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SUMMARY'

0 Page 51

Module No
.

.

Module Title: . ,

.
. .

Intermediate Activated` Sludge'

Topics: ,

.
.

. ,
.

. 1. Review - Design and Operation Parameters .

2. Review - Aeration Devices
3. Control--'Constant Mixed Liquor
4. Control - Constant'F/M Ratio
5. Control -- "Constant Sludge Age
6. Contr'ol - Return Sludge Flow Control .

,

7. Microorganisms
.

8. -Data Trend Charts

Approx. Time'

13 hours

.- .°Overall Objectives: . .

Upo_

.

.

completion of is module the student will have reviewed "traditional"
process calculations and trenchart plotting,-gained additional knowledge
ofqcontral procedures, and should be able to calculate and plot process
control parameters. . ,

/
.

.
l

.

Instructional'Aids: .
.

.

. . .

. .
.

Handouts
. .

-.Transparencies .

Calculetor",
-

.

.

.

Instr'yctional Approach: `9

. .

Lecture . .
.

DiscusfOn _

Exercise.
: .

.

-ReferenCes:
. £ .

.

."
.

. . . . .

1. Water Pollution Control'Federation MOP 11.'
2. RecommendedAaadeks for Sewage Works.
3. Operational Control Procedures'for the Activated Sludge-Process.

, g. Paft III'A . .
_

.
,
.)

B. Part III B . '

C. .AppgAdx '. As

D. RetUrn SlUdge FloW.COntrol ' . ,

. ,..,,
, .

.

.

,A. Operator's Pocket Guide to Actiiated Sludge Parts I and II.
$.40Basic Activated Sludge Module .. .

.

. .. t.

.

Class Assignments:' :

. .
.

,
,. , . .

. I. Rad handouts .
.

,

..2. Solve problems .
,

3.: P14 .trend charts,:, L, 3 .

4



Module id:.

SUMMARY Page 5 of

Topic:

Intermedi ate Activated Sludge/

`r
Instructor Outline:'ftstuctor Notes:

a

9

-

1. Handouts shouldbe distributed as the appear
in the moddle.

2. The module includes lecture, in class problem
solutions and trend chart plotting.

3. 12,x 20division per inch graph paper should
be made available to the student for trend
chart plotting. if

4. A typical classroom s ting is appropriate for A

-delivery of this mo le. Ah overhead projector
and screen is requi.ed.

5. eBasic Activated Slu ye is a suggested prerequisite

.6 Recommended Standards for. Sewage Works may be
obtained-froth: (Nominal charge).

Hel\th Education Service
P. O. Box 7283
Albany, N. Y. 12224

7. Operational Control ProcedAs for Activated
Sludge Process, Parts III A, I;I , App ix,

4nd Return Sludge Flow ContrOrmay be obtained
from: 0

"e.
94 ,

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

.

°

i

'8. Operator's Pocket Guide's for the ActiVated Sludge
Procegs,.Parts I & II, may be Orderedfrom:
(Nominal charge).

--..
.

P-'

.

."
,

Stevens; Thompson rRunyan, 'tic:.
5505 S..E.,Milwaukee Ave. -
Box 02201 :,

Portland, Oregon 97202

-

-,
9
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`SUMMARY' Page 6 of 'A...

Module No: .

Intermediate *Activated Sludge

Instructor tiotes: Instructor,Outline:

111

s,

C

I

...Ems.0.1.14..11 01110

9. -The evaluation includes the written examination, -

and each student must-plot data.trend charts
to he satisfaction of the instructor,.

10. ,The nstructor should at tht close of the
work '9p encourage operators to begi.n trend
charting process control data.- The Advanced
Activated Sludge Module is in part dependent
on attendees bringing their trend charts to
the Advanted Workshop.

O

,6



Module No:

Q
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Page 7 of 51

Module Title: . .

Interpediate Activated Sludge'

Approx. Time:

2 hours

Submodule-Title: .

A

Review from Basic Activated Sludge

AP,

Topic:

Design andOperation Parameters

Objectives:
. r .

;,

k t .
.

.

.

I. Given aeration tank 'dirensions, clarifier dimensions, flows and appropriate ,

plant data; caltulate: (a) Aerattch tank_ditentioh time, (b) Clarifier
1 surfade overflow rate, (c) Pounds-of BOO to aeration, fdPounds of, solids
under aeration, and (e) F/M. ,

, T
, ,

List the three ''common' process controls of the activated sludge facility.

Instructionie-Aids:

1.. Student handout,.

ti

4

InStructional Approach.;

1. Lecture,
2. Discussion
3. In class problem-solution

References:

1. Basic Activated Sludge Module
2. Appendix,4)perational. Control Procedures for the $'ctivated Sludge Process
3. Recommended Standards for Sewage Works (10 -State Standaids)

,

Class Assignments:.
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Page 8 of

Module. No: Topi '
Design andOration Parameters.

Instructor Motes:

Student.tiandoutI
Review Problem

r

t"

Ins4uctor 0 tline:

awl

god

. Tho Intermediate A tivated Sludge Workshqpbegins, with a reiiew, robl em. Student
1-1,anbut I, contains the\data requi'ed to. solve for:

1) Aeration tank detention time2) Ciaeifier surface overflow
3) Pounds of .BOD to aeration. ,a

4) Pounds of soliidt'under aeration
5) F 1+1

Solution:

Aeration tank volume = 25,x 75 x

=.22,,506 cl?urt:

= 168,300 '..?116ns
,

Clarifier surface area 1. 3.14 x 35 x 95/4'

'962 sq. ft. 4

Ci- arifier volume = 962 x 10

= 9,720 cu. ft.
,

= 71,958 .galloA

od

AeratiOn. tank detentiop, time-at flow alone

x 24/510,006

= 7.9 hours (design standard 6 - 8 hrs.),
' .

Aeration' tank detention .at total flow
=. 168,300:x 24/(51Q,000 +.140006)

= 5.9 hours ' . .. 9

,PoOnds of Bob' 460 x 0.51 x-43.34

= 681 lbs.'BOD I-
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4k.

. .

66

41

,

11,Page 9 'of 51

STUDENT, HANDOUT, 1_

.

Aeration-tank 25' x' 75' x

Clarifier 35' di &peter

10' mean depth - -

Raw sewage flow = 510,000 gal ./day

Return sludge fl 1.70,000' ./day

PriTary effluent. BOD ='160 .mg/1

_ 'Mixed liquor volatile suspended solids (MLVSS1 = 2,2004 mg/1

.6 Iv

,Find: s 10. Aeration tank detention at flowalone Ad totaI flow

>

2. Pounds of Bap to aeration

3. Pounds of yolatile 'solids under aeration

4. F/M

Clar'Ffier surface oveffl owIrate

ti

7



'a.

)-

13. Page lip of 51
Module No:-. Topic:

Design and Operation Pai.ameters \.

Instructor Uotes:
Instructor 0ut4mpe:

0

r

10-State Staftdards

11.

10-State Standards

Naar.

Pounds of MLVSS = 2,200 x 6;1683 x 8.34

=,3,088 lbs. MUSS.

.F/M

= 0.22 (accepted range :2 - .5)

Clarifier surface overflow rate

= 5104600/962

= 530.gal./sq. ft./day. (range 600.E ;`.800)

The deSigntvalues frdm q-0 -State Standards"
. are shown in parentheses. Note that all of

these values except clarifier surface over-
flow 'rate fall within the "accepted" ranges.
It is to the "good" to have an overflow rate
on the.order of 500 gal' /sq. ft./day.

However it is not the intent of this
workshop to address

Aesigrc.concepti,.ratherit is operational
parameters and control.'

. A Ow 'of the important Operational c4rameters
were reviewed in the first problem worked.
Before expanding this listg'address the common
process'controls availfble to the operator+.

II.. Process Controls

1. Air . /

Design 1,500 cu. ft./lb. BOD
Operation - Maintain minimum of '2 mgAl

'-of 'siolved oxygen- --

. eturn sludgeflow

'A) 'Design - 15 to 75 percent of raw flow
t rate

B),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.

3 -
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Page
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51 a.....

Topic:

Design and Opei-atioit Parameters:

4

1

.

Module too:

Instructor(kotes:
Instructor Outline:

,10-State Standards

0 Sc.

S

a
I

Attendees of the workshop
shoulbe encouraged to come
to this workshop with-tank
dimension§ of ttieir facility
cpd lab data. 'This section
should include using sonie of

01111

3. ',Waste sludge flow
. -.. .

'.

..
' %Desigr- maximum capaci-ty of not less than25 percentof design average Sewage,flow.

