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Characteristic Growth Phases of a Pure Culture of Bacteria
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Adpated from: Viessman, W., Jr., and M. J. Hammer. Water Supply and Pollution Control. 7th ed.
Upper Saddle River, NJ: Pearson Education, Inc., 2005, pp. 530, 534.



——

_A+LDW F’/M rﬂ.ho - | - -

Cells are. +arvcc.L - umdergomg _
endogenoos respirahon

_. Cells wvndecgoing relatively kugh_
i _d:aﬁn_.ﬁlyili)., _pre. o
.~ _respirabon . ( Ke mC\'_ca;}&d) I
Nearly all jrgbﬁv-}"ra’rﬁ 15_consumed I

) (,bt h freat ment efﬁcwwcy) .
2 . —_— Cells_are mos-}fy aHached +o flocs

o Resolt s gmd -serm_g_Ffoc_—_-r o
o %Qﬁd efﬁclengy T mndavy

. _clovifier S .
R or-1 | I 5Em1c _k:k\mrs _ave thlc}:c%-l- a+ s*ar‘f of
. - . . endogencus. 3r0wHﬁ phase. — creakes

. _beet coendthons for flocculahion

%!imc layclr& sl'n:d by shf ng cells creﬂfc
I - c&ejatmc:u_s @luc -H-ﬂa* 4 holds Floc. .
20-¢h- giee-an _.-f-D.g_:,z*_lde_t‘_ - eall _.zm.:;fq';_q. “ammal glue” - pa 1

. E?Ut‘ good Oprahdﬂ (s nfcded for hve,

cells to crente polysaccharide gums
_that _make op sltime

__ BoHom £3u_ren,o~n pﬂge,_‘f'-‘-’ _‘éhmwﬁ QPJllmg-I zone
o _for operahng aerahion baswin: nc(ogencsug,

to dedining graw“ﬁ phase _.J_le FLM ahos

_@_ane_mi_ly Gavorable condihons &
& . BRT : O 5 015 days

) o _ _ /™M 0.2 -h:‘ _O.;_’r | tg E:OP"—E:/ MLSS *day

0B 1D 0.6 _ la5 cop/ kg ML%S - day

n




Activated sludge floc with slime
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Figure 12. Nocardia foaming in activated sludge: a. and b. foam on the aeration basin; c. and d. microscopic appearance of Nocardia foam
le. 400 = phase contrast; bar= 25 um; d. 1000 x phase contrast; bar= 10 um).

From: Bartell, T., 1987. Summary Report: The Causes and Control of Activated Sludge
Bulking and Foaming. Report Number EPA-625-8-87-012. Center for Environmental
Research Information, U.S. Environmental Protection Agency, Cincinnati, Ohio. July
1987.



Figure 1. Microscopic appearance of activated sludge flocs: a. small, weak flocs (pin-floc) (100 x phase contrast); b. small, weak flocs
(100 x phase contrast); c. flocs containing microorganisms (100 x phase contrast); d. floc containing filamentous microorganisms
“network’* or ““backbone’* (1000 x phase contrast) (a and ¢ bar=100um; b and d bar= 10um).

From: Bartell, T., 1987. Summary Report: The Causes and Control of Activated Sludge
Bulking and Foaming. Report Number EPA-625-8-87-012. Center for Environmental
Research Information, U.S. Environmental Protection Agency, Cincinnati, Ohio. July
1987.
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To see fine-bubble diffusers, go to:

http://www.proequipment.com/aeration/disktype.htm

http://www.sequencertech.com/equipment/equipment aeration/fine bubble.htm
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http://www.sequencertech.com/equipment/equipment_aeration/fine_bubble.htm

To see jet aerators, go to:

http://www.aguaculture.ugent.be//coursmat/autom/pic/stat.jpg

http://www.sequencertech.com/equipment/equipment aeration/jet aeration.htm
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Source

Health Service, Cincinnati, Ohio. January 1962.



