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i . o SUMMARY _
" Module No.- * Module Title: _ '(,
. TR . | 'Intermedi ate Activated Studge’ '
- N o f-Topics: ‘ ) N
. .. }'1. Review - Design and Operation Parameters
Approx. Time 2. Review - Aeration Devices
) 3. Control- - ‘Constant Mixed Liquor .
‘s ) “13 hours 4. Control - Constant F/M Ratio .
. . 5. Control -- Constant Sludge Age
. 6. Control - Return SIudge FIow Control
- ’ 7. Microorganisms ‘ .
\ 8. -Data Trend Charts -
. *\ . | Overall Objectives: R .7 *
fz‘ . \ Upon completion of this module the student will have réviewed "trad1t1 ona] "
' process calculations and trend chart plotting, gained additional knowledge
LI of “control procedures, and should be able to calculate and plot process
: contro] parameters . . /
Instructional’m ds: - R . <. ’
HandOl;tS ln . // ’ '_ ’
v RN - Transparancies '
- Calculator'®
) Instryctional Appr:oach: L e
.o/ + . T ’
! Lecture - :
Discussion ‘ .o -
Exercéise . . i . ’
a : . - . A
~References:  ° : S
i 1. Water Pollution Coptrol‘Federation MOP 11. - .
) 2. Recommended-Standdrds for Sewage Works. : '
P L 3. Operatwnal Contro] Procedures ‘for the Activated Sludge Process.
o : ) , \.
Tae B ‘Part I11'A L o S
B . Part III B o : ~ 7
‘ .. G -App . -
"D, Return SIudge FIow Contro] L e
) - .;4. Operator s Pocket Gque 1;6 Actwated S1 udge Parts I and II.
G- LI s ~4oBasic Activated Sludge Modu]e .
.- 4 ] : -
1 C!lass Ass1gnments \ oo K ; o ©
B IS Read handouts i . § oo T
Ty ‘] ~2. 'Solve problems e T s o
(S A . e - . . . -
EMC . 3:. P‘Iot trend charts.db ~3 .. . | L
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| . SUMMARY - [ page 2 - of S .
Module Ho: , Topic: _. ® ' 3 ’
7 -
Intermed]ate Act1vated S]udge/ v
- L B P [w~ OE - A
. Jnstructor Notes: , Instructor Outifne: ° o ' : ’
] - . . . . -(.l* — i
- . . i . }
. \ . 1. Handouts should-be d1str1buted as the appear
. . N . N in the module. - o
\ .
2. The modu]e includes lecture, in class problem ’
solutions and trend chart p]ott1nq
.. “ 7} 3. 12.x 20-divisian pér inch graph paper should
. be made available to the student for trend
< ) chart plotting. ( . n
. ' 4. A typical classroom s “t1ng is appropr1ate for .
o v ~delivery of this moddle. An overhead projector
- : e and screen is requiked.
| 5. ¢Basic Activated Slu ge is a suggested prerequisit
. e - | 6. Recommended Standards for. Sewage Works may be -
, : o obtained- from: (Nominal charge).
o . « 0 He;\th Education Service L.
- ' ) “{.- P, 0. Box 7283 . - RN
Albany, N. Y. 12224 [ /
_ ‘ . . 7. Operational Control ProceduYyes for Ackivated
; ) - Sludge Process, Parts 1II A, I11 ﬁgéggﬁend1x,
\h - ~ U and Return S1udge Flow Contro?’mav be obtained
- ‘ : from: -~ N - °
. '.;~9’ S g ' . . . . . ¢
4, . ] . Environmental Research Center !
: . U. S. Environmental Protection Agency
4 26 'W. St. Clair Street < .
\\\' Cincinnati, Ohio 45268 o j-% X
_ . ‘8. Operator's Pocket Guides for the Act1Vated S]udge
: : Proce§s, Parts I & II, may be Ordereé from
2 ) ' . . |\ . (Nominal charge). - LA
< . o Stevens; Thomoson P Runyan, inc;°' R
5505 S. [E. Milwaukee Ave IR !
~*  Box 02201 RN o .
Portland, Oregon 97202 ) |
t ' Y , ‘ ’
- ‘ ® -
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: . - L SUMMARY : page & of 5. .
\ + JModule No: . Topic: - ST ' - o
: ‘ : Iﬁtermedia;e'Activated STudge L o .
' LInstructor Notes: - - { Instructor Outifne: =~ ..
. . ] o . ) c ' ' i S
: . ' o 9. -The evaluation includes the wr1tten exam1nat1on~
7 L. and each student must-plot data.trend charts
. : to he datisfaction of the 1nstructor.
. 4 ’
- . ( ‘1 10. eThe nstructor should at thé c]ose of the
' ‘ N . Y work gp encourage operators to begin trend
. . y charting process. control data.- The Advanced
. 1 = - e Activated Sludge Module is in part dependent
- . : , on attendees bringing their trend charts to
‘ | , . “the Advanted WOrkshop .
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.-/? E . . ". Page ? of . 51 »,\‘ /
: Module -Ho: ~ | Module Title: - o\ ' R - {;
: e Interpediate Activated Sludge' ' ~ T
e o [swmaueTitier <. > c. -3 L ‘
. - ' ] .Review from Bdsic Activated STudge .
Approx. Time: . - s —— - —=
: ¢ - Topic: T T e L. e _
\., P 2 hours Design ‘and" O_pera_tion Parameters N
Objectives: v I - T ~

. I O U Lo
N \ .| 1. Givén aeration tank dimensions, clarifier dimensions, flows and appropriate .
. plant data; calculate: (a).Aeration tank. detention time, (b) Clarifier

surface overflow rate, (c) ﬁounds‘-p‘f BOD to aeration, {d) Pounds of solids

‘- . . ..| '_ under aeration, ggd (e) F/M. .. v . \ A
! 2 List the three tommon process controls of the activated sludge facility.
/I -~ .:":“3");, N . . N . ) ) RV . 9
. - ™ o r
L _ A lnstruction«_ﬂ*&fds: . }’
‘ - p - R y .
. -1.. Student handout . - : ;
‘ ® . - . PR N : e
” rd ‘ » ‘ ) LY o ¢ -~ ) .
- b . e . -
v “ . . ’ o . ’ -
- . .
) ‘{Instructional Appraach; \ I . ' , -
- ) < s . ' ~
1. Lecture. T e, , \
2. Discussion " . .
) 3. .In clas problem.solution . ¢ .
. ] : c TR - @ ) © ‘
References: .. -7 - . 3
1. Basic Activated Sludge Module ° *. Lo : .
2. Appendix, :Operational Control Procedures for the ?ctivated Sludge Process
, - 3. ‘Recpmnended Standdrds for Sewage Works (10-State Standards)
Class Assignments: ., ST .
E . i . . . .




AN

S of §1 -

’ -

(Hodule. Ho:

P

] Topic:” '

| Instructor Notes: |

Design and Upgration Parameters

' Insd'uctor}tnine

Student Handout I
Review Prob]em ¢

SN j.‘
L

R I ¢

!

-
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- %
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o ’ = -

"Aeration- tank detentﬁon t1me at total ﬂow

~

/

The Intermed1 ate A tivated S]udge Workshap
begins with a review roblem. Student -

Handout 1. contains tne\data requ‘:red to
- S0lve for* . . ‘ o

1) Aerat1on tank detent1on time

2) Clarifier surface overflow
3) Pounds of BOD t

aerat1on_ .
. 4) Pounds of sohd under aerat1on /) L
5) F/M o A ‘ .
o . 3 . ‘
Solution: - ' , .

Aeratidn tank volume = 25 x 75 x'12

T 222,500 g\t

- - 168 300 _g{]'lbns

\
C]ar1f1er surface area = 3, 14 X 35 x 85/4°

- . =%2sq. ft.o o <

Clarifier ug'lume 962 x 10" = ..

no.

\ .,
“"-9720cu ft.

) =71 958 ga]]ong g

‘Aerati on- tank detent10n t1me at fh)w a"lone
.. [ .-

168,300 x 24/510,000 RS

7.9 hours (des1gn standard 6 - 8 hrs. )

. 'Il

= 168,300 X 24/(510 000 +. 170.,000) ‘.
—59haours‘_-: R

L.
.

;Pounds of BOD' ')160 X 0.51 x-8. 31N

681 1bs. Bon e v :
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", . STUDENT HANDOUT. 1- o .
. "Given: Aeration:tank 25" 3'75‘ X 12'71, : ~ - ‘
L Clarifier 3 diameter+ . -
o 10" mean depth - - '_ . o .- A .
\;" g Réw'sewage flow = 510,000 gal./day - ",.. ; , .
> Return sludge flow =" 170,000° gal./day ) ‘
.. Prigary Cfflent B0D =160 mg/1 SR l .
\ :u - Mi xed liquor volatile suspended solids (MLVSS) = 2,20@ mg/1 '

Find: :

1. Aeration tank detention at f1ow-ﬂ10nedpﬁa total flow .-, - |
nera . AR < ) 3 .

- -

2. Pounds of BOD to aeratfon .

-~ ‘ . kN
. 3. Pounds of yolatile 'solids under aeration:
To. 4 FM ‘ J ! ’
. 957 ClarFfier surface ovefflow rate ' : N\ .
» . . / . .
r | ~ . .
't X ; ) ——
- ! i
- ’ hd . - v
v ¥ ) oy
4 v \ »> -
. . — R
cs . | o (A
- 1 R . M
‘d"; ﬁ_ * .
~ v : - o
X . . . . .
- ° -
) '»; I " -
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" [Module Ho:-s ,

Topic:
Design and Operation Parameters N

—

Instructor Notes:

E

\

Instructor Outhipe:

—

10-State Stamdards

. v

—
N .