.
',. Capability of fuRctioning.at rate of 0.57

-
'., percent-of a rage.sewage flow or a minimut

of 10 GPM, whichever is. larger. %

0pera4on't.: primarily a function of the
plant control methodology i.e. control to

solids level or to a "sludge age"

4. -Mode of operation

Some operators' are- blesSed with an
additional degree of operational
flexibility. The facility' (activated
sludge Units or the ,secondary treatment
system) may have the app'rop'riate piping,
valves and meters which.allbw "mode of
operation" to be controlled The
conventional- system with aOustments can be
a step-feed system or parkvatact
stabilization system as , cess demands.
The advantagesof this flexible plant may
be lost`if the operator does not take
advantage of.the flexibility and incor-
porate sufficient tirocess control testing
and ,analyses into his control methodology.
The operator has to tufn_the valves, the
good operators turns the valves as a.
function of process demands -The operator
who shrugs off lets than acceptable treated
effluent quality as "one of the periodic

up,;:,

all activated sludge facilitieha tends not to turn valves, for reasons
other thancpanie.

Process Parameters o 4

The,wastewiterrtreatment facility that iswell
operated generally routinely collects data, -

records data, plots trend charts, interprets
data.and charts and incorporates all of theabove into a.process control methodology.'.

it)
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Module lie:

Instructor Ifotes:
,

11.

. Page 12 of 51
Topic: -, _

, -
Design and Operation Parameters.......

..s.

`,Instructor Outline:

(

t.

the data from the stddentt,
'calculating process Parameters,and posting them on a data
sheet.

4

,

. ,
Appendix., Operational Control
procedures :for the Actiyated
Sludge Process -

5 \

t

This pariicul4r -module will focus or(the
'activated sludge secondary treatment' 'parameters: That is not to say Pie pre-treatment arrd primary treatment plrametergshould. be ignored. It is extremely importantto documenrprima7 treatment, for example.Pri influent and effluent BOD arld
suspended solids 'should be routinely, analyzed,the volume of primary sludge pumped,, weight .or -volume of grit,collected. Don't hide thedata. Data recorded on matchbook covers andon ,coffee and acid stained yellow pads isdata that frequently. is ignOred.

Piocess data shouldbe posted or plotted anddisplayed so that the data becomes an integralpart of *prdcess control decision niaking,

Figure 6', Figure 3 of,the Appendix displays..how process data 'could be posted. On 'Page 2.I 4

oft the same ,manual noti ce. how trended
(plotted) data charts and posted data caneasily be viewed.artd used-in making 'processcontrol - decisions . At I east three 'addition alparamete, rs should be added to those shown onFigure 3 primary sludge flow, primary
effluent BOD and mixed liquor suspended solids.. \COD values and!ommonia nitrogen data are alsoappropriate for'posting.

s



Page 13 of -51-

Module Ilo:

0

Module Title: .

jn'te rmedi ate ,AEti vated S1 utigg

. -
, Submodule Title:

. ._

. Review from Basic Activated Sludge' .

-Approx. Ti ne: .

,...

Topic:.
:

. .°°., ,
. 1, hQur

, , Aeration Devi ,es i

.;., .

Objectives; \

...)

J ). y

air1. List the two usual type of blowers for supplying air to diffusers..,
. ...

2. List three types,of fine bubble diffusers.
, -A-

-
.

.
3.: List two t§pes of large bubb,le,diffusers,.

. *.
4. Explain two alternatives for varying dissolved'oxygen levels in_ aeration

'tanks provided with mechanical aerators.

Instructional .

1. transparivy

Instructional, Approach: .
., .-

i. . Lecture

:Discussion
. ,

or

References:. .

1. WPCF MOP 11

4

I-

A

Class Assignments:

T

. e

f

I

ab

.
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Page 114. pf 51

Topi c:

Aeration Devi ces

4 Instructor Notei:

r

I

Instructor Outline;

?

A diagram of examples of
fine and .coarse bubble
diffusers is provided.

:4

?

a

The Basic; Activated Sludgee Workshop briefly
introduced how oNygen.blay be supplied to the
aeration tank.-, Briefly-'review the, diffusedair system, and. inechani cal aerators.

I . Di fused' r

,

A. Blowers,' positive displkeinent or,
centri final

B. Low pressure', 8 1 10 psi or*l.ess

C. Large ore small. bubble, sparger or ,
, di ffuser.-'-

II. ". Mechanical Aerators

-

A. Fixed platform mounted or floating

'caiYabi130,... Adiustment 11 ty.2.",Wei r.le.dj us tment
'. '1)r motor speed adjusiffient. --.

; C: Vertical draft14ube .

*Y
D. Used in Combiqation with diffused atr'.

II. DiffuSers - plates tubes, synthetic material

IV. Spargers

The pa-pose of the aeration ,device is to make
.oxygen available and to mix to assure that
microorganisms come' into tontaft with, food.

'As energy conservation is of everyones concernand the cost Of energy continues to rise, the,
proper operation and maintenance of the --
aeration system is- of prime _importance.

Panel mounted current measuring de vi ces
.(ammeters) should be considered for every motorin a wastewater

treatment facility, especially
'positive displacement and, centrifugal blowers.
Routine recording of,what current a- blower-i
',drawing would greatly magnify the impottance
of cleaning filters and synthetic fiber

1,3
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hlodule Nod

Aeration Devi ces

f4geN of

Instr or Notes':

4

.0

Instkictor Outline:

7

111000

diffusers, for example. Such rea ings might
alert the operator to potential t oublriir
break dOwnt. At .the very least portable
ammeter (amp-clanlp) should be available and
used t8 .record. Wowerperfornian e. Pressuregauges on diffused air systems h.ould also
be maintained and routine ad ngs recorded :\
A system which has beeri pro id rig sufficient'
air at 8 psi .whose operatin ressure begins
increasing may require diffus r cleaning.
The same systeni whose operat'ngpressure
decreases probably has -"blow ",ra diffuser and
a type of short circuit V has resuied with alot of air, going through the; rel ati Oly 1 arger
opening created When the diffuser comes freeor b ws. A vi ual observation of -the
ae ation tank' wi .generally confirm this andth location of*the bl own di ffuser.

Mechanical aerators also stmuld-beChecked 4-
fdr the .amount of electrical current the
motors 'are drawing. The current increases .as the depth of submergenceTh.Fithe "bladet".of the mechanical aerator increases. There.is ,a point at which the increased depth of ..
submergence would result'in little .jDf any
increase in the amount of oxygen supi5ly to
the aeration tank contents:

A dissolved oxygen prgbd'should be given
serious consideration". .A level of disSolved
oxygen (generally 2 mg/1) must be maintained,
however, if dissolved oxygen. measurements
consistently run at 5 or 6 mg/1, dollars, could
probably, in fact.. undoubtedly,.be,saved by
decreasing depth of submerOnce oD cutting,back on the 'diffused air system. The '
ammeter would confirm ifreduced current is,
in fact .being drai4n.

<

0
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Cord or
Saran
Wrapped

I

I

. FINE BUBBLE DIFFUSERS

Synthetic
Cloth'

L.

r

COARSE BUBBLE DIFFUSERS



t7'

1.1ciable lip:

Approx. Time:
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Page 17 of 51

Module Title:

Interthediate Activated Sludge

Submodule Title:

.

.Control PrObedui.es

Topic: .

Constant,Mixed Liquor Volatile Suspended Solids (MLVSS)

Objectives:

A. Define MLVSS.

2.. List*the prime 'imitation in%controlling at a constant MLVSS.

3. List the process pOntrol parameter used to maintain a constant MLVSS.

4.' List the anticipated Volume (gallons) of sludge to be wasted per

million gallon of rivelvaSte flow and -the percentage. -

J
Instruciionopl Aids:

T. Student handoUt

A

,

.

O

Inttructional Approach:

1. Lecture
2. Discussion
3: In iclass` problem solving

References:.

1. WPCF MOP 1.1

Class Assignments:

16



O

Page 113 51 °

Instructor OUtline:,

A

The basiC ac oted sludge workghop briefly
focused on t ree control methodologies. Each,
of these will be addressed and in some areas.
expanded. :

Control to a constant Mixed Liqucm V attle
Suspended Solids (MLVSS conontrati n (or .WMixed Liquor TO Suspendenolids m iiss) s -.one of the most common control meth ologies
practtcea in activated sludge vast titer treat-
ment facilities. The primelimitat on to this

h rol technique lies in the fact.t at it isbaked on the consistency. of the raw waste load.
Stated another way, a facility that experienceswide variations in ,the raw waste organic load
(BOD). will probably not be :able to be controlled
successfully by maintaining a constant aerationtank solids concentration. 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. "TYpically,
facilities controlled by, this technique rarely
adjust return flows. The return sludge flow rate
generally is set somewhere in the range of 25 to33 (up to 50) percent of raw flow. *Subsequent
discussion of tile "mass balance"equation will
help explain tas return sludge flow rate.

