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FOREWORD

The National Training .6c Operational Technology Center in cooperation with
Ohio State University is offering an Instructional Resources Monograph Series. The
monograph series is. an -extension of the information provided in the "Instructional
Resources Information System" (IRIS) for water quality.

This docupent is one of the Instructional Resources Monograph Series. TheSe
docurrients will assist the professional in identifying and locating instructional. and
reference materials related to various technicql aspects of water quality_ control.
Emphasis is given to items 'useful in the development and presentation of
wastewater treatment training programs.

Each, monograph reviews the technical aspects of a pollution control process,
provides representative examples of available instructional materials, and includes
an.annotated bibliogrdphy plus additional-references.

Your comments and suggestions regarding these publications are invited.

Walter G. Gilbert
Director
NTOTC
Cincinnati, Ohio

This Monograph has been reviewed by the U.S. Environmental Protection
Agency and approved for publication. Approval does not signify that the contents
necessarily reflect the views and policies of the U.S. Environmental Protection
'Agency, nor does mention of trade names of commercial products constitute
endorsement of recommendation for use.
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PREFACE

This monograph .contains'a variety, of selected materials
related to wastewater treatment and water quality education
-and instruCtion.'Part I presents.a brief discussion of the
activated sludge process in wastewater treatment Operations.
The overlying premise is that operator training 'is a vital
part of the:operation of a wastewater -reatment facility. Also
'included in this section are procedures_ to illustrate 'how
-instructors and training. personnel, .in the water,. quality
_control field can locate instructional materials, to meet
general'pr specific prograM requirements.

.

. Part II, Instructional Units,- are selected portions of
existing programs which may be utilized in 'implementing: a
trainingprogram fOr the activated sludge process. Each.unit
has, been selected. for' -its representativeness to training
lvel, subject area and, instructional approach. A reference to
the sourCe..where the 'unit may be .found in more detail is

_included. (A lisimk additional'references for those materials
currently:available through the Water Resources Center, ERIC,
and IRIS. systems is fpund at the end of-Part II.)

".It is 'hoped that the instructors and trainers. who-use.
these materials Will recOgnfze that the instructional 'units
herein serve only-as a guide in selecting dpgrolirriate trining
materials and .should not be Considered a fixed' structure. 'It
is recommended that instructors check for other activities
appropriate use or to adapt' for usein their own
particular .situation.

Forfuither.information about these materials contact:
. .

. ,

EPA Information DiSsdminStion'Project.
1200 ChaMhers Ro4d, 3rd Floor,

"Columbus, Ohio 43212

-e4lOne: 614-422-781/453,
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PART'i

The National Training and?
OperatiVhal Technology Center

and Selected; Information Sources



THE NATIONAL TRAINING AND OPERATIONAL

. TECHNOLOGY CENTER

'or

The entire program responsibility for water pollution

"control training' ithin the EnglronMental Protection Agency. is

'assigned tothe_N'ational Training and OperationalTechnology

Center--(NTOTC), 'located at EPA's Enviionmental.Research.Center

i-n Cincinnati; Ohio.

The NTOTC is responsible for conducting' training

sessions, developing instructional materials and courses,

providing training assistance -, operating the Instructional

Resources Center, 'and OvelOping .operational technology: The

Center Is"also'res-ponsible for the management of"the Section

104(g)"operator training grant program, the academic training

\, grant:program; other-training-grant and contract program, and

:related*training,attivities

. .
As an..instructional resource, NTOTC's purpose.is to.-hklp

tegions, 'states-," local governments, -andlw education14

insti&ltions become knoWledgeable about. the Environmental

ProttCtIOn Agency's goals, regulationsy and.- strategies, as

well ag'the implications of EPA programs.

Actleities encompass three categdries: (1) instruction;

(2)-Course 'development;. and (3) information management.

Instruction

ss't,

NTOTC offer5z.a variety of training courses in water

quality cOntrol.: Slich.courses are taught at many locations(

but most are presented at the Erivironmental Research Center in

Cincinhati, Ohio. Area training. centers will soon acts as

atellites to the NI:OTC program, offering similar courses and

tructional support. Select. "universities with broad

ution control curicula will act a area training centers

in a region. Asaresult, more poll tion control personnel

have access to needed specialized raining.

Some courses are conducted 'at was'tewater treatment.'

Plants, enabling USEPA' to. work directly with plant personnel

tb improve treatment' plant
effluent. While working on site at

treatment plants, staff can- diagnose and discuss particular

problems and provide.- information on design and operation to

many technicians within the local region.
/'

Courses "currently are'offeredin five general categories:

wastewater treatment technology, treatment facility evaluation

and \inspection, 'water quality surveillance and monitoring,

water quality analysis, and drinking water quality monitoring.. -.



-Students attend courses from all states, and from some
foreign countries: The lafgest percentage represent federal,
state, add municipal pollution control agencies: A relatively
small number .of college and university. instructors attend
these shbrt courses which are typically, one week in length:
USEPA encourages more participation by the educational

'community so that c6irent skills and knowledge will be
transmitted to students to enable' them to deal with pollutipn
control problems as they. enter environmental .occupations.
Comin6ity college and university instructors may attend
courses free of charge by following prescribed application
procedures.

Course Development
A'

NTOTC is active in the field of course development. As
educationaland training needs are identified, appropriate

instructional packages are developed. -Almost all such
development is based .on current research and 'agency
regulations; ,Materials include instructor guides, student
manuals and supporting audiakrisual materials. If USEPA'S
pollution control training progfams are to be successfully
implemented, college and university staff from various
departments must°cooperate and integrate these instructional
activities within their curricula; or students will not be
adequately prepared, either theoretically or practically.

"Information Management

The goal of"USEPA's information management system is to
support, in a comprehensive and systematic manner, those'
involved with pollution "control' education and training. A
central location within the NTOTC facility is designed to
provide a contact point and to-- coordinate assistance efforts
and hag been designated the Instructional' Resources Center
(IRC).

Through the IRC, NTOTC maintains a central location to
inventoryy evaluate, catalog, and disseminate instructional
materials in the areas of water pollution control, water
supply, and pesticides. The IRC provides those involved in
water quality control .edutation and training with an
information .management system and acts as a primary
communications link .between the Environmental 'Protection
Agency and educators at all post - secondary levels. Activities
of IRC. include:

IRIS

The "focal' point 'of the IRC is the Instructional
Res'Ources Information System (IRIS), a compilation
of abstracts on print and. non-print materials
related to water qdality and -water resources
education. Obtainable in paper, microfiche, and
computer versions, the IRIS contairis more than 3,000
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entries from local, -state, and. federal government

,sources, as well as from private' concei7n: and

educational institutions. -The system-aflows the, user

to discover what material can be utilized, the.

title, ehe author, cross references, and a'brief

'abstract describini\the content.
IRIS users, can alio

readily determine where the material can 'be"

obtained, whether it can be purchased, borrowed, or

rented, and the cost. The. IRIS is kept current

through constant revision, adding new material as it

becomes' available' and deleting outdated

information.-:

IRIS can be. scanned for a particular subject or

author, both by hand and by computer. Any

institution with appropriate computer terminals can

access the search and retrieval capabilities. of the

systeM.
Audiovisual Library

_ The IRC fadilities include an audiovisual library

equipped with'individuar study carrels for viewing

movies, videocassettes, .slide/tape presentations,

filmstrips, and tape programs. Before determining

curriculum requirements or .making purchases;

educators can use the library to review water

qualityoriented materials for use in training_

courses.. -.

Neatly 200 of -these' audiovisuals 'are .alsO

available .to instructors. for fiee, shortterth,loans.

Not. intended as' selfinstructional units, these

materials are meant to be used as.part of a complete

traning.program. A catalog of audiovisual units can

be Obtained through the IRE.

Workshops

. The ,, center -also conauts .4 variety of .

.
waterrelated workshop6 eaCh year. Designed t fot

state and local agencies, as well as college'and

'university educators,' these ,.seminars enable

individuals to become familiar with DSEPA developed

and sponsored resources, descriptions of ongoing

programs and specific instructional. techniques.''

'Participants also assist NTOTC. in determining

instructional priorities



IRC Bulletin

The IitC Maintains communications with its users
"through -the IRC Bulletin.., Published 10proxismately
six.times.a year, and mailed to interested parties ..at
no charge, the Bulletin provides'current.-news on IRC 2
events. -It also includeS descriptions of model
programs, current instructiOnaL.materials available,

0 and education strategies..Articles:fOr. the Bulletin
are accepted from various organizations, education
institutions, and governmental agencies,

Interested persons are invited to Cincinnati to use IRC
facilities for reviewing tapes, slides, films, and' Other
materials before deciding _about purchases or curriculum
development requirements. IRC. staff assist visitors' by
determining the most appropriate ways2( to use the Center's
resoutces; or in determining-educational and training program
requirements and available resources. During the past, year,
'universities and, state and 'local governments have been
assisted with curriculum design,,:course Materials, selection;
and audiovisual support efforts.

a
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THE INSTRUCTIONAL RESOURCES
'INFORMATION SYSTEM

General Information about Materials. in IRIS

The EPA Information Dissemination Project acquires,

reviews, indexes, and makes available both print and nonprint

materials related to Water quality and .water resources

eduCation and instruction.

Before materials are entered into IRIS they are reviewed

by the prcject staff. Availability. .of the material is checked,

and .the materials are abstracted and indexed. The abstract

= describes the contents of the material.

When items are processed they are entered on the IRIS

computer tapsmaintained by the EPA Information Dissemination

Project at TheOhio State University. These tapes are used for

producing tapes for other information system's, publications,

and for computer searches conducted at The Ohio State

University.

Materials entered into the IRIS collection can be located

by manual search or by computer. The first compilation

contains resumes of selected. materials processed foi the

previous IRIS collection and resumes of selected materials of

items added to the IRIS collection during 1.979.. Quarterly

updates of the IRIS compilation are available by subscription

on yearly basis.

A number of the materials .processed f.or'theTRIS system

are entered into the ERIC system and announced in Resources in

Education (RIE). Most of the materials announced in -RIE are

available_on microfiche at various sites throughout the United

States. Users can view these materials on Site. at many

locations to identify What they-believe will be useful to them

at no cost.

Description of Information in Resumes in'IRIS

Two samples of resumes are provided,to explain the data

fields in the resumes. Sample resume #1-is a sample ritsume of

an item not entered in.ERIC. Sample resume #2 is P sample

resume of an item entered into ERIC; a few additional data

elements are in these resumes and are explained.

13



1. Sample resume of materials not entered into ERIC.

a. -fRIS ,NUMBER: EW003059
b: PUBLICATION DATE: 1978
c. TITLE: WATER POLLUTION MICROBIOLOGY,.VOL.
d:A. PERSONAL AUTHOR: MITCHELL, RALPH ,

e. DESCRIPTOR: BIOCHEMISTRY; *COLLEGE SCIENCE; DISEASE.
CONTROL; ECOLOGY; *ENVIRONMENTAL 'INFLUENCES,1__
*INSTRUCTIONAL MATERIALS; *MICROBIOLOGY; NATURXL.-\
RESOURCES;- *POLLUTION; *PUBLIC. HEALTH;:. *WATER
POLLUTION CONTROL; WATER QUALITY'.. -

f. ,DESCRIPTIVE NOTE: 442P.
g. ABSTRACT: THIS VOLUME' CONTAINS INFORMATION- FOR';'

ENVIRONMENTAL AND SINITARNGINEERS, PUBLIC HEALTH
SCIENTISTS AND MICROBIOLOGISTS CONCERNED WITH WATER
POLLUTION- IT EXAMINES MICROORGANISMS AS CAUSITIVE
AGENTSOF ECOLOGICAL -AND PUBLIC HEALTH HAZARDS IN
NATURAL WATERS, AND TREATS THE USE OF MICROORGANISMS
IN POLLUTION CONTROL'FROM A VARIETY OF PERSPECTIVES.

h. AVAILABILITY: JOHN WILEY & SONS, ONE WILEY DR.,

(CS)

NJ' 0887:3 ($24.95)

a. IRIS' -NUMBER-this is the identification number
.sequentially assigned' to materials as they are
processed. Gaps in numbers mean that some items have
been deleted, are being processed to add new
information, or have bee% delayed in processing for
some reason.

b. PUBLICATION DATE--date material was published-
according to information on the material.

c. TITLE

d. PERSONAL AUTHOR person or persons who wrote,
compiled, or edited the material. Up to two personal
authors can .be listed.

e. DESCRIPTORsubject terms' which characterize
-substantive contents and form of the materials. The
major terms are preceded by an ,asterisk. Terms used
to index all resumes in this compilation can be
reviewed in the Subject Index.

f. DESCRIPTIVE NOTE--various items of information may be
contained 7in this section. For print materials the
number of pages is usually listed.

14



. AB TRA some early materials entered into IRIS did

hot eve abstract information. All materials

curfently being entered into IRIS haye an informative

,abstract that describes the contents of the item.

h.. AVAILABILITYinformation in this field indicates

where the material can be obtained and the price of

the material quotedthe last time information was

received from the source. Please note:: prices of

nearly all. materials are subject to changes and may

rot be accurate at the time a perssa. orders 'a

specific item.

.
Saiple resume of material entered into ERIC

(Resources inEducation)

IteM entered into ERIC (Resources in:EducatiOn)

will have a few additional data- fields..

-

IRIS NUMBER: EW002998

a. ERIC NUMBER: ED151236
PUBLICATION DATE: SEP 77 .

TITLE: CHLORINATION. TRAINING MODULE 2.300.2.77.

INSTITUTION CODE: BBB08399

.
SPONSORING AGENCY CODE: BBB15379; FGK21436

!DESCRIPTOR: *CHEMISTRY; *INSTRUCTIONAL MATERIALS;

*POST SECONDARY EDUCATION; SECONDARY EDUCATION;

*TEACHING GUIDES; *UNITS OF STUDY; WATER POLLUTION

CONTROL; *CHLORINATION;-*WASTE WATER TREATMENT; WATER

TREATMENT
b. EDRS PRICE:. EDRS PRICE- M11183

POSTAGE

HC$3.50 PLUS

DESCRIPTIVE NOTE:. 60P. FOR RELATED DOCUMENTS, SEE'/'

SE024 025-046
c. ISSUE:-RIEJUL78

ABSTRACT: THIS DOCUMENT IS AN INSTRUCTIONAL moPcii,

PACKAGE PREPARED IN OBJECTIVE FORM FOR USE -1?.

INSTRUCTOR' FAMILIAR WITH CHLORINE. THE REASONS-FOR

CHLORINATION AND SAFE OPERATION AND MAINItkANCE/ OF

GAS CHLORINE, DRY 'CALCIUM, HYPOCHLORITE LIQUID

SODIUM HYPOCHLORITE CHLORINATION SYSTEMVFOR( WATER

SUPPLY AND WASTEWATER TREATMENT FACILITIES ARE GIVEN.

INCLUDED ARE OBJECTIVES,, INSTRUCTOR GUIDES,' STUDENT

HANDOUTS- AND TRANSPARENCY MASTERS.THE , MODULE

CONSIDERS PURPOSES OF CHLORINATION,' PROPERTIES OF

CHLORINE, METHODS OF CHLORINATION, SAFETY,

MAINTENANCE OF CHLORINATION UNITS /,ND' INTERPRETATION

OF TEST RESULTS.'<AUTHORYRIO /

d. INSTITUTION NAME! KIRKWOOD COMMUNITY COLL., CEDAR
/

RAPIDS, IOWA.
SPONSORING AGENCY NAME: DEPARTMENT OF LABOR,

WASHINGTON, D.C.; IOWA STATE ,DEPT. OF ENVIRONMENTAL

QUALITY, DES.MOINES.
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How to Locate Desired Materials in IRIS

Users can identify materials of interest by
resume listing, or using the Subject Index,
Institution Index in the IRIS Compilation

The Subject Index is de
search for information on

anning the
or Ifidex,'or

d.- rok enable . this user to,.-
-c=- ...---

er a-Lb-toad' -,subjece'or a narrow
. .--

-item"'....,.information concer 4y number is inc d for.e
_,...

listed under.thiebjetfTheading...Th number.-refers fo the
section-here compktfe

-----7-7 ----
an.- abarract. of the _ item, and

can be-f-Eiind.----- -

.abstracry"-the re

informatio

can .' -also f.00rdipate a search by checking EW----
numb that appearunder -two or more subject headings. For

ample,i',you,.coiild cheek -all the, EW numbers under-Mater
Treamett. and all 06_ EW numbers under 'Films.. EW numbers
:included, under4'both,aubject headings would include infotmation
refeVantro-Water-TreatMent that :were flits. EW numbers under.

'':./Wastewater treatment and ldboratory techniques would provide a
list of. .materials related-to laboratory techniques, and to

tewater treatment. Similar ,techrrites could be- used to
identify other-7information desired.

Water
Treatment

If you desire to locate
author, you can Use he. A

under the author in t e A
Some documents do not
are listed under the
responsible for devel
Index. Both sources can

ocument by the name of the'

,EW numbers are provided
as in the Subject ex.

author. These ocuments
titution or o anization
ment in the nstitution
1p you loca ocuments.

The RIC System

Another excellent source of ducational info .:tion and
materials is,the ERIC system. ERIC a n. ional' inormation
system designed and developed by the U.S. Office of Education,
and now supported and operated by the National 'Institute of
Education (NIE), for providing ready access to, descriptions of
exemplary programs, research,: instructional materials,
.teaching guides,' and other related information that can be
used to develop effective educational programs.
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1

There are 16 cleringhouses in the nationwide ERIC

network. Each clearin6ouse has responsibilipr' collecting

and analyzing materials related to their Scope."-'.

.

ADULT, CAREER-, fiTib,-VOCATIONAL EDUCATION

`The/Ohio State/University
Center for Vocational:Education
1/960 Kenny Ro,c1

,OlUmbus, Ohio 43210

B614) 486 -355
//

fl
/

:COUNSELING AND PERSONNEL SERVICES
University of Michigan

'"School offl Education Building, Rm..2108

Ann'Arbfir, Michigan. 48109 .

(313) 64-9492

/

EL&M TARY AND 'EARLY CHILDHOOD EDUCATION

Kiyersity of Illinois
College.of Education
805 W. Pennsylvania
Urbana,'I'llinois 61801

(217) 333-1386

EDUCATIONAL MANAGEMENT
University of Oregon

Eugene, Oregon 97403

(503) 686-5042

HANDICAPPED ANDGIFTED CHILDREN
.Council for Exceptional Children
1920. Association Drive
Reston, Virginia 22091

(703) 620-3660

HIGHER EDUCATION
George Washington University.
One Dupont Circle, Suite 630

Washington, ,D 20036
(202) 29 597

IN RMi.TION RESOURCES
yracuse University
School of Education
Syracuse, New York. 13210

(315) 423-3640

A
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JUNIOR COLLEGES
University',of California at Los Angeles
Powell Library, ROOm 96
Los Angeles, California 90024
(213) F05-3931.

LANGUAGESND LINGUISTICS.
'3520 Pros.Pect St., N.W.
Washington.;\ DC 20007.
(202) 298,902'

'READING/AND C6K4UNICATION SKILLS
National Council of Teachers of English
1111 Kenyon Road.
Urbana; Illinois 61801
(217) 328 -3870

RURAL EDUCATION AND SMALL SCHOOLS
New Mexico State_ University
BOx 3AP
las Cruces, New-Mexico 88003
(505) 646-2623

/ SCIENCE, MATHEMATICS, AND ENVIRONMENTAL EDUCATIIN
The Ohio State University\
8200 Chambers Road, Third Floor
Columbus, Ohio 43212 ,

(614)422-6 17

SOCIAL STUDI S /SOCIAL SCIENCE EDUCATION
s. B55Broadway

Boulder, Col rado 80302
(303) 492-8434

, -*

TEACHER EDUCATION
'American'Association of Colleges fdr,TeacFier Eduction
One Dupont Circle,. NW, Suite 616

. 'Washington, DC 20036
(202) 293-7280 4

TESTS, .MEASUREMENT, AND EVALUATION
Educational Testing Services
Princeton, New

. (609) 921-9000, ext. 246

URBAN EDUCATION
Box 40
Teachers College, Columbia.University.
525 W. 120th Street
New York, New York. 10027
(212) 678-3437
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PART II \

INSTRUCTIONAL UNITS
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THE ACTIVATED SLUDGE, PROCESS

Activated Sludge

Activated:sludge may. be defined as a biological wastewater

treatment orocess' in- which a mixture of wastewater and

biological floc (nicroOrganiSms) 'is mixed and aerated for the
-"urpose of converting nonsettlable dissolved and colloidal
material to a settleable form. The biological floc is then

removed from the:' treated wastewater by sedimentation and

returned tothe procesS as needed or "wasted.

The'activated sludge process compresses, in both time and

space, aerobic..biologicAreactions which occur naturally in

streams: This naturally -occuring process of, decay may,

'however, take several hours or even days in a receiving water
and is often, accompanied by undersirable effects such.as: low
'dissolved oxygen (DO), septicity, odors, deposition of solids,
etcs.'By. concentrating the proper microorganisms, providing an

adequate'&ygen Supply; a settling tank to concentrate the

miCroorgani!satt and provisions for returning '\them to the

process; smaller'-volumes and shorter detention times maybe
used to complete the biological reactions.

__The objective of the activated' §1,udge process is to

convert nonsettleable biodegradable pollutants to settleable

solids thereby producing a chcified effluent low 'in total

.suspended solids (TSS) and biochemical oxygen demand (BOO).

Mit is accomplished by microorganisms 4piltZig the organic

material 'in the wastewater for both energy and 'new cell mass.
Microorganisms, however, can use only soluble organics which

ireadily pass through theii, cell, membrafie. Suspended particles

must first be 'abs'orbed onto the surface of the bacterium cell

and. then broken down by, enzymes, before they.can. be absorbed'

into the cell and _metabolized. The biological reactions

aiSociatedwit. metabolism stabilize the waste by conversion

.'7f biodegradable organics to new cell mass and the waste

products rof,-airbon dioxide .(CO2) and water (H2O). ", Yoth

sorption ?eactions require intimate t contact between the

wast watery and the activated _eludge.. Adsorption takes_ place

qu ckly and is.usuarly-completed in' 3 mintites -6zless while
ab orpt Om takes place 'much more "slowly 4 12 hours).

Microorganisms 'reproduce by-a mechanis known as binary
fissiqn. If an unlimited supply_ of food is a - ilable and the

proper amount of nutrients are available the microorganisms
will reproduce at a very rapid rate. This is called the l$
growth phase. Several factors affect the rate .t which growth

occurs. Among these are: temperature, pH, t .e of food,

nutrients present, species of microorganisms, and ,toxic.

substances. The growth rate decreases ood becomes '

limiting. This phase is,known as the declining growth phase.

In the endogenous phase the energy requirement (or.that energy

energy needed to maintain life functions and cell integrity)

o
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exceeds the externally available' food source. When this

happens the microorganism begins to break dowri nonessential
intraeellular components in an effort to maintain vital life
functions.

The activated sludge system is a complex. aerobic
biologital wastewater treaytent proces's that requires diligent
and consistent process control to maintain process equilibrium
and final effluent quality.-Numerous techniques and strategies
for managing these systems hive been proposed and used.

Activated Sludge Processes-

A typical flaeschematic'for the conventional Activated
`sludge-processA is shown in Figure 1., The aeration basin.
Provides, space for contact b'etween the wastewater,
microoganisms, and It also_ provides detention time
which allows the microogranisms to assimilate the organic
materials :in the wastewater. An air supply -systeM (diffused or
mechnical) supplies oxygen to keep the basin aerobic and also
provides `mixing energy to keep the microorganisms dispersed
throughout:the tank.

Influent
Aeration

Basin -

Final
Clarifier
--t.

Return Activated Sludge
.

Figure 1 CONVENTIONAL

a

.Effluent

Waste' Sludge.

The final-clarifier follows the aeration tank in the.

conventional activated sludge process. This unit provides

space, time and quiescent flow conditions to .permit the

suspended solids to separate from the mixed liquor to produce
a, clarified- supernatant and a concentrated blanket of

activated sludge solids. Most of the settled solids are then
returned to the aeration tank. However, since the activated
sludge tends to accumulate in the system a portion of the

clarifier sludge must be removed from tbe system.and "wasted"
to the sludge handling system for treatment-and' disposal. This
excess sludge is known as waste activated sludge.
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Over the..years, several variations of this conventional
system have evolved, the most common,being:tapered aeration,
step-feed, contact stabilization, and, complete-mix activated
sludge. The tapered aeration process provides a greater amount
of air-at-the head .end of the aeration basin to help satisfy

the greater oxygen demand that exists there. 1es air is
.a'supAlied at the outlet.nd Of the basin where most of the

oxygen demand,has already been satisfid.°

The principle of step-aeration is to distribtte the

incoming Wastewater! load the length of the aeration basin.

Step-feed (Figure' 2y would prObably be -a more accurate

description of this .process since multiple feed locations
spread the oxygen demand over more of the basin resulting in a
more effidient use of the oxygen.

Influent

,
Aeration

Satin
-

!K.

Return Activated Sludge

Final
Clarifier

Figure 2 .- STEP AERATION

44:

Effluent

N
Waste Sludge

Contact-stabilization (Figure 3). can be thought of as an
extreme of the step-aeration process. In this variation only

.return
4
activated sludge would be aerated most of the tank

length with the wastewater being added near the end: There the .

wastewater is mixed briefly with the activated sludge to allow
the organic waste to be'adsorbed onto.the biological floc:

Sr

22
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Influent

Stabilization
Basib

Contact
Basin

Final
Clarifier

Return Activated Sludge

Effluent

Waste Sludge

Figure 3 . CONTACT STABILIZATIONe 6 -

The sludge is settled out in the clarifier and returned to the
stabilization tank where it -is aerated for'a'Ionger.time to
'permit tte bacreria. to break down the adsorbed organics Thep.
contactglabilizatfop process.offers several..edvantages over
:conventional: activated sludge\ including reduced tank volumes,'

sludge inventories and the -benefi5,s of. a sludge buffer
during times of. hydraulic overload.'

. . ,

Complete '.mix (Figure- 4) -tivated kludge provides some
f -

protection. against shock loads by dispersing the inhtlent'load
along the entire length of the ration tank,

Effluent
Influent

Return Activated Sludge4,

Figure 4 COMPLET

1

Waste Sludge

MIX



,The.' process flow gdiagram- for extended aeration is

essentially the same as that.for conventionalactivated sludge

-except these plants usually have no primary treatment and the

,aeration basin tis sized for an 18 -24 hOur detention period

rather ,than the '6-8 hour 1Perod common for conventional

plants. The long aeration period ' and high . sludge . age

associated with these plants produtea a-nitrifed effluent 'end

,a stable, rapidly settling; partially digested sludge.

Another _variation of the4-activatecCsludge proces's which is

gaining. in popularity in. the U.S. is the ...oxidation . ditch.

'Originally developed in Europe it is essentially an- ,,extended

aeration plant with a "race track"configuraton. Surfacetype
aerators-are.usedto provide aeration ang.c.1-.'rculation azeund

the, ditch.

Recently, highpurity oxygen has,Come into ;:iiaespread

as a stib'titute for air in the acti ted sludge process.

----*event.the .Toss of oxygen to. the'at Osphere these aeration

basins are usually covered and the oxygen recirculated through
.

several stages. -Mixing. is -accomplished either with-surfaCe,:

mechanical aerators6i submerged rotating spargers..Because of
... .

the' .enhanced oxygen transfer 'm small tankS can ,be

desienedr: .

.

. .. .0 r.: -..,

.,. ---

use
To

Ttie Purpose. of the final 'clarifier is to separate

activated sludge 'solids from the liquid-,stream and

_concentrate. these solids before they are .returned to the

protess. The final clarifier7may be -operated as' solids

stOge reseriroiror with.a, constant solids.,.inventory.

AS discussed earlier, several factors affect the activated

sludge process. Some of the thore'important factors are: the

mi.crdorganisths,, the .-incoming. food, temperature,' detention

time,' nutrients and, toxic substances. Theoperator of an

activated,sludge facility usually has direct. control'of the

.recycle rate the wasting rate and-.the air input...In.addition

to these cotittolIable variables theperator also has. limited

control over the volume under aeration; the incoming

wastewater (through sewet use control) and can, use chemical

additiVes'for improyed

Whatever coAti'ol strategy, is 'used, the objectiVes should '

be to: cohtro; the solids intentory, control the distribution,

.
of solids between the afarfifier:end the aeration basin and to -

.control the sludge ration time. Some of the better .known,

' -control steateifes afe based on food to microorganism - ratio .
'1/4

(F /M), mean cell `residence time (MCRT), constantmixed,ltior .

suspended solids, respiration rate and sludge settleability.

There is no uniVersal number for these parameters_ that will

work for every plant. :.The beat value to. be used for process .

ea,ker control must be determined for each'plant

is alsono 'single parameter which will tell the 456ratorrthe.

complete story. The operator must combine information fro&

-
'several parameters to get- the complet'e Picture necesSary for.

accurate process control decisions.
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Training Sample.4_
"Process StantUp7Vrmmedures"
Chapter 70 LesSon 4

Operation of Wastewater Treatment Plants: A Field Study

Training Program
'Kerri, K. D.1
SaCramentopState College
Department.of Civil Engineering

1970 .....111,....
. \

(

General 1

.

Procedures for starting the activated sludge process 'are

outlined in this lesson. An initial average daily flow of 4.0

MN). will be assumed; and the plant will be operad as a.

conventional. activated sludge plapp. --'

Startup help should be available from the design

engineer, vendors.;mearby operators, or other specialists.

During startup the equipment
manufacturers.should be present

to be sure that any equipment, breakdoWns are not caused by

improper start up procedures.

The operator may have several options in'the choice of

startup procedures with regard. to number of tanks used and

proceduresi. to .establish' a suitable working culture in the

aeration :tanks. The method -dscribed in this lesson is

recommended' because it provides:..theIongest possible aeration

time, reduced chances,:ofd.olida washout, and provides the

opportunity .to.,-use '2 12-cst-,- of. the equipment for a good. test of

its acceRtabilitY add workability 'before the end of the

warranty, /,

First 'Day

First, start the air bloweri and have air pissing through.

the diffusers before primary efflUent is admitt,ed to the

'aeration tanks. This prevents diffuser clogging from material

in the primary effluent.

Fill both aeration tanks to the normal operating water

depth, thus alloWing the aeration equipment to operate? at .

maximum efficiency. Employing all of the aeration tanks will

provide the longest possible aeration time. You are trying to

build up a population with a minimum amount of seed organisms,

and you will need all the aeration.capacity available to,give

the organisms a chance to reach the settling stage.

When both aerationks have been'filled, begin' filling

the two secondary, clarifiers' Use' of. all the. secondary

clarifiers will provide the longest possible'detention time to

reduce washout of light solids containing rapidly 'growing

organisms and will help-enhance solids buildup.
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When the secondary clarifiets are approximately
-three-fourths full, start the clarifier :c011ector mechanism
and return sludge pumps. Return sludge pumping rates must be
adjuSted to rapidly return the solids (organisms) back to.the
aeration tanks.* The' solids should never 'remain in the
secondary clarifiers longer than 1.5, hours; Trouble also may
develop if the return sludge pumping rate is too high (greater
than 50% of the raw waste-water flow), because the high flows
through the clarifier may not allow sufficient;time. for.solids
to settle,. to the bottom of the .clarifier. A conventional
activatpd- sludge plant usually operates satisfactorily at
retutn:§1ndge rates of 20 to. 30 percent'of raw wastewater
flow, but the rate selected should be based upon returning
organisms back to the aerator :where..they ,can treat the
incoming-wastes.- A thin sludge will requite a higher return
percentage than a thick- one. Addition of a coagulant. or
coagulant aid at the 'end,' of the aeration tank will hasten
solids'build-up and improve effluent during start-up.

When the secOndary clarifiers become full And begin-to -
overflow, start-effluent chlorination to disinfett-ihe plant
effluent.

I
Filling the aeration tanks and aerating the wastewater

starts the activated sludgeprocess. The aerobes in the
aeration. tank have food,. _ and are now being supplied with
oxygen; consequently, :this worker population will begin to
increase.

After two or'three hours of aeration you should check the
dissolved oxygen (DO) of the aeration tanks, to determine if
sufficient air is being supplied.

Check the DO at each end an at the middle of the aerator.
Oxygen must be .available for the aerobes throughout the tank.
If the DO is less than 2.0 mg/1, increase the air supply. If
the `DO is greater than 2.0 mg/1 the air supply may be
decreased, but not to the point where the tank would stop
mixing. There will probably be-an excess amount of DO at first
due to the limited number of organisms initially present to
use it.

The effluent end-of the aerator should have a dissolved
'oxygen level of 2.0 mg/l. DO in the aerator should be checked
every two hours until a pattern is established. Thereafter, DO

...should be checked as frequently as needed to maintain the
desired DO level. Daily flow variations will create different
oxygen demands; and until these patterns are established, it
is not known whether sufficient or excess air is being
delivered to the aeration tanks. Frequently excess air is
provided during early mornings when the inflow waste load is
low. Air supply may be, too low during the afternoon and

'evening hours because the waste load,tends to increase during
the day.
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Second Day

Collect a sample from the aeration tank and run a'

60minute $ettleability test using a 1000 ml graduated

cylinder. If possible, use a 2000 ml cylinder with a fiveinch

diameter in order to obtain better results. Observe the sludge

settling in the sample for approximately one hour. It will

probably have' the same color as the primary effluent during

the first few days. After a few minutes in the cylinder, very-

fine particles will start forming with a light buff color. The

particles remain suspended, not settling, similar' to fine

particles of dust in a light beam. After an hour, a small

amount of these particles may have settled to the bottom of

the cylinder to a depth of 10 or 20 ml, but most are still in

suspension. This indicates that you are making a start toward

establishing a good condition in the aeration tank, but many

more particles are needed for effective wastewater treatment.

Third through Fifth. Days

During this period of operation the only controls applied

to the sydlem UsuallS, consist of maintaining to concentrations

in the system and maintaining proper sludge return rates. ,A

sampling program should be- started to develop and record the

necessary data required for further plabt control. .

Aeration of wastewater to maintain DO will require some

time before settling will produce a clear over the

settled liquids. Time is required for organisms to grow to the

point where there are sufficient numbers to perform the work

neededto produce an activated sludge. Usually within 24 to

72 hours of aeration you will note.that the settleable.solids

do. not fall through the liquid quite so rapidly, but the

liquid remaining above the solids is clearer.

The active solids (organisms) are light and may wash out

of the clarifier- to some
extent: Hopefully you can retain most

of them, because a rapid,solids
buildUp will not occur unless

they are retained. A good garden soil, will add organisms And

solids particles for startup. MiX the .soil with water and

hose in. the lighter slurry, but try to avoid a lot of grit. A

truckload of activated sludge from a neighboring treatment

plant also will help to start the process. Hopefully you will

not have to treat design flows during plant startup. More

time is needed both for aeration and clarification until you

have collected enough organisms in you return sludge to enable

you to produce a clear effluent after a short period of mixing

with the influent followed by settling.

Sixth Day

A reasonably clear effluent should be produced by the

sixth day. Solids buildup in the aeration tank should be

closely checked using the 60minute settleable solids test

during the first week. Results of this test indicate the

22
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flocculating, settling, and compacting characteristics of the
sludge. Suspended solids buildup is very slow at first but
increases as the waste removal efficiency improves. This
buildup should'be carefully measured and evaluated each day.

To obtain an indication of the size of the organism
population in the aeration tank, the 'solids are measured
either in mg/1 or in pounds of dry. solids. Suspended solids
determinations,for aerator mixed liquor will give the desired
information in mg/1,.-'and the total pounds of solids may the
calculated on the basis of the size of the aerator.

Total Susp.
Solids, lbs = Suspended Solids, mg/1 x Aerator Volume,

MG x 8.34 lbs/gal

The suspended. solids test conducted on activated sludge
plant mixed liquor is normally a grab sample obtained at the
effluent end of the aerator. The sample should be collected at
the same time every day, preferably during- peak flows, in
order to make daytoday comparisons of the results. Collect
the mixed liquor sample approximately five feet from the _

effluent end of the aeration tank and 1.5 to 2 feet belowthe
water surface to insure a good sample. A return sludge sample
also should be collected at this time every day to determine
its concentration.

With information .from the slab tests,-estimates of the
organism mass (weight) in the aerator can be calculated.