A

-

¥ 10-State Standards

/

-

M

IT

F/M = 681/3,088- o

‘ these values except clarif

-

2,200 x 0.1683 x 8.38 =

]

Pounds of MLVSS

]

-

: 3,088 Tbs. MLUSS,

-~ .

- =0.22 (écceptgg range .2 - .5) .

Clarifier surface overflow rate |

= 5104000/962 - g .
N A

® 530.931./5q. ft./day (range 600 ¢ 800)

. ot N
The designsvalues frdm “10-State Standards®

are shown in parentheses. -Note that all of
ier surface over-

flow 'rate fall within the "accepte'd” ranges.
It is to the "good" to have an overflow rate

on the .order of 500 ga17sq. ft./day.

-

Howevery it is not-the intent of this -
workshop to address design.concepts,. rather
it is operational parameters and control.®

A féw of the important Gperational parameters .
were reviewed in thé first problem worked.-
ore expanding this 1ist, address the common

Bef

Process controls avai]gb]e to the operaton.
’\ - R ]
- - Process Controls . . R .

1. Ajr. S

1,500 cu. ft./1b. BOD
on - Maintain minimum of °2 mgAl
¥'ssolved oxygen- .- | ~ s

eturn s]udge'f]ow_{

A) Design - 15 to 75 percent of raw flow
rate - - ‘ oy T
E),Removal of settled solids from secondary.
+* clarifier at a rate to allow optimum
settling, to prevent undue accumulation
- of solids, and to satisfy the "needs”

of the aeration tank. .

k; - S
{‘\,‘ . - N o
U L N
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© Topic:

.

Design and Operation Parameters. - -

'I‘n'stmct'or‘{*iotés:

4
5

Instructor Qut?ﬁqe: o ~ . o

3

@nd lab ddta.

» W *

qre” ) A4

»e "

Attendées of the

. Should"be encoura

to this workshop

dimensions of the
*Th
us

)
.

should include

10-State Standards

i

{

i ‘91

workshop
ged to come
with. tank
ir facility
is section
ing some of

. 3._’waste sludQe fJoQ-

7

-

) ‘ ! ” .
. Ay ) - . -
Desigp’ - maximum capacity of not less thah
25 percent. of design average Sewage . flow. |
Capability of functioning -at rate of 0.5
“  percent -of a%;rage.sewage flow or a minimu
\ ©of 10 GPM, whichever is Tlarger. '
Operathon‘q primarily a function of the
plant control methodology i.e. control to -
constant solids level or to a "sludge age".

4. -Mede of operation ’

Some opérafors'are,bTeSSgd with an
additional degree of operational -
flexibility. The facility (activated

\

L sludge units or the .secondary treatment

-

I.

" . advaritage of the flexibil

ony

© System) may have the appropiriate piping,
valves and meters which:alloy "modé of
operation” to be controlled. The R
conventional. system with adjustments can be

.- @ step-feed system or ven. g -dantact
stabilization system as “pxocess demands.
The advantages-of this flexible plant may .
be lost’ if the operator does not. take

ity and incor-

" .porate suffictent rocess control ‘testing .
and .analyses into his contro] methodology.
The operator has to tufn.the valvés, the
-good operators turns the valves as a
function of process demands® -The operator

~ who shrugs .off Te¥s than acceptable treated
effluent quality as "one of the periodic

sets"-that all activaded sludge facilitieg
have, tends not to turn valves for reasons

other™ than<panic. - T

4

Process Parameters s '

™ The.wastewater" treatment facility that is well

operated generally

routinely colleets data, .
. records data, plots

trend charts, interprets
data-and charts and incorporates all of the
above into a process control methodology.: .

. . - . \

y P ‘., . - .- .
1 O R ) L U0

»
-~
L

« .
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. [Moﬁule Neo: \ h Topic: - : _“ - N o
o \\ : Uesign'and Operation Parameters ¢ h R
Iqisruc;br Notes: ‘~; TN jlnstructor Outiine: ' .o
- . s& . R ) -2 “ . . . [N o" . - -_.
the data from the students, ..|7  This particular‘module wil] focus on’the .
calculating process parameters,

“‘activated sludge secondary treatment > - 3
Parameters.- That is not to say the pre- ..
. . " treatment and primary treatment parameters _
) .- . should be i'gnored. Tt is extremely impertant
A Coe e to dogument‘primaqy treatment, for example,
) "Primary. influent and effluent BOD and
s suspended solids ‘should be routinely analyzed,
' 4 - the volume of primary sludge pumped, weight
oL : or volume of grit_collected, Don't hide the
- o : data. Data recorded on matchbook covers and
't . “} on .coffee and acid stained yellow pads is
o ' ' data that frequently. is ignored. -.

and posting them on a qS;a s,
-Sheet.

A . Process data shouldhe posted or plotted and
.. - displayed so that ‘the data becomes an integral
. : part of process coqtro] decision making.,
Appendix, Gperational Centrol .Ftgure 6, Figure 3 of, the Appendix displays
‘Procedures for the Activated . how process data ‘could be posted. On Page 2
Sludge Process . S "} ' ofithe same manual notice, how. trended K
- . ' AR (plotted) data charts and posted data can
s easily be vjewed.ard used-in making process
: ‘ i control. decisions. At Jeast three ‘additional
T parameters should be added to those shown on
Figure 3, primary sludge flow, primary
2 \eff]uent BOD and mixed Tiquor suspended solids.
) +1\COD values and gmmonia nitrogen data are also
i X .. appropriate for°posting. ‘
3 . .

>
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' , Co= T ot T page 13 of M5T
Module Ho: © | Module Title: . N N VR
° Jntermed1ate Actwated S]u‘Hgé . ' L .
, .- Supmodule Title: ., . - L
‘ e Revi ew from Basic A ti vated 1ud e’ I T3
‘Approx. Time: . -. ¢ >ludg . ! " il
- . N 1 e R . o ~- . .
DR . . TOpiC Ol o7, * R o -.é’q * - .
« 1 hpur . N o . clee s
: , ‘ Aeration Deviges . .ot ..
s ¢ s - \
Obj ecti ves; A , . vy . ~'§.;‘v )
. \/\/ o -~ . N
1. L1st the two usua] type of biowers fnr supp]ymg a1r to d1 ffusers .
- Ol\l
2. ‘List three types of f1ne bubb]e di ffusers . - - . A
3." List two t¥pes of 1arge bubb,le d1 ffusersﬁ. S L
- . ,./ . . . — - o
4. 'Explain two a]ternat1 ves for vé‘rymg dissolved- oxchm Tevels in, aeratwn
“tanks prov1 ded with mechanical ‘aerators. . ~
’ . 3 ) - - e 0 N =
Instruttional Aids: s ' ] S T
) [} b3 ‘. R :\ e ° . vy - .’ﬁv ~ ‘i‘\‘\
.- 1. 1ranspargpcy - . . , S . ‘
ransperqy S g o o iy .
. . . . ) R .
. - [ 4 ~ .
¢ i - \ and -
lnstructlonal Appréach ) i . . Y y: e x
Lecture ) . R . : oo 3 ’
D1scuss\1on . ) e R . : r o .
e N ~ - - ' 9 . e .
A - . » ’ H
. . . e . 3 3
- - ! » R . o
. ' ' - —
References:. _ - . ) . ) *
\ ‘\_, : . . . N } v . -
1. WPCF MOP 11 : . : ' ,
y o~ “ . -2 :‘- . " Lt ’.' * ‘ .0
- A » LY .
. ' .. ok ' S et
- ~ . LN R . T ) ° LW " ..\
) P . e M “ . st
‘\ T ' . .' . . . ) hd -
- U . I'd “
C]BSS C i . s . gt P > * M
: Assgnmgnts . . / PO R
.- \ ? . g, . ’ . . ~ w»&,,‘
. . ‘ ’ - L - ' g ™ -
. \ ) s . 4. ] . L - Y - .
. . ‘ . . 3_
14 . A} - q . .
. , ‘ ' ¢ 14‘ B . £ R - 2 L ' -
. e t AR o <. s RS
* g “ ~ . mee - - . -




[MoJLJe No: Topic:

A ) Aeration Devices

Instructor Noteé:”i

- Iy
Instructor Outiine;

0 . @
.

A &iagram of examples of
fine and .coarse bubble
diffusers is provided.

-
-

a

.
t‘ 14 ) N - )
. - .

-

').~.-" o ’ C

The Basic; Activated Sludge Workshop briefly |
, introduced how Oxygen ‘may be supplied to the .
aeration tank.- Briefly ‘review the-diffusgd‘ '

«air system and. mechanical aerators. . “,
t . . . 'j, ) - " I
I. Diffused ajr ) T
T . L /L
A. Blowers, positive disp]acement or.