4
The primary pYocess control parameter used to
maintain the constant aeration tank solids
concentration is waste sludge - flow.' Simply stated
if the target solids concentration has been
exceeded waste. If solidt 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'e function .

of-the character` of the waste and typevof facility-
among other:thrigs. Generally a. good startingpoint is between 0.5 and 1.5 .% of the average dail
sewage flow. Expressed in other terms the Mime
would range generally

between'5,0.00 gallons and
15,000 gallons''' oer'day per million gallon§ 21 raw
sewage flow.

.
". 7"

a

17
7
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Module No:

Instructor Notes:

,

'Page 19

Control Procedures Constant MLVSS- ,

o.

. ,

InstruCtom Outi fne: °

Student,Handout.2.,-,Problem to.
)

solve for aeration tank solids..under a "constant MLISS1! mode-'of Operation. It would 'also
be aoorooriate to use dap
fromeany student ighobas
'real wo,rld'' data withtthiM.

o.

o

A

The 'final topic is the determination of theoptimuetolids, level that 'should b' maintained.Recall that this,00ntrb-1 methodology ison the.-premise that.the raw waste Joad i's. 4,, -reasonably-consistent. It then remains to Selectan F/M ratio, measure the load (F) coming in,and calculate the concentration of solidsnecessary' to satisfy the required' value for.M.The plant should then be operated at level forpreferably one month.. If effluent quality i s .good, maintain that level of solids. If effluentquality is not acceptable, select a new F/M ratio,-cotifirm the load (F), and recalculate the requiredConcentration of solids necessary *to satisfy therequired M.

Solution to Student Handout 2 Problem-

Aeration tank volume = 16,x 32 x 12 x 7.48

-=45,957 -gallons each
= 0.3 x' 165 -x 8.34

F = 413 ibS. BOD

F/M = 0.3

= 413/0.3

M = 1,377 lbs. soli'ds

MLVSS 1,377/ x 0 A045957- x 8.34

MLVSS,= 1,800 mg/1

To inrease,.MLVSS a- decreased F/M mint be selected.Therefore replace 0.3 with 0.2.' Assume for thisproblem treat the load has not changed.

F'=, 413 lbs. 80D

F/M = 0.2

M = 413/0.2

18°
Ao

p

j.



Page' 20 of .51

Topic:

Control Procedures - ConstantALVSS

a..

itW

Module No.:

Instructor Notes:

qt.

Instructor Outline:

= 2065 lbs. solids
-

MLVSS = 2,065/2 x.0.04597 x 8,34

MLVSS = 2,690 mg/1,

b.

j

.110 .#*

pl

r \t-#tt,

e

4



Page' 21 of( 51

;Given:

Select:

N
2

L

Find:

STUDENT HANDOUT 2

Two aeration tanks, each 16' x 32'x 2'

Sewage 'flow BOD = 165 mg%1

Raw flow = 300,000 gallons p& day

F/M ratio (0:1 to OM

Say .0.3

Mixed liquor volatile. suspenbed 'solids concentration

1. MLVSS =

1,:41100

required.

Final effluent quality not acceptable.. The appearance of the final clarifier'

indicates a higher concentration ot.solids would improve final effluent

qufility..

.Select a' revised F/M which

and then solve forthe new

would, result in

concentration.

2. MLVSS =

O

20

t.

a higher concen ation of
.
solids

-

,



Module No:

01
Approx. Time:.

21/2 hours

Objectives:

Module Title:

Intermediate Activated Sludge

Page -22 'of 51

Submgduli Title:

Control Procedures

Topic:,

)ConstantF/M Ratio ,

7.-

1. List the process control parameters used to maintain a constant F/M

ratio control and'testing. (The flows and the laboratory analysis)

2. List thetusual range of "accepted F/M ratios.

3: List three disadvantages.to control by this method. n.

4. Given appropriate dat calculate; a) Food (F),.b)' Micoorganisms (M),

and c) F/M:
5. Given a basic conventional activated sludge schematic, label flows .

andconcentrations, and List the mass balance equations. .

6.' Giveri appropriate data, utilizing the mass balance equation, solve fgr

return sludge-concentration needed for a given leVel of mixed liquor

. suspended solids!
7. Given appropriate data, calcglate sludge weight to'concentration ratio.

Instructional Aids:

1. TraiOarancies

Instructional Approach:

.1. Lecture
2. Discussion
3. Im clasS problem solution .11

Reference's:

1.

2.

.WP CF MOP 11
. -

Part IIJ A - Operational Control Proceddr74S fOr the Activated Sludge Process

Ws*

Ciass Assignments.:
i_ikk

.
#,



Module ,NO: , .
.

-Topic:.

Control Procedures Constant F/M

Page 23 '- of 51

Instructor Outlige:

The °second control procedUre..to .be reviewed is*control to constant F/M ratio. In order tocontrol by 'Maintenance. of .a constant F/M ratioit is snecessanyTto routinely 'determine thestrength of the load (DOD, COD, TO e.g.), the-concentration of'solids under aeration (MLVSS orMLSS) , 'raw sewage flow, and calculate val uesfor F. and M in-order' to determine if increased 'mr.decreased.waste,)Thdge flow, is in order. -

It isgenerally accepted that values for F/Mshould fall within the range of 0.1 to 0.5.
The di saiiViniages to .control' by this technique

Figure 1 - ConventionAl
'Activated Sludge Process
.Schematic -.

I .

r s

1. The- di ffi cul ty obtaining . a Lithely valueof F (BOD 5. day determination),.

2. MLVSS determinations are, hot)necesiamly
true.measuies "of M Cpaper and dead tells
show'up as MLVSS).

3. Inability4o make instantaneous changes inaeration tank 'solidi ooncentratfons.
9.

4'. Ffit.lb, itself gives littl 'sfstance to
opetator relatiye to Int sledge flow
adjustments.

The workShop' began ,with f,',a problem from StudentHandout 1. If there was, ho difficulty with theproblem, proceed. If there 'are any questionswith solving for F ot-M or.tlieF/M ratfo, work
another problem using -data from the students.

One of the most si icant parts of this module'
deals with the "Mass bal ance equ ati on" . The 1

operator must Come to grips with thiS equationif he is to rise to an improved under,.tanding of'the activated sludge process,. The starting' potntis the process,' flow "schemati c. The second_step .isto label all flows and to assign-symbols to these.flows and the, concentration of solids in each '- - -."pipe":



RSF (mgd)

)10

RSTSS .(mg /1)

. 7 e
CSF (mgd)

RSTSS (mg /1)

Vp

Aeration Tank TFL .(mgd)

r.

MLTSS (mg/i-)

CFO (m6)

FETS. (mg/1)

Ia

\ AO
CONVENTIMU:ACTIVATEDSLAE=NI

S

PROCESS SCHEMATIC

Figure 1
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ModuleNo:
7

Topic:

Cohtrol Procedures - Constant F/M

Instructor Notes:
Instructor Outline:

Figure 2 - Flow Balance'

Figure 3 - Mass Balance ,

O

Recall that there is an' equation which has ,been
-used. in this module to save for pounds, poundsof BOD ,You.should recognize the
following .equations: : -
1. Pounds solids = Conc. (mg/1) x VolOe (rogifx 8.34

'Pounds solids per'day = Conc. (mg/1) A Flow
(mgd) x 8.34

The mass balance-equation has as its simple
premise:

Mass in equals . mass out

Let's take one step backward before moving Ry

ahead. A flow balance_should be readily under-
'stood. The flOw balance premise is: Flow in
equals -flow out. Notice the different relatiwon-
ships-which exist. The size of, the clarifier ---and aeration `'tank do not change the relationshipswhen the tangs are full. Flow barance is
important in that sometimes." process flow data.
can be calculated on occasion if some measured
flow data is available. Flow'l?alance eqUations
should be done in your (the student's)

facility. '

0Return naw to the mass balance equation;
.

) >

Mass , in equals mass' out I\

, .

Pounds will be the units .of..ma,ss for our use. The-e`qu ati on now 'becomes :

Pounds in equals pdunds out

Figure 3 is islentical to Figure 1 except the
'aeration' tank and cIari.fier have :shrunk. -The
mass ,(pound) balance

relationShips should no beevident. The mass 'balance ai-burid the clarifier
results in :the following: .

25
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XSF -(mgd)

1411(

RSTSS

AFI (mgd)

CSF,(mgd)

/
RSTSS

RSF (mgd)

RSTSS (Mg/1)

PETSS -(mg/1)

i/TFL (mgd)

MLTSS m /I)
_ -

0 .
CFO (mg0 )

Pounds/day =-.FloW (mgd) )c Conc. (mg/1) is 8.34-

Pounds in = Pounds out-
CI-

Figure 3

MASS BALANCE .

FETSS

4

A
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Page 28 of 51

TOpic:

Control Fisocedures - Constaht F/M

1k.

. .

