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Lo SUMMARY. - . O , /
| ModuleNo: Module Title: - T p*
. ’ ‘Advanced Activated Sludges ‘ ’
- Top1cs ) ; .- L ' L Y

Approx.. Timei+ 1. Review - Des1gn and Operation Parameters
. 7 2.- Review - Control Procedures
3. "Review -~ Trend Charts °

Upon comp]et1 on 8F 'this module the student shou]d be able to ca]cu]ate

, traditional activadted s]udge process parameters, loading, detention times,
"etc. He should recogmze modi fications to the conventional act1v,ted sTudge
‘process and basic -fontrol methodologies. Trend chart p]ottmg is 'revised

}-and trend. chart 1nterpretat1on A2y addressed

12 - 18 hours 4. ~Bxygen Uptake
T . | 5. .Process Control -
Overall Objectives: > A _ =

Instructfonal Rids:” . -~ - . " <. ,
1.- Handbuts : o ' '

2. -Transparancies. :

3. Calculator :

- » . ’
re
. o v . -
. .8 . . a :
.

Z

Instruct1ona1 Approach: o . ' Ce SR
1.° Lecture ! . . : . ' o a ’
2. Diseussion = - | - P /
' 2 Exere:se - STy L : - .
ands -0n .= . A
References:: \'m ’ ‘ f‘ ‘ ' /' /“
1. Recommended Stimdards. for. Sewage works - , j,»f . ,/ ;
2. -Manual of Instruction for Sewage Plant Operators. - -~ . 7;/ .
3. Water Pollution Control Federation MOP 11 : ) /
4. Operztwna] Control Prccedures for: the Act1vated STudge Process‘ ‘Parts r,
ITI ITI B. .- -
5 Operator s Pocket qude to Activated Sludge, Parts I and. IT?’ e \
6 D1sw1'ved Oxygen Anglysis, Actnvated S]udge Contro] -;'a--;,;,ﬂr, KRN
"’»’f x
L — C ' N P‘«"‘,’.ﬂ':" /
il ' C > . - s -
.* - ' . . . ’ No. /
Lt , - L ‘) P . ce .. - ) )
Class Assignments: ‘l'j' CoL . . » J
1. Read handouts =3, Plot trend charts 5. .Perform oxygen
} 2. Solve jproblems « 4. Interpret trend charts e uptake test -
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[Modute Hor = Topic: N . o _
, ~§\\ Advanced ‘Activated Sludge . | ° '
. — T : : g
Ins}rucgor Nptes: *{ Instructor Outiine:
. .. 4 '\"_ : - - + —
- , ) N
N 1 1. Handouts Should be distr1buted‘js they appear - .~
) in“the module., ) .
) . 1
2. The module. includes 1ecture;'1n class problem ,
: solution, trend chart plotting, d1scuss1on and .
; » 1aboratory exercise. 2 _
. . N te b \ T
. 3. 12 x| 0' d1v1s1on per inch graph paper should"
” be .mafe avaflable to the studen; for trend
2 chart plotting. .

& ; 2

4, The module is mosglapproprtateiy presented at
at activated-.slduge fac111ty as samples of
process streams. are needed’ .for thegoxygen up take

test.
. required,

An overhead proaec;or and screen is

5. Intermediate'activated siudge is.a preréquisite,"

(o]

- uptake test«1nc1udes |
B
N

The eguipment necessarylﬁofper orm-the oxygen”

// T 0 T

o
A. Dissolved oxygen analyzer with BOD bottle

. probe.

. .

B. . Magnetic stirrer and stipring Qire

C. Standard BOD. bottlee"
D.

\ P
- Sampling conta1ners

E.
F ‘Centr1fuge
© G Stop wa ch or\xinera

A

- 7. Reécommended Standards for Sewaqe WOrks may be .
Nomfﬁa} charge

obta1ned from:

Hea]th Educat1on Serv1ce
P. 0. Box” 7283 , .
A]bany, N.-W. ,~12224

‘4"',' * .
, Y
. i‘
L}
o

s\ Pl ) ‘ ’ rl‘

I

100 cc and.250. cc graduated cy11nders .

o
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. C1nc1nnat1, Ohio

rModu]e Ho: - Top'nc - ' . ]
A i 4 ] |
”Advanced Activated STudge Co N , (
N NN ‘ v ., . «\:.., “_’ L5t - N " ‘
Instructor Notes: \\\\‘ "] Instructor ‘Out fne: e
A ) . . . R D - ‘

Operational Control Procedures for the Activated
Sludge Process, Parts IIT A and III B may be

bbtained from a
\ - P4

EnV1ronmenﬁai Research Center

U. S. Environmental Protectien Agency
26-W. St. Clair St. ‘
C1nc1nnat1, Ohio 45268 < T
Operators Pocket Guide to Act1vated STudge /
Parts I and II may be ordered from: -

(Nominal charge) N

Stevens,” Thompson and Runyon, Inc. R
.5505 S, E. Milwaukee Ave.

Box 02201 SR
Portland, Oregon 97202 . ) '

Dissolved Oxygen Analysis, Act1vated S]udge .
'Control XT-43 -may be obtained from /

Environmental Research Center

Attn: Eileen Hopewell

U. S. Environmental Protection Agency

26 W. St. Clair Street , ‘

45268 ' <
3

The 1nstructor should if at all poss1b1e obta1n

trend charts from students who pre-register

- some days prior to the actual workshop- so that

the instructor can familiarize himself with the
charts and be prepared to lead discussion
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L
Module No: Module Title: - . S . v
o [ Advanced Activated Sludge g ) . T
. a " | submodule Title: - . T
o, Apﬂrox: Time: Review From Activated Sludge K ’
L .| Topic: ' ' e =
1 - 2 hours Design and Operation Parameters -
= e - - g
i . s . ~— "
Ongcfives. ' | r ¢ ) '
~ -1, NGiven a.plant schematic, dimenéipns, flows and laboratory data calculate:
‘I. *. (a) Detention times, (b) Loadings, (c) F/M, (d) Overflow ratés, and °
11 (e) Sludge age. - . . .. . o St
. " Identify by 135e11n§ given sketches the followimg: (a).Conventional :
* activated sludge, (b) Step-feee, and (c) Contact stabilization.
" . , i -\ . ’ ’ N - '
. '!‘ . . v N 3 § N \ » ’ J
% Instructiohal\Aids: - L " T
¢ . ® - . ‘ t - .
1. Student handouts : . £ s
' 2.o Transparanci'es . M _
. ’ / ” . - ‘ A, .
. $” .
v . ’, . e . -
. * R s
X .. |Instructional Approacﬂi\ . ' - -
n ) \ . 3 .- . . ’ ~ , *
' "1 Lecture = . - S ~ S . .
In-clags problem solution o o e .
- . . . N ’ ~. ) k ; ) Lo ) b
- - . i . e . < LN
References: -.*° e
- 1. .Recommended stardards for Sewage Works. ‘ ) ‘ . \‘
Z.é,Manual of Instruction for Sewage Plant Operators (New York Manyal) -
* } 3. (Water'Pollution Control Federation MOP 11 (WPCF MOP 11). ~ PR
4. Part IIIig} Operatjonal Control Procedures for the Activated Sludge Processfi '
o - v . ‘. " . - . / l . . -~ - ’ : E%
] . .0‘ ’*3“ B -. ' " : . N . N
’ Class Assigiments: . - . R e B
, R s N

.
. . .
. . * .
“. * e .. .\ b
- . N . <
- . ! . . ~
-

f“Prerequ;sitgsa 1. Activated STudge Trend Ch%ﬁts

et i 4 "”ﬁ s v
I Ed ~
¥
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" [Hodule Ho: © - Top1c ‘ N ‘ R
. . Ry
Rev?gﬁ - Des1gn and 0perat1on Parameters'
Ig%trubtor Notes:” - . _l' Iniyguctor Outiine: ' Y

-~

Studeﬁt Handouts 1 and 2
contain appropriate data

for thesactﬁvated s Tudge

process eva]uat1on

e

better

B
' %l‘
!
Convent1ona1 design
genera]iy 6 ~ 8 hrs.
. _Genérakly 2.5 hrst
Genera]]y 700.- This is much

E

Jhis wofkshop begins wi with a prob]em which shou]d
be solved in class, an-extensive plant eva]uat1on.
Special attention*should he—g1ven to us1ng the
correct flow va]ues ‘ \ o

Solutign: - T ’;' ' '
'Iank:Capacitje§' e ) N
P¢1manwa]ar1f1ers . N

é[x 3.14 x 52: x 22 X9 x 7 48/4 = 51,155 gal.

Aerat1on Tanks

2 x 32% 64°x 14 - ‘57,344 @ \T -
57,344 x 7.48 428,933 ga] ‘

.
9 1 * "

Secondany C]ar1f1ers

3 x 3. 14 X 25 x 25/4 7/1,472 sq ft lf

1,472 x 9 X 7. 48 = 99, 095 gal. *

Detent1on Times- ° o X

e

Aeration tank at f]ow alone , - .

‘I

0169) =. 16 9 hrs.
h&nat1on tank at f]ow plus return

428933 x 24/(. 6268 -

428933 x 24/(. 6268 - .0169 +-.3140) =-1i.1 hrs.

C]ar1f1er e ) \

099995 X 24/( 5258 - 0169’} 3140) = 2. 5 hrs .
Overflow Rate s . ",¢ o -

406 gal/sq.- ft /day

»