Centrifugal
. ‘P o
. . * vy w ol
B. Low pressure, 8 - 10 psi or.less
. diffuser-- .,

. .
> : I AP
-

C. Llarge or sméiﬂ,bubb]e,~sparger or:-.

II. " Mgchanipa] Aerators ‘
A.. Fixed pJ%tfdrm moun ted o}‘fioatjngv

* o {% "\‘ . A
. . BiX Adjustment ‘capability weir-ddjus tment

.- "or motor speed adjusfﬁen;. o
» €7 Vertical draftidube . = f' »

+D. .Used in combingtion with diffused ainc

-

: & e :
II. Diffusers - platess tubes, synthetic material

V. Sbargers *. .-
. \The purpose of the aeration device ¥s to make
.0Xygen available and to mix to assure that

microorganisis -come' into tontaét with, food.

As energy conservatjon is of everyane!s concern
*and the cost of energy continues to rise, the
proper. operation and maintenance of the --
‘aeration system is” of prime importance. g
¢ Panel mounted current feasuring devi ces !
-(ammeters) should be considered for every motor
in a wastewater treatment facility,.éspecia]]y
T positive displacement and,centrifuga] b]owgrs.
[+ Routine recording of what current a- blower #s
., «drawing would greatly magnify the jmpoptance

of c]egning filters and synthetic fiber

. ] . o
- 13 - . N .
I3 . 3 N . . .. :
* . . oL e
. . -
c e . -
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Aeration Devices = %

N ’ Acfor Notes: . { Instrictor Outiine: . /
- xa2y .\ T o _
.« - . I ) . e 4 - o7
T . . | °  diffusers, for example. Such rea ings might
. : + alert the. operator to otential trouble or
: L N break downs. ‘At the Yery least portable
‘ T, L . ammeter (amp-clarp) should be av ilable and

- used t6 record btower performande. Pressure
gauges on diffused air systems hould aTso
+ be maintained and routine adings recorded.\
A system which has beeh prggid ng sufficient -
air at 8 psi.whose operatind préssure begins™
increasing may require diffuspr cleaning.
: The same syster whose operatyng pressure <.
. decreases probably has-"blow " a diffuser and
- . . a type of short circuit’ has resuTted with a
N . . . Tot of air going through the;re]atjyé]y larger
- . opening created when the diffuser comes frae
. . . or blows. A vigual observation of .the :
) aeyation tank' wj generally confimm this and
the Jocation of*the) blown diffuser.

:

> * -, PN ' ‘ RS ~ 2 .

/(‘ C y | < Mechanical aerators also shou]d‘be"séhgcked s
e ~*\\ v for the amount of electrical curfent the .
: . " motors ‘are drawing. -~ The current increases _ .

.. ' ' \\\\ + 3 the depth-of submergence’ofithe "blades".

’ ' \ of the mechanical aerator increases. There

-t is .a point at which the <increased depth of -

" submergence wouTd result in little any: .

. increase in the amount of oxygen supply to

n | - the aeration tank contents: - - :

Y

A dissolved oxygen probe‘should be given .

- . ‘ ‘ serious consideration.* A leveT of dissol¥ed

« e ) oxygéen (generally 2.mg/1) must be maintained,

il : . . : however, if dissolved oxygen- measurements

o . consistently run at 5 or 6 mg/1, dollars, could
. . ’ -7 probably, in fact. undoubted]y, be saved by

decreasing depth’of -submergence og cutting,

.~ .- ... back on the diffused air system. The .

. . . . . ammeter would confirm if-reduced current is.
\ 4 in fact being drawn. - - ° .
. N ‘ -’ <, . LA d 4

¥ » «” . )
) 3

N N . . -~
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.+ |Approx. Time: . -Control Protedures e
| Topic: L .
1 nou;\ s Constant Mixed L1quor Vo]atﬂe Suspended So'hds (MLVSS) o
Objectives: : S
LT SR ] 0 Define'mss. . g o
~ . List the prime limitation in-contrplling at a constant MLVSS -
' 3. List the process control parameter used to maintain a constant MLVSS.
. '\, ‘ 4 * List the ant1c1pated volume (gallons) of sludge to be wasted per .
4 'mi1lion gallon of. raw’ waste flow and ‘the percentage L.
1 ‘ ] . i I _
[ Instrucinnfl Rids: ~— e | g v
. e o . . ‘ ’ - . . ] R T
- - ¥. Student handout . St AV S
1 f‘ - . . . . G
7 . : . } By
ined Y s " - ’
. - . ¢ ey
. vﬁ Instructionad App;‘oach: . / T
- - - -»1'1. - Lecture : N : o J
. 2. Discussion - I '
7 3: In .c'lass° problem solving . T s )
. . . Y e
} - N R . . o - . . R _4'
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Lt o yated sludge workshop briefly

% I
— ‘L \
e — & o
)
'.__.__‘___j),,_
- L}
b— — A
<
. -
3 N

The basitc ac
focused on three control methodologies. FEach,
of these will be addressed and in some areas
expanded. N ¥ ~: \ T
fontrol to a_constant Mixed Liquom V lattle
Suspended Solids (MLVSS) con ntratjon (or
1 Mixed Liquor Tot&l Suspendedggo]ids MLTSS) s -
one of. the most common control meth dologies -
practiced in activated sludge wastelater treat-
ment facilities. The primeslimitat on to this
‘hgg;ro] technique Tlies in the fact that it is
based on the consistency. of the raw waste Toad.
Stated another way, a facility that experiences-
wide variations in the raw waste organic load
(BOD). will probabiy )
successfully by maintaining a constant aeration
- tank solids concenttation. A second limitation
lies in the fact that return sludge flow control
adjustments may not be made when needed, or as
a function of process demand. ~ ypically,
facilities:controlled by this technique rarely
adjust return flows.
generally is set somewhere +n the range of 25 to
33 (up to 50) percent of ray flow. *Subsequent
discussion of Egs-"mass balance" equation will
help explain t#is return sludge flow rate. -

The primary process control paraméter used to
maintain the constant aeration tank solids
toncentration is
if the target solids concentration has been
exceeded waste. If soljdg concentrations fall
below target, decrease waste-sludge flow. "The.
volume of sludge that must be removed (wasted)
will“vary from plant to plant and is™a function
of the character of the
among other; thifigs.
point is betweenh 0.5
sewage flow. Expressed in other terms the voTume
would range geperally between 5,000 g41tons and

Generally a.good starting

sewage flow. ..

N ! - ~

-

not be 3ble to be controlled

The return sludge flow rate

..

155000 ga]]ons"‘ber"day per million ga]]ons'xf raw

waste sTudge.flow.” Simply stated

Waste and type,o6f facility’
and 1.5 £ of the average dail)

R




‘Pige 19 ofw 51 -

n [Modu]@ No: =

Topic: =~ E " Co
Contro] Procedures - Constant MLVSS

r'd

°. A
1 .

. instructor Notes: *

v Instrudtonv0ut3{ne: - - ; .

NG

" . -

~

of operation.

I8

Student :Handout 2 - Problem to
1 solve for aeration tank solids, .
under a-"constant MLTSS"
It wou]d'%]so '
be approoriate to use data -
R fromeany student who "has -
"real world" data with¥him.

L2

¢

this contrdl meth
‘on the-premise that,the raw W
reasonably. consistent.

mode -

and calculate the concentrati
necessary to satisfy the
| The plant should then be
" | preférably one nonth,
good, maintain that level of
quality is not acceptable, se
“{-confirm the load (F)
| ¢oncentration of solids ngces
required M, -

.| Solution to Student Handout 2
Aeration tank volume =

* < . /
. Al ’

e
I3

=45 957
F=0.3x165x8.38 -

F= 213 Tbs. Bop
FM=0.3 :
TiM=a13j03
M= 1,377 1bs.:§olfds
MI:VSS. = 1,377/2 x 01045957. x
MLVSS, = 1,800 mg/1

7

" " |Therefore replace 0.3 with 0.
problem that the load has not

F'= 413 bs. BoD
_|F/M=0.2
P8 - 413700

’ . L3
)
- 18 . :
| .
. . - - 2
-

. . g

» and recalculate

16.x 3

The -final topic is the determination df:the
i s. level that ‘shoyld be maintained.

adology is ba ed.
aste Joad is_z B
It then remains to select
an F/M ratio, measure the load (F) coming in,

on of solids

solids.
Tect a new F/M

..‘.\

-required value forf‘.rﬁl.' '
operated at level fgr E
If effluent quality is .
If effluent

ratio,

the required

sary to satisfy the

Problem

2 x12 x 7.48

géi]ons each |

L4

8.34 "

2. Assume for
changed.

Y ol

S

jchi’s

.