,Ihstructor Outline: .(

TFL x MLTSS x 8.34 = CSF x RSTSS x 8.34 + CFO 'x
FETSS x 8.34

First the 8.34 can be divided out resulting in:

TFL x MLTSS = CSF x RSTSS + CFO x FETSS
7A

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

The equation then become

TFL x MLTSS = CSF x RSTSS

'Moving around the system:

CSF x RSTSS = RSF x RSTSS ,+ XSF x RSTSS.,

If there is no sludge being wasted; XSF = 0

CSF x RSTSS = RSF x RSTSS

Finally the massyance around the aeration tank:

TFL x MLTSS..*RSF x RSTSS + AFI x PETSS
-/

These equations do have significance for the
operator.. The mass balance around the clarifier
resuTied in the following equation:

TFL x MLTSS = CSF x RSTSS

If XSF = 0

._(AFI + RSF) x MLTSS'= RSF x RSTSS-

. AFI x MLTSS + RSF x MLTSS= RSF x RS

-'RSF X (RSTSS - MLTSS) = AFI x MLTSS'

RSF = (AFL x MLTSS)/(RSTSS MLTSS)

28
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Module No:
'Topic:

control Procedures - Constant F/M

Instruct6r,Notes:
A

ti

Instructor Outline:

This relationship can be of assistance to the
operatdr trying to control to a constant aeratic
'tank solids concentration of F/M control. Itis most important to .understand that thfs
relationship presumes no accumulation of solidsin'the clarifier. Other,relationships can be
derived and will be in subsequent topics --of thismodule.

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
forr"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...),Perceni
solids by volume can be easily.determined using
American-Petroleum Institute API) centrffuge
tubes. Determine aeration tank concentration;OTC) and Return Sludge Concentration (RSC).
The equation:

RSF = MLTSS) /RSTSS - MLTSS)

Becomes:

RSF = (AFI x ATC)/(RSC - ATC)

f

The centrifuge values' can be rapidly determinedand this test-and equation'can be made a part of
--lcontral_procedune-____

relattonsiliP can be manipulated to giye
expression for:the'return sludge concentration
'(RSC). , The expression is:

. .

RSC (AFI IRSF)..x ATC/RSF.

The expression for RSF implig that given mixed

Tiqucl,LimIknAum_shidge-toncentrations-and-a==---
-rWal of :flow into the aeration tank; the return



Module Ho:

Page 30 of _5i

. Control Procedures - Constant F/M

Insitructor Notes:
Instructor Outline:-

Part III A, Dperational

Procedures for e Activated
Sludge Process, Page 5.

.11

sludge flow to maintain that system in balance
can be fgund.

Th'e expression-for RSC implies that given the
. flow vales and mixed liquor,

concentration, the
return srudge concentration necessary to maintain
-a balanced system can be found.

'However, there is nothing quite so simple. Firstof all the activated sludge process is a
biological (living) 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 substitution-
for ATC = MLTSS and RSC -= RSTSS assumes an
-identity relationship.

In other words ATC timesa constant '= MLTSS and
.RSC times -a constant = RSTSS. If such were the
case, gravimetric solids

determinations could be
replaced with solids determination by, cerrt
whitii is ,much easier., Such iscgeneraTly not- true:,_but the relationship and its relative change is
worthy of consideration. Part III A terms this --rthe "Sludge

wel-Ph-concentratiOn ratio" (KR):The key is not the exactness of the numbers shown,
rather the trend. In other viords.a WCR -of 800
'doesnot necessarily mean that your 'sludge is
unopmal". , Your centrifuge may not rotate At the
identical RPM's to the One\used in Part-1,II A. _The gperator watches the trend of the WC in his....plant. Increasing WCR's' indicate thesliidge is
becoming relatively "older".-- Decreasing NCR's_
indicate the sludge is becoming relatively
"younger"-

To- solve for WCR requires)cmly the gravimetric
__mixed 11:quorstblids determination and solids by

centrifuge.-

ICR = MLTSS /ATC

0 .
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=Module No:' Module Title:

Intermediate Activated Sludge

Subhodule Title:

CoiitTol Procedures

Approx. Time: 1' .

Topic:

Constant Sludge Age-

bbjectivei: '.'- ,
.

.

---1--.- Given appropriate data and the equations; solve
.

for sludge age (cell

residence time):,

. List two reasons why a "contra" sludge age level might have to be

adjusted.

Instructional Aids:

'N

e

Instructional Approach:

I. Lecture
---2-.- Discussion
3. In7class problem sovint

References:

I. New York Manual
2. WPCF MOP 11
3. Part.III.A-

4. Operator's Pocket 'Guide

Class Assignments:

31
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COntrol Procedures - Constant Sludge Age

s.
Instructor Outline:

Probably two of the'most difficult aspects of-
control to'a constant sludge age are:

1. What equation should be used.
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 should be used 'and a selection then*
made based on which seems to work best or which'
best parallels process change.

With reference to a starting value for sludge
,age, once again no value is offered. Rather
only that a value must be selected and then,
adjusted as a function of process 4euands.

WPCF MOP 11,,offers the following equation .for
sludge age (S.A.)

S.A. = X 6a + Vct'AtiOu
Where-

)

X =.Aver ge active microbrial solids concentratia
in- he aeration tank,.mg/l. (Or percent by
ce trifuge).

Va = Volume of aeration tank(s),

Vc = Volume of'final settling tank(s), gal.

Qw-= Flaw rate of sludge being was0d,=GPD.

Xu = Average concentration cifiactiliated sludge in
final settling tank underflow, Mg/l. (Or
percent by centrifuge).

The New York Manual states:
°

S.A. = V x A/Q,1A

Where

V = Volume of aeration tank(s), gal.

3a
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Control Procedures ; Consttrit Sludge Age
Instructor4HOtes: Instructor Outline: b

f

ow

54

A = Concentration of suspended solids in the
aeration tank (s ) , mg/1 .

Q = Sewage flow, GPD

C = Concentration of siispended 'solids in the
sewage entering the aeration tank, in mg/1
exclUstive ef returned sludge.

The Operator's Pocket Guide suggests:

Cell Residence Time (CRT) .= Total Solids/Solids
, Wasted

,m-
Where

Total solids 1-" Lbs. solids in aeration tanks

Solids wasted = Lbs. solids wasted per day?

.NFIC Procedures uses centrifuge values and offers:
c

S.A. = (ASU f CSU)/TXU/Day

Whore

ASU = % solids in aeration tank(s) times volun
of aeration tank(S)

CSU = % solids in clarifier iludge blanket tides
the volume. of the clarifi r =pied by

sludge

TXU/Day = % solids Of sludge wasted times the
volume of sludge wasted per day plus

,the.% solids in the final effluent times;
-- the vol ume of final effluent-per day .

WPCF,MOP 11 states ihe' one "truth" relative to
each of these four equttions, "The wasting
procedure. wi 11 affect the effeetiveness of the :
activated sludge plant ".

33.

C.



4

Page 34 of 51

Topic:

Control Procedures- - Constant Sludge Age
;14,

Instructor' Outyitne:

.

11.

One additiorfal comment relative to contror'by
maintenance _of a constant sludge age. This is
a control methodology and that equation
selected should lend itself to "control". For
that reason the. technique' incorporating use of
the centrifuge, its relative ease of solids

,

-determination,

of
ability to rapidly .check the.

concentration of .The solids being wasted, and
thuso adjust the rate of waste sludge flow
as frequently as desired seems quite appropriate.,
Final comments address adjustmentof the
selected sludge age value itself.

Control to a constantsludge age implies an ot
associated F/M. If the sludge age selecte
results- in a process unrealistic F/M with fi
effluent quality unacceptable, a new sludge ag
'would be selected.

A change in the sewag flow i.e., aseasonal
variotion; loss of or dition of a,signi-ficant
sewage flow,,contributor would require Sludge,age
value adjustments .

..
Process indicators might dictate a change such- ,as: %

A. Denitrifying sludge in

B. Sludge accumulation to
cl ari fi ers.

fi nal el arifiers

excess in final

C. Appearance of neat volume of white foam on
aeration tanks.

D. Appearance of lark, greasy foam. o aeration

E. Other process, indicators which the operator
should dctcument in his own fW-Ifty..

34'
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Piodulta\11a:

Approx. Time:

nour

tiodu itle: .

Irate cliate Activated Sludge

Submodule

Corftrol Procedures

Topic: I

Return Sludge, Flow Control .

1

..- .

1. Given appropriate data, calculate the return sludge flow:demand.
%..

Objectives:

t4

Instructional Aids:

fnstructipnal:Approach:
...

. Handouts

1- Lechre

2. Discussion

Ip-class problem soiutiorf

O

A

4I.

References: .
ali

0
0 ,

V6 ''''

I. Operational ',Control procedures for the Activated_ Sludge Process, liSEPA;

Part III-A. , .,. . -

2, Return sludge flow-control, USEPA.