A%’f “Desgt‘xs ;. | _M‘i.E I_tﬁﬁ__lﬁe_d:_(:&\’en{- Vﬂsflc;-h_;ﬂs

Complete rmx_ ( basis for equahowms in last [(ectore
— Pr i i s g
d:::'z:f, Aerahon +ank zf‘:ﬁﬁ:‘f
PR - e B e g
o | ?‘-E l .
- retorn Mfw.a{‘cd t,fudﬂc N

sludge | |
i e 5 o : R
B.= 3-154d , F/M= 0.7-0.6 B—L_ e ___f;ludje
lﬁj MLVSS - d

Conventional plug €low, high_rate aerahon
8.2 3-15days, FM= _0.2-04

G, = 0.,6-2 doys FIM = 1.5-2




'—/H Rotating

Joint

Air Supply /'

/

/ /—\
Rotating < ) \

N

//

Joint
10-15ft Depth

. N

\ Qir—l)—iffusers

‘\\

/

Cross section of a typical aeration tank illustrating the spiral flow pattern created by aeration along one side.

Figure by MIT OCW.

Adpated from: Viessman, W., Jr., and M. J. Hammer. Water Supply and Pollution Control. 7th ed.
Upper Saddle River, NJ: Pearson Education, Inc., 2005, p. 580.



Aeration
tank

p——

e HE
T kil

Source: Ward, Ben, 2005. Irvine Ranch Water District of California's Water Reclamation Plant. Student project for Course 1.85. May 2005.
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To see pictures of a “racetrack” extended-aeration activated sludge treatment
plant, please see Figure 12.37 in Viessman, W., Jr., and M. J. Hammer.
Water Supply and Pollution Control. 7th ed. Upper Saddle River, NJ: Pearson
Education, Inc., 2005.

An image of this type of system can be seen at: http://www.environmental-

expert.com/technology/dorr-oliver/dorr-oliver.ntm. Click on the link for EIMCO®
Carrousel® denitIR® System
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To see an image of the mechanical aerator used at an extended-aeration activated sludge treatment plant,
please see Figure 12.38 in Viessman, W., Jr., and M. J. Hammer. Water Supply and Pollution Control.
7th ed. Upper Saddle River, NJ: Pearson Education, Inc., 2005.

Images of this type of system can be seen at: http://canadawater.ca/purestream/low_speed_surface.htm



Typical Design Parameters for Commonly Used Activated-Sludge Processes?
F/M kg Volumetric Loading o,
Process Name Type of SRT,d | BOD/kg MLSS, el RfAISh/o .
Reactor MLVSS.d | IbBOD/1000 fi3.d kg BOD/m3.d mg/L ’ (LR
High-rate Aeration Plug Flow 0.5-2 1.5-2.0 75-150 12-24 200-1000 1.5-3 100-150
1000-3000> | 0.5-1°

Contact Stabilization Plug Flow | 5-10 0.2-0.6 60-75 1.0-1.3 6000-10000¢ | 9_4¢ 50-150
High-Purity Oxygen Plug Flow 1-4 0.5-1.0 80-200 1.3-32 2000-5000 1-3 25-50
Conventional Plug Flow | Plug Flow | 3-15 0.2-0.4 20-40 0.3-0.7 1000-3000 4-8 25-75f
Step Feed Plug Flow 3-15 0.2-0.4 40-60 7.0-1.0 1500-4000 3-5 25-75
Complete Mix CMAS 3-15 0.2-0.6 20-100 0.3-1.6 1500-4000 3-5 25-100F
Extended Aeration Plug Flow 20-40 0.04-0.10 5-15 0.1-0.3 2000-5000 20-30 50-150
Oxidation Ditch Plug Flow | 15-30 0.04-0.10 5-15 0.1-0.3 3000-5000 15-30 75-150
Batch Decant Batch 12-25 0.04-0.10 5-15 0.1-0.3 2000-50004 | 20-40 NA
Sequencing Batch Reactor | Batch 10-30 0.04-0.10 5-15 0.1-0.3 2000-5000d 15-40 NA
Countercurrent Actation | py 10-30 | 0.04-0.10 5-10 0.1-0.3 2000-4000 | 15-40 25-75f
System (CCAST™) ug tlow D40 A0
a = Adapted from WEF (1998); Crites & Tchobanoglous (1998).
b=MLSS & detention time in contact basin.
¢ =MLSS & detention time in stabilization basin.
d = Also used at intermediate SRTs.
¢ = Based on average flow.
f= For nitrification, rates may be increased by 25 to 50%.
NA = Not Applicable.

Figure by MIT OCW.

Adapted from: G. Tchobanoglous, F. L. Burton, and H. D. Stensel. Wastewater Engineering: Treatment and Reuse. 4th ed.
Metcalf & Eddy Inc., New York, NY: McGraw-Hill, 2003, p. 747.
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