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' T "SUMMARY. , )
,Module No: ’ Modu]e T1t1e . 3 . e G
: N ”\\ Basic Activated Sludge  * .. o
h o ‘ | Topics: R L e X - _ )
Approx. Time, 1 1. Introduction ' . oy '
e 2. Definition of terms’ ‘ .
N A 3. Conventional activated siqué, desian & operat1on parame ers’
14 Hours . 4. Modifications to.the converitional system . i
A | 5. Process observations , . _ RS |
) 6. Basic process control L ' NG
7. Operator control tests S
| . . . ‘
Overall Objectives: - . e L
BN -Upon eompletion of this module. the operator sheuld hav& a basic knowledge of the
) - | activated-sudge protes® of wastewater treatm?nt be able to calculate basic .5
process parameters, be ab]e to ;un operations tests, and be able to p}ot basic %%k

o trend charts.: . . ~

§ ~ Instructional Aids: - % -3 < _
( . D a e o . » , .
e Handouts ' ] ) . ) .
Transparancies : . o ‘ .
" ICalcylatqr . . : \ -
. . . l- ‘ . , . . ] -

: : > —_— A\

S | Instructional Approach: - 0T N p \\
. : \ -

Lecture © ¢ - S ' \

Discussion * | o : \ A R

- Demonstration . A - . ,o e N

N . » N - . \ 3 ‘
z Exercise ©T . . ‘ @ ii : . \\
. g - . . . '

3 . . .: [Hands-on

-+ |References: o AN

. ".:" 1.” Water Pollution\ﬁgqtrol Federat1on MOP 11. /" N
2. Manual of Instr on for:Sewage Plant Operators (New York - Man&a]) ! K
3. (QOperational Control Procedures«for the Activated Sludge. Process, Parts I IT, .

coe and Appendix. » l‘“2ﬂ~\w - :
2/\)’ 4. * Operators pocket guide to Activated $ludge,’ Pgrts~I and I1.-- . .
__. ‘ ) . . . . '. ~ 4 « ' .
/ Class Assignments: . . f‘fh ‘ . T P
) ) . . . \ L. ) » .
A » {1. Given handouts to be read” e L e ,

. 2., In class ‘problem solutidns T , cyo T e

-} 3. Performance of control ‘tests o Lo A o

4"P10tt1ng trend charts L - e e .

- . . . ~
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J Instructor Notes:
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-

L\

3.

. 4.

| 5.

) %
P

4

6.

!

7.

8.

: process may be obtained from:

9.

> .

-5 ' )

- > .
.'°

(!

Handouts should be d1str1buted as they appear
in the module.

The module includ@s graditfona] lecture, in

class problem solutidns and hands on activity.

12 x 20 d1v1s1on per inch graph paper should/

““ be made avaitable to the student for trend-

chart pTotting. ’ .
Laboratory equipment and glassware utilized to
perform the "control tests" are listed in the

appendix - Operatjonal -Control Procedures for

the Activated, Sludge Process

The module wou]d be most approoriately de11veredq
in an activated sludge treatment Tacility as
samples of process streams are peeded to perform
the control tests. It is also appropriate to
‘be able to actually observe aeration tanks and
clarifiers as the-topic "Process 0bservat1ors
is discussed.

. “~ - ' :
Microscope(s) should be available to observe
the mlcroorgannsms ex1stent in the mi xed ]1ouor

Part I, Part II, andlbppend1x to the 0perat1ona]
Contro] Procedures far the Act1w&ted Sludge
Process may be obtained from

Environmental Research Center

U. S. Environmental Protection Agency.
26 W. St. Clair Street .
Cincinnati, Ohio - 45268

Dperafor's Pocket] Guides’ for the activated sludge
_ (Nominal charoe)

Stevens:, Thompson & Runyan,.I c. -
5505-S. E. Milwaukie Ave. - #
Box 02201 . . ) ‘ T
Portland, Oregon 97202 - ’

The evaluation incledes the written test and for
each student to perform the control tests and
plot data trend, charts to the sat1sféct1on of the
1nstructor o . . 2

{ . ' o,




WPCF MOP 11).

- 1. Define the activated s]udd(‘process and its ﬁod1f1cat19ns (as defined 1n

A - - "2. :
_ 1 . . I" F ’ 6 \ —
. A v ?age —g” r.l / -
Module No: todule Title: . 4 "
s . . Basic Act1vated S]udge _ )
- ‘ Submodule Title: o - ‘
Approx. Time: 3 \ N .
- Topic: e
I B 1 hour Introduction- -
) _
Objectives: . —~ 2

e ;f?‘. } 2. <List three basi¢ operat1ona] requirements. (A. Adequate numBer of -
) f m1croorgan1sms B. Su1tab]e env1ronment i.e. D.O. C. Ab1]1ty to settle
N i.e. separq;e) :
) . 3. List the typical’ fac1]1ty units (aeration tank; oxygen supply; final
- sett1iRY tanks; pumps for return sludge and waste sludge flows and their
‘purpose
4._‘Sketch and ]abe] a *typical conventional act1vated s]udge flow schemat1c
Instructional Aids:ﬁ " . )
< L]
» 1. Transparancies 4 . ? T
- ’ - ~ ‘ " . .
T
1nstrug£f6ﬁ&l Apprgach: ' . -

.

Lecture .

aE : . . _ ) , L
2. - Discussion - - ' e >

. ' ¢ . . . S

— . ) .. ¢ . . ~ . .

. .
- D

re (YT S

1.
2.

References.:

-

Watér Pollution ContrQ] Federation MOP 11 (WPCF MOP 11). ‘
Manual of Instruction“for Sewage Treatment Plant Operators (New York Manua])

3. “ Operation Control Procedures for-the Activated S]udge Process, Parts I .and II,

and Append1x (OCP for ASP)

\
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[Hodu]e Ho: =~ Topic: : ) N ) .
Intnqduction \ - )
. \ . . * .
Instructor Notes: - . 1 Ins%E)ctqr-Oﬁtiine:. " K .
. ' ’ . "4

From MOp .11, Page 118
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I. Definition of the activated sludge process:

" The activatﬁd sludge process and its ey
modifications mav be defined as the,
contacting: of. prefornted biological floc .
(activated sludge} with_incoming waste in N\
an deration tank stpplied with sufficient .
dissolved oxvgen to maintain agrobic
conditions throughout théhﬁngsess, followed .

t by Tiquid sblids separation 3 a settling =
tank. . . i’

ﬂ{ . N

There are thtee basic qoerational requirements

for the activated.sludge process.

!

I1.

A. Microorganisms . » - \\ )

: ‘ ) & . .
quadequate number- of mjcroorganisms 4s
needed to assimilate the suspended, .

> colloidal, and dissolved organic material

in the.wastewater to form the final end

products -3f carbon dioxide, water and

v

*
L]

.

-

<« -inert materials.

R

B. 'Suitable environment
. - '

¢

R .

-

R T

Ty

s An ae'rat'i.or:\tan‘k/wi th sufficient. dissolved.

N

II.

- 0Xxvgen, 'substrate and nutrients.,

*C. ., Separation

- The, activatede sTud

that readily ser
wastewater in't

The following, units

cqnventional activated slud

arates from the
e settling'tanks"

-

make up”the typical

ge'fatility.\

A%

N

Aeration tank - ~ -. g

3 thout primarv c]

YL s e R . :
® ‘ui‘Bas1n into which raw waste (system

ge must. be o}‘a quality
treated

L4

s

~ effluent flows. -

i:jfiers) or primary -
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= , " PREL IMINARY . * PRIMARY ’l“ o ! )
. * TREATMENT. \ TREATMENT o ;
AN > s
[ * “ - .
, ' WASTE SLUDGE FLOW, - )
. —— )'
. . _\- " . ~w )
: A . s a L A . )
A : , . s| |’
: . . T| " |RETURN,, : -
* R ;'-\ 3 . " E SLUDGE o . .
WASTEWATER PRIMARY ¢ FLOW ' ) CHLORTNE
. . - \CLARIFIER \ S
- . Ll : CONTACT
R PUMP - ,
| STATION : u o TANK
‘ COMMUNITOR | D -
, ' . ‘\ 1 G —P l]
‘ ’ ' ‘ E _ MIXED IF
L N\ s »  LIQUOR —
ern - . GRIT . R v A
RACK ’ , REMOVAL :c : Yy, - ) :C ) - S S
s " AR ‘Y« SAERATION TANK ,E SECONDARY (FINAL)
. ST R T B i T e e “y- ° CLARIFIER
LI QL l . ) .L - J{., %1' I. .
E ! E . 11
. ] . C X .
, 43 . .
’ . } . -V 10 SLUDGE DISPOSAN : 0 ‘
{ * (THICKENER, CENTRIFUGE, . 1L
. L , * - DIGESTER, ETC.) - I ‘
p : : Q s,
. | 4 . lU . :
. . » | 10 .
¢ ) [ ! . IR .
. * '... : _______ e — = o e e de e o e | ,
i ' 8 e
A /| — ) . . ,
S : ' FIGURE 1 >
ERIC . CONVENTIONAL ACTIVATED SLUDGE -, .
. ERIC U Ve . . PROCESS SCHEMATIC: , \
¢ " } ! c ., N . ¢
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' I i{rqctor Notes .{ Instructor Outiine:
- D 4 +
l

4
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() \Q
t ‘2. .Solids f:bm‘the secondary clarifier,
proper vocabulary (Snd_the L * . return sludge, also are pumped "into
) instructorf i.e. be careful " the basin. \
. the proper name for'a diven : ,
JProcess flow and/or uynit. 3. Provides the detention necessary
. ) o ar biologilcal activity to occur.
Example: ’ - 4: "

Students should use*the

The clarifier sludge flow is
that flow of solids being

1 remdved from the bottom of

N ~
B. Setohdary clarifier

Contents caKCed "mi xed ]jqﬁor".

-

the secondary clarifier, 1. Basin"into whiich the overflow from
Clarifier sludge fgw can the aeration tank flows
then be directed either.to ) ' T ’

N the aeration'tank and/or wasted)| 2. Purpase is for|liquid solids
SQ return sludge flow plus , -separation to gccur. ™ . -
waste sludge flow equals : ‘ . ' ¢
clarifier sludge flow. . By .« 3. Generally some yp&“of sludge -

- proeess flow being considered. 4. Pumps required t remove the, settled
. : | T tsblids, - A
LG {
' 5. Overflow genérally Flows into chlorine .
. coptact tank or tertiary treatment
N o . units. . .o .
» ) Tt ’ * -
4 °  C.- Pumps. .
N ' v, T E ’
) 1. To remove sludge fr m secondary
N - ~ clarifier with capabjility of returning,
sludge 'to aeratjon tank.or to-xemove
- . wastey(excess) sludgd from the ’
v [ d . secondary. system. »
/ ~"2.- Should have ability td measure the
{ . - Sludge flows directed to the aeration
! ' ") tank.or to waste. - '
/ -~ ;’; ‘ 5 0\ . e =
) LA |

being specific the operator
then can address’” exactly’ the

scraping dewice.

!
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(Module Ho: ,Tépic:

A

Definition of Terms -

Instructor NotesT

“

Instfuctor‘Oufiine:-., R

ot

.~ Oxygen supply

There are two main
aeration. f

systems for providing

1.