Class- AssignMents:.



Ins uctor Notes:
-4.

3

3.6 of 51
_ Toni c:

Control Procedulces - Return Sludge Flow Control

Instructor Outline:

Part III A, Operational,Control
Procedures for the Activated
Sludge Process

Acti vated sl edge pl ants have the capability to,adjUst return sludge flow. If the *operator ist.work.ing at a,facility whose flow i,s constant,.
"whose 'sewage strength is constant, where every-thingils the same throughout the 'day and ,throughout the. year, there is. undoubtedly ohe .value -for return sludge flow: When this
was' found, there would yndoubtedly.be,rinneed to adjust the return sludge flow.. Haviyet to see such a.facility, it Would seem
appron%riate to address. a metheodology for adjustirreturn clarifier) sludge.flow.

Conss-Tder. the two- extremes 'of" siudge withdrawalfrom the clarifier.° If.clarifier sludge flow istoo slow,sludge will accumulate in the clarifieruntil. solids wash over the-weir and are
disparged. If.sludge flow° is too rapid, clear°(treated) liquid ls returned to the aeration tankThere 'would appear to be in optiniuit sludge flow
somewhere within the extremes. The methodology
descriked iii` Part III A is -a losgi cal- approach to,'.clarifter sludge flow control. A control test,mixgd liquor allowed ,to settle, is observed..
The' sample ' s. ability to' rconcentrafe is calculated.The clarifier sludge flow is adjusted to the end
of matchingthe-,concentration of the clarifier,:.
sludgetctithe demonstrated ability to concentrate
as shoWh by the.settling test.

.The calculation 'procedure>is quite simply, given,the "target" fime". Assume the clarifier sludgeflow is.being,controNd to the sixp,minute
dethand,;sixty minute settled' sludge concentration
as determined from the settleometer and-centrifugetests, The equation and a samore problem areshown on Pages 40. and 41 of.Pert III A.

Until such time that the "Part 'IV.- "ProceSs
Control"camijgetbecomes available the fallowingguidelines are suggested : '''

36

a

1/



4

r

Page 37- of 5'
Moduleift:

Instructor totes:

T'opi c:

,Control Pro

I

dures - keturn Sludge Flow Control

nstructor Outline:

Demand time selection (sixty-minute demand mean's
the settled sludge 'Concentration calculated from--
the sixty minute settling value). Demtnd times
will vary from plant to plant-and even within
one plant. .Factors which influence demand time.
selection include secondary c ari fi er overflow
rates, organic load, sludge q lity, and
hydraulic limitations. Clarif Os operating
at high overflow rates general dictate that
relatively short (low) demabd imes be selected
thirty minutes, for example. Low overflow rates
allow for relatively higher emand times - sixty
to ninety minutes. In general the exactness of
the calculate clarifier s Ridge flow demand is
not as important as the direction of adjustment
the result indicates, increase or decrease in
"clarifier Exces-Sive adjustments/
should not be made. Adjustments should be limited
to no more than 20 - 25%:change. Hydriulic
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
sniping. For that matter sludge flows Stupid not
be raised to levels that result in excessive. .

turbulence in the clarifier which would impede.
solids separation (settling).. Other process'
indicators must not be ignored. Process control
requires total process evaluation, judgment of
process demands, 'control-adjustment, conti nued
testing, evaluation, and judgment etc.

37
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Apprbx. Time:
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Page . of 51

t dule Title:

Int rmediate Activated Sludge'

ule Title:

iTopic:.

Microorglnism

Objectives:,

1. 4iverpictures ofmicroorganisms,match the'picture tile organism

to the name and what it might indicate.

InstrOctional.Aids;

1. Transparencies

zS

'Instructional APprbaCh:

1:' Lecture

2. Discussion

4

O

Refere7 des:
4

A

. WPCF MOP 11

Class_Astignments:

38
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Instructor Notes:

WPCF MOP, ii

Figure 4

Figure 5

Figyre 5

Fjgure 9 4

ofli C:

Mi croorganisms

Instructor Outline:

011116

Every activated sludge treatment facility would.be
well advised to consider the purchase of a relatively

nexpdo i_v_e crpscdpe . DO ly mi crqs cope examination
Of a cRep_.-of the° aeration tank contents cant provide
the operatbr information relative to proces status..
A notebook\ should be available tga4aily note the
result:i of4the observation, _what 'organishis are noted,
how the sludge -'floc appears, etc.

WPCF MOP 11 offers the fallowing--general guide as to
relative predomination ,of protozoa and effi,pi en cy in
an activated sludge system:

r,
1. Sarcodina predominate rarely and usually' only in

systems starting up or recovering from complete
toxicity.

2. Halophytic flagellates occur at low efficiency
when the organic waste concentration is high
In some hig BOD concentration systems, the
efficiency ,m be mathematically high, but :there
wi 11 sti 11 be hi gh concentration of orgarti c
matter remaini gin the eff1U- It.

3. Holozoi c flag ow the d crease in
hoophytic flagellates. They indicate a slightlyc
more 'effi.ci ent system. The holophyti c and
holozoic- flagellates are flagellated protozoa.

4. Ciliatgs ar'e found when°there are a large number
of free- swimming bacteria. When accompanied

. by flagellates, the free-swimming- ci 1 i ates cat
a somewhat lower efficiency, while thp presence
of some stalked ciliates indicates a higher
efficiency; -

5 . Std.! ked:ci 1 i ates. preddminating i ndi tate an
activated,sludge with a loW BOD effTyent. A
very stable, well-operated Conventional plant ,
will have few stalked ciliates and, usually, no
other protozoa farms.

6.' Rotifers are present -at a conditiorl of veryllow
BOD loading and high efficiency, indicating an
approa .ch toward,total oxidation as represented by
extended aeration treatment.. .' . -

.39
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Topic:

Microorganisms

Instructor.Notes:

t

,Instructor Outline:

*Q.

MS*

It is very important to note the relationship of
sludge age to predominant micro- organisms. The
listing above begins with "young" sludge and moves
toward "old" Sludge. It can then 'assist the
operator-in his waste sludge flow decisions to
document through microscopic investigation, the
predominate microorganisms.

6

V.

e-
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Module Ho: ModuleTitle:

Intermediate Activated Sludge C

Ap! . Time:

3 hours.--

Submodule Title:

'Data Trend Charts

Topic:
s.

Objectives:

1. ,Given appropriate data, plot trend charts:

A. Settling Test (SSV) !
B. Concentrations (ATC,'12SC, SSC)
C. Depth of sludge blanket (DOB)
D. Turbidity
I-

Flows
F. Sludge age

d

64

o.

4

Instructional Aidsi

1. 'Transparencies.

2. Handouts
J

o

Instructional Approach:
o

1.. Lecture

2. Classroom problem solving

ti

References:

1. Operator's Pocket GOide
2. Part. III A

Class Assignments:

47.
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Module No: I Topic:

Data Trend Charts

Instructor Notes:
, .

ipstructor Outline:

,

'Stydent handouts 3-1 through
3-12.

The instructft should provide
graph paper, 12 x 20 divisions
per inch.

1

a

. .4,

4

Ten days of data has been provided for trend chart
plotting.

Plotting of the parameters A through D as noted in
the "objectives" is a review exercise for those who
have attended the Basic Activated Sludge workshop.

Recall the calculation procedure for the SSC values:

,SSCt = 1000 x ATC/SSVt

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

The trending of flow data should present no great
problem. The flow data shown on the operator's
logs just below. the "test-time" are instantaneous
flow rates.in gallons per minute. ',Total flows:in
thousand'gallons,Per day arenoted on- the bottom
of-the log sheets.

The sludge'age trend chart could be plotted from.'
data calculated from any of the fdur equations
given in the "Control Procedures - Constant Sludge'

. Age" topit bf this module. With the understanding
that trend charti are primarily an aid toprocess
control it would-seem appropriate to at least begin
with the data and calculationA that are relatively
simple, use them and deteriiine if the resultant
trendcharts truly become a part of your process.
Control. If not,.§iven a reasonable time (minimum
of three months, preferably longer), abandon doing
those trend charts which;lio not.give you insight
or assistance in process control decision making.

Sludge Age, actually cell residence time (CRT) in
the Operator's Pocket.Guidewas °defined as:

Lbs solids in aeration thks
Lbsstlids,wasted per day = CRT

\

This parameter can also be calculated by using
.centrifuge values in place of gravibetric solids
determinations. As' a process control parameter
consider the following equation:



Module Ho:

Instructor,Ates:
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Topic:

Data TrendLCharts

Notice that the units of
volume can be gallons or
million so long asIthe same
units are used consistently.
In other words if million
gallons are used use them
all of the time.

.0

Geo

4hstructor Outiine:.

.Where

1101.111.