(. 6268 - Of)g - .0130) x:1; OBQ\QOO/I 472 ¥
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. . ) Page _J of 39 ‘
— ) }'loc‘iu-]e' Ho: - .“« o Topic:. o - . o v
' *.| Review.- Design und Operation Parameters : ¢
- . e ' 3 R a
. |Instructor Notes: ' "{ Instructor Outiipe: - . .
- ’ ) AR —
~ 5 \ Lt "y, - | Organic Loading . \
-t T ' . N ooy
N . (~6268 - .0169) x:302 x 8.34 = 1,536\ 1bs. BOD
~| - ' ) 1,536/57.344 ~ 26.8 Tbs. BOD/1,000 cu. ft. -
c Reratien Capacity, ° “
- \ ’ L . ' ) r ]
b - (M1\’mmum) l
. 1,500 cu. ft./1b. BOD 1,500 x 1,536 = 2,304,000 eu. ft. air/day .
Generatly - ‘ . . -
.. . Three -blowers are- available
. \ - R - '. o - .
700 cu. ft./Min. x 1440"= 1,008,000 cu. ft./day-
: 1,000 cu. ft./Min, x 1,840 = 1,440,000 cu. *ft. /day
) Probably 1 - 700 SCFM and_the 1,000 SCFM blower-
~ - would provide sufficient air with the remaining
.1 700 SCFM unit as ‘backup durteg peak load :
¢ _ " situations. ' ,
’.-\‘.‘ . . «
. . F="(.6268 - . 0169) x 302"x-8.34 = 1,536 .
. » .- - o .
Using MLUSS M= .428933 x 3,138 x 8:34 - 11,226 ' , /
‘ | R F/MI= 1,536/11,226 = 0.14 g
| ‘Sludge Age ' ‘ _ )
New York Manual ", S.A. .=‘ 428933 x 3,382/(.6268 - .0169)"x_137 \
A St S o ' g
LI “. N \ ‘S,.A‘.,- 17.4 dayf ) | . ' !
MOP 11. ¢ B .1 S.A. = 3,382 (.428933 + .099095)/.013 x 8,399
- iy, : - . . .
1 S8 =u16.4 days > - L
Ij;igures are %nc]uded which . . \1 ‘The~seeoﬁd--sec.tid‘n of this topi¢ reviews the -
. | - show conventional activated ‘| modifications to the conventional activated sludge
«,STudge and modi fications. ‘process. The operator who is fortunate enough ‘to
N P S P hgve some flexibility should not only be.able to
o “ s . - \,\\ésrﬁ‘ff the modifications, but also have some . -
l 4 L) . - ! - . -' ’ N ,I co ’
. . ‘ 7 . A
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Topic:

| ., -
“ Review - Des1gniand Operation Parameters - N
. - M * — {
. . . i \ . s .
Instructor Notes: - ' Instrpctor Outiinet | 5 : v
L - { - o IS : o Lo e
- l N e ]
. \ - ‘\ *1 - . < )
. " rationale. for moving process from conventional to
. i \\\ * | step-feed, for example, Some discussion of this
) _ .- ~| nature is included after the oxvgen uptake'tes; ‘
~ . procedure. I . . :
. 5" ~ - o . .
\ . [ . . )
- It should be neééssary only to briefly use Figures.
' ", Y11, 2, and'3 as transparancies to refresh the, student's
. ‘ - memory. - Part ITI-B-should be provided to™hose
- ’ rators who- have step-feed capability.
. L L - , -
’y . &F . N
.; . M T, <
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' /‘ STUDENT HANDOUT 1
] ‘ *
Unit Pnoces's.Dimensions‘ k \ .
.| Primary, Clarifiars ) 7 . l, ¢
" Number - T v . | 2 '
. ' | *
‘DiCensions (each) 22' dia. x 9' depth (' . ‘
7t - -
Primary S’lu'dg:e Pumps .
Number _ ‘ 2
\ Capacity (each¥se * 200 GPM
. . .. o 14 . \ "
I \leration Tanks . S
mber ‘ R 2 - '
.ot s .
.| Digensions (each) 32' x 64' x 14'..deep .
' AB] rs V |
Number 3
. Size ‘. 2 at 1,000 SCFM'
T 0 ¢+~ '1at 700 SCFM
" Secondary Clarifiers _ S N
. - i
Number - . ‘ 3
" Dimension's (each) 25 dia. x 9' depth ~
4‘ L) ’ .’.‘ ' ' 1]
Return Sludge Pumps ‘
Co| Numper . - a ' 2 .
~ | Capacity (each) 200 GPM °
. ~N
- . i "\ ,1'-0 4




‘ ‘age” 12 of’ég_ )
NERE  STUDENT HANDOUT 2 . o
Plant Data ~. .- . : . R
Raw flow = % 0.6268 M0 © .. - Lo
Primary sludge Flow - o 0.0160 M0 - s -
Retprn,-sl'udge flow < .. 0.31:10 MGD i
,'Waste"s]fudge Flow o 0.0130 MGD ' .
4 . . ) ~ .
BOD .o . o
- Raw. - o . 366 mg~/.'1... | - '
- ‘Primary ‘effluent - "~ ML '302 mg/1. RN
Findl effluent : wngn | Lo
. Tt;’ta‘l Su_spéﬁdedySo'h:ds ‘ o K “ st A «J_"'.: v .
Baw . | 0 mg/ b
Prinary’effluent o 1'37.’lmg/1 Ao - l -
Finq]'efﬂugnt . nl4 n]g/i‘ L e: . "
ixed Liquor cot e ‘ SRR
SMTSS - j, - 338;2° g/l . B
. MVss ! . . . ézlséfnf;;ﬂ | \: . |
Retumn Sludge . - | o MR Lo
RSTSS | ' ‘ £\ '. 839 mg/1 . Y ::’\f" "
) P'ﬁmar.y Sludge . L. N . 0
PSTSS 4 . Co T 18,157 mg/ v ..
. i .- <
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WASTE . "CLARIFIER'SLUDGE FLOW. - % = _ S
'SLUDGE ' R ] /] i
FLOW . . o -
- RETURN ©e \ g ‘
SLUDGE . . ‘ .
1 FLOW- .., - _ e
T L. ™ : ) .
Co .
- . ‘ E
AERATION I , .
TANK INFLUERT ™) N : '
: . - ‘ - .- .o
\DETENTION TIME='6 - 8 HRS. :
: L N ¢ ) e e, - v ©
\ TAERATION TANK "~ . " SECONDARY CLARIFIER
! . - - N - ¢ . ,S: * P
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. WASTE . "CLARIFIER JLUDGE FLOW - " L

" SLUDGE - | . . . ; \ , ‘ f
FLOW , |- : - L ;
‘% - | RETUR ' : .

7

<

? n i
% ) » . . . //
D . .8 i
"
]

RS * T : ‘1 ‘
) [© " gf DETENTION TIM™= 4-6 HRS, 7 : ‘

CLARIFIER
OVERFLOW
' Ay

oo - . o . - N . )
‘o . - ‘ N - N . SO s % .,
] . B . ' - , e
CoTs N B ' 4 o : N (- . ' > -
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AERATION TANK . -y . o 9 - S N R et
-. - LI - . . . . » . N - . ) ‘/

. s -
L4 : ‘ %:" . 4 » VS N * . * N . - hY
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) < > N . ) . > ..'

l'ﬁ%j,, g . FIGURE 2 * T s
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Module No:‘® Module Tit]e%."
Advanced Activateﬂ'sludge

Submodyle Title:

-

L

Approx., % . ‘Review from Ac‘l:iva‘l:eg.'l_s:ludgee B SRS

-

Topic:

\ 3 hours .| Control Procedures

Objectiies:

1., Givgn F/M control, constant MLVSS control, constant sludge age, list .
the primary control parameter and Timitations of eagh control ‘methodology.

: ¢ ' . , ¥ o
2. Given appropriate data, calculate return sludge flow demand.

’ -~
. . \
’ . . f

-

Instru:tionai Aids:

_ | 1. Student handouts
2. Transgqrancies“-

‘e

AW

Instructional

Approach:
Lecture -~ . - T
In-class problem selutions .

o .

—— %
References:

-

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

. (Part III-A). N : :

2.- New York Manual - - . - A R

30 WPCF MOP 11 ' - .o T L L -

4. Operators Pocket Guide to Activated Sludge, Parts I & II, Stevens, Thompson,
and Ryan, Inc. (Pocket Guide).-'* \ : T 7

2 B \
0

<&

Class Ass‘ignments: °
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’ .ot « ‘Page 17 of 59 - - 7
* |Nodule Ho: Topic: . .o _ . ’ _ _\" - T .
Control Pfoceduges ( ) ’ |
_ S . i I
7 Instructor Notes: - Instructor Qutiine: _ o
. " -~ ‘ . A} "‘L\ _
° > . ’V‘ N et i « ¢
' ’ ‘The following'17 pages are taken from the -~ -
"Intermediate Activated Sludge" module.- The .
. material should be covered as a review, focusing
e . primarily oh the control and limitations to- each
o .:. .] methodology. The "Mass Balance" section will )
. © . urrdoubtegly require the most ‘fime. . - W .
. 3 - | Student handout 4includes sufficient data to '
: practice a "Return Sludge Flow Demand"- probyem.
‘ ‘. a- ‘ } R \ :
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fontrol to a ton'stant Mixed Liquow VolatiTe
Suspendegd Solids (MLVSS) concentration (or -
Mixed Liduor Total Suspended-Solids, MLTSS) is
one of the most common control methodoJoegies ; .
practiced'in actjvated sludge wastewater tredt-’
ment facilfities. (The ‘prime limitation to this
- control tfchnique Ties in the fact that it is
based on/ the consistency. of the raw waste load. -
Stated. anothér way, a facility tHat experiences
wide variations in the raw- waste, organic- Joad
(BOD) will probably not be able.to be controlled
successfully by maintaining.aconstant aeration-.
“tank solids concentration. A segond limitation,
lies ip“the fact that return sludge flow control
<] ‘adjustments may not be made ‘when. needed, or as -
a function of process depand. Typically,
facilitiés controTled by this technique. rarely
adjust return flows. .Theé return sludge flow rate
generatly is set somewhere in.the range of 25, to
33 (up to.50) percent of raw flow. Subsequent .
discussgon of the "mass balance'" equation will -
help eﬁzgain this return sludge flow rate. 4

- b B,
't The primary process control parameter uded to
maintain the constant aeration tank solids .
concentration is-waste.sludge flow. ‘Simply stated
1f the target solids concentration has been _

If solids 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 waste and type of facility

gmong other things® Generally a good starting .
point is hetween 0.5 and 1.5 ¢ of the average daily
sewage flow. Expressed in otHer terms the volume -

’ range generally between 5,000 gallons and . -
15,000 ¥allons per day. per millibon gallons of raw

sewage flow. . : L -~
. 2

L]
- ~ .
Y 3
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X L Student Handout 3- Problem to | The final topjc‘iséthe‘dete;;Tnation'pf the . - .
- | solve for aeratipn tank solids | optimum solids Teye] that shouldbe maintained.
under a-"constant MLTSS" mode | Retall ‘that this control metho 109y .is based
of operatjon. It would alsp on the premise tha# the TaW, wasteé Toad is
use data from any- student who reasonably consistent.
hds.,"real world" .data,with him. { an F/M ratio,
1 SR T and calculagte

. “ =] The plant should-then: be operated at level for
e . ) : " |:preferably one monta. " 'Tf efflyent quality is
o ". | 900d, maintain that level of solids. 'If effluent
“ ‘ . quality is pot acceptable, select-a new.F/M ratio,
‘ A confirm the load (F), and recalculate the: required
concentratioq}&f so]tdsﬂpggeSSary to satisfy the
. v required M. - DGl ’

\
\ . ‘

h

’r»~

IM = 1,377 1bs. solids -

Aeration’ tank

M

F=d13bs. 8., "~ 7
F/M=0.3 . |
M = 413/0.3

4

~

14

MLVSS = 1,800 fg/1 o -

Therefore'replace 0.3 with 0.2.

F= 013 1bs. gop ;
F/M=0.2
M= 413/02

. /

. ‘
. /
o 4

. flla , .

: . ~ . . X . .
oo . ‘ e B So]d%ion to Student Hanqj3}‘3 Problem.

MLVSS ='1,373/2 x 0.045957 x §.34

o

,"}'

. :f(45:957 gallons each’
' - i "- ~ /'N Tan -
F=03x165x838 *.°.