Td ingrease, MLVSS a- decreased F/M must Be se]ecied.
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: (k ) M = 2065 1bs. solids -
. : oo MLVSS = 2,065/2 x.0.045957 x 8.34
. LA ”, . .
. % . /‘\ MLVSS = 2,690 mg/] * .
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I . .~ STUDENT HANDOUT 2 S
' -@Qéffivén: Two aeration tanks, each 16' x 32'-x 12' N S
® o] . -~ B v ¥, 2 -
. A ’ . N .
Ny Sewage flow BOD = 165 mg/1 1, . y . . _
T _ . Raw flow = 300,000 gallons per’ day . R <
co .| setect: By ratio (0.1to . 8 B
‘ . : = 'Say-0.3 ' ' o L
_ ) _— . L~ e
Find: = Mixed }iquor volatile- suspented solids concentration required. R
Y o 1 mvss= 0 _ T

-

FLna] effluent qual1ty not acceptab]e. The appearance of the f1na1 c]ar1f1er '

1nd1cates a h1gher concentration of, so]1ds would improve f1na1 effluent

. ol qu611ty.. ) £ N ‘
& ' ?

. e
¢ I ~ s \ﬁ, -

/. | -Select a ‘revised F/M which would, result. in a h1gher concen%rat1on of solids ;l

*

/| and then solve for:the new concentration, - . Y 3“%

. \
4 \\ . ¢ ) v - » ‘
[N ) N . ¥
- = W
IR ) *‘ . > \ N
.
= .
7 i ! T *
. « o
. - -
. . £
/ .
. < ~ - .
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. Y. e . -
v
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Module Ho: .. = | Module Title: o
. T ) Intermediate Activated Sludge . “
R Submedule Title: ' e .. »
* |Appiox. Time:. Control Procedures - * . \, .
[ Topic: , ) . d v
2% hours Xonstant-F/M Ratio . . K |
- > g . . I - .
Objectives: . ‘ . {> .

1. List the process control parameters used t0 maintain a cobnstant F/M
ratio control and testing. (The flows and the 1§boratorx\an§1ys1s).

2. List the usual range of “accepted’ F/M gatios. - S

3' List three disadvantages_to control by this method. : R

4. Given appropriate dat?; calculate; - a) Food (F),.b) Micoorganisms M), R
and c) F/M. .o ) !

5. Given a basic conventional activated sludge schematic, label ¥#lows

and’ concentrations, and 1ist the mass.balance equations. -

"%6." Given appropriate data, utilizing the mass balance equation, solve fqr

veturn sludge-concentration needed for a given level of mixed liquor

."-  suspended solids: . i o o
\‘.7.f Gjyen apprpprjate data, ca]qwlatq sludge weight to'cqncent?ation ratio.

K

- ‘

o 4 ~ , B . 7
- -

o~ n’. . 3

<
P
A"‘

Instructional Aids:

1. Traﬁ%baréncie§_ P ) Y R.. : —
Instructional Approach: ) ., ' ~
1. Lecture S i . T a
.1 2.- Discussion v o —
3. Inclass problem solution - L,
Y. . . . 7 - & .
‘4 e
<, »
References: . u; . - .
5 B -0 . i ) - "
1. WPCE MOP 11 N T . « 7
2. Part I1I A - 0pera;iona1 Control Procedﬁfgé for the Activated Sludge Process
t‘..e . . . :" v - , ,‘ . ) . , \;
, . i ¢ . s X
. . 4 N > >
- I - ..
| . ‘ -
Class Assignnnntsi . . o
21 . s L
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“Activated Slud
.Schematic..

A\d

~

-

Fig'ure 1 - Conventional

ge Process -

~ .0r .decreased. waste studge

- The dj safvéhia-gés 0 contr

AR L. e . N . I |
. 2. MLVSS ‘determinations are, not»necessam”’f? ,
~ true measures of M

3. Inabﬂitysto-make\instantaneous changes 1’r:1 :

s oL, . , . T - L
The second control procedure to.be revi ewed is’
control to°a constant F/M ratio. In order to -
control by maintenance of.a constant F/M ratio
" 1t s necessany®to routinely ‘detqrmine the .. ;
strength of the load (BOD, cop, TOC e.g.), the
woncentration of’solids under aeration (MLVSS or
S), Tay -sewage flow, and calculate values |
- far F.and M inorder to determine if increased ' °

flow. is in order. -

It is—generally accepted tha’.c values for F/M
should falf within the range of 0.1 to 0.5.

qf by this . techni ue-
inclyde: . AN |

» - .
'Y % L LR ’

C 1. The @ifficulty in obtaining.a timely value

of F (BOD js- 5 day determination). = - .

{paber and dead cells
show up as MLVSS).: . - B

o

“problem,

Handout 1.

with solving

another. problem usir_lg -data from the students.

the activated

to Tabel all
flows and thd

"pipe™.

¢ aeration tank selids concentrations,

4. F/M by it.s‘e"lf gives"'li;?e/qs/f’si'stance to
- opekator relatiye to return slddge flow
> adjustments. . -

The workshop' began with:a probJem from‘Student

IT there was ho diffi culty with the
proceed.

One of the most si
deals with the "mass bal ance-equation”,
operator must come’ to
if he is to rise to

is the process’ flow’schematic. The second_step .is

- ©
(=1

-

If there age any questions
oM or-the F/M ratio, work

for F

»

icant parts of this module-

The |. .
grips with this equation .
an improved understanding of”
process. ~The starting’ point.

'sludge

fTows and to assign“symbols to thess .
concentration of solids in each  “i.
- X, . .




" XSE (mgd)

RSTSS\(mg/1) -
-

<

| RsTsS (Qg(1)
K (mgd)

PETSS (mg/1)

RSF {mgd)

A
CSF (mgd)

RSTSS

LI

[

[

(mg/1)

S TFL (mgd) , -
MLTSS (mg/1)

) Y
NVENTIONAL' ACFIVATED SLUDBE

PROCESS SCHEMATIC-
Figure 1

-

’ FETSS.(mg/]

-

2o

}'.

i
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.Figﬁre 3g- Mass Balance

Figure 2 - Floy Ba]ance'k{"

- Return now to the mass balance equation; .

+ results in the following: L

.
5

°

+ Recall sthat there ig an’ equation which has been
‘used. in this module to solve for pounds, pounds °
of BOD or sglids. .You.should recognize the .
following equations: . ... . )

1. Pounds solids = Conc. (mg/1) x Volgie (maf
X 8.34 A .

2> 'Pounds s0lids per day = Conc. (mg/1) x Flow -
(mgd) x-8.3¢ -

) . o a

The mass balance-equation has as its simple

premise: . . "

Mass in equals mass out

Let's take one step backward Before moving
- ahead. A flow balance should be readily under-
‘spood.  The flow balance premise is: Flow in
equals flow out. Notice the different relation-
ships-which exist. - The size of,the clarifier
and aeration ‘tank do not change the relatio
~when the tanks are full. Flow balance is ,
important in that sometimes” process flow data -
can be calculated on occasion if some measured °
flow data is available. Flow balagce equations
should be dore in your (the student's) facility. .

¢

-~

nships
AY

- 3 >

- Y ? . )
Mass.in equals, mass’ out N
? * .

Epundslwfll be the units .of mass for our use. The
-equation- now becomes : ' CoT

Pounds in equals pgunds out .
Figure 3 is identical tg Figure 1 excépt*fhe
+aeration’ tank and clarifier have shrunk. -The
mass (pound) balance relatﬁonéhips should now be
evident. The mass balance around the clarifier




o Flow in = Flow'out ° , - ; L .
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’ RSTSS (mg/1)

’ RSF (mgd)
RSTSS  (rig/1)
y' Vs
AF1 (mgd)

MLTSS (Wg/1)

°

PETSS {mg/1) -
. s

L3

&

‘ Pounds/day = Flow (mad) x Conc. (mg/1) x 8.34

‘Pounds in = Pounds. out -

~

" Figure 3
.7 =" MASS BALANCE _.

- - ~

2

-

a

a

2

EY

W

¥

|
/

- FETSS (mg/1) -

t

SFEd
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“TFL x MLTSS x 8.34 =

\fMpving aroqnd the system:

. AFT x MLTSS + RSF x MLTSS =
RSF % [RSTSS - MLTSS) =

“28 v
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CSF x RSTSS x 8.34 + CFO'x

FETSS x 8.34
First the 8.34 can be divided out resu]t1ng in:

TFL x MLTSS = CSF x RSTSS + CFO x FETSS -;ig;‘ .

Next, FETSS, if -final effluent quality is good,
‘approaches zero. (At the very least it is very
much smaller than either MLTSS and/or RSTSS)

The equat1on then becomes

TFL x MLTSS = CSF X RSTSS

L

" CSF x RSTSS = RSF X RSTSS + XSF X RSTSS . .~

If there is no sludge being wasted, XSF = 0
="RSF x RSTSS . .

L4

CSF X, RSTSS
F1na]]y the mass \alance ‘around the aerat1on tank
TFL x MLTSS = RSF' &% RSTSS + AF1 x PETSS

These equations do have significance for the
operat - The mass balance areund the c]ar1f1er
resuT%ed in the following equat1on .

TFL X MLTSS

CSF x RSTSS

If XSF =0 - S
} 4
"_(AFI + RSF) x MLTSS =

%

RSF x RSTSS»
RSF Rs::ss_
AFL x MLTSS' o
= (AL ¥ MLTSS)/(RSTSS - MLTSS) o
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WML et

—~control procedure,

——_—
1

-

ip can be of assistance to the
operator trying to control to a constant aeratic
‘tank solids concentration of F/M control. 1t

is most important to. understand that thys
relationship presumes no accumulation-of solids’
in*the clarifier. Other relationships can be
degiyed and will be in subsequent topics.of this
module, " ¢ ‘

This re]ationsB

The centrifuge can be utilized as an operational
test device and its use should be incorporated.
It does not replace gravimetric solids “
determinations.\ It rather expands the operator'

capability.