Aeration tank solids.toncentration % by, volume = ATC

P
Aeration tank volume in million gallons = AVG. t:

Concentration of solids being wasted %. by volume;
assuming a portion of return sludge is wasted = R$C

`,J^

Rate. of waste sludge flow fn million gallons per
day = XSF

ATC x AVG
CRT.-(Sludge.Age)

RSC x XSF

Note how easily this parameter can be calculated,
two centrifuge values' (ATC and RSC), a constan
(AVG), and one 'flow (XSF). Student handout'.3-12
containe"tufficient.data to practice calculating
this parameter. Those facilities controlling to
a constant sludge age should consider the-merits
of utilization of centHfuge data.

....

Part III A identifies the product of a concentration,
% by volvme, times a volume as a "sludge uoit".

*Other operational cont451 proceYs-parameers are ,..

readily calculated using centrifuge valu0s.
4

Return sludge concentrations can vary dramatically.
Handout 3-11 iiisplays this fact, the trend chart
begun from the data sheets inclUded in Handout 3.
It,should also prbvide process insight to plot
what is termed return. ludge units (R$U) in Part 14.A.
Handout 3-12 contains sufficient. data for this
calculation" also.

The incorporation of process control parameter
calculattions suggested in Part III A and data
trend charts should be given strung consideration
in activated sludge facilities.
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Mod le Ho:

Instructor Notes.:

Topic:

,Data Trend Charts 4

-instructor Outline:

I

It is conceivable that not an would be necessary
at all facilities, however, data 'trending should
assist the operatorin maintaining Or improving
treatment plant efficiency If a conscientious
attempt is made to incorporate this methodology
into process control, decision making.

Finally,, Part III A contain many abbreviations.
They represent a lo cal "shorthand" notation and
should not be feare . For example the concentration
of the aeration to k contents are labelled ATC,
aeration- tank con entration.

The remaining time should be spent completin
Handouts through '3-12 and plotting trend. charts.

a
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The following Materials are appended from which
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Figure 1

Diffusers

- Conventional Activated.Sludge

Process Schematic

Figure 2 - Flow Balance

Figure 3 - Mass Balance

Figure 4-through 9 - Microorganisms

Student Handout 1 - One page
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Student Handout 3 - Twelve pages
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Cord or
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Wrapped

FINE BUBBLE DIFFUSERS;
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Synthetic
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COARSE BUBBLE DIFFUSERS -
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- XSf. (mgd)

RSTSS (g /1)
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,RSTSS (mg/1 )

AFI (mgd)'.

PETSS (mg/1 )-4

J

CSF- (mgd)

RSTSS (m§/1 )

. ; f

Aeration ;lank TFL (mgd)

AMP

-

1'A

CFO. (mgd)

Clarifier
MLTS'S (mg/1 ) FEISS (mg0)

.53

CON.VENTIONACACTIVATED SLUDGE
=

t. PROCESS SCHEMATIC.

Figure l N...
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XSF CSF

tr,

AFI /-

RSF
3

1

TFL

.Flow)in = Flow out.

AFI + RSF
)

TFL CF0.+ CSF

CSF =.RSF + XSE
II

CFO

a

4.
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XSF (mgd) C F (mgd)

RSTSS (mg/1) RSTSS (mg/1) f

RSF (mgd)

RSTSS (mg/1)

ob

AFI .(iligd) TFL (mgd), CFO '(mgd)

4 PETSS (mg/1) MLTSS (mg/1) FETSS (mg/1).
.

t

Rounds /daffy = Flow (mgd)' x Cohc. (mg/1) x 8.34

Pounds in = Pounds out

I

d o

Figure 3

MASS BALANCE





4

4

d y

-

Sq

.1'

. 59

0.

es.

Page 7 of 1

Flagellates

Figure 5

f

5,



e

d.

1

$
p

, "... , -v.
PIN-

i .

1

r

1

. s

J

Q)
, 43

C)
) (t) Q)

or* 1.
' =

o-. CT,
IC) r-

,41
1=.
,'

, , . ' .-A .

.

.7)

CD
0

,,, e,-...............

.

.

VI.



.Page 9 of 11.

6t

4 STALKED CILIATES

Figure
.

4



ti

,

4

O

.1

Page 10 of 11

62

1

STALKED ,q LIATES
I

Figure 8
. 1

1.

J.
,

I



4

41.

t

1.

r

ROTIFER

Figure 9
(c)

Iry



$

Page of

STUDENT HANDOUT 1

'Given: Aeration tank 25' x 75' x 12'

of

Clarifier 35' -diameter

' 10' mean depth

Raw sewage flow = 510,000 gal. /day

Return sludge flow = 170,000 gal. /day

Primpry effluent 86 = 160 mg /1

Mixed liquor. volatile suspended soljqs (MLVSS) = 2)00 mg7

Find: 1. Aeration tank detention at flow alone sand _ total flow

*\2. Pouxds of BOD to aeration

. 3:1 PoUbds of volatile solids under,aeration

1"

4. f

5. 4p1 ari fi.e.r, surface overflow rate

i

t1

.

64
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STUDENT HANDOUT 2

Liven: Two' aeration tanks, each le x 32' x 12'

Sewage flowTBOD = 165 mg71

Raw flow = 300,000 gallong per day

Select: F/M ratio (0.1 to '0.5)

Say 0.3.,

Find: Mixed liquor volatile suspended solids concentration relired.

1. MLVSS =
A.

Final effluent quality not'acpeptable.- The appearance of the final clarifier
.indicates a higher

quality.

concentration of solids would imprpve final effluent
1

Select a revised F/M which would result in la .higherf"ciocentration of solids

and then solvejor-the new concentration. ',

2. MLVSSi=

1

\.
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Student Handout3-1
.-Page 1 of 12

DATE 4/Z,7/74
-DAY °

. s -

TEST
TIME. 0800
RAW .FLOW, 440

RET FLOWARigt_-_

WASTE FLOW 11.6.

TEST TEST4
TIME ".

RAW -FLOW 460 a, RAW FLOW 44o
.RETURN FLOW, -245 RETURN FLOW, Z..t
WASTE FLOW, 15 WASTE FLOW, 15

TIME SST SSC

0 , 1000

5 700 i I,86

- 10. flga

15

8.3

.

30

45

/60

"90

14f4k.

Jt.gla
00 20.75

AfiC

RSCALL
i?0 B

INITIAL
TURBID;TT

FINAL
TURBIDITY

IME SSV SSC

8.00 .1000

TIME ,SSV

0 111000

159
6k1?(

5 boo 8.119 5

10 Bap io.
15

atst' ELIE!' 30

15'

30,

60

I

5C

INITIAL
-Cr

.8_11 0

4.44. 17.39

. 66

111....

SSC

8.4
9.88.

60 eticsk

90

ATC.

RSC iii0
_DOB

INITIAL
'?URBIDITY

.. 1..1:. 0 i
FINAL .- I, '
TURBIDITY rw

FINAL ; , I 1 :-:
....

TURBIDITY I N 'lt:r'D.
.

cs

.1.../.4 tssui 7.4.4,.., 4 4 iii,"----
.

i terutt/V 1-.7..

CZ;I, i '7" '11
....--.

. ,
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Student Handout 3 -2
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DATE 4/e $/ 71. r

,DAY

TEST
-TIME .11C)Q_

RAW FLOW 37o

TURN F.,OW a So

W#TE

TEST
T I M E
T E S T

. .1.4 1 0 0; 7 TIME O
RAW FLAWAIS RAW FLAW, 4$o
RETURN FLOW,11 CUP_ RETURN FLOW, W, 30S

WASTE FLOW,..1_: ,WASTE FLOW, Eg,

TIME / SST SSC

5 8.91

0.
45 *la
60 41.2. /739
90-

T C

1P

TIME SSV SSC

'0
5

10

729.
30 = Gosz
5 asp_

60 460.
90

ATC ALL)_
RSC RSC, fieFP

DOB DOB
.0e

INITIAL A_
URBIDITY

FI,NAL . 1.4
TURBIDITY I ruse

'!i

FINAL
TURBIDITY

A.

.

/ 33

.0110
,e!

so

TO1E .SSV SSC.

0 1000

9°`"
cstko

322
4.2.9
S-*°-
412

10

15-
30

45

6o

90 -

A.TC Q
RSel 8,4) ,

DOB, 614,
INITIAL
rTRBIDITY

FINAL
TURBIDITY.

o

A

*A"i s-qg
R71.1,e/1, go/ 4

wAiTa 2
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StudeA Han dAt 3-3 *e

Page 3 of

DATE 412 (74
DAY,

O

TEST-
T IME

RAW FLOW, 4ZO

RETURN FLOW Zeoa. ,

WASTE FLOW I Zi '
.