J

\(owmé = 16/ 32x 12 x 7.4,

Wy

%

To increase MLVSS:a'decreased;Fym must be ;eiected. '
, Assume for thi§
problem that the Toad has not ‘changed.. »

I‘,’

e e
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MLVSS = 2 065/2 X. 045957 X830
MVSS =2 ,690 mg/1 e

M”='2565 Tbs.
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o . o STUDENT HANDOUT 3
. §i\ien: Two aeration tanks, each 16' X%Z' x 12 .
“ Sewage “Flow BOD = 165'm§/1 Lt ‘ .
o . Raw flow = 300,000 ganons pér day- ' '
4, b -
. <
. Se]ect F/M rat1o~(0 1 to 0. 5)
- Say 0.3 o : ' '
Find:  Mixed ‘fiduor v_ofa?ﬂis_usbended.so]jds_ concentration required.. -
: d. Mss = C 0 \T . SR !
" o~ e "
] Fma] effluent quality not accﬁtab]e The - appearance of the fi na] c]ar1f1er
. 1,nd1 cates-a higher concentmation ‘of solids would improve final 'efﬂuent '
R \ qua]i'c,y.~ . c 7
B T e | ° o # ~ [y
’ ’ 4 T
Se]ect a revised F/M which wou]d result m a higher concentratwn of so]1¢g
g Y -
N ~f and thefn so]ve for the new concentzratwh ' ) ’ R
\ e MLVSS = - : | * i
) ; . , K
¢ > ‘. 1 . " S Vs
L - ‘ ' )
S S . ‘
< N }2\211 4 3 » ’s:
Vi . ;. N N ~ .
. ‘J i‘ A :*\c’_ 2 - . /’
\' " v ' .
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) _ ' The second control procedure to be reviewed is -
. - ' ‘ control to a constant F/M ratiol In orderto
. S ) coatrol by mai ntenance'of & constant F/M ratio
ot . ’ . 1t is necessary to routinely determine the .
X, ‘ strength of.the load (BOD,{KGD; TOC e.g.), the
' = concentration of. selids under aeration (MVSS or
N \ l - 'LMLS,S)(, sraw sewage flow,.and calculate values
) \ . L s - for F*and M in order to determine if increased
; V- ' cL ., or decreased’waste sTudge’ flow is in order.
) S .1 Itis generally accepted that values for, F/M
. S - should fall within the range of 0.1 to 0.5,¢ % .,

. ' R . w . :
The disadvantages to sgontrol by this technique
. 3 include: - DT Ty

ik . T | . . 1. The: diffi\cd]ty in obtaining .a timely value
> , ¢ . © of F (BOD is 5 day determination).

s —_— A 2. . MkVss 'detenninations'a’ré‘not‘;Tecessarﬂy
. . . ‘ - true measures of M (paper and dead cells
v . show ip as MLVSS). . - '

L. A . # 3. Tnabilitys to.make instantaneous cf‘la'nlges.in'.'
(. : . Co . g0 aeration tank solids concenfirations.
) , ] . [y ‘ " I8 : . >
) - s 4. F/M By itself gives gittle assistance to

) N R - operator- relative to réturn s]udge-ﬂgw :
SRR A E s = djustmerits.: 5 - co

’
oy 2
v 4
o9

R ( o - The worksh6p began with a problem from Student .
B .o . _— Handout 1. If there was no difficulty with the
. . T . problem, proceed. If there‘~are.any questions
' T S with sqTving -for F or M or the F/M ratio, werk -
; o T .| -'anqther problem using data from the students.
. . 7 . - - s - - .
: . . . ‘ One of  the -most significant parts ofythis module -
' .on - deals.with the' "mass balance equation"’ -The  °
: o | operator must come to -grips with this equation .
, Vi . -7 { if he is to rise &o an improved understanding of
¥ Figure 4 - Conventional the activated”sTudge process. The startifig point )
¢+ | Activated Sludge Process is the procéss flow schematic. The second step is
3 SEEIEI 'Schematjg : ‘ to label all flows and to assign symbols“to these .
> . e > .flows and the _concentratio‘n-of‘so]ids—\in- each .
.- . ‘ . . ) "pipe". ) * S 4 %‘

’ -

x

»




’
B4

_ RsTSS (mg/1) f

AFI (mgd)

~PETSS (mg/1)

2

.
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XSF “(mgd) " - .

RSF (mgd)

] R e
RSTSS. {mg/1)
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CSF (mgd).”

,'.\’?STS'S (mg/1) -+ 7 o+ . ' - ' i

; Loy
, TFL (mgd)
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MLTSS (mg/1)* - FEXSS (mg/1)
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Recall .that’ there
used in this modu
of BOD of solids.
- following equatio

Pounds solids
& &3#”

1 1.

> | 2. Pounds .solids

= . (mgd) x 8.32

r - The mass ba]aﬁce
“{ Dpremise:

.o ’
Mass in equa]s(ma
- L

ahead.
stood. , The flow
<] equals-flow out.
ships which exist
and aeration tank
- when the tanks ar

- can be calculated
flow data is" avaj

is -an equation Which has been
le to solve for pounds, pounds
You should recogmize the
ns: “- . .

-

= Conc.‘(mgﬁl) x_ Volume (mg)

per day = Conc, (mg/f)/x ?]ow
- : e ’ ) ‘

equation has as its simple

A

ss out’ - .

Let's take one step backward before .moving s
A flow balance should be readily under-

balance premise is: Flow in
Notice the different relation-
. - The size of the clarifier

do not change the relationships
e full. Flow balance is . -

impontant in that sometimes process flow data

on occasion if some measured
lable. -Flow balance equations

N \shodlqlgydgge in your (the $tudent's) facility.

!

Figure 6 -'Mass Balance

-
24 ~ -‘
. . . ’
B M » .

r Return now to the mass balance equation:

Mass in equals mass out _ 5

Pounds will be the units of.mass for our use. The
equation now becomes: ’

-

Pounds in equals pounds out

Figure 3-is identical to Figure 1 except the
aeratjon tank and.clarifier have: shrunk. The
mass- (pound) balance relatiop$hips should now be
evident. The mass balance- around#the clarifier
results in the following: Lo

o~




. : - Flow in-= Flowout =+ .,

) 3 .TR

AFL + RSF 5.
8FO + CSF - - .

“FL

) Pl . ’ = 4 = ,

- .. CSF=RSE+XSF - ,

a ’ ° - S .‘ ;‘; . -
v o . TRy
- . - K B ° ¥ H ES ’ ¢ .
R v . . 8
T ; Figure 5 )

. N - N . oo

T " Flow Balance SN

ERIC: ~ . - T S

- P > . .

™~ . . BV R ’




' PETSS, (mg/1) 5 MLTSS (mg/1) Tl FETSS (mo/1) ARG

. ) . n * P Y -

P . . ‘. . . . - . : g. . ) - 4_;
B 4 « e . : P ) ' »\]' , e T . M
. -, ° vl “..‘};g -~ - N IS . ) /o, . B a . . 3 "r:‘
S Pounds/day = Flowi(mgd) x Conc. (mg/1) x 8.34 ° . - S, A “
: \ ’ . ' ) ‘ R e’ ‘ S K ’ e Y .“iﬁ}'#*" IR
.. Pounds in =&and?"but . n . i -
i LY o - . - SR . . ) . ~ f
s ¢ ) ) - ’ o o ‘ R .
. . ‘ & la > "? . :,E'
. . 2 . . -: . } . . v'r" A A

WK = =~ ' ' N o ° )
’ : ™ s . ‘ ‘ofp
. ' ' > 5

) Lt 'I" v
[ 4 * ' . ¢ -Figure 6 ’ . *1, _

MASS BALANCE ;
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A ' ) -
TFL x MLTSS x 8'34 = CSF x RSTSS x 8.34 + CFQ 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

Next,- FETSS, if f1na] eff]uent~qua]1ty is good,
- approaches zero. (At the very least it is very
much smaller than either MLTSS and/or RSTSS).

The equation then becores :

“TFL x MLTSS =

CSF X RSTSS
*ﬁ&uung aroutl the/ system:
. CSF x RSTSS =

A

-

_RSF x RSTSS + XSF x RSTSS

If there is no s]udge being wasted, XSF = @'
CSF X RSTSS = RSE x RSTSS

4
F1na11y the mass -balance around the aerat1on tank

TFL x MLTSS

.

X RSTSS N AFT x PETSS

These equat1o s do have significance for the -

" operator. The mass balance around the c]ar1f1er
resulted in the folTowing equation:

TFL x MLTSS # CSF x RSTSS -
If XSF = 0 N ©c T

-

(AFI + RSF) x‘MLTSS RSF X RSTSS

‘AFT x MLTSS + RSF. x MLTSS =
RSF x (RSTSS - MLTSS)

. RSF x RSTSS' ¢ =
= AFT x MLTSS ‘

’ / L.
F = TAFT x MLTSS)7(RSTSS - MLTSS)
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This re]a,tion%hip £an be of

operator trying to cohtrol to a constant’ aeration

tank solids cdncentration o

is .most important to. understand that this
relationship presumes n ﬁccumu]atjon of solids

¥

in the clarifier. Other e

" derived and will be in subsequent topics of this
’modu]e: ! . '

\

The centrifugedﬁan be utilized-as an operationa]
its use should be -ificorporated.

It does not replace gravimetric solids v

It rather expands the operator*s

test device an

determinations,
capability. .

There are<$ccepted, even re
for "self-monitoring" data.
mean that a test op analysi
Methods" is not appropriate
Use of the centrifuge for s

solids by volume can be eas

American Petroleum Instityte (APE)

tubes.* Determine aeration
(ATC) and Return STudge Con
The equation: . .
RSF™= (AFI X-MLTSS)/RSTSS -
. “ ‘
Becomes;

. X -
RSF = (AFI x ATC)/(RSC - ATC) * -

The centrifuge values can b
and this test and equation
control procddure. -

This relationship can be ma
expression for the return s
(RSC). The expression is:

RSC-= (AFI + RSF) x ATC/RSF
The expression for-RSF imp1

liquor and return sludge co
Tevel of flow into the aera

assistancé'to the

f F/M control. It

lationships can be

quired procedures -
But, that does not
s not in "Standard
as a control test.
olids concentration
i Percent
ily determined using
centri fuge
tank concentration
centration «(RSC). - °

MLTSS)-

e radid]y determined
can be made a part of

nipulated to give an
Tudge concéntration

.

ies. that given mixed
ncentrations and a .
tion tank, the return
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sludge flow to mafntain
-can be found. -

Q

thaﬁ systém“in balance -

-

- The expression f
flow values and

or RSC implies—that given the '

mixed

return sludge concentr
a balanced system can b

However, there is nothin
of all the activated slu

biologicat (1iving) proc
Presented. does not take

concern vis-that the
account the storage

T~ | secondary clarifier. Fj

for ATC = MLTSS and RSC
r identity relationship.