Information Needed:

1. Aeration Tank DiAnsions

100 ft long, 45 ft wide, and 16.5 ft deep

2. Results of.Laboratory Tests

Mixed Liquor Suspended Solids, 780 mg/1

Steps to calculate pounds of solids in aeration tank:

1. Determine aeration tank volume.

Aerator
Volume,
cu ft

= Length, ft x Width, ft x Depth, ft

-100 ft x45 ft x 16.5 ft

,250 cu ft
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2.. Convert cu ft to gallons.

Aerator
Volume, = 74,250 cu ft x 7.48 gals/cu ft

gals

= .55,390 gals

or = 555,000 gals'(approximately)

or = 0.55 MG

3. Calculate pounds orsolids under aeration.

Formula:

Solids
lbs, = Mixed Liquor Suspended Solids, mg/1 x

Airator Volume, MG x 8.34 lbs/gal

780 mg
1,000,000 mg

x 0.55 M Gals x 8.34 lbs/gal

= 780 mg, x 0.55 M Gals x 8.34 lbs/gal

M mg

= 780 x .4.6* lbs.

= 3588 lbs

*The factor 4.6 lbs is equivalent to 0.55 x constant

for your- plant. You will use this value every day as long as

you use the same aeration tank capacity. Only a change in the

suspended solids concentration will' cause a change in the

pounds of solids in the aeration tank.

0,
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Close observation of the suspended solids .build and
results from the 60minute settleability test will i dicate
the .solids growth rate, condition of solids in aerator, and

- how much sludge should be returned to insure proper i turn of
the organisms to the aerator. It will be necessary o return

( all of the sludge for 10 to 15 days longe if the
wastewater is weak..

Results from the 60minute settleability test can be used
to estimate if the return sludge rate is too hig or too low.
If the volume of settle sludge in the cylinder s indicative
of amount of sludge settling in the secondary larifier, the
volume of return sludge should be equ41 to or s ightly greater
than the percentage, of settling Sludge i the cylinder
multiplied by the sum of the primary effluen and the return 7

sludge flowS%

Estimate the return sludge pumpingrate.

Information needed:

1. Flow to Aerator from Primary Clariffier, 4.0 MGD

2. Return Sludge Flow, 1.0 MGD
e.

3. Volume of Mixed Liquor Solids Set, led in 60 Minutes,
60 ml in 2 liters,- or 18%

Example:

Flow. to Aerator from Primary Clarif er = 4.0 MGD
Return Sludge Flow to Aerator = 1.0 MGD
Total Flow through Aerator = 5.0 MGD

Return Sludge
Rate, MGD -= Aerator Flow, MGD.x Set4leable Solids, %

,

= 5.0 MGD x 0.18

'= 0.9 MGD or 900,000gals(/day

Return Sludge
Rate, .GPM = 900,000 GPD

1440 min/day

= 625 GPM

Therefore, the initally selectO 700 GPM return sludge
rate is 'acceptable at this time, It insures that most solids
are being returned to the aeraticin tank. A .return sludge
pumping rate slightly higtier than calculated is recommends to
return the organisms as fast as po#ible to the aerator. oo
high a 16turn. sludge rate must lbe avoided because 't e
resulting high flows reduce the detention time in the aerat
and secondary clarifier.

25
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If the return sludge rate ..is too low, the follbwing'

undesirable conditions may develop:

1. .Insufficient organisms' will be in theaeraeor to treat

the influent waste (food) load. This normally occurs

during the first week or two of startup.

2. Too long a detention time in the secondary clarifier

could allow...the sludge to become septic.

3. Accumulation of sludge in the clarifier creates a deep

sludge blanket which will allow solids to escape in

the effluent.
41k

Questions

1. -When and where should solids samples be collected to

provide the operator with a record of solids buildup

in the aeration tank?

2. Determine the pounds of solids in an aeration tank

with a volume of 0625 MG and a Mixed. Liquor Suspended

Solids (MLSS) concentration of 640 mg/1.

3. Estimate the return sludge pumping rate (GPM) if the

plant inflow is 2.0 MGD and the return sludge flow is

0.5 MGD..The results of the 60minute settleability

test indicate they volume of solids settled to be

340 ml in 2 litets, or 17%.

4. When starting a new activated sludge plant, who might

the operator contact for assistance and advice?

. When starting the activated sludge process, why should

you use all of the aerators and all of the secondary

clarifiers?

'6. What are the essential laboratOry tests for starting

the activated sludge prOcess, and why?
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-Training Sample 2

"Interactions of Activated .Sludge with other Unit Processes."
ACTIVATED SLUDGE PROCESS CONTROL COURSE
GMP ENVIRONMENTAL ENGINEERS, INC.,

.1115 Terminal Tower
Cleveland, Ohio 44113
One 'of Iseveral modules contained within the whole course
package.

sFLESSON TITLE: Process Interaction
Estimated' time: One, hour

Prerequisites; for this- lesson: Initial certification as a
Wastewater Trearment Plant Operator

PERFORMANCE OPJECTI,VIS:

.Trainees will be able to: .

Al. Identify the' unit processes contributing to the solids
and.-BOD loading in An'actIvated sludge plint.

2. Identify the streams that. pro'videan exit for-sludge
solids to be removed'from the plant.-

.

JUSTIFICATION:

Operator awareness of the feedback effect of.- the- sludge
handling unit proces-seson activated sludge is iMportant-

INSTRUCTIONAL RESOURCES:

Trainee Manual
Slides and other visuals

INSTRUCTOR ACTIVITIES:
1. Review and organize the slides and .audio visuals.

Point out high concentrations of SOD-and SS in these
.'. __.., streams. Assess the recycl stream contributions to,

:L:. plant solids and SOD-loadings, compared -to raw w-sewage
S using appropriate,visuale. '-

\.._.

. .
'2. Review scenarios. of watted_sludge getting back- to

-Activated Sludge...Use visuals to- show the limited
possibilities for sludge solids to be - actually
removed. If the solids -can't" be. removed by those
routes; then t e inventory piles up in the plant And
interferes w3 the Activated Sludge prdcesS.

3:-- Discuss' guidelines" to reduce the effects of recycle'
.- :streams on.the acttvated sludge process.
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a., Avoid pumping thin sludges to sludge handling unit

.processes.

b. Improve efficiency of sludge handling unit

processes..

be' Pretreat recycle streams to reduce the loadings.

Be sure to meter and sample the actual influent-to

the activated sludge process,, after all recycle

streams from other unit processes have been added.

d.

TRAINEE MANUAL SECTION

IntrbdUCtion

The accompanying Figure 1 shows the
.

potential- for

interaction, between activated sludge 'and.other unit processes,

including -thickening, stabilization and dewatering. P Ces

where sludge solids ca -truly be wasted in the plant are.s own

by . arrows. Direct was ing by landfill disposal or export to

another plant is poss ble only in a few plants. Volatile

solids reduction in tht stabilization process is another

important exit. Dewatered and dried solids are the two 'best

ways for sludge handling. unit processed to remove solids.
9

-.If the sludge handling unit .processes fail, then the

solids.will inevitably return to the wet stream and eVentually,

work: their way outas undesirable solids and organic loading

in the final effluent. (A sample 'scenario is included.) But

there. are interactions, even when -the other unit, prodesses

'operate normally. N . .
.

EFFECTS OF SLUDGE-.HANDLING UNIT- PR6cESSES,ON AC' VATED SLUDGE

Sludge handling unit processes can add greatly to the

loading of the Activated Sludge process 'through recycle

streams that contain high -concentration . or organics and high

solids. Recycle - streams (Table 1) op this type include the

supefhatants from anaerobic digestion, beat. treatment or

aerobic digestion; .the centrate- from centrifugation; the

filtrate from Iacaum filtration; and the supernatant from

thickening. Some of these processes are run only one or two

shifts per day, and not every day. So the way that the sludge

handling unit processes are operated can tesult in shock

loading for the Activated Sludge procesS, depending 'on 'how

they spread out the loads. (Loadings that-are possible with

some of the more common treatment schemes are shown-in the

accompanying Tables.) -

The ideal thing for overall plant efficiendy would be to

have intermediate storage, so that the loadings from the

recycle streams could be programmed to even out the overall_

daily loading cycle for the plant influent. SOme new plants

provide a separate treatment for the heavily loaded recycle

Streams, so that they do not interfere with the, activated

Sludge process.
28
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ARE SLUDGE CAN BE VAST

Primly

Stabizatix

Dew Verilg

=1=41144=4,
Wasting to Stabizarca

Wasting via Primary Clarifier

VI.E.11=1.=../

Figure 1
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CENERED
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TABLE 1 - CHARACTERISTICS OF RECYCLE STREAMS (mg/liter)

Anaerobic Digestion

low rate .

supernatant

high rate

supernatant

Aerobic Digestion

supernatant .

Heat Treated Sludge

supernatant

Centrate

TS SS

4,000- 2,000-

5,000 3,000

10,000- 4,000-

14,000 6,000

50-
900-

11,500

100-

20,000

10,000

Filtrate
500-

2,000

VSS HOD

'650- 2,000-

3,000 3,500

2,400- 6,000-

3,800 9,000

0.

COD

230 -

1,100 8,100

5,000- 10,000-*

15,000 30,000

.

Reference: "Process Design Manual for Sludge Treatment and Disposal" U.S Environmental

Protection Agency, Center for Environmental Research Information Technology Trinsfer,

September 1979, EPA 625/1-79-011. MI



TABLE 2

LOADINGS OF RECYCLE-STREAMS COMPARED TO RAW SEWAGE

Conventional Activated Sludge Plant
With Anaerobic Digestion

BOD SS Flow

Digester
Supernatant' 10.1% 10.7% continuous

shiftsFiltrate 1.7% 1 2
day

) 13.0% shiftsCentrate
day
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TABLE 3

LOADINGS OF RECYCLE STREAMS COMPARED TO RAW SEWAGE

Conventional Activated Sludge Plant'
With Aerobic Digestion

BOD SS Flow

Digester
Supernatant 1.7% 9.1% ' continuous

Filtrate 1.7% 1-2 shaftsy

Centrate 13.0% 1 2
shifts
day
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TABLE 4

ILOADINGS OF RECYCLE STREAMS COMPARED TO RAW SEWAGE.

Conventivnal Activated Sludge Plant
With Sludge Heat Treatment'

BOD SS Flow

Heat
Treatment

: Supernatant 48Z 48Z continuous,

shiftsFiltrate 1.2% 1-2
day

entrate F

33
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EFFECTS OF ACTIVATED SLUDGE ON OTHER UNIT PROCESSES

Wasting from the activated sludge process has a definite

effect. on sludge handling unit processes. If the waste\sludge

is too thin (low RSC), it cln cause hydriulic overlOading of

thickening and stabilization processes. This will eventually

come back to haunt the activated sludge, in the form of high

solids and organic loadings' in the recycle streams;

Problems.in theasludge handling unit processes.can.liMit

your freedom to We'rate the Activated Sludge process in the

best.way lei6.,7ssible. You may be forced to accumulate sluage' in

the acsivated..sludge process even when it" is desirable to

waste, because the sludge handling Unit processes 'are

temporarily unable to take additional load. For example, a

digeter failure may force you to postpone scheduled wasting.

Some -plants do not have sludge handling 'facilities on

site. These plants waste' directly; either to jaispoSal by

landfill or by transfer to another plant via. a,force main or

tanie-truck. These plantS export nogi only their sludge, but

,
also:the-problems-due.to!'interactions of the activated sludge

process with. other 'unit processes.

SLUDGE QUALITY CONTROL

tow can you account for 'the A..oading on the activated

sludge process due to the recYcle'sireams? The formulas used

for sludge'quality.control allow you to do that. For example,

AFI is the total.influent to the activated sludge process not

just the primary effluent. You should monitor that -stream to

determine its flow ..rate, solids concentration and diurnal

cycling.

4 0
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SCENARIO FOR SOLIDS.RECYCLE
OR, WHEN IS WASTING NOT REALLY WASTING?

Assume that the plant operator has deterdinedthat wasting
really the only way the plant is controlled that

everything else. relates ,to operation, not real control.
Further assume that he has established a wasting scheme
consistent with, loading On the plant, aeration capacity, etc.
In the normal plant then, all that should remain is to monitor
the flow meters .and make solids analyses on the waste sludge
to confirm that the desired amount has actually been "wasted."
Simple enough; and accurate,, provided the following. example
situation does not arise!

In many :plants, particulary.smaller plants with limited
staff and li' ted construction 'funds, waste activated sludge
is-directe to the head of the plant to be removed and
blended wi e primary sludge for subsequent processing. If
plant staff allows only 8 to 12 hours per day coverage; all
Operational,, - boratory and maintenance. tasks must be done
during this time,, including wasting.,

Unfortunately, the wasting period coincides with the
highest flow rates, with the result that solids wasted to the
primary'clarifiers are often carried through them with little
or no removal of the waste activated sludge solids. These
solids then are recycled back into the activated sludge system
to be "wasted" again the next day. However, the-next day's
Wasting will 'have' to include this recycle plus the waste
solids generated from the current day's BOD and. SS removals.

Many- plants' are operated by wasting a constant volume of
return activated sludge on a daily basis. In such a case, the
excess recycle would not be wasted, and if control of MLTSS is
by return sludge pumping rate, these solids will accumulate in
the final clarifier. Assume, for'purposes of illustr,ation,
that these recycled "wasted" solids occupy approximately one
foot in the clarifier. Then for each day that wasted solids
are in fact merely recycled through the system, one'foot of
new sludge blanket develops in the final clarifier. The return
slow flow rates could be increased to remove the blanket, but
in that case the MLTSS (and MCAT) will increase. Thus, two
days "wasting" will produce a 2-foot blanket; a week's recycle
produces a 7-foot blanket; and so on, until aerators and
clarifiers are both filled with sludge. At which point,
everything else being constant, the final clarifiers will
"bulk." .

This, of course, is not true bulking but is merely the
result of the clarifier being full of solids which have no
place to go other than over the filial effluent weirs. The
(reason why a true bulking sludge is washed out over the
effluent weirs is related. to ,the. inherent properties of the
sludge itself, not to the fact that the tank.his been filled
with solids thought to have been wasted.
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No amount of "blast 15ating . throu the primaries duriqg

high flow periods can possibly be ef: :tive in solving the

problem_ of recycled y4./ste. activated sludge. An .alternate

method of disposal, perhaps as simple as wasting duiing

periods of low fl , must be found. Once found, it must be

a. ered to sly, even after the excessive "circulating

nventory" has been reduced to manageable levels:.

.

Similar scenarios can be .developed for digesters, decantL_

tanks, mechariical aewaering devices, ash classifiers;. etc.

The point .to be made, emphasized and clearly understood is

this:

Solids are truly wasted only when they or their

residues have been physically removed from the

plant,. with no connection which would allow their
being recycled back to the wet stream in any form.

In simpler form: Once solids .in any form have

entered the plant in the raw'flow, there are only

two places they can go: Oxit the gate or into the

river.

42

36



Training Sample 3
"Problems Caused byjndustrial Waste7
BASIC SEWAGE TREATMENT OPERATION
Topic 5
Ministry of the Environment
Tdronto, Canada:
1978

SUBJECT: 1 - Sewage Treatment Operation

TOPIC: 5 - Problems Caused by Industrial Waste

OBJECTIVES: The trainee will be able to

1. List 8 features of a sewer-use by-law...

2. List causes of problems at the treatment plant due
to industrial'vastes.,..

3. List 'El possible causes of prOblems in seWers-due'fo
industrial wastes.

PROBLEMS -CAUSED:TY' INDUSTRIAL. WASTES IN- SEWERS AND SEWAGE
PLANTS

-General

Most sewage treatment 'plants have experienced the problems
that can be caused by industrial wastes. In fact, life would
be very simple if it were not for the ,occasional slugs of
grease that send personnel scurrying. for skimming buckets.
Plant operation is easy under ideal.operating.conditions, but
foresight and ingenuity are required toprevent-problems, such
as those resulting from industrial wastes, without upsetting
the entire plant.

Sewer-use by-law

To control the quality, of the waste flows being discharged
to the sanitary systema municipality usually enacts a
?ewer -use by-law, based 4. a 'model by-law published by the
Ontario Ministry of the Environment. If the, industries comply
with this by-law, there should be no problems in:Ole sewers or
at the plant. The important featured of such a by-law are that
discharges must comply with certain standards for

1. Temperature

2. pH

3. Organic loading as measured by the 5-day biochemical
oxygen demand (BOIS -5)

4. Suspended solids
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5. Toxic materials such as

a. cy nide as HCN
b. p nols
c. s 1phides as H2
d. tals

'6. Oils and greases or those substances soluble in ether

a. of mineral origin
b. of animal or vegetable origin

7. There must be inSignifitant amounts of explosive,

inflammable and/Or radioactive materials present.

8. Flow volumes must not result in hydraulic overloading

of the system.

The effect of any.one industrial discharge on the entire.

sewage flow will depend on their relative_ volumes. As most

industrial wastes can be treated with domestic sewage, in

municipality treatment plants,. it may be possible for a

municipality to accept and teat wastes that do not comply

with tlw bylaw limits without upsetting the operation of the

sewage treatment plant. The municipality may wish to supply

this additional service at no extra charge, or they may

require a special agreement. with the industry and additional

money for this service. Normally, there is a section in the

bylaw that provides for this agreement. In order that the

municipajity may decide how to handle any particular

situation, they must know, the -probable .effect of any waste

.
flow on their 'sewers and sewage treatment plant.

An'Industrial Point of View.

An industry views the treatment and disposal of its wastes

as a matter of-economics. It expects and deserves treatment of

flows within the bylaw limits for the normal sewer rate

charge. If the municipality will accept a higher strength

__waste for a sum less than that needed to pretreat the wastes

to bylaw limits, 'it is good business.for the industry to use

this Method of disposal. Many ,.times, the full strength Fate

cannot be treated at the municipal plant. It isthen up to :he

industry to pretreat to a level which is acceptable to the

municipality. It is .quite often easier to remove contaminants

from a waste flow at the source within the industry, and this

should be ddne where possible. .



POSSIBLE PROBLEMS

Sewers

The problems that may ,be anticipated in sewers from flows
not in compliance with sewer-use by-laws may be outlined:under
the following headings:

I. Flows - Excessivelyfluctuating flows may overload the
hydraulic capacity of a sewer and cause backing up of
sewage into basements, or overflowing at pumping
stations.

2. Temperature - The higher the temperature of a waste
discharge, the greater the biological activity in the
sewer (rate .doubles for every 10°C rise). Thus the
oxygen supply is. quickly dep ted and septic
conditions occur. Also, high tem ratures speed up
corrosion and place thermal stre ses on the sewer
pipes and joints.

3. Suspended Solids - May settle in the sewers and cause
blockage.

. pH -Variance beyond the acceptable limits will result
in corrosion of.the sewer.

5. Oils and greases will build up on 'the inside of the
lines and reduce the sewer capacity.

6. Dissolved Salts - Certain dissolved salts may
precipitate out in the sewers and lead to blockages
and/or corroding conditions.

Sewage Treatment Plant

. -More important, however, is the effect of industrial waste-0.
discharges on the operation of the sewage treatment plant.
First the symptoms must. be recognized; then the:-type and
extent of the problem diagnosed'and the effect it will have,
or has had, on the various processes must be assessed.
Finally, and most important, quick. remedial action

4
muse be

taken to offset the changing conditions. Following are
comments on characteristicsof industrial waste discharges.. f.
Concern to a sewage plant operator, and relating to the
detection and effect. on the (a) primary section and (b)
biological processes,.as well as the corrective action to be
taken.

1. Flow - Exceisive or surging flow conditions may be
noted on the flow measuring devices within the-plant
or simply by noting the level of the flow on the walls
of the channels,. .High flow rates tend to flush the
tanks out, thus affecting the detention time and the

. .
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treatment provided. Little can be done. to ease this

cOhdition at the sewage plant; it should be corrected

at the industry where the flows may be equalized.

2. Temperature The rate Of biological activity

increases with temperature in a waste flow and the

resulting septic .conditions-'.
,

may be noted by the smell'.

dand low" diisolve oxygen,content of the aw sewage at-

the-plant. A septic aewage.will cause set'pticity in the

primary clarifie"rs and ,exert an increased oxygen

demand in the secondary biological section. The action

required in this case would be to preaerate or

prechlorinate the raw'sewage flOw.

3. .21 A waste with a pH value outside of the accepted

range (5.5 8.5), besides creating-corrosive problems

throughout the plant, will tend to reducethe settling.

and biological processes. This condition may be noted

by Checking the waste flow Idth.TH. paper at ,regular

interval's, Again, littlecan be done at the plant. The

'situation should be corrected by having the Industry .

neutralize its wastes before discharge:':`

4. Organic Loading (BOthemical Oxygen Demand "BOD )0','")

High strength industrial discharges will show up in

the '5 -day BOD test, but this does not help the

operating persiOnnel concerned with operating

conditions at any given moment. These high strength

wastes can usually be spotted by an unusual colour

(eg. red; indicating blood, dye, etc.), smell (eg. a.

putrid smell because of the.rapid depletion of oxygen

in the sewer.lines) or the inclusion of telltale
solids (feathers;'hair, etc.). If the high strength is

due mainly to dissolved .components, it will have

little effect on the primary treatment process but

will create a. high oxygen demand and extreme sludge

growth.. in the secondary biological section. If a,

significantamount of suspended material is included

in the high strength waste, additional qyantities of

sludge will accumulate'in the primary tanks and the

digesters may be taxed beyond capacity. The action

that should be taken at the plant would include

carrying a higher concentration of solids and air in

,the aeration section and 'the poSsible addition of

alkaline materials to the digesters as well as

additional. hauling of digested sludge so that a

correct, environment may,: be maintained for the

anaerobic decomposition process.
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Suspended "Solids This characteristic of the waste
flow is one of.the most recognizable. Usually a close
examination witheithe: naked eye will reveal unusual
conditions which should be taken into account. The
majority of the particles in suspension should settle
out in, the primary settling .tanks. While most will be
controllable by 'anaerobic treatment, some partities
such as clay, chicken beaks, hair and bark will
decompose very slowly, using additional digester
capacity. Adjustment. in digester operation as well as
cleaning of the digesters may be, required if these
solids are allowed'to get through the, preliminary.
screening devices.

6. Toxic .Materials Toxic materials such as copper,
chromium4.phenols, etc., may.be difficult to detect in
the raw 'sewage if they are present in : low
concentrations. Should either the aerobic or anaerobic
biological section be upset,, however, laboratcw
analysis is required toconfirra any suspicion in thiV
regard. Higher solids could be. carried in the aerat,ion
section to.help in preventing an upset.

7.. Oils and Greases These ether soluble materials will
usually come to the surface in the grit tanks and-
primary claiifiers, 'making their presence vbvious.
they can be skimmed, _either by means _cif the.regu'ilar
skimming facilities or manually,'. these materials
shOuld be of little concern.

Note: In most cases, sophisticated .laboratory equipment I'S'
not a necessary part of good sewage plant operation.
More important -is the ability of the operator to adapC.:
his thinking to the situation at hand and to take

.v.proper remedial action.

. ResoUrceful plant personnel will not only provide good
plant operation, but.will also note the time and conditions Of
any upsets at the plant. An attempt should be made to
determine the section of the sewer system from which the
upsetting discharge came and to define as closely as possible
the- problem industry. Armed with this information, . the
municipal officials, -aftei. investigating- conditions at the
industiies- in the area, should be able to locate the culprit
and thus be in a position to enforce their seweruse bylaw.
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Training Sample 4
"ActiVa-ped Sludge Process Conttol: Phosphorus Removal"
ACTIVATED SLUDGE PROCESS, WORKSHOP MANUAL

.Topic 6
Ministry of the Environment
Toronto, Canada
1978 .

SUBJECT: Activated Sludge Process Control

'.TOPIC: 6 - Phosphorus Removal

OBJECTIVES: The trainee will be able to

1.0 Name three cnemie*t-suitable for phosphorus removal.

2. Recall three possible application points for chemicals
used in phosphorus removal.

O

3. List the effects- that phosphorus removal chemicals

have on the raw sludge concentration and the operation
of anaerobic digesters.

4. Calculate the feed rate for chemicals used in

phosphorus removal.

5. Recall five means by which the operator can control

the phosphorus semoval process.

PHOSPHORUS REMOVAL

General

In recent years the phosphates in wastewater treatment
plant effluents .have been identified as a major factor in the

eutrophication (rapid aging). of receiving waters.. Industrial

waste'discharges and run-off -also contribute to this problem.

Excessive 'amounts, of nutrients (phosphorus; nitrogen, etc.)

can cause the rapid.g6Wth of algae and weeds..Algae and weeds.

will settle to the 1:9ttom,' decompose and use up the dissolved:.

oxygen causing'. the destruction of the_ life cycle_ systems

normally found in unpolluted lakes, rivers and streams.

Because it is a major cause of eutrofication and present
technology provides a means to control it, phosphorus, was the

nutrient selected to be removed froM plant-effluents being
discharged into Lake Erie, Lake Ontario, the Ottawa River

syStemand recreatiohalaras. Phosphorus ,removal

facilities have been installed. .in a number of wastewater

treatment plants and future Years will see an increasing

number.
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githThere are a number of ways to remove :PhosphoruS. I ese
include reverse osmosis, adsorption, ion exchange and
chemicalrecipitation. Chetical precipitation using
commerica available chemicals is the least costly, both
from capital and operating costs, and is the systeieof choice
in Ontario: It is the method discussed in this topic.

Source ofPhosphorus

PhospharuS in the plant influent comes in many formS. It
consists of organic 'phosphorus from food and wastes,
polyphosphates 'frOmdetergents, and preCipitated
orthophosphate from the cal reactions betWeen metal ions in

__the wastewater and dissolved orthophosphates.

The concentration of the phosphorus in the wastewater is
measured as:

1. .Total phosphorus which includes all forms of
phosphorus as

2. Soluble,- reactive phosphates as mg/l. P.,

Because of the
determine phosphorus
are normally done by
is outlined in Topic

Mechanism of Removal

4;
complexity of the test required to
in theinfIuent or affluent,-the tests
the Ministry Laboratories. The procedure.
i5 of this manual.

.

The mechanism of phosphorus. Yemoval is a combination .of
chemical and::hyiical reactions which include the chemical
.precipitationOf the soluble, reactive phosphates by the metal
ions .(Ca4.2;Fe+3, AI-1,3)` introduced. Other important reactions
are -.,the4 formation of metal hydroxides which adsOrb
nonreactive phosphates and trap finely, suspended material
'containing .phosphates '.bound to organic matter. Sufficient time
for flocculation and sedimentation of this combined flo,,is
needed to produce an:effluent with the desired low phosphorus
Concentration (<1.0 mg/4 P). Good. mixing at the point of

chemiCal addition is also important. Rapid mixing followed :hi
slow; gentle mixing before sedimentation will produce the best
resultsw.:Suffiaent.clarifier (primary or secondary) detenzion
time (Over 2 hours) and low upflOW rate's (<800 gal/day/ft2lret
peak, flows are also to ¶chieve good clarification if
cheticals are added for phosphorus removal.

Cheticals Used

Jar tests and possibly full. scale pilot studies should be
conducted. before the best suitable chemical is selected. The
following commercially available chemicals are normally used4for. phosphorusremoval. ..
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1. Ferric Chloride

2., Ferrous Chloride

3. Ferrous Sulphate

4. Alum

5. Hydrated Lime

FeC1
3

FeC1
2

(waste piCkle liquor)

FeSO4 (waste pickle'liquor)

Al2(SO4)3.14 H2O

Ca(OH)2

Of the cheMicals listed above, alum, ferric chloride, and

hydrated lime are most widely used although waste pickle

liquor is gaining in popularity, since a substantial, cost

saving can be realized. Waste pickle liquor should only he

usedin' secondary treatment plants, because the 2valent,

(ferrous) iron has to be oxidized to the 3valent (ferric)

iron in order to precipitate phosphates. To proyide sufficient

time and oxygen for oxidation, the point of addition of waste

pickle liquor should be the influent end of the aeration tank.

Handling, storage, bulk delivery, etc., are similar to ferric

chloride.

Ferric Chloride

.Ferric chloride is .normally used in the liquid form

although it Is available in the dry form in drums. The

reddishbrown liquid is corrosive and stains'concreta. With .

proper dilution, fairly low temperatures can be tolerated. For

outside storage in Ontario, heated, fibieglass reinforced
plastic storage tanks should be used. All other equipment used

(pumps, .feed lines,etc.) shoUld be heat treated and able 'to

corrosiveorrosive liquids since commercial ferric chloride

solution (and pickle liquor)Contains strong acid. The acid in %.

solution and the acid produced when ferric chloride is added

is normally neutralized by natural alkalinity in th6

wastewater. Additional alkalinity (lime, caustic soda) may

have to be added to wastewaters with low alkalinitY. The

ferric chloride can be added to either raw sewage'oi'lin the

secondary section. Experiehce indicates that the latter point

of addition yields better results at lower costs. The ferric.

dons: (Fe+3) .combine with the orthophosphate to produce a

precipitate (iron phosphate) and with the -hydroxyl ion to

produce a floc (ferric hydroxide).

Alum

`AlUm is easier to handled than lime and is somewhat less

corrosive than ferric chloride. It is.usualfy purchased in
liquid form, althoUgh it can be procured in 100 lb bags in dry

form. The aluminum ions (A1+3) combina4.th the ortnphosphate'

to form a precipitate (aluminum phosphate) and with the

hydroxyl ions in the water to form a floc (aluminum

hydroxide). It also'produces' an acid (sulphuric acid) which

may be neutralized by the alkalinity available in the sewage

or by added alkalinity.
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Alum is delivered -and stored in liquid form and as for
Aarric. chloride, involves a large capital outlay for storage
tanks and ancillary equipment. As alum crystallizes at fairly
high temperatures, heating of tankS and feed lines is alsb
necessary. -

Alum can be added to either the raw sewage for .phosphorus
removal in the primary clarifiers, or in the aeration tank
effluent.. At most 'Ministry. of the Environment secondary,
treatment plants, addition is made to the.Secondary section of
the plant in the aeration. effluent.

Hydrated-Lime
° '

Lime is employed because it is comparatively inexpensive:
A portion of lime reacts with the orthophosphate to form an
insoluble compound. The remaining lime and -the' magnesium
either in the sewage or introduced in the lime form a 'floc
causing the precipitated phOsphateS and other suspended solids
to settle quickly. Lime also reacts with the Co-2 in the
wastewater'to form calcium carbonate.

Bulk lime is delivered in 10 or 20 ton loads and blown
into .a storage hopper or slurry make-up_tank. The quantitY
normally required makes the use of fifty pound ,bags
impractLcal. Dry. storage works well, although problems can

. result unless the lime remains dry, there are no uncalcined
pebbles, and if there is sufficient and constant Water
pressure for slurry make-up. Slurry storage involves a large
.capital outlay, unloading of the bulk lime is less than clean
and if the slurry is not used quickly it will lose some;oforts
effectiveness.,

Lime should normally be added to the raw sewage ahead.of
the primary clarifier. Dosage can be most effectively

. -

controlled by maintaining the pH of the primary effluent at
about 9.5. A lower pH will probably not produce the right
conditions for the reaction's to proceed quickly and
effectively, the phosphorus being carried over with the solids
in the effluent. A high pH (>8.4) could inhibit biblogical
growth in the mixed. liquor. The primary effluent can be low in .

BOD because of the additional removal of organic materials by
the lime.

, Lime is particularly suitable from an economic- point of
view in waters of low alkalinity. Despite 'handling
difficulties, lime will produce an effluent from Which most of
the heavy metals have been . removed by precipitation. as
hydroxides and which has been softened to some extent. In some
areas, because of a combination of factors; lime is the, only.
viable choice. Digestion of lime sludge appears not to be a,

:problem.
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PROCESS CONTROL PROBLEMS

Those likely to be encountered with ferric Chloride

pickle liquor and alum include:

I

1. Ifadded to the raw sewage:

a. increased raw sludge removal is required-e.because

of increased sludge volumes and lower sludge

solids concentration. Increased raw sludge volumes

could cause digester problems due to 'hydraulic

overload.

b. The raw sludge may be acidic (pH < 7.0) and could

cause problems with anaero c,

Alkalinity '(lime) may-have to e added to the

2. If. added to the aeration tank:

a. sludge return and Sludge wasting have to be

increased to prevent excessive sludge

accumulations in the clarifier and to.prevent the

formation of a non-'-volatile; 'inert mixe' liquor".

b. High dosages to the aeration' tank could result in

a mixed . liquor with a low pH at'rwhich the

precipitated phosphates '. may redissolve and

biological growth may be retarded% Addition of

alkalinity (lime, caustic soda) to the aeration

tank will be' necessary to counter this problem.

3. Feeding the chemicals at a constantv.rate (X ml/min).

could lead to one or more of the aforementioned

problems if extreme variations in daily flows are

encountered -at the -plant... Pacing chemical addition

according to incoming flows is therefore recommended.

4. Chemical addition for phosphorus removal usually

_results in increased removals of toxic heavy metals

from the wastewater and this .could result in high

levels of heavy metals in thei-digested 'sludge and.

could make this sludge unsuitable for disposal on:farm.

land.

Process. control problems likely to be encounter&with lime

include:

1. The sludge produced, if high magnesium 11.Me.

tends to be fluffy and may float abbve.the scraper

mechanism of the clarifiers if it is allowed to build.

up. Normally,. "High Calcium" lime does not gilie this

problem.



2. The deposition of precipitate at points''.Of turbulence
and on all ,surfaces generally. -Clarifier weirs and
channels muse be cleaned often and pipes flushed to
prevent clogging. Recirculation of primary-sludge will
reduce this problem substantially.

Because the amount of sludge produced is greater,

sludge must be removed from the primary clarifier more
often.

4. picl.control in the aeration tank. A close check must be

maintained to keep- the pH below. 8.4 to prevent

:._destruCtion of biological sludge.

5. Overdosing with Lime may cause digester upsets.

. SUMMARY

Table :6-1 summarizes the use of line alum and ferrid,'
chloride in phosphorus removal.

SUMMARY

Table 6-1 summarizes the use of line; alum and ferric

chloride in phosphorus removal.

.

Table 6-1 CHEMICAL ADDITION FOR PHOSPHORUS REMOVAL

POINT OF
CHEMICAL ADDITION COMMENT

Lime Raw SeWege Increseerae sludge conceni-
tratons and Volumes,. higher
ray sludge, pH. .

Primary erfluent:Will have
lower BOD,highez pg;:values.

Maintain close-check.,On
aeration tank Should..
not go over

Final. Additional clarifier needed.
Effluent.* . Problems with chemical,

'.(Tertiary sludge volumes.
ystem)

Ferrie Slight decrease in raw
Pickle Liquor.:. Raw.Sewage sludge concentrations pot-
Alum Bible, increased sludge,

volumes.

Primary effluent BOD values,
lower.

,

Ferric Chloride Aeration Decrease in aeration tank
Pickle Liquor Tank volatile solids, increased
Alum activated sludge return and

waiting required, resulting
in changes in raw sludge
concentration. .Pickle
liquor added to aeration
influent.
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DOSAGE

Control

t.7

Influent conditions cannot be used as .a basis for

etermining the. dosage. required to produce the required

e uent (1.0 mg/l)ot 80% removal because:

Sewage is complex and variable mixture.Of organic and

inorganic compounds.

2. emoval is not only a function of the completeness of

emical reactions hilt also of the degree of

occulation adsorp4lon and-sedimentation.

Dosage, mu -t be determined for each plant on the -basis of

experience gained from jar .testing, full scale testing I and.

recent operations. Thetpxocedure for phosphorus, determin -ion

is described in Topic

If the plant is not prOducingan effluent which-thectsthe,,

standard, the. operator can control the process ,-of phosphorus...

removal by employing one or more of the 'following:

1. Changes in dosage.

2. Sludge was ing.

3. Changes i pH by addition of lime or soda ash.

.4. Investiga e use of other chemicals.

5 Change point of chemical addition.

Calculations.

In calcuLating.chemical dosage,
the. operator. must bear in

mind that the active-ingredient of,the chemicaladded is only

the metal ion; e.g. calcium (Ca +2), aluminum (A1+3), ferric.

:(Fe+3): One therefore calculates the amount of Fe +3 required.

to reduce the phoSphOruS and must then determine the amount' of

ferric chloride solution required which contains Fe+3, acid

and water..See Mathematics for Operators 'page 50.