TEST
TIME

RAW FLOW, 475
RETURN FLOW, Err *,

WASTE FLOW ht

TEST
TIME, 24 WOG

RAW, FLOW, 2,0
RETURN FLOW 26o

WASTE FLOW,

, TIME SSV- SSC

0 1000 7-7

5 2_429 /A o

io

15 g10
30, URI
45 !bite
60 3O 22.00
90

g9/

`ATC..12_, .

RSC

DOB

I TURBIDITY r*%/a

FINAL, ; 1
-TURBIDITY

TIME SSV SSC TIME SSV SSC

0 1000 0' 1000 '48P-0

5 OA 1,95 .. 5 Os? .09
10 Zta po thko

480 15

30. ilia_ ./Sic 36 Es;
45 teg
6o It_41 /./L33 60 4/41

9.0

RSC 19.0
DOB AA_
INITIAL

niTY"....a..919......

FINAL
TURBIDITY

e.

ATC. $ C)
Rs )19_
DOA

INITIAL. e -
TURBIDITY

I FINAL is
I". TURBIDITY

X7/44.-1 fien...1

X7e 74 1 itAl

6(//ssTE.:-4 4

58 3-
386
17,3



Student Handou 3-4
Page 14 of 12

,

DATE 4134/4
DAY

fr

TEST
TIME A) SOO

RAW FLOW, 4o

RETURN FLOW 190

wiLsTE FLOW 10

TEST
TIME

RAW FLOW 435
RETURN FLOW, 2 0.3
.

WA.ITE :FLOW 10

TEST
TIME 24 oe
RAW- FLOW 46o

RETURN FLOW, re5

WASTE .FLOW, 1 I

TIME SST SSC

o Imo° 7,6
5 So e,9

2.5"s2

15 41e,ca

3o SLLQ.- /1-.9 a

45 1E2
+132 /R.5*60

90

ATC 1.4 ,

RSCJILL.
-DOB fit.32.L
INITIAL

- TURBIDITY 4..0
FINAL
TURBIDITY. 115.. I

4

TIME SSV SSC

5\

10

15

30 44.a
45 4s.2
60

9a -

A,TC (IL
RSC,_,

DOB

IN5TIAL
r FATE fe

FTUINALITY 3,7

69

. z

TIME - SSV SSC

0 1000

5 'MA
so -- 214.

,15 47o
30

Alls
6o '390.
90,

RSC

DOB
.
: INITIAL

riURBIDITY ,,...LS_____
`r

1iTURIA3IDITY , CZ'

A±:::i L.' f2.4q.a 6 .2 4-
.e--,--ziRii ,99

w<ty TE k 414 9
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Student Handout 3-5
Page 5 of 12

DATE \VI/ 74
DAY

TEST
TimE(wigliao

RAW FLOW 4 tic)
RETURN FLOW 17

WASTE FLOW

TEST
TIMEILOSP.... -

RAW, FLOW 3 7 O
RETURN KAY: 10 0

WAStrFLOW' ar.

TIME SSV

`0 1000

op
15 .5: 2

dtgo,
45 4-2.9
6o 3 80

5

10

30

ATC.

SSC

RSCALL,
DOB 71 _-'
INITIAL &r.
TURBIDITY a7 "'
FINAL
TURBIDITY

TIME' SSV

0 ono°

aA)

15 fist
30 +9O
45 I

60 400
90

A,TC

RSC

DOB 7,C

SSC

'FINAL
TURBIDITY,- 1117

TEST A
TIME AGVOCI

RAW FLOW 42S
RETURN FLOW I 7I
WASTE FLOW,:;

TIME S(V SSC

0 1000'

5 eke
2L

15) ps2
30 412.,

4,14±

90%

10

RSC _MAIL

INITIAL FP.
"URBID ITY

FINAL
TURBIDITY

11

70

R:),V LI) /Low 583
k)E71.1 ten/ 5" 7
emo4 7.

S.



tudent Handout 3-6
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DATE .5?-24 7 6
DAY

TEST
TIME °IS"
RAW. FLOW 34 0

RETURN FLOW 190

WASTE FLOW

TEST /4 0 0:

RAW FLOW, 4) S
RETURN FLOW 19 o

WASTE FLOW

TT 2400
RAW FLOW 40S

RETURN FLOW Z I S.

WASTE FLOW, 6

TIME SSV"

0 1000

5, 139 o
10 Sock
15 714

. SAS?
4.5 460,
60 41.9
96 41144

ATC S

it5-191RSC ,*

DOB

SSC.

INITIAL ° go7 tip
TURBIDITY a- Ili".

FINAT
TURBIDTiY,

0

TIME SSV

0 . 1000

5

,10 &IA
'Too

3o .SS O.
*AR

60

INT IAL
.

SSC

O ,

TIME , SSV

0 ,100Q

5

. 110 4E10
229

410.

`--/--ThTC 706
RSC

DOB, 710
INITIAL

SSC

11-

AL et FINAL
T RBIDITY 61' 417 TURBIDITY C.

a

cr7Z:
`I'wed

.`

7.1

4

ied 7u e
64-pos-ie

8 6
4. 8.

4



Student Handout 3
,Page 1? of 12,

DATE V3 /14
DAY

7 )

TEST tiftia.
TIME EPVCO 04

RAW FLOW, 44.511 4
RETURN FLOW 1,,9 0

WASTE FLOW

TEST j
1)T to

RAW FLOW, 416

RETURN FLOW, Zio.
WASTE ",FLOW-.

TEST
TIMEZ.119j
RAW, FLOW'', fa Q

RETURN FLW, 244

WASTE FLO 4
TIME SST SSC

0 1000

5 113
10 I%

.-

15 Soo -,

30 4.Z.2
45 moo
60 4/.12
90

-3

'DOB

INITIAL
TURBIDITY : 27. 0
FINAL , °

TURBIDITY Is'

TIME SSV SSC TIME SSV SSC

0 1000. -0 1000

5 V00 5 Soo
.

.10 -ZOO 10. 4.1.2
15 4_29. 15 4.0.4-
30 Sea 3o 4AR
45 Via .',- milmmmoim o

45 41t 42 o

60 +2_9 60 . +12.-
90 ____...i 99

ATC 8.4
&So 41.+252.

DOB SAL
IN PrIAL 110,
1 I-11T/ g `1e.

FINAL" 1.79
TURBIDITY I

-

ATC

RSC

DOB

"URBIDITY

FINAL
TURBIDITY

,

t 4 72

PAW 6 9 8
T1 /../ -3 0

(AM X re g.
.
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574/74
DAY

TEST "
TIME 0 0
RAW FLOW

RETURN FLOW 2

WASTE FLOW

TEST TEST ,
TIME. 00 TIME 24.00

'RAW FLOW, 4e RAW FLOWA
. ,

RETURN FLOW 21 RETURN FLOW, ZS'S

WASTE PLOW, S WASTE FLOW, 12,.

TIME

0 100'0

500-
10 415_0.

15

.30 1 tle.
45 4-12
'60 422
90

SSV.

<It

SSC

&SG 1 9.ca

DOB

INITIAL re.
TURBIDITY

FINAL
TURBIDITY

SSV SSC

0 1000

5 S3
io ZLQ.

15 41.2
30 -419'

A .

ea 4,0
90

9

TIME SSV SSC

0 1000

5 94?
10 SAO
,15 SIP
30 4.22.
45

60 4115?

90.

ATC

RSC .:4SC ,;41."et

DOB .

INITIAL . INITIAL 14
`:VRBIDITY

6

FINAL . FINAL
TURBIDITY I TURBIDITY

?Aa) - 6 9 /
k')d

0./ios T*6 / 3 rs47 3

at



Student Handout 3-9
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DATE 5/S174
DAY

7 7

a

TEST 1.ft
TIME %PMCOCP

RAW FLOW, 4.,SO
RETURN FLOW, S Of
WASTE FLOW j Z

TEST
TIME

RAW FLOWAIAPL__

RETURN FLOW 0'
WASTE FLOW 12,

MI 24
RAW FLOW 4-4co

RETURN FLOW 235

WASTE FLOW

TIME gsv
0 1000 '

5 aka
Th.., 0

15 63o
119

11,5 .41310
.60

ITC Sy
RSCIILLEL

INITIAL 14,
TURBIDITY,

SSC.'

.

41104,0111M/

FINAL
TURBIDITY

TIME SSV

0 1000`

5 7:1;
414).
St la

30

45 :

'60 1112

90 vi

ATC

RSC29.3i/141**.

DOB di

SSC

IN:rmIAL
, ITY.4`

FINAL 1

TURBIDITY g

1

TIME SSV SSC

0

5

10

1000

2.142

29
15 4frj2

60 4Q
90.

ATC

RS C

30

DOB

:at IT IAL
'URBID IT Y

TURBIDITY
FINAL

M11.11

-viema

C

PA /-L0 44-1

e
(A.,4 S

643
3 5-3
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Student Handout 1-10
Page c)f: 12

ATE

DAY
)

TEST
TIME

,
Vi 0

RAW FLOWAIILLIO

RETURN FLOW z
-WASTE FLOW ) 2;

I

TEST
TIME T/6Do . ,

.