’ . of new sludge in the ae€ration

§3quor concentration,’ the

ion necessary to maintain
foupd. ’ |

g quite'so simple..
dge process is a |
esss The mass balance .-
into account the growth =
tank. The second

First

ludge on occasfon in .the
nally the substitution. -

= RSTSS assumes an .. _ -

In other words ATC time @ constant.=

MLTSS and  *

times_a constant =

RSTSS.

If, such were the

» replaced with
which' is much

case, gravimetric solids determinations-

could-be

solids determination by centrifuge,

easier.

Part III A, Operational
Procedures for the Activated

Sludge Process, Page 5.

~

.7 b

Y

ut the ‘relationship an
orthy of consideration

Such is generally not true,
d«its relative change is
s Part 1II A-terms this

he "Sludge weight

~-to-concentration

ratio" (WER).-

The key is not the
‘rather the trend.

eéxactness of the
— In other words a WCR of 800

numbers shown,

normal". You
idéntical RPM'
he operator w
L ]ant.

.indicate the s
"younger",

centrifuge.

does not necessarily mean that your.sludge is -

r centrifuge may not rota
s to the oné used in Papt-
atches

the trend of -the WCR
Increasing WCR's indicate thé s1

) ecoming relatively “older", Decrea®ing WCR's

at the -
1A. e
in his-
udge is

#mixed 1iquor sol

is becoming rel

.

To solve for WCR-requires only the

ids determmination and

atjve]y

1
~

gravimetric . .
solids_by——

| weR = m;r)k’mqiﬂ i

R9 -
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~ WPCF MOP 11 offers

. P /_-
. - - v - -
'"—*“Ppohap]y two of thefzagt/difficult aspetts of
}-control to a constant sludge age are:

1. What eduation should be used. w2

.2. “What sludge age value should be selected.
This moduTe will not”make your decisions .If * °
.does seem appropriate to use the equaskion‘you ¢
the operator are most comfortable with., "It

3lso seems appropriate that more than one
equation should be used and a selection then
made based on which seems to work.best or which

be{:;?arallels process change.

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

the fo]]owing.équation'forv
sTudge-age (S.A.): :

"S.A. = X (Va + Vc)/gw x Xu
Where '

- : ‘ AN
X = Average active microbrial solids concentration

in the aeration tank, mg/1. (Or percent by
‘centri fuge). . ' — ‘e

Va

Volume of aeration tank(s), gal. \

Ve, = Volume of final settling tank(s), gal.
N\

Qw

Xu

Flow rate of sludge being whsted, GPD.
P N

Average concentration of activated slude# in

* final settling tank underflow, mg/1.. (Or
‘ percenﬁ by centri fuge). - .
The New York Manual: states : .
CSAA =V XAQxC ‘
‘Where | i - ) L .

V = Volume of‘aération tank(s), gal.

-

30 o
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‘A = Concentration of suspended solids fn_the

aeration tank(s), .mg/1.

S

Q= Sewaée flow, QED . . ;

sewage entering the aeration @ank in mg/h

) i .. |
C ="Concentration of suspended solids in the |
extlusive of returned\s]udgg. L

¢

The Operator's Pocket Guide suggests:

Cell Residence Jime (CRT) = Total Solids/§oTids
T e Wasted -

Where

v

Total solids - Lbs. solids in aeration tanks

Solids wégtéd.= Lbs. solids wasted per/déy

Nf}C,Proéédyrééluées’;enégifugeﬁv§1uq§ and offers:
S.A = (AU TSUY /X |

-
»

ASY

% solids in aeration Iank(53 times Vo]ume“,:
of .aeration ‘tank(s) - R :

CSU = #'s017d$ in clarifier sludge bdanket times
the volume of the clarifier-occupied by » +
sTudge , .o G ’

- TXU/Day = % solidg of sludge wasted times the .
.volume of -sTudge Wasted per dav plys™

the %7Solids in.the final effluent times

»~ .. the*volume of. finaY effluent”per day .

WPCF MOP 11 states the one "truth" relative to

each of these four equations, "The wasting ,

procedure will affect the effectiveness of the

activated sludge plant”. . I
. )

. N - . b
”” . “\ v B ; X ..
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 ControT Procedures - Constant Sludge Agg' ‘ -

———

1n3truc§or Notes: “Instructor Ot ine:-

One additional comment relative to control 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 gase of solids
determination, the ability to pidly check the
concentration of the solids being™wasted,-and
thus to adjust the rate of wa
as frequently as desired see
- . Y
Final comments address ‘adjustment of the
selected sTudge age value jtself. Y,
.Control to a constant sludge age implies an
associated F/M. ' ‘age selected ¥
results in a proces frealistic F/M with final~
effluent quality- unacceptabl » @ new sludge age
~ would be se]eczig% N s et

A change ﬁ'iéén ewage flow i.e., a'seasonal-
variation, loss{of or addition of a significant .
_iputor would require s]udge’age.

Proces$ indicators might dictate a change such -
asy g L/ .

' ' 3
“A. Denitrif%jng sTudgl 4% Ffinal clarifiers.
B.” Sludge accumulaton' to excéss in final
clarifiers. -

. Appearaﬁﬁe‘of great’ volume of white foam on
.aeration’ tanks. "« : :

Appearance of dark’, areasy foam on aeration
tanks. ‘ ’ :

- ¢ 5

Other process indicators which the operator
should document in his own facility. -

5
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*[Hodute Ho: *

Topic:

Control Procedures « Retprn S]ddge Flow Control

/
-~ LA \

8

3
e

Part 111 A, Operationa
Procedures for the Activated
Sludge Procass

Instructor NWotes: Instrictor Outiine:
. L4 v\ \\ ' !
.. ] Activated slndge nlants have the capability tn
f .adjust return sludge flow. I thegperator is

1 Control

Wy

" somewhere_within . the extremes. The methodology

- The cé]cu]ation Procedure is, quite simple, given .

33, BN

I

-working at a facility whose flow is'constant,
whosie sewage 'strength is constant, where every-
thing is the same througheut the day and -
throughout " the year, there is - undoubtedly one
value for*return-sludge flow. When this value
was found, there would undoubtedly be no further
need to adjust the return sludde flow. Having
yet to see such a facility, it would seem
appropriate to address a methoddlogy for adjustin
return (c]ar%fﬁer) sludge flow. - ‘

Copsider the two extremes of sludge withdrawal

from the elarifierf If clarifier sludge flow is
too|slow, sludge will accumulate in the clarifier
untjl solids wash over the weir and. are )
discharged. 1If sludge flow is too rapid, clear

(treated) liquid is returned to the aeration tank.

There wouTld appear to be ap optimum sludge flow

dgscﬁ$$ed in" Part III A is a ]ogica]‘approach to
clarifier sludge flow control. A control test,
mixed liquor allowed to settle, is observed.

["-The sample's ability to €oncentrate is calculated.

The ‘clarifier sJudge flow is adjusted to the end-.

of matching the concentration. of the .clarifier

sludge to the demons trated ability to concentrate

as shown by the settling te;t.

the "target" time. Assy e clari fier,sludge
flow is b&ing controlled to the sixty miahte
demand, sixty minute settted sludge concentration:

<'a8s determined from the settleométer and centrifuge

tests. The equation and 3 sample problem are
Shown on Pages-40 and 41 of Part III A, .

-
- ¢

Until such time %hat'thé'“Part IV - "Process

- Control” pamphlet becomes available+the following
guiqelines.are suggested: 1 ,

[
-

-

L3 Py ’ B -~ .
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Module Ho:

¥

Topic:

Control Procedures - Return Sfudge,Fiow‘Contro1 \

B3

— N - BN . ’ )
o, Instructor Notes: 7 R Instructor Outiine: ‘ v
S § _% ) e .

& Ve R \_/ 3 \, N - nm

!( N - - I

\ . ’ . ¥
Student handout 4.-contains 1. Demand time selection (sixty minute demand means
. ,Suﬁffﬂ- D pﬂﬁfa ﬁo make a the settled.sludge concentration calculated’ from
practice calculation. - , the sixty minute settling value). Demand times
. SR will vary from plant ;o plant]and evgn‘wighin.
. . .. TR one plant. Factors which influence deman ime
. - w———L——iii- ’ ' se]eétibQ include secondary clarifier overflow, -
o ' " rates, organic load, 'sTudge quality; and -0
. . hydraulic limitations. Clarifiers operating
at high overflow rates generally dictate that
. relatively short (low) demand times be selected -
~ , . thirty minutes, for example. Low overflow rates
y T . allow for relatively higher demand times - sixty
. T to ninety minutes. 1In general the exactness -of—t3
: g "X .| .. the calculated clarifier sludge flow demand isy
. : " not as important as the direction of adjustment
. the result indicates, increase or decrease in °
- clarifier‘sludge flow. Excessive adjustments .
: . ~~. sShould not be made. Adjustments should be limited
. . to no more than 20 - 25% change. Hydraulic )
" . © . limitations mus{ be determined for your facility. .
C ' _ An example would be -not reducing slugge flow to..
‘ ' a level which results in plugging draft tubes-or
A ,Piping. For that matter sludge -flows should not
N ' ‘ be raised-to Tevgls that result <in excessive
1 N ‘ turbulence in.the clarifier which would impede
o . solids separation (settling). Other process
. ~ o indicators. 'must not be ignored. Process control -
) : . ‘ . requires total process eva]uation,‘judgment‘of
L _ . Pprocess demands, .control adjustment, continued
: j ‘ — testing, evaluation, and Judgment etc. ‘
. o . .

. . "
»
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Solution .
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Module'o: Hodute rma T
. . '*Advanced Activated S]udge Y I .
[ - Subiodule Title: . - R e

Review from Activated Sludge -~ — et

Approx. Time:
’ ’ ' Topic: .

a 1-2 hours - ' oy R
] 7 ) | Trend Charts \ ) R
oy T T I3 .. N . - -
* |Objectives: .~ . - - .. A . T

; 1. 'Discuss settling curves . . T
"2. Discuss concentration curves, IR : e

. :D1scus§ -process flows (raw, prlmary s1udge, return, and waste activated
sTudge .