Chemical Dosage Calculation-for Phosphorus Removal

Examples:

. . _

IO6a plant with'an average flow of 4.0 MGD ferric chioi-ide

is used at a dosage of 10 mg/1 Fet3 added after the aeration

tanks. What ferric chloride flow rate measured in ml/min is

needed?
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RETURN SLUDGE
FLOW = 0.1 80'

20'

AERATION TANK
INFLUENT = 11.3

AERATION TANK

VOLUME = LENGTH X WIDTH" X DEPTH = 20 X 8d X 12

VOLUME = 19,200. CUBIC FEET. X Z.48 GAL./CUBIC FEET

VOLUME = 143,616 GALLONS

FLOW IN MGD MGD = MGD

DETENTION TIME = VOLUME X 24,'

FLOW IN

DETENTION TIME = 143,616 X 24

DETENTION TIME = 8.6 HOURS

FIGURE 4

AERATION TANK
EFFLUENT

DETENTAN TIME CALCULATION EXAMPLE
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CONVENTIONAL ACTIVATED SLUDGE

PROCESS SCHEMATIC
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Figur& 2 - Flow Balance
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Figure 3
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E: Other Variation& f'

1. Complete Mixing

. a. Complete mixing provides some

against'"shock" or "slug" loads.

Operating parameters

F/M: 0:2-0.6_4BOD5/#MVLSS/day

2) Aerator Loading: 50-120 #BOD5 /1000 ft

3) MLSS: 3000-6000 mg/1

4) 'Detention Time: 3-5hours

5) MCRT: 5-15,days 4
6) Return sludgeflow rate: 25-100% of

influent

c. Higher loadings " tend to produce a slower

settling sludge than Conventional processes

but otherwise the operation is similar.

2. Oxidation Ditch-an extended aeration plant with an

"oval doughnut" aeration basin configuration.,

Brush aerators.are.psed to circulate mixed liquor

around the aeration basin. Sometimes called a

"Dutch Ditch" or "Race Track".

3. Tapered aeration - a conventional: plug flow plant

with.the air application tapered from the head of

the plant (high oxygen demand zone and higher

aeration rate) to the effluent end of the tank

(low oxygen demand zone and pwer'aeration rate).

Key Points & Instructor Guide.

Use Slide 179.2/11.4.5
Slide 179.2/11.4.5 is a schematic diagram of

the complete mixing activated sludge process

Use Slide 179.2/11.3.6
Slide 179.2/11.3.6 is a blank

Refer class to Field Manual for Performatce

Evaluation_ and Troubleshooting at Municipal

Wastewater Treatment Facilities, page 57.

92

98



H 2 -111. Examples of Mode Change for proCess Trouble shooting (5minutes)

A. As class to cite examples'.' from their'experience ofmode changes' used for .process control ortroubleshooting.

B. DiscuSs class inputs

C. Instructor should be -prfpared to cite examples ifclass does not offer examples.

a
Key' Points & Instructor Guide

Example of Mode Change'Eor
Process Troubleshooting

and Operational Control. (Example is based on the
experiences of the Operational

Technology Branch',
National 'Training jind,. Operational TechnologyCenter, U.S. EnviOatental, Protection Agency,Cincinnati, Ohio).

.

1: Plant :design is 'about 2 MGD

I. Plant has two aeration basins which can beoperated 7 . , 7

a. In series, plug

b. In parallel

c. One' tank' err -lia; one tank off-line

d. One tank as "Ccintact basin" and one tank
as "reaeratiorOpasin7

3. Latge portion of rdw:waste comes from a large
bakery which-discharges, a' high carbohydrate
waste with high gtease and oil content.

4.: Plant has constaat*. slow' settling (bulking)sludge problets When, aeratior basins areoperated in series br, in parallel. Solidscannot be retained in the system.

5. By operating-with
one tank' as a' contact tank

and the other as -a reafration tank, the solids,could be Attained and" 'stabilized. However,
prolonged operation in this 't9de resulted, in
over-oxidation of the ..slOdge producing.a fast
settling sludge which left a turbid effluent
which exceeded TSS stand0Fda.

93.
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6. Plant, personnel were taught to monitor sludge
settling characteristics and to switch the

plant from the "reaeration operating mode" to
an operating modewith the aeration tanks in
parallel when sludge settling began to

increase. As settling rates became' slower',
the :plant was switched" back to the

reaeration" mode.

7. The _plant operated for over a year using mode
change to control sludge quality and

consistently produced a high quality effluent
which exceeded. NPDES permit requirements.

1 Oil
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Training SamPler12
11: Activated Sludge, Instructor NOtebook

2TROUBLES800TI,NG-0 Ei.,10I PROBLEMS IN 'WASTEWATER TREATMENT
'FACfLITIES

".1NTOTC ,

.Cincinnatis.Ohio, 45268
December 1979 .

LeSsbn 7 of 14 1e.T44ns
.

Recommended Time: -.90 mines

Purpose: Jour major. process Control decision making
tools, F/M, MCRT Sludge Settleability" and RR, are used in
activated slUdge, process 'control, evaluation and
troubleshooting. Many operators and troubleshooters routinely

: use only one or two of these tools and, therefore, attempt.t6
.'control tt*:process,,besedon limited or Partial information.
The prob;60 solving exercise 'in ,this_ lesson requires., the
Eraineeito .solVe a .generalized process -\contral.problem,
identify/the possible causes of the problem, describe how the
actual./prob.lem: cause `'would be" determined and recemtend
correqive aCtions for each possible cause identified. The
exerciose forces the trainee to look at the -interrelationships

'betweAn the ,various process control decision making:tools.

!Frain/10 Entry Level Behavior:B Trainees should haveachieved the,'learning objectives specified. for Unit Li,
Lessons 1. 6 before beginning this lesson.

Trainee Learning Objectives: At the, conclusion of this
/lesson, the trainee will be able to:

1. Given design, information about a model activated
sludge treatment plant, information that a.change has occurred
in one of the param ers F/M, MCRT, Sludge Settleability or RR
and using Trainee otebook references, and clase-notes, list
all possible cau es of the observed change in the process
control paramete , describe the expected change in other
process control rameters which would confirm each possible
cause as the t pt likely cause and list the recommended
Process control responses to each possible cause of the
observed change in the process' control, parameter..

.

. .
',.

.

2. When called upon 'by the instructor, report his/her
findings for the given conditions and justify his/her,
recommendations for piocep'control, responses.

3. Using class notes and Trainee Notebook references,
explain why it 'is necessary to consider concurrent changes in
at least four paratetersF/M, MCRT, Sludge Settleability and
RR, when evaluating an activated sludge system to identify
problems and their probable causes. ,

95
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.

.InstrUctional .Approach: Trainee problem salving in work--
groups of foui trainees ancdiscu"SsZon,of trainee\findings. .

Lesdon Schedule: The 90\inutes allocated to this lesson
.

should be scheduled asfollows:2.

TIME r SUBJECT .f,

. .

,

07 10 minutes Instructor Introduces the. Problem
1.0 -'45 minutes 7raihee Problem SolvingLit.>

-45.7 85 minutes. Trainees Report Findings .

85.7 90'minutes_. Instructor Summarized Lesson

'Trainee Materials Used in LAson:

1. Trainee. Notebook, page T1i.7.I, ''Activated Sludge
Process Troubleshooting, .Problem.:IdentificaVon and
Process Contiol Response - Problem Sttemeri't.-

2. Trainee -Notebook, page T11.7.4, "Activated Sludge
Process' Tidubleshooting, ProbleM Identification and

-_.Process Control Response - Instructions tor Completing

.3.*. Trainee Notebook, page T11.7.5 - T11.7.12, "Activated
' Sludge Process Troubleshooting,- Problem Identification
and Process-Control Respbnse-Worksheets.

-,4.".All trainee references and Trainee
used in Uhit'11., -Lessond 1 - 6.

:Instructor Materials Used in Lesson:
. 2-

,-

Instrudtor Notebook,..-..Unit 11, LesSon ,: pages
-'

2.

1
. .

.dnstructor Notebook, . age ..h11.7.1, - H1I.7.37,
'Activated.' SlUdge Process TroubleshOoting, Problem
Identification and Process Control Response- (to be
reproduced and didfributed to- trainees at.-.the
conclusion: .of the .lesson..-}

Instructo:c=Materials Recommended forDevelopment: None

Additional Instruttor'References:. 'As specified in qmtt
11-,"Lesson.s 1 - 6. t _

.

Classroom Set -Up:

1. Lesson Introduction: As specified dn.Unit 11,

Notebook materials,

Leasons1,
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2. Trainee Problem Solving: Oneseparate
'

braakour room
for each trainee workgroup so that inditridual. work
groups Mave a private quiet area in which to Meet apd
disctiss:the work group's assigned

3. Trailtes Report 'Findings: As, specthed -in Untit
Lesson 1.

;

;

1;

3..
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Lesson Outline
4

I. Xnatructor Introduces

A.. -introduetiOn

B.

. "a

x.1:0 Problem ,(10

, .

1. Rave: discussed several ftmtess control and

evaluation tools and their significance.:
.

. F/M "

MCRT*

Sludge

d. RR.

Settleability

2. Now 7its time to applywnat has been .covered to
activated sludgeprocesi troubleshooting.

7

DIM this by developing a,series. of process .control
: -and troubleshooting guides.

Key Points & Instructor Guide

- Refer. class to'TraineeNOtehpbk, pages
.T11.7.1-111.7.11 for-a atatement of the
problem, instructions and worksheets.

Have class read Problem Situation,
- . .

.1. Atefer class to Trainee .Notebook, page
. 111.7.1-111.7.2 for a statement of the situation.

Trainee Notebook pages T11.7.11-11.1.7.11 are
ilicluded in the Instructor Notebook.

2. -Emphasize that the situation is designed to

provide a'maximum of.process,controlflexibikity
.44lich is available. to the operator and
troubleshooter. The specifics of plant design are
really immaterial to this problem. \

-A

3. The objective is to provide specifi guidelines to
the operator on how-to correctly use the available
.prOcess flexibility to. achieve:and' intainThood
effluent quality.

r

C. Instructions for Completing the Problem Wo sheets

Refer clits to Trainee Notebook, pages T11.7.4 -
T11.7.11, "Activated. Sludge Ttocess
'Troubleshooting, Problem' Identificati n and-

Process Control Response Worksheets"-:a d page
T11.7.3 for "Instructions for Cdm leting
Worksheets". These pages .are included:,- the

Instructor Notebook:

98.
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2.. Reyiew instructions and worksheets with the. class..

Key. Points & Instructor Guide

.Instructor should refer to-pages
.

.

H11.7.1-4111.7.37 which. are the completed
worksheefq to gain a better understanding ofthe expected trainee responses to the

. worksheet exercise..

.Make Worksheet Assignments

1. Assignmorksheets
completion.

to trainee. workgroup'S for

a. Trainee Group 1, page

b.

d.

e.

f.

g-

h.

Trainee Group 2, page

Trainee Group 3,

4, page T11.7.7, MCRT

. Increasing.

Trainee Group
Decreasing.

T11.7.4, F/M -Increasing.

T11.7.5, F/M Decreasing.
;

page T11.7.6, MCRT

Trainee Group ,
Intreasing.

Trainee Group 6,
Decreasing.

Trainee Group 7,
Increasing.

page 111.J.8, MISS RR
A

page T11.7.9, HLSS RR

'page T11.7.10, Settling Rate

Trainee Group 8, page.T11.7.11,: Settling RateDecreasing.,

2. Each work group should complete its assignedworksheet by working as a team. Stress the.importance of discussion within the group.

3. Work groups will have about 35 minutes
their assigned Oorksheets. fo complete

4. Infotm work groups that when the class reconvenes,each work group will report its findings to thetla*s and justify its recommendations.
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E. Direct. Work Groups to Their Work Areas

-1. Separate work areas, preferably separate rooms,

should be provided for each work grZup so that, the
group may freely discuss the assigned problem and
develop a group concensus solution without
friterfering-withrhe work of another group.

2. Assign' a work area to each group and give
directions.for.finding tge assigned work area..

F. Answer any questions. about the exercise before
sending groups to their work areas. '1

II. Trainee Problem Solving i35 minutes)

Circulate among- work groups to monitor prOgress and
answer questions.

B. Review each work _group's product periodically and
redirect their efforts as necessary.

C. If a group completes the assigned .work sheet early,
assign a second work sheet to the group.

D. Periodically inform groups of time remainipg.

E. Reconvene %groups' in the mains classroom at the end of
the 35 minute work period.

c

III. Trainees Report Findings (40 minutes")

C.
A. Reconvene class in main classrOpm.

B. Have. work groups report their findings&

.1. Call od groups sequentially, begipring with
Group 1, to report findirigs (alloate about 8'

'minutes per group). .

a. Group F/M Increasing .

b." Group 2 F/M Decreasing.

c. Group 3 MCRT Increasing j

d. Group 4 MCRT Decreasing

e. Group 5 - MLSS RR Increasing

Group 6 MISS RR Decreasing

Groupt7 Settling Rate Increasing

h. Group 8 Settling Rate Decreasing
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2. Encourage class discussion as,each possible causeis'p?esented:

3. .Using the suggested solutions on pages
H11.7.1-H11.7.3, challenge groups to justify
their recommendations as appropriate..

4. Note that there is 'overlap and coMmonality.6etween
the: correct responses for 'the eight observedconditions given in the worksheets, e.g.,: a rising
F/M will .cause a decreaSing settling rate and an-increasing MLSS RR which _could be associated witha. decreasing. MCRT. Therefore, several groupsshould identify the same probable causes,
confirmation. observations and control responses.Use this information to draw several ,groups intothe diScussiOn:.

-5; - Distribute
solutions to the class after discussionis complete.

.

Key Points & Instructor Guide

School Solutions
Refer to pages H11.7.1-H11.7.7.

Refer to pages. H11.7.8-H11.7.13

Refer to pages H11.7.14-H11.7.15

Refer to
pages'H11.7.16-H11.7.19

Refer to pages H11.7.20-H11.7.23

-Refer to' pages H11.7.24-H11.7.28

.Refer to pages 1:11.1.7.29-411.7:133.

Refer to pages H11,7-34-H11..7.37

. A
Reproduce pages H11.7-1 - H11.7.37 /insufficient quantity, to. distribute to the

. class.
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. . .

A. Using one: sorutiod sheet, page T11.7e4, the

increasing case, point out that there were many

things which could have caused -thisveobservation.
Point out that .the dorrect process .coh4rol response
was different for.each possible cause of,the problem-

althougt severalOther,control responses could be made
to reverse the observed_Increase in F/M--If this were

the only -information available to the ,operatbr and
.troubleshooter.

B. Point out that by .looking at the ,four control'

parametersi\F/M, MCRT, Sludge Settleability and.MLSS
together it is fairly easy to eliininate several

possible causes and'narroW the list to the one most
likely cause.

C. After Identifying the cause of the' problem, a correct
process control. response decision can be made.

D. Emphasize the Amportarice' of lOOking at available
information about the process befOre making a'process
control decfsIon and. changing process.- control"

variables: 'Incorrect control responses can be made if

'
only one parameter is considered.'AThis may cause more
problems that'it:Solves.

Recommend that_routin monitoring of F/Mv-MCRT,-Sludge'

Settleability and ocess respiration -rates be

considered for all act ated sludge plants. If it is

practical .(personnel resource's available)

to institute" comprehensive , process control

management system, .the proceds can be controlled to
produce Xood_efflUents consistently,-

ti
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Training Sample 13
"Unit'lli Activated Sludge, Trainee Notebook"
TROUBLESHOOTING 0 & M pRotumslIN WASTEWATER TREATMENT
FACILITIES .

NTOTC

Cincinnati; Ohio 45268
December 1J79

Trainee Notebook Contents

Problem Identification and Process Control
Response Problem Statement ... . .

Flow Schematic fOr Use in Problem Solving

Problem Identification and Piocess Control.
Response Instructions for Completing

ar, .T11.7.1

T1173

Worksheet .......
Problim Identification add Process Control

Response Worksheet'se
Til 7 5
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Activated Sludge Process Troubleshooting

'Problem Identification and Process Control Response

Problem Statement

- While attending a local operator association meeting; you
are introduced tD John Schmitt, superintendent at a new 10 MGD
step feed activated 'sludge plant. John has heard that you are
an expert.in activated sludge process control and asks you to.-
help him solve recurrent process control problems which have
occurred at the, new' pliant:. The plant has been in operation
about' a year, but has never Iconsistentty produced a good,

effluent.

John informs you that-be,was superintendent at the city's
old trickling filter plant. which was replaced..by the new
activated sldtge:plant about a'year ago. John Confesse'rthat
he knows very .little. about a6ItAvated sludge treatment and
process control.. Everytiiing.he knows about process control in
the plant he got from the 0:'& -M manual which was prepared by
the design firm as the new plant was constructed. Because -he

knows little about activated sludge, John has mechanically.
followed the process control procedure outlined in the 0 & M'
manual but has never been able to get the plant to perform
properly.

The plant design flow .is 10 MGD. There are separate storm
water and sewage collectic4 systems. The raw sewage is pumped
to the plant headworks from a large lift station' which is
equipped with one variable speed 5000 gpm, one constant speed

. 5000 gpm and one 'constant speed 3000 gpm raw sewage pumps
activated by leVel controllfts in the wet well. Preliminary
treatment consists of bar screening, comminution, grit removal
and flow measurment. The pretreated waste is fed to two

circular primary clarifiers. The primary effluent from the
two tanks discharges to a common channel which feeds the

.aeration.basin. The-aeration.basin has step feed capability
at the quadrant points in the four pass plug,., flow aeration

tank. Mixed liquor is .distribUted to two Circuar final
clarifiers. The final clarifier effluent .is chlorinated
before discharging to the river. The underflow'from the two
clarifiers discharges to a common return .sludge wet well.
There are two variable speed 5000 gpm return 'sludge pumps.
All return sludge discharges to the first quadrant of the

aeration basin. Return sludge flow is metered, and'the return
sludge flow can be varied from 1400 to 10,000 gpm. Waste
activated sludge is pumped from the return sludge wet well to
the primary clarifiers. The waste 'sludge pump is a 1500 gpm
constant speed pump activated by a time clock mechanism.
There 'have been no problems in solids handling.

104.



John informs you that there are
several industries in town'which discharge to the plant and sometimes cause relativelylarge variations in hydraulic and organic load' to the plant.The average daily flow to the plant is 9.0 MGD.

J hn alw s :operates the plant in the conventionaltreat e. with all influent
wastewater and.return sludgeenteri e first quadrant of the aeration basin. Johnnormally"operates with a constant return slUdge flow rate ofabout 6 M0D and only varies the return.rate if the sludgeblaaket in the inal clarifier begins to fall or rise. Aconstant volume sludge is wasted each day because the wasterate has not bee changed from the wasting rate set by theengineer during plant start-up.

John tells yo that plant performance is erratic.Sometimes the iludg bulks and washes, out of the finalclariSiers. Sometim the .sludge separates very well in 'thefinal clarifiers, buy leaves a turbid ashy type,17,effluent.Sometimes -the .plant 1produces .a good' effluentithit-not- very-'often. *Jain is upse because he had been told this plant.-..."-Would produce I exc llent effluent and consistently meet hisdischarge permit req ethent-of 20 mg/1 BOD and20 merTSS.But he can's seem to mak the thing work.

John tells you that he has a well equipped
laboratory anda good lab technician who's

running all the' tests specified inthe 0 b M manual and the permit. John knows that these testresults should, be used in controlling the plant but he doesn'tknow what the test results mean or how to use them.

John wants you to teach him how to make the plant work.You decide to accept the job.

To accomplish the task, you decide to develop a series ofproceSs control and troubleshooting charts as work aids whichJohn can use to help him interpret his process control'laboratOry data.

u will use the attached worksheets, pages T11.7.5 -T1 . .12 to develop the process control and troubleshootingcharts. You and the members of your workgroup will beassigned one.work-sheet to complete. After you have completedyour assigned worksheet, you will present,the information fromyour worksheet to the class.
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Activated Sludge Process Ttoublesho ting
a

ProbIOm Identification and Process Control Response

Instructions for Completing Worksheet".

1. Prepare the worksheet- in the context of the problem
statement, i.e., a very flexible plant design which can
accommodate many different process control adjustMents in
response to observed process conditions.

2. Achange is observed in one process control parameter as
specified at the top of the'worksheet.
.

3. Possible Causes of Observed Condition. Possible Cause: "i1

List all things whIch.copld have occurred in the system to
cause the-chagge observokd in the monitored parameter. Be
as- specific as possible. For example, if one-possible
oause for the observed condition is a change in applied
load, specify.the ways in which the load change could
occur. Applfed BOD load could increase btause (a) the
influent ROD concentration increases with low remaining
constant (b) tbe fflue;t flow rate increases with the,-,,
ROD. concentration remaining constant, (c) both flow rate
and ROD concentration increase, (d) an internal plant
recycle stream is returned to the aeration basin, etc:

Observations and Data to Confirm Cause: What additional
observations and tests would-you'perform to confirm thiS
as the dause-of.the problem and what result would yoUif

expect to see? For each possible cause, include the
expected change in F/M, MCRT, -Sludge Settleability and
MLSS RR as. your minimum entry in this column.

,.
.

4. Process Control: Response to Observed Condition. For-each
possible cause of the- observed condition, enter the
correct process control response. Process .control
responses should be considered as immediate or temporary
(things to do right now to solve an immediate problem) and
long term (things to be done which will correct the
problem and prevent possible recurrence of.the problem).
For example, .Suppose the sludge settlin rate decreases
because of organic overload and the final larifier sludge
blanket becomes very high and solids washout from the
clarifier'is..imminent. Then an imMediate- response may be
to lower the sludge blanket by increasing return rate
temporarily to prevent solids washoutk but the 16fig-ierm
solutioiL to correct the problem may be to reduce return
sludge rate and increase solids inventory. Be as exact
and complete as possible in listing process control
responses. .
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Actaftrated Studge pcoceA4 Titoublzshoot.ing

PAalltem Identi 5itaLip amd P4OCC44 Coiifwt Reaponee

Worksheet

PARAMETER MONITORED: F/M CONDITION OBSERVED: F/M Increasing

POSSIBLE CAUSES OF OFSERVED.CONDITION:

<Possible Cause ' Observations and Data to Confirm Cause

2.

4.

e.

.PROCESS courRoi RESPONSE TO OBSERVED CONDITION:

Lone Term

Possible
Cause Immediate or Temporary Response

3

4

L08

Correcti Action
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Training SaMple 14
"Unit 11: Activated-Sludge,

Instructor t..andout"
TROUBLESHOOTING 0 & M PROBLEMS IN WASTEWATER TREATMENT
FACILITIES
.NTOTC.

Cincinnati, ,)hip 45268.
December 1979

Instructor Handout Contents

Problem Identification and Process Control
Responses Answer Sheets

H11.7.1 ,H11.7.37
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Activated Sludge Process Troubleshooting
.

Problem Identification and Process-Control Response

PARAMETER MONITORED: . F/M
OBSERVED CONDITION: F/M Increasing

,POSSIBLE CAUSES OF OBSERVED CONDITION:

*Observations and Data to Confirm, Cause
.!

'1. Settling rate - decreaSing
MLSS RR,- increasing
MCRT - constant or slowly increasing
Solids Inventbry constant or slowly increasing
Fed.'STUdge RR - increasing
Influent. Flow Rate - about the same
AerationBasin D.O. " decreasing

Possible' 'CauSes - Increased organic load caused by mils

'increased influent BOD concentration with'little change in
influent flow rate

2. Settling rate - decreasing or no change
MLSS RR increasing. Or no change,
MCRT - constant or slowly increasing
Solids Inventory -constant- o slowly increasing
Fed Sludge RR - 'increasing
Influent Flow Rate - decreasing-
Aeration.'Basin D.O. - decreasing or about the same

Possible Causes - Increased organic load caused by

inereaaed influent BOD concentration -with a- decrease in
influent flow.rate

,Settling Rate - usually decreasing
MLSS RR - Increasing
MCRT - constant or.slovily increasing
.Shlids Inventory -'constant or slowly_increasine-
iFed Sludge R127.-..about the same ,

influent FloW Rate - increasing
. Aeration Basin D.O. - decreasing

_Possible Causes Increased organic load caused by

increase in influent flow.-fate with little change in

influent"BOD concentration t
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4. Settling Rate - decreaSink,or no change'
MLSSRR - increasing or no change
MCRT - Constant or slowly increasing
Solids Inventory - constant or slowly increasing
Fed. Sludge RR -,decreasing
Influent Flow Rate - 'increasing -

Aeration Basin D.O. decreasing or about the same

Possible Causes - InCreased . organic load sed by
increase in influent flow rate with a decrease in nfluentPAD concentration

q E.

5. Settling Rate 7 Decreasing
MLSS.R increasing
MCRT constant' or sjowly increasing

o. Soli Inventory - constant or slowly increasing
Fed S udge FT,- increasing
Influ t Flo(z Rate - increasing
Aeratio sin D.O. - decreasing

1 .

Possible Causes - Increased organic load caused Sy
increase in both influent BOD and,ipfluent flow rate

6. Settling Rate - decreasing
MLSS' RR - increasing
MCRT - constant or slowly increasing
solids Inventory - constant or slowly increasing

.

Fed Sludge RR - about the same if sample collected before
recycle stream enters the aeration system

- increasing if sample collected after,
recycle stream enters the aeration systeM

Influent Flow Rate - About the same
Aeration Basin D.O: - decreasing -

.

Possible Causes - 'Increased- organic' load caused by
ihternal.plant recycles

Settling.Rate - decreasing.
MISS RR.- increasing
MCRT decreasing
SOlids.Inventory - decreasing
Fed Sludge RR 7 about the same.
Aeration Basin D.O. - increasing or about the same

Possible Causes .- Decrease in solids inventory caused by
excessive deliberate wasting
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Settling Rate - decreasing
MISS RR - increasing ti

MCRT - decreasing
Soli4p. Inventory - decreaing
Fed Sludge RR - about the same
Influent Flow Rate - about the same
Aeration Basin D.O.. - increasing or about the same

..Possible Causes,- Decrease in solids. inventory caused by
excessive effluent suspended solids

Settling Rate - no change
MLSS RR - no change
MCRT - no change
Solids InventOry - no change
Fed Sludge, RR - no change or increasing

.Influent Flow Rate - about the same
Aeration Basin D.O.' - .about the same

Possible Canses - Nitrification occurring in BOD test used
to.mea$urg applied load

PROCESS CONTROL 'RESPONSE TO OBSERVED CONDITIONS:

Possible Cause 1

c/-

k. Immediat Or3T poraryResponse>-

-a., Check final clarifier sludge blanket depth.

1. If the blanket is rising rapidly with possibility
of solids' washout, then temporarily increase
returnrate or waste rate to lower sludgeblanket. .

' -Reduce return or waste rate 'as soan'.as blanket
caa -bk retained in final clarifier. ' CAUTION:.

_Increased hydraulic loadn clarifier may cause
solids washout.-,This acrion.may_cause slow sludge
settling problem to get worse' before long range
corredtive. actifons affect process. This temporary
response is a calculated risk!

2. If the sludge blanket is not out of control,
implement long term corrective actions.

b. Check aeration basin D.O. If D.O. is less than 1
mg/1, increase air supply.



2. Long Term Corrective Action

a. When sludge blanket can be retained in final'clarifier, reduce return sludge flow rateconcentratesreturn sludge and increases
aeration detention time.

Reduce deliberate wasting to increase solids inventoryand sludge aeration time. Continue to ,monitor F/M,
sludge settleabilSty and MLSS RR and balance ststem tonew conditions of solids inventory and MCRT to treatincreased load.

c. If a and b' don't' work, then

1. Increase aeration' detention time by placing
additional aeration-basins into service.

2. Increase Sludge detention time by converting tosludge. reaeration operating mode.

Possible Cause 2

1. Immediate or Temporary Response

(Same as possible.CauSe 1 responses)

2. Long. Term Corrective Action

a. If settling rate
continue current
settleability and
any changes which
load.

b.

and MLSS RR Ore; not changing,
operating 'practices' but monitor
MLSS RR frequently and respOnd,to,
occur bedause of increased organic

N.41144160;
If settling rate. .is- decreasiSk and MLSS RR is'increasing, then. implement corrective actions listedfor possible cause 1.

Possible Cause 3'.

1. Immediate or Temporary Response

(Same, as possible cause. 1 responses)

2. Long Term Corrective Actions

(Same as possible cause i responses)

.
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Possible Cause 4

1, Immediate or Temporary ResponSe
(Same as possible cause l'reSponges)

2. Long Term Corrective Actions.':

,' (game as possible cause 2 reponses)s

Possible Cause 5 .

1. Immediate or Temporary lelsponse

(Same as possible ,cause 1 -responses)..

A

p

"!""-2. Long Term Corrective Actions

,Same as possible caUse.1 responses. Need to use
'_additional aeration volum or sludge reaeration to dandle
new load.is morg.likely:foi.these influent-doa4
condirionS,:

.Possible Cause-6

1.. Immediate, or Temporary lResponse
a. same as possible'cauSe?1 j-esponseg

b. Identify source of internal 'recycle :.and modify ,
.operations creating the internal recycle -to...eliminate
ar reduCe-the recycle,. if possible .

Long Term Corrective'Act.ions

a: Same as possible cause 1:responses

b. If, internal, recycles .cause. serious
..interfere ith :treatment of dnfluen,t
recycleS c nnot be eliminated and the
cannot.. be controlled by responSes iba

problems_, which
wastewater, the
aeration system
, then

1: Pre treat recycle streams before .returning. to

aeration system;

Previde:neans to equaliie
aeration system;

1-.:.Preaerate recycle streams before 'returning to

aeration-system;

recycle.

t

.

loads and bleed.

. .

4. Consider and evaluate use'o.chemi.cal .additives
a

such as coagulants and coaguAnt aids.-inaeratiOn
system; to maintain; -Itrocesel 'integrity.'

*Ws

11,4
.



A

Possible Cause 7

1. Immediate, or Temporary Response

(Same as-possible cause 1 reponses)

Long Term Cor.rective'Actions

a. Decrease Waste activated sliadgaii) increase solids
inventory. Monitor F/M and . MCRT and read, ust wasting
orate when parameters' are in optimum range.

b.' Decrease return. activated sludge flow rat ..to
concentrate return and increase aeration basin
detention time

If a 'and are not effective

1. Increase aeration volume in use

Use sludse4reaeration mode of operation

Possible.Cause 8

1. Immediate or Temporary Response

a. Same as possible cause 1 responses

O

b. .Check and evaluate '(anal clarifier operation and
design for possible pro ems

1. -Sludge colleCtion, return or wasting systems not
operating properly

a. *Rake or collector drive mechanism broken or
shut off. because of torque overload

b.. Broken chains

c.. Missing flightS,or scrappers

d. Plugged collectors or pumps

e.. Pumps not operating

2. Hydraulic overldad

3. Solids overload

4. Improperly maintained clarifier weirs
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.5., Unequal 'lead distribution to multiple clarifiers ,.

6. Improperly designed clarifier

a. High veloCity currents at 'weirs

b. Short' circuiting

2. Long Term. Corrective Action

a. Same as possib'e cause 7 responses

b. Correct final clarifier deficiencies r

. Sludge collection, return -or wasting systems not
operating properly

,

Repair or reset

b. Repair or replace

Repair

.. Unplug collectors Or pumps

e. Repair,:lerreset pumps

Hy4raulic-o'Verload
.,

4:

Put additional clgTffiers in service, if.

possible

b. Reduce hydraulic" load to , clarifier; if
possible ,

3. Solids.,overload

a. Put. additional clarifiers 'in service'

b. Reduce solids load to clarifier, if possible

c. Take actions to produce faster settling solids
(possible cause 7. responses).",

4. Improperly maintained clarifier weirs

(Check weirs for level and level. if necessary)
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5. Unequal load distribution to multiple, clarifiers

a. Checkweirs_to_yerify-that allelsarifiers have
same weir elevation. Adjust.as.needed...

b. Check inlet and efflUent structures for
obstructions -.remove obstructions'

c. .Check and adjUst flow distribution' system

6. Improperly designedclarifier._

4*
a. High velocity currents at weirs

1. Check adequacy of total weir length. Add
'-weirs if needed

2. 'Block excess 7 weirs 07.5ich may cause
localized velocity currents

3. .ft- velocity currents caused by weir
,placement too clbse".":.to wall, move weirs
.away from wall

b. ShOrt.cirCbitIng

1. Check and adjust weirs

2. Check adequacy of inlet target baffles and
skirts. Correct target baffles and skirt
deficientie.S.

If inlet velocities are excessive, provide
.mechaniSM to. dampen inlet velocities

4. Check for thermal stratification in
clarifier. Elfminate cause of thermal
stratification.

Possible Cause 9

1. Immediate or Temporary Respone

.(None)

Long Terni Corrective Action

a. Continue operation using current practices if process
is performing well and there are no other probleRs

.23
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b. Check, evaluate:-and correct BOD test procedure. Most
likely cause is, high. nitrifier:population in seed
organisms used in BOD test: ,l-

5'.

1. Change seed

2. Inhibit nitrification iirsop: 'test using alternate
procedure

NOTE: -This problem frequently occurs ineffluent BOD
:determination-AISO

c.- NitrificStion in influent BOD test may be desirable,
and hence, thiS.is not a problem.
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TITLE ACTIVATED SLUDGE;
AUTHOR SCHROEDER, E. D.
CORP AUTH' CALIFORNIA UNIV., DAVIS.
AVAIL JOURNAL WATER POLLUTION CONTROL FEDERATION, VOL 47.

NO 6, P 1261-1269, JUNE, 1975. 101 REF.
KEYWORDS *REVIEWS, *BIBLIOGRAPHIES, *ACTIVATED SLUDGE,

*WASTE WATER TREATMENT, INDUSTRIAL WASTES,

PHOSPHORUS, NITROGEN, NUTRIENT REMOVAL, DESIGN,

OPERATIONS, MATHEMATICAL MODELS, AERATION, WASTE
TREATMENT, WATER.POLLUTION CONTROL, PULP+WASTES,
CONTROL, HEAVY METALS, BIOCHEMISTRY, MICROBIOLOGY,.
TOXINS, SLUDGE TREATMENT, SLUDGE DISPOSAL,

ECONOMICS, COSTS.
ABSTRAGT THE 1974 LITERATURE ON THE TREATMENT OF WASTE

WAT)ERS BY THE ACTIVATED SLUDGE PROCESS IS

REVIEWED. TOPICS DISCUSSED INCLUDE: PROCESS

MODELS, CONTROL, AND DESIGN AND OPERATION OF

ACTIVATED SLUDGE PLANTS; MICROBIOLOGY. AND

BIOCHEMISTRY OF THE PROCESS; REMOVAL OF HEAVY
METALS AND EFFECTS OF TOXICANTS; INDUSTRIAL WASTE.
.WATER TREATMENT; AERATION; NITROGEN AND PHOPHORUS
REMOVAL; SLUDGE THICKENING AND DISPOSAL; AND COSTS
OF ACTIVATED SLUDGE PLANTS. REFINERY,. PULPAND
PAPER, AND DISTILLERY WASTES ARE CITED AS EXAMPLES
OF SOME OF THE WASTE MATERIALS THAT ARE BEING
TREATED BY THE ACTIVATED SLUDGE, PROCESS.

.(W1TT-1PC)

TITLE ACTIVATED SLUDGE BASIC DESIGN CONCEPTS.
AUTHOR MCKINNEY, ROSS E.; OFERIER,WALTER J.
'CORP AUTH. KANSAS UNIV., LAWRENCE.
AVAIL JOURNAL OF-WATER POLLUTION CONTROL. FEDERATION,

VOL 40; NO 11, PART' 1, P 1811-1834; NOV 1968.
16 REF.

IDEN SCREENING, PRIMARY SEDIMENTATION; SECONDARY
SEDIMENTATION.

KEYWORDS *ACTIVATED SLUDGE, *AERATION, *DESIGN, *WASTE
WATER TREATMENT, HISTORY, MIXING, SETTLING BASINS,
SLUDGE',DISPOSAL.