"a. ‘Surface mechanical aerators are

e\ varying, the depth of submergence,

Diffused air systen. Ain supph‘ec!.’ii
bv Rlowers under relatively low .
pressure (8 - }0 psi’) -forced through ~
a-porous, material. iThe porous . -
material may be a plate, tibe, or o
some’ type of synthetic material.
Generally a sparger is._an air .
diffuser designed to give ]arge v,
bubbles. A diffuser is gener 11y~
the Tabel given to the.porous .
material which provides: fine bubbles.
v The blowers are generally either
posttive displacement or-centrifugal. .

N - - : N ToL .
. 2. .Mechanjcal aLrators. There are - °-
- several typeg- of mechanical aerators
' *in usage. - . ‘ "

~

»

either mounted dn_ a fixed ,

platform (bridge) or float on .
- the liquid surface. The aeration

intensity is varied either by -

(usually by adjusting the aeration
tank overflow weir.up or down) or

. by varyin

g the speed of rotation >

~ (frequently two speed motors”

-

b.

power the fixed bridge aerators.)

Vertical draft tube.

The mixed-

liquor is drawn up (or down) .
- through a vertical tube by a *
. revolving impeller. Thére are '
.a1s0 aeration systems which \.
combine diffused air and a
.Mechanical device or turbine,’ 1
. In all of the systems the purpdse |,
is two-fold, to provide oxygen .
angd’ to mix the contents of the
aggétion tank,v » R
4

~
ro
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Introduction ST . .

-

Iﬁstructbr thes:

T

-

L

. L S
& Instructor Outiine; .

°
LI

L

~

Iv. -

~
T N
- te /{
 * .

. pE t -
Conventional_activated sludge process
SChemat:iC. ’ -\g: ° .' . 7 M .
‘intended to be'a coyrse
in activated sludge; the instructor should"
go over Figure 1 in'detail. Note-the
preliminary treatment units and their
Purpose, primary treatment units- and their

Although this is

: * purpose, and then the a

ctivated studge units

(seqondany-treatment)u
. possible flow configurat
the importapce for\each

. ~"the exact flgw.diagam f

While discygsing the. sec

Possibilities. Supernat

Pdint ofit the many
i6ns and., emphasize.
operator to know -
ort his facility.

ondarv treatment .-

Process units do not forget "recycle" flow

arrt from anaerobic

Or aerobic digestérs,

IR furﬁacgs, and other po
~* " be of significapce whe

overflow from gravity

'l © sludge thickeners, recycTed flow from sludge *
ssibilities which can, © -

n calculating the”

’.

troubleshopting process upséts.

- L. - ~ ’ e

organic.load to- the aeration, tank and/op .7

s

vt

A



'F. Sludge floc; G. Mixed liquor; H.

J. Waste sludge; K. F/M; L. Diffuser;
2. Given the "jdeal growth curve” label the

curves, and the axis. )

Stabilization; I.

. 4 ) ) i
‘ (’//1§~f' . . N
o . e 0 -
_ '\ P?ge 12
Module*uo: ) "Module Tt;?g: s
v 0 |Basic Activited S1adge N ,
o ‘ Submédule Title: Y :
Ca g A 3 o s ‘ ; .
Approx. Time: “° - . L -

Do 7 1 Topic:

1. hour . Pefinition of Feprms S
T T, : —8— -
Objectives: ' - E . ..

1."Deffhé by matéhing‘%gg following terms: A. [Adsorption; B. Absérption;

- Log growth phase; D. . Declining growth phase; E. Endogenous phase;

Return. s1udge;

M. "Sludge bulking. ce s

three significant zones, " the two
‘ ‘ ¥ . -

. RN
o0
- 1 ) L / .
[Instructional Aids: N {
1. Handout ~ ' ft:
. Irqnsparancie§ 7y ' . . FUE
5 A 4 n
s » - . *
-
Instructionat Approacﬁ:“ ) - ~
1.- Lecture - ,
- 2. Discussion Z .
= -
Refererces: : .
. ot N ! . - - e
1. WPCF MoP 11 ~ . -

.2. _N. Y. Manual

3. -Operator's Pocket Guide to ActiVated S]&dgé, Part T and II; Stevens, :

" Thompson & Ryan, Inc., Portland, Oregon (Pocket Guide). . ..
' g : SRS ..
Class Assignments: . - ' * . ‘
- ‘. . 3 « )
. V' * -'1.3 [
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~Topic:
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Wnstructor Notes:
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-

Iy
’

.

Instructor Outiine: R oo .
' J s .

. v

H
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Student‘Handout'I’

The definitions on the student
haridout are taken primarily
from MOP-11. Some are faken
‘from the "operator's pocket
guide to activated sludge".

<

Figure 2’- Ideal Growth Curve
MOP 11 Discussion“covers this
topic satisfactorily.

.

¢

Figure 3 --Relative'Pre-
dominance of Microorganisms

-+

.
oy

. understand, . -

- to the food. The vertical axis is the mass
(number of organisms), the horizontal axis
is time. - <

N > . - B

. ) A A L —_— g
5 ;. "
The operator must learn the vocabulary of the
activated sludge process. The terms on the’
handout are not-the tota] of -those terms the
.operator wild be using, rather only some of
the basics. ‘Each should be discussed in cqntext.
The Tist should be ‘expanded, that is, give the
student an opportunity to add terms to the --
handout if there are some which he does not

A basic unﬁerstanding of the activated sludge
system requires the student to understand how
food s utilized and bacteria grow in response

Discuss the "phases including relation of F/M
and the re]ative,predomipate mi croorganisms
expected in each phase. ", .

. ¥

Figure 3 can be.used as an ovérlay to Figure 2.
Note that the "food"remaining curve is toincident
en the two figures. ‘ A '

It is also importapt:to note where the - .
"conventrional” process .fall operationally
relative to "phase” and the mi croorganisms
that should be -in evidence. :

4
.
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.
. Student Handout T ’ ” ’ g »
: T L N R
- |- .. ACTIVATED SLUDGE TERMS AND DEFINITIONS ST
'\\ . o RN _ & " From MOP 11 ' ' '
o s~ T 2 .
" . ‘ Absorption ‘;‘ ° ' - The takmg up of one substance intd thesbody of e
- 'g' ‘ i ' . - a.nother . . ‘, . .
. . Adsorption‘ . L . Tht; adﬁerence,q'f a gas, liquid, or’ciis,so’]v)efi
o 7 | . Co ‘ material on the surféce' of a s0lid... .
' . ’COagb]aéion. o - " The destabilization and ihitial aggregation of
’ ° co]'loida-'l and finally divided suspendéd»matter
’ \ R by the aCLd1€1on of a ﬂoc forming chem1ca] or
' * - s -A"»_l;y b1o1og1c‘cﬂ processes‘ ' . e ‘
_ ‘ o CoT]o1"ds S 'I—Fme'ty d1v1ded sohds that will not settle-but
N S . , | may ‘be removed by coagu]ahon, b}\ochem1fal act1on,
. .o ] o “A' or membr\e fﬂtrahon T s }
_.L} - Declining G}ovw‘;h?hase ,_J_A—gnowth—phase in which -the amount of avai’[ﬁb'ﬁe .
- n_“ IR I food,_bf_gms to limit cell growth S _
—— 1| Endogenous Phase ° ' The growth phase which ‘due to a Tack of ’
: S , ' ‘)‘ ST avz;i]iabTel'food and cannabalism between cells
; T | . .  results in a net cell death. - o,
' F]oé (s,]l}dgé 'ﬂo'c). ' Sma]] ge]atmous masses formed in a Tiquid by -
- . o ' g agglomeration of sma]'ler particles. .J: oL
R ' . " — F/M, - . ST FgocLEo h!mrogrgam*sm ratwu. This is';é‘ . k'
Ve ~ - 1 ”:"’.‘ . ' .caléu]ated ratie of the pouﬁds of f;)od,f(]bs “BOD?
{ . ) ’ ‘ " - ' . L flowing into an aeratwn tank divided by the -
B - B Lo T—f‘j:‘—*%ii Eo\unds 01,.5011 ds in the aeration tank (]bs
h o ’ R suspe‘nded soTids). Note: Some operators use
. ) A USRI the vo]atﬂe suspended sohds in tj»s”ca]cu]qtmn

(g
"sv

‘. .
. "‘"c
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Student Handout 1 (cont{),*

)

1

Lo§*Growth Phase

2

a maxmem = abundance of f%od and su1tab1e

The contents of an aerat1on tank - the mﬁxture
s -

g . resultwng from the comb1nat1on of return s1udge

’l ) and pr1mary effluent (raw sewage if pr1mary ’
treatment un1ts are not a part 5?Tthe facility. b)
That’ port1on of the settled s1udge removed from

the c]ar1f1er which i% returned to the. aerat1on

. . . tank/ Ce E R -ﬁhg o
Sludge Bulking - ‘A cohd1t1on of act1xated sludge dur1nq wh1ch
) T -the sTudge occupwes excessive vo]umes and w1]1
o v o not- ‘concentrate. readily. 3?;‘ - - =
' Stabitized '1 T"?. . That qua]1ty of a wa%;s or sTudge Shen there
e S 1s no capab111ty for ?Urther change
Wa§te Sludge, - ”: . '. That s]udge which is remo ed from the secondary
a. : y ‘ ST treatment unitss "It is enera]]y‘a port1on df
’ B L _that s]udge w1thdrawn from the c]ar1f1er,
: . ‘however, some activated s]udge plants haye.*~:

t

3 ]

- “environment- (oxygen, temp x}fc ) ' ' '

the ability to waste m1xed liquor. Lo

5
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Module Ho: odule Title:
Basic Activated Sludge
_Submodule Title: .

i Apbfox. Time:

Topic:

-

3 hours Conventional Activated Sludge - Design and Operation Parameters

s
‘ .

Objectives:

. _
1. Using the "typical convent1ona] act1vated s]Odge f]ow schematic", show the
typical design va]ues for . .
/s
A, Aerition tank detention time. T
, B» -Final settling tank surface overflow rate

-C. Return sludge flow pump capacity - NN

2. Given aeration tank d1mens1ons, c]ar1f1er dimensions:, f]ows, and appropr?ate
plant. data, calculate: Ay ~ .
A. Aeratﬁoﬁ”@%nk detention time
+ B.. Clarifier"surface settling. rate
> C. Lbs. of BOD to_aeration .y
D. Lbs. of solids-under aeration
E.. F/M T R g

P

oy

“Instructional Aids:
Transparancies

Calculator

1.
2. Handout
3.
Ins®ructional Approach:

1. Lecture LU
2, Discussion o
3. .In class problem solution °

v

References: - - *.

1, WPCF MOP 11
2. N. Y. Manual .

L

-

“IClass I\§s‘ig‘nn»::nt.s:e




[Module Ko: -

»

L . "

Topic

Design and Operation Parameters.

Instructor ‘Notes.

B/

Instructor OQutifne: ",

.

|

Y

‘Figure T « Convention
‘Activated STudge Flow
Schematic )

Student Handout I -
‘Parameters

“Figure
Example ‘

Calculation Example

al

.