There are accepted, even required procedures
fory "self-monitoring" data. But, that does not .
mean that a test or analysis not in “Standard-
Methods" is not appropriate as a control test..
Use. of the centrifuge for solids concentration
determinations falls into this catagory...=Percen
solids by volume can be easily.determined using
Ameriean‘Petro]eum Institute (API) centrffuge
tubes. Determine aeration tank concentration’
{ATC) and Return Sludge Concentration (RSC),

The equation: ’ L.

RSF = (AFI x MLTSS)/RSTSS - MLTsS)

2 : .
Becomes: - . : B

RSF = (AFI x ATC)/(RSC - ATC) =~ o
The centrifuge values' can be rapidly detenﬁined~
and this test-and eqyation'can be made_a part of

_\A‘N -—'—«-‘—-_A,..‘A_«
~This relationship can bé manipulated to give an’”’
expression for-the’return $Tudge concentration
“(RSC). . The expression is: . )

RSC = (AFT + RSF). x ATC/RSF

3

The expression for RSF inb]ié§ that Qiyen ﬁﬁqutﬁ
quu@r.and'retunngS]udge_concentpat%ens—and_a__y__

¢ leve} of -flow into the aeratior tank; the return

-
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. -Sludge flow to maintain that system ir balance
: “can be found. ] . o
- The expression -for RSC implies that given the \
. flow values and mixed Tiquor concentration, the -
_return s]bdgg concentration necessary to maintain
. L. | -a balanced system can be found. . : -

re is nothing quite so simple. First
.of all the activated sludge process is a
" biological (Tiving) Process. The mass balance
‘Presented does .not take into account the growth

of new sludge in the aeration tank. ;The second _
concern is that the ‘expression does not take into
. account the storage of sludge on occasion in the

? secondary clarifier. Finally—the substitutiop——
L for ATC = MLTSS and RSC -= RSTSS assumes an .
-identity relationship. ‘ .

“However, ther

In other words ATC timesa constant = MLTSS and
RRSC times -a constant = RSTSS, If such were the
¥ case, gravimetric solids determinations could bé
D - replaced with solids determination by centrifuge, -
. ' | Whith is nuch easier., Such isigenerally not:true,
Part III A, Qperatigna] R But the relationship and its relative change is -
Procedures forithe Activated "3 worthy of consideration. Papt IIT A terms—this —«
Sludge Process, Page 5. _ the "Sludge weight-to-concentration ratio" (WCR)." *
. St . The key is not the exactness of the numbers shown,
rather the ‘trend. 1In other words a WGR-of 800
"does—not necessarily mean that your sludge is .
<+ "normal”.  Your centrifuge may not rotate at the —
identical RPM's to the bne‘used in Part<IT A.
T ‘ . The gperator watches the trend of the WCR in his._
. . ‘ pdant. Increasing WCR'S indicate the- sludge is
_ " . . . |, becoming relatively "otder".. Decreasing WCR's — -
N : B ifidicate the sludge is becoming relatively
- i ‘ . 4 "_younger‘".. . . i )

\

7

. @

J- m. i Fb-so?ve_for WCR requiregioh]y the gravimetric .

~ v -}--mixed liguor solids determination and solids-b
SRR b oo s .centrifuge. - .-

D o [o-tCR = MLTSS/ATC = .

. ‘ o

. . “
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) S Topic: : . . . .
: . ‘; ~— ~lhour = =« "I constant Sludge Age- ’ . —
X ObJectiveg - N . . ) i v )
:—__—’j;“f* =112 —Given appropriate data and the equationsy solve for s]udge age (cell
e residence time).. .
. 2. List two reasons why a "control* sludge age 78"87 might have to be
. 1 . adjusted. , '
IR T T T ~ o ) ‘
Vs S — : -
- Instructional Aids: O ; ¥b ‘
R% ™ \ ’ g "
1 - f e B -
S Instructional Approach: ".
' s 1. Lecture I T . :
= ——-7}—2. Discussion . , . )
. 3. Inzclass problem solving - L ’ S
- e Ré'fere.nces: © ‘ . :
- ‘T C 1. New York Manual , . : “"""" - ~) ﬁt
2. WPCF MOP 11 - . o . '
| - 3. Part-III.LA- - e St & .
: B 4. Operator’s Pocket Guide o . Y.
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s,

- WPCF MOP 11l.offers

iS.A. = X kVa +-Vc)ZQ%}Xu

Ve

Probably two of the mast ﬂifficu]t.aspects of.
_controi to-a corstant sludge age are: ..

1. What equation should be used. e s
2. What sludge age ‘value should be selected.
This module will not make your decision. It
does seem appropriate to use_the equation you
the operator are most comfortable with. It
also seems appropriate that more than one \
equation sheuld be used ‘and a selection then’, .
made based on which seems to work best or which
best parallels process change. . -

A e~

With reference to a starting valué for s]udgel
-age, once again no value is offered. Rather
only that a value must be selected and then.
adjusted as a functipn of process demands.

the following equation for
sludge age (S.A.)i ‘ S

Where: PR ‘ ,
~ NI
' =. Average active microbrial solids concentratio
in-the aeration tank, .mg/1. (Or percent by
ceptrifuge).. il - L

Va

U > '1" oz
Volume of aeration tank(s):\Bal.
e

Volume of ‘final settling tank(s), gal.

Qw.
Xu

Flow rate of sludge being wasted, GPD.

Avef.agé concentration ofy activated sludge in
final settling tank underflow, ma/1. (Or :
percent by céntrifuge). . .

The New York Manual states: - . T
S:IA. =V x MO x'C ’

Where & . - : .

V= Vo]ume'qf aération tank(s),'gal.

-
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) . . ) A = Concentration of suspénded solids in the*
' : e aeration tank(s), mg/1. :

13

Control Procedures < Constant STudge Age

[ .

]

Ins\tructor Outiine: y

= Sewage flow, GPD "

»
[op BV = ]
1] 1]

‘ Concentration of suspended %o0lids in the
. - * sewage entering the aeration tank in mg/1 -
‘ - exclusive @'f returned sludge. SN

The Operator's Pocket Guide suggests:

Cell Residence Time (CRT) = Total Solids/Solids
C ’ Wasted -

- — »
St

" Where

_Tota] solids = Lbs. solids in aeration tanks

~ ; Solids wasted = Lbs. 'solids wasted per day

. ‘ -N.FIC Pro::edures uses centri fug\e v:ﬂues and offers:

N o , . "QS.A. = (ASU + CSU)/TXU/Day T -
.} | Whgres . . B '

,

.

- - s - : ASU
. R

~

% solids in aeration ténk(s)‘ times vo]umf_'
of aeration tank(s) -° * .

r'd

. T - CSU = % solids in clarifier s/ludgé blanket times
. w " ... the volume.of the -c]arifi{\iccupied by -
7 sludge . - :
. N B TXU/Day = % solids of sludge wasted times the
. ' S ¥ volume of sludge wasted per day plus
. _ L , ~ .the.Z solids jn the final effluent times
N - . - \ +— the volume of final effluent per day .,

. o o © | ' WPCF MOP 11 states the'one "truth" relative to
T . . . each of these four equations, "The wasting '
) PO : T { ~Procedurg will affect the effeétiveness of the® .
e Lo oL - activated sludge plant"”. t .

N

N . - - cL
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. selected sludge age value itself.

N
v .
. . -
~ - -
34 4’ ”
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One additiorfal comment relative to contral by
maintenance .of a constant sludge age. This is-
a ‘control methodology -and that equation -
selected.should Tend itself to "contro]®. For
' that reason the technique'ipporporating use of
the centrifuge, its relative ease of solids « _
-determination, the ability to rapidly.check the ;
conqg%;ration of the solids being wasted, and E
thus %o adjust the rate of waste sludge flow _

as frequent]y as desired seems- quite appropriate.

Final comments address adjustmentof the

Control to a constant'sludge age impliés an 4
associated F/M. " If the sludge age selecte
results in a process unrealistic F/M with fin;
effluent quality unacceptable, a new sludge ag
‘would be selected. FANN

» i

-

A'change in tﬁe-sewag flow i.e., 5f§easopal
varigtion/ loss of or addition of a,significant
sewage flow,contributor/would require sludge.age
value adjustments. " Co -
Process indicators might dictate a change such- .
Tas: . » s .

A Denjtrifying sludge in final clarifiers.

B. Sludge accumulation to excess in final
" clarifiers. ~-
. - . ‘ .
C. Appearance of,igeat volume of white foam on *
aeration tanks® . & .