ABSTRACT THE DESIGN OF ACTIVATED SLUDGE SYSTEMS HAS EVOLVED
SLOWLY AND PROGRESS HAS BEEN MADE LARGELY ON AN
EMPIRICAL...BASIS. THIS PAPER PRESENTS THE BASIC
DESIGN -CONCEPTS FOR A MODERN ACTIVATED SLUDGE
SYSTEM INCLUDITHE FOUNDATIONS ON WHICH THESE
CONCEPTS WERE ..DEVELOPED. DESIGN PARAMETERS
DEVELOPED FOR CONVENTIONAL AND COMPLETELY MIXED
SYSTEMS INDICATE THAT AERATION WILL BE FROM 3 TO 8
HOURS. TOTAL MLSS WILL RANGE FROM .1500 TO 4000
MG/L, ORGANIC LOADS. OF 0.5 TO 0.7 LB JBOD/LB
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A

MICROBIAL SOLIDS WILL YIELD GOOD OPERATIONS, ANDDIFFUSED. AERATION OF 1000 CUBIC OF AIR PER POUNDOF HOD REMOVED IS A SOUND PARAMETER. ALL ASPECTSOF, ACTIVATED SLUDGE SCHEMES ARE DISCUSSED WITHDESIGN PARAMETERS GIVEN. (HANCUFF -TEXAS)

TITLE
ACTIVATED SLUDGE PROCESS WORKSHOP MANUALPUB DATE JUL 76

AVAIL PUBLICATIONS CENTRE, ONTARIO MINISTRY OFGOVERNMENT SERVICES, 880 BAY STREET, 5TH FLOOR,TORONTO, ONTARIO, CANADA M7A 1N8 ($2.00; ORDERSMUST BE ACCOMPANIED BY CHECK OR MONEY ORDERPAYABLE TO "THE TREASURER OF ONTARIO") -DESC
*BEHAVIORAL OBJECTIVES,

*CHEMISTRY, *ENVIRONMENTAL
EDUCATION, ENVIRONMENTAL

TECHNICIANS, JOB SKILLS,*POLLUTION, WASTE DISPOSAL, *WATER POLLUTIONCONTROL, *WORKSHOPS, ACTIVATED SLUDGE, ONTARIOERIC NO. ED155033
EDRS PRICE EDRS PRICE MF -$0.83 PLUS POSTAGE. HC NOT AVAILABLEFROM EDRS
DESC NOTE 242P.; FOR RELATED DOCUMENT, SEE SE 024 226-233;NOT AVAILABLE IN HARD COPY DUE TO COPYRIGHTRESTRICTIONS; CONTAINS COLORED PAGES WHICH MAY NOTREPRODUCE WELL
ISSUE RIEOCT78
ABSTRACT THIS MANUAL WAS DEVELOPED FOR USE AT WORKSHOPSDESIGNED TO UPGRADE THE KNOWLEDGE' OF EXPERIENCEDWASTEWATER TREATMENT PLANT, OPERATORS. EACH OF THELESSONS' IN THIS DOCUMEgi' HAS CLEARLY. STATED

BEHAVIORAL OBJECTIVES TO TELL THE TRAINEE WHAT HESHOULD KNOW OR DO AFTER COMPLETING THAT TOPIC.AREAS COVERED IN THIS MANUAL INCLUDE:. TYPES ANDFACTORS AFFECTING ACTIVATED' SLUDGE PROCESSES,IDENTIFICATION AND SOLUTION OF OPERATIZROBLEMS,SELECTED TESTS AND MEASUREMENT, CHEMICALDETERMINATIONS. A GLOSSARY OF TERMS IS INCLUDED
FOR REFERENCE. (CS)

-TITLE ACTIVATED SLUDGE. TRAINING MODULE 2.117.4.77.PUB DATE SEP 7.7
DESC *INSTRUCTIONAL MATEktIALS, *POST SECONDARY

EDUCATION, SECONDARY,56UCATION,
*TEACHING GUIDES;*UNITS OF STUDY, *WATER POLLUTION CONTROL,*ACTIVATED SLUDGE, OPERATIONS (WASTEWATER),*WASTEWATER TREATMENT

ERIC NO. ED151222
EDRS PRICE. EDRS PRICE MF -$0.83 HC -$6.01 PLUS POSTAGE

)
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DESC NOTE 11P.: FOR .RELATED. DOCUMENTS, SEE SE:024-025-447;
CONTAINS. SMALLTYPE IN FIGURES

ISSUE RIEJUL78

ABSTRACT THIS DOCUMENTAS AN INSTRUCTIONAL MODULE PACKAGE
PREPARED IN OBJECTIVE FORM FOR USE BY AN

INSTRUCTOR FAMILIAR WITH !OPERATION or ACTIVATED.
SLUDGE WASTEWATER TREATMENT PLANTS. INCLUDED ARE

OBJECTIVES, INSTRUCTOR GUIDES, STUDENT HANDOUTS,
AND TRANSPARENCY MASTERS. THIS IS THE' THIRD LEVEL.
OF A THREE MODULE SERIES AND CONSIDERS DESIGN AND
OPERATION PARAMETERS, PROCESS 'CONTROL PROCEDURES,
INTERPRETATION OF TREND CHART DATA AND THE OXYGEN
UPTAKE TEST.-(AUTHOR/RH)

TITLE ACTIVATED SLUDGE-UNIFIED SYSTEM DESIGN AND
OPERATION

AUTHOR KEINATH, T.,M.; RYCKMAN, M. a.; DANA, C. ,H'.;

HOFER, D. A.
'' CORP. AUTH CLEMSON UNIV., SC. DEPT. OF ENVIRONMENTAL SYSTEMS

ENGINEERING. .

PUB DESC JOURNAL OF THE ENVIRONMENTAL ENGINEERING DIVISION,
PROCEEDINGS OF ASCE, VOL 013, NO EE5, P 829 -$49,
OCTOBER, 1977. 11 FIG, 2 TAB, 19 REF, 1 APPEND

DESC. *ACTIVATED SLUDGE, *ANALYTICAL TECHN/QUES.,,

*SEDIMENTATION RATES, *TREATMENT FACILITIES,

*DESIGN, BIOLOGICAL TREATMENT, OPERATION AND

MAINTENANCE, EVALUATION, AERATION,. WASTE WATER
TREATMEN' .

ABSTRACT THE SETTLING FLUX APPROACH CAN BE FOR
EVALUATING ECONOMIC TRADEOFFS. BETWEEN ALTERNATIVE
DESIGNS FOR WASTE-WATER TREATMENT SYSTEMS.' THE
DESIGN BASIS. FOR THE AERATOR INCORPORATES SOLIDS
RESIDENCE TIME AND HYDRAULIC RESIDENCE TIME.. THE
DESIGN BASIS FOR THE'CLARIFIER INCORPORATES THE
'CLARIFICATION "CONSTRAINT, AND A' RECYCLE RATE

CONSTRAINT. THIS. METHODOLOGY CAN BE USED FOR

EV TING THE ECONOMIC ASPECTS OF AN ACTIVATED
S UDGE SYSTEM CONSISTING OF AN AERgyION BASIN,

LARIFIER, AND SLUDGE PROCESSING E IPMENT. THE.

SETTLING - FLUX APPROACH CAN ALSO BE USED IN

OPERATIONS MONITORING OF AN ACTIVTED SLUDGE

SYSTEM. THIS 'APPROACH INDICATES THAT INCREASED

HYaRAULIC ,FLOW RATES WOULD ONLY CAUSE SOLIDS TO
ENTER THE EFFUENT AT CERTAIN CRITICALLY LOCATED

f:-
POINTS NEAR THE SETTLING FLUX CURVE. FOR- DECREASED
HYDRAULIC FLOW RATES, THE RECYCLE RATE COULD BE
REDUCED TO THE POINT OF CRITICAL LOADING. THE

SETTLING FLUX APPROACH INDICATES THAT THE FLOW
PROPORTIONAL RECYCLE. CONTROLS CAN ESTIMATE THE

12S
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REQUIRED FLOW FAIRLY ACCURATELY. IT DOES NOT,
HOWEVER, PROVIDE THE PRECISE RECYCLE RATE REQUIRED
TO MAINTAIN THE CLARIFIER" IN A CRITICALLY LOADED
CONDITION. THIS APPROACH CAN ALSO ESTABLISH THE
HYDRAULIC SURGE THAT A SYSTEM COULD ACCOMMODATE.WITHOUT INDISCRIMINATE SOLIDS WASTING. THISAPPROACH CAN ONLY BE USED FOR OPERATIONSMONITORING AND CONTROL IF CURRENT SETTLING FLUX

. CURVES ARE AVAILABLE. CHANGES IN
THE. OPERATIONALSET -POINT OF SOLIDS RESIDENCE TIME 'CAN BEACCOMMODATED BY (RANGES IN THE SOLIDS WASTING.PROGRAM. (SNyDER-FIRLY

TITLE AERATION: PROPER SIZING 1SCRITICAL.AUl'HOR SHERRARD, J. H.
;.CORP AUTR VIRGINIA POLYTECHNIC INST. AND STATE UNIV.?

BLACKSBURG: DEPT. OF. CIVIL ENGINEERING.AVAIL WATER AND WASTES
ENGINEERING, VOL-14, NO 4) P 62,

66-67, 71, APRIL, 1977. 4 FIG, 4 TA1,.6:REF..PEN . MECHANICAL AERATORS -
KEYWORDS *AERATION, *TREATMENT-1 FACILITIES, *DESIGN,PERFORMANCE,: .ACTIVATED. SLUDGE, MECHANICAL'ABSTRACT:- EQUIPMENT, OXYGEN, TEMPERATURE) MICROORGANISMS,'OPERATIONS, BIOCHEMICAL. OXYGEN DEMAND, NITROGEN,

NITRIFICATION *WASTE WATER TREATMENT
7fTHE SELECTION OF LOW SPEED.MECH4ICAL.AERATORS

WASCONSIDERED. ANY AERATION METHOD MUST PRODUCEENOUGH MIXING TO MAINTAIN'ACTIVATE6SLUDGE FLOCTN-
SUSPENSION AND SUPPLY SUFFICIENT

OXYGEN TRANSER TO
virMEET THE DEMANDS OF MICROBIAL GROWTH. _EQUATIONSWERE PROVIDED TO HELP JUDGE A-' GIVEN AERATOR'S
PERFORMANCE. MECHANICAL AERATORS MUST MEET. TWO
STANDARDS: POWER., AND SUFFICIENT OXYGEN FOR
MICROBIAL METABOLISM. THE FIRST DEPEND UPON THETYPE OF AERATOR AND THE GEOMETRY OF THE BASIN:, THE
LATTER INVOLVES OXYGEN' FOR ORGANIC REMOVAL- AND
NITRIFICATION, AND DEPENDS ON PLANT OPERATION ANDTHE BOD5/ORGN NT(.1-4) - N ':TIO. BIOKINETIC
COEFFICIENTS SHOULD BE ESTABLISHED MAKE QUALITY..AND OkYGDi NEEDS 'PREDICTABLE UNCTION OFTREATMENT PROCESS. OPERATING CO0'.1'IONS. SEVERAL.EXAMPLES OF' TYPICAL SOLUTIONS WERE PRESENTED. IT
WAS. CONCLUDED 'TEAT Tli.E..-USE OF "A. .RATIO OF 1-MG /LITER 05.=OXYGEN TO 1 MG/LITER OF BOD5 COULD BEMISLEADING AND RESULT IN A FAULTY SELECTION.,NITROGENOUS, OXYGEN- -DEMAND _ FROM NITRIFICATIONSHOULD BE USED FOR AERATOR SELECTION IF HIGHER.,
MEAN CELL RESIDENCE- TIM:E_VALUES ARE USED. OXYGEN
TRANSFER REQUIREMENTS CAN, BE MET IN SOME INSTANCES'
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TITLE

ANALYSIS FOR ACTIVATED SLUDGE.
AUTHOR FINGER, R. E.;,- STRUTYNSKI, B.'T:

CORP AUTH MUNICIPALITY OF .METROPOLITAN SEATTLE, RENTON,

WASH. RENTON TREATMENT PLANT .,

AVAIL JOURNAL WATER POLLUTION CONTROL FEDERATION; VOL
.47, NO 5, P. 1043-1054, MAY, 1975..11 FIG, 4 TAB,"
15 REF. e

IDEN *SLUDGE VOLUME INDEX
KEYWORDS *ACTIVATED SLUDGE, *BIOLOGICAL TREATMENT,

*SUSPENDED SOLIDS, *WASTE WATER TREATMENT,
COLORIMETRY, AUTOMATION, SAMPLING, MEASUREMENT,

ABSTRACT ANALYTICAL TECHNIQUES, *POLLUTANT' IDENTIFICATION,
*SPECTROPHOTOMETRY .

THE MEASUREMENT OF SUSPENDED SOLIDS GSS)
CONCENTRATION .IN. BIOLOGICAL WASTE TREATMENT IS

USED AS A PRIMARY CONTROL, FOR PROCESS ADJUSTMENT.
THE SS MEASUREMENT IS NECESSARY FOR C4LCULATION.
OF CELL' RESIDENCE TIME, ORGANIC LOADING, AND
SLUDGE VOLUME INDEXES, THE DETERMINATION OF TYPES
OF POLYSACCHARIDES ASSOCIATED WITH ACTIVATED
SLUDGE 'AND THEIR EFFECTS ON THE PHYSICAL
CHARACTERISTICS OF SLUDGE .HAVE BEEN INVESTIGATED
BY A SIMPLE COLORIMETRIC TEST. THE PURPOSE OF THIS
STUDY_ WAS TO CONSIDER THE POSSIBILITY OF ADAPTING
THIS 'TEST TO AN AUTOMATED. PROCEDURE. A MANUAL
COLORIMETRIC- PROCEDURES WHICH TAKES'TWO OR THREE
HOURS WAS FIRST, TESTED AND IT PROVED TO.

EFFECTIVELY MEASURE MIXED LIQUOR SUSPENDED SOLIDS
AND VSS. THE AUTOMATED SPECTROPHOTOMETRIC SS TEST

. TAKES ONLY FIFTEEN MINUTES AND WAS DEMONSTRATED TO
BE PRACTICAL FORUSE:.ON A CONTINUOUS BASIS. THE
MAJOR PROBLEM WITH THE, TECH4IIQUE IS SAMPLING,
WHICH MAY BE IMPROVED, BY THE INSTALLATION OF A
HOMOGENIZATION SYSTEM. (PRAGUE4IRL)

TITLE BASIC _ ACTIVATED SLUDGE. TRAINING , MODULE
2.115.2.77,. / -

PUB DATE. ,SEP 77 -

..

DESC *INSTRUCTIONAL MATERIALS, *POST 'SECONDARY
EDUCATION; SECONDARY EDUCATION, *TEACHING GUIDES,
*UNITS OF STUDY, *WATER POLLUTION. CONTROL,

*ACTIVATED SLUDGE,. OPERATIONS (WASTEWATER);
*WASTEWATER TREATMENT
ED151 2

0

BY LOWERING PROCESS MEAN CELL RESIDENCE TIME TO
DECREASE OXYGEN. NEEDS. (COLLINS -FIRL)

AN AUTOMATED SPECTROPHOTOMETRIC SUSPENDED.SOLIDS

ERIC NO.
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EDRS PRICE
DESC NOTE

ISSUE

ABSTRACT

INSTITUTION
NAME ".

:TITLE

PUB DATE
DESC

ERIC NO.
EDRS PRICE
DESC NOTE
ISSUE'

ABSTRACT '

INSTITUTION
NAME

EDRS PRICE MF -$0.83 HC $4.67 PLUS POSTAGE
93P.; FOR RELATED DOCUMENTS, SEE SE'024 025-047;
CONTAINS. OCCASIONAL LIGHT AN DBROKEN TYPE.
RIEJUL78
THIS DOCUMENT ff.iiv INSTRUCTIONAL MODULE PACKAGE
PREPARED IN OBJECTIVE FORM FOR USE BY AN
INSTRUCTOR FAMILIAR WITH4OPERATION OF ACTIVATED
SLUDGE WASTEWATER TREATMENT PLANTS. INCLUDED ARE:-
OBJECTIVES, INSTRUCTOR GUIDES, STUDENT HANDOUTS,
AND TRANSPARENCY MASTERS. THIS IS THE FIRST OF ATHREE MODULE SERIES AND ,CONSIDERS, DEFINITION OFTERMS, DESIGN AND OPERATION PARAMETERS, PROCESS
OBSERVATIONS, BASIC PROCESS CONTROLS AND CONTROL
TESTS. (AUTHOR/RH)

KIRKWOOD COMMUNITY COLL., CEDAR RAPIDS, IOWA.

BASIC LABORATORY SKILLS. TRAINING MODULE
5.'300.2..77.

SEP 77
!BIOLOGY, *CHEMISTRY, *INSTRUCTIONAL MATERIALS,
*LABORATORY PROCEDURES, *LABORATORY TECHNIQUES,POST SECONDARY EDUCATION, SECONDARY EDUCATION,UNITS OF STUDY, WATER POLLUTION CONTROL,. WATER
RESOURCES, *WASTEWATER TREATMENT, *WATER TREATMENT
ED153866.

EDRS.PRICE MF -$0.83 HC-$10.03 PLUS POSTAGE
195P.; FOR.RELATED DOCUMENTS, SEE SE 024 249-254
RIESEP78

. .

THIS DOCUMENT .IS AN INSTRUCTIONAL MODULE PACKAGE
PREPARED IN OBJECTIVE FORM -FOR USE BY AN
INSTRUCTOR FAMILIAR WITH THE BASIC-'CHEMICAL AND

1E

M
MEN AND

'.MICROBIOLOGICAL LABORARORY EQUIPMEN
USED IN WATER AND WASTEWATER T ATMENTPLANT LABORATORIES. INCLUDED ARE OBJ CTIVES,

INSTRUCTOR GUIDES, STUDENT HANDOUTS ,,AND
TRANSPARENCY MASTERS. THIS MODULE CONSIDERS LABSAFETY, BENCH SHEETS, LABELING, SAMPLING,SOLUTIONS, DILUTION TECHNIQUES, INCUBATORS,BALANCES, GLASSWARE, STANDARDIZATION, STANDARDCURVES, EQUIPMENT PACKAGING, AUTOCLAVES;
MICROSCOPES AND ASEPTIC TECHNIQUES. (AUTHOR/RH)

KIRKWOOD COMMUNITY COLL., CEDAR RAPIDS, IOWA.
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TITLE BASIC SEWAGE TREATMENT OPERATION.
PUB DATE NOV 76
AVAIL PUBLICATIONS CENTRE, ONTARIO MINISTRY OF

GOVERNMENT SERVICES, 880 BAY STREET, 5TH FLOOR,
TORONTO, WRIO, CANADA M7A 1N8 ($2.00; ORDERS
MUST BE ACCOMPANIED BY CHECK OR MONEY ORDER
PAYABLE TO THE .TREASURER OF ONTARIO")

DESC *BEHAVIORAL OBJECTIVES, *ENVBRONMENTAL EDUCATION,
ENVIRONMENTAL TECHNICIANS, JOB SKILLS, *POLLUTION,
SAFETY, SAMPLING, WASTE DISPOSAL, *WATER POLLUTION
CONTROL, *WORKSHOPS,: ONTARIO

ERIC NO. ED155001
EDRS PRICE EDRS PRICE MF -$0.83 PLUS POSTAGE. HC NOT AVAILABLE

FROM EDRS.
-DESC NOTE 247P.; FOR RELATED DOCUMENTS, SEE SE 024 227 -233;

NOT AVAILABLE IN HARD COPY DUE TO COPYRIGHT
RESTRICTIONS; CONTAINS COLORED PAGES WHICH MAY NOT.
REPRODUCE WELL.

ISSUE RI'EOCT78

ABSTRACT THIS MANUAL WAS DEVELOPED FOR USE AT WORKSHOPS
DESIGNED TO INTRODUCE OPERATOR Ta THE

FUNDAMENTALS OF SEWAGE PLANT OPERATION. THE COURSE
CONSISTS OF LECTURE-DISCUSSIONS AND HANDS-ON
ACTIVITIES. EACH OF THE LESSONS HAS CLEARLY STATED
BEHAVIORAL OBJECTIVES TO TELL THE TRAINEE WHAT HE
SHOULD KNOW OR DO AFTER COMPLETING THAT TOPIC.
AREAS COVERED IN THIS MANUAL INCLUDE: INTRODUCTION
TO SEWAGE TREATMENT, BACTERIOLOGY, PRIMARY
TREATMENT, ACTIVATED SLUDGE PROCESS, SAMPLING, AND
RECORD KEEPING, SAFETY; AND SELECTED TESTS. A
GLOSSARY OF TERMS IN INCLUDED FOR REFERENCE. (CS)

TITLE BIOLOGICAL AND CHEMICAL WASTE TREATMENT
EXPERIMENTS INLFAR NORTHERN SWEDEN

AUTHOR BALMER, P.
AVAIL IN: INTERNATIONAL SYMPOSIUM ON WATER POLLUTION

CONTROL IN COLD CLIMATES, JULY 22-24, 1970,

UNIVERSITY OF ALASKA, COLLEGE, P 252-262, 6 FIG,
6 TAB, S REF.

IDEN *KIRUNA (SWEDEN), *CHEMICAL- TREATMENT ,

o.

e
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KEYWORDS *BIOLOGICAL TREATMENT, *WASTE WATER TREATMENT,*ACTIVATED SLUDGE, TEMPERATURE, BACTERIA,*AERATION,r FLOCCULATION, COSTS, COLD REGIONS,CHEMICAL PRECIPITATION, PHOSPHORUS, SUSPENDEDSOLIDS; SLUDGE, PILOT PLANTS, SEWAGE, RECIRCULATEDWATER, SETTLING BASINS, HYDROGEN ION
CONCENTRATION, EFFLUENTS

ABSTRACT LABORATORY DATA SHOW THAT THE .METABOLIZINGACTIVITY OF ACTIVATED SLUDGE IS SERIOUSLY HAMPEREDAT LOW TEMPERATURES.
AND SOD REDUCTION DATA IN, ACTIVATED SLUDGE SYSTEMS AT LOW TEMPERATURES AREPARTLY CONTRADICTORY.
PILOTPLANT EXPERIMENTS WERECONDUCTED WITH. ACTIVATED SLUDGE AND CHEMICALTREATMENT. THE ACTIVATED ST.UDGE 'TREATMENT PROVEDTHAT BIOLOGICAL TREATMENT IS POSSIBLE EVEN AT VERYLOW SEWAGE TEMPERATURES. AS THE METABOLIZINGACTIVITY :-OF THE ACTIVATED SLUDGE BACTERIA ISCONSIDERABLY REDUCED, LONG AERATION PERIODS, 4-5'HOURS, AND LARGE AERATION BASINS, ARE REQUIRED.CHEMICAL TREATMENT IS MUCH LESS SENSITIVE TO LOWTEMPERATURES AND REQUIRES ONLY ABOUT 0.5 HOURDETENTION TIME IN FLOCCULATION TANKS. DIFFERENCEIN ,INVESTMENT COSTS WILL IN MANY INSTANCES BE SOLARGE THAT, THE INCREASED RUNNING COSTS AREJUSTIFIED. IF A COMMUNITY HAS AN EXISTING PRIMARY

TREATMENT PLANT WITH A LONG DETENTION TIME. (MORETHAN 2 HOURS) IT MAY BE- .POSSIBLE TO.ACdiEVE ASUBSTANTIAL I CREASE IN TREATMENT EFFICIENCYIMPLY ADDING. FLOCCULATING CHEMICALS TO THEINFLUENT. BOD MOVAL WITH CHEMICAL TREATMENT ISSOMEWHAT INFERIOR TO WHAT CAN BE ACHIEVED WITH
BIOLOGICAL TREATMENT. THIS DRAWBACK, HOWEVER, IS_ COMPENSATgD BY SUPERIOR

PHOSPHORUS REMOVAL. (SEEALSO W72-12548) (JONESWISCONSIN)

TITLE BIOMASS DETERMINATION A NEW TECHNIQUE FORACTIVATED SLUDGE CONTROL.
CORP AUTH BIOSPHERICS INC.,

ROCKVILLE, MD.AVAIL COPY AVAILABLE FROM GPO SUP. DOC EPA 17050 EOY
01/72, $1.25; MICROFICHE FROM NTIS AS PB 211 127,$0.95. ENVIRONMENTAL PROTECTION AGENCY, WATER"POLLUTION CONTROL RESEARCH. SERIES, NO 17050.E0y.,'
JANUARY 1972, 116 P, 53 FIG,'22 TAB, 18 REF, EPA
PROGRAM 17050. EOY 01/72.
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-PEN *ATP, *PlkOCE SS CONTROL, *ADENOSINE TRIPHOSPHATE
KEYWORDS *ACTIVATED SLUDGE, *ANALYTICAL TECHNIQUES, *WATER

QUALITY, *CONTROL , MONITORING, SUSPENDED SOLIDS,

,
*BIOMASS, SEPARATION TECHNIQUES, LABORATORY TESTS,
PILOT PLANTS, ON-SITE INVESTIGATIONS, *WASTE WATER
TREATMENT

ABSTRACT RESEARCH WAS CONDUCTED TO DETERMINE . THE

FEASIBILITY OF USING ADENOSINE TRIPHOS141ATE (ATP)
AS A MEASURE OF VIABLE BIOMASS .IN
SLUDGE. METHODS WERE DEVELOPED FOR THE EXTRACTION
OF ATP FROM SLUDGE AND MIXED LIQUOR, AND FOR THE
DETERMINATION OF ATP USING THE FIREFLY
BIOLUMINESCENT PROCEDURE. MEASUREMENTS OF ATP WERE
CONDUCTED ON VARIOUS PURE CULTURES , PILOT PLANT
AND FULL-SCALE ACTIVATED SLUDGE TREATMENT PLANTS.
ADDITIONAL PARAMETERS. INCLUDING BOD, TQC, OXYGEN,
'UPTAKE RATE, AND SUSPENDED SOLIDS WERE MEASUREED
TO PROVIDE COMPARATIVE AND SUPPORTIVE IIWORMATION.

'PRELIMINARY TESTS IN WHICH ATP MEASUREMENT$ OF
BIOMASS WERE USED TO CONTROL THE PERCENT SLUDGE
RETURN. WERE CONDUCTED AT TWO FULL-SCALE MUNICIPAL
SEWAGE TREATMENT PLANTS. LOWERED RETURN SLUDGE

RATES WERE FOUND TO PRODUCE EFFECTIVE TREATMENT.

AN) INCREASE THE BIOLOGICAL ACTIVITY OF THE

SLUDGE. CHANGES IN THE RATE OF RETURN SLUDGE

RESULTED IN CHANGES IN ATP, CONCENTRATIOVF MIXED
LIQUOR WHICH PRECEDED CHANGES IN SUSPEN D SOLIDS
BY AS MUCH AS 24 HOURS. THE ASSAY WAS FljtIND TO BE
REPRODUCIBLE AND RAPID, RESULTS CAN BE OBTAINED
WITHIN APPROXIMATELY TEN MINUTES. ( LOWRY-TEXAS )

TITLE. COMPARATIVE EVALUATION OF SEQUENCING BATCH

REACTORS

AUTHOR IRVINE, R. L.; RICHTER, R. 0.
CORP AUTH NoTRE DAME UNIV. , IN. DEPT OF CIVIL ENGINEERING
PUB,'; DESC. JOURNAL OF THE ENVIRONMENTAL ENGINEERING DIVISION,

VOL 104, NO EE3;. PROCEEDINGS OF THE AMERICAN

SOCIETY OF CIVIL ENGINEERS, P j03 -514, JUNE 1978.
3 FIG, 4 TAB, 15 REF.

KEYWORDS *ACTIVATED , *BATCH REACTORS, , *SEQUENCING ,
*SEWAGE TREATMENT, *COMPUTER MODELS, *SIMULATION
ANALYSIS ,. WASTE WATER (POLLUTION);';- :SASS BALANCE
EQUATIONS-, FLOW, DESIG13,-- PERIODIC-' VARIATIONS,
OARATRNS:'RESEARCH-:
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ABSTRACT :THE FERfORMANCE OF .1.ANY PROCESSES AND OPERATIONS
CAN BE IMPROVED APPRECIABLY BY THE CONTROLLED
UNSTEADY OPERATIONS THAT ARE PROVIDED BY
SEQUENCING BATCH (FILL AND DRAW) BIOLOGICAL
REACTORS. THE LACK OF DESIGN AND OPERATION
EXPERIENCE IN BATCH TREATMENT HAS RESULTED IN AN
EXPERIENCE VOID THAT HAS FOSTERED THE SELECTION OF
CONTINUOUS FLOW RATHER THAN BATCH TREATMENT
SCHEMES. SYSTEM SELECTION SHOULD DEPEND INSTEAD
UPON SUITABILITY OF THE SYSTEM, RELIABILITY,
EFFICIENCY, CONSISTENCY, AND ECONOMIC. BENCH,
PILOT, AND FULL-SCALE INVESTIGATIONS, AND DESK TOP
Agb COMPUTER ANALYSES MUST 'SUPPLEMENT EXISTING
BENCH SCALE STUDIES IF THE EXPERIENCE VOID IS TO
BE FILLED. SEVERAL HYPOTHETICAL EXAMPLES ARE USED
TO-PARTIALLY ,FILL THE VOID BY COMPARING VOLUMES
FOR BOTH THE BATCH AND CONTINUOUS FLOW SYSTEMS. IN
THE EXAMPLES, SEQUENCING BATCH TREATMENT PROVIDES
THE POTENTIAL..FOR ACHIEVING.TYFLUENT LIMITATIONS
IN A.TOTAL VOLUME 'NOTABLY LESS THAN THAT FOR A
CONVENTIONAL CONTINUOUS FLOW SYSTEM: TRIS ADDS TO
PREVIOUSLY RECOGNIZED ADVANTAGES THAT. INCLUDE
HOLDING A WASTE. UNTIL A PROPER TREATMENT IS
ACHIEVED. THE COMPUTER SIMULATIONS HEREIN HAVE
SHOWN HOW THE DESIGN VOLUME FOR A SEQUENCING BATCH
SYSTEM DIFFERED AS A FUNCTION OF THE, RELATIVE
VARIABILITY OF. THE MASS FLOW RATE EVEN THOUGH THE
AVERAGE MASS FLOW RATE WAS THE SAME FOR ALL CASES
INVESTIGATED. (GRAY-CORNELL)

TITLE CONTACT STABILIZATION IN SMALL PACKAGE'PLANTS
AUTHOR' DAGUE,:.R. R.; ELBERT, G.'F.; ROCKWELL; M.- D.
CORP AUTH IOWA UNIV., IOWA CITY.
AVAIL JOURNAL WATER POLLUTION CONTROL FEDERATION,-

VOL 44, NO 2, FEBRUARY 1972, P 255-264, 11 FIG,.
3 TAB, 6 REF.

IDEN *CONTACT STABILIZATION, *PACKAGE PLANTS
KEYWORDS *ACTIVATED SLUDGE, '*DESIGN CRITERIA, *ON-SITE

INVESTIGATIONS, AERATION, RESPIRATION, ABSORPTION,
ADSORPTION, MIXING, 7SIO6EGRADATION, ORGANIC.
LOADING, BIOCHEMICAL. OXYGEN DEMAND, SUSPENDED
SOLIDS, WASTE WATERTREATMENT

ABSTRACT INVESTIGATION' WITH CONTACT STABILIZATION PACKAGE
TREATMENT.. PLANTS AS CURRENTLY DESIGNED HAS
DEMONSTRATED THAT SUCH FACILITIES ARE UNSTABLE
UNDER CONDITIONS `OTHER THAN 24 HOUR OPERATION'.' TWO
CONTACT STABILIZATION PLANTS CURRENTLY. HAVING
OPERATIONAL DIFFICULTIES WERE MODIFIED, ONE TO THE
CONVENTIONAL ACTIVATED SLUDGE PROCESS SAND THE
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OTHER TO COMPLETE. MIX OPERATION. THE 'DIFFICULTIES
ENCOUNTERED BY THE CONTACT STABILIZATION STEMMED
MAINLY FROM FLOW VARIATIONS, AND THE FACT THAT
MOST PLANTS ARE DESIGNED FOR A 3-HOUR CONTACT TIME
RATHER THAN THE -.15 TO 30. MIN. CONTACT TIME
ORIGINALLY" DEVELOPED. THE WIDE. VARIABILITY_ OF THE
MUNICIPAL WASTE .FLOW' FOR THE' FIRST ,SYSTEM
EVALUATED CAUSED THE WASTES IN THE CONTACT ZONE TO
HAVE A:RETENTION TIME VARYING FROM 2 TO 8 HOURS..
EACH OF THE OTHER:-.pLANT OPERATIONS WAS SIMILARLY
AFFECTED. THE TROUBLE WHICH AROSE,THEN, WAS2'MAINLY.
'IN SEPARATING THE'SOLIDS FROM THEEFFLUENT, WHICH.
BECAME NEARLY IMPOSSIBLE. AFTER'MODIFICATION, THE
TWO PLANTS FUNCTIONED .EXTREMELY WELL, PRODUCING
EFFLUENTS OF 13 MG/L OR LESS .OF pop ANDJ2,,MG/L OR
LESS OF SUSPENDED:SOLIDS. (LOWRY-TEXAS)

.

:TITLE THE DESIGN, CONSTRUCTION, AND OPERATION OF
EXTENDED-AERATION PLANTS.

CORPAUTH PETERS., G. .1). ':(ENGINEERING) LTD.
AVAIL . -WATER-FOLLUTION CONTROL, VOL 68, NO 1, P 40-50,

JAN -FE$ 1969,4 REF.
DEN . *EXTENDED:AERATION, AEROBIC DIGESTION
KEYWORDS *ACTIVATED ,SLUDGE,: *OPERATION AND MAINTENANCE,

*DESIGN,.. *CONSTRUCTION, AERATION, WASTE WATER
TREATMENT, AEROBIC CONDITIONS

ABSTRACT '',THE ,DESIGN OF AN EXTENDED AERATION -PLANT IS
: DISCUSSED INCLUDING: INLET, AERATION TANK,

AERATION TO SETTLING TRANSFER, INLET TO SETTLING
TANKS, SETTLING TANK, SLUDGE RETURN, SURFACE
SKIMMING, EFFLUENT WITHDRAWAL, AND EXCESS. SLUDGE
HANDLING. EXCESS. SLUDGE HANDLING IS TREATED AT
LENGTH 'INCLUDING AEROBIC DIGESTION.' PHYSICAL
DESCRIPTIONS '.AND RECOMMENDED DIMENSIONS FOR
VARIOUS. COMPONENTS AND EQUATIONS FOR SEVERAL
CALCULATIONS ARE GIVEN. RECOMMENDATIONSARE MADE
FOR MATERIALS TO BE USED, POSITIONING OF EQUIPMENT
AND OTHER FACETS OF CONSTRUCTION. PLANT START-UP
IS DESCRIBEDAb, A CHECKLIST FOR OPERATION AND
MAINTENANCE IS'GIVEN. (DIFILIRPO -TEXAS)

. *- .

TITLE, DESIGN PROCEDURES FOR DISSOLVED OXYGEN CONTROL OF
ACTIVATED SLUDGE PROCESSES

AUTHOR FLANAGAN, M..J.; BRACKEN, B. D. .

CORP.AUTH BROWN AND CALDWELL, WALNUT CREEK, CA
PUB DESC AVAILABLE FROM'THE-NATIONAL TECHNICAL INFORMATION

SERVICE, SPRINGFIELD, VA.22161 AS PB -270 9,60,
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PAPER COPY, IN MICROFICHE; REPORT NO.
EPA-600/2-77-032, JUNE, 1977. 217' 86_FIG',- 31TAB, 47 REF, 1 APPEND. 68-2130.

-KEYWORDS *DISSOLVED- OXYGEN; *ACTIVATED SLUDGE, *SLUDGETREATMENT, *AERATION, *AUTOMATION, *COST ANALYSIS;
'ECONOMICS, COSTS, OPERATING COSTS, CAPITAL COSTS,MAINTENANCE COSTS, MANUAL CONTROL, AUTOMATICCONTROL, CONTROL SYSTEMS,

EQUIPMENT, PERFORMANCE,
OPERATIONS, DESIGN, MAINTENANCE, APPLICATIONMETHODS, WASTE WATER TREATMENT, WASTE TREATMENT,SEWAGE TREATMENT, WATER: PURIFICATION,
INSTRUMENTATION, *AERATION EQUIPMENT, *ACTIVATEDSLUDGE TREATMENT PLANTS, *COST EFFECTIVENESS,ECONOMIC ANALYSIS, 'MANUAL DISSOLVED OXYGEN'CONTROL, AUTOMATIC DISSOLVED OXYGEN CONTROL,CONTROL EQUIPMENT..

ABSTRACT DESIGN PROCEDURES AND GUIDELINES FOR THE SELECTIONOF AERATION EQUIPMENT AND DISSOLVED OXYGEN (DO)CONTROL SYSTEMS FOR ACTIVATED SLUDGE TREATMENTPLANTS ARE PRESENTED.
PROCESS CONFIGURATIONS ANDDESIGN PARAMETERS ARE REVIEWED TO ESTABLISH SYSTEMREQUIREMENTS. AERATION METHODS, EQUIPMENT'. ANDAPPLICATION TECHNIQUES, DESIGN SYSTEMS, ANDCONTROL SYSTEM SELECTION PROCEDURES ARE EXAMINED.