Design

4 - Detention Time

Figure 5 - Overflow Rate

“

*

g

»

1}

. 3

J ' '
>

-An operator should Know what
Maccepted" design parameters
conventional.actj
The "Recommended

the generally
dre for
vated sTudge process units.

Standards for Sewage Works" -

the - -

~ The point is that- desi

and the "New York Manual"

on Student Handout II.- Th
realize that these are the
®perator must deaj witth th
the daily flow variation,

variation, the weekend cha
changes, the new industry,
shut .down and on and on.

history to the operator.

values "are shown
e operator must
design: numbers.,
a
the daily laad
nges, the.seasonal’
the industry that

'ﬁw l -
gn is probably.past .
“The operator faces

.
' .,

The
t which exists, i.e.

operation-or operational parameters.

behooves the dperator to routinely calculate
parameters i.e. to document flows,
detention times, process performancelet

operational
loading,

'L Reration Tank Detention Time .

It then

. 1
Voo

- First notice“tﬁat7§§e~de§ign Vélpe s baséﬂ'

. on the design-flow alone.

This detention | <

time will be called aeratipn tank detentiop,

time at flow. .Understand, however, that 7
the true"hydraulic detention time must inc]
the return-sTudge flow into the aeration
tank. This detention time will be ca]Ted
aeration tank detention time. at totalsflow.

u

Notice the three fl
.Cclarifier sludge fI

Figure 4 is an example problem.

permits and a student has “real]"
dimersions and flow data

with the reat data.. .

- ~Clarifier Surface Overflow Rate

» -~

clarifiek influént,

(clarifier effluent
calculation.

~

)P" ¥
*

t

4 . -

ow*valués in this problem;
‘clarifier effluent, and;'
ow. The correct flow
) must be used for this |

If time
plant

». S0lve the problem

o
|

|

L
A . i
-
I
1.
4
. t,‘
s PPN
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L]

v

Reration Tark - ,
|- . Detention Time *(Hrs,) -

Orgamc Load (i.e. BOD/IOOO
cu, ft.- |

Secopdary C'larﬁfier

Surface Overfl ow (Gal.
day) .

' Detention Time (Hrs.) °
Clarifier Sludge Flow (%)

¢
~

, *Based on |design flow
7

-

O)iygen (cu. ft. air/]b gOD)' ’

s

Sy

v

' . New York-
- Manual »= °

6 < B *
1,500 «

R

A

Sg; fb.L\\;a 800

20 - 30

**Diffused air, for mechagjcal aerators 9i- 12
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For Sewage Works—
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AERATION TANK . - A R

- INFLUENT = 0.3 : : g~

A

EFFEUENT

e a

" VOLUME  LENGTH X WIDTH X DEPTH = 20°X 80 X 12 -

AERATION TANK

" ¢ " - B " '/\/ g N - o _ IS
r 4 : o - t . . e —
: - .0 Y . .
: ) . , \ .
. . » o . - R . ; > - R 5
Iy ' \' o oo v ) ”
Yoo - k . ’ EP—— 5 .
: o = . ‘ . . ‘. " ’ T . s .
RETURN SLUDGE = . ¢ = - . e
2 CCFLOW ='0.1. 80" , -
’ * M P e
+ ' : .
* . . > R Y’ “
Y o

)
VOLUME. < 19,260 CUBIC FEET X,7.48 GAL./CUBIC FEET g
VOLUME = 143,616,GALkggs e e |
"FLOW IN =3 MGD +J MGD =4'MGD____° ~ . . . | \
DETENTION TIME = VOLUME x 24 . ° = ‘ -
: O AFLOW IN C NS
: - DETENTION TIME = 143,616 X.24 ~ ° 5 ~ - - |
- - w0000 Ut L L - ' o
~v . = DETENTION TIME = 8.6 HOURS: ¢ =~ ~ "7 . - N
. $." ) . i oo . . [ R \ ; / i{
. S JFIGURE 4 .- T . P
'. A\ ‘ .” . ) e . . i ”g
- ~ .DETENTION TIME. CALCULATION%EXAMPLE; . - kﬂ
, \ . ‘\_-:. o ‘. . . N R L »‘?" oo - { -
- . N S AN \
\ 22 R B <..; ) " < ;
LN T - N s :
\ BT T ¥ -
- “ » - - -

[T

-
~

;

o

o
-
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 INFLUERT

" PRIMARY
SLUDGE
FLOW

'SURFACE AREA = TTd2
3

OVERFLOW RATE

EFFLUENT

——

=.3.14 X 602 = 2,826 SQ. FT.
4 .

-

= 2,100,000 -

© SURFACE ARER -
= 743 GAL./SQ. FT./DAY -

OVERFLOW RATE

!

%

v
P

2,826

FIGURE B )

3

OVERFLOW RATE CALCULATION. EXAMPLE




3

[HOQy]e lo: Topic:

v <\ »

‘Design and Operation’.Parameters

q

TR Pogml *
Igstructor Notes:

v . 2 o

P : . i

Instructor Oufﬁine: ’ j

-~

. Figure 5 - Encourage Use of
- “Real”+Data for Additional - --
-] Calculation Practice. The.
v Opérators should be able to
furnish at least approximate
dimensions and flow. data. .

k4

Figure 6 - Organic Load

Ca]cu]atio%/ijgmple. ‘
N 3

{111, Clarifier Detention ‘\l‘ime

~

The critical- -value again is flow:| The
-~ deten®ion time ig calculated from|the .

cdarifier inf]ueggff‘UEe a-mean‘t?arifier
depth of eet and a clarifier influent

IV.. 'Pounds of BdD to Aeration (F)

V. Pounds of Solids Under Reration (M)
. A
Some operators use mixed liquor volatile
Suspended solids for this.calculation.
Thatls fine = just be cansistent i.e. if,
volatile solids. are being used, always
. use them and make appropriate notes in *

the plant data and trend charts. ‘
. \ .
a | VI /M- b SR
: . Point out that this %atio_i§'co paring the
\ ) : food to the organisms avdilable/to "eat"
S coLe the food. = |-
. ] -
s ) - €. .
w/’. i N
s o . » .
~ A N
/
1. -

flow 0f"2.8 MGD to complete the c#]culafion.

-
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> : -0 . Page % .,

' ’-PﬁUNDS MIXED LIQUOR SOLIDS

PRIMARY EFFLUENT BOD = 150 MG/L, ~ = -
- H

. H . .
PRIMARY EFFLUENT FLOW-= 0.3 MGD . o

AERATIONIANK VOLUME '19,200 CUBIC FEET :

AERATION TANK VOLUME = 143,616 GALLONS .

S * . .
MIXED LIQUOR SQSPENPED-SOLIPS = 2,000 MG/L-

-

Y ‘ ' ' - < ’
. POUNDS OF BOD/DAY =f150 % 0.4 X 8.34 = 500 LBS/DAY
» N ‘ -

-

a . N . ‘ %
. POUNDS BOD/DAY N = 500 = 26 LBS BOD/DAY/1000 CU%C Fgﬂ
- VOLUME (1,000 CUBIC FEET) 18.2 . - , ‘

L]

" POUNDS MIXED LIQUOR SOLIDS

.143616 X 2,000 X 8.34
POUNDS MIXED LIQUOR SOLIDS

2,396 LBS

1

POUNDS BOD/DAY . = 500 = 0.21

e T B " FIGURE 6

) , -,t. ] .’\. 3t
ORGANIC LOAD CALCULATION EXAMPLE -

. -

R . - -

—
»

-

239 - B



-~

-

.
'
P
Y
e
—~
) -
T
-
L]
L4
-
P
N
.
.
-
.
LY
v -
Fy
.
s
-
3
.
-
-

-

’ « | Module tio - Module Title: C - “w -
R I Basic Activated Sludge - - - o -
. r / - .| Submodute Titie: . "I
. - , " [ . . »*’.; -’ Y -
. :‘4. Ap x.! #:‘ Ly ,i . .. . R . [N N
1 “Topic: . — '
» - .-
’ ,1 hour . Mod1f1cat1ons to the Conventmna] System )
Objectives: -y : T ' 7
.71 1. Identify by labeling 'giVen sketches: ~ ) ]
. A. Conventional actwated sludge . } v T
* B. Tapered ae%ah on - . o
- . C. Step feed (step aeratwn) R ’ : .
+* D. Contact stabilization . ¢ (
. E. Extended ag€ration .
) : o : L %
- N ~—
- . J
.© |instructional Aids: . - ' L oo :
1. Transparen 1es' — RN L R L.
-2- Handb-tﬂf - ; . . o
v < ‘ s .
y L ’ . . ' e ! * . I
. 2 . >‘ . $ ~ .
T4 . : - = '
- ' {lnstructional Approach: , . '. . ‘ - s
-1 1 Lecture - - L -
o .l 2. Discussion oy S A g . ) ;
.\>'. - - ' ' L Ly iy . "
7?3 - * ) . - i © . ¢
N o ) ’ W ) ) -7 ' N * R
° ‘4 )
‘ References: - < o7 -
. . ° y ~‘ . . B .
2 .| 1. MPCF-MOP &1 S o < .y
2., N. Y. Manual . . i _ * . &
R -\: . * ' ’ . "y * . S
xp ) * * . : d .‘ N - ) * ¢ L] ! "
s R - . N »
‘E&' / \3\2 .o . . R
“HClass. Assi mentsi e Sy . . . -
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(Module Ho: ) . Topic: 4

Modification to the Conventigna] System

Instructor Hotes: Instructor Outiine: -

. ’
. <

) Figure 7 - Conventional. - * It is not the purpose of this.basic course to
) N e gain a thorough understanding of the ,
S Figure 8 - Tapered "Aeration modifications to the conventional activated

sludge.process. It is the intent .to introduce
some Gf the modifications and ¢ffer an overview

Figure 9 ~ Step Feed
' " ; of the "purpose" of the modification each will

Figure 10
Stqpiliza

—;S§ntact_

be compared to the conventig231 system.

-

I. Tapered Aé?étion’

Notice that the only difference between ,
v ‘ tapered aeration and the conventional system
a s ‘ »* is the placement -of diffusers. . When
ST " o - * microorganisms are introduced into the
‘ : N . .~ aeration tank as primary effluent js
.t . : introducgd to the aeration tank, the .
L .. S organisms begin to "eat"; using pxygen.
. The head of the aeration tank has the most
v food, therefore there 1ies the greatest
demand for OXygen. So tapered aeration
is a modification to better match the supply
. of oxygen to the area where most is needed.
) p As the flow progresses through the tank
. (ina plug flow sity tion) there is a
: . decrease in the abai?ahi]ity of food, thus
: -‘\ . a decrease_ip the demand for oxygen. The - «
- ~aeration s are nelatively more -. _ o
. . - . concentrated at the head of the aeration
_— : . T ) Jtank. No.change in tank.dimensions.

Step Fee:)(Step Aeration) . R a
11s this

ce : : - MOP 11 c&) modification step- aeratiomw -
Lt ) , which is confusing. The modi#icatiom came abod
- in the same way as tapered aeration, that is .
to equalize the loadzng and available oxygen. °
This modification di tributes the load rather
thdn the “aeration devices. Subsequent .
workshops on activated sludge will discués

process indicators leadéng to,distribution

e . ' , II.

et N

"of the feed as:a functign of process demand..

