Clean Water Oxygen Transfer.
B K A ¥ B

N (kg O, /time) = K, a(C; —C)V

K. a = mass transfer coefficient it

Cs-C=driving force. 37

C=0 mg/l at std conditions #zifikzs K4 omg/l

Aerator Field Correction Factor
B IIANETE S5
a[(ﬂ JACF)(SCF)(Cy,,~C)]
(Css)(SCF)

FCF= 1.0247%

Alpha* a=Ka geq/K.a (standard)

Beta  B=Cg (ei/Cs (standara)

Theta

temperature

elevation

dissolved oxygen concentration*
diffuser submergence

VertiCel O, Transfer Efficiency

= Raw wastewater with surfactants has higher
transfer efficiency with mechanical aerators.

Turbulent Water Droplet Quiescent Air Bubble

Surfactants in suspension Surfactants act as barrier

Aeration Design Considerations
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SOTR — Standard oxygen transfer rate, kg/day
IEESEBE, kg/day

AOR - Oxygen demand in process water, kg/day
T2KINFTER, kg/day

FCF - Field correction factor

HHBERY

Alpha Depends On: P[5l = #iE Alpha

Type of aeration reactor
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= Type of aerator
= [ AL
= | gcationiin aeration system
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= \Vastewater; characteristics
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Alpha in Plug Flow System
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Location
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Aerator

Type
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Alpha in Complete Mix System
JEAER a4 Alpha

Aerator Sludge Age
Type 4 day 10 day 20 day

Fine Bubble 0.4 0.55 0.70

Mechanical 1.2

Aeration Devices 2/ 52E

= Diffused Aeration 4 plz\/EE
= \echanical Aeration 4~‘JLM@I%%
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= Combination Devices, &2

Coarse Bubble Diffuser SOTE
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(Nmdhr/diff @ 20°C )

Field Correction FactorsE Il 7#% IE & %41

Blggest factors are alpha and operating DO

i3] 5| alphafil=z i
Alpha - “low” for diffused air device (pamculanly fine bubble), “high” for
mechanlcal surfac rators.
Alpha -< [FIAIphafk (I
= End result an “efficient” mechanical aerator can approach (or exceed)

flne bubble efficiency: in the field - roughly 2.5-. 3 Ib O, /hp/hr
% Bk

Staglng reactors with lowinitial DO can provide significant energy: benefits.
(EEEe)

Aeration Devices - Diffused Air
I IR
= Diffused Aeration
= A
= Coarse Bubble
U
= Snap Caps, Wide
Band, Air Band,
Discfuser, otk

Aeration Devices — Diffused Aeration
SEEEY R

= Diffused Aeration
G EN L S
= Fine Bubble?
A%
= Ceramic and
membrane discs [

o Celamlc and
membrane tubes

= Others &
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Comparison of Three Aeration Systems

Flow: 2.16 mgd
BOD:.: 500 mg/L
NH; - N: 75 mg/L

Design Conditions:

SRT: 20 day

Carb. oxygen demand: 1.251b O,lb BODg
Nit. oxygen demand: 4.6 Ib O,/Ib NH;-N
Denit. credit: 2.3 1b O,/Ib NH;-N @ 80% denit.

Conventional BNR

Anoxic
| Denitrifying
Zone
w/o Air

I— 200-400%

50-150%

Influent Aerobic + Nitrifying Zone
+

Oxygen

AOR*: 600 Ib/hr

DO: 0/2.0 mg/L Power:
Alpha: 0.60

FCF: 0.488

SOTR: 1,230 Ib/h

Power draw comparison

Power Draw, eHP

CMAS fine Conventional
bubble BNR

//J\\

(Secondar)>> v
\ C|a|'iﬁ9f/ Effluent

230 eHP

Complete Mix Fine Bubble System

AOR: 728 Ibthr
DO: 2.0 mg/L
Alpha: 0.55

FCF: 0.447
SOTR: 1,629 Ib/hr

Power: 262 eHP

VertiCel Aeration System

Mechanical
Aerated-Anoxic Cells Fine Bubble Cells

Effluent

[1
AOR*: 600 Ib/hr
DO: 0/1.0/2.0 mg/L Power: 169 eHP
Alpha: 0.95/0.66/0.75
FCF: 1.04-0.93/0.63/0.61
SOTR: 806 Ib/hr..

Oxygen Delivery Efficiency

Ib AOR/hr/eHp
CMAS Fine Bubble 2.77

Conventional BNR 2.60

VertiCel
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Nitrogen Removal Processes [3% . 2
Modified Ludzack-Ettinger Process MLE =2,

AX =anoxic OX = aerobic SC = Clarifier
AX =i OX = #4 SC = &

Chan er and.

