow schemes to pump
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LAB REPORT OF BOD5
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