RECOMMENDATIONS FOR SYSTEM APPLICATIONS TO VARIOUSAERATION EQUIPMENT TYPES AND PROCESSCONFIGURATIONS ARE ' DESCRIBED. PERFORMANCE,OPERATIONAL AND MAINTENANCE' DATA FOR AERATIONEQUIPMENT AND DO CONTROL SYSTEMS FOR 12 ACTIVATED
SLUDGE PLANTS' ARE PRESENTED IN THE APPENDIX.AUTOMATIC DO CONTROL SYSTEMS FOR VARIOUS SIZEHYPOTHETICAL ACTIVATED SLUDGE 'SYSTEMCONFIGURATIONS. ARE PRESENTED TO DEVELOP AN
ECONOMICANALYSIS.MANUAL AND AUTOMATIC DO CONTROL.
CONCLUSIONS INDICATE THAT CAPITAL AND OPERATINGCOSTS OF 'AUTOMATIC DO CONTROL SYSTEMS AREJUSTIFIED FOR ACTIVATED

SLUDGE PLANTS LARGER THAN1 MGD (44 DM3/S) ONLY IF EQUIPMENT
IS-SELECTED ANDAPPLIED IN ACCORDANCE. WITH GUIDELINES OF THEDESIGN MANUAL AND A POWER COST IS APPLICABLE WHICH`.IS. EQUAL TO OR GREATER .THAN THE NATIONAL. AVERAGEPOWER RATE. AREAS' IN WHICH FURTHER RESEARCH IS

INDICATED ARE DISCUSSED.' (SEIP-IPA) f.

TITLE DISSOLVED OXYGEN ANALYSIS - ACTIVATED SLUDGE
CONTROL TESTING (XT-43).

AUTHOR . LUDZACK, F. J.
PUB DATE JUN 71
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DESC,- *AUDIOVISUAL AIDS, *CHEMICAL ANALYSIS, *CHEMISTRY,
*INSTRUCTIONAL MATERIALS, *LABORATORY PROCEDURES,
POLLUTION, *POST % SECONDARY EDUCATION, SCIENCE
EDUCATION, WATER POLLUTION CONTROL; *OXYGEN,
WASTEWATERMEATMENT, DISSOLVED OXYGEN, *ACT±.9*TED
SLUDGE .

INCLUDED IS A 34 "MINUTE TAPE, 72 SLIDES, AND A
SCRIPT. AVAILABLE ON LOAN FROM NTOTC, 26 W ST.
CLAIR, CINCINNATI, OHIO 45268

ABSTRACT THIS MODULE IS DESIGNED FOR ADVANCED WASTEWATER:
TREATMENT PLANT OPERATORS OR PLANT CONTROL.
SUPERVISORS. RAPID AND VALID TECHNIQUES ARE
DESCRIBED FOR CONTROL'. OF1 THE ACTIVATED SLUDGE

-..-TREATMENT PROCESS USING ELECTRONIC MEASUREMENT OF
DO.AND DO CHANGESSAMPLE DATA-ARE DISCUSSED FOR
INTERRRETATION OF SLUDGE CONDITION IN RESPONSE TO
STABILIZATION, FEED, LOAD RATIO OR. CONDITIONS.
INFORMATION OBTAINABLE WITHIN 20 MINbTES.PROVIDES
SUGGESTED CORRECTIVE ACTION IN TIME TO UPGRADE
EFFLUENT QUALITY. (AUTHOR/JK)

DESC NOTE

TITLE

AUTHOR
CORP AUTH

AVAIL

IDEN

KEYWORDS

ABSTRACT

DYNAMIC MODELING AND. CONTROL
ACTIVATED SLUDGE PROCESS.
BUSBY, J.-B.; ANDREWS, J. F:
CLEMSON UNIV., S.C. DEPT. OF ENVIRONMENTAL SYSTEMS
ENGINEERING; AND ENVIRONMENTAL DYNAMICS, INC.,GR.'
JOURNAL WATER .POLLUTION CONTROL FEDERATION, -

VOL 47, NO 5, P 1055 -1080, MAY 1975. 22 FIG,
3 TAB,. 23 EQU, 45 REF.
*PROCESS-::CONTROL, DYNAMIC 'MODELS, FEEDING,

------.STEP -FEED PROCESS, RATIO CONTROL.

,),ACTIVATED SLUDGE, *WASTE WATER TREATMENT, *WATER
QUALITY, *SIMULATION ANALYSIS, BIOLOGICAL
TREATMENT, WASTES, COMPUTERS,: SUSPENDED SOLIDS,
SYSTEMS ANALYSIS, MATHEMATICAL MODELS, RECYCLING.
CONVENTIONAL ACTIVATED SLUDGE 'PROCESSES- MAY BE

CONTROLLED BY SLUDGE RECYCLE RATE, WASTE SLUDGE
FLOW RATE, AND AERATION RATE. IN A MULTISTAGE-
REACTOR SYSTEM SUCK AS THE STEP-FEED PROCESS,

'VARIATIONS'IN WASTEWATER FEED PATTERNS AREANOTHER
CONTROL. TECHNIQUE. A WIDE-SPECTRUM ACTIVATED
SLUDGE PROCESS MODEL WAS DEVELOPED THAT CONSIDERS.
THE STORAGECAPABILITY OF ,THE SLUDGE, INCORPORATES,
THE ACTIVE AND INERT FRACTIONS OF THE MIXED LIQUOR
VOLATILE SUSPENDED SOLIDS IN SEPARATE: 'MASS

BALANCES,. AND IS COUPLED WITH A. DYNAMIC MODEL OF
THE FINAL . CLARIFIER. CONTROL STRTEQ.!;ES

INVESTIGATED INCLUDE VARIOUS SLUDGE WASTING AND
RECYCLE CONTROL TECHNIQUES AND HYDRAULIC METHODS.

STRATEGIES FOR THE



COMPUTER SIMULATION RESULTS INDICATE THAT THEMODEL SATISFACTORILY DESCRIBES THE DIFFERENTPROCESS VERSIONS AND THAT DYNAMIC VARIATIONS INWASTEWATER FEED PATTERN ARE VALUABLE FOR CONTROL.(BELL-CORNELL)

TITLE EFFECTS OF FLOW EQUALIZATION ON THE OPERATION AND- PERFORMANCE OF AN ACTIVATED SLUDGE PLANT.AUTHOR FOESS, G. W.; AND OTHERS
PUB DATE AUG 77
41VAIL, NTIS, 5285 PORT ROYAL RD., SPRINGFIELD, VA.i2161

($6.50)-
DESC

*ACTIVATED SLUDGE, CHEMICAL
OXYGEN DEMAND, *FLOWMEASUREMENT, RESEARCH REPORTS, SEWAGE, *SLUDGE,*WASTEWATER TREATMENT, *COST EFFECTIVENESS,*OPERATIONS (WASTEWATER)

DESC NOTE 110P ORDER NO. PB 272 657
ABSTRACT A PLANT-SCALE RESEARCH PROGRAM WAS CARRIED OUTOVER A YEAR TO EVALUATE THE IMPACT OFFLOW EQUALIZATION OF THE 14,000 CU.M/DAY (3.7 MGD)UPGRADED ACTIVATED SLUDGE PLANT AT YPSILANTITOWNSHIP, MICHIGAN. PROCESS STEAMS WERE.CHARACTERIZED UNDER BOTH EQUALIZED AND UNEQUALIZEDFLOW CONDITIONS WITH RESPECT TO BOD, COD, TSS. ANDFORMS OF NITROGEN, AND PHOSPHORUS. THE EQUALIZATIONSYSTEM WAS EFFECTIVE IN ITS ABILITY TO DAMPENVARIATIONS IN WASTEWATER CONCENTRATION AND MASSFLUX. SOME BI0CHEMICAL

ACTION APPARENTLY OCCURRED.IN:THE EQUALIZATION BASIN, ALTHOUGH BOD REMOVALWAS MARGINAL AND -INCONSISTENT. ANALYSIS.' OFSECONDARY EFFLUENT INDICATED THAT PLANTPERFORMANCE WAS SIMILAR WITH AND WITHOUT EQUALIZEDFLOW, SUGGESTING THAT THE THEORETICAL ADVANTAGESOF FLOW EQUALIZATION MAY NOT BE ACHIEVED INMANUALLY 'CONTROLLED PLANTS. AN EXAMINATION OFTHEORETICAL POWER COSTS FOR EQUALIZED ANDUNEQUALIZED. FLOW CONDITIONS INDICATED THAT USE OFFLOW EQUALIZATION Dm NOT RESULT IN- POWER COSTECONOMIES. (BB)

TITLE EFFLUENT MONITORING PROCEDURES: BASIC PARAMETERSFOR MUNICIPXL EFFLUENTS. STAFF GUIDE.PUB-DATE 77
DESC CHEMISTRY, COURSE DESCRIPTIONS, *EDUCATIAALPROGRAMS, ENVIRONMENTAL

EDUCATION, *INSTRUCTIONAL
MATERIALS, *L*80RATORY

TECHNIQUES, MICROBIOLOGY,*POLLUTION, '110ST SECONDARY EDUCATION, SKILLDEVELOPMENT, *WATER
POLLUTION CONTROIrA,)*WASTEWATEITREATMENT, *EFFLUENTS, .*MONITORING
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ERIC NO. ED147194
EDRS PRICE EDRS PRICE MF-$0.83 HC-$16.73 PLUS POSTAGE.
DESC NOTE" 315P FOR RELATED DOCUMENTS, SEE SE 023 377-383;

AS NOTED IN THE TABLE OF CONTENTS, SECTIONS 18 AND
27 ARE NOT INCLUDED IN THE PAGINATION

ISSUE RIEAPR78
ABSTRACT THIS IS ONE OF SEVERAL SHORT-TERM COURSES

DEVELOPED TO ASSIST IN THE TRAINING OF WASTE WATER
TREATMENT PLANT OPERATIONAL PERSONNEL IN THE

TESTS, MEASUREMENTS, AND REPORT PREPARATION
REQUIRED FOR COMPLIANCE WITH THEIR NPDES PERMITS.
THIS STAFF GUIDE PROVIDES STEP-BY-STEP GUIDELINES
ON COURSE PLANNING, DEVELOPMENT-AND IMPLEMENTATION
INVOLVING CLASSROOM INSTRUCTION AND LABORATORY
APPLICATION OF CRITICAL LEARNING OUTCOMES. PART I
IS CONCERNED WITH THE ADMINISTRATIVE ASPECTS OF
THE TRAINING PROGRAM, PART II CONSISTS OF

INSTRUCTIONAL STAFF GUIDELINES ON TECHNICAL
CONTENT, LEARNING OBJECTIVES, AND LESSON-BY-LESSON
GUIDES FOR THE SELF-MONITORING PROCEDURES
CONTAINED IN THIS COURSE. INCLUDED IN THIS

DOCUMENT ARE MATERIALS RELATED TO DETERMINING
DISSOLVED OXYGEN, PH, FECAL COLIFORM, WATER FLOW,
SUSPENDED SOLIDS, AND CHLORINE. (CS)

TITLE EFFLUENT MONITORING PROCEDURES: NUTRIENTS. STAFF
GUIDE.

PUB DATE 77

DESC COURSE DESCRIPTIONS,' *EDUCATIONAL PROGRAMS,

ENVIRONMENTAL EDUCATION, *INSTRUCTIONAL MATERIALS,
*LABORATORY TECHNIQUES, *POLLUTION, POST SECONDARY
EDUCATION, SKILL DEVELOPMENT, TEACHING METHODS,
*WATER POLLUTION CONTROL, *WASTEWATER TREATMENT,
*EFFLUENTS, *MONITORING, *NUTRIENTS

EDRS ATCE EDRS PRICE MF-$0.83 HC-$12.71 PLUS POSTAGE
DESC NOTE 247P., FOR RELATED DOCUMENTS, SEE SE 023 377-383,

SOME PAGES MAY REPRODUCE POORLY DUE TO PRINT
QUALITY.

ISSUE RIEAPR78
ABSTRACT THIS IS ONE OF SEVERAL SHORT-TERM COURSES

DEVELOPED TO ASSIST IN THE TRAINING CF WASTE WATER
TREATMENT PLANT OPERATIONAL PERSONNEL IN THE TESTS
MEASUREMENTS, AND REPORT PREPARATION REQUIRED FOR
COMPLIANCE WITH THEIR NPDES PERMITS. THIS STAFF
GUIDE PROVIDES STEP-BY-STEP GUIDELINES ON COURSE
PLANNING, DEVELOPMENT AND IMPLEMENTATION INVOL"ING
CLASSROOM INSTRUCTION AND LABORATORY APPLICZ:ION
OF CRITICAL LEARNING OUTCOMES. PART I IS CONCERNED
WITH THE ADMINISTRATIVE ASPECTS OF THE TRAINING
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PROGRAM. PART II CONSISTS OF INSTRUCTIONAL STAFFGUIDELINES ON TECHNICAL CONTENT, LEARNINGOBJECTIVES,
AND-LESSON-BY-LESSON GUIDES FOR THESELF-MONITORING PROCEDURES CONTAINED IN THISCOURSE. INCLUDED ARE A ARIETY OF TECHNIQUES FOR

DETERMINING VARIOUS MATERIALS IN WATER INCLUDING.PHOSPHORUS, NITROGEN, AMMONIA, CADMIUM, OIL, ANDGREASE. (CS)

TITLE k FACILITIES FOR CONTROLLING THE ACTIVATED SLUDGEPROCESS BY MEAN CELL RESIDENCE. TIMEAUTHOR
BURCHETT, M.E.;,TCHOBANabGLOUS, G.CORP AUTH
YODER-TROTTER-ORLOB AND ASSOCIATES, WALNUT' CREEK,CALIF.

AVAIL JOURNAL WATER POLLUTION CONTROL FEDERATION,
VOL 46, NO 5, P 973-979, MAY 1974. 7 FIG, 6 REF.IDEN *MEAN CELL RESIDENCE TIME.

KEYWORDS *ACTIVATED SLUDGE, *TREATMENT FACILITIES, *CONTROLSYSTEMS, AUTOMATIC CONTROL, OPERATION ANDMAINTENANCE, *WASTE WATER TREATMENTABSTRACT SEVERAL METHODS NOW BEING USED BY OPERATORS TOCONTROL THE ACTIVATED SLUDGE PROCESS AREDISCUSSED. THE USE OF THE MEAN CELL RESIDENCE TIME(MCRT) IS RECOMMENDED AS THE MOST SUITABLEOPERATIONAL CONTROL PARAMETER. THE BASIC CONCEPTSINVOLVING THE THEORETICAL AND PRACTICAL REASONSFOR CONTROLLING THE, MCRT ARE DISCUSSED. THEPHYSICAL FEATURES OF A CONTROL SYSTEM DEVELOPED TOUSE THIS METHOD ARE PRESENTED. THE FOLLOWINGADVANTAGES FOR THE. PROPOSED CONTROL SYSTEM ARE:MINIMUM REQUIRED OPERATOR ATTENTION, INEXPENSIVECAPITAL COSTS, MORE POSITIVE PROCESS CONTROL, ANDMORE STABLE PROCESS OPERATION. (SA

TITLE GET THE MOST FROM THE FINAL CLARIFIERS.

r' AUTHOR BOYLE, W. H.
CORP AUTH ENVIREX INC., WAUKESHA, WIS.AVAIL. WATER AND WASTES

ENGINEERING, VOL 12, NO 10,P 53-55, 82, OCTOBER, 1975. 4 FIG.IDEN
*CLARIFIERS, HYDRAULIC REMOVAL MECHANISMS, SLUDGERETURN.

KEYWORDS *WASTE WATER TREATMENT, *ACTIVATED SLUDGE,HYDRAULIC MACHINERY, HYDRAULICS, SLUDGE, DESIGN.ABSTRACT THE FINAL CLARIFIER: PERFORMS ONE OF THE MOSTIMPORTANT UNIT FUNCTIONS IN THE ACTIVATED SLUDGEPROCESS. THE HYDRAULIC REMOVAL MECHANISM,SOMETIMES CALLED A VACUUM OR SUCTION TYPE DEVICE,IS THE PREFERRED
SLUDGE COLLECTION MECHANISM WHENDEALING WITH A LIGHT

FLOCCULANT SLUDGE. A BRIEF
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REVIEW'IS PRESENTED OF THE MAIN.REQUIREMENTS FOR A
HYDRAULIC REMOVAL MECHANISM WHIG ARE RAPID SLUDGE'
REMOVAL, -MINIMUM SLUDGE AGITATION, MAXIMUM- SOLIDS
CONCENTRATION, FLEXIBILITY,, AND BALANCED HYDRAULIC
DESIGN. ONE OF THE TWO MAIN TYRES OF CIRCULAR
HYDRAULIC REMOVAL MECHANISMS IS A RECTANGULAR
TAPERED HEADEF$, MADE &F 0.25 INCH STEEL PLATE. WITH
ORIFICES DRILLED INTO. THE HEADER FOR THE REMOVAL
OF SLUDGE (THE HEAR DESIGN). THE.OTgER -DEVICE
INCORPORATES SEVERAL WITHDRAWAL PIPES' WITH THE
SLUDGE CHANNELED BY DEFLECTOR -PLATES TO THESE.

PIPES AND-TRANSPORTED TO COLLECTION WELLS (RISER
PIPE DESIGN). THE 'HYDRAULIC DESIGN OF EACH OF
THESE DEVICES.IS EXPLAINED. CHOICE OF. HYDRAULIC
SLUDGE REMOVAL MECHANISM SHOULD BE BASED ON

PERFORMANCE, HOW THE DEVr6E- AFFECTS THE MAIN
PROCESS REQUIREMENTS, AND AN ECONOMIC EVALUATICe
OF. CAPITAL AND OFERATIONAWMAINTENANCE
EXPENDITURES. (ORR-FIRL)-

TITLE GUIDE TO WASTEWATER TREATMENT: BIOLOGICAL -SYEM
,,,DEVELOPMENTS.

AUTHOR FORD, D. L.; TISCIILER, L. F. - .

CORP AUTH ENGINEERING-SCIENCE, INC., AUSTIN, TX?
AVAIL CHEMICAL ENGINEERING, VOL 84,' NO" 17, 'P 131-135;

AUGUST, 1977...-,2 FIG. 13 REF.

KEYWOOS *BIOLOGICAL , TREATMENT, *INDUSTRIAL- WASTES,.

*ACTIVATED :. SLUDGE, **TRICKLING FILTERS,

*BIODEGRADATION, EQUALIZING RESERVOIRS,' ORGANIC' --
LOADING, DILUTION, SOLVENT EXTRACTIONS, SUSPENDED
SOLIDS, DESIGN CRITERIA, NITRIFICATION,
FILTRATION, *WASTE WATER TREATMENT

ABSTRACT HIGH-RATE *BIOLOGICAL TREATMENT SYSTEMS SUCH AS

ACTIVATED SLUDGE, TRICKLING FILTERS; AND ROTATING
DISCS ARE ,.REVIEWED FOR USE IN: MUNICIPAL AND
INDUSTRIAL WASTE WATER TREATMENT. VARIOUS ASPECTS
OF SUSPENDED-GROWTH SYSTEMS SUCH AS THE

COMPLETELY-MIXED ACTIVATED SLUDGE. PROCESS ARE
DISCUSSED, INCLUDING CONTACT STABILIZATION, SOLIDS
REMOVAL, AND EFFLUENT POLISHING, FIXED-GROWTH
SYSTEMS SUCH AS ME CONVENTIONAL TRICKLING FILTER.
AND THE ROTATING BIOLOGICAL FILTER ARE DESCRIBED
AND COMPARED WITH SUSPENDED-GROWTH SYSTEMS. FLOW
EQUALIZATION AND AUXILIARY BASINS IN INDUSTRIAL

WASTE WATER TREATMENT ARE SUGGESTED 4TO OFFSET.
PROBLEMS ASSOCIATED WITH HYDRAULIC- AND
ORGANIC-LOAD VARIATIONS TO BIOLOGICAL SYSTEMS.

'PRETREATMENT WITH, HYDROLYSIS IS SUGGESTED TO
ENHANCE BIODEGRADABILITY. PRE-DILUTION OF INFLUENT
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STREAKS* HAVING HIGH ORGANIC CONCENTRATIONS BYSTREAMS HAVING LOW 'ORGANIC CONCENTRATIONS ISSUGGESTED TO 'IMPROVE OVERALL PERFORMANCE .OF A
BIOLOGICAL SYSTEM. STEAM OR SOLVENT STRIPPING OFINDUSTRIAL WASTE STREAMS IS RECOMMENDED TO REDUCE:HIGH- ORGANIC LOADS, MINIMIZE LOADING VARIATIONS,AND 'REDUCE INHIBITION

OFBIOLOGICAL PROCESSES BY
PARTICULARLY TOXIC*WASTES.:'*INCREASING THE AMOUNTOF BIOLOGICAL SOLIDS THE AERATION BASIN OFSUSPENDED GROWTH SYSTEMS BY INCREASING THESLUDGE-iECYCLE RATIO AND/OR 'REDUCING' SLUDGEWASTAGE IS. REPORTED TO PREVENT BIOLOGICAL UPSET.:VARIOUS. PROCESSES USED IN THE REMOVAL OF SECONDARY'SOLIDS ARE DISCUSSED. DESIGN AND OPERATIONALVARIABLES WHICH CAN AFFECT PROCESS PERFORMANCE AREDISCUSSED, INCLUDING SLUDGE AGE, TEMPERATURE,SLUDGE BULKING, NITRIFICATION; -AND ACTIVATEDCARBON TREATMENT. ((SCHULZ -FIRL)

. TITLE HANDBOOK FOR WATER AND WASTEWATER ANALYSIS.PUB DATE .76
AVAIL VwR CENTIFIC; .P0 BOX 3200,SAN FRANCLSC0,-CA9411
1)ESC : *AN. YTICAL TECHNIQUES, CHEMICAL ANALYSIS,* INSTRUCTIONAL

MATERIALS,-"*LABORATORY TECHNIQUES,*MANUALS, POST SECONDARY EDUCATION, *WATERANALYSTS.
ABSTRACT ANALYTICAL 'TECHNIQUES FOR USE.. ISA, WATER :AND

WASTEWATER. LABORATORIES.
.

TITLE. HANDBOOK OF ADVANCED
WASTEWATER TREATMENT, 2NDEDITION

AUTHOR CULP, RUSSELL L.; AND OTHERS
:PUB .DATE 78

VAN NOSTRAND/REINHOLD CO.; 300 PIKE :ST:,.
CINCINNATI, OH 45202

DESC CARBON DIOXIDE, *CHEMISTRY, CHLORINATION,
DEMINERALIZATION, *DISINFECTION, *ECONOMICS,FILTRATION, FLOCCULATION, *HIGHER EDUCATION,
*INSTRUCTIONAL' MATERIALS,. *LAND APPLICATION,*OPERATIONS . (WASTEWATER),

: POST SECONDARYEDUCATION, *SLUDGE,
WASTEWATERkSLUDGE, .*WASTEWATER

TREATMENT, .*WATER POLLUTION CONTROLDEC NOTE 632P.
. _

ABSTRACT INCLUDED IN THIS BOOK ARE CHAPTERS ON THE PURPOSEAND BENEFITS OF ADVANCED -WASTEWATER TREATMENT,CH4ICAL CLARIFICATION,
RECARBONATION, FILTRATION,

ACTIVATED CARBON ADSORPTION AND REGENERATION,-.DISINFECTION, NITROGEN .:REMOVAL, CHEMICAL' SLUDGE
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HANDLING, DEMINERALIZATION, LAND- TREATMENT OF

WASTEWATERS, ESTIMATING THE COSTS OF WASTEWATER
TREATMENT FACILITIES AND SELECTING AND COMBINING
UNIT PROCESSES. SOME OF THE TOPICS INCLUDED ARE:
(1) COAGULATION, FLOCCULATION, AND SEDIMENTATION;
(2) SINGLE STAGE,VS, TWO STAGE CARBONATION; (3)

DESIGN OF FILTER SYSTEMS; (4) EVALUATION OF

ACTIVATED CARBON;j5) CHLORINATION;,(6) BIOLOGICAL
NITROGEN REMOVAL; (7) ELECTRODLALYSIS; AND'(8) ION
EXCHANGE. THIS BOOK CONTAINS DESIGN EXAMPLES AND
CASE HISTORIES OF OPERATING PLANTS. IT IS ,USEFUL

AS A REFERENCE BOOK, OR A TEXT IN GRADUATE OR
UNDERGRADUATE ENVIRONMENTAL ENGINEERING COURSES.
(BB) e

TLE THE IMPACT OF OILY MATERIAL ON'ACTIVATED SLUDGE
SYSTEIS'..-,=1:-.

CORP AUTH HYDROSCIENCE,JNC., WESTWOOD, N.J.
AVAIL COPY AVAILABLE FROM GPO SUP DOC AS SN5501-0088,*

$1.25; MICROFICHE FROM NTIS AS PB-212 422, $0.95.
ENVIRONMENTAL 'PROTECTION AGENCY, WATER POLLUTION
CONTROL RESEARCH SERIES, MARCH 1971, 110 P,
29 FIG, 10 TAB, 38 REF. EPA PROGRAM 12050 DSH

03/71.
IDEN *SPENT CRANKCASE OIL, *VEGETABLE OIL, *CRUDE OIL,

REFINERY WASTE OIL, LOAD TOLERANCE.

KEYWORDS *OIL WASTES, *ACTIVATED SLUDGE, *SEWAGE TREATMENT,
*WASTE WATER DISPOSAL, BIOLOGIC4 TREATMENT, OIL,
BIODEGRADATION, ABSORPTION, SLUDGE TREATMENT

ABSTRACT. THE PREFORMANCE OF SMALL SCALE CONTINUOUS

ACTIVATED SLUDGE SYSTEMS WAS. B..SERVED AFTER BEING A,

EXPOSED TO A VAREITY OF °WV COMPOUNDS SUCH A.5...."

CRANKCASE OIL, CRUDE OIL AND VEGETABLE OIL, AT
SEVERAL LOADING LEVELS. BATCH STUDIES WERE

CONDUCTED TO DETERMINE BIODEGRADABILITY AND THE
EFFECT OF EMULSIFICATION AND TEMPERATURE ON THE
RATE OF BIOLOGICAL REACTION. OILS ARE ABSORBED ON
THE, FLOC AND SLOWLY DEGRADE WHEN THEY ARE

INTRODUCED INTO AN ACTIVATED SLUDGE SYSTEM. THE _

OIL ACCUMULATES ON THE SLUDGE CAUSING A LOSS OF
DENSITY AND ACCEPTABLE SETTLING CHARACTERISTICS IF
THE LOADING RATE IS HIGHER THAN THE DEGRADATION
WASTAGE.. THE ABILITY OF THE MICROBIAL: STEM TO
REMOVE OTHER SUBSTRATES IS NOT INHIBITED LTHOUGH

THE BIOLOGICAL SYSTEM FAILS DUE TO THE L S. OF

SLUDGE:40. 10 POUNDS PER DAY PER POUND OF SLUDGE
UNDER RATION SHOULD BE THE MAXIMUM CONTINUOUS
FEED LEVEL OF OILS TO ACTIVATED SLUDGE. SHOCK

LOADS SHOULD NOT EXCEED 5% OF THE WEIGHT OF THE;
'SLUDGE UNDER AERATION. (SMITH-TEXAS) 1**

1 4
138



TITLE IS INADEQUATE SLUDGE AGE AND DISSOLVE OXYGEN
CONTROL 'PREVENTING

OPERATORS'FROM GETTING THE BESTFROM THEIR ACTIVATED-SLUDGE PLANTS.-AUTHOR PITMAN, A. R.
PUB DESC WATER POLLUTION CONTROL, VOL 77, N0_19 P 97-99,1978. 1 FIG.
KEYWORDS *ACTIVATED SLUDGE, *DISSOLVED OXYGEN,

*FLOCCULATION, *SUSPENDED SOLIDS, *OPTIMIZATION,OXYGEN DEMAND, BACTERIA, PROTOZOA, WASTE WATER
TREATMENT, SLUDGE DIGESTION, MUNICIPAL WASTES.ABSTRACT THE OPTIMIZATION OF THE ACTIVATED SLUDGE WASTE
WATER TREATMENT PROCESS IS CONSIDERED WITH RESPECTTO SLUDGE AGE AND DISSOLVED OXYGEN CONTROL.
CLARIFIER CAPACITY INCREASES AT A CONSTANT FEEDRATE OF HOMOGENOUS SLUDGE AND 'A DISSOLVED OXYGENLEVEL OF 2 MG/LITER. AS 'SLUDGE AGE INCREASES UNDERTHESE CIRCUMSTANCES, EFFLUENT CLARITY IMPROVES DUETO INCREASED BIOFLOCCULATION EFFICIENCY; THE
SLUDGE SETTLING RATE INCREASES WITH HIGHER FLOCDENSITY;. AND THE QUANTITY OF SLUDGE PRODUCEDDECREASES. THE OXIDATION OF ORGANIC NITROGEN AND.
AMMONIA ALSO IMPROVES WHILE THE FLOC OXYGEN DEMANDAND MIXED LIQUOR SUSPENDED SOLIDS INCREASE. ASSLUDGE AGE INCREASES, OPTIMUM CONDITIONS AREAPPROACHED. THESE INCLUDE THE REDUCTION OF THE
PROTOZOA POPULATION,° THE PRESENCE OF BACTERIA IN
THE ENDOGENOUS GROWTH PHASE, THE DETERIORATION OF
BIOFLOCCULATION, AND THE CONTINUING INCREASE OFFLOC DENSITY, SUSPENDED SOLIDS, TOTAL `OXYGEN
DEMAND, AND CLARIFIER

SOLIDS LEVELS. WHEN SLUDGE.
AGE EXCEEDS THE OPTIMUM CONDITIONS, DEFLOCCULATION°OCCURS. TWO EXAMPLES OF EFFLUENT DEFLOCCULATION
ARE' PRESENTED. IN ONE' CASE, CONTROL OF - THE
DISSOLVED OXYGEN LEVEL BELOW CAPACITY IMPROVES THE
'CLARIFIED EFFLUENT QUALITY. IN THE SECOND CASE,
REDUCING SLUDGE AGE IMPROVES THE AMBIENT DISSOLVED
OXYGEN LEVEL. (LISK-FIRL)

TITLE INTERMEDIATE ACTIVATED SLUDGE. TRAINING MODULE
2.116.3.77.

APUB DATE SEP 77
DESC *INSTRUCTIONAL MATERIALS, *POST SECONDARY

EDUCATION, SECONDARY EDUCATION, *TEACHING GUIDES,
*UNITS OF STUDY, *WATER POLLUTION CON' ROL:*ACTIVATED SLUDGE, OPERATIONS '-(WASTEWATER),
*WASTEWATER TREATMENT

ERIC NO. ED151221
EDRS PRICE. EDRS PRICE MF -$0.83 HC -$4.67 PLUS POSTAGE.DESC NOTE 89P.; FOR RELATED DOCUMENTSSEE SE 024 025-047;
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I.
PAGE 81 MISSING FROM DOCUMENT PRIOR TO BEING

SHIPPED TO EDRS FOR FILMING; BEST COPY AVAILABLE
ISSUE RIEJUL78
ABSTRACT THIS DOCUMENT IS AN INSTRUCTIONAL MODULE PACKAGE

PREPARED IN OBJECTIVE FORM FOR USE BY AN

' INSTRUCTOR FAMILIAR WITH OPERATION OF ACTIVATED
SLUDGE WASTEWATER TREATMENT _PLANTS. INCLUDED ARE
OBJECTIVES,. INSTRUCTOR GUIDES, STUDENT HANDOUTS
AND 'TRANSPARENCY MASTERS. THIS IS THE SECOND
LEVEL OF A THREE:'mODULE SERIES AND CONSIDERS
AERATION DEVICES, PROCESS CONTROL PROCEDURES,
MICROORGANISMS AND DATA TREND CHART PLOTTING.
(AUTHOR/RR)

TITLE INTRODUCTION TO WASTEWATER TREATMENT PROCESSES.
AUTHOR RAMALHO, R. S.
PUB DATE 77

AVAIL ACADEMIC PRESS, 111 FIFTH AVE., NEW YORK, NY 10003
DESC BIOILOGY, CHEMISTRY, *ENGINEERING, *ENVIRONMENTAL

INPLUENCES, EQUIPMENT, FACILITIES, *INSTRUCTIONAL
MATERIALS, LAND USE, *POLLUTION, POST. SECONDARY
EDUCATION, PROBLEM SOLVING, *WASTE DISPOSAL, WATER
QUALITY, *WATER POLLUTION CONTROL, *OPERATIONS
(WASTEWATER), *WASTEWATER TREATMENT, *FACILITIES

DESC NOTE 409P.

ABSTRACT THIS BOOK INTRODUCES FUNDAMENTAL PROCESSES OF
WASTEWATER TREATMENT. THE TEXT IS DESIGNED TO

TRAIN THE READER IN EVALUATION OF WASTEWATER
TREATMENT PROBLEMS SO THAT PROPER PROCESSES AND
EQUIPMENT MAY BE SELECTED. FOR EACH PROCESS THE
TEXT PROVIDES: (1) A. SUMMARY OF THEORY, INVOLVED
IN THAT PROCESS, (2) DEFINITION OF aIMPORTANT
DESIGN PARAMETERS INVOLVED IN THE PROCESS, AND (3)
DEVELOPMENT OF A SYSTEMATIC DESIGN. PROCEDURE FOR
THE TREATMENT PLANT. EVERY STEP OF THIS - SEQUENCE
IS ILLUSTRATED WITH NUMERICAL EXAMPLES. (CS)

TITLE

AUTHOR
PUB DATE.

DESC

ERIC NO.

RATORY CONTROL FOR WASTEWATER
ilWAST WATER TECHNOLOGY: A TWOYEAR POST HIGH. SCHOOL
INSTRUCTIONAL PROGRAM. VOLUME PARTS A, B,. C,

D, E, F, G.
WAGNER,--DAVID; AND OTHERS
JUL 76

.

BEHAVIORAL OBJECTIVES, CURRICULUM, ENVIRONMENT,
*ENVIRONMENTAL TECHNICIANS, *INSTRUCTIONAL
MATERIALS, LABORATORY_ PROCEDURES,-. *LABORATORY
TECHNIQUES, *POLLUTION, POST SECONDARY. EDUCATION,.
*WATER POLLUION CONTROL, *WASTEWATER TREATMENT
ED148582
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EDRS PRICE EDRS PRICE MF--$0.83 1-.1C -$20.75 PLUS POSTAGE
DESC NOTE 377P.; FOR RELATED DOCUMENTS, SEE SE 023 408-410

AND SE 023 432; CONTAINS OCCASIONAL LIGHT TYPE.ISSUE RIEMAY78
ABSTRACT THIS VOLUME IS ONE IN A 'SERIES 'WHICH OUTLINES

PERFORMANCE OBJECTIVES AND INSTRUCTIONAL MODULES vFOR A COURSE OF STUDY WHICH EXPLAINS THE
RELATIONSHIP AND FUNCTION"OF THE PROCESS UNITS IN
A WASTEWATER TREATMENT PLANT. EXAMPLES OF MODULES
INCLUDE MEASURING SETTLEABLE MATTER, TOTAL SOLIDS,
DISSOLVED SOLIDS, SUSPENDED SOLIDS, AND VOLATILE
SOLIDS. THE MODULES - ARE ARRANGED IN AN ORDER
APPROPRIATE FOR TEACHING STUDENTS WITR NO
EXPERIENCE. THEY CAN ALSO BE REARRANGED: AND
ADAPTED FOR COURSES TO UPGRADE PERSONNEL MOVING
INTO SUPERVISORY POSITIONS OR DESIGNED AS A
MINICOURSE. EACH MODULE CONTAINS A STATEMENT OF
PURPOSE, OBJECTIVES, CONDITIONS, ACCEPTABLE
PERFORMANCE, INSTRUCTOR ACTIVITY AND. STUDENT
ACTIVITY. THE TASKS ARE ORGANIZED IN THE GENERAL
CATEGORIES: NORMAL OPERATIONS, ABNORMAL
OPERATIONS, PREVENTIVE MAINTENANCE, CORRECTIVE
MAINTENANCE, LABORATORY CONTROL, SYSTEMS
INTERACTION, AND MANAGEMENT/SUPERVISORY
PROCEDURES. INCLUDED IN THIS VOLUME ARE 29
MODULES. THE MODULES ARE DESIGNED TO TEACH THE
STUDENT LABORATORY PROCEDURES FOR ANALYZINGVARIOUS POLLUTANTS AND VARIABLES RELATED TOWASTEWATER. MOST STANDARD TESTS ARE INCLUDED.(CS)

INSTITUTION CHARLES COUNTY COMMUNITY COLL., LA PLATA, MD.;NAME CLEMSON UNIV., S.C.; GREENVILLE TECHNICAL COLL.,
S.C.; LINN-BENTON COMMUNITY COLL., ALBANY, OREG.

