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Simplest scheme

Nitrate recirculation
* Nitrites created in oxic reactor are recirculated
* Stream is intense - usually few hundred % of Q¢

Treated wastewater
* Definetely less nitrates than in aerobic only process

Anoxic- oxic reactor

Raw wastewater Prim. set.
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I sludge
L 4

* Nitrates are removed
* There should be no oxygen in this reactor

Sludge treatment

Oxic reactor

* Nitrates production in nitrification process

Sludge recirculation
* This stream also includes nitrates




Course of denitrification
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Denitrifiers in oxic reactor
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Denitrifiers are usually also
capable of aerobic processes.
They are ordinary heterotrophs

CorgtNH,+energy ->bew bacteria



Denitrification in oxic reactor

Outer layers of floc

* Oxygen is present Aerobic conditions
* Nitrification takes place * Low O, is required usually under 0.5 gO,/m?3
* Aerobic removal of Oxic reactor

organic compounds takes place
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Inner layers of floc
\ / * Oxygen is not available, anoxic conditions are present
N 4 * Denitrification takes place
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Why not this scheme?
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Mechanically treated wastewater

Role of nitrates recirculation
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Sludge

Nitrites load in this stream is too low

* Usually this stream is ca. 50-100% Q¢

* Which means that only ca. 33-50% of nitrites is recirculated
* This is not enough for efficient nitrogen removal in plant

Sec. set.

Excess
sludge
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Effluent

Sludge treatment

Aim of this recicrulation is to provide enough nitrates in anoxic reactor

Usually this stream is few hundred % Q¢

This stream recirculates most of nitrates to anoxic reactor

Thanks to that stream the required removal rate of nitrogen can be
achieved




Role of nitrates recirculation

£.,=25.6 kg N/d
N2 g Q = 2000 m¥/d

N-NO,=25.6 g N/m3
u ' ¥rno0s=51.2 kg N/d

Mechanically treated wastewater Effluent
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Q = 950 m3/d
N-NO,=25.6 g N/m3
Ernos=24.4 kg N/d

Qinf = 1000 m3/d
Ni,=60 g N/m?3
t =60 kg N/d
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Q = 1000 m3/d (100% Q)

N-NO3=25.6 g N/m3 Excess
tn03=25.6 kg N/d sludge
Q =50 m3d

Erio=10 kg N/d

51.2 kg N-N03/d leaves the reactor Froi=1.2 kg N/d
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Sludge treatment

With that stream, only half of nitrites created in oxic reactor is
recirculated
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Excess of nitrates in effluent




Role of nitrates recirculation

t.,=42 kg N/d
N2=He G Q = 2000 m3/d

N-NO,=8.4 g N/m3
u ' £r05=16.8 kg N/d

Mechanically treated wastewater Effluent

Q = 950 m¥d
N-NO,=8.4 g N/m?
£r0s=8 kg N/d

Qinf = 1000 m3/d
Ni,=60 g N/m?3
t o =60 kg N/d

Erio=10 kg N/d

tno05=8.4 kg N/d 16.8 kg N-NO./d leaves the reactor
) £r05=0.4 kg N/d
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Nitrates concentration in effluent is much lower
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Denitrifiers

Anoxic- oxic reactor

Raw wastewater

Prim. set. Sec. set.

Effluent

Bacteria
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Slowly biodegradable
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Basic data

SRT> 10 d (in AX/OX)

pH-6.0-8.0

T >8°C

0, < 0.5 g0,/m3in denitrification reactor
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Aerobic sludge retention time



Sludge retention time definition (SRT)

Aerated activated sludge reactor

Treated wastewater

econdary settler
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Data:

Activated sludge reactor — volume V, Sludge concentration X,qx
Treated wastewater — flow Qg, suspended solids concentration Xg
Excess sludge — flow Qgg, excess sludge concentration Xgg
Sludge mass in secondary settler is not included

Excess
sludge
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_ _Sludge mass in reactor, kg ss

(" V-X %)
~ ASR -
SRl Xk Suspended solids mass in treated
( QES‘XEsﬂ':gE-XE y uspended solids mass In treate
Seem o= N7 wastewater, kg ss/d
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Sludge mass in excess sludge, kg ss/d Is



Aerobic sludge retention time
definition (SRT,y)

Anoxic- oxic reactor

Sec. set.
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Data: Tecireutation !
Oxic reactor —volume Vqy, Sludge concentration X,gg | Excess
Treated wastewater — flow Q, suspended solids concentration X ] sludge

Excess sludge —flow Qgg, excess sludge concentration Xgg ¥

Sludge mass in secondary settler is not included
Sludge mass in oxic reactor, kg ss

SRT _ VOX'XASR »; d SRT = V-X ASR
0X = 5 —ar ’
QES Xps+Qp-XE' Qes Xgs+UE XE
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Aerobic sludge retention time
definition (SRT,y)

Anoxic- oxic reactor
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Effluent

1
: i ? Nitrates : :
\ l b B CTYE (N AYTOR I
1 Sludge I
e L L L L L e L L L L L Tecireutation = |
: Excess
: sludge
|
\4
— VOX ) XASR
SRTox ~ QpsXgs + Q- Xg _ Vox
SRT V- Xasr 74

Qgs * Xgs + Qg - Xg

17



Raw wastewater

Warm period

Anoxic- oxic reactor

L Nitrates :
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Warm months:

uhwbh e

Higher temperature

High nitrifiers growth rate

Aerobic sludge retention time can be lower

Oxic reactor’s volume can be lower

Better nitrogen removal due to more efficient denitrification

Sludge
recirculation

Sec. set.

Effluent

Excess
sludge
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Raw wastewater

Cold period

Anoxic- oxic reactor
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Cold months:

Lk wh e

Lower temperature

Low nitrifiers growth rate

Aerobic sludge retention time has to be higher

Oxic reactor’s volume has to be higher

Worse nitrogen removal due to less efficient denitrification

Sludge
recirculation

Sec. set.

Effluent

Excess
sludge
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Effectiveness of nitrogen compounds
removal

In good conditions:
>95% NH,

>90% NO,

Ok. 90 % Ntot
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Describe the denitrification process?

Under what conditions is denitrification possible in an oxygen chamber?
What are the substrates of the denitrification process?

What role does nitrate recirculation play?

What does nitrate removal look like when there is no nitrate recirculation?
What is the aerobic sludge retention time?

Operation of the AX system in summer and winter — differences
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