Discuss sludge blanket levels ‘ - _ .
Discuss effluent qua]lty curves ; . . : -

[8 4 3% w N

‘f ‘ ~ L :°~_Vr
, o ’ ‘ .
14 Py : - . . -
Lo Instructional Aids: T e , L . ‘
. - S o : ‘

1. Transparancies . o

. . T Y
A o _ ",
i - -
Instructional Approach: S, = g L -
- ‘ . . v
] . ) . . ’A% ' - - . 4 ‘. ‘ -
] *1. Lecture -2 T )

2. In- c]ass prob]em so]ut1Qp,h‘, ‘. T - T .
} ‘ .- 2* . S <7 $ =3
. N Q . . . . . © - ’ . . . . L =

R X PR T R Yoo i-
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¢ [Module Ho: = Topic: . o |

-

'\\" C . Trgnd Charts \.‘ L E

¢

3 . L4 -~

K

Instructor Notes:” * - '\ " | Instructor Out?fOE:J. ) ' '
L ; - g

¢
.
4
el
. «
L . Lo~ b

' .o Process.control takes on a new dimension when trend
: ‘ . charts are a part of process control decisioi_iﬂ;&g:
ro ) . ’ The subsequent figures display about 13 weeks OF data
: S " | trend charts. These represent data Zummaries as: - -
\g o - | oppesed to true, daily maintained trend cahrts. They
. are missing the all important daily operational notes
) . of'unusua];circgmstances'qr.events. o o

The foi]oWing trend charts are i;;1gded:

- - . I\ . Sgtt]ed,slhdgé volume - Figure 7

gétf]ea éiudée cbnéentration‘-_Figure 8
Depth of sludge blanket - Figurerd -

. .| Turbidity, Final effluent - Figure 10 -
r ' - - i Aerati;)n tank COD 15§a - Figure 1L

| Final clarifier overflow rate.- Figure 12

N o} Oxygeﬁ Lptake‘;est results - Figure }3’

oo B - e Weight to conc%ntratiqn ratio L,(jgure 14 t
. ' \ : Trangparancies of these figures should be made to
FaR , 1 display several of these transparancies at the same )
< : AN “time. : : ' ) N %
e : Discussion of these trend charts should include
4 but not necessarily be 1imited to:

Part IITA -/ 1- Yigure 14 - Recall thé equation HCR = MLTSS/ATC.!
_ , ote that this ratio is most certainly not®

) y S . constant. - Comparg the improved settling Lo

- . : ~ characteristics (Figure ?g“to this increasg in,

- . B

The COD Toad curve (Figure 11), overflow rd ,

(Figure 12), and final effluent tu id?»)‘

‘ e, (Figure 10) $hould be displayed simNt#fiecusly. K
. . Notice that hydraulic overloads do mot occur, - .

> . Y ‘ : - - Tather organic load does occur with a resultant
: : ' S k:/4 degradation of effluent quality. . “
3
b ]

.
2. < 1 . .
. .
: a - . . L
4 L * hns r
5 ’ N - -
. - . .
.. . . .
A * *
&
.




s

Module Ho:, .

>

Topic: .
Trend Charts

Instructdr Notek:-'

Instructor Outifne: . ¢

«*

A

. |
Other combinations should geperate discussion.
Any questions on the ‘logistics of trend charting
should be resolved. It is suggested that 10
square by 10 square per inch graph papér does
not lend itself to trend charts as the units
of time (the horizontal scale) can be confusing.
There is available graph paper graduated 12
squares per inch horizontal by 20 squares per
inch vertical. . ,

. ) _ , b
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1. Dlssolved Oxygen Ana]yﬂs Acvwated S]udge Control,
C1nc1nnat1, Ohio, 45268.

. / ‘ R i

XT-43, USEPA,

- R .
. ' L - N ‘
S . . v ) ¥ * D
: \—/f( , Page 47 bof 39 . ,
Module Mo: . Module Fitle: -, R
] _Advanced Activated Sludge .
Sibmodule Title: M .
- | Approx. Time: HiO;(ygen Uptake \
- Topic: '
4 - 6-hours o T e
Objéctives: - '
1. Perform ar oxygen uptdke ana]yS1s on L. .
(a) Return sludge alone (diluted) - "Unfed" ' '
(b) Return sludge plus aeration tank influent - “"Fed"
$.
2. Plot oxygen uptake data on trend chart. ‘ . o
. [ . . 2 R * ‘v
. e N v o - ~
Instructional Afds: . ‘/ ot B ’
| 1. Equ"ipmentva; listed on fo]]ov;;pg ‘page.° §
- ‘ ‘.':‘9 R & .J
- 4 g -°
Instructional Approach: - L R ,‘\ 7 s O
!:écture . ‘o s LT, . .
Demofistration ‘ ) A
Hands- -on- student part1 c1pat1on v . - . : .
P S . s}i:@'“ .\
References: . . .-
. .o, ] . . VR - -

Class Assignments: ' oL ‘ 2
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. Co \STUDENT"HANDOUT'5 ., Tege 38 of 29
. 1 A
SR - OX{GEN UPTAKE WORK SHEET .. !
. s, ! -, ' . ) S . -
"~ S _ _UNFED MIXTURE \\ T FED MIXTURE ~ * - '
|} - -
|:Time | Temp. | D.0. | a.D.0; “| Time' | Temp., | D.0. 4 AD.0.°
“lt=0 .. : . t=0 '
N ay R
: 2. o -2 | .
3 | 3 |
4 ﬂ y s I .-
| et 5 F
{ "" 6 ) s 6 %
L, P - 1 . -
7 - 1, 7 ; /
. 8 . 5 é’ -8 il ©
e | N K ; 31 IR
s . ' ) N )
) 10 ‘ fde | 10 * % B
. RER . I\
il : o N e »_11_*—4;* o N . T
—— M . . % Q-
- . ’ ,
. Flows:. ~ S N J
o ‘Return sludge flow = *° A j
, _Aeration Tank influent = B | |
K ) ,: ° §o4 \ . -
L Calculate volume of return sludge” (RSV) required: b
- - . , . . .t -@
RSV = 300 x A _ 300 x _ _ i § .
: ’ - AFB T R " .
A , ' N -~ - % :
Calculate load ratio i(L.R.) . ) . ' ] -
. ! . ” : .t . _~ ’ ’ . ‘. ¢ ‘
o . . L. R. = Fed mixture oxygep dptake: = ro— L -
, Unfed mixture oxygen uptake ~j_ 7 = .
1 ‘ ,-P‘.\u_'? ’ - ., oo ’ . o ;
’ * & to R. = A - . e .
L .fek' \ %t :/ . .
2 D /. ; g
' k - ;o . S )
_— B 0 X S o =
‘ T e o . - ) v g v
" SR A e
‘ Q ; 3 ’ % T 7 .’. -
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The activated sludge prbcess is aJconsiantJyﬁ;J“:
changing system with interrelationships among
. biological, chemical, and physical characteristics.
. .Oxygen ‘uptake activity will show changes in process

Student héndout 5 is a
suitable data sheet for the
oxygen uptake test. - '

PN B
.

Pla N

Y4 \
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{ 7. Stdp watch or timer.

-

i
. .. v
D . i
} ‘; ) s
' + %
. ! -

~ character. For example, an active sludge with an

i abundant, available food energy will have a relatively
* high oxygen uptake and sIgg settling rate. It is . 6 /
appropriate,* however, to’dearn the procedure before
discussing .data interpretation. ’ .

[ROVRSINIE TO SN

TEST PROCEDURE S

These procedures and other portions of.this control

. technique discussion are taken primarily. from work
done by. F. J. Ludzack, deceased. Mr. Ludzack wage +
with, the National Training Centef, United States™

; Environmental Protection Agency; Cincinnati, Ohio.

A B , ~f b ' )

The following equipment>i# required for the test:

L. " Eléctronic di'ssolved<bxygenjanalyzer with BOD

} ;‘boEt1e4probe and aglﬁgtor. 3
2. .

: Magnetic stirrer and stirriég bar.
7 i“

3.7 300 cc 'standard BOD bot?lesg .

4.; 100 cc'and 250 cc'gfaduatedi,y]inden;.

JUI S

t
5.: Three wide-mouth sampling

6. Celﬁrifuget e 0T

A
Y j

? -

!
8. An‘activated sludge plant with cotrol 'fFlexibility
B! ) ) . i 3\ ’
i This test should be.aceomplished .in a prompt, orderly
; fashion. . For example, don't cojlect samples, :
stdndardize the-DO-rieter; make” volume ca]cuﬂatioﬁs,
discuss the day's work schedule, take a coffee break
and then "run" the' tests. f :

§

¥
Y

P, e
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. fhe D0 metér should first be_ggt_up_énd,siandardizédf

S A

.
[OOSR T

R S v

<

" This should be accomplished by an accepted technique

3

. determine the volume of return $ludge to be added
| to the 300 cc BOD bottle: : '

'Exéggle -, i R R

"%’v ———
. e P Al
L. ERT—
. K .
Returp s]udge‘vOlume = 100 cc i
‘The “other equation which mdy-be used: !
: ;

" Return sludge volume (cc) =

using.instructions furnished with the DO*qga]yzer
availables - ‘ T '

Lk 2y, . _
Flow jreters should then be read and the values
recoridéd. The aeration‘tank-influent and return ‘
sJudge flow are.the flow values needed, After these
flow values have been recorded the sample-volume < -
calculations should be made.

Either of the following formulas may be used, to

Return sludge vo]ume.(cc5 = .
. : / ;
300 x return sludge percentage (decimal)
1.0 + return sTudge percentage (decimal)
M s e I'4 “u

IS

Return sludge’percentage is 50%

Calculate vo]uhé'qf_return siudge'to be ‘used
oxygen uptake procedure. —
N IEIN H

in the

Returﬁ sludge volume (cc)i= 30

.
8
hx
> ’ ’
.
. [ 4

-~ ‘. .

300 x return sludge ‘Flow (ﬁGD) '
Primary é?f]ueﬁt (MGD) + return

sTudge Tow (MGD)

, ‘ < -
Example . :
Return sludge. flow is 0.40 MGD-  , -

-~ 4 5t 1 s

- ' : P ¢ -
.~
5 7} . R R s » ~ LS.
. , B ' g
. . " p
» . A
,
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- X V_ | Primary effluent is 1.20 MeD
. o~ -*Return sludge volume (cc) = 300 x 0.40
‘ _ 1.20 * 0.40
~ ) . 2120 L
. - s 1.60 . \ .
\}3 ‘3

H; Return sludge volume = 75 cc ;
| ‘ © s With the test equipment set out, the mefer’
. . ¢ ‘standardized and sample volume] calculated, the '
. o . , A samples should next be collected. Samples should

) ' \be truly representative of the process stream being
-safpled with one exception. s

s

— 4 ; . R
4 o P X
' ] ) 1. Aeration tank influent - . .
: i e
b iy . i z
s ",° | 2. AMeration tank effluent = }!
. o - : « 7 Y
) . ;81 3. Return sludge A I .