A somewhat smallér aera ion.tank can be utilize
, . . with this modificatibn.“Recommended;Standards

Y - o for Sewage Works suggests' that 5 hr. detention

o o . ” time (conventional 6? will suffice in’plants -

. , T ’ greater than 1.5.MGD°design flow. The New

o o - * . o . ) e ‘ . v . A .‘:
CERIC Lo s
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' WASTE . CLARIFIER- SLUDGE FLOW : :
- SLUDGE| _ | ] s 4
FLOW | S ‘
. . RETURN ( &
SLUDGE® - '
~ FLOW < ’ . . )
- ‘ :
S |- S CLARIFIER
- “ ‘ VERFLOW ™
AERATION ' o <
“TANK INFLUENT ™| ‘
- . ' 5—, -
- DETENTION TIME= 6 - 8 HRS. . s
" AERATION TANK ’ SECONDARY CLARIFIER
5% - * ’ . zl@r % 4
‘ . ) g
» ! . . —2? v o
Cooa s FIGURE 7 - ® ~
~ CONVENTIONAL"ACTIVATED SLUDGE
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" A

AERATION,
TARK INFLUENT . ™

3

ERATION TANK

el
5
B
5
5

, &

—

i

o,

%

_ CLARIFIE

¢

E.

CONVENTIONAL ACTIVATED SLUDG

K
e ’

SECONDARY
CLARIFIER

o

:
L

RETURN
SLUDGE .
FLOM

f S{UDGE FLOW

_ AERATION - -
TANK’ IKFLUENT

e t——

TAPERED AERATION ACTIVATED SLU
~ FIGURE 8

- s N 4 .

0GE

29~

( :
More aerations devices
at influent end of
aeration tank.™

%
!
¥

Note:
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WASTE
-

SLUDGE -

FLOW

> «*‘

" RETURN
_ | sLupeEe
[ FLOW

-

DETENTION TIME= 4-6°HRS. .
N N 4 , CLARIFIER
ST . : , OVERFLOW ~ *

e
“ng

kL d - h N N
* . » |
>

AERATION TANK® $$ % $

INFLUENT

© .
. f
s

AERATION TANK -~  ~ ° ‘ SECONDARY CLARIFIER

R A
: FIGURE 9
STEP-AERATION (STEP-FEED)
» ‘PROCESS -SCHEMATIC

LY




WASTE SLUDGE

CLARIFIER SLUDGE FLOW

FLOW

l RETURN SLUDGE FLOW
[ 4

i
g

TANK
oY

-

sl 1zat1on

.
HIR|

. PRIMARY

EFFLOENT

(RAW WASTEWATER)
Pl

A4

- CONTACT

" TANK®
D.T.~1 H.R.

wh

FIGURE> 10
CONTACT- STABILIZATION & |
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(Module Hbﬁ' ‘e | Topic:

Modificétion fo the Conventional System

o *

Instructor Notes.: Instructor OUtiinézu ._

York .Manual-suggests evérr smyller aeration |
tanks, but Iowa uses the’ former.

Contact Stébi]ization

This modification is the extreme of step _ .
feed in that the sludge s reaerated ~
(stabilized) before it is combined with

more waste flow (contact). Here again

a net reduction in tankhge_resu]ts, compared
to the conventional system the modification
is most generally used.in the treatment

of industrial wastes, the rationale being
that a given "slug" of waste only would
affect that portiop of Sludge contacted and
then reaeration would move that sludge to

a more stabilized condition. ‘

. . ‘Extended Aeration

i

The modification in this case js one, of
-aeration tank capacity. Recall conveptional
on the order of six to eight hours detention
time. This modification enlarges ‘the
.aeration tank to provide a twenty-four hour
detention time. The modification has
historically been used in very small

" installations. {Fiequehtly termed "package
plants). A1l too frequently they have been
abused by.not wasting sludge from the process
and using extremely excessive return sludge
flow rates.

V, Completé Mix

- - \ ' :
WPCF MOP 11 includes the following definition-
of a "completely mi'xed system™. "Activated
s]udge plants that use aeration’ tanks in which
is mixéd throughout
e tal called completely mixed systems".
Tb1s‘as opposed to plug flow.” The configura~
t1on’gsua11y results from placing:di ffusers
sPerpendicular to the direction of flow wor
utilization of. surface mechanical aerations”
(no sketch included). [
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S Module No: Module Title: -~ - ' ‘
‘ ' 3 " Basic.Activated Sludge
PR : ——

Submodule Title:.

;
: '
- . <
— 9

Approx. Time: C
Topic: - ' ‘ .
C s - 1 hour Process Observations

Objectives: . . . : ,
. 1. G1§en brief aerat1on tank appearance’ descr1pt1ons, match te-probable procese
; _indication.

. 2. Given brief final settling tank appearance descr]pt1ons, match to probable
- process indication.: - '
3. Given sketches, identify m1Croorgan1sms common  to b1o]og1ca1 treatment -
activated sludge. . /

’

Instructional Aids:

. | 1. Transparancies ' -
" . 2. “Handouts .
wor . . . - . -
% ¢ . -
. ) .
- lnstruct1onal Approach: . M
f 1. Lec ure P
2. Discision. « . _ .. .
2 : Q
P -
References: ' . .
L “ | 1." WPCF MOP 11 ,
L 2. 0CP for ASP .o o ‘
. . : - . [
PRI AT |
e i . . % . .
i Class-Assignments: ) . S . N
) . ' ) - ‘ [ ] N . T
n *. < .33 i . _ -
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[Mpdule Ho: - Topic: - , T s
\\ - Process Observations . T ,
' InstructO(vgotgs: 'é Instructer Outiine: s ’
\ Al ¢ . . ' ‘ )
fo- The "Fext" for this topic is primarily "Part’I -
("WR f . | Observations, Operational Control Procedures
: R for the Activated Sludge Process”, Pages 1'* .
. _ through 10 should be discussed. ‘
.‘ ‘ » - w" . , ] . ) y ' . ad
L Student Handout 3 - “Microsgopic observations can also. become a part =
- Microorganisms in Activated of+ the routine Process observations perfermed
- Studge Floc, - - .| by the operator: The presence’ or relative 1
. ) . change in predominance of microorganisms and
e . documentation of these Changes with other
, = . ) observations become one of the keys to successfu]L
N operation. ° .
A B .
] - S
- : L ¢ z -
’(':'Fl ! . ‘ , )
P B d :
3 . . '
. . _ .
) ' s > ' . ' '
\ / . ;
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1. "List two reasons for testing (1. —Satisfy di'scharge permit requi rements;
2. Obtain data from which, to gain insight into process status and needs).
2. ,List those factors.that the operato¥ can "control" (air; return sludge
. flow; waste studge flow; mode-of operation 7f plant flexibility exists.)

3. List three "control. techniques". " o p
Instructional Aids: ., . :
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4 . A N ‘r .
There are two basic reasons for testing and
analyses in a waste treatment facility:

‘1. To document treatment plant.performance
(that is to obtain data for submission of
_ the required self-monitoring reports. )

L S,
2. ,To gain insight to process needs (that is
to assist in process control decision
.making.) ) - <

In most facilities and especially activated
sludge facilities the required self-monitoring
data is not sufficient to truly incorporate

the data into a process contro]l methodology. -
sOne example to illustrate what is meant. Solids
separation must occur in a secondary clarifier
leaving a clear supernatant or overflow for
discharge to be of acceptable quality. BOD and
suspended solids .will document that quality of
clarifier overflow.. BOD and suspended solids,
however, don't give you a clue as to changes

in settling characteristics, only the results °
of whatshas occurred .in the clarifier. However,
the typical self-monitoring report requires
nothing relative to settling. T

Tt is then appropriate to focus, on just what the °
operator can "control" or adjust in;an activated,
- sludge facidity and then briefly” focus on a .few
typical control techniques or methodologies.

I. Factors that the operator can control or

- adjust. e
The degree of-control wil] vary frogy plant’
to plant. -Here once more the-operathr must
learn his facility ine. just what cohtro]:
“capapilities éXist. PR

,

1. -Oxygen (air) )

It is generally accepted that the leve]
of dissolved oxygen should: be maintained
at about 2 mg/1.” .- ) '

.
-

| N :
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T e, .
- . T "7 7" Discuss the relative ea\l_ or-difficulty -
) ' N . o .~ of attaining a constant“dissolved
- - . . .oxygen level of 2 mg/1 in the aeration

) o ‘ tank -as a function of:

.
[

?

.. - , X ~a -~ A. ‘Mechanical aerators, fixed-and
o N . floating. i N

B Diffused air .
e ‘ . . ' _C. d\rgam'c. Joad o
. | D. Mixed 1iquor suspended solids

S M L s E Measu'reme'n.t. of dissol ve;:l’oxygen Tevel

e, 2. Return sludge flow SRR

' The clarifier may have its own Tower
e u limit above Towest pump capacity below N
. ) . which pipes-plug, or an upper 1imit less
= : ' : —f———than pump capacity from the piping..

‘ . ] There may or may not be meters.

L il =

R

3. MWaste sludge flow ..- . . o

e [ May be limited by the ability to handle < °

. ' ~ waste slugge j-.e. digester capacity,

i ’ ) . , drying bed capacity, furnace capacity,
, . R I thi cken.er,capa‘city etc. .. .

“

4. Mode-of operation - '
Ca L e 0 CIfplanit flexibility existe the ability

. N to change. from conventional to step feed
: : — .4 for example. a ‘

-

- —{ - - So: there are ‘genera]]y three adjistments
, i possible: . = - S
, - | . .-, ‘ . Ail" ) . . ks ‘ ‘

—

- - RS Return sludge flew
- " - . . © Waste ,sJ‘udge—f]owl . o
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And if you are fortunate, a fourth:

. Mode of operation’

The amount or degree of capability

of each is unique to a given facility.
Each facility must determine its - .
minimum and maximum return sludge flow
capability, for example, :

.II., Control Techniqhe'(Methodo]ogy) cot

. Gf%en that some control capability exists,
~ how'does one’ know wh n a process f1ow
adjustment should beimade?™ This basic .
o course will briefly Hfocus on-&rfew control
methodologfes., -

. 1. Control by maintenance of 4 constant " a
MLVSS. This is ohe common approach
to controlling an activate sludge *
process. - Its basic premise is: A
certain level- of mixed liquor volatile

" suspended seolids has been resulting in
acceptabte effluent quality, therefore
maintain that level of -MLVSS. :

.Howsdoes one determine that level of
solids which should be maintained? What
.. are the limitations of this control
methodology? What laboratory or contro]
test data is necessary? What process
flows, are varied? ° SR

" ’5\’

AY Solids Tevei
There is no exact level, it %
matter of finding what appears to
work, then maintaining that Tevel..
.The- F/M ratio presents a-reasonable
starting point. "It is vgererally
accepted that F/M ratios bétween 0.1
and 0.5 are acceptable. An F/M

should be selected, say 0.25, It,

" then is necessary to determine the

N . ! - - . -
44 T { R
. LI . . .