TITLE MANUAL FOR ACTIVATED SLUDGE SEWAGE TREATMENT.AUTHOR GOODMAN, B. L.
PUB DATE 71

AVAIL TECHNOMIC PUBLISHING CO., INC., .265 WEST STATE
STREET, WESTPORT, CT 06880

DESC *ACTIVATED SLUDGE, ENVIRONMENTAL TECHNICIANS,
INSERVICE EDUCATION, *INSTRUCTIONAL MATERIALS,
*MANUALS, *POST SECONDARY EDUCATION, *SLUDGE,
*WASTE, DISPOSAL, *WASTEWATER TREATMENT,' WATER
POLLUTION CONTROL

DESC NOTE_ 204p.
ABSTRACT- STEP BY STEP EXPLANATION OF THE PROCESS, FROM

BASICS TO FINE POINTS OF ADVANCED WASTEWATER
TREATMENT METHODS.
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TITLE MANUAL OF INSTRUCTION FOR SEWAGEYIREATMENT PLANT
OPERATORS.

PUB DATE 65

AVAIL HEALTH EDUCATION SERVICE, PO BOX 7283, ALBANY, NY
12224 ($2.00)

DESC ANALYTICAL TECHNIQUES, *INSTRUCTIONAL MATERIALS,
RAINT4ENANCE, *MANUALS, *OPERATT'ONS, *POST
SECONDARY EDUCATION, PRIMARY TREATMENT, RECORD
KEEPING, *SEWAGE, SLUDGE, *WASTE DISPOSAL,
WASTEWATER CHARACTERISTICS, WASTEWATER SLUDGE,
*WASTEWATER TREATMENT

DESC NOTE 243P.

ABSTRACT \REPARED FOR GRADE 2 OPERATORS, WRITTEN PRIMARILY
A TEXT TO BE USED IN CONJUNCTION WITH TRAINING

COURSE.- HEAVILY NAggiVE, AVOIDS OVERLY TECHNICAL
TREATMENT, AND RESENTS MATERIAL CONCISELY,
APPENDICES SUPPORT BACKGROUND MATERIAL (EG
ARITHMETIC, CHEMISTRY, BACTERIOLOGY, ETC).
GLOSSARY:

TITLE MANUAL OF .INSTRUCTION FOR WASTE TREATMENT. PLANT
OPERATORS.

AVAIL HEALTH EDUCATION SERVICE, PO SOX'7126, ALBANY, "NY
12224 ($2.00)

DESC *CHEMICAL ANALYSIS, *ENVIRONMENT,,:.*INSTRUCTIONAL..
MATERIALS, NATURAL RESOURCES, *OPERATIONS.(WATER),
POST SECONDARY EDUCATION, WASTEWATER TREATMENT,
*WATER ANALYSIS, WATER POLLUTION CONTROL, *WATER

.

QUALITY
DESC NOTE 308P. 4.

ABSTRACT THIS MANUAL IS INTENDED TO BE A TEXTBOOK FOR A
WATER TREATMENT- OPERATORS COURSE. IT .CONTAINS
CHAPTERS ON THE. PURPOSE OF'WATER TREATMENT, WATER;::
SOURCES AND USES, HYDRAULICS AND ELECTRICITY;
WATER CHEMISTRY, ,MICROBIOLOGY, WATER QUALITY,
CHEMICAL COAGULATION, SEDIMENTATION, FILTRATION,
CHLORINATION, SOFTENING, AERATION, IRON AND.
MAGNESIUM, TASTE AND ODOR .CONTROL, CORROSION,
FLUORIDATION, PROTECTION OF TREATED WATER, RECORDS
AND REPORTING, -TREATMENT PLANT 'MAINTENANCE AND
ACCIDENT PRE ION, MATHEMATICS, AND 'LABORATORY
EXAMINATION OF WATER. :THE MANUAL. SHOULD-
UNDERSTANDAB TO THE AVERAGE PLANT OPERATORW;TH
A HIGH SCHOOL EQUIVALENT. BACKGROUND. EXTREMELY
TECHNICAL MATERIAL HAS SEEN AVOIDED. ,(BB)

. TITLE A MANUAL OF SIMPLIFIED ORATORY METHODS. FOR
OPERATORS OF WASTEWATER TMENT::FACTLITIES.

AUTHOR WESTERHOLD, ARNOLD F., , BENNETT, ERNEST C,, ED.
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PUB DATE
DESC

ERIC
. EDRS PRICE

. A

APR 74

CHEMISTRY, ENVIRONMENTALIEDUCkION,
*ENVIRONMENTAL .TECHNICIANS, INDEPENDENT STUDY; *INSTRUCTIONAL,..MATERIALS,' JOB SKILLS, *LABORATORY TECHNIQUES,- *POLLUTION, *POST SECONDARY EDUCATION, PUBLIC. tHEALTH, *WATER POLLUTION CONTROL; *WASTEWATERTREATMENT

NO. ED149972
EDRS PRICE MF -$0.83 IC -$4.67 FLUS'POSTAGE.
94P., PAGES 1-1 THROUGH 1 -12 '(GENERALINTRODUCTION) .REMOVED DUE TO COPYRIGHT.RESTRICTION; SECTION- 8 MISSING; CONTAINSOCCASIONAL LIGHT TYPE; BEST COPY.AVAILABLE
RIEJUN78
'THIS MANUAL IS DESIGNED TO PROVIDE THE SMALL
WASTEWATER. TREATMENT.PLANT 'OPERATOR, AS WELL ASTHE NEW OR INEXPERIENCED

OPERATOR, WITH SIMPLIFIED
METHODS FOR LABORATORYY ANALYSIS OF -WATER: AND
WASTEWATER.YIT IS EMPHASIZED TEAT THIS.MANUAL ISNOT'A REPLACEMENT FOR STANDARD.METHODS BUT A GUIDEFOR PLANTS..WITH

INSUFFICIENT 'EQUIPMENT TO PERFORM.ANALYSES IN ACCORDANCE WITH STANDARD METHODS. EACHOF THE SECTIONS-IS
DESIGNED TO BE .COMPLETE WITHZN.

ITSELF. THE TESTS AND MEASUREMENTS PRESENTED*INCLUDE: ACIDS, BIOCHEMICAL OXYGEN DEMAND'(BOD);DISSOLVED OXYGEN, RESIDUES, SLUDGE, AND SUSPENDEDSOLIDS. (CS) .
ILLINOIS STATE, ENVIRONMENTAL PROTECTION AGENCY,'SPRINGFIELD.

.ISSUE

ABSTRACT

INSTITUTION
NAME

.
.

TITLE
AUTHOR
CORP.AUTH

.

IDEN

KEYWORDS

ABSTRACT

THE MATHEMATICS OF ACTIVATEDSLUDGE CONTROL.
UHTE, WARREN R.
BROWN AND CALDWELL, SAN FRANCISCO,'CALIf.
JOURNAL OF THE WATER

POLLUTIO*CONTROL FEDERATION,VOL 42, N0,7, P 1292-1304, JULY 1970. FIG,1 TAB.

SUSPENDED SOLIDS, WASTING, COMPUTATION,'pROCESSCONTROL.

*MATHEMATICAL MODEL, *ACTIVATED SLUDGE, *CONTROL,
SLUDGE, *KINETBCS, DESIGN.
FOR THE USE OF THE MEAN CELL RESIDENCE:, THE'SOLIDS RETENTION TIME IN THE CONTROL OF ANACTIVATED SLUDGE SYSTEM, ONE MUST SELECT TH4DESIRED TIME COMPUTE THE TOTAL SOLIDS PRESENT IN. 'THE SYSTEM AND DETERMINE THE TOTAL VOLATILE SOLIDSTO BE WASTED PER DAY. THE SOLIDS IN THE SYSTEM MAY
BE EXPRESSED. AS THE SUM OF THOSE IN THE AERATION,
FACILITIES' SECONDARY SEDIMENTATION UNITS AND THESLUDGE RETURN SYSTEM. SOLIDS ARE WASTED BOTH OVER.



THE. EFFLUENT WEIR AND THROUGH THE SOLIDS DISPOSAL
SYSTEM. NUMERICAL EXAMPLES SHOW THESE COMPUTATIONS..

FOR CONVENTIONAL, STEP 'FEED, HIGH RATE AND
MULTIPLE STEP.OPERATIONSOF AN' HYPOTHETICAL PLANT.

-:.ASSUMED PLANT DESIGN ES.FOR AN 18-MGD. FLOW. THE .

PLANTLAYOUT'INCLUDES FOUR AERATION 7TANKS.,'.MIXED
LIQUOR CRANNEL AND RETURN ACTIVATED SLUDGE

CHANNEL, AND FOUR SECONDARY -`SEDIMENTATION BASINS:-'
(HANCUFF-TEXAS),

ITLE MAXIMIZING PHOSPHORUS REMOVAL IN ACTIVATED SLUDGE.

A THOR ELLIOTT, W. R.; RIDING, J. T.; SHERRARD, J. H.
C P AUTH VIRGINIA POLYTECHNIC INST. AND STATE UNIV.,

.oe BLACKSBURG. DEPT. OF CIVIL ENGINEERING. .

P B DESC. .WATER AND SEWAGE WORKS, VOL i 125, NO 3, P 88-92,
MARCH, ;978. 38 REF.
*PHOSPHORUS, . *BIOLOGICAL TREATMEN , *ACTIVATED
SLUDGE.,'*CHEMICAL PERCIPITATION; NUTRIENT. REMOVAL,

ABSORPTION, BIODEGRADATION,.: CALCIUM-:CARBONATE,
LIME, PILOT PLANTS, LABORATORY -TESTS, HARDNESS

(WATER), PHOSPHATES, LIMITING. FACTORS,

PUBLICATIONS, WASTE WATER 'TREATMENT, MUNICIPAL'

WASTES.

ABSTRACT IMPROVING PHOSPHORUS. REMOVAL IN ACTIVATED SLUDGE.
BY MICROBIAL GROWTH;*E1XCESS.UPTAKE, AND. CHEMICAL
PRECIPITATION WAS DISCUSSED IN REVIEW OF

PUBLISHED EXPERIMENTAL DATA.AND ON -SITE TESTS IN
WASTE WATER TREATMENT PLANTS.- LABORATORY DATA ON
MICROBIAL-UPTAKE IDENTIFIED THE.C:P RATIO AS A
LIMITING FACTOR IN PHOSPHORUSREMOVAI;:lEE HIGHER
COD:P RATIO PROVIDED MORE OF THE STOICHIOMETRIC
REQUIREMENT.- VARIATIONS IN MEAN CELL RESIDENCE
TIME AFFECTED PHOSPHORUS. REMOVAL,. ;ALTHOUGH. THE.

AVERAGE. SLUDGE PHOSPHORUS CONTENT ',OF ,2 -3% BY

WEIGHT WAS NOT SIGNIFICANTLY IMPROVED. ENHANCED.

PHOSPHORUS REMOVAL WAS ACHIEVED IN. PLUG FLOW
REACTORS WITH DISSOLVED OXYGEN CONTROL AT PH6;
A:16EROBIC CONDITIONS:WERE- AVOIDED BY ADEQUATE

StTIDGE REMOVAL. BATCH STUDIES ON EXCESS .UPTAKE
DEMONSTRATED THAT 80%;.REMOV4 OCCURRED FOR ALOW
PHOSPHATE CONCENTRATION, ±:*:511,GAITER, IN THE
PRESENCE OF 'A -HIGH MICROBIC POPULATION. THE

PRESENCE OF. NA(+).AND.K AND THE"RATE OF'AERATION
WERE CItED AS -,LIMITING FACTORS. IN EXCESS

PHOSPHORUS UPTAKE. FULL-SCALE _STUDIES VERIFIED
THAT PHOSPHORUS WAS RELEASED INTO THE EFFLUENT
TREAM UNDER ANAEROBIC CONDITkONS. PRECIPITATION.

CAC03 RESULTED IN HYDROLYSIS OF PHOSPHATES AT
HEAD OF THE AERATION TANK, DECREASED CO2

KEYWORDS
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GENERATION, AND THE EoRMATI,ON OF CALCIUM.
PHOSPHATE SLUDGE. THE ORTIMU14 CONDITIONS FOR
PHOSPHORUS R*10VAL IN A PLUG FLOW SYSTEM WERE'
CONCLUDED TO BE: PH 7.5 -8.5 LESS THAN 350 MG/LITER
CAC03, AND 24 MG/LITER MG(++). (LISK- FTRL)

TITLE THE METAZOA OF WASTE TREATMENT.
PROCESSES-ROTIFERS.

AUTHOR CALAWAY, W. T.
CORP AUTH FLORIDA UNIV., GAINESVILLE.,
AVAIL JOURNAL OF WATER POLLUTION'CONTROL FEDERATION,

VOL 40, NO 11, PART 2, P R412 -R422, NOV. 1968.
3 FIG, 0 TAB, 23 REF.

IDEN *METAZOA
USC4e. *ACTIVATED SLUDGE, *ROTIFERS, *MICROBIOLOGY,

*EFFICIENCIES, TREATMENT, WASTE TREATMENT,
TRICKLING FILTER; SEWAGE TREATMENT, ANIMALS, WASTE
WATER TREATMENT.

ABSTRACT DIFFERENT,WASTE WATER TREATMENT PROCESSES DEVELOP
DIFFERENT CHARACTERISTICS FAUNA. THE ACTIVATED
SLUDGE PROCESS COMMONLY SUPPORTS ROTIFERS AS ITS
PRINCIPAL METAZOA, TRICKLING FILTERS SUPPORT
POPULATIONS 9F,, ROTIFERS, ROUND WORMS, AND
ANNELIDS, AND THE METAZOA OF LAGOONS VERY WIDELY,
ALTHOUGH THE METAZOA SOMETIMES CAUSE TREATMENT
PROBLEMS THEY CONSUME LARGE AMOUNTS OF BACTERIA
AND SOLIDS AND THEREFORE ARE GENERALLY HELPFUL IN
TREATMEN';. THEY ALSO BREAK UP BIOLOGICAL MASSES
ANb' EXPOtE NEW AREAS TO OXYGEN. THE ROTIFERS AID
IN KEEPING AN ACTIVELY-- GROWING BACTERIAL
POPULATION BY CONSUMING BACTERIA AND THEREBY
ENCOURAGING REPLACEMENT GROWTH:', BY CONSUMING
UNFLOCCULATED BACTERIA, THE ROTIFERS CONTRIBUTE TO
CLEARER EFFLUENCE. THEIR SECRETION CAN ALSO
.CONTRIBUTE TO FLOCCULATION OF SUSPENDED MATERIALS.
"THE BDELLOID ROTIFERS DOMINATE AS PROCESS
STABILITY IS APPROACHED. (DIFILIPPO-TEXAS)

TITLE MICROSCOPIC ANALYSIS OF PLANKTON, PERIPHYTON, AND
ACTIVATED SLUDGE. TRAINING MANUAL. t

PUB DATE JUN 76
DESC BIOLOGICAL SCIENCES; CHEMISTRY; ENVIRONMENT;

*INSTRUCTIONAL MATERIALS; LABORATORY PROCEDURES,
*MANUALS, *MICROBIOLOGY, POSTSECONDARY EDUCATION,
SCIENCE EDUCATION, *WASTE DISPOSAL, WATER
POLLUTION CONTROL, *WATER .RESOURCES, *ACTIVATED
SLUDGE, *WASTEWATER TREATMENT



ERIC NO.. ED161715
DESC.NOTE 42P,; CONTAINS OCCASIONAL LIGHT AND SMALL TYPE

RIEKAR74
ABSTRACT. THIS MANUAL IS INTENDED FOR PROFESSIONAL PERSONNEL

IN THE FIELDS OF WATER POLLUTION CONTROL,
LIMNOLOGY, WATER SUPPLY AND WASTE TREATMENT,
PRIMARY EMPHASIS IS GIVEN 'TO PRACTICE IN THE
IDENTIFICATION AND ENUMERATION OF MICROSCOPIC
ORGANISMS WHICH. MAY BE ENCOUNTERED IN WATER AND
ACTIVATED SLUDGE. MEHODS FOR THE CHEMICAL AND
INSTRUMENTAL EVALUATION OF PLANKTON ARE COMPARED
WITH THE RESULTS OF MICROSCOPIC'EXAMINATION IN AN
EXTENSIVE PRACTICAL EXERCISE. PROBLEMS OF
SIGNIFICANCE AND CONTROL ARE ALSO CONSIDERED.
(AUTHOR/BB)

.

TITLE OPERATION OF WASTEWATER TREATMENT PLANTS: A HOME
STUDY TRAINING PROGRAM.

AUTHOR _ ICERRI, K., ED.
PUB DATE 70

AVAIL DEPARTMENT OF' CIVIL ENGINEERING, CALIFORNIA STATE
UNIVERSITY AT 'SACRAMENTO, 6000 -JAY STREET,
SACRAMENTO,.CA 95819

DESC ACTIVATED SLUDGE, CHLORINATION, *INSTRUCTIONAL
. MATERIALS, MAINTENANCE, *MANUALS, *OPERATIONS

'(-WASTEWATER), PRIMARY TREATMENT, *POST SECONDARY
EDUCATION, PUMPS, SAFETY, SEDIMENTATION, SLUDGE
TREATMENT ,T, STABILIZATION LAGOONS, TRICKLING
EIlitERS,-4WASTE DISPOSAL, *WASTEWATER TREATMENT

DESC NOTE 131-P. REVISED ANNUALLY; ALSO AVAILABLE ON ERIC
MICROFICHE .ED15000S.

ABSTRACT WRITTEN BY 'EXPERIENCEVOPERATORS WITH THE INTENT'
OF PROVIDINGOPERATORS WITH THE INFORMATION THEY
NEED TO KNOW TO OPERATE THEIR PLANTS ...AS

EFFICIENTLY. AS POSSIBLE, OPERATORS, PERSONS
INTERESTED IN BECOMING OPERATORS, AND PERSONS
$TERESTED,IN THE OPERATION OF TREATMENT PLANTS
viILL FIND VALUABLE, INFO IN THE MANUAL. TOPICS
ItOVERED INCLUDE,. DESCRIPTION OF PLANTS, RACKS,
SCREENS, COMMINUTORS, GRIT REMOVAL, SEDIMENTATION,
TRICKLING FILTERS, ACTIVATED SLUDGE, SLUDGE

.,DISGESTION AND HANDLING, '.PONDS, CHLORINATION,
MAINTENANCE,',.SAFETY, MATH, LAB, RECORD.

TITLE OPERATIONAL CONTROL PROCEDURES FOR"THE ACTIVATED
SLUDGE PROCESS: APPENDIX.

'AUTHOR WEST, ALFRED W.'
PUB DATE MAR 74



DESC *ENVIRONMENTAL -TECHNICIANS, *INSTRUCTIONALMATERIALS, *JOB, SKILLS, LABORATORY TRAINING,MANAGEMENT, *MEASUREMENT TECHNIQUES, POLLUTION,*POST SECONDARY EDUCATION, WASTE DISPOSAL, *WATER
POLLUTION CONTROL, ACTIVATED SLUDGE, *WASTEWATER
TREATMENT, WATER QUALITY

ERIC NO. ED156472
EDRS PRICE EDRS PRICE MF-$0.83 HC-$2.06 PLUS POSTAGE.DESC NOTE 37P., FOR RELATED DOCUMENTS, SEE SE 024 421-423;

GRAPHS AND CHARTS MAY NOT REPRODUCE WELLISSUE RIENOV784;
ABSTRACT: THIS DOCUMENT IS THE APPENDIX FOR A SERIES OF

DOCUMENTS DEVELOPED BY THE NATIONAL TRAINING ANDOPERATIONAL. TECHNOLOGY CENTER DESCRIBING
OPERATIONAL CONTROL PROCEDURES FOR THE ACTIVATED
SLUDGE PROCESS USED IN WASTEWATER TREATMENT.
CATEGORIES DISCUSSED INCLUDE: CONTROL TEST DATA,TREND CHARTS, MOVING AVERAGES, SEMI-LOGARITHMICPLOTS, PROBABILITY PLOT EXAMPLES, TESTINGEQUIPMENT AND SYMBOLS AND TERMINOLOGY. (CS)

TITLE OPERATIONAL CONTROL PROCEDURES FOR THE ACTIVATED
SLUDGE PROCESS, PART I - OBSERVATIONS, PART II -
CONTROL TESTS.

AUTHOR WEST, ALFRED W.
PUB DATE MAY 74
DESC

*ENVIRONMENT,. *INSTRUCTIONAL MATERIALS, *JOBSKILLS, LABORATORY TRAINING, MANAGEMENT,
MEASUREMENT TECHNIQUES, POLLUTION, *POST SECONDARY
EDUCATION, WASTE -DISPOSAL, *WATER POLLUTIONCONTROL, ACTIVATED SLUDGE, *WASTEWATER TREATMENT,WATER QUALITY

'ERIC NO. ED156469
jEDRS PRICE EDRS PRICE MF-$0.83 HC-$2.06 PLUS POSTAGE.DESC NOTE 31P.; FOR RELATED DOCUMENTS, SEE SE 024 422-424;

CONTAINS OCCASIONAL LIGHT TYPE; PHOTOGRAPHS MAY
NOT REPRODUCE WELL.

ISSUE RIENOV78
ABSTRACT THIS IS. THE FIRST IN A SERIES OF DOCUMENTSDEVELOPED BY THE NATIONAL TRAINING AND OPERATIONAL

TECHNOLOGY. CENTER DESCRIBING 'OPERATIONAL CONTROL
PROCEDURES FOR THE ACTIVATED SLUDGE PROCESS' USEDIN WASTEWATER TREATMENT. PART L OF THIS-DOCUMENTDEALS WITH: PHYSICAL

OBSERVATIONS WHICH SHOULD BEPERFORMED DURING EACH ROUTINE CONTROL TEST. PART
II DISCUSSES THE CONTROL TESTS THAT ARE USED TODIRECTLY IDENTIFY PROCESS PERFORMANCE AND TO
DICTATE. PROCESS CONTROL'

ADJUSTMENTS. INCLUDED ARE
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CENTRIFUGE' TESTS, EFFLUENT TURBIDITY TESTS AND

DISSOLVED OXYGEN TESTS. (CS)

TITLE OPERATIONAL CONTROL PROCEDURES FOR THE ACTIVATED
SLUDGE PROCESS, PART CALCULATION
PROCEDURES.

AUTHOR WEST, ALFRED W:
PUB DATE DEC 73
DESC *CALCULATION, ENVIRONMENT, *INSTRUCTIONAL

MATERIALS, *JOB ,.SKILLS, LABORATORY TRAINING,
MANAGEMENT, MEASUREMENT TECHNIQUES, POLLUTION,
*POST SECONDARY EDUCATION, WAVEDISPOSAL, *WATER
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EDRS PRICE EDRS PRICE.M7-$0.83 HC-$3.50 PLUS YOSTAGE.
DESC NOTE 56P ;; FOR RELATED DOCUMENTS, SEE SE 024 421-424
ISSUE RIENOV78
ABSTRACT THIS IS THE SECOND IN A SERIES OF. DOCUMENTS

DEVELOPED BY THE NATIONAL TRAINING AND OPERATIONAL
TECHNOLOGY CENTER DESCRIBING OPERATIONAL CONTROL
PROCEDURES FOR THE ACTIVATED. SLUDGE PROCESS USED
IN WASTEWATER TREATMENT. THIS DOCUMENT DEALS
EXCLUSIVELY WITH THE CALCULATION PROCEDURES,
INCLUDING SIMPLIFIED MIXING FORMULAS, AERATION
TANK CHARACTERISTICS, ORGANIC LOADING AND
PURIFICATION PRESSURES, CLARIFIER SLUDGE FLOW
DEMAND, AND MIXING FORMULA DEVELOPMENT. (CS)

TITLE OPERATIONAL CONTROL PROCEDURES FOR THE ACTIVATED
SLUDGE PROCESS, PART III -B: CALCULATION PROCEDURES
FOR STEP-FEED PROCESS RESPONSES AND ADDENDUM NO.
1.

AUTHOR WEST, ALFRED W.
PUB DATE FEB 75

,DESC *CALCULATION, ENVIRONMENT, *INSTRUCTIONAL'

MATERIALS, *JOB SKILLS, LABORATORY TECHNIQUES,
MANAGEMENT, MEASUREMENT TECHNIQUES, POLLUTION,
*POST SECONDARY EDUCATION, WASTE DISPOSAL, *WATER
POLLUTION CONTROL, *ACTIVATED SLUDGE, *WASTEWATER
TREATMENT, WATER QUALITY

ERIC NO. ED156471
EDRS PRICE EDRS PRICE MF -$0.83 HC -$2.06 PLUS POSTAGE.

DESC NOTE 44P., FOR RELATED DOCUMENTS, SEE SE 024 421-424 3
ISSUE RIENOV78
ABSTRACT THIS IS THE THIRD IN A SERIES OF DOCUMENTS

DEVELOPED BY THE NATIONAL TRAINING AND OPERATIONAL
TECHNOLOGY CENTER DESCRIBING OPERATIONAL CONTROL
PROCEDURES FOR THE ACTIVATED SLUDGE PROCESS USED
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IN WASTEWATER TREATMENT. THIS DOCUMENT DEALS WITHTHE CALCULATION PROCEDURES ASSOCIATED WITH-A STEPFEED °PROCESS. ILLUSTRATIONS AN5 EXAMPLES. AREINCLUDED TO EMPHASIZE HOW THE ACTIVATED' SLUDGE
PROCESS REACTS TO,'CHANGES IN WASTEWATER FEED-POINT
LOCATIONS. THE SUMMARY ILLUSTRATES THE TYPES OFCHANGES THAT OCCUR WHEN A PLUG-FLOW SYSTEM; ISSWITCHED TO VARIOUS STEP-FEED COMBINATIONS. (CS)

TITLE. OPERATIONAL CONTROL TESTS FOR THE ACTIVATED SLUDGE
PROCESS - PART I (XT-40)-.

AUTHOR WEST, A.W.:
PUB DATE 71
DESC *AUDIOVISUAL AIDS, *INSTRUCTIONAL MATERIALS

*LABORATORY PROCEDURES,
POLLUTION, *POST. SECONDARY

EDUCATION, WATER POLLUTION CONTROL, *SLUDGE,*SOLID WASTES, WASTEWATER TREATMENT,' *ACTIVATEDSLUDGE
DESC NOTE INCLUDED IS A 16 MINUTE/ TAPE, 51' SLIDES, ALSO A

SCRIPT. AVAILABLE ON LOAN FROM -14TOTC, J6 W ST,
CLAIR, CINCINNATI, OHIO 45268

.ABSTRACT THIS MODULE IS DESIGNED FOR WASTEWATER wow
OPERATORS WHO WISH TO UPGRADE PLANT PERFORMANCE.
AND TO INCREASE THEIR OWN KNOWLEDGE AND SKILLS.THIS IS PART ONE OF 'A THREE-PA4T LESSON SERIES,ON OPERATIONAL ,CONTROL FOR THE ACTIVATED
SLUDGE PROCESS. ENTITLED BSERVATIONS, THISFIRST PART IS CONCERNED WITH THE ACCURATE READING.OF METERS AND WITH THE VISUAL OBSERVATIONS TO BEMADE BOTH: AT THE AERATOR (FOAM CHARACTERISTICS,,'SLUDGE, COLOR, AND ODOR) AND AT- THE FINAL.CLARIFIERS (CLARITY, EVIDENCES OF BULKING-AND OFSEPTIC SOLIDS). PROVISIONAL INTERPRETATIONS TO BEMADE OF THESE VISUAL

OBSERVATIONS ARE PRESENTED,
AND THE EFFECTIVE USE OF A SLUDGE BLANKET FINDER.IS DISCUSSED IN DETAIL..(AUTHOR/JK) -

TITLE OPERATIONAL CONTROL TESTS FOR THE ACTIVATED SLUDGEPROCESS -PART, II XXT-41).
AUTHOR WEST, A. W.
PUB DATE 71::
DESC *AUDIOVISUAL AIDS, *INSTRUCTIONAL MATERIALS,

*LABORATORY PROCEDURES, POLLUTION, *POST SECONDARY
EDUCATION, *SOLID WASTES, WATER POLLUTION CONTROL, -4*SLUDGE,' WASTEWATER TREATMENT, *ACTIVATED SLUDGEDESC NOTE INCLUDED IS A 17 MINUTE TARE, 47 SLIDES AND A
SCRIPT. AVAILABLE ON LOAN FROM NTOTC, 26.W. ST.

. CLAIR, CICINNATI, OHIO 45268
1
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PERFORMANCE. AND TO INCREASE THEIR OWN KNOWLEDGE
AND SKILLS. THIS IS PART TWO OF A THREE-PART
LESSON SERIES ON OPERATIONAL CONTROL TESTS FOR THE
ACTIVATED. SLUDGE PROCESS. THIS PART IS A DETAILED
DISCUSSION OF THE PREFERREa.TECHNIQUES.INVOLVED IN
CONDUCTING SETTLOMETER TESTS'TO DETERMINE SETTLING
CHARACTERISTICS AND IN CENTRIFUGING SAMPLES TO
DETERMINE. THE CONCENTRATION OF MIXED LIQUOR AND
RETURN SLUDGE. HANDLING THE RELATED. SAMPLES IS

INCLUDED ALONG WITH pkovikoNAL INTERPRETATIONS
AND APPLICATIONS OF THE TESTS. (AUTHOR/JK)

TITLE OPERATIONAL CONTROL FESTS FOR THE ACTIVATED SLUDGE
. .

PROCESS - PART III (XT-42).
AUTHOR WEST, A. W..
-PUB DATE 71

DESC *AUDIOVISUAL AIDS, *INSTRUCTIONAL MATERIALS,
*LABORATORY PROCEDURES, POLLUTION.,..*POST SECONDARY.
EDUCATION, *SOLIDWASTES, WATERPOLLUTION CONTROL;
*SLUDGE, WASTEWATER TREATMENT, *ACTIVATED SLUDGE

DESC NOTE INCLUDED IS A 22 MINUTE TAPE, 67 SLIDES, AND-A
SCRIPT. AVAILABLE-ON LOAN FROM NTOTC; 26 W. ST.

CLAIR, CINCINNATI, OHIO 45268
ABSTRACT THIS MODULE IS DESIGNED FOR EXPERIENCED WASTEWATER

WORKS OPERATORS." WHO WISH TO UPGRADE PLANT
PERFORMANCE AND TO INCREASE ;HEIR OWN KNOWLEDGE
AND 'SKILLS. THIS IS PART THREE OF A THREE-PART
LESSON SERIES ON OPERATIONAL CONTROL'TESTS FOR THE
ACTIVATED SLUDGE PROCESS. THIS CONCLUDING PART
PRESENTS DEVELOPMENT OF SETTLING -- AND
CONCENTRATION -CURVES, FROM SETTLOMETER AND
CENTRIFUGE TESTS RESULTS, TECHNIQUES .:FOR

CONDUCTING TURBIDITY: TESTS AS WELL AS .THE

SIGNIFICANCE OF TURBIDITY RESULTS, A SUMMARY, OF
ALL THE TESTS PRESENTED-IN.THE THREE -PART SERIES, .

THE CONTROL ADJUSTMENTS WHICH ARE MADE ON THE
BASIS OF THESE TEST RESULTS, AND PROGRESSIVE TREND
CHARTS OF PROCESS CHARACTERISTICS. (AU'IHOR/k)

TITLE OXYGEN ACTIVATED. SLUDGE CONSIDERATIONS FOR
INDUSTRIAL APPLICATIONS.

AUTHOR, ADAMS, C. E.; JR.; ECKENFELDER, W. W., JR.; KOON,
J: H.; SHELBY, S. E.

CORP AUT14 AWARE, INC., NASAVILLE, TN.
PUB DESC AVAILABLE FROM COPYRIGHT CENTER, INC.; NEW YORK,

NY AS 0065-8812-78-9754-0178 .$0.95). IN:

WATER- -1977, AICHE .SYMPOSIUM SERIES, 'VOL 74-, NO

178, EDITED BY G. F. 'BENNETT,. P 93 -101, 1978,

FIG, 6 REF.
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KEYWORDS *ACTIVATED SLUDGE,:. *WASTE7-; WATER TREATMENT,*INDUSTRIAL WASTE, *OXYGENATION, *BIOLOGICAL'TREATMENT, *EVALUATION, WASTE TREATMENT, AERATION,HYDROGEN ION CONCENTRATION, ORGANIC COMPOUNDS,SLUDGE, SUSUNDEU "SOLIDS, ECONOMICS, COSTS,APPRAISALS, INSTALLATION:: COSTS;' OPERATING COSTS,ODOR.
.. ,ABSTRACT A NUMBER OF FACTORS

ARE DISCUSSED WHICH MUST- BEEVALUATED WHEN ASSESSING THE.RELATIVE .MERITS. OFAIR OXYGENTED VERSUS 'PURE. OXYGEN 'OXYGENATEDACTIVATED SLUDGE SYSTEMS -FOR.:INDUSTRIAL USE.ORGANIC REMOVAL KINETICS MAY PLAY AMORE. IMPORTANTROLE IN TREATING INDUSTRIAL
WASIaS'THAN MUNICIPAL

WASTES BECAUSE OF THEIR STRENGTELIT IS SHOWNTHAT A HIGHER. DISSOLVED .OXYGEN ',LEVEL IN THEAERATION BASIN WILL
RESULT.IN.A-HIGHER .RESISTANCETO ORGANIC.SHOCK, LOADINGS

AND:A:MORE:AEROBIC FLOC.A HIGHER,
BECAUSE OF THE ENCLOSURE OFTHE AERATION BASIN IS. AN ADVANTAGE OF THE PURE''OXYGEN SYSTEM, ESPECIALLY- COLD CLIMATES.EQUILIBLRUM OF .THE 'AERATION :BASIN- PH CAN BE. A,PROBLEM WITH THE PURE OXYGEN SYSTZ BECAUSE ITINTAILS A SLIGHTLY LOWER ,PH. 47ITH'HIGHLY ACIDIC-

INDUSTRIAL. WASTE WATERS,-TT MAY BE DIFFICULT. TO.MAINTAIN PH TO AN ACCEPTA/LE.RA1GE
BETWEEN6.5 AND:7.5.' ALSO, THE

ENCLOSED-OKYGE4SYSTEM MAY RESULTIN DIFFICULTIES BY RETAINING '.VOLATILE ORGANICS.WHICH CAN'INHIBIT THE SYSTEM.PURE OXYGEN SYSTEMS-
ARE PREFERABLE. TO AIR' 04.4"EN'SYSTEMS FOR CONTROLOF ODORS .AND SUSCEPTIBILITY' TO SHOCK LOADINGS.ANOTHER FACTOR TO BE' CONSIDERED IS MIXED LIQUOR:
VOLATILEesSUSPENDED SOLIDS

CONCENTRATIONS WHICH CANBYE HANDLED EFFECTIVELY BY BOTH SYSTEMS Ig THEY ARE.-..PROPERLY DESIGNED; HOWEVER, THE.. PURE OXYGEN SYSTEM'..DOES HAVE THE ADVANTAGE OF BEING' ABLE TO SUPPLY4',,SUFFICIENT OXYGEN TO MAINTAIN RELATIVELY. HI1:51.MIXED LIQUOR. OR SOLIDS :LEVELS WITHOUT REQUIRINGUSE OP HIGH POWER LEVELS.WHICH WOULD' PROMOTE
BREAK-UP OF FLOC PARTICLES.

'ECONOMICALLY,. A1UREOXYGEN SYSTEM COSTS MORE TO CONSTRUCT EUT:.MAY
OFFER SUBSTANTIAL. SAVINGS IN OPERATING COSTS,:
BASED MOSTLY ON THE POWER

REQUIREMENTS TO ACHIEVE:THE NECESSARY DISSOLVED OXYGEN CONCENTRATION. (SEEALSO W79400342) (MAJTENYI-IPA)

TITLE PERFORMANCE OF CIRCULAR FINAL ARIFIERS AT AN
ACTIVATED SLUDGE PLANT

. .