D. Appéarance’éf dark, greasy fo;;fEh aeration
Jtanks. e .-, )

E. Other process: indicators which the operator

should document in his own facHlity. - :

.
4




i : 1 > ~ ) : .
- - : : K i
1 h -
~ = /", ¢
' \\ \ 4 - *
13
< . ", . ¢ . ]
~y - | Modulestio: Module Title: . g [ :

"\ Intermedjate Activated S]udge o , -

~ - | Submodule Titte: SR , .
PR =1 Corftrol Procedures o
Approx. Time: ~ . L R .
Topic: = - B v ‘

) \ 1'h°""'~__. “Return Sludge Flow Control . | ’ . )
g © lobjectives: .-, o . - ‘ <
T 1l 1. Given appropriatg‘ data, calculate the return sludge %ﬂow‘\’déménd. I
3 . : . 5 e .
' S ) ' ~ e
. ] & R : o o "
L/ . \E/ N e ! “ |

Jnstruct'ional pids: - ) ooy \
’ . - . 3 - ? . »

! : 2
. o - \ . vt e S
M ’ < , S L. . -
~ | 1. Handouts L o, < Co. .
- v . . S 4 ' g - -
} § N A Ny . . - B
- Koo . R a
2 ‘ , | y -
‘ " [Ynstructional A roach -
o 1( stryctipnal App \ | )
’ - «§ V14 Lecture 3 ‘
o ¢ S »;/,,f“ - . . S T
’ 2+ D1scuss1on Co L, :
. v \‘\, ' A " - ) N . ' L
’ 3. In c]ass prob]em 501ut10rf . ! .-
f References. . . % , ;
A . 1. Operational’ Contro1 Procedures for the Activated S]udge Process USEPA
, Part II1I-A. i » - :
2. Return s]udge Flow- contno] USEPA
H . s ‘i: R P .
.. P <,
. , ‘wi’ ’ - ) . ) .
- Class Assignments:. - .
{ . .- .
z: - s.‘ g -/ ‘ ' . . d‘. .
- . fedf P o .
£ or 3 35 S _:0 \: P )




4

e
1 ~
S T

Iy
N %
o

o
.

e

Module Ho:

e

——Topic:

Control Procedd?és - Retqrn'slydgE'F]ow Control \

et

f A,.Z -
~ “P’a"?g”/j'é of 51 n
~ B - L— . N

=y e

uctor Notes: - |

I:E)n

[

>

Iy

[

. el - N T ’ ' )
Instructor Outiipe: ~ °. J .
. x“ - f\‘ - . ,, :,- . ~ ‘

‘.

Part IIT A, Operational.Control
Procedures for the Activated -
STudge Profess ' S

4

. ¥

rey

L2

©

.adjust return sludge flow.
«working at a.facility whose )
“whose sewage strength is constant, where every-

" need

- sludge: to the demonstrated abi?
. as' showh by the.settling test, " 2

™

L e et
’ - . . I Sl v, *
T v

Activated s]ud§e°p1ants have the capability to
If the operator is
flow is constant,

thing:is the same througheut the day and .
throughout the year, there is, undoubtedly ohe
value -for return sludge f] When this

was’ found, there would undoubtedly be -fio Fukther
to adjust the return sludge flow. . Havi

yet to see such a.facility, it would seem
appropriate to address. a methddology for adjustir
return {clarifier) sludge‘flow. -

Considbr’ the two™ extremes ‘6f* siudge withdrawal
from the clarifier.: If.clarifier sludge flow is
too slow, sTudge will accumulate in the clarifier

.until solids wash over ‘the weir and are
| - discharged.
“(treated) liquid is Feturned to the aeration tank
. THere 'would appear to be dn optimum sTudge flow

If,sludge flow is too rapid, clear

somewhere ‘within the extremes. .The methodology

- described in" Part III A is-a Togicat approach to
- ~clarifier sludge flow control.
'qﬁégd liguor allowed .to settle,
h

A control test,

is observed..
sample's: ability to'concentrafe is calculated

The clarifier slddge flow is adjusted to the end

of matching-the,concentration of the clapifiera.

ty to concentrate

¢

il .

+ i - - e ¥ ’ L
. The ‘calculation procedure.is quite simpld, given .
‘the "target" time,

Assume the clarifier s ludge
flow is_being controTled %o the sixpy. minute
detand,:sixty minute settled sludge concentration
as determined from the settleometer and- centrifuge
tests. -The equation and a sampTe problem are , -~
shown on Pages.40.and 41 of PRrt III A, °

Until such ﬁiﬁe that the “Part V.- "Proceks

Control® pamphtet becomes available the following'
guidelines are suggested: ™' - - .

T e

s Q
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1.° Demand time selection (sixty minute demafid means

the settled sludge toncentration calculated from—
the sixty minute settling value). Demdnd times
will vary from plant to plant-and even within
one plant. Factors which influence demand time .
selection include secondary c\arifier overfiow
rates, organic.load, sludge quality, and

* hydraulic limitations. Clariflefs operating
at high overflow rates generally dictate that
relatively short (low) demand fimes be selected -

* thirty minutes, for example. /Low overflow rates

allow for relatively higher demand times - sixty
to ninety minutes. 1In general the exactness of
the calculated clarifier sTudge flow _demand is
not as important as the direction of adjustment

. the result indicates, increase or decrease in

vclarifier sludge flow. - Excessive adjustments—
should not be made. Adjustments should be 1imited
to no more than 20 - 25% “change. Hydrgulic
limitations .must be determined for your facility.
An.example would be not reducing sludge .flow to
a level which results in plugging draft. tubes or
.piping. For that matter sludge flows should not
be raised to Tevels that result in excessive: .
turbulence in the clarifier which would impede
solids separation (settling). Other process’ -
iridicators: must not be ignored. Process control
requires total process evaluation, Jjudgment of -
process demards, ‘control adjustment, continued
testing, evaluation, and judgment etc. ‘

-
- ’ .
-
~ .
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1. Given pictures of’ m1croorgan1sms match the’ p1cture of the organism
to the name and what it might 1nd1cate.
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‘ WPCF MQP, 11 | Every activated sludge treatment facility wowld, be

well ‘advised to consider thé purchase of a relatively
. 'inexp§g§ive micrpscope.  Dajly.micrascope examination
. - of a drop_of the®aeration tank contents can, provide

the operator informatton yelative to- process status. .

A notebook should be available tq daily note the

. ' resultS ofythe observation,.what organisfis are noted,
‘ ] " how the sludge-floc appears, etc. . . s
E . . WPCF MOP 11 offers the following.general guide as to .
- ’ . . | relative predomination .of protozoa and effigiency in
< ~ , | an activated sludge system: . IR Z,/
Figure 4 ) I. Sarcodina predominate rdrely and usually only ih
" systems starting up or recovering. from complete
‘ toxicity. . I
Figure 5 . 2. Holgphytic-flagellates occur af Tow effﬁéiquy"'
. v ' when' the organic waste concentration is high.
[ . . . I'nsome high BOD concenti¥ation systems, the -
’ - . _ - efficiency maybe mathematically high, butsthere

A will still be a_high concentration of orgafiic -
’ matter remainirjg in the effluent. o |
+ } Figyre 5 3. Holozoic flag ow the décrease in -+
- ’ . holophytic flageflates. They indilcate a slightly.

. : > more @fficient system. The holophytic and
holozoic- flagellates are flagellated protozoa.

Figure 6 | , 4. Ciliatés are found when®there are a large number
. I, B of free-swimming bacteria. ‘When accompanied =
X 7 " ". by flagellates, the free-swimming ciliates indicat
O . . & somewhat lower efficiency, while the presence
of some stalked ciliates indicates a higher
efficiency. T

Figures 7 § 8 - '« . 5. StéTked‘tiliafes_preddminating inditate an
. activated. sTudge with a low BOD effTyent. A
/ - + ¢ very stable, well-operated ¢onventional plant |
oo , < will have few stalked ciliates and, usually, no
’ : other protozoa farms. MU ' :

’

’ BOD loading and high efficiency, indicating an -
' o g appreach toward total oxidation as represented by -
: ' - extended aeration treatment.,6 - < e

’ - .

-y o i . ' . - .o

N Q ‘ o, . . = . . /‘6 . . o, s * . * - :‘L .
.- E MC KA t‘“:/' ,-’ “ L -k : ) ) . . 39 4 . ,'\ : . . . ” N “ ;

)/j Figure 9/‘ . 6.  Rotifers are"bre'sent at a condition of veryxlow
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Module Ho:

»
‘

hd \
Topic:
Microorganisms

-

7e

Instructor-Notes: Instructor Outiine: . :

‘_’“ - S - - — - B —pum
' It is very important to note the relationship of
sludge age to predominant micro-organisms. The
listing above begins with "young" sludge and moves
oo ‘toward "0ld" sludge. It can then ‘assist the

N ) operator ‘in his waste sludge flow decisions- to

[/ . document through mieroscopic investigation, the

/ ' ' | Ppredominate microorganisms. c

3 ’ [N . R
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Conce

Turbidity

Flows
Sludge age

"nmU(')'WZ>

d

3
» -

1. +Given appropr1ate data, p]ot trend charts
Settling Test (SSV) - ~
ntrations (ATC, RSC, SSC),
Depth of sludge blanket (DOB)'

’ ’ ’ .. /
. // ’
e o T g M7 ot st
Module Ho: ModuleTitle: ’ _ ' ‘
' ) Intermédiate Activated S]udge :
Submodule Title: ’
! . ’7”’/V ~1™Data Trend Charts -
Ap . Time: ‘
: Topic: -
3 hours - " ‘ ‘ '
- - r -
Objectives: oo . .

oW

tlnstructional Aidsi

1.
2.

hd .