., amaunt of food entering the aeration

-

. - 1
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. tank and solve for the concentration
- - { - . of solids necessary to maintain the
. selected F/M (0.25). The system |
. should then be operated at t at -y
/' A sQlids Tevel until final eff ent
. T . quality can be judged, probably a
r I . month minimum. “If effluent quality
’ ' lqgézs something to be desjired, :

_ Selct a new F/M, say 0.3, re- )
o . calculate theé solids concentration,
R B : . build solids (or de¢rease as
: : appropriate), and document effluent
. quality. A .sample problem is ,
- ] - appropriate." T -

. . - .Using the aeration tank from
i . . ' " Figure 4, its dimensions and the
" flow shown and a BOD of 180 mg/1,
; . - calculate the solids concentratien
N '/’—_—_~t\f\\\' . required to maintain an F/M or 0.25.
. - ~ . ' . Given: Volumé = 0.143616 million gal.

P - . Flow % 0.3 MaD
- ‘ ' : ' é L. . :
S . é%BOD = 180 mg/1 . .

L e F/M = 0.25"
: : . Find: MLVSS

i
ra

e N : Solution: _
- N T fdod (F) = 0.3 x 180 x 8. 34
B | ' | . F =150 bs. Bop"

T A T EM=o.2

" ' " _ M =F/0.3 = 450/0.25
L ‘ ST B T M= 1,800 Tbs. MLVSS ,

v . ?.:‘*g: - -




3

1,800 = MLVSS mg/} x 0.143616 x 8.34

MLVSS mg/1
_MLVSS mg/1

1,500 mg/3

B. Limitations to contro]

_ The two most gldring limj
are:- : -

— ‘ - / -
e : \ Page 45
- |Module Ho: Topic: . , - ¢ *
) a Basic Pfocess Control
1 IngEructd Notes: Instructor Outiine:
: * + -Lbs« MLVSS = MLVSS mg/1 x Vol. x 8.34

1800/0. 143616 x 8.34

.
tations

i) 1t assumey the \1oac? into the p]an/t
N [ 4

is constant.

Y oL 1) It ddes nothing to assist the.
. - . ' operator in determining what
¢ ‘ return sludge flow should be.

“C. Laboratory and control test data" -

required. « - *

H

i)"The daily determination of MLVSS.

"ii) Periodic BOD of the waste flow
into the aeration®fank.

-~

Process flow control

Waste sludge flow is. the on]

flow varied with this contro

1

y process °

methodology.

If MLVSS falls below

.« the desired lev®1, decrease waste.

»

If MLVSS rises above the
increase waste sludge .f1o

2. Control by maﬁnfenance of ac

desired level,
W. . ’
[ 4

onstant F/M '

ratio.

This: methodology is slightly more *~
sophisticated than constant MLVSS control,

. The' operator.still must
." . on a target F/M ratio.k"Tt

arbitrarily decide 
then_becomes

% . Necessary to*détermingbthe load (F) and

S W
o7

| 46
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{- increased waste s]udge flow. _There are

then waste studgé to .vary M and hold
F/M constant, Sounds easy. Corisider.
the fact.that BOD values are 5 days -
- "+ old when the final determination %s
made. Consider also that on occasion.

* the calculation might. ggest that the
solids level-should b markedly reduced
and the next day the £olids level should
be at or above the Tevel prior to your .

- Ways of speeding up the (F) determination.
COD or TOC determihations can provide
"same day" load-values in lieu of the-§ °
day BOD. The MLVSS$ determination.is not .’
Nnecessarily an accurate determination ~

' of. the true numbey of micpoorganisms in -
: the aeration tank. Tissue paper and ”
v dead ‘cells register jn the determination

. of MLVSS. -

2

Waste sludge flow is again the primary
~ prOcess flow variable, although if some
solids -are "stored" in the secondary
clarifiér.there is- some capability of
. making minimal solids changes in the .t
. aeration tank. . N .
Many activated sludge facilities are
allegedly controlled by .maintenance of
a constant F/M. Significant laboratory
~~ data is required and the initially
selected value for the F/M ratio may .be
wrong.- Consideration, of,the merits of
this control methodology should be-
Jjudged against jts inherent difficulties!

The calcylation protedures require use
of the identical equition. Us&d “in the

x ~ discussion of .contro yimaintenanCe of

a constant MLVSS. The difference is that
daily (F) determinati. are madé and
MLVSS 1is allowed to-increase or decrease
as opposed to maintaining constant MLVSS.

? o .
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. )Control.by‘maintenance.of a constant

- each day can be determined with only a _
. A sample problem will illustrate -the

-+ Sludge age (S.A.) = MLVSS (Va + Ve)/Qu
RSTSS B

Practically speaking the F/M control] -
methodology where used successfully
actually use a range for F/M as opposed
to an exact F/M ratio. This alleviates
attempting to make instantaneous )
.adjustment in mixed liquor solids _
«concentration, - P

®

sludge age.

There are many equations used for
"sludge age" determination. The SPCF
MOP 11 suggests that average sludge

age is the total amount of solids in "
the system divided by .the amount of
solids ¥emoved from the systém each day.
One must eXercise.great care when using
the term sludge age due to the fact that
so many different equations are used al]
to solve for what s Jabelled "sTudge age".

Control by this methodology requires the
selection of a value for sludge age.
Then the volume of sludge to be wasted .

few laboratory solids determinations.

¢

control methodplogy.

-

»

Where MLVSS in mg/1 | . ' -
. TR ° .
VA = Vo]tme of aeration tank

it

Ve
’ - ‘ Qw

Vo]ume of clarifier

Waste sTudge® f1ow
€

4

. \ . c / . )
/__) n ' ' RSTSS = Return sludge total suspended -
. * solids in mg/1 ‘ ‘ . :

@8 -

(
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- If the operator assuines a value for
sludge age, the waste s ludge. flow—can
be caltulated given the appropriate
volumes®and ,solids concentrations.

Given: MLXSS = 2,000 mg/1 * -. % |

E-]

KN

\jm : RS:TSS ‘=af=8’ 000 mg/]'

"Va-= 0.8 mi]]ion.ga]]oﬁ

Ve L=‘0.3 miT]?on-galfnn

ol "S.A. = § days‘zaﬁg}azyr se]ectea)
. Qw=-2,000 (0.8 + 0.3)/8,000 x 5

Qw =,0.085 Nep 3

. The waste sludge %]OW;fOr that day will
. ‘then be 0.055 MaD. N ; .

The selection of the value for sludge
age is certainly critical in this control

. - methodoTlogy. A reasorable starting L

v
.

2 . _sludge flow for a given_sludge age. , - .

- - flow §s not addressed all inclush ely.

value would usually be .in the.range of

5 to 9 days. The process would be

controlled using the selected valub.
. _ If suitable effluent quality results, -
§tick with it. If not, the'value for . T
sludge age is adjusted.,  am- :

IR v ‘

- Oncelagain.the adjustment of ‘return sludge

. One would tend to adjust returh sludge |
flows to.the point of maximum achievab]e
concentration of soNids being withdrawn
from the clarifier. This, would then

~» minimize the volume of required waste .

-

Finally, the result of ' minimizing Waste
sludge flows resultsein lessening ‘the .
Probability of overloading the sTudge
digestors. : . S
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; - Once more, it sofinds easy. There is one
' N truth in this cdrtrol methodology and
, that is that te wasting procedure wiTi
% , - affect the effectiveness.of the
. . R © activated studgaplant.
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4 hours Operator contro] tests o .
Objec;tives: *

1. To.perform:

A. Centrifuge test . B .

) B. Settleometer test ’ : '
- C. Sludge blanket determ1nat1on . \ .

f *D.

Turbidity test .

2. Plot trend charts from data obtsﬁned*from the tests listed above.

. .~
:'. _:!_L
~{Instructional Aids: . .
/e SN
- . — \ b — &
Instructional ﬁpproach: p o
. . -5, . i ‘ b
1. Hands-on training at an activatedféludge facility. - .
'. / N . -

IS

References:
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- ] '1. OCP for ACP )
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= . Note: The second day of this fhen?“?s more involved in the operation of an
_ module of instrgEPion should activated-sludge facility than cutting grass
-#!" inelude "hands-on® training hosing overflow weirs ard greasing pumps. ‘That
-] in running_ control tests. It is not to say the above isn't necessary. There
- is appropriate to assign the is more... Each and every employee at the .
student on the first day to activated sludge facjlity should have some -
read the Procedures Manual, familiarity with the facility.” At the very ,
Part'II, Control Tests, so least his serises, eyes, ears, and nose, should .
that he may in fact perform be alert - alert to. change. )
the tests during the second - ; . ' Tt
day. X The.eyes can note if units are operating when - -

they are sppposed to be. Foam, color and
general tank appedrance-shou]d'be noticed.

' The ears should be-alert to change in the sounds

of the facility.  Has theré been a noticeable -

. - | change in the sound of the centrifugal blowers,
the motors powering—tbe-clprifier scraping

mechanism, eté? ot

. . ‘ Finally, is the nose telling the operator of a

- N . . " Meed to increase ‘the rate of waste sTudge

‘ . pumping, a need to hose down effluent weirs

e .. - and troughs, a gravity thickener gone septic, etc?

§ ' - .| Such sensual observations and the recording of
- . .| them are truly an iptegial part of process
: monitoring and control,

. - -1 . i}
There are alsp useful operator control tests.:
-which if performed routinely can all improve
process .control and ultimately lead to improved
o R effluent-discha quality ,permit compliance, -
- L , These control Aests are exactly as.named - .. = -,
»——-"_‘_ ; - control tests. -The data thus- accumulated combined,
o : L : . with the routine laboratory data (BOD, siuspended
N - | solids; pH, DO,'NH3, etcy) should enable the'

S : - . operator charged with control’ decision making ,
vl . ) L responstbility to make better decisions, decisions
: ’ “ ' based on response .fo process demands, not "seat:

' | : ’ of the pants" contro1 adjustments, - ° :

N

e

>
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[Module Ho: Topic:

‘. Operator Control Tests

>

Instructor Notes:

fnstructor Qutitne:

-'\

Student Handout-IV - Data

. .and beginning of a trend

chart.