BIONUTRE® Process

Typical Orbal™ Process Installation
LAY Y Orbal ™ - 25 2225

Phosphorus + Nitrogen Removal Processes
Five-Stage BNR Process

[ Gl 2 —BZR AN -

AN = Anaerobic AX = anoxic OX = aerobic SC = Clarifier
AN = R, AX =8 OX =fF&| SC = ®ifi#

Change der and

Orbal BNR it Zah 2z H

Combined Mechanical/Fine Bubble Process
WA EE S T2

Mechanical

Aerated-Anoxic Cell _
erated-Anoxic LIS Fine Bubble Cells

Influent
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Vertical Loop Reactor (VLR)
AL SV A

TYPICAL VLR SECTION

Brookfield, OH
Vertical Loop Reactor (VLR) Process

VLR Rotating Disc Aeration
SL IR RV i e B

Peru, IN VLR / Cannibal Process
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Hurricane, WV Two Train VLR
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Clean Water Oxygen Transfer.
B K A ¥ B

N (kg O, /time) = K, a(C; —C)V

K. a = mass transfer coefficient it

Cs-C=driving force. 37

C=0 mg/l at std conditions #zifikzs K4 omg/l

Aerator Field Correction Factor
B IIANETE S5
a[(ﬂ JACF)(SCF)(Cy,,~C)]
(Css)(SCF)

FCF= 1.0247%

Alpha* a=Ka geq/K.a (standard)

Beta  B=Cg (ei/Cs (standara)

Theta

temperature

elevation

dissolved oxygen concentration*
diffuser submergence

VertiCel O, Transfer Efficiency

= Raw wastewater with surfactants has higher
transfer efficiency with mechanical aerators.

Turbulent Water Droplet Quiescent Air Bubble

Surfactants in suspension Surfactants act as barrier

Aeration Design Considerations
W B T R T

S e
FCF

SOTR — Standard oxygen transfer rate, kg/day
IEESEBE, kg/day

AOR - Oxygen demand in process water, kg/day
T2KINFTER, kg/day

FCF - Field correction factor

HHBERY

Alpha Depends On: P[5l = #iE Alpha

Type of aeration reactor
S S N I 2T
= Type of aerator
= [ AL
= | gcationiin aeration system
= DA F I
= \Vastewater; characteristics
S

Alpha in Plug Flow System
A2 2 401 Alpha

Location
Inlet

Aerator

Type

Fine Bubble
Coarse Bubble

Mechanical

Outlet

13



Alpha in Complete Mix System
JEAER a4 Alpha

Aerator Sludge Age
Type 4 day 10 day 20 day

Fine Bubble 0.4 0.55 0.70

Mechanical 1.2

Aeration Devices 2/ 52E

= Diffused Aeration 4 plz\/EE
= \echanical Aeration 4~‘JLM@I%%

=A

= Combination Devices, &2

Coarse Bubble Diffuser SOTE
I A R

30

= /////////

-

16.99 2548 3398 4247 50.96
(Nmdhr/diff @ 20°C )

Field Correction FactorsE Il 7#% IE & %41

Blggest factors are alpha and operating DO

i3] 5| alphafil=z i
Alpha - “low” for diffused air device (pamculanly fine bubble), “high” for
mechanlcal surfac rators.
Alpha -< [FIAIphafk (I
= End result an “efficient” mechanical aerator can approach (or exceed)

flne bubble efficiency: in the field - roughly 2.5-. 3 Ib O, /hp/hr
% Bk

Staglng reactors with lowinitial DO can provide significant energy: benefits.
(EEEe)

Aeration Devices - Diffused Air
I IR
= Diffused Aeration
= A
= Coarse Bubble
U
= Snap Caps, Wide
Band, Air Band,
Discfuser, otk

Aeration Devices — Diffused Aeration
SEEEY R

= Diffused Aeration
G EN L S
= Fine Bubble?
A%
= Ceramic and
membrane discs [

o Celamlc and
membrane tubes

= Others &




Fine Bubble lefuser SOTE Dependency on Depth . 'ilne Bugb,lf F’iﬁusef ,ASQ_T’,E;D,ep:id?,my 0{1,Diﬁrser IDET?EY 5
§’||| ¥ L‘[H —'I'L‘ hHJ‘} j{ '/\)( ,’ J—Rf) TMJ” | MEH}F U fﬁ:ih L”ﬁ'}(j{ul 1“{_1 R{J )

35

30

25

20

15

10

5

0
0 0.85 1.70.255 3.40 4.25-5.10 5.94 6.80 7.64 00 0.85 170 255 340 425 510 594 680 7.64
Air Flow (Nm3hr/diff @ 20°C )

Air Flow (Nm®hr/diff @ 20°C )
orand cha and

Aerator Clean Water Transfer

Disk Aerator %% Il S ALK

i
FManual of Practice 8

Aerator Clean Water Transfer
THIE KRS

I FH AN [) B <, 1 46 21 A SE B Y
7~

Source: WEF Manual of Prac




Comparison of Three Aeration Systems

Flow: 2.16 mgd
BOD:.: 500 mg/L
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