RAW FLOW, .

RETURN FLOW SPO
I -

WASTE FLOW. 12r

TEST
TIMe

RAW FLO W1S_;.

RETURN 'FLOW, ZS%

WASTE FLOW, )

TIME SSV' SSC.,

5 '17o.
10

56 o
jo
.45 ALQ
go 312
90

AC,

RSC
2

Dofi

INItIAL
TURBIDITY la--
FINAL
TUrBIDITY

I
TIM SSV SSC

0 1000

5

420

45 +eq
60 3.0
90

ATC

"
RSC 2,614'4'5"k:

DOB..atALie

IN IAL 37 "IT!'
FINAL
TURBIDITY 3 *E.

10

15

30

=111411111911191199

In.

.9 919.9.16 91.

TIME SSV #SSC

0 1000

5 SIC"
io 119
15 ,

30 400
45 4_.st
60

90'

ATC

'RSC.121
DOB

INITIAL
'URBIDITY

FINAL
TURBIDITY 442"

c %

,01 1,0 &49 44)

-1" u

YAi s TE /

43/
35o
/703

9
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le. No:

-,0111#

Module Title:

Intermediate Activated Slud6

Approx. Time:

Submodule Title:.

'EVALUATION.

.Objectives:

The learner will demonstrate that he has achieved the objectives of the module by
correctly answering 75% of the, following questions:

1. Given:

Two aeration tanks each 30' x 30' x 11'

Two final clarifiers each 12' x 62' x

.FlowFlow. =. 460,000 gal./day

BOD = 118 mg/1

MLTSS = 3100 mg/1

Calculate:

A; Aeration tank detentidntime

B. Cl ally; er ,siirf-Yee orveill ow _rite.
414f,'

4. Cr. .P'oudds of BOD to aeration:

:
Pounds of solids under aeration

E. F/M

_List tie three common p ess controls variables available at the typical
activated slud§6 facility.

I

. Match.the following:
, #

Types of blowers which ,supply air % . A. Synthetic sock
to di ffusers:

A. %-

A A.
C

B. POrpus plate

41*,

C. Positive, displacement

79



'Page. 2, of 7

Coarse bubble diffusers

B.

B. ='

Fine bubble diffusers

. C.

'C. 4

D. Sparger

E. PorouS tube

F. Centrifugal

G. Large hole diffuser
1

C.

.
,

,
.

'4: An aeration tank has been provided with a stir 'ace mechanical aerator.
Explain two posst4le al,ternattves for varying the dissolved oxygen
level. . ,

41,
5. BOD is biochemical oxygen demand. What is MLVSS?

. 6. What is the Orime.limitation in controlling -a constant MLVSS?

I

Ss

4
. .

fi .

.7.', °What-is the praimany orocess control variable (parameter) used to
. maintain a constant MLVSS.?

.
.

, . ,

4-

0

An activate ludge plant is treating one million,. gallon of
wastewater per day:, What is the anticipated volume of ste sludge''
fiow at this conventional attivatedslUdge?

.
...

. %. gal./day

%-of raW 'flow
. .

.
.

....
,

9A-'oonveritional activated sludge f ilitY 4, controlling to a constant- .

F/M ratio. 'What are he primary cess control"variables-A(parameters)
and vit .

80
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L

2500 mg/1, 1. concentration of return sludge of 6,000 mg/1 and,is wasting

from the return sludge flow at a rate of 40,000 gallons per day.

Nr Calculate the sludge age.

- SA,'--;

15. Listitwo reasons why a."conrol" sludge age level might have to be

adjusted,
4

A

- -o . .

16.. An activatedlludge facility vi-s .controlling return sludge flows by ,the

"return sl udgefl ow demand ". Control is being adjusted to 'meet the

,, ninety minute demand The current Return Sludge Flow. is 1.0 MGD.

SSC 90 = 15.9%
- ,

ATC

RSC4= 14.5%

If RSFD =.FSF (RSC-- ATC)/(SSC 90 - ATC), calculate. the value for the

Return Sludge Flow demand.

RSFD =

S

V

t

r 82:

1-

a
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A
4

D

8'

41

/,
. Match the names to the appropriate pictures:

. A. ,.

B.

C.

D.

E.

A. Fl &gel-late)

B. Rotifer

C. Stalked ciliates

C

o D. S'arcodina (amoeboi d)

,E." Ciliate

18. Arrange the organisms in order of those .which would indicate the "youngest
,

to the "oldest sludge.

A.

B.

":"'l '

83

4'f
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CBI

et,

(%)

e

(MGD)

14- (MGD).

N (%)-

J (%)

B (MGD)ft*

(%)

D (MGq)

E (%)il T

F

0

j
19. Match nwt e folloig:

i

A.
'...

A. Concentration of wolids in waste sludge flow (XSC).
, . . -

.,:- .
,

B.
.

%7
B. 'Secondary (final) clarifiex.°31

C. C. Concentration Of solids in clarifier sludge 'flow (RSC1

. l'

D.

,

C. Raw waste flow into aeration tank (AFI).
,

E. E. ,Concentration ofrsolids in return sludge.floW into
/ aeration tank (RSt).

.
.

F. ! // P. Clarifier overflow (CeD). 4
11

./".` I.

v .

G. : G. Concentration of solids in raw waste flow into
, - ( aeration tank (PEC).

.

H. H. Aeration tahk.

I. Return sludge flow .into aeration tahk (gry:7--
. . . t

J. Concentrationrof solids in); final clarifier overflow
' 1FEC). c ,' ..

.
. ..

. K. 'Co)Otration of aeration tank contents (ATC).
«,

.
. .

L.. Total flow' out of aeration tank (1'FL).
....

M. Waste sludge flow (XSF). .

-v

,

N.
.

rCtoriftesludgb :flow (CSF) ..

.,

,
: i .*.S4

J.

c

I

;

.*
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20. List the mass balance around:

*-1

A. Aeration tank

Final clarifig

;

e

,21: Using the mass b.alnce relations.hip, assuming the concentration of solids

in the raw into thegAuation tank ji 0%'by centrifuge and given:

ATC = 5%

RSC =.15%

AFI = 1.0 MGD

Find: 'IRSF =

4

.-"AP

4

Ss

if*

r

'ms

.11

O

1

O
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Instructor Outline:
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f

A. 7., s.7 hr
-^

-B. 369 ga, sq. *ft./day

C. 453 ,lbW y)
D. Tbs.

E. 0.12

2. Air (oxygen)
.5

Return sludge flow
4

Waste sludgt flow 0

3. A. C.
,

A.

B. D.

B .

- CV A.

,

B

4 --Weir adjustment depth.of subnietrgencej

. Motor speed

5. Mixedliii or. volatile -s-uspended saids'

.

-6: based on- --a .consistent .of loading.^
', Al

..' . .-7*
7. ;Paste sludge flow

'8'. _5-:000-:---151,000 gal..idai- _



c.

O

0.,

0..

ti

4

Page 2 of 4

Module Topic:

.-EVALUATION

Instructor !totes: 'Instructor Outline:

,s0

A

o

t

1

9. Waste sludge flow

BOD or CODor-TOC cload)

Determination

10. '0.1 to glia

11. Difficulty in getting a.v,alue for F.(Food).

Difficulty;of obtaining a realistic,valu0 M.
.

Inability to instantaneously chamge M.

12. A. 3,01t.J11S.)day, .

R., 18,431 lbs.
, )

C. -0;16 .

13. .667

14. 10 /
15. Denitrifying sludge

a

Sludge- accumul ati orb

'14White fpm on aeration tank

Dark, ,greasy foam cip aeration tank'.,

18. 0.88 MGD

17g. 'A." D. c

.B. C.

rC . B.-

D. A.

E* E.

8

8 7

4

J.
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Topic
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.EVALUATION

r,

I

,

t o

instructor OuXiine;

18. A.

B. .D.

C. E.

D. B

E. C.

19. A. H.

B. D.

C. G.

D. L.

- E. K.

F. B.

G. 'F:

H. J.

I. N:

J. Co,

K. M.

L.t o Pc.

: 1.

N.
T

20. A: AFt x PEC + RSF x RSC = TFCI ATC or.

B x C+WxN=2D.x

. TFL-x ATC
.

CSF,x RSC or

oe,

4

a

,1

)

C,

88-
-
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Module Ho:

Instructor Notes:
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---Page
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Topic:
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EVALUATION
:,,j

gf

Instrucyt Outline:

a

21. AFI x PEC + RSF xASC TFL'x ATC

gema1.0.x 0 RSF x (1.0 + RSF) 5

RSF = 0.5 'MOD-

At)

-)

)

cay

a.