4 in this module jis to learn

- L
\\ The' control test series to be Tearned in this
module of instruction includes: -
- 1. Sludge blanket Tevel determination
. 2. Settlometer téest | .
- ’ 3. “fzntrifugg test
. . . . t
. . 4. Effluent turbidity test
~ . - ~.
The tests should pe The apparatus and technique for each test is
demonstrated by the instructor thoroughly detailed in “Operatiqna1 Control
and then performed by each - Procedures for the Activated Sludge P¥ocess, ot
student.. . - Part IT - Control Tests". The purpose here o

the technique and
Test: frequency arid
are addrgssed in subsequent

how to plot the data only.
data interpretation
modules. °

. 2
P

“The final consideration of this workshop is to
learn and practice data plotting or trend charts.
Data routinely collected but recorded on "match
book covers™ or aé*d and coffee-stained yellow - -
Pads is data seldom, if ever, used as a part
of Process control decision making. Data ﬁlotted
on graph paper with. appropriate notes becomés -
data used in Process control decision making and
"should result in improved operation,

L3 N >
The "Opkrational Control Procedures For fhe
Activated STudge Process, Appendix", (Pages
1 - 6) provides sample data sheets for control
test data and-trend charts. The six pages
should e discussed in. class. The remaining time
shiould Be spent in Plotting data furfished to
each student, '

Notice the
12 segments per inch on the horizo
lends itself very well to
"10 or 20 segments per inch
lends itself nicely.
isq§uggested with' the

al scale which

on the vertical scale
“Finally 11" x 14" paper size
12 by 20 graduatiops. "

- N .
© .- s . "

53

grabh paper used. It ﬁ:édivjded\$nt6 -
"time of day" plotting. °
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" The fo?]ohing materials.are gppended from which’ student ‘handouts”

. may be duplicated and transparencies produced:

F1gure\1 - Convent1ona] Activated Sludge Process Schemat1c

F1gurg 2 - Re]at1ve,Predom1nance of<Microorganisms

‘Figure 3 - Ideal browth-Curve‘ b o
- . . ;

Figure 4 - Detention Time Ca]cu]at1on-Examp1e
Figure 5 - Overflow Rate Calculation Example
F1gun§?6 - Q{gan1c Load Ca]culatlon Examp]e '
F1gur§>7~- CBnventional Activated S]udge Process Schematic
Figure 8 -lTapered Aeration Rrocess Schematic R
F:jj:e 9 - Step aeqat‘%h Protess Schem€%1c ;

F1qure 10 - Contact Stab111za£1on Process Schemat1c

@ P

Student Handout i -2 p’age,s:‘iv &
Student Handout IT -°1 page
Student Handout ITT -'6 pages Y
Spident Handout 1V - 11 pages . . :
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v 'WASTE SLUDGE FLOW CLARIFIER SLUDGE FLOW ’
. ~—~ W ¥ *
S i__ - .N‘ N . 11 - g ———. — v
T T|  [RETURN '
RAW o E|  [SLUDGE . |
' WASTEWATER PRIMARY FLOW - : R -
X SCURIFIER 0| [ ] CHLORINE, '
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*h S{ATION COMMUNITOR D| \
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AERATION TANK _

i, .
VOLUME = LENGTH X WIDTH X DEPTH = 20 X 80 X 12 ‘
VOLUME = 19,200 CUBIC*FEET X 7.48 GAL. ‘/CUBIC FEET
_ VOLUME = 143,616 GALLONS .
* FLOW IN =.3 MGD .1 MGD = 4 MGD
- DETENTION TIME < VOLWME X 24 *
. ) FLOW IN -
1 \ “DETENTION TIME = 143,616° X 24
o] S 400,000 ,
. B . DETENTION TIME = 8.6 HOURS ~ | R
. g , I
. FIGURE 4
Tb ! i -
~ . : DETENTION TIME GALCULATION EXAMPLE -
P, ! : ' i o
...o“'g ,
i i : o »? ?
B | ° ot jisg 3 ’ N
N |

RETURN SLUDGE . :
FLOW = 0.1 - - gp'

-4 INFLUENT = 0.3 7

. AERATION TANK

//, o n— |
EFFLUENT

AERATION TANK

|
|
4
!
)

~ S

B L R X1




TS INFLGENT

.
( 2
v
.~ R ;5 ] / . ‘ ‘ - ’ .
‘SURFACE AREA = JTd% = 3.14 X 602 = 2,826 SQ R ‘ ' :
R : : 3 T ‘ T .

P OVERFLOW RATE-= iSFFLUENT o= 2, 100 ,000 ‘ \ ' : .
- SURFACE ARER © . ~ .~ 2,8%6 8% - : , .

OVERFLOW RATE = 743 GAL./SQ. Ff /DAY .! ; . oL { :
« » . ,}5 f . ) . ‘ o
3 1 (N P 3 > . (I
' fy © FIGURE"’B/ ; R . —_—

. ‘ ,g - ‘ e - . B .

: - . OVE&FLOW RATE CAL!CULATION EXAMPLE ‘ '

S N
3 S ko

v
Bcal® s g edgania

e w s e s



PRIMARY EFFLUENT BOD = 150 MG/L
PRIMARY EFFLUENT FLOW = 0.3 MGD"
AERATION TANK VOLUME = 19,200 ‘CUBIC FEET

AERATION TANK VOLUME = 143,616 GALLONS

"~ MIXED-LIQUOR SUSPENDED- SOLIDS-= 2,000 MG/L

* [ . . .
POUNDS" OF BOD/DAY = 150 X 0.4 X 8.34 = 500 LBS/DAY

POUNDS_BOD/DAY = 500 = 26 LBS BOD/DAY/1000 CUBIE FEET .

VOLUME (1,000 CUBIC FEET) 19.2

-~

POUNDS. MIXED LIQUOR SOLTDS = .143616 X 2,000 X 8.34
POUNDS MIXED LIQUOR SOLIDS = 2,396 LBS

.. POUNDS BOD/DAY e . = 500..= 0.21+
POURDS WIXED LIQUOR SOLIDS 239

. B
‘1

‘ FIGRE 6~
ORGANIC LOAD CALCULATION EXAMPLE

r
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WASTE CLARIFIER SLJDGE FLOW
SLUDGE : : : » -
‘ FLON ~ B "
| RETURN - ]
SLUDGE
FLOW
.CLARIFIER-
: — ! ]
.o w ~ OVERFLOW -
AERATION | = S
TANK INFLUENT ™ N .
DETENTION TIME= 6 ~ 8 HRS.
. AERATION TANK ;"
= ! T - - ¢ . . -e 3‘3 ° . ’ )7
i y o FIGRE 7.~y ®
. . L CONVENTIONAL ACTIVATED SLubge , : ' .
o SRR PROCESS SCHEMATIC ] 9 . .
i ' 3 3 ’ }i 3 * A ;
;< . { - .
' § ’ . 2? 3 4 o
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; 5 l S B
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L— - AerATION TANK — | .

AERATION
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G

SECONDARY
CLARIFIER

AR T Y
- ) o
. ~ CONVENTIONAL ACTIVATED® SLUDGE >
"}: . S .
- ? S
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© WASTE . CLARIFIER SLUDGE FLOW
. 0 TReeen - . Note:
4 SLUDGE j
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WASTE o CLARIFIER SLUDGE FLOW
: - —
SLUDGE ] poo . % )
- . {. Mc* .

- FLOW

« *

_ AERATION TAKK

~

‘| RETORN . ' .
SLUDGE o ‘
FLOW 7 .

L DETEQTI%N TIME= 4-6 HRS.
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INFLUENT
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L

ASTE SLUDGE = - CLARIFIER SLUDGE FLOW

FLOW . l RETURN SLUDGE FLOW

4

STABILIZATION
"¢ TANK ‘

" PRIMARY

i

EFFLUENT ‘ :
CONTACT

(RAW WASTEWATER) TANK
T - vy D'T.~] ﬂ.R.
AT

27N

~ ' ’

_ FIGURE. 10
CONTACT STABILIZATION |
; PROCESS SCHEMATIC
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*Student Handout I

-~ S

*

, ﬂ'._(
g . \\9

/ Absorption

Adsorption *
- Ce ]

Cpagulation

- M - [

*

Lo Colloids

L SOV W

~

ACTIVATED SLUDGE TERMS AND DEFINITIONS

From MOP 11 . : .
¥y e ] .W

e,

The taking up of one substance 1nto the bodx of

\another. ‘ DR

o

. The ‘adherence of a gas, liquid, or dissolved

material‘bn the surface of a so]fd
The destabilization and initial. aggrégat1on of
colloidal and finally: divided suspended matter

by the addition of a f]oeN?Orm1ng'chem1ca1 or
by bio]og1ca1 processes. -

Y

F1ne1y divided so]1ds that will nbt sett]e but

" may be removed by coagq]at1on, b1pchemica1 action

H

! R
& PR
'

or membrane filtration.

T

S

T (R T .Y -

j; Declining érqgth Phase A growth phase in which the amojn$ of ava11ab1e
'.% i ’ "is , o ;ood beg1ns to Timit cell growth

) EﬂdogenOUS P%Jse C '1 The growth phase whi ch due to a‘1 ck of
a%.; kil \\ ava11ab;e food and cannaba11sm Be{ween cells
% ; ; ’g ) results in a net ce]] death
R » § Floc (s]udge;ﬁldc) Small ge]at1nous maSSes formed 1h§a 1iquid by

% ; | > ;h agg]omeratlon of. sma]]er part1c1es ~

{‘r : F/M\\ Food to M1croorgan1sm rat1( Th1§ 1s a

E ; : , ; - ' ca]cu]ated rat1o of "the pounds of“food (1bs. BOD)
,'? ' ; . flowing 1nto an aeration tank dﬂv:ded by the
;:'; , ; . pounds_of_so]lds in the aerat1od tank (Tbs. y

sgspended solids). Note: Some)operators use

" the vo]at11e suspended so]ids in %h1s ca]cﬁ]atlon

L XY

> -
v



, Student Handout 1 (cont.)

— RO

. ..

Log Growth Phase
N

A

~

Mixed Liquor

]

S A .

Returq}S]udge

~———~

NELNAIY LAY o

Sluyige Bulking<

[ 4

~

'
L tians®

P O N

Stabilized

%3

Waste Sludg

|
5
|
;

RN

< e

da

"

ot

"a maximum - abundance of, food and su1tab]e .

the clarifier which is returned tow;bglgeration

'15°no,tapébi]ity for further change. L

- tﬁ@t s]udge w1thdrawq>from the\c]anlfger, ;

A groch phase in which cell phoduction is at
envi ronment (oxygen, temp. é!c ) NS .
The contents of an aeration tank - the mixture
resuiting from the combination of réturn sludge
and primary effluent (raw sewage if primary

treatment units are,not’a part of the facility.)

That portion of the settled slydge removed from

tank. ) ‘4

A condition of activated sludgk during which

the §7udge oocupieé excessivefvolumes and will"
o ™~ ’ )

not concentrate readily. :

- o - - \'

That“quality of a waste or sludge when there

1 ~ - i oo
That sludge which is removed from the secondary.