"1 4. Secondary E:]ar:ifier,overﬂ;oév
. . v . ,; R o S >
I'| The clarifier overflow is_the eXxception, It should 5
. | be-only dilution water. The return sludge sample |
i | should be aerated to "freshen' it as it has been in

the clarifier for some time. j;

Y }v 3 ~
' - ) 14| The time has arrived to perforim)the test procedure.
» b 35 | - In fact, two separate determi nations are to be made
. 3., | with conglusjons to.be drawn fjrbrp each determination
.- g . ' -"and frbmﬁa derived calculation’ using both resu]ts;\‘
- ) s N . The ffgt determination of oxx?gér’a uptake rate is

‘ e , . run on return.sludge and clariifier overflow, the .
: " sunfed" mixture. The second ractice calculation'. -
. determining return sludge vo]E)ne‘US cc) will be .
{ . used. - .- o ‘e

A SR 1. Careful iy'mix the .freéhehtﬂj‘dl return sludge sample
"“..1 - . and.measure the calculated volume, 75 cc. Add -
- : this to the 300 cc BOD bottle..  Rinse the

-~

_’j + graduated-cylinder with the clarifier overflow R

RV -, ju |+ to tranSfer the remainingsludge into the BOD '

. 7 : bott]e%.. e :
LR ! : -

/ PO

- 58.¢

A ~ .‘ ‘ \l;‘ﬁ- v
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. and to fill the test bottle into the tapered area,

, S Page 52 of 59
‘ Module Ho: Topic: _ ‘ .‘
R Oxygen, Uptake
Instructor Notes: "{ Instructor Outiine: = -- ‘ .
. ; - gy “ ,

) . i , S
2. Fill the BOD bottle with clarifier overflow ———
“to @ point about one-quarter inch into the
tapered neck, ) |
) S \\ e T
3. Aerate the sample using an. adapter to connect - -
a clean BOD bottle §o the ‘sample bottle.- Shake "
vigorously while tr nsferring the-sample to
the empty bottle and back:- .

4. Insert a s¢irring bar and the DO probe,
. exercising are not go entrain air. .

H % .
5. Place the tes} bottle with probe on the
magnetic stirrer. | -

-

6. Start the BOD probe agitator.
7. Start thé magnetic stirrer and adjust. the speed
to maintain solids slspension and distribution
- throughout . the bottlé. T
8. Observe and record the initial temperature and
D0, start the timer.; Observe and record the
D0's at exactly one ﬁinute intervals until
there are at least three consistent oné-minute
readings. for oxygen jiptake. The di ffetence .
between individual readings at one-mindte .
intervals is reportedl as the oxygen uptake.
Save a sample” of the]test mixture for centri fuge
testing. Record thejtemperature of.the mi xture
at the time the finaj -oxygen level is read. A
tenth or two centigrade rise in temperafure:is ]
not significant. ' ) ‘

1 : ’
i § 5

This dompletes the unfed}mixture oxygen uptiake
determination. The next{determination is un on
an identical volume of réturn sludge, but with i
aeration tank influent used to rinse the sLudge,

from the.graduated ‘cylinder into the test bottle

This, is then’ the "fed" mjxture, return sludge (75 cc
for this sample) mixed with aeration tank ‘influent.
Continue the procedure aéxwith the "unfed". ixture,
steps 3 through 8. 7 . o0

7 's':.{/—. L ’j\.
- X T

« 40
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-} Samples of the fed mixture, the unfed mixture,—and——
s aeration tank effluent should now be centrifuged.
This is a rough check to give reasomable assurance
-a calculation error was not made in determining ;
.the volume of return sTudge to be used:in ‘the tests.
The three concentrations may be expected to vary-
somewhat. If large discrepancies’are noted, check,
flow readings, calculations, and re-run the tests. .

«DATA INTERPRETATION T

Y

- ‘Data collection is a frustrating exercise if one is
not able to “use" the data for some purpose. It
would be most rewarding to now be able to -list
some magic numbers and a Taundry ligt of exact
contral, adjustments .which should be made as these

. magic numbers would.be’ determined by--test procedures-
under various. operatin ditions experienced at
any given ac’civa%.t=.'d”§'r:1121'152np1an'c_.,s Such is not the
case. However, that is not to detract from the
possible usefulness of the procedure as it relatés
to process. control. ) ~

i

P Y

3

"One addi tional calculation must-be introduced,.to be
followed by discussion of how to use -the data

accumulated frog the two test determlgations (fed
and unfi?/gixiuﬁe okygen uptakes) and>the
calculation. Eng | Ca

The load rati;&ﬁi calcutated by dividing the oxygen
uptake rate of the fed mixture by the oxygen uptake’ !
. rate ofjthe unfed mfifhre‘, j , »

P
e et e S SR

it anmnn  glrniri f pns L

B e -
- I
T

L. R.-=1Fed oxygen {iptake = ‘"
‘Unfed oxygen uptaké «
. % [ ]

~

i 1

TR v, e 0 Adary e i ot v
= e mGona.
.

Considep the followjng. test results:

Case 1! ° !

-~

L2 L

" Unfed mixture o‘xyge? iptake = 0.4
AT i .

-~

t%ed mixture oxygeﬁzuptake\= 1.2

e

3
!

A

. .
. . . .
- W v ‘f*a.g, Cns A ot s bt A Pt b b Nt Bt it

-
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A ) b4
e +{ Ludzack stated that "The best range for each plant
o/ v o - Is an individual characteristic, but conventional
K\ 1 : activated sludge commonly performs best at-an L. R.
of. from 2 to 4, extended aeration at less than 2,
- high rate plants more tﬁaQ 4", ' T
- : -{ Three points are to be stressed. "First, thaf'"thg

best range for each:plant is an .individual
charagteristic". This is determined by making the
: ' A oxygén uptake determinations and plotting (trend
. - charts) the data. Allow the plant to communicate
‘With you, the operator. Nota on your trend #harts
what the effluent quality is along with uptake rates.
. .- Other process indicators should also be plotted,
settling rates, flows, turbidity, sludge blanket
‘depth-etc. Allow the plant to tell you via trended
data what .changes -are interrelated. - P
o _ . How, for example, de-sludge 'settling rates change as
3 ' j(\ ‘ oxygen uptake rates or load ratio changes? ,
. I : ?

1T T ) . Secondly then, “don't just perform the proéedhrec
T - ' and plot the data. Use the trend charts. Nptice
j .. N . the changes in process indicators as ydu make -

- control adjustments. Ultimately, theé goal i to
: ’ detect process needs or pending,upsets from your
i ‘ ‘Plotted process—control test data, make control .
i “o» adjustments based on process ne€d or demand,! and -.
§ N "~ |' maintain a consistent efffuent quality..
i
}

{ - —— .

The third point deals with the Toad ratid rapges |

+given as "best range". Why should the suggested .
i . for a conventional activated sludge facility? The
C s . basic difference in the extended aeration fakility -

range for an extended aeration facility be ]ESS than

. . compared to the ‘conventional facility is thel'time

i
N gs s . -urfider aeration. The aer&tion tank detentignjtiﬁg T
. ; . .| is 3 or 4 times longer in an‘extended'aerati'n~
. : Plant. So?: -Assume two facilities receive tEe same’
wagie strength, same flow, therefore same total ,
J load (food).. The extended aeration plant, ever
o - has larger aeration’tank capacity. It has QEgQ-hour
J : . | ~detention time compared to 8 hours for the ‘other
; -} plant.*If the same amount of food is going, jinto” - -
LN : each plant, the exténdBd aeratidn facility by.sheer "
. - detention. time will have a more stabi]izedlftquing'

o . ' .. N
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0.7 f;

‘ : A
" B. The-c?ﬁyters.couldn't use this type o}
i

,no problem/

toward over stabilized) sludge. The critters -
have eaten all of the food in” the wastewatsér and )
have undoubtedly entered the cannabalistic state.
The result is that when the' return sludge-is
combined with aeration tank influent the organisms
will not have as high- as uptake rate as the return
sludge from the conventional plant. i

It is worthy of restating that an appropriate load
ratio should become evident as the test. results -
are plotted (trended) along with other process
parameters,. to include treated effluent quality.

"A load ratio or range of load ratios that.has

characteristically resulted in acceptable’effluent
quality can be expected to produce the same relative
quality in the future at the given facility. Lets
assume that a given facility.in fact performs well. .
at a load ratio of from 2 to-4. Suppose the lodd
ratio has' done from GFP ’ .

-

A ¥

1.‘2=3té)3 . ) '

———

o O

.4 4 .
i . Y . . i . i

o5= 1.25; LT . ] é/‘_ ‘
' P

W - * ;
The small; increase in the.tiptake rate of the fed"

1

mixture rglative to the ifed mixture could be the
result_of: A - ] ’

0 - T
A. Rainwater diTution of feed
feed -

C. The feed contained growth restricting|components .

i
1
4

3
D. Unfav‘pr;ab]é condi tions

1

. A rerun of ithe test sludge Wi th a known -a¢ceptable.

feed will dssist in.determining if the reduced
uptake rate was due to the feed or to thelsludge

Jitself. If'the low activity is simply a function

of a reduced food concentration, there jis really
If, however the sludge is "sick", there's
a problenm. j-Effort should be expended to. find out-why

and correct the situatian.' -.

Y ) . . OO
'62 ?’ . . ' o ’ 5 \‘
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. “identify what might be coming in to the plant. A@ . f

Now assume the load ratio ich had been hovering
“around 3, rises to 6.5. fed sludge rgally. .
has an-increased oxygen demand. You-must pay special
note to aeration tank dissolved oxygen levels in )
this type situation. Can the needed air be-supplied-
will the sludge sufficiently stabilized in the |,
time available? is situation is calling for an'.
‘increase in the-amount of so6lids returned to the
aeration” tank, more critters are needed because
-of all the food that is entering the aeration basin.
Aeration -tank DO may 1imit just how high solids
- aencentrations ‘can-be maintained in the aerator..
If DO levels disdppear, you must reduce solids. -
Chemical additions may be req@iired to enhance
settling rates. Step feeding also will assist s
in decreasing peak oxygen demaggs.

- '0.. Lo
A-load ratio like this: = - - _ . .4
LR =01 . . I
. 0.4 .} N K . . i .

1)

Indicates something fﬁ fhe wastewater feed couldi be °-
shocking or poisoning the critters: Try to -

“bare minimum“would jbe to chéck the pH to see if: S
an extreme change in pH is being ‘experienced.
Plant recycle flows should be checked for their - i
"freatability": - PR o

- i

abe Y

This is the' last exanple. Consider a Toad ratid .
which“went from: , -+ -

L.R. =1.2 =3¢t J . R A

0.7 P .o oo

- . §~ . .q .
L. R. = 1.3 =1.2 , : ,

. 1. ! ’x“’ 3 TR ’

N 3 - ) :

What is unusual about this situatiom is the "unfed”
rate. Notice that the "fed" mixture has not changed-
that much (1.2 to'1.3), but the unfed has, nearly
tripled (0.4 to 1,1). This ean present problems
in that it indicates a_peed for more solids.in the - =
~aeration tank. There;is sti11 food remaining i “the,;
sludge. It is a "young" under—oxidized_returﬁ‘slnge'

; R

v . . . .
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) o -and settling rates are probably slowing down - ° |
JUE . ’ Jmarkedly. The problem - If the sludge won't settle™
' ' . ' <how can you return more.. Mare time under aeration
- 4 is probably needed.” Coagulants may be required -
. ) ) to“assist in getting the sludge to settle so. it .
S ' . can be “moved” back to the aeration tank. Step
t feeding also might allow the sludge to become
v ; Tore stabilized. S SERE
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o . Advanced Activated Sludge - .
. Submodule Title: B -
Process Control ‘% ~ ' ‘
Approx. Time: ‘ : -
. Topic: ) ‘ .
. 3-5hours - ' - '
ST Objectives: . ‘ - S LT \ J
] . ' . - .
1. Given trend chart data showing se’éth’ng curves, ‘concentration CUTves,
- . sludge blanket. Tevels,.oxygen uptake, process flows, and effluent
| quality -describe process control adjustment indicated. Address Yo
. - or . . b -~
\ , {a) Return sludge flow' i oL . <
’ (b) Waste sludge flow ] ‘ ) .
L L Discuss the trend charts addressing what each curve is indicating relative '
.to procesg. A > . .

