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| ntroduction:

As mentioned previoudy, Attached Growth is a biological treatment
process in which microorganisms responsible for conversion of organic
matter or other constituents in wastewater are attached to some inert
material such as. rocks, sand or specialy ceramic or plastic materias.
This processis aso caled fixed film process.

"Examples of Attached growth system:

M any types of this system has been devel oped:
Trickling filters( biological tower ).
Rotating biological contactors( RBC).
Packed bed reactors
Fluidized bed biofilm reactors.



Theory of attached growth treatment:
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According to the figure shown, a biomass layer(bacteria) stick
to the solid media and grow there. The liquid wastewater pass
adjacent to the biomass layer forming aliquid layer. During the
passage of the wastewater in the liquid layer and its contacts
with the biofilm layer the organic matter, ammonia and
dissolved oxygen in addition to other dissolved materials
penetrate into the biomass layer by diffusion. The biochemical
reactions such as organic matter oxidation, nitrification occur
Inside the biofilm layer. The end products such asCO,,H.,O

,andNO,” Leave the biofilm layer back to the Liquid Layer and
move out with the liquid flow to the effluent stream.



Denitrification can be achieved in attached growth system in
the lower parts of these systems where anoxic conditions
exist.

The bacteria in the biomass layer grow and some of it die .
The dead bacteria lose its sticky characteristics and its
removed from the biomass layer by the action of the moving
liquid.

The removed bacteria is then removed by sedimentation in a
final sedimentation tank.

The biochemical reaction for BOD removed nitrification and
denitrification are the same of those in the suspended growth
system.



applications of attached growth systems

A rotating biological contactors{ RBC}

| ntroduction

Rotating biologica contactors consist of a series of closealy
spaced circular disks of polyvinyl chloride (PVC) that are
submerged in wastewater and rotated through it.

The cylindrical disk are attached to a horizontal shaft and are
provided at standard unit sizes of approximately 3.5min
diameter and 7.5m in length . The surface area of disksfor a
standard unit is about 9300m? ,and 13900m* for high density
units

The RBC unit is partially submerged (typicaly 40%) in a
tank containing wastewater , and the disks rotate slowly at
about 1.0 to 1.6 revolutions per minute.

Asthe RBC disks rotate out of the wastewater , aeration is
accomplished by exposure to the atmosphere .






RBC process design considerations:-

The following are the main design parameters needed to design the RBC
System :-

1. Staging of the RBC units

2. Organic loading rate

3. Hydraulic loading rate

RBC staging:-

The RBC process application typically consists of a
number of units operated in series.

For this purpose , RPC is divided into stages. Number of
stages depends on the treatment goals . For BOD

removal