‘Transparencies

Haﬁdouts

s

3

2.

ggstructional Approach:
1..

@

Lesture

Classroom problem solying “

7

o

/

.1.
2.

References:

Operator's Poc
Part. IT1 A

.

ket Guide .

-
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‘| Module No: * Topic: Y . . .
. Data Trend Charts . . . - : ~
°Instructor Notes: . ) Ipstructor duf}1né: . '"f“ - ~

-

' Stydent handouts 3~ 1 through

3-12.

The 1nstruct0r

should prov1de

graph paper, 12 x 20 d1v1s1ons

per inch.

e

e

"' “ -1

.5

-

. EN

. Age" topic of this module.

Ten days of data has been prov1ded for trend chart
platting.

(3

P]otting of the parameters A throdgh D as ‘noted in
the "objectiwes" is a review exercise for those who ..
have attended the Basic Activated Sludge workshop.

°

Reca1f~tne ca]cu]ation b:écedure for the SSC values:
SSCt

Graph paper, 12 x 20 divisions per inch- shou1d be
available to the student.

1000 x ATC/SSVy ~

The trend1ng of flow data should present no great
problem. The flow data shown on the operator's .
Jogs just below. the "test‘t1me" are instantaneous
flow rates. in gallpns per finute. - Total flows in
thousand ‘gallons per day are noted on- the bottom -
othhe Tog sheets. .

The sludge age trend chart could be plotted from

L data cglculated from any of the fdur equations

given in the "Control Procedures - Constant Sludge °
With the understanding
that trend charts are primarily an aid to process
control it wouTd seem appropriate to at least begin
with the data and calculations that are relatively

simple, use them and determine if the resultant
trend charts truly become a part of your process-
control. If not,.given a reasonable time (minimum
of three months, preferably longer), abandon doing
those tremd charts which®do not.give you insight |
or ass1stance in process control dec151on making.

STydge Age, actual]y cell residence time (CRT) in
the Operator's Pocket:Guide®was def1ned as:

Lbs. solids in aeration tanks = CRT
Lbs. sotids.wasted per day — ~ "'\ °

This parameter can also be calcu]ated by us1ng ..
centrifuge values in place of gravifretric solids

» determinations. As: a process control parameter
cons1der the following equat1on y

/

Ay,




Module Hg; Topic: : o o -
S - I - Data TréndLCharts

Instructor Jiotes: {Anstructor Outiine:. ¢

R .
< ¢ oo . #

.
—

Whege WL T -

Aeration tank”solids.concentration % by volume = ATC

.‘
T

a ~

3 : | Reration tank volume in mi115on gallons = AVG ¢

. Concentration of so]ids'being wasted % by volume,’
assuming a portion of return sludge is. wasted = RS$C
N\ ' P

" . T -
. : Rate. of waste sTudge flow #n million gallons per
- . . day = XSF . . o |

- “ATC X AVG _ ~pT. (€T udee
S RSC x XF - CRT-(S1udge"Age)
Note how easily.this parameter can be calculated,:
. v P two centrifuge values' (ATC and RSC), a constan
- N . _ & - (AVE), and one ¥low (XSF). Student handout3-12 -
' o . containg~sufficient data to practice calculating
this parameter. Those facilities controlling to
B a constant sludge age should consider the merits
) : , - of utilization of centrifuge data. - ° . ‘
v ¢ . - . ral > : .
Notice that the units of ' Part IIT A identifies the product of a concentration,
o volume can be gallons or * % by volyme, times a volume as a "sludge. upit".
miTlion so long asythe same _ s
units are used consistently. Other operational contr61 proceds—parameters are
In other words if million - ° readily calculated using centrifuge Va]ugs. o
gallons are used,. use them Return sludge, concentrations can vary dramatically.
all of the time. .| | Handout 3-11 displays this fact, the trend chart .
. S ' begun' from the data Sheets included in Handout 3.
: It,should also provide process insight to plot <= _
‘ s \ what is termed return sludge units (RSU) in Part ITI.A.
E{i /Y : - . Handout 3-12 contains sufficient data for this
— _’ . . -} calculation also. : : k‘x

’
Y

1.The incorporation of prdcess control parameter -~
calculativns suggested in Part IIT A and data ‘
- trend charts should be given strong consideration

in activated s1udgé'faci]ities,

. " ‘ . % ,




[Module Ho: » Topic: S ’
. 1 : - . Data Trend Charts :

-

. - |Instructor Notes: *  "{:Instructor Outiine: L

./ / : . — :

) It is conceivable that not all would be necessary
' at all facilities, however, data "trending should -
: assist the operator'in maintaining or improving
‘ _//// treatment plant efficiency -if a conscientious .
. X o attempt js made to incorporate this methodo?ogy
.- AW B 1nto progess control decision making. = ¢

Finally, Part III A containg many abbreviations.
They represent a logical “"shorthand" notation and

/1 should not be feared. For example the concentration
-1- of the aeration tagk contents are labelled ATC,

A L 1 .aeration-tank congentration. {

‘ The remaining time should be spent comp]et1n
3 L Handouts_3-% through‘3 12 and plotting trend.charts.
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Studept Handout>3-12 . Paée';sl- of 51 -
N 2 3. 4. 5. .| 1. 8. .4 a:
Raw | Returd | Waste Aveanee | Avcange 3 00e -
Date Frow | Fiodt 1 Fou | ave | ®se | Rsu_ “Rsu | x u gii'eé’\-
(men) [Ty men Y [ (2) | (2 [Tz~8) |45 | T3asy [ CaseY -
‘ '. I~ . L a1 .
\ 3 4/21 2648 | .353 ,021¢ | 8.23 | 177 | 16.3% ) 3.4¢5] ..382] ©
AN /28 | .595] .40l.}.0216| B.00) 18,33 7.35 | 3,3¢8| 39¢ | 8
' d4/29 | 583 | 3867} 0173 ";..Bo sz 6673284 399 | //
4/30 | .c¥4 ] .299 | 0149] 7.30]/9.93]| 596 [Fo73( .297 | 10 . -
s/ | 583 257 | oov2] T./3 | /9.63| 504 [3002].,14] | 21
s/2 | .set| 286 |.0086| 7.67 | 19.93]| 5.70 | 3229 | .17/ |- 19
s/3 |.6998 | ,310 |.0086| 8.07 | 23.07| 7.15 |3.397 | M98 7
' s/¢ | .62l 353 |, 0/34] 7.90 | 20.93| 7.39 |3.326 | .280| /2
s/s | ,6a% | 2353 .0/163|8.07 |20.20| 7.13 |3.3974 .329| /0
X 5/6 | .631|-350 |.0/73| 7.67 |/8.63]| 6.4 |3229 | ,32/ | 1O 1
-~ \‘. ~
s * :
/. : ~|-
AckaTion Tank Novrume |~ 0.42)) h{u:\od anpn:_;;_
rorls 5 |
. . _ :
.358 ¥ I7.¢7] = 6,33 i -
) ) s T 9
.42 x 8.23| < 3l4¢s ‘ ‘
".8216/x 17,67 = 382
! . .
w = [3.45% 382 |= 9 ¢
, ; ' | . B,
g - I ¢
. - ) |
2 S & ~
: A\~ . \ ) .
. . —:‘.’ _., — J; -~ ) ‘L._ — ‘ T’vd
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- The following materials are appended from which
s . student handouts mayv be.duplicated and. transparancies-
- * N produced: \ -
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- Diffusers s :
! . ‘
Figure 1 " - Conventional Activated.Sludge
/( ' ' Procéss Schematic 7
- Figure 2 . - Flow Balance e
) ] Figure 3 - Mass Bé]ance ‘~
I Figure 4 ‘through 9 - Microorganisms >
Student Handout 1 - One page ° !
a Student Handout 2 - One-page "- - g
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hd ) i Student Handout 3 = Twelve pages AR
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_ RSTSS (mg/1)
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CONVENTIONAL ACTIVATED SLUDGE
PROCESS SCHEMATIC
Figure 1. AL
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RSTSS (mgll.)

+ RSTSS (mg/1)¢

P

RSF (mgd) .

RSTSS (mg/1)

TFL (mgd)

PETSS (mg/1) MLTSS (mg/1)

. ;' L O : . v 3‘
3 Rounds/day = Flow (mgd) x Conc. (mg/1) x 8.34 . ) |
. + Pounds in = Pounds out g
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;o , , ’ - J;L
5 R 4 - !
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: o Submodule Title: . ) AN
Approx. Time: o B LT .
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‘EVALUATION " < \\\ .
. XN . 0

— A
-Objectives: - ‘ . Ty - N
The learner will demonstrate that he has ach1eved the obJect1 ves of the modu'le by
- correctly answering 75% of the, following questions: . K
| 1. Given: A - L ¢ i i
Two aeration tanks each 30' x 30' x 11' ’ ’
. ; . ; . e . R
Two final clarifiers each 12' x 52' x 8'. . . S
. . P) . ’ Y -
: Flow =. 460,000 gal./day - .
LT BOD = 118 mg/1 - R
. ' MLTSS = 3100 mg/% . ) ' ) S,k
" ! [y ° ~ H s 4

Calculate: *

. . . - . i
. ’ v ) !