L

Instrictional Aids: : | " i,

1. Student-data anh;trend charts. - o

-, ,
. .
. . e '
z
4 Y
el . 33 i . s ¢ )
’ N A . .

’ |
é . ‘.‘g : : ' ‘ : “ . 3 - ‘:
; . . N i B i B ) Vi ' 3 w
Instryctional Approach: ! . o . : |
N N - L N . . . ] o ,
- 1. iD1scuss1on of "real world" data:- Instructor acting as moderator. |
>l . 33 Y . , C ‘ , |
s ' — ' . , ,
’ \i ¢ ) . - i K - b ~
o | ) i T . , [N ‘ i ;e
. « {References: - - ! . / !
' \ i i - 3
. i . 4 ! Y
! H . i i ]
- . ) 3
i -t e " i . i ,
3 . [ . ’ i " :4% ., 3
‘)' 3 H
i <
) ? ; \* 3 ‘/'
} 'R 4 R : - - y
1Class Assignments: ) . : . ‘ ~ )
' ] ' o ’ = ® ‘ N ’ ’ f ) . I
' ) i k : 3 LI ; . : N i 4 -
! N - y
4 ! . .
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The re]at{ve success of this workshop hinges’on the
-final topic. '

A prerequisite of-the workshop is-
attendance he "Intermed1ate ‘Activated S]udge"i
workshop, and>trended data from the student's .
facility. The instructor-should if at all possible,
collect student trend charts at the close of the
first day of this workshop.
from those student trehd charts. These shou]d Fform
the basis of discussion for this topic.

Attempt to select data representing var1ou§'contr01
methodo]og1es i.e. F/M constant mixed liquor, etc

The *instructor should spend somg time the’ even1n§
befére the second day attempting to "spot" :
significant trends etc. If pre-registration-is {
accomplished, the instructor should consider asking
far trend tharts .at the time of pre-registration

Encourage those whose data. is bejng displayed to
share-their interpretation and how, they are or
even are not able to incorporate the trend charts
into process .control. K

3

Then make transparancies

-
e
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Student Handout 5 - Qne Page

-

The fo]]ow1ng mater1als are appended from wh1ch student handouts

]

Student/Héndout 2 - Ore Page .
Student Handout 3 - One Page=,
Student Handout 4 - One Page - .'

ki ~ £y

may be dup11cated and transparanc1es produced - \ ’
L . 4.» - / - .1’ NS
Figure T - Conventional Activated STudge Process Schematic
Figure é - Step Aeration Process %chematic- o ; .
Figure 3 - ContaétDStabiTization Process Schematic !
Figure 4_-.Conventiona1 %ctivated-STudge"Séhematic ’é .
.Figure 5 - Flow Ba]gnce %
Figure 6 - Mass Balance . § -
Figure 7 - Settled S]udge Volume Trend Chart . :
Figure 8 - Settled SThdge Concentrat1on Trend Chart % ’
Figure 9 - Depth of Sludge B]anket Trend Chart %
Figure 10 - Final Eff]uent Turb1d1ty Trend Chart ; )
;;gure 11 - Aerat1on Tank cbp Load Trend Chart - 1 P N
Figure 12 - OverfTow Rate Trend Chart ) ; ) “i, | :' . |
\Figure 13 - Oxygen Uptake Trend Chart . ‘ } | .
Figure 14 - NCR'Trend Chart . j ! S
RS ] o é . L o
Student Handout 1 p One‘Page a e 3 . i \\i;;:%~
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Flow in = Flow out
" TFL = AFI + RSF .
< TRL.
e CSF

*CFO + CSF,
RSF + XSF -

“Figure 5.

Fiow Balance.
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RSTSS (ma/1)

RSF'(mgd)
RSTSS "(mg/1)

AFI {(mgd) . . ' CFO (mgd)
PETSS (mg/1) COMLTSS (mgAl) . ' CFETSS (ma/1)

S, .

Pounds/day = Flow"(mad) x Conc. (mg/1) X 8.34°

' Pounds in = Pounds out )

" Figure 6

MASS BALANCE
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a Unit Progces.s *B*rmens«mi N s o
g | PrimarylClarifiers = | R - , \
Number . L . c T2
Dimensions “(each) 22! dia. x9' depth . -
- .|, Primary Sludge Pumps “ . o . '
(" ’ , . ‘ . . -
\ Number * .. , K - . 2
. - ‘ . . ‘ - .3 .
Capaci ty; (each) S .. 200 GPM
i . -
‘ ~,j . .
- 4 - — . .
’ . Aeration, Tanks . .
v z . A4 “ »” 3 e -@ . .
Number ‘ ~. ' 2 '
. . . - - o . - '
e v - | Dimensions (each) 32' x 64' x 14! deep s ’ :
f". . ¢ . ': Nurnbe.r— .,” e - ‘am", L4 . . . . ' .?—’7 -:: A . ) ‘
- | osize v - - -, 2at1,000 SCFAM
r . B \ : .
: . } _ 1 at 700 ‘SCFM ~
gy — . LT I
. «% o L0 - % . < < . ’ .
- Secondary': Cldrifiers ) S : "
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’ ‘ Se
Primary effluent 302 mg/1 .
e . ' . e
Final effluent ¢ . 14 mg/1
> ' . v )
Total Suspended Solids ' -
| Raw R 460 mg/ * e
g : ,Pr%marx‘ effluent | T 137 mgh\ .
Final effluent ‘ ,&)14 mg/1 //\ N
Mixed Liquor . t .
Mass S we2mgn . C
. ) . ) = N bt
MLVSS : © 3138 mg/1 : ,
! o - , ] R

|- op

Plant Data
Flow

Raw flow

Primary studge flow
N - .
Return sludge flow

Waste sludge’ flow ) N

-
- -
w + . . 2

Raw . S

Return §1 lge

RSTSS \ N

S ﬁTUDENTEA}DOTJTZ . o
. . \/< ’ - n -

0.3140 MGD' | e
0.0130 M&D . °
O _ .-
~ - “

366 mg/1 K

-

8399 mg/1 CoLT e -

. X | “' N . * K T Y &# ) . )
i - Primary Sludde ' / o e
H . | - B . - s N
: PSTSS - . . »157 mg/1 2’ 4 2
A P . " /\/ .o
) ? . \’ ’tri . . A'Sv‘ : . ” _ ‘;{”
‘x.u . ) . H . " + \ ~ N a F( , K . '\,‘
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- \ - STUDENT HANJOUT 3 o
o _' Given: Two'ae}‘ation ténkSZ, each 16'—x 32' x 12
/ » o i : - T -
° o Sewage flow BOD = 165 mg/] S .
- Raw f10w = 300,000 gallons per day N ~
N Select:, F/M ratio (0.1 to 0.5) .
. ) Say 0.3 N v ’
-~ Find=* Mixed liquor volatile suspended sohds concentratwn reqmred
. 1. MLVSS
- )\ R e — - -~ o L i ‘
' Fina? eff]uent quahty not acceptab].e.. The appearance of the i na] c]amﬁer
- '{ndmates a h1 gher concentratwn of “soMds would 1mpq)ve f1na1 efﬂuent
i quahty s S . . , C
. o ‘ . o ’
‘Select a rewsed F/M wh1ch wou]d resu]t in a h1gher .ncentrétion of solids
. > ‘» .
and then so]ve for the new concentratwn : \ ,“' & ¢
U VR 7
2. MLVSS = T .
[ 3 ... LY LR .
4 : ) o o
: . ® . ) . 7 } - -
M ) ¢ te. . * - e
\‘_/-/\/’ T g w - ] i <.
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. 7 A Page 1 of 1\
: . o *,? . 5 \ :
DATE 8/2 7'/7‘ ' 4@ J'&ON‘JT‘ DM
) A : - et
DAY t -
“TEST TEST h_' TEST
| oz Q80O TIME. T < | TIME :
. I . \
RAW PLOW_2.65 6D | Rraw rrow — I RAW PLOW_:
RETURN  FLOK ,90 MEOI RETURN FLOW . RETURN FLOW
. WASTE FLOW__© —| WASTE FLOW___ * | WASTE FLOW____ |
} ' -4 . ‘ -
TIME  SSV° . ssC | TIME  SSV - (SSC. | TIME  SSV_ ~ SsC
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STUDENT HANDOUT 5 )
- OXYGEN. UPTAKE WORK SHEET }
- R
UNFED MIXTURE -~ ; FED MIXTURE 5
: : ; 3 . ! Bl
Time (miyy Temp. | D.0 AD.0. | Time (min)] Femp. | D.O. AD.0.)
. 3 O\ _
t:= 0 ; t=0 ‘A
1 ; G ! .
. . y
* 2 »\1'4‘ 2 2
R - I 1 Ky
' ~ 3 B ;' 3 , (_ -
$ \y .
4 \ " g ) '
5 ‘a 5’5 Y A
6" 56 - .
~ } 1
7 ] ST |
8 Q~ ; ’l’ ‘. ’§8 . .
T ) 1 ‘
9 ’ 3 N . *9 AL > ‘s,, ) \
” 19 " g ] ILO < ¢
11 " 1 3
a ) i 1
Flows: ‘ ' V., o g
' : Y- N .
Return sludge flow =, - A =
Aeration Tapl,(.inﬂuerjt = R S )
Calculate volume of -return sludge (RSV) required: d
% — -
= RSV = 300 x A 300 x _ e 4 .
" A¥B S e F L S,
: C T . - \
Calculate Toad ratio {L.R.) ‘L ‘ , B e
. " .- ~ T, e » . s . /,, -5
.- L. R.-= Fed_mixture oxygen uptake = ——— ST .
- - . Unfed mixtuge oxygen uptake ‘
' * . <, ’ I ' !
| Loo R =. - N ' L ‘o' . * : - ) .
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Module No: ’ Module Title: . "
- ' .| Advanced Activated STudge . N .
Submodule¥Title: ‘ . . "
Approx. Time: S 3 .
. Y oy " B
EVALUATION , C -

— Objectives-- N ™ A L
The learner will demonstrate, that he has ach1eved the objec'tives of .tﬁa\modu],e by .
correctly answering 75% of the following questions. s N S