AUTHOR MUNCH, W.. L.; FITZPATRICK, J. A.CORP AUTH METROPOLITAN SANITARY DISTRICT OF GREATER. CHICAGO
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PUB:.DESC JOLIRNAL WATER POLLUTI4PiT,6ONTROL:FEDERATION, "
,,.VOL 50, NO 2,* P265-276, FEBRUARY, 1978. 10 FIG,

10 REF.,

KEYWORDS *ACTIVATED SLUDGE, *SETTLING BASINS, *HYDRAULIC

MODELS,' -*SOLID; WASTES, *SEPARATION _TECHNIQUES,
SUSPENDED::SOLIDS,YDRAULICS, EFFLUENT:. STREAMS,
PERFORMANCE', WASTE WATER TREATMEisit:: MUNICIPAL,...

WASTES.

ABSTRACT THE PERFORMANCE' OP A 38 M;70fAH CIRCULAR
CENTERFEED- CLARLFIER7WAS' EVALUATED UNDER VARYING
CONDITIONS OF HYDRAULIC AND SOLIDS LOADING AT AN

':-.ACTIVATED *SLUDGE 'TREATMENT FACILITY IN :CHICAGO,

ILLINOIS. LIMITING THE EFFLUENT FLOW- TO 0.66 CU
M/SEC WITH A 30% RETURN RATE ALLOWED A MAXIMUM /
SOLIDS LOADING RATE FOR EFFICIENT CLARIFICATION OF4
146 KG/SQ M/DAY AT A MIXED LIQUOR CONCENTRATION OF
2,500.MG/LITER. -HIGHER FLOW RATES. WERE POSSIBLE
WHEN: .THE MIXED ...0bOR CONTENT WAS DECREASED.,'

HIGHER SOLIDS LOADING RATE WAS ACCOMMODATED BY*tHE
CLARIFIER WHEN THE .HYDRAULIC LOADING...RATE WAS

.MA;NTAINED BELOW 0483.'CU.M/SEC, ;VERIFYING THE

.DEPENDENCE OF SOLIDS LOADINGAN'WORAULIC LOAD. AN
INCREASE IN THE THICKNESS .OFTHSCUDGE BLANKET;
OCCURRING AT THYDRAULI?..I.LOADING IN EXCESS OF 0.83
CU M/SEC AT A.30 % RETURN, THREATENED THE SOLIDS

'SEPARATION EFFICIENCY OF THE CLARIFIER. SLUDGE
BLANKET LEVEL, soups SETTLEABILITY4 AND HYDRAULIC
LOADING REPORTEDLY HAD. A GREATER IMPACT ON

CLARIFIER SOLIDS SEPARATION PERFORMANCE THAN SHOCK
. HYDRAULIC LOADING: :THE ACTUAL MAXIMUM; SOLIDS

LOADING* RATE WAS -: SIGNIFICANTLY LOWER :THAN THE

THEORETICAL MAXIMUM. (LISKFIRL)I

TITLE PRIMARY TREATMENT AND SLUDGE DIGESTION WORKWP.
PUB UATE .. SEP-77

AVAIL ,- .PUSLICATIONS CENTRE, ONTARIO- MINISTRY OE

GOVERNMENT SERVICES, 880 BAY .ST., 5TH FLOOR,

TORONTO, ONTARIO, CANADA M7A IN8 ($2.00; ORDERS

MUST. BE ACCOMPANIED BY CHECK OR MONEY ORDER

PAYABLE TO "THE 'hEASURER OF ONTARIO")
DESC *BEHAVIORAL. OBJECTIVES; *ENVIRONMENTAL 'EDUCATION;,_

ENVIRONMENTAL TECHNICIANS, EQUIPMENT, JOB
*POLLUTON, SAMPLING, WASTE DISPOSAL, *WATER

'POLLUTION CONTROL, *WORKSHOPS, ONTARIO, *SLUDGE,
*WASTEWATER TREATMENT

ERIC NO. ED155002
EDRS PRICE EDRS'PRICE MF$0.83 PLUS POSTAGE. HC NOT AVAILABLE

FROM. EDRS.
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DESC NOT269P;FOR RELATED POCUMENTS-; *SEE SE 024 226-233,
NOT ;AVAILABLE IN COPY DUE TO COpYRIGHT

,

RESTRICTIONS; CONTAINS COLORED PAGES WHICH MAY NOT
NOT REPRODUCE WELL

I SUE RIEOCT78 : ;

ABSTRACT THIS .- MANUAL WAS DEVELOPED so* USE.-- AT WORKSHOPS
DESIGNED TO UPGRADE THE KNOOLEDGE .OF EXPERIENCED-
WASTEWATER TREATMENT PLANT OPERATORS., EACH OF THE
SIXTEFN LESSONS. HAS Q.LEARLY STATED BEHAVIORAL
OBJECTIVES TO TELL:THE RAINEE WHAT HE SHOULD KNOW
OR DO AFTER COMPLETING THAT TOPIC. COVEREDIN THIS MANUAL INCLUDE: SEWAGE CHARACTERISTICS;
COLLECTION, TREATMENT, AND SEDIMENTATION; AEROBICAND ANAEROBIC DIGESTION;

. SAMPLING AND
INTERPRETATION; MONITORING AND dONTROL; AND
SELECTED TESTS. (CS)

TITLE PROCESS CONTROL BY OXYGEN-UPTAKE AND SOLIDS.. .ANALYSIS.-
AUTHOR "-. 'BENEFIELD, ; RANDALL, C.,,Y4-;: KING, P. H.,CORP AUTH.: MISSISSIPE'LSTATE

UNIV. , -MIS SS..PP:r STATE:- DEPT. ;OF CIVIf ENGiNEERING.
AVAIL JOURNAL' WATER' POLLUTION CONTROL FEDEATION;

47,..NO 10; P 2498-2503, ocrosa; 1975. 2 FIG,-
7IDEN- . PROCESS CONTROL, '*OXYGEN-UPTAKE, *SOLIDS ANALYSIS,

-.CLARIFIERS, SLUDGE AGE, SLUDGE WASTING, SUBSTRATE
CONCENTRATION.

KEYWORDS OK'GEN,-- *SOLIDS, CONTACT. PROCESSES, WAStE ATER ".TREATMENT, *ACTIVATED. SLUDGE, ANALYSIS, SLUDGE
T.REAThENT, MICROORGANISM, MA2156kTICS, CONTROL ..SYSTEMS.

A BS TRACT THE MOST. COMMON METHd:DS USED BY PLANT OPERATORS TO.CONTROL THE. ACTIVATED SLUDGE PROCESS' AREDISCUSSED. THE..21'IH:g0RETI.CAL. BASIS FOR ANOTHER- METHOD HAVING 'CERTAIN" ADVANTAGES. OVER THE . OTHERS
WAS:STUDIED. FOUR CONTROL METHOD'S IN. COMMON USE
ARE: SLUDGE WASTING TO MAINTAIN A CONSTANT MASS; OFORGANISMS IN'- THE SYSTEM; SLUDGE WASTING: TOMAINTAIN A CONSTANT SPECIFIC :RATE OF,
UTILIZATION; SLUDGE WASTING-TO` MAINTAIN A CONSTANT
SLUDGE AGf..*; AND HYDRAULIC COT*. 70IINTAI.:1 A
CONSTANT SLUDGE AGE. THE LAST -.TWO, IN.' WHICH THE
SLUDGE AGE IS KEPT CONSTANT, ARE THE MOSTFAVORABLE ONES. THE MAJOR WEAIGNESS IN THESE .METHODS IS THE CONTINUAL SHIFTING IN THE SOLIDS
BALANCE BETWEEN . THE AERATION. TANK . THE s:
t,I.A.RIFIER AS THE -INFLUENT FLOW- RATE'--DEVIATES..0!k..-.,,:
N'E4.; . METHOD IS PROPOSED IN WHICH,.

'
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SEPARATE. AT A RATE SUCH- THAT THE SOLIDS

CONCENTRATION IS MAINTAINED IN THE SLUDGE RETURN
LINES AND NO MICROBIAL GROWTH OCCURS IN THE

SECONDARY CLARIFIER. ADVANTAGES. OF THIS METHOD
INCLUDE: THE EFFECT OF THE FLUCTUATING SOLIDS
LEVEL IN THE SECONDARY CLARIFIER IS MINIMIZED; ANY
CHANGE IN THE 'INFLUENT SUBSTRATE. CONCENTRATION
WILL BE REFLECTED IMMEDIATELY IN .THE OXYGEN UPTAKE
RATE; AND LOADING FLUCTUATIONS CAN BE COMPENSATED
FOR BY 'yARYING THE .INTERVAL .BETWEEN. CONTROL
PERIODS. DISADVANTAGES OF THIS METHOD INCLUDE:"THE
REQUIREMENT FOR A LABORATORY STUDY TO DETERMINE
CkANGES. IN. THE CONSTANTS; MORE OPERATOR ATTENTION"
THAN IS REQUIRED' IN THE HYDRAULIC METHOD FOR
CONTROLLING SLUDGE .AGE; :.AND MATHEMATICAL
MANIPULATIONS ARE REQUIRED THAN IN ANY OTHER OF
.THE, METHODS. (PINTO-FIRL).

TITLE PROCESS CONTROL DEMANDS - PART A (XT-80)
WEST,. A.:

PUB DATE NOV 72
DESC *AUDIOVISUAL AIDS; *INSTRUCTIONAL MATERIALS;

POLLUTION; *POST 'SECONDARY EDUCATION; SLIDES;

WASTiS; *WATER POLLUTION CONTROL, *ACTIVATED
SLUDGE, *OPERATIONS (WASTEWATER)

DESC NOTE INCLUDE IS A 10 MINUTE TAPE, .19 SLIDES, AND A
SCRIPT. AVAILABLE ON LOAN FROM NTOTC, 26 W. ST.

CLAIR-, CINCINNATI, OHIO 45268
ABSTRACT -THIS MODULE IS;;DESIGNED FOR EXPERIENCED WASTEWATER

`WORKS :OPERATORS WHO DESIRE TO, UPGRADE PLANT,

PERFORMANCE AND TO INCREASE- THEIR OWN KNOWLEDGE
AND SKILLS. PROVIDED IS AN INTRODUCTION TO

SERIES OPERATIONAL CONTROL OF ;AN . ACTIVATED

SLUDGE PROCESS. A PLANT SCHEMATIC IS USED TO

PRESENT" THE ,EFFECTS 'OF RETURN SLUDGE FLOW
ADJUSTMENTS ON- SLUDGE.: CONCENTRATIONS, SLUDGE
DETENTION TIMES, PROCESS ..EQUILIBRIUM, SLUDGE

CHARACTERISTICS, AND FINAL EFFLUENT .QUALITY.
(AUTHOR/A)

,

TITLE' PROCESS CONTROL DEMANDS - PART B (XT-61).
WEST, A.'.

,PUB DATE NOV 72
DESC." *AUDIOVISUAL AIDS, *INSTRUCTIONAL MATERIALS,

POLLUTION, *POST ,SECONDARY EDUCATION:, *TECHNICAL-
EDUCATION, *WATER POLLUTION CONTROL, *PLANT.

OPERATIONS; *WASTEWATER TREATMENT; SLUDGE,

*ACTIVATED SLUDGE



DESC NOTE

ABSTRACT

TITLE

AUTHOR
PUB DATE
DESC

ERIC NO.
EDRS PRICE
DESC NOTE `

ISSUE
ABSTRACT

.

- -
INCLUDED IS A 15 MINUTE TAPE AND A SCRIPT.
AVAILABLE ON LOAlli FROM. NTOTC, 26 'W.-, ST. CLAIR,
CINCINNATI, OHIO 45268

.

THIS MODULE \IS DESIGNED FOR 'EXPERIENCED WASTEWATER
WORKS OPERATORS O WISH TO UPGRADE PLANT _

PERFORMANCE AND TO INCREASE THEIR OWN KNOWLEDGE
AND SKILLS. ONE OF A SERIES, THIS MODULE PRESENTS
THE DERIVATION OF MIXING FORMULA THAT WILL BE USE
IN SUBSEQUENT. SECTIONS. TO DEVELOP THE RETURN\
SLUDGE FLOW DEMAND FORMULA USED IN OPERATIONAL
CONTROL OF AN ACTIVATED SLUDGE PROCESS.
SCHEMATIC IS USED TO ILLUSTRATE COMPONENTS OF THE
FORMULA AND TO,DEVELOP.A FINAL MASS BALANCE RATIO.
OF RETURN SLUDGE ,CONCENTRATION :TO MIXED LIQUOR
CONCTRATION IN TERMS OF CLARIFIER SLUDGE
PERCENTAGE. SIMPLE MIXING FORMULAE ARE THEN
DERIVED FOR. EACH OF THE THREE FACTORS ALONG WITH
EXAMPLE CALCULATIONS. (AUTHORJJK)

PROCESS DESIGN MANUAL: WASTEWATER TREATMENT..
FACILITIES FOR SEWERED SMALL COMMUNITIES.
LEFFEL, R. ..; AND OTHERS
OCT 77

.*ENGINEERING, ENVIRONMENT, ' *INSTRUCTIONAL
'MATERIALS,. *MANUALS, POLLUTION, *POST SECONDARY
EDUCATION,' SCIENCE EDUCATION. TECHNICAL REPORTS,
*UTILITIES,

. *WASTE DISPOSAL,. WATER POLLUTION
CONTROL, WATER RESOURCES, *WASTEWATER TREATMENT,
*OPERATIONS (WASTEWATER), RURAL AREAS
EDI62869

EDRS PRICE MF-$1. 0 HC-$26.I1 PLUS POSTAGE.
496P.;, FOR RELATE& DOCUMENTS, SEE SE 025:368-370
RIEAPR79
-THIS. MANUAL ATTEMPTS TO DESCRIBE NEW ,TREATMENT.-
METHODSAND DISCUSS :THE -.APPLICATION OF NEW
TECHNIQUES FOR MORE EFFECTIVELY REMOVING A BROAD
SPECTRUM OF CONTAMINANTS FROM WASTEWATER. TOPICS
COVERED INCLUDE: FUNDAMENTAL DESIGN
CONSIDERATIONS; EQUALIZATION; HEADWORKS.I
COMPONENTS, .CLARIFICATION '70F.- RAW WASTEWATER,.ACTIVATED SLUDG:Ei PACKAGE .PLANT, 7 FIXED GROWTH
SYSTEMS, WASTEWATER.TREATMENT',p0NDS, FILTRATION:.
AND,..MICROSCREENINGt;PHYSICAL-CHEMICAL TREATMENT, --
NUTRIENT REMOVAL, SLUDGE AND PROCESS SIDESTREAK.
HANDLING:DISINFECTION AND POSTERATION, OPERATION7
AND MAINTENINCE, AND COST::EFFECTIVENESS. .A'''
GLOSSARY 1$ ALSO:INCLUDED.- (AUTHbk/BB)

INSTITUTION
NAME ' CAMP, DRESSLER& MCKEE, INj, BOSTON, MASS./
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TITLE ROLE OF ACTIVATED SLUDGE FINAL SETTLING TANKS
AUTHOR' DICK, RICHARD I.
.CORP AUTH. ILLINOIS UNIV., URBANA. DEPT. ,OF CIVIL

ENGINEERING. .

AVAIL JOURNAL OF THE SANITARY ENGINEERING. DIVISION,
ASCE, VOL 96, NO SA2, P 423-436, APRIL 1970.
10 FIG, 17 REF. .

,.

...

IDEN *THICKENING, *FINAL SETTLING TANK, *FLUX RATE, '.2

CLARIFICATION, SUSPENDED SOLIDS. -. .

KEYWORDS *ACTIVATED SLUDGE, SEWAGE TREATMENT,
SEDIMENTATION, *WASTE WATER TREATMENT. .

ABSTRACT THE FINAL.ISETTLING TANK-IN THE ACTIVATED SLUDGE-
:PROCESS 'HAS TWO FUNCTIONS: CLARIFICATION AND
THICKENING. CONVENTIONAL DESIGN PROCEDURES. HAVE '
CONSIDERED ONLY THE CLARIFICATION FUNCTION.
HOWEVER, INADEQUATE PERFORMANCE OF THICKENING
FUNCTIONS PRODUCES ADVERSE EFFECTS, INCLUDING:`
LOSS OF. SUSPENDED SOLIDS TO THE'',EFFLUENT AND
INSUFFICIENT SUSPENDED SOLIDS CONCENTRATION IN THE
SLUDGE. RECYCLE WHICH LEADS TO LOWER MIXED ' Q1JOR,

Aqii;SUSPENDED SOLIDS CONCENTRATIONS, IN 'THE ION-
TANK: TO ASSURE PROPER PERFORMANtE OF THE FINAL

1 -SETTLING TANK THE TANK SHOULD BE SIZED FOR EACH
FUNCTION. AND THE LARGER SIZE SHOULD GOVERN --THE
DESIGN. THE,AREA REQUIRED FOR THICKENING MUST BE
'SUFFICIENT SO THAT SOLIDS ARE APPLIED TO THE TANK
AT A RATE LESS THAN THE RATE AT WHICH SOLIDS ARE
ABLE TO. REACH THE BOTTOM OF THE. TANK. THE RATE
WHICH BIOLOGICAL. SOLIDS-REACH THE BOTTOM OF THE
'TANK IS TERMED. THE FLUX RATE. ,CHARACTERISTICALLY,
THISFLUX RATE PASSES THROUGH A MINIMUM FOR SOME
CONCENTRATION OF ACTIVATED SLUDGE PRESENT IN THE
SETTLING TANK. THIS MINIMITWFLUT RATE ACTS AS A
BOTTLENECK AND GOVERNS THE AREA 'REQUIRED FOR
-THICKENING-,:- SEVERAL .METHODS FOR DETERMINING THE
LIMITING CAPACITY" ARE GIVEN. IN. AN ILLUSTRATIVE
EXAMPLE. (D4ILIPPOTEXAS)
.

.

SEWAGE TREATMENT: BASIC-PRINCIPLES AND TRENDS.TITLE
AUTHOR BOLTON, R. L.;KLEIN, L.

76,
--- AVAIL ANN ARBOR SCIENCE PUBLISHERS, P.O. BOX 1425, ANN

.7 = ARBOR, MI 481.06

DESC CALC5LATIQN, *CHEMICAL ANALYSIS, CHEMISTRY,
ENVIRONMENTAL INFLUENCES, *INSTRUCTIONAL.

r MATERIALS; MEASUREMENT TECHNIQUES,. POLLUTION,'
*POST SECONDARY EDUCATION, *PUBLIC HEALTH, *WASTE
DISPOSAL, WATER QUALITY, *WATER POiLUTIONsCONTROL,
*OPERATIONS (WASTEWATER), *WASTEWATER_TREATMENT
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ABSTRACT PROVIDED IS INFORMATION ON THE BASIC PRINCIPLES OF
THE PROCESSES OF. SEWAGE TREATMENT; ESPECIALLY. ASIT RELATES TO THE CHEMISTRY OF SEWAGE TREATMENT.THE TEXT. DISCUSSES THE NATURE OF' SEWAGE AND.
CHEMICAL ANALYSIS AND THEY PROCEEDS THROUGH THE
TREATMENT. PROCESSES:..-TO., .FINAL DISPOSAL. THE LAST
CHAPTERS DEAL. WITH CURRENT TRENDS IN THE FIELD OF
WATER POLLUTION CONTROL AND ..CHEMICAL
CALCULATIONS. CONVERSION TABLES FOR BRITISH METRIC
UNITS .ARE INCLUDED -IN THE APPENDIX. ..

TITLE SEWAGE TREATMENT PLANT DEPENDABILITY WITH SPECIAL
(REFERENCE TO THE ACTIVATED SLUDGE PROCESS.

AUTHOR WEST, A. W.
CORP AUTH NATIONAI, FIELD INVESTIGATIONS CENTER CINCINNATI,OHIO.
AVAIL. AVAILABLE FROM THE NATIONAL TECHNICAL INFORMATION

SERVICE, SPRINGFIELD, VA 22161, AS PB-231. 070,$3.25 IN PAPER DOPY.. $2.25 IN MICROFICHE, MARCH,1971. 12 P.'
KEYWORDS *SE-7.WAGE 'TREATMENT, *DESIGN CRITERIA, '>*OPERATION

AND MAINTENANCE, FACILITIES, *ACTIVATED SLUDGE;
BIOLOGICAL TREATMENT, WATER .POLLUTION CONTROL,
WATER QUALITY CONTROL, *TREATMENT FACILITIES,
*WASTE WATER TREATMENT.

.

ABSTRACT THIS WORK IS A REFERENCE FOR SEWAGE TREATMENT
PLANT DEPENDABILITY LECTURES PRESENTED AT TRAINING
SESSIONS, SYMPOSIA, AND WORKSHOPS. DESIGN
CONSIDERATIONS ..NECESSARY TO ACHIEVE CONSISTENTLY
SATISFACTORY "PLANT PERFORMANCE AND FINAL. EFFLUENT
QUALITY INCLUDE THE PROPER TREATMENT PROCESSES, A.
GENEROUS' PLANT CAPACITY,, ESSENTIAL FLEXIBILITY,
AND TRUE CONTROLLABILITY -OF THE PLANT. TIIE
TFtEAT!.1ENT. PROCESS OR MODIFICATION MOST APPROPRIATE
TO THE KNOWN "WASTE CHARACTERISTICS AND. EFFLUENT
QUALITY REQUIREMENTS SHOULD BE CHOSEN. EXAMPLES
INCLUDE THE CLASSIC ACTIVATED SLUDGE PROCESS, THE
CQNPLETE MIX. MODIFICATION AND THE STEP AERATION
MOD1-FICATION. PILOT _STUDIES ON..4..BENCH-, PILOT,. OR
DEMONSTRATION SCALE: MAY BE PERFORMED TO RESOLVE
UNCERTAINITIES ABOUT THE CORRECT PROCESS TO.. CHOOSE. THE SUGGESTIONS CONTAINED IN DESIGN
CRITERIA MANUALS .SUCH. AS THE- "lbSTATES STANDARDS".
SHOULD BE CONSIDERED' AS MINIMUM REQUIREMENTS.
1tEgnEli.)E. TO PROVIDE '.ADEQUATE SAFETY FACTORS TO

DEPENDABILITY. ITEMS. DISCUSSED UNDER
.FLEKIBILITy OF A PLANT INCLUDE: PROCESS; AERATIONtAN1p ; uEINA:;'CLARIFIERS; RETURN SLUDGE PUMPING

ILIT'IE9;i. E'XCBSS SLUDGE WASTING; . EMERGENCY-;,-;.



CHEMICAL TREATMENT; SLUDGE-HANDLING FACILITIES;
EQUALIZING TANKS;'AND HOLDING PONDS. THE ACTIVATED
SLUDGE- SYSTEM IS A CONTROLLABLE. PROCESS THAT

SHOULD HAVE THE APPROPRIATE METERS AND ACCURATELY
CONTROLLABLE GATES, VALVES; PUMPS, AND BLOWERS'FOR
OPTIMUM PERFORMANCE. 'QUALIFIELrERATORS ARE

NEEDED TO ACHIEVE THE HIGH QUALITY-EFFLUENT THAT
CAN BE PRODUCED BY A PROPERLY .DESIGNED WASTE

TREATMENT PLANT; DEDICATED, EXPERIENCED OPERATORS
ARE NEEDED EVEN MOREAT:pLANTS WHICH HAVE OESIGN
DEFECTS. (ORR-FIRL).,,..

TITLE
. .___

START-UP MUNICIPAL ,WASTEWATER TREATMENT

.FACILITIES. :
.

AUTROR"'
.

RAD#X,,R. .D.; GREEN, R.-L.; PAGE, G. L.,,JR.
CORP AUTH WILEY A10 WILSON,"INCNCHBURG, VA _

AVAIL: . ...FOR SALE'BY THE. SUPERINTENDENT OF_DOCUMENTSi,U.S.' *.

GUERN4LNT:PRINTING OFFICE, WASHINGTON, D.C. 20402
.PRICE" $1:40 ENVIRONMENTAL. 'BROTECTION- AGENCY, -

WASHINGTON; bC;OFFICE bE WATER-PROGRAM'ADURATION,
REPORT EPA-4019-7747008;',,DECEMBEEC'105:_7015, 3

FIG.,Z TAB, 42 REF. EPA. CONTRACT 68,-01-0341.

IDEN PROCEDURES, EROCESS,-..2:SeED SLUDGE, : STAFFING,

'STANDARD OPERATING PROCEDURES; SITE MEETINGS,

ININTORY -.INSPECTION PRETESTING, OPERATOR

TRAINING, SETTLEABLE SOLIDS, TOTAL SOLIDS,

VOLATILE SOLIDS; ,VOLATItE 'ACIDS, MIXED.,:;LIQUOR

117 SUSPENDED SOLIDS. : --
KEYWORDS. *ADMINISTRATIVE DECISIONS, *TREATMENT FACILITIES,

*WASTE WATER TREATMENT, *OPERATIONS, *LABORATORY
TESTS, *SAMPLING, TESTING, ANALYSLS, CONTROLS,.

ACTIVATED -.SLUDGE; TRICKLING FILTER, OXIDATION ,

LAGOONS ;.. ANAEROBIC.. .DIGES ION, SAFETY,

it)

CHLORINATION nip ;CHLORINATION, SUSPENDED- s tD4OGEN ION ..

,CONCENTRATION,.. ALKALINITY; BI CHEMICAL '',.OXYGEN

DEMAND, -,..ZHMICAL OXYGEN DEMAND- 4Rt::-TREATMENT

''(WATER), SEWAGE TREATMENT. .. -

.

. ,

ABSTRACT 'TH'IS'' MANUAL PROVIDES 'GUIDANCE -'FOR PUTTING INTO ..

1.:'..' INITIAL OPERATION MUNICIPAL WASTEWATER TREATMENT *..

PLANT, A NEW ADDITION10 AN EXISTING TREATMENT
PLANT, 011'7 A.:CHAI4GEIN'THE MODE OF TREATMENT'.

PLANT!S OPERATION' S TRATTHE TREATMENT PLANT OR
PROCESS. WILL EFFEC IVELY. TREAT THE WAliFEWATER IN

.:COMPLIANCE . WITH.- SPECI IC "CONDITIONS -AND
LIMITATIONS' ESTABLIS R TREATMENT FACIL#Y.
THE MANUAL WAS DEVELOPED ANDPREPAREIS WITH THE AID:

COOPERATION OF WASTEWATER TREATMENT PLANT

OPERATORS:AND SUPERINTENDENTS, START-UP EXPERTS,
THE ACADEMIC . COMMUNITY, MANUFACTURERS .AND'.-,
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."4
SUPPLIERS OF WASTEWATER TREATMENT PLANT EQUiPkEAT,AND A LITERATURE

REVIEW OF WASTEWATER'
TREATMENT:PLANT. -OPERATIONS AND ;,42PdOGNIZR'. STARTUPTECHNIQUES. INFOWATION IScPtiOigDEDDN PREPARING.FOR.ACTUAL TREATMENT

PLANT-.StARt-UP.*PREPARATIONSFOR START-UP: INCLUDE: 7STAFFING THE, PLANT,:DEVELOPING STANDARDDARD OPERATING4ROCEDURES;.DRY- ANDWET-RUN' TESTING OF EQUIP:WIT, ONSITE OPERATORTRAINING, SAFETY,' ANDL,ESTABLISHING PROCEDURES .WHEg CONSTRUCTION
IS',CONTINUING. DURING START-UP.THIS MANUAL

DESCRIBES START -UP PROCEDURES FOR SOMEOF THE MORE COMMON PRETREATMENT AND PRIMARYTREATMENT UNITS; FOR THE SPECIFIC SECONDARY_TREATMENT PROCESSES OF ACTIVATED SLUDGE, TRICKLING'PILFERS, STABELIZATION PONDS/AND AERATED LAGOONS;AND FOR THE....SLUDGE HANDLING UNITS. AND THEANAEROBIC DIGESTION . PROCESS. THE START-UP-'PROCEDURES- FOR ADVANCED WASTEWATER TREATMENT UNITSAND PROCESSES ARE NOT CONSIDERED
IN THIS MANUAL.(EPA)

TITLE UPGRADING BIOLOGICAL TREATMENT (XT-25).AUTHOR WEST, A.-W.
. PUB DATE AUG 71
DESC

*AUDIOVISUAL AIDS, ENGINEERING, *INRUCTIONALMATERIALS, POLLUTION,. *POST SECONDARY EDUCATION,4- *WATER POLLUTION CONTROL, *PLANT OPERATIONS,.*WASTEWATER TREATMENT,
-*BIOLOGICAL=TREATMENTDESC NOTE INCLUDED IS A 28 MINUTE TAPE AND 63 SLIDES, ALSO A.SCRIPT. AVAILABLE ON LOAN FROM NTOTC, 26 W. ST..GLAIR, CINCINNATI, OHIO 45268ABSTRACT THIS MODULE, IS DESIGNED ,FOR ..EXPERIENCED ANDSUPERVISORY ,WASTEWATER WORKS .OPERATORS AND.pMAINAGERIAL PERSONNEL, AND SHOULD ALSO BE- OF'INTEREST.. TO. DESIGN'
ENGINEERING PERSONNEL. IT' E-SCUSSES WAYS 'TO' GET MAXIMUM USE-OF PRESENTEX:STING SECONDARY TREATMENT

PROCESSES BY IMPROVED
'OPERATIONAL CONTROL OF DESIGN. IT -INCLUDES CASE'HISTORIES OF HOW THE PoLLUTIONAL STRENGTH OF ANACTIVATED SLUDGEPLANT EFFLUENT 'WAS REDUCED TOONE-QUARTER OF ITS FORMER STRENGTH: 7AT ONELOCATION, 'AND HOW TRICKLING FILTER WTREATMENTWITH' ACTIVATED SLUDGE POLISHING

ACCO11ELISHED 99%IREDUCTION FOR-A COMBINATION OF DOMESTIC -SEWAGE AND."STRONG,MEAT PACKING WASTES AT ANOTHER.
(AUTHOR/JK)

. "TITLE USE OF HIGH-PURITY OXYGEN IN THE ACTIVATED SLUDGE.PROCESS, VOLUME 1,
AUTHOR . MCWHIRTER,'.1...R.



PUB DATE
AVAIL

DESC

DESC NOTE
ABSTRACT'

TITLE

AUTHOR
PUB DATE
AVAIL.

DESC

DESC NOTE

78
CRC PRESS, INC:, 2255 PALM BEACH LAKES BLVD., WEST

PALM BEACH, FL 33409.

ACTIVATED SLUDGE, DEqqTERING, *INSTRUCTIONAL

MATERIALS, OPERATIONS, *OXYGEN,. POST SECONDARY

EDUCATION, *SECONDARY TREATMENT, *WASTE DISPOSAL,
WASTEWATER SLUDGE, *WASTEWATER. TREATMENT
250P. CAT. NO. 5101EF32
CONSTITUTES A COMPREHENSIVE SOURCE OF BACKGROUND

AS WELL AS CURRENT-DAY TECRNOLOGY STATUS REGARDING

THE USE OF OXYGEN IN SECONDARY , WASTEWATER,

TREATMENT. DIVIDED INTO THREE BASE PARTS, THE

FIRST SECTION CONSISTS OF BACKGROUND AND

HISTORICAL INFORMATION, THE SECOND DEALS WITH

CURRENT-DAY DESIGN AND APPLICATIONS. 'THE LAST IS

ON PRESENT-DAY EXPERIENCE AND OPERATIONAL
INFORMATION,FROM OXYGENATION SYSTEMS CURRENTLY IN

OPERATION AND UNDElt.DESIGN.

USE OF HIGH-PURITY OXYGEN IN
PROCESS, VOLUME 2.
MCWHIRTER, J. R.
78
CRC PRESS, INC., 2255 PALM, BEACH
PALM BEACH, FL 33409

ACTIVATED SLUDGE, DEWATERING,

MATERIALS, OPERATIONS, *OXYGEN,

EDUCATION, *SECOMARY TREATMENT,
WASTEWATER SLUDGE: *WASTEWATER THE
250P. CAT. NO. 5102EF32

THE ACTIVATED SLUDGE

LAKES BLVD., WEST

*INSTRUCTIONAL:.

POST SECONDARY
*WASTE DISPOSAL,
ATMENT . .

TITLE WASTEWER ENGINEERING: COLLECTION, TREATMENT,.

DISPOSWL.'.

72

MCGRAW-HILL BOOK COMPANY, 1221 AVENUE OP THE

AMERICAS; NEW YORK, NY 0020
*DESIGN;"*ENGINEERING, *FACILITIES, *INSTRUCTIONAL

MATERIALS, *OPERATIONS (WASTEWATER), POST

SECONDARY EDUCATION, PUMPS, *SEWERS, SLUDGE,

*WASTEWATER TREATMENT, WATER CHARACTERISTICS,

*WATER RESOURCES

DESC NOTE '782P. (NO. 041675-3); SOLUTION ..MANUAL (NO.

041676-1)1

ABSTRACT- INCLUDES: -DEVELOPMENT AND 'TRENDS IN WASTEWATER

- ENGINEERING; DETERMINATION OF SE AGE FLO,WRATES;

HYDRAULICS OF SEWERS; DESIGN OF SEWERS; PUMPS AND-

PUMPING . STATIONS; WASTEWATER CHARACTERISTICS;

.
PHYSItAL UNIT OPERATIONS; :HEMICAL UNIT PROCESSES;
DESIGN' OF FACILITIES FOR: PHYSICALAND CHEMICAL

PUB DATE
DESC'

160
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TREATMENT OF WASTEWATER, FOR BIOLOGICAL TREATMENT,
'DISPOSAL OF SLUDGE AND. MORE.

`TITLE WASTEWATER TREATMENT - SERIES C.
AVAIL NEW ENGLAND REGIONAL WASTEWATER INST., 2 FORT

ROAD., SOUTH PORTLAND, ME 04106. (FREE RENTAL) 4DESC CHEMICAL TREATMENT, DISINFECTION, FILTRATION),
*INSTRUCTIONAL MATERIALS, *PRIMARY TREATMENT, POST
SECONDARY.' EDUCATION, SEDIMENTATION, .*SECONDARYTREATMENT, , '*SLIDES,. SLUDGE DEWATERING,
STABILIZATION LAGOONS, *TERTIARY%TREATMENT, VISUAL
AIDS, WASTE DISII.OSAL, *WASTEWATER TREATMENT'DESC NOTE ORDER SERIES C WITH ACCOMPANYING NARRATIVE: 100:s

ABSTRACT '

a

SLIDES.
,,.,

FOCUSING ON THE TECHNICAL ASPECTS OF WASTEWATER
TREATWT. IT FEATURES PRIMARY. AND SECONDARY
FACILITIES AND INCLUDES SEGMENTS ON TaE TRAINING
OF PLANT; OPERATORS AND ON SAFETY. . :

TITLE WATER AND WASTEWATER
TREATMENT: CALCULATIONS FORCHEMICAL AND PHYSICAL PROCESSES.AUTHOR HUMENICK, MICHAEL S. JR.

"'PUB DATE 77,
-AVAIL MARCEL DEKKER, 2X) MADISON AVE., NEW YORK, NY10016

ABSTR'ACT PRESENTS-THE INFORMATION NEEDED BY AN
.ENVIRQNMENTATECHNLe`IAt,17-TO PERFORM THE PROCESS

-

'CALCIIATIONS NEr.a.U-,IN THE OPERATION OF WATER
OR'.aS-OWATE.-TKEATRIENT FACILITIES: 1 MATERIAL

1KC, Ea SO AS A iRROBLEM IS PRESONTED,'.THE
SOLUTION-ITOLLOWS IMMEDIATELY. EACH TWPIC AREA HAS
NUMERpUS jr--PRACTICE EXAMPLES WITH SOLUTIONS AND
gfgqEs..; SUBjECT.'AREAS INCLUDE:. -COAGULATION AND

WATER CONDIWNS, SEDIMENTATION;.,
-

.

JILTHATION; ACTIVATED ' CARBON; ADSORPTIdN;I:
. CHLORINZItbN AND' AERATION. THE APPENDICES CONTAIN-:r- INFORMATION REGARDING PHYSICAL AND .,CHEMICALs-%' PROPERTIES, CONVERSON FACTORS, AND COMPUTER:2!.:PROGRAMS(CS.) .

TITLE PATER AND WASTEWATER TREATMENT, VOL. 4.AUTHOR "HUMENICK, :11cxAki, J., JR:
.