. Wi‘l .

t?eatment units, It is genera]]y a portion of-

hewever, some act1vated s]udge p]ants»hav

o0t iy
N ,"‘.m: r,,’

“ the ability. to waste mi xed 11quor i '? w s
A ;
4 - g A2
o .'( ~ N '_‘,f Iy 7-
1 -2 [ -~ . § R
P ) y /
! o r \
° P /w\ \ >
L] 4'1" N hC o
! 4
$ . /4/ ) (,’ . .
. LAY/ .
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o b CONVENTIONAL' ACTIVATED SLUDGE DESIGN PARAMETERS !
FAN » ‘\ ‘ A . : . i . :
New York Reconmanded Standards
3 ~«Manual For Sewage Works .,
"Aération Tank . o . N H -
.- , k] . « . L4 . .
. Detention Time *(Hrs.) 63- g ** L 6.-7.5
i | (Oxygen (cu. ft. air/lb. BOD) 1,500 1,500 © ‘.
( Organ1e Load (1 e. BOD/lOOO = . )
cu. ft. , - ' 30 - 40
1 Secondary Clarifier : )
: Surface Overflow (Gal. %q.‘ft;[ - ¢ " ’
. : . dgy) . -800 : 600 € 800 . L
' Detention Time (Hrs.) - 2-3 |
, . g - R ~
. . Clarifier Sludge Flow (%) 20 - 30 15 - 75 -
T ’ ' - E ré >
*Based on design flow i ) ‘
) **[Ji ffused a1r, for mechaﬁ!ca] aeratorS;Q - 12 ,// ©
i % q . é - 'i5> ?
- s ‘ i
3 3 L K '
P - . V.o .
‘:..A;_F‘(- - ' 2 / 2 . % 5 ¢ ‘\
;L?;@“ % - b ! *r
5 ,\.' o % C o - ' ,
3 1!\: : E S ’ ? - ° % :
: . ,: . : I
} IR ) \* ' L . i ; >
v w ) i ‘o '/“ i ! '.'
g m . - - ; o
; ; B //.ﬁ" - i-
. R ' : {" .
i ' . y T : e
¢ f ' A o ) LA
- R 3
; i ) =, 6.8 Lo \—} - . !
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DATE 4'/17/76 ° .
DAY -
TEST _ TEST' TEST
TIME_O8c0 TiE_léoo nmz..z.ﬁ_Q_L
RAW_FLOW_4io_ - | raw FLow_‘H_S;__ RAW me_ﬁfi'_'
RETURN FLOW l9o RETURN FLOW_}+9o | RETURN Frow_2/S
WASTE FLOW__ o WASTE FLOW___ & | WASTE FLOW__ &
TIME  SSV  SSC | TIME'  SSV  SsC | TIME . SsV _ ssC
0 - 1600 O 1000 . ___} "0 1000 ___|
's 200 5 200 __ | 5 230 ___
10 820 10 8co 3 o &so ____
15- I3 ____| 15 Zfoo" 772
30 £éo 30 £330 _T S8Q-
45 499 45 .. 4—&;:) ) 127
60 50 - | e 4io” ' 242
90‘.' ; 90. - ' 90 . " L3
o [ ) . s M ’ ,
ATC 8.0 - arc 1.4 arc_ oG
RSG_19:0_ " RSC*2Z.0 BEQ;_L&Q_
oop_8:2. DOBQLGL poB_Z9 .
JINITIAL - INITIAL 0l mrtmn
“TURBIDITY (O TU DI ’2‘ o TURBIDITY .. /6.0
PINAL FINAL FINAL - >
DURBIDITY S-S TURBIDITY 2‘7 TURBIDITY £ 2: <
vy f”75;:% o - )
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- oare_42//8 /76 i .
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DAY 1 Lo |
TEST » T-tEst 7 TEST S
TIME _OS800 | rIME L6202 . PIME_RLOO
RAW FLOW_Z¢9 | raw FLoW_499 ' | raw FLow__S560_
* RETURN' FLOW_/20 RETURN FLOW_Z/9 _ | RETURN FLoW_245
WASTE FLOW___ & . WASTE FLOW__ & ' WASTE FLOW,__
> i, - ’
TIME. SSV _ SSC | TDE SSV  §SC | TDE SV sso
. . (W . .
0 , 1000 0 1000 _— | o 1000
5 730 5 oo 5 FLoo -
10 &2 | 10-. Boo 10 @720
15 90 _) 150292 T | 15 Gee -
0 g22 © 30 S2o 30 4%20
ks 20 | us. 4o ks 240 .
60, 35, _ | 60 <£22 60 &LO:
. h N B ’ .’?
90 90 90 I
a5 T A &9 arc &L . =
Rsc_Z2.0_ r:26.0 Rs¢ 23.2
| DoB_S5:2u_ 'DOB €25 __. DoB_Z3
INITIAL INITIAL | It
' TURBIDITY . 2¢ - T SIDITY. Z2< . tuRBIDITY _Z &
FINAL FINAL® - . . | “FPINAL -
TURBIDITY L/ . TURBIDITY -/ TURBIDITY —%: S
VAR P
'w a .*l i , »
%3 * .
"-" \e 2 w R * ‘7
6
. Mwww&s-:«w *\;-*-,_ w.;;




'RETURN FLOW_2S59O

RETURN FLOW_Z239 |

e - . ) 4

Student Handout IV - 3 = \ -, - 59
" DATE 4/ [ C?/ 76" \\ .
" DAY__ 2 .
TEST I TEST TEST .
TE.QBOO - | | qmE /600 rive 2400 ~ ;3
3

RAW FLOW_&:O__ RAW, FLOW__ 4380 RAW FLOW_<60

a

.ﬂRETURN FLOW_255 .

WASTE FLOW___& WASTE FLoW__ & | wWaSTE FrOW_/2 " “;,?
TIME  SSV'  SSC | TIME SSV  SSC | TIME  SSV  ssq;
‘0 1000 0 1000 0. 1000
s .80 | s 830 5, 990
10 LSO_}'*___ 10 ]/0 ~ 10 B8 .,
15 «L60  _ 15 é;_ —_ 15, G20 %
30 ¥¢so : . 30 490 30 éZO , .
Q 4.0 ‘ -u{ Z4L9 ‘45 SSo - !
o 320 __ é@,.ﬁ_ 60 Zfo. ____
R -
e 20 - ATc_L. | ATC..Z.L' &
RSCLZ.O RSC.ES.O. rs¢ 22.8_ 208 .
DOE’.:_.;.f_ DOB___L ' DoB G 8 Y
man , INITIAL INITIAL :
TU&BIDITY / ¢ TU HIDITY, / Z o. TURBIDITY 2.0
PINAL. i FINAL - 4 oA .
TURBIDITY /S . TURBIDITY (05 TURBIDITY .2

5_‘%
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. DATE 4./2'0/ 76 i ) ’ \
- DAY -~ i o -
M ome | Beeo | imeie
' RAW FLOW_%L_. RAW me_ﬂ__ xu.w me_ﬂél__'
. - | - RETURN FLOW Zfzo"_ RETURN FLOW_220 RETURN FLOW_23S
f WASTE FLOW_ /2 ‘ vu\’ FLOW_/2 . WASTE rLow_;j
s . : i
"~ | ToDE -ssv .- ssC ‘TIME SV ssc TINE SR
& . w; 0 - 1000 ___ .0 . 1000 : 0 1000 i § 1
- s'&e | s 220 | s P -
’ 10 ZZ2 ___| 10 ¢S50 __ | 10 o ___
L7 15 &30 a5 Tsgo | 1s 720 —_—
: 30 489’ 30 %o ____| 30 560
4s 430 45 A0 vs 480
L] en_ 320 60 320 ___| g0 230 ——
‘ 9 - E N I —_—
¢ ac8o- e _Z8 1 VUL A
- Rsc.LZE _ . 330270.& ‘rsc_ 220 ..
poB 2.9 D0B &S __ J s Ze 7
TURBIDITY /¢'0_ ~§31511ﬁ'm 2O sy GO
r o e
L gggggmwr (2.9 gtlxgﬁnnf o | glugglfmrr_i_._
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RAW FLOW 430

RAW gmw_,ﬁg_;

* RETURN FLOW 2 ZS

. RETURN FLOW_ZS O

DATE /2 / / ¢, :

DAY .
TEST ‘I‘EST TEST —_—
TIME_M IME__L40Q rIME__ L2400 ¢

m(w FLOW £_3§ :

RETURN FLOW_ZSS

WASTE PLOW ./ 2 WASTE FLOW__ /2. _ WASTE FPLOW_[(2 '
| ™E_ ssv_ ssc | IDE sSV . ss¢ | TDE  Ssv . ssg
. - " 4 . N / .
70 1000 0 1000 ____ 0 1000 _____
s ZZe | 5 420 5 Lo
' &40 10 4so 10 432 __
..15 S6o 15 430 _____ 15 ~Zso:
30 . £So <___| 30 o - —sg0- o
b5 HO s oo 745* 298 - ___
60 2?0 iy 60 » 390 - _ 6‘0 %‘2 Eetnm——
90 90 ] 90 e
\ PR . . — ‘. / " B N
e &3 WL A . ATC_& T
Rse_LB.S ¢ RSC_LL.O T e LLL . - e
A pos . &3 __ pos  ZS ,
. ' T
* INITIAL - -~ | INITIAL _ INITIAL .- ‘
TURBIDITY é Z _ __f,ru IDITY, 3:5 «.  TURBIDITY j.é
L -] PmaL . g rman -,
S.# .| rureIoiry __3-3 . TURBIDITY —Z £

-




¥ o i * T P
N 26,
;}*“ *= - d i
. 0.. N p )
N . Student HanSout IV - 6 O g,
# . - _— A
- il
. ‘) ‘ n , Y C ~ e
¢ DATE __<L/22 /76 .
) 1= " i R o .
DAY L " “ _ ) ~ i
. TEST TEST , TEST ~
TIME _DR00 rIME L6 0O ! rm-:_&__ ‘
Y m FLoN_240 | raw FLow__ 00 | raw Frow_450
RETURN FLOVI 279 | RETURN FLow_2309 | RETURN Frow_/9O-
g \ WASTE FLOW /2 ' WASTE FLOW_* /2 WASTE FLOW__ /O
. ) , : ;
TIME  SSV_ SSC | TIME ~SsV SSC | TIE  ssV_ sSsC
o 0. 1000 0 1000 "0. 1000
. 5 L7090 1 ..s 732 s 8so
o o T s . : - .
L | 10 SSer | 10 &99 — | 10 750 *
15 490. | 15 8220 ____ | 15 Glo.
o 30 é//a:- 1 30 420 ¢ —— .30' "@zr: —_—
! } - B -
. bs _ﬁ_ - —]. 45 -3%20 - . - 45t 430,
b 6.0 . ﬁ370 - 'ﬁ ‘60 —B—ZQ - e ctm— 60; 00’ ;—
. : . ] *) : - ) .
, . ‘ATc_Z__. ae ZSe. | areZ4
»| Rsc_Z80. /8,0 % ’ /Za R
’ Doa_L__ DOB.. 8/— . * e | pos_ZS __
‘ INITIAL - " | vitmanL " 1 mITIaL
~~PURBIDITY s.3 v, mITE 2. @.._‘,_ .""URBIZDITY 6.2
FINAL - FINAL . FINAL. -
'TURBIDITY 4 9 - TURBIDITY 2’_4 ' TURBIDITY S.8
[ 4 Y L3 - )
S 3 Y
. . ‘*‘;‘f.’ . .' 5
3 - > b ! =
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' DATE 4/ 23‘77; - -

DAY ____ - - . '

TEST TEST " TEST

TIME_O&O_ TINE L4600 TIME_‘giQO_

1 aw FLOW_£70 RAW FLOW_£70 - | raw rLOW_470
" RETURN FLOW__220 RETURN FLOW_Z2SS RETU}EN FLOW 25
VASTE FLOW__/O WASTE FLOW__ /O | wastE rrow_ /O
R AR ’. b . . . .