—————— \ k \ . S SO »

RETEE BN e A waste F1 OW\=\75,,000 GPD
- 1] ’ - . ' ] 1 - : ! )
3] 170" x 57" x 12" }—am g
& MLTSS - 2,500 r_ng/] - y oo
, ; - .
1™ o
. 1 s \ , ‘\4 .
> 170" x 57' x 12 f— s 1
: 2,500 mg/1 - >
Flow . - L 3 » : N
5.0 MGD ¥ " Return = 2.5 MGD -
A \ 5 . ___) .
BOD =% - T< Return. s]uige = 7,200 mg/1 . g
335 mg/1 ; , - ~ SP.
’.. . M *" v
i —>1 170" x 57' x 12" |—>- ! i
L, 2,500 mg/1 . ‘| 75" Dia. ,
/ T : - ' 10’5 Depth _
: 'c. - . " 3-8 '
) : 170é,x 57' x 120, [ D B
N RS 500 mg/1 ‘ . q |
, - ; ’ g/' W AR 2 4 TP ‘{ . .
, .@1 — \ ] :
GCa1cu1ate ) Tl . ) : *“ RN ) B M
> |-A. Aerat1 on ~!:ank detentwn time atxﬂow a]er i e —
B. '.Aeratwn tank detentwn mme at flow plus return. ' ) o
. I T?Mt.,
.| C BOD 1oad1ng, bs. BOD per 1000 cubic feet of aeratwn‘tank .
' ’ ’ . s , , ’l . ’
D. .F/M _ . - S ; . RS
e } ! ' . ~ !
N 1 E ',CParffier Oyerflow:'Ratg. -, . : .
'F.”. Sludge Age. N o Ty o .
< - . ( . . ‘ ' L
' J )’.l:\ C° 9'48 : .‘ ) .‘ - {.2‘
4 , ) i ‘) A “« . ) .. . ) \ . . ..
s S 1 ¢ N . L R - ~ 0 L ‘ : .
ok ;- i A A o 0 ’ 'l “ .
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Label each aetwated s]udge schematlc by the name of the process of. the
mod1f1cat1on,.. ‘

-

.4

ak

o
s

s

&

A

-

A3

.l

-
N
Y
Ak

.
o




.
4

&

' Vs . l -~ > »
- B ’ ¥ [
1} «
‘ N ‘o . .
. Page 3 _of 10 ;
— » ——— o m———
* - ' ) ;
S

3. Four trend charts follow. « )

-

‘A, Figure A is a ﬁlot of éécﬁndanyiclarifier surface overflow rate. . .
- What is the probable ‘cause of. the peaks invSegtions I, I'T, and IV..

- . -

3 ] . ¢ . « L
* B. Does.the depth of sludge blanket curve, Figure B, show the “identical"
response to the increased OFR in-fections I and IV of-Figures A and

- B? __+ .If no, what is the difference? R
re -
. Pa ¢ . Lo

o

o~ 9 \. " . @ s

C. The settling, characteristics were relatively ‘poqr, especially in®.
Sections I and IT of Figure:C. - No sludge was-wasted during that
period, Figure D.-*What is a possible explanation for zeré sludge

» - wasting during that period? - R

d . . . ‘ ’ N s, Vo

- . ; - -

. [ . > e !

\

' o e _,” . > ° -’;l\ TN c

’

*D. Comparing Figure C and D, Section IV, describe your interpretation :‘
: of settling characteristics as’ i

»
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A - ’ .
- 4. Arnoxygen uptake analysis ig'rpn with theifo]ﬂowigg data recorded:/.
Time (minutes) p.0: ' D0, . .
0o v .6 IO P
1. - 6.4 e ‘ CTele
£ 5.1 R S "
v - . N ;
3 4.6 > L . ’ .
I RN 2.0 . - ) ,
. 5 . 3.4._ l s v ,
P 2:‘8 . . b ] 1
N A ' S SR ‘
Camplete the ?ata’sheqt and ‘show the dxygen uptake rate.
(Show the unifs). | i . ‘ ‘ ~ . ;_' )
"5. A second uptak ana]ysis'%é run w?iﬁithe;followfgg data féborded:f b
Time (m'inute'sf Do, VD0 * '
R | . 8.7 L "
% 6.5 - :
1 ' - S SR ' “
1 L4 L -
" 2 - “ a1 T - ' _
Do o 3s =
. S 4 ' .
' Compiéte this data shéet ahiishow the'oxyéen uEiake}raﬁgi <o R
(Show the units). - ' ~ T
. . ’ oY v 5
S R L.k o
< i ’? - PEIRE g 'h; E %g
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e o T - Page’ :
) - S e ) . ~ & K - ) ‘ N .‘

.

. -

. ~6 o An' aeration tank has a voTume\of 214, 000 gal]ons Mixed liquor ‘total
L ‘ rsuspended solids cdncentrat1on is 1, 800 mg/] The waste flow has been .’
= averaging 310,000 ga]]ons per day.. An incréase in flow is anticipated
o N from a new interceptor. The flow shou]d 1ncrease to 400,900 gallons
.. . .M. . perday; BOD is gxpected to.remain'at‘200 mg/).  The eperator -wants. to
\ .7 control to a constant F/M ratio,-maintaining the ratio that: existed
o . - before the. flow increase. What will be the neWJ%ontentratnon of; m1xed
11quor the fac111ty w111 want? A. - .

- demand time or a 90 m1nute demand time? . . .
s 13, G1ven "RSC = 18.9% . . - ]

. - .’ -~ “f'
- ATC = 5.1% - S
"’ ~ ® '.“u'v

SSC 90 x 14:5% . X

RSF = 0.4 MGD A
Tn, ”-.a

~

\ v -
B.f\j

.

[ 2

L " |What is the F/M rat1o at which the fac111ty is be:ng contro]]ed7

ot

.

-

what is the primary process contro] var1abTé used in constaqt m1xed

10.

11quer solids Tevel contro]7 : - ‘

L) o

A waste treatmernt fact11tyﬂbas a w1de variation in the BOB 1oad coming
into the-plant, Is constant MLVSS, a good control methodo]ogy for ‘this = -
fac1]1ty*\ (. _ S L —

A waste treatment fac111ty recent]y purchased a tota] organic ¢ ngon
{70C) analyzer. 'What control methodology. are- they probab]y ‘goi g to
at 1east attempt to 1ncorporate?

-

Last two d1sadvantages‘to contr01 to a constant F/M ratio. . ..'eN’

v ' A
‘ R

w3 [N
T r =

11.

Mo

List a problem relative to control to.a constant s]odﬁe'age. .

)

'Y

”»

2

e

-

12. ~An activated sludge

c1}ity is ut111z1ng return sludge flew demand
methodoTogy. Final 'elamifier.surface overflow rates are in the range
of 400 to 500° galTons per square foot per day. With po additiofal
‘information, would the facility'probably be controﬂl1ng to a 30 m1nute

Contro] to a 90 m1nuté demand =

- RSFD

4

_RSF (RSg: ATC)/(SSC 90 - AT.C)

’

108
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To what level should the” return sludge flow be'adjusted? v \{A'

14.
-~ ‘dbyour fac111ty
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E);dull:gﬂo? . Topic: .o . - . T
C EVALUATION C . s
L. . o L 3 ¢ "/ .
- 3 Y < . ,\\- . . - - 14
_gfﬁzructor Notes: Instructor Outiine: L .
a 105 ) L ' - ! . > -
) 2}’ : - - — b - -,

. = /‘. N ; N . ‘ .. 1 = ) L
. .| 1. A. 16.7 hours B ©L
« . ’ . . 7’

B. -11.1 hours .’ . : ey
o ‘ S B - s
C. 30 1bs. per 1000 cubic ft. » °
) . D. '0.49 . - - T
+ (\ RN ' . B . '
<« E. 566 GPS FPD “
’ *F. 16 dz;ys .
’ . . (Lbs. under aeration/1bs. wasted per day)
- 2. Conventional (or extended aeration) .
: v R Wy ‘ “ve v’
F{ o B. .Step aeration (step-feed)
o R y . C. Contact stabﬁ'lzat'lon
- 3. A -Raipfall t.
/ ~ * N : ¥ [ .
\ e T
Section] blanket went down, in Section IV -
o blanket came up with the inarease'd flow.
A " C. Operator thought Yaging" the sludge should
. ’ * increase its settling characteristic.
‘s g = Unfoftunately it d1 dn't -appear to he]p’in this
. situa 1on P . L
© e - S&;ou1d be some comment addressing the 'h1gh
_ . waste rate.and the increased settling rate °
3 . , o wh'l.ch resu]ted in tﬁat period, .
‘ 4. © s 8.6 Crxxx - T
i R .. ¥ " - ‘ L's
1: ' R 6.4 ‘ . 2.2 .-, - . ’ 3
- 1 2 1 5AC L1 - '
' "3 48 0.5° .
- ‘6 " - » - . -
rs ;!4." . .4._0’,_, 0:6 ) « " . -
e °? " ‘
. . 3.4 - 0.6 < .
. L At ~
..- , ) " 0. 110 ’ ) “or'_‘.’ft_:":

3
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Modulg No: Topic: oo . . [ i B
' ' EVALUATION -, .
Ir_tstructor HNofes™ o ‘ Ilnstru‘ctor .OQ,t.H'ne:- R . . . o
T "6 2.8 - 0.6 :
- (3{ FAE NN ;‘?‘ N , - - )
AR oo u Uptake'=: 0.6°ppm per minute
) 5. 6 - 87, ) XXx T
. o : : _ Co
‘ L 6.5 2.2
O 1 53 ', L1 L
. . /
1% 4.7 0.7 . e 7
s 2 4.1 0.6 . // ,
-s T 7.2‘;5 N 3.5 N ' g Q,G:’
\. T i 3 .. ‘2.9 0.6 - e
. . Uptake = 1.2 ppm per minute ‘ .
=, -t -6. A. 2322 mg/1 . ) . . )
. ! . - T ~ - '
T S o Bo0ag , | =
g . e . "Nastevslud.ge ﬂ_ov;' ] ] ' oo
et T 8. No ’ A |
, - T .. -;%9. Constant F/M ratio control " ‘
— -~ . 10. D1fﬁcu1ty in obtanmng a t1me1y value for F
. “(food 6r load). MLVSS not necessarily a true
. - , . Measure of M. Inability to make instantaneous
< .. . “ changes in aeration tank solids concentrations,
»o, o v bt
- 11. What equation should be used. .What valug of .
.. A P - sludge age should be selected. =~ . |
. . - '... ' ' 3 .
- / -3 ‘ 12. - 90 minute demand time. > _
L . -~ "~ - |13. RSFD = 0. SWGD however,’ the ‘return flow should
. . . be changed generaﬂy a maximum of 25%. Se_t
e o T '\RSE atgp.5 MED. - - ;
¢ — : . : N
S .- 14. No set answer. -Check individually and offer .
. . , " - comment in ,response