. 4 N .

2 . , v . ,
A E . . i

K & . > .7
N .
.

Aerahon tank detent16n t1me -

- ..t . B. C'lam f1er.surfa<.‘e overf'low rate ' BT . ,
v 4 * . N e t
= C. .th_mds of BOD to aeration: , oy T ‘ T .
. o e R ' .- v @
‘. D. Pounds of. solids under aeration ‘ . . .-
Ay ‘ . : .- - - R L
CFM £ o _ €. NN S *

. 2. L1st the three comnon progess contro'ls-véri'aMes available e;:c'thg typicé'l ‘
actwated s'ludgé‘ fac1'l1ty S . .

. . . . ‘ .y
*, 0 :‘P N . c
« e % N - Lo
LoEER g - e .
| e, . . ) o e e .
- . e ) - . . - ™
- / “ . "
; Py = - - . oo -
3 Match the following: - - @ . " o
. o [ . s
T ] ¢ ,,'-.'/‘-5 B .
" "}, .Types of b'lowers which 1,supp'ly air . A. Synthefic sock .
T to diffusers. .. o S ) _ : N
;- N = . g.s ~ . B. Pgrous plate -~ - = ..
< Ap‘ ; o ) .;“. ‘ "'\ ’ P " l’( " ' \ “& «
. T S < . ' 'C. Positive.displacement
* : * /'s 4Ac / ; *}. " ’;i A ‘: - . - :} : . ! N e <
\)‘ / ——— O ~‘ %{' '-.. k .‘_-";" ‘ 79 ] <t )
s t ’ e Y .
. . P o
& - < . ¥ g'if, >y £ «
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3
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Coarse bubble diffusers . o . M
n . \‘ ~ B.____ - -, D. Sparger
% : B._ . £. Porous tube
Fine bubble diffusers . F. Centrifugal "
N v G. Large hole diffuser
- ] , C.__ B , ; %
N - ‘- . »
T‘ . co ) . . - ' ) ‘_"5 ) . -
e RV An aeration tank has beenm provided with a surface mechanical aerator.
: ) Explain two posm}g,le a1ternat1ves for v‘aryfng the d1sso1ved oxyqen
. Tevel. . }
3 : S ; P S
r‘ - |l © - -
L ) e . N 'Y .
5. BOD 1s b1ochem1ca1 oxygen demand What is MLVSS'P o - -
. v\_ . . 6'. What is the prime.limitation in contro]hng‘a constant MLVSS? g:*‘
. . " . e - a = - o 5
- ' i / : . A - ~— - . :
- SN What is the primary process contro1 var1ab1e (parameter) used to
" ~. . maintain a constant MLVSS’P : e ,
, . . K & ’ . R . : « ) .
| Lo e | ]
. : -B.  An gctivateds 1udge p1ant is treatmg one milTion. ga'ﬂon “of '
N wastewater per~day.. What is the anticipated vo1ume of aste sludge™
o f’low at this convent1 onal at«tiv&ted sTudge? o
M . N i » h L - - !
. ga] /day o : coh y
N ' . - EE > . - .
e - %-of raw flow . , o S
. A A A*eonven'u onal actwated s1udge f& 11ty is. controThng to a cons’tant'
. . F/M ratio. *What are _the pr1mary dcess contro] vari ab1es=(parameters)
¢ ° and & o ' o S ." . - L
:',.\ N ) . “. -. T ] a - , § . .,: .’ . V\'\/ ‘ — s
o . % - - o . LN . - i
& 80 ¥ ’ - ) 4 b
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2500 mg/]J/concentrat{on of return sludge of 6,000 mg/1 and is wastinj

R from the return s]udge flow at a rate of 40, 000 ga]]ons per day. - -
- *3’ Calculate the s]udge aqe — . , ‘f . ) B

X SA.= S . ) ®

1 K / . . ) R

15. List'two reasons why a "conrol" sludge age level might have to be
£ . adjysted, _ > . : L
- ’ R - . . "l
- -

-

°

16,. An act1vated §1udge fac111ty s contro]T1ng return sludge flows by the
l"return s]udgé’f]ow Hemand" - Control is be1ng adjusted to meet.the o
lﬂ njnety minutegdemanp.Vime: ‘The purreﬁt Return STudge-Flow:is 1.0 ﬁGD.
'SSC90 = 16,93 . ' -]
ATC= 458 .
RSC+= 145% o e g -

If RSFD FSF (RSC" - ATC)/(SSC 90 - ATC), ca]cu]ate the value for the :

P Return Sludge Flow demand. . ‘
: : BSFD =

'\.. .




18.

>
b '
<

D. : ) o

2

B.
- L.
D.
@

E.” Ciliate

E.

X N ~ !

to the "oldest" sludge. . o«

"Stalked ciliates

(Sa?codﬁné (amoe@oid)t
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. o ‘ Page 5 of !
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«17. Match the names to the appropriate pictures: - ,
] A, . . A. Flagellate) e {
v . t - L]
B. T ' ' Rotifer 8 v
—_— L . . . " .7 5
C.: \ : !

-An?ange'the 6rgani§ms in order of those .which would inaicate the'"younge§%

-
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=, . ‘ . . - —_—
) . , - - .
. P ‘ W
K (MGD) . ’ ' )
s 1 (McD) S Y
T a () °
M- (MGD). : - -
N ()
l' k2

L2

B (MeD)* f A
e . P AU Do
. , . , /.

1‘9‘.' Match the -following: i . s o,
A ) A Concentration of wohds in waste s]udge flow (XSC)

" B.____ °, B. 'Secondarv (f1na1; c.la‘mﬁen ' B
C.__ " . C. Concentration .of solids in clarifier sl'udge'f'iow.'(RSC,]
D.- - ‘- . D 'l;aw waste 1:1ow into aerati.on tank (AFT). o
E | . E." .Concentration of’solids in return s]udge ﬂow into

. T ( : © aeration tank (RSC). - R e ,
TR . /F C]ar1f1er overfTow (CFD). 4 Lot , .

G._ -~ - .., G. Concentrahon of £011£in raw waste: flow mtp
: T . ¢ aeration.tank (PEC). S
| H._ " " -H. Aeration tank - . Yo 1
I_____ I. IReturn sludge ﬂow into aerat1on tank (ﬁ‘sﬂ"\
cde__ " ., J. ‘Concentratwn of solids 1) final c]ar1f1er overﬂow
o P (FEC). D Te
. | K.“_‘ ok fCoﬁ}dtratwn of aeratjon tank contents (ATC) .
T Lr__ K L '+ Total ﬂow out’of aerataon tank (T’FL) - 9“
M, . . M. Waste sluglge f]ow (XsF). . .-». ' C
N— N c,,;%h fier, s]udg‘b ‘f'low (CSF) AR . :

R 84‘ - ; \‘ N - ) 4,‘."."
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20. List the mass balanee around: * . -,
. ) . ] . ’ R ‘7.‘3_ , 1 .
A. Aeration tank e 5 L B
. ‘.h } ) °/ [N . - - : . t
S 1!? S 3 > R
B. Final clarififr _ - .
»‘ @ . . Qe
"‘ . . N ? )

b 212

’

Using the mags bélénceﬂrelatjonship, asguming the cqncent}aiion 3

“in the raw flow into theJaspation tank jé'U%“by centr%fuge and‘giJén:'.

ATC
RSC
AFI

5%

15%

.
.

1.0 MGD

&
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.

e

f solids -

ST . Find: RSF= .. o
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Topic:
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Instructor Qut'f'ine: ‘

[

. R
‘ -~
', Module Ho:
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. 7.7 hrs.

369 gal/sq. ft. /da_y
453 s'lb:;/% -
_3,83‘9, 1bs.
. 0.12 ' .  .

O w >

.

]
m o,

Ai r (oxygen)
oo
* Return sJudge flow *

-Was,te 51 udg§ _fll oW e

» .
3. A c. . 7} .

.o T ;' ' . -

AFD _
9 o j' "":’“‘
B D j-

< B,.G, o

RS
. ! FO

. 'C EC

s Motor speed

A 5 000 - 15 000 ga] /day
as

oo oo s

. » - - .
. Waste s'ludge ﬂow RIS

-

~

1

..o 5 - 1,5’-%' LR ‘ 3*“

Welr' adJusstment (deptﬁ of submergence)

-

. -

. Mgi(ed ht} or, vo]atﬂe suspended soJads .
g ”m;zd on a. consf’s?tent Tevel of 1oad

~

-
- -
g.

.
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I . " Lo 9. Waste s]udqe flow L
\ - (. - BOD or COD or.TOC (1oad)
' ’ B So'l‘rds Detenmnatwn . ) J
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K J . - 11.. D1ff1cu1ty in gettmg a.value for F. (Food)‘.
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;8,431 19;.

3 v

0.6 .

. .667

o <. .
10 .oy S
Denitrifying sludge

S1 uc_lge? acéuni_ﬁ] ation,

.

\

White fpam on aeration tank

Dark, .greasy foam qp aerati(‘;:l tankj:-.,«‘,
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