TIME ssv SSC § TIME - SSV SSC TIME ° SSV.  SSC
0 1000 0 12000 _—__] o 1too0 __
5 270 5 Joo | 5 &80 '

10 @S2 | w0 &s. 10 272 ____
15 . Sgo =15 222 |15 &8a. -

030 Z£2 30 S4o ' 30 S/0 C

b5 Zoo | us 450 | us 230, .
60. EZ_S..>_.w 60 ZL2 - | 60 Feo ___
90 A ] ‘90 , 90 - S \

. ATG_Z_S_> | A ";Arc__LL N
Rsc_23.5 7~ rsc_L9.0 . (%8 - -
pos. 73 . pop &0 DOB_Z_

INTTIAL TINTTIAL INITIAL

tURBIDITY 8 o ,mxm_ia__._.“' TRBIDITY 727

PINAL - TrmaL . FINAL - . :

TURBIDITY 2 4 3 TURBGDITY TURBIDITY 2 &
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C DAY : - -
TEST TEST. TERT - —
TIME_M TIME LG 0o . ?ﬂE
RAW FLow_ﬁza___ RAW RLow._éLL RAW me__{é_O_ |
RETURN FLOW__27¢ | RETURN FLOW_230. 'RETURN m.ovr___z_é’ﬁ_
WASTE FLOW /) WASTE FLOW__ // WASTE PLOW Jo

. [ 4 . D

. ; L 3 . .!v . -

TIME, =SSV SSC | TIME  SSV _.-SSC | TIME  ssvV 5SC
0 -1000 .0, 1_doo. — 0 1000

s 2o .| s o ___ | s 930 ___

- J ° - . v P

10 2 _.__| 10 ZSo 10 &82. - __ -

15. S¢0 ____ | 15 &So ' __ | 15 g30 .

Ny . . o e

’\P 30 4So 30 LG 40 &S0 e

X : : J . T
ys FlO . Ths ¢/f)

60 382 | & 292\ | L
90 ‘ _‘ 90 _7}— _aﬁ/
Cae ZS m_zi’_\
Rsc':.éia_\ Rsc_Z&.Z..
pos.2/. | DOBL_ o
INITIAL © | INITIAL 1 INITIAL SO
TURBIDITY &8 __» 5 mIM_ZZ..“ TURBIDITY 12.9
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FINAL - frmar T ANFPINALT
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DATE 4;/257/ 74, . & s
DAY» - Y ;- ; , - ‘; :
" TEST - N TEST TEST o
MM QP00 T | riwg é 0 Qnmﬁéﬁ_
RAW PLOW_Z4S O, | “mw‘FLow_ﬁL' "RAW FLOW__4S 2;
RETURN FLOW 245 'RETURN FLOW_Z9S. _|-RETURN me__ZS;g’_S_
| WASTE FLOW z WASTE FLOW_/2 - | wASTE PLOW_ /S
) . 4 it
TINE ssv SSC | TIME 5, SSV  SSC | TIME  sSsV 7 S0
' | - - ’ . 39
0 1ooo | 0r o0t | o oo O
‘s Féo 840 1i
5 Zso. _i 5 L 5"-40?}?5
10 720 — 10 Lo o ZZ2
15 G20 --. JI 15 880 15 ¢39 7
. . o ~ o, v
30 éi_. Ce—t | 30 Y4720 j0. . 40 o
s S0 Lol us o gz0 | us 430 V1
60 480 3 6o 280 - 60 . Loo. & -
. v . N ' \ ' 4.3‘ 3}“ ._‘"'-
.90 : 90 90 . sy
- ‘q .9 . s . {'-?“—
ATc_L. - arc ZS LA A
T & Y N
',‘ﬁks _ZZ_S'_ « RSC_Zé'_ ¢ 220 . ,
‘_‘DOBL ‘DOB..L' e Dns_é_‘b.'_.'j’ L
* INITIAL mmm. O miomr v
TURBIDITY ‘34,0 mmtﬁz',..w . TURBIDITY 3 / |
i W . . '
FINAL . ( FINAL FINAL . ., |
TURBIDIFY. /5’ o TURBIDITY . 3/ = | rmemrry L7
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Ve Student Handout IV - 10 : ‘ )
R — ‘ -
i 4 -’ )
i | oare_L/26Y76
‘ A -
g DAY __ | -
v w | TEST Gt TEST TEST =
i | omve_Q800. ¥ TIME..ZL__ PIME 240D
| raw PLOW=3 go | Rraw FLOW__.?_L RAW FLOW_£85
| RETURN FLOW_2% ,s,, | RETURN FLOW_Z25O°_ | RETURN PLOW_235
WASTE FLOW__/O_ WASTE FLOW__ /2 V. | wastE PLOw 22 |
TIME. SSY° SSC | TIME  SSV -, .SSC | TIME . SSV _ ssC
. S0 1000 ‘ "0 1000 | o 1000
' . . 5 & /E ' . 5 ) ?/0 . ] ’ 5 820
. vy By ‘% ) . » . . ] ' K
- 1o &zZ 110 &S ____ |10 e72
: 15 S2o ? 1 15 790 15 goo. _
' . . ‘ K ) - . R
30 270 | 30 ¢g30 0o 4o .
ks ‘*“5(:‘0 - 45 SsSo -~, 4s. f.?él ) e
.60 £Zo | o 48Y . s0. o0 __
~9o .:3 90 N ) - . 90 ° —
4 v { .J‘ ,3;: ' ' ) ! ¢
Y VAT irc 2 AC &S ¢
RSC.L6./ . 1 rsc 220 RSC 230 "
Do 2.0 _~Tb wnon.iL DOFa2 X 1
L] i i - . . ' 3 : 4
“INITIAL | INITIAL INITIAL -
TURBIDIFY S/ ! -mxm__3_7..'____’. FuRBIDITY 74
. - . ) ”~ ¢
PINAL = PINAL 37 FINAL 37
TURBIDITY o PS TURBIDITY o5/ TURBIDI®Y .
”" '.’ ” . 84 . E'.Z';//‘ ,
A . .- : . R " - 4
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Module No: - MofuTe Ter- -~ - S \ . .+ -, .
Basic Activated Sludge - | : _,Z:;: ;s
. ’ ; A . — 3 2 : - »
A Submodule Title: - -/ ) _ O
Approx. Time: . - ‘ ) *_J, ) .;%
o
2 EVALUATION N o 4
Obje'ct'i ves: . ¥ S IR &

@ - »e 2.
- -

xl

/{a“ .
The learner will demonstrate that he has a\%ved the obJectwes of the Shodule by j
correct]y answering 75% of the following Questions. ‘. Y A

e e — ¥

1. Defipe -the activated s]udge procesl and its mod1f1 cat1ons as descr1b,ed in MOP 1.

.

- 2. L1st the basic ope'\at]wnal requ1rements of the activated s]udge pro 1S

.: Ao ° ‘ : . . ' ] ‘i}t ' :’5 _. '? j.

. . B. , . o 5 . ‘ . N . ' ;:% j i_,‘mh
> G " : 8 . o "§ g SN
. 3. For each of the foHowmg typ1ca1 umts of an actmated s]udge fac1hty briefly-, |

itate the purpose § o o N ’E ) 3 T
| .- A.. Peration tank ’ S 5 s i ;,;%' ’
B. Air (oxygen) supply - : . ' IR % yS:? _ B
T . C. Final”settling tanks T ) T L. \
AT : : ' yooF
D. " Return S°1udge pumps T o . % .
E'. Waste s‘ludge pumps e ot T x o ;3 N v*;‘g.;—-

4. Sketch and label the umts ‘for a typ1 cal- convent)ona"l activated s]udge fac1hty ¥,
SR ° Omit pri. trmnt. Show typ1ca1 detentwn, t1me, overﬂw rate and pump capac‘i’hes

/' S-F Match the deﬁmtlons to the terms ol J' B . o ""
{ . Ay Absorthon - RENN -;A.‘ VSmaH ge'latmoﬂs masses ‘formed in &
. o A > > Tiquid. by\aggiomeratwn of,.sma]]er
/ , L . _
\ .Y cd v '_%p3rt1'€|es i o .
-1 - r X . ." »n . B .- -
. - . _b. Adserption - .. TB..A grow’th phase 3in wh1ch the ~amouht of
A e s ' -available fogd begins t0 hmlt ceﬂ
L , .- ‘o -~z \,‘o . : . N - gY‘OWth )
. . T ’ . o »;‘égg_‘ = )
.~ ___.c. Log growth-phase - e Cn ‘rhe g!wth phase~wh1ch due to ‘2 lagk K
: _ « .- e - of-available. fpod and cannabalism " .. .
: N R TN PP >betueen ce\ﬂs resu]ts ih as net.cell
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6%’ Label the three s1qn1f1cant zones gghaseé), the two curves and thg\axes

4

?

¢

- Declining growth phase

Endogenous phase

Sludgg flec

Mixed liquor

N
Stabi]ization

-l

Return‘ sTudge
: /
Waste sludge

-

F/M

Diffuser

P

‘S]uzge bolking LT

o 4

'
¢ 4

s

DT-»A\growth phase in wh1ch;\_JJ/ ‘

o

_ production is at

ma ximum,
Treatment. of waste or s]udoe to a
condition from which there is no
capability for further chance.

Food to microorganism ratio

; -A condition of act1vated s]udge

during which the s occupies
. excessive volumes andwill not
readily COncentrate “ e

®

The adherence oi a gas, liquid or
dissolved material on the surface
of a solid.

Aeration, tank contenté:

That portion of settled sludge
removed from the seconddary
clarifier and pumped to the
‘aeration tank R -
The tak]ﬁq up of one substance into
the bodv of.another PR

. ’l’ *
That sludge which -js removed from
the secondary treatment units.

ot

A device throuéh which airn is .
"blown¥ to provide bubbles-of ajir .
(oxyaen) to the aeration tank ;
contents , '
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7. Given the following data,-calculate: Y v \
k- . ¢ - ' v -, - .
. o T 8¢ ~ i
A. Aeration tank detention.time. . .
. . o . 1‘ R
B. Clarifier sur¥ace settling rate.
C. Pounds pof BOD to aeration. 2 ;ﬂ X .
hd . [ E . 2% Ko ¢
. : Moo T
.o D. Pounds of solids under aegation. £
- ‘ ' - ‘ , £ :
E. F/M. - J
’ [ N - ¢
Raw waste flow = 10.2 MGD 1 .
. . ‘ . 4 .
Raw BOD concentration =-192 mg/] . i ¢
No primary clarifiers - ’ yo "
§ -
Aeration tanks > two- LI }
Each 284' x 92',x 15' - ¢4 “
- . . ) - 72 ‘ 3 “
Secondary clarifiers - two , Vo, T ey
s ‘ . ., o oA . o
Eafl115' diameter x 12.66' .average depth I ’
" Mixed liquor-total suspended 'soh‘dé‘ = 3000 mg/1 }
8. 'List three control techniques or methodologies. . ]
- >,
’ ) ~ ¢ AN
** T A ol , N _— 4
f \-4" . T, N <t - R h
B. . ", I EE
' S 8 R o :
C. . )
. . . ' .30 LN . eln P
.- 9. List those factors the operator can control. . .-
It N v . v . ‘ ~ L .
, . . . s
K. . 2 ’ L .
B.' ' - , & ‘ T . e l' }‘ ¢ '/
. ‘ N .y < v
U . — 5 . n
K .| Co : < % L'-\'
. ; . b . . -
10. | List two reasons for testing. ., » . ¥ “
AN e
« . ‘ . . _’é" <':
A ] . - D .
) K . B [N . . [} f"’
B. a4 N R : '
' / . 'r -‘ . o s ) ‘ ~ )
w89 LT SR :
. - . [ ( i :‘.‘ g7 ) .h: ) 3
v . P 8 - {/i‘ : u LS 4 , R
. | ’ e s
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11. *
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