*PUB.DATE, 77
DESC- *CALCULATION, *CHEMICAL REACTIONS, *DESIGN,:

ENVIRONMENTAL INFLUENCES, ENGINEERING,
*INSTRUCTIONAL rMATERIALS, POLLUTION,' *POSTSECONDARY EDUCATION, , PUBLIC HEALTH, WASTEDISPOSAL, *WATER ,POLLUTION'' CONTROL, *OPERATIONS
(WASTEWATER), *OPERATIONS., (WATER),

; *WASTEWATER
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TREATMENT,..; WATER TREATMENT

DESC -NOTE 236P.

ABSTRACT INCLUDED.IN:11-IIS VOLUME ARE CALCULATION PROCEDURES
WHICH CAS' BE UTILIZED IN THE DESIGN. OF SUCH

PROCESSES AS EQUALIZATION, COAGULATION AND

FLOCCULATION, CHEMICAL.PRECIPITATION, AND GRAVITY
SEDIMENTATION. .EXAMPLES OF PROBLEMS RELATED-10
FILTRATION, ACTIVATED CARBON ABSORPTION, ION

EXCHANGE, CHLORINATION, DISINFECTION, AND AERATION.
ARE ALSO COVERED. INFORMATION OF PHYSICAL AND
CHEMICAL PROPERTIES, CONVERSION FACTORS, AND

COMPUTER_ PROGRAMS ARE DETAILED IN THETAPPENDIXES.
. (CS) ,

TITLE WPCF WASTEWATER TREATMENT PLANT OPERATOR TRAINING
PROGRAM, INTERMEDIATE COURSE: STUDENT WORKBOOK,
VOL. -1;.PARTS 1 AND 2.

PUB. DATE 78

AVAIL WATER. POLLUTION CONTROL FEDERATION, 2E26

PENNSYLVANIA AVE., .WASHINGTON, D.C. 20036
DESC *ACTIVATED SLUDGE,. AUDIOVISUAL AIDS,

CERTIFICATION, *CLARIFICATION (WASTEWATER),

ENVIRONMENTAL TECHNICIANS,. *INSTRUCTIONAL
MATERIALS, JOB. SKILLS, *OPERATIONS(WASTEWATER),
POLLUTION, *POST SECONDARY EDUCATION, *WASTEWATER
COLLECTION, tWASTEWATER TREATMENT, WATER POLLUTION
CONTROL. .

244P.-COURSE MATER' 35.K1 SLIDES (340),'9 TAPE
CASSETTES, ADMINISINATOR HANDBOOK, CARRYING CASE,
AND STUDENT WORKBOOK .(PARTS lAND 2) ORDER NO.
E0291 $400:00; STUDENT WORKBOOK ONLY ORDER O.

E0292, $4.50; OTHER VOLUMES; EW001822 AND: EW003823
ABSTRACT THIS DOCUMENT IS ONE 'IN A . :SERIES OF

'SELFINSTRUCTIONAL WORKBOOKS --FOR- :TRAINING
WASTEWATER TREATMENT PLANT OPERATIONS IN THE BAsrc:...
FUNCTIONS 07 FACILITY OPERATION. THE !WORKBOOK:.
CONTAINS.A PRE'AND POSTTEST QUESTIONNAIRE' FOck.-'
EACH UNIT. AS WELL AS SELFTESTS AS INTERIM GUIDES.
THE UNITS DISCUSSED-IN THE.VOLUME ARE AGENERAL:,
INTRODUCTION, .TIDE COKMUNITY -WASTEWATER SYSTEM,.

PRETREATMENT, CLARIFICATION, AND ActuATET):
TITLE` lcsy:

ft

DESC NOTE

PUB DATE
AVAIL

WPCF WASTEWATER ,TREATMENT
PROGRAM, INTERMEDIATE COURSE:

VOL. 8.
78

WATER POLLUTION CONTROL -

.PENNSYLVANIA AVE:,- =WASHINGTON,
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OPERATOR . TRAINING
STUDENT WORKBOOK,

FEDERATION, 26226'
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'DESC AUDIOVISUAL CERTIFICATION, *ENVIRONMENTAL :.
TECHNICIANS,-*INSTRUCTIONAL MATERIALS, JOB SKILLS,
.*OPERATI.ONS (WASTEWATER), : POLLUTION, *POST
SECONDARY EDUCATION, *SLUDGE, *TRICKLING,FILTERS,7
*WASTE STABILIZATION PONDS; *WASTEWATER TREATMENT,-:
WATER POLLUTION CONTROL.

-DESC NOTE 144P. COURSE MATERIALS:..55 MM SLIDES-.(APPROi.
230),''7 TAPE CASSETTES, 'ADMINISTRATOR HANDBOOK,
CARRYING CASE, AND STUDENT WORKBOOK 'ORDER'.NO.
E0293, $300.00; STUDENT WORKBOOK ONLY- - ORDER:NO.

,.. E0294, $3.50; OTHER VOLUMES: EW003821 AND EW003823ABSTRACT THIS DOCUMENT IS ONE IN A SERIES. OF
SELF-INSTRUCTIONAL WORKBOOKS FOR TRAINING
WASTEWATER TREATMENT PLANT OPERATORS IN THE BASIC.
FUNCTIONS OF FACILITY. OPERATION. THE WORKBOOK
CONTAINS A PRE- AND POST-TEST, QUESTIONNAIRE FOREAcH UNIT AS WELL AS SELF-TESTS AS INTERIM GUIDES.
THE. UNITS DISCUSSED IN. THIS VOLUME ARE WASTE
STABILIZATION PONDS, TRICKLING FILTERS, AND SLUDGE
HANDLING AND'DIGESTION. (CS)

TITLE WPCF WASTEWATER TREATMENT PLANT OPERATOR TRAINING
PROGRAM, INTERMEDIATE COURSE: STUDENT WORKBOOK,VOL. C.

PUB DATE 78
-AVAIL WATER POLLUTION CONTROL FEDERATION, 2626

PENNSYLVANIA AVE., WASHINGTON, D.C. 20037DESC AUDIOVISUAL AIDS, CERTIFICATION, *DISINFECTION,
*ENVIRONENTAL TECHNICIANS, *INSTRUCTIONAL
MATERIALS; JOBSkILLS, *OPERATIONS. (WASTEWATER),
POLLUTION, '*POST SECONDARY'"' EDUCATION, *PUMPS,
*SAFETY, .-*WASTEWATER TREATMEyT, WATER) POLLUTION
CONTROL.

.DESC NOTE 90P: COURSE MATERIALS: 35"Mg.SLIDES (APPROX:'270),
7 TAPE-CASSETS, ADMINISTRATOR HANDBOOK, CARRYING
CASE, AND STUDENT WORKBOOK - ORDER NO. E0296,
$3.50; OTHER VOLUMES: EW003821 AND EW003822

ABSTRACT THIS DOCUMENT IS ONE IN A SERIES OF
SELF-INSTRUCTIONAL WORKBOOKS FOR TRAINING
WASTEWATER TREATMENT PLANT OPERATORS IN THE BASIC
FUNCTIONS OF. FACILITY OPERATION. THE WORKBOOK*
CONTAINS A PRE- AND POST-TEST QUESTIONNAIRE FOR-EACH UNIT AS WELL AS SELF-TESTS AS INTERIM GUIDES.
THE- UNITS DISCUSSED IN S VOLUME ARE
DISINFECTION, SAFETY, AND PUMPING.
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TITI THE ABC WAY/57ETTER WASTEWATER TREATMENT.
AUTHOR KERL, J. F.

.

CORP AUTH ENVIRONMENTAL QUALITY ENGINEERING, INC., OAKLAND,
,CALIF.

;.:AMERICAN DYESTUFF REPORTER,'VOL.62., NO 8,
__..A.uceriT- 1973. 1 IG, 1a ILLUS,'Z REF.'

-

4CTINOMYCETES OF SEWAGE-TREATMENT PLANTS.
0.E-CHEVALIER', H. A.; LECHEVALIER,

WYSZKOWSKI, Pe E.
RUTGERS - THE STATE UNIV.,.PISCAT*9AY, NJ.
INST. OF MICROBIOLOGY.
TH,. NATIONAL -,TECHNICAL INFOWA ON SERVICE,

SIAINGFIELD, VA: 22161 AS P3-;-272-.- 589, 'IN PAPER
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AVAIL NEW YORK STATE DEPT OF ENVIRONMENTAL CONSERVATION,

.

. ,, --,-771-f5iNICAL REPORTNO 42; AUG 1975, PRESENTED AT THE
NEW ENGLAY.., -WATER POLLUTION CONTROL ASSOCIATION
MEETING; HARTFORD, CONN./ OCTOBER 23; :1974, 45-P,
13 FIG, 7 TAB, 16 REF. 0/340JEdr,.005.0 EDL-.

TITLE INDUSTRIAL WASTE .PROCESS DESIGN.T :.-
AUTHOR ,. .EC4.ENFELDER, W. W., JR.; O'CONNER,-.D. J'.
CORP AUTH ATTAN. COLL.,' BRONX, NY. DEPT. OF CIVIL

E%'iN,EERING.
i .

AVAIL 0ROC1EDINGS- AMERICAN SOCIETY OF CIVIL. .ENGINEER4
FEBRUARY. 15-19, 1954, SANITARY ENGINEER
DIVISION, vol.. 80, NO .411., P411-1 TO 411725:
FIG 5 TAB. 26 REF ...r '

TITLE
AUTHOR
CORP AUTH

AVAIL

INFLUENCE OF. ACTIVATED SLUDGECRT ON ADSORPTION.
KIM, SNOEYINK, V. L.;7SAUNDERS; F. M.
ILLINOIS UNIV.. AT DRBANA7CHAMPAIGN,DEPT. OF CIVIL ,

ENGINEERING.
JOURNAL OF TH-E--ENVIRONMENTAL ENGINEERING DIVISION
PROCEEDINGS'OF ASCE, 'L '102, NO' EE1, .p
FEBRUARY, :976. 12 FIG, 2 TAB, 21 REF, '1. APPEND.

-
:

TITLE :THE: INFLUENCE OF'PH AND ORGANIC LOADING 7iF
- 'FILAMENTATOUSBULKING OF'ACTIVATED4S1UDGE.

AUTHOR YASUDA, M.
CORP AUTH- TOYAMA COLL. OF TECH. .(JAPAN): DEPT. F SA:'

ENGINEERING. -

..1)AVAIL TRANSACTIONS OF THE JAPAN 50C1 TY. OF . CIVIL
-ENGTN'EERS4 VOLS.L. P 131-132, 1976. 5 .FIG,IcTAB..-
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TITLE LNSTANTANEOUS METERING AIDS - <ACTIVATED SLUDGE
PLANT. .. '

AUTHOR MATZNER, a.0_
CORP AUTH S.LzFEDLK COUNTY -DEPT. OF ENVIRONMENTAL CONTROL,,

HAUPPAUGE, NY .O ORATIONS IDIV: . ,

...AVAIL WATER AND WAX-4,,ENGIbirtERING, VOL "T3., NO 8,

18-20, AUGUSENP2i,»
. '';'-

AUTHOR
CORP AUTH
AVA;Lf'

TITLE

AUTHOR
AVAIL

INTRODUCTION TO WASTEWATER
RAMALHO, R. S.
LAVAL UNIV., QUEBEC.
ACADEMIC PRESS (NEW YORK,
1977.. 409 P.

INVENTORY' OF 'ENERGY USE IN

TREATMENT AND DISPOSAL.
SMITH, J. E.
INDUSTRIAL MATER ENGINEERING, VOL /4, NO
20-2.8, JULY - /AUGUST, 1977. 12 FIG,-;1.0 TAB.

TREA NT PROCESSES.

SAN FRANCISCO, LONDON).

WASTEWATER SLUDGE

.

4,

,1511s TITLk A KINETIC MODEL FOR DESIGN :,OF -COMPLETELY-MIXED
4

ACT4ATED SLUDGE. TREATINg VARIABLE- STRENGTH
- "- ,AST,SWATERS.

'C. E.; ECKENSELDER',W.
ATED WATER AND AIR

t,NASHVILLETENN,
RESEARCH, VOL 9;' NO

.4 FIG, 1 TAB, 5 REF.

CORP
AUTHOR; y

AUTH

AUTH
. CORP, A

AVAIL

WATER
1915.

HOVIOUS, Cf
RESOURCES ENGINEERS,."

1, P 37'742, JANUARY

LEAST COST DESIGN OF ACTIVATED SLUDGE SYSTEM.
MIDD,LETON, A. C.;.LAWRENCE, M. -

-CORNELL UNIV./ ITHACA, NY DEPT. OF ENVIRONMENTAL
ENGINEERING. 7 .....

JOURNAL WATER PoLuatc*.coNTin FEDERATION,-,VOL -.

$

48, NO 5:',.;,P 889-9054.AY 1976.'11 FIG 11 TAB, _17

--13-Eft:Jr-. --' '-'

.. . .. .

.-:-.-.

'

TI r` LOAD -BALANCING AT SEWAGE -TREATMENTORKSr, THE ,

APD SOUTHAMPTON ,UNIVERSITY PILOT PLANT' AT MILLBROOK.

9$1.1TE:R HELLIWELL, P.R.; REED, R. J. R.
'CORP .-,UTH SOUTHAMPTON UNIV. <ENGL%ND DEPT. oFe,s-CIVIL

ENGINEERING.
-AVe JOURNAL. OF THE INSTI:TUT F WATER POLLUTION

CONTROL, VOL. 7¢T NO 3, P 355=3772 1977. 14 FIrg4.2
TAB k. 10 REF. -
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TITLE ...f:."4:0N.4-7Trfel. PERFORMANCE OF A COUPLED TRICKLINGFILTERACTIVATED SLUDGE PLANT.

;.:AUTHOR STENQUIST, -R. J. ; PARKER, D. S. ;- LOFTIN, W. E. ;
BRERNER, R. C..

CORP AUTH BACON AND C.ALD*LL, WALNUT CREEK, CA
AVAIL JOINAL WATER POLLUTION CONT,ROL FEDERATION, VpL

49, NO 1, P 2265-2284, NOVLMBER, 1977. 15 FIG, 10TA5, 8 REF.

TITLE -- MANE DESIGN PROBLEMS OVERCOME IN STATEN ISLAND
%AI'!" -

AUTHOR M :CRELL, R. D.
CORP AUTH' PI
AVAIL - WA,

'IE..(MALCOLM), INC., WHITE PLAINS, NY
R.,:,9.4'C'D WASTES -ENGINEERING, VOL 13, NO 12,
.":"-3/44.68,,,DECEMBER, 1976. 1 FIG, 1 TAB.

. ,..4.,'. '-'4'' *..TITLE ""?'.i.ETHOD, . 0FOR , 'MEASURING AEROBIC DECOMPOSITION'r . ACTIVITY OF ACTIVATED SLUDGE IN ANOEN SYSTEM.AUTHOR FARKAS; Alp '' :'
4. CORP. AUTH .a4EAksal IsNisT. FOR WATER RESOURCES DEVELOPMENT,

'BUDAPEST :.(HUNGARY). -,

. .AVAIL -FOUR7.4: INTER&ATIONAL CONFERENCE. ON WATER POLLUTION
.- RESEARCI PRAGUE , CZ.ECI-b. YSEPTEMBER 2-6, 1968.

.

PREPRINT, SE-C, II PAPER 1, '9 , .6 FIG, 1 TAB, 15
°'...,a'EF.:e ; .. -... ':.'-...:- ,

TITLE - . : MIRO.B I OLOGY ..i.F WASTE' -TREAtMENT
' AUTHOR: UNt R.. F.. -. ',41',.. - : . 7.

. ,
CORP AUTH .-.s.PEANSYLVANIA STATE, '. , INI1)..._ SITY PARK. :,..

. AVAIL'. JOURNAL. WATER ti5C4.2. ION.:..-C L .EDERATI6N; ..voL.45,' NO,'..,* ;`,;.2.? .125-9.-1265, ..TU.J..?. 3, 6 REF. . --.,-.4 r;

TERATURE
Z1. ..,

-

, -

TITLE

R

COR? AUTH

MICROB101..t2GY OF WASTE TSOISTMXT.K. -

t2E VIEW.)

UNZ, R.'"
PENNSILL.

K.AVAIL JOURNA1, ..4:TER POLLUTION- -
, NO 6 :255-1268, JUNE , I977. 30 1!2EF.

TITLE '''41CROBIGLOGy OF ,WASTE:,;."' TREATMEtiT, (LITERATURE K.

k

VOL .

AU71.0R .j$
ift!OR? AUTH

-4'

1.4EVIE;4). ..
LINZ, F . ., I.. 46

.*PENNSY,.B17i2IA STATE 1:,.12W. , UNIVERSITY- PARK. -6'
* JOI.TRNALAA AI-ER PO Lbit;TIO CONTROL FED6.4TION , VOL .'48, NO 6, P 1367-1378,1JUNE, 1976. -101 REF'.
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AUTHOR,
CORP AUTH
AVAIL.

TITLE
AUTHOR,
CORP- AU.7

AVAIL

TITLE
AUTHOR
CORP AUTH 2.

-AVAIL

TITLE
.

AU OR
C P AUTH
AVAIL

:TITLE

tCOPIC OBSERVATION. OF ACTIVATED SLUDGE

APPLIED TO THE MONITORING OF TREATMENr. PLANTS-.

(L'08SERVATION MICROSCOPIQUES DES. .BOUES ACTIVEES
APPLIQUE. A LA SURVEILLANCE DES INSTALLATIONS
D'EPURATION: TECHNIQUE' D'ETUDE INTERPRETATION).
DRAKIDES, C. .

MONTPELLIER-2 UNIV. '(FRANCE). LA8: DEz. ,GENIE

CHIMIQUE, TRAITEMENT Er EPURATION DES. EAUX.
TECHNIQUES ET SCIENCES MUNICIPALES-PEAU,
NO 2; P 85 -98, FEBRUARY, 1978. 18 FIG, 16REF.-

4.:4::

,m0DEL?NG AND OPTIMIZATION OF STEP AERATIOA,STE
ZEATMENT SYSTEMS.
ERICKSON, :4RRY E.; HO,'Y. S;; FAN, L. T.
KANSAS ,TAT UNIV., MANHATTAN.
JOURNAL OF THE WATER POLLUTION CONTPLFEDERATION,
VOL 40, NO 5, PART P:717-732, MAY. 1968, 6 FIG,

2 TAB, 5 REF.

'J. H. -.

ODULES PERMIT EASY EXPANSION
...EAVER, :i ."

,

H . 4 ',4

ROBERT AND CQ. ASSOCIATES, I, -

4
EACH,'FLA.

WATER 'ANMD WASTES ENGINES 13; NO 1r: P
73-74, NOVEMBER, 1976, 1 FIG.

9

Niv*S.YSTEM PUTS THEWOOD,TO t4ASTSWATEIR:'
WESER, C. L.; JACOBSON, C. d. "-

KIR1L-HAM MICHAEL AND ASSOCIATES, OMAHA, NEBR.-.
WATER ANDASTES ENGINEEKING,.' VOL .12, NO' 12,.

51-52, 64',..DECEMBER, 1975...1 FIG.

NITRIFICATION AND HEAVY METAL REMOVAL.- IN THE.

ACTIVA-tED..SLUDGE TREATMENT PROCESS. -.

_RICHARDS,F. A. .- ,

. -:,
TEXAS. A AND'M.UNIV:,

.2
-.-,COL,.LEGE #ATION:

/UNIVERSITY MICROFILMS, .INC.,''^ANN ARBOR, ,MICH.,

.48106.-ORDER NO. 77-2662. PHD THESIS, 1976. 182 P.

NITR IFICATION IN ACTIVATED' SLDGE. PLANTS

NGUIDELINES ON SOME OPERATION 4&.-.4PES$4ASPECTS.
AUTHOR SMITH, A. G. F,

. CORP AUTH ONTARIO MINLSTRY 0 THE _ENVIRONSENt; TORONTO.

- - ....WASTEWATER TREATMENT.SECTION,
AVAIL .:RESEAROI, PUBLICATION, W62, 1976. REVISED JULY'

1917, 97 P, 1.7 FIG,A2 TAB, 66 REF.
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TITLE

AUTHOR
CORP AUTH

AVAIL

NITRIFICATION IN fr16144,LUDGE
STABILIZATION-
ZOLTEK, J., JR.; LEFEBVRE, L.

FLORIDA UNIV:,,GAINESVILLE. DEPT.
ENGINEERING SCIENCES. .

JOURNAL WATER POLLUTION a NTROL FEDERATION, VOL
48, NO 9, P 2183 - 2189, S BER,1976. 4 FIG, 1
TAB, 11 REF.

AGE CONTACT

OF ENVIRONMENTAL

TITLE Nt SICATION IN TREATMENT PLANTS AND NATURAL
WA SOME IMPLICATIONS OF THE -THEORETICAL- .
MODE .

.

.

-
:

.AUTHOR ,DOWNING, A. 1".:.; KNOWLES, G.
r?CORP AUTH WATER POLLUTION RESEARCH LAB., STEVENAGE

(ENGLAND)*
''AVAIL FIFTH INTERNATIONAL WATER POLLUTION RESEARCH'

CONFERENCE; SANFRANCISCO, JULY,2frAUGUST 1, 1970.
PREpRINT, PAPER,I-8, 8 P, 4 FIG, 1 TAB, 6 REF._,

.
TITLE .NITROGEN REMOVAL AND IDENTIFICATION 'FOR WATER ..QU ITY CONTROL..

c soN., DALE A. ., ,.

WASHINGTON.' UNIV.; SEATTLE. DEPT. OF CIVIL
ENGINEERING.

NATIONgL:TECHNICAL INFORMATION SERVICE.AS PB-204
, 231, .0:00 IN:PAPER. COPY, $0:95 IN MICROFICHE,
AUGUST 15, 1971: 52.P; 12 FIG; B.:TAB, 85 REF. OWRR

..._.

AUTHOR .

CARP AUTH.

AVAIL.

A 040 WASH(1)..

DNEVERSUS TWOSTATE NITRIFICRIONY, IN THE
ACTIVATED SLUDGE PROCESS.

AUTHDR2) 40 STOVER, E. L.9 KINCANNON; D. F.
ORP AUTH OKLAHOMA STATE UNIV., STILLWATER: SCHOOL OF CIVIL

ENGINEERING. gym:

AVAIL JOURNAL WATER POLLUTION CONTROL FEDERATION, VOL'
48, NO 4, P 6*54-651,'APRIL, 1976. 6 FIG; 17 REF.

,

TITLE OPERATING. ACTIVATEDSLUDGE PLANTS TO EFFECT
NUTRIENT -REMOVAL. '

tnux NICHOLLS, H. A.
.

AI. WATER POLLUTION CONTROL; 77, NO OP!6E!-99.-101,
. .1978. -

OP 7RAT ING XPERIEN AN.11-4DE CRITERIA. FOR"bX WASTEWATER SYSTEMS , DESIGN
SEMINAR FAR ,WASTEWATER TREAT!.{EFEttFAC ILI E

AL - UNION CARBIDE CORP., TONAWANDA, 461'. LI`NDE: D

1 s 4
179

.0



AVAIL

TITLE

AUTHOR

CORP. AUTH

AVAIL

REPORT PREPARED.: FOR ENVIRONMENTAL PROTECTION
AGENCY, WASHINGTON, DC, TEWINOLOGY TRANSFER
PROGRAM, FOR SEMINAR AT NEW .YORK, NY, FEBRUARY
29-MARCH 2, 1972. 68 P.V
OPERATION OF CONVENTIONAL' ACTIVATED SLUD
MAXIMUM 'PHOSPHORUS REMOVAL.

MIiBURY, WILLIAM F.; MCCAULEY, DONALD; HAWTHO5NE
CHARLES H.

WESTON (ROY F.), INC., REST CHESTER, PA.
JOURNAL WATER POLLUTION CONTROL FEDERATION, VOL
43, NO 7, JULY 1971, P 1890-1901. 3 FIG, 3 TAB',' 7
REF. (

,. T-ITLE OPERATIONAL CONTROL PROCEDURES FOOHE ACTIVATED
4' SpiDCE PROCESS. PART III-B. CALCULATION TROCEDURES;!

IOR STEP. FEED PROCESS RESPONSES. ..',

AUTHOR WEST, A. W. ....,

='CORiehUTH NATIONAL FIELD INVESTIGATIONS CENTER-CINCINNATI,.N
OH. . .......

AVAIL REPORT; 1975. 31p, 7 FIG:2 'TAB.

TITLE OPTIMIZATION
.

: THE. ACTIVATED:-: :'SLUDGE
PROCESS-OPTIMUM VOLUME RATIO OF AERATION AND
SEDIMENTATION VESSELS.

AUTHOR NAITO, M.; TAKAMATSU, T.; FAN, L. T.
CORPAUTH KANSAS UNIV., LAWRENCE. DEPT.. OF :CHEMICAL AND

PETROLEUM ENGINEERING; AND' KYOTO UNIV. (JAPAN).
DEPT. .----

(AVAIL WATER RES, VOL 3, NO 6, P 433-443, JUNE 1969. 8.1'
FIG, 6 REF. .. 1

4

-TITLE' OPTIMIZE THE EFFLUENT'S/STEM. PART 6: BIOCHEMISTRY
/ ACTIVATED SLUDGE PROCESS.

AUTHOR' yiAtTSCH, J. F.; MALLATT; R. 4,
CORP AUTT1- STANDARD OIL CO. (INDIANA), ICAGO, IL; ,"
,AVAIL JTYDROCAWN PROCESSING, VQ,I.r 55, NO 8, P 163/-141.

lk A
AUGUST, 1976. 7 FIG* 2 TAB., 15 REF.

z

TITLE

AUTHOR

. -

I- THE ORBAL.EXTENDEDERATION ACTIVATED .SLUDGE
PLANT. ,"

DREWS, F...1.: C.;:MAI.AN, W. M.; MEIRING, .33. G.-J.;
4MOFFATT,\8.. '4'' ,,

-.. ,CORP AWall NATIONAL IpiST 1.i WATER REAARCR, PRETORIA (SOUTH.
AFRICA). ' .,

_

pAIL : _JOURNAL WATER POLLUTION CONT RATION, VOL
44,_NO 2,' FE,RUARY 1972, P 22 ..1,'Ii FIG,'5 TAB,
4 REF.



TITLE ORGANIC MATTER REMOVAL BY POWDERED ACTIVATED
CARBON ADDED TO ACTIVATED SLUDGE.

AUTHOR DEWALLE, F. B..; CHIAN, E. S. K.; SMALL, E. M.C011P AUTH ILLINOIS UNIV. AT URBANA-CHAMPAIGN:, DEPT. OF CIVIL
ENGINEERING.

AVAIL- JOURNAL WATER POLLUTION CONTROL FEDERATION, VOL
.49, .1110 4, P 593 -599, APRIL, 1977.; 5 FIG,- TAB, 19
REF.

OXYGEN-ACTIVATED SIAGE I COMKETES'
OF SUCCESSFUL OPERATION.
MCDOWE1L, C. S.;.GIANELLI, J.

TITLE.

AUTHOR
-CORP AUTH
AVAIL

TITLE.
AUTHOR

CORP AJJTH

7-AIR PRODUCTg'~NDl!HEMICALS,
INC., ALLENTOWN,.:- A.

THE. NATIONAL TED-WCAL INFORMATION .5.ER qE,
SPRINGFIELD, VA 22161. AS PH-272 271, IN PAPER
COPY, IN MICROFICHE. REPORT EPA-60/2-7 40, JULY
1977. 195 P, 75 FIG, 1_ TAB, 9 REF,' 2.. A WEND.

_OXYGEN AERATION AT ,E'-"TON CRE=.K.
NASH, N.; KRABNOF:, P. ; PRESSMAN, 1. B.;'

-.2,1441tST;;TE DEPT. riF WATER RESOURCES, NEW

AVAILVAII..JOURNAL
f. -.

WATE POLLUTION CONTROL FEDERATION;` VOL

. .

49, NQ 3, ?7.388-4'002.,MARCa 1977; 4 FIG, 6 TAB, EPA
PROJECT 110i0 'GEV. -! 4

::-...-,:'

U
-...-

PHOSPHORUS REMOVAL
'PLANT.

EMOVAL-WITH.": PICKLE 1tUOR -IN7
ACTIVATE1/

4 ,,,,-
MILWAUKEE SEWERAGE COMMISSION, WIS.

.7.1!.GPO SUPAOC. $1.25; MICROFICHE PAM NTIS':AS PB-208
..

216, $0:1'5. ENVIRONMENTAL PRO tECrl ON AGENCY - WATER
,:4OLLVTION CONTROL

RESEARCH-SERIES,'-MARCH 'i971. 143 ..
.-44:M25 FIG, 7 .TAB,, 19 REF. EPA iliROGRAM nolo '
'F.W1-03/71.- --- .
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COki&AUTE
VAIL
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TITLE.

AUTHOR ='

C.'61341A0

PHYSICAL tONDITIONiNIOF. ACTIVATED SLUDGE FLOC.,
,

PkKRER
2 DENNY ,S.*--44A43FMAN,- WARR_

CALIF*LA UN!tV. _BERKELEY.
JOURN '.":WATER-J4L-UtiON: 'CONTROL

NO:,, ? 1817-18335EPTEMB?R.
'TAB, 25 REF.

o.

PLANT DATA. ANALYSIS;
OF:JE'MPERAT!.'0HE

r THE ACIVIED,OVUDGE PROCESS.
: LIN, K-C;
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AVAIL

TITLE
CORD AUTH

AVAIL '

TITLE

..,AUTHOR .

CORP. AUTH

.JOURNAL WATER POLLUTION CONTROL FEDERATION, VOL
'49, NO 2, P 286-295, FEBRUARY, 1977. 4 FIG, 30TAB,
18 REF,'1 APPEND.

POLLUTION ABATEMENT IN A BREWING FACILiTY.
ENVIRONMENTAL PROTECTION AGENCY, WASHINGTON, .DC,
TECHNOLOGY TRANSFER STAFF. .

EPA TECHNOLOGY TRANSFER CAPSULE REPORT NO. 6,

(1974). 17 P, 8 FIG, 6 TAB.
4

POLYMER ADDITION IMPROVES WASTE WATER TREATMENT
,PROCESS.
CHURCHILL, R. J.; RYBACKI, R. L.
PETROLITE CORP., ST. LOUIS, MO. TRETOLITE DIV.

D WAGE WORKS, REFERENCE ISSUE, P 10-12,
14-17, 20,' L, 1977. 8 FIG, 2 TAB, 5 REF.

PROCESS CONTROL-OF TIVATEDSLUDGE TREATMENT:
KERMODE, R. I.; BRE R. W. J
KENTUCKY WATER RESOUR S INST., LEXINGTON.
NTIS AS PB-227 238 $4 00 IN .PARER COPY, $1.45 IN
MICROFICHE. RESEARCH PORT NO 63, 1 88 P, 18,
FIG. 40 REFte 9 TAB. OWRB(P A-040-KY.
14-31-0001-3517. 14-3 c0 -3817.

PROCESS CONTROL OF ,kVATED SLUDGE TREATMENT',

PHASE II.
KERMODE, R. I.; BRETT, R. ..J.; PAULT, J. D., JR.
KENTUCKY WATER RESOURCES ~I T., LEXINGTON:

E NATIONAL TEcgNIcAii.' aNFORMATION SERVICE,
SP IELD, V4k:g161 AS PB-240 176, $4.75 IN

PAPER C Y, $24.5..-41 MICROFICHE. RESEARCH' REPORT '

NO. 83, NUARYH1.975. 87 P, 29 FIG, 14TAB, r4
REP. OWR- A=050-KY(1). 14-31-0001-4017. ,

PROCESS DESIGN MANUAL FOR UPGRADING EXISTING
WASTEWATER TREATMENT PLANTS:
WESTON (ROY F.), INC., WEST CHESTER; PA
EPA REGIONAL OFFICE TECHNOLOGY -TRANSFER; IN
MICROFICHE -FROM NTIS AS PB-214 550 FOR $1.45.

ENVIRONMENTAi lz, 11TECTION AGENCY, TECHNOLOGY
TRANSFER OBER 1971, 275P. EPA PROJECT
17090 GNQ, 2-933.

PROCE4 OPTIMA IN c7II.TATED SLUDGE.

POLOCSIKr S.; -GRIEVES, B.: PIPES, W. O. JR.
ILLINOIS INST. OF TECH: -CHCAGO.

TITLE
AUTHOR
CORP AUTH
AVAIL

ITLE

AUTH
CORP UTH
AVAIL

TITLE

CORP AM
AVAIL
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"AUTHOR'
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V

AVAIL . PROCEEDINGS, INDUSTRIAL WASTE :CONFERENCE, -20TH,
HAY-4, 5, 6, 1965, PURDUE

UNIVERSITY, VOL XLIX, NO
4, P 197-209, JULY 1965. 5 FIG, 1 TAB, 4 REF.
PUBLIC., HEALTH SERVICE TRAINING GRANT NO
5T1ES26702.,

PROCESS STABILITY OF ACTIVITY SLUDuE PROCESSES.
CHIANG, C. H.

PIRNIE.(MALCOLM), INC., WHITE 'PLAINS, NY
JOURNAL' OF ' THE ENVIRONMENTAL 'ENGINEERING
DIVISION-ASCE, VOL 103, NO EE2, 259-274' APRIL,
1977. 3 FIG, .3 TAB, 2 APPEND.

TITLE
AUTHOR:

CORP AUTH
,AVAIL

TITLE
AUTHOR
CORP AUTH

ROLE OF NITROGEN IN ACTIVATED:SLUDGE PROCESS.
WU, Y. C.
PITTSBURGH UNIV.., PA. DEPT. ; OF. _CIVIL AND
EN IRONMENTAL ENGINEERING.

AVAIL JOU NAL OF THE ENVIRONMENTAL
ENGINEERING DIVISION,

PRO EDINGS OF THE AMERICAN SOCIETY OF CIVIL
ENGINEERS, 'VOL 102, NO EE5, PROCEEDINGS PAPER NO
12454, P 847-507, OCTOBER 1976.

TITLE.

AVAIL

TITLE

AUTHOR
'CORP AUTH

"AVAIL'

TITLE

'AUTHOR

C.ORP ACTH

AVAIL

:

SECONDARY TREATMENT.
IN 1977 PUBLIC WORKS MANUAL
BILLINGS, C. H., CONNER, S. H
R. EDITORS, P D24-D32, 1977-.1

SETTLING CHARACTERISTICS
LOW TEMPERATURE.
REED, SHERWOOD
COLD REGIONS RESEARCH AND
HANOVER, N.H.
NTIS AS AD -717 239, $3.00 IN PAPER
MICROFICHE. CRREL TECHNICAL REPORT
30 P, 17 FIG, 5 TAB, 25 REF.

SEWAGE TREATMENT WORKS R SMALL OWUNITIES-7A
NEED FOR CAREFUL DESIGN 4PERATION.`94
DREWS, R. J. L.:C.; DENYSSdaN J. H.
NATIONAL 1N$T.'FOR WATER RESEARCH,. PRETUCA (SOUTH'
1-7RIZA).
IN: WATER POLLUTION CONTROL IN DEVELOPING
CO1NTRIES. PROCEEDINGS OF , THE INTERNATIONAL

,CONFEREE HELD. AT BANGKOK, THAILAND, FEBkIJARY"
1978., ED/TED BY E.A.R. OUANO, B. M. LOHANI, I. N.
C. TH'ANH. ASIAN INSTITUTE

OF'TECHNOLOGY, BANGKOK,
THAILAND (PERGAMON PRESS IN-USA), P 34 -331; 1978,
7 FIG, 1 TAB, 9 REF.
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_FIG.
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TITLE

AUTHOR
w. CORP AUTH

AVAIL

SHOCK LOAD RESPONSE OF ACTIVATED SLUDGE WITH
CONSTANT RECYCLE SLUDGE CONCENTRATION.
SALEH, M. M.; GAUDY, A. F., JR.
EL-AZHAR UNIV., CAIRO (EGYPT). SCHOOL OF 'CIVIL.

ENGINEERING. 4
0

JOURNAL WATER POLLUTION CONTROL FEDERATION VOL
50, NO 4, P 764 -7. , APRIL, 1978. 190 FIG, TAB,

11 REF.

TITLE, SIMPLIFIED OPTIMIZATION
PROCESS.

AUTHOR 4, GRADY, J..(;;Ai4

? AUTH :f>uinuF.4:;EXFA
ENGINEERING.

OF ACTIVATED

"

E

, INDIANA, saidOL4oF IL

VAit' JOURNAL OF. THE ENVIR6 AL ENGINEE
PROCEEDINGS OF THE AM N SOCI-
ENGINEERS, VOL 103, NO EE3, PROCE=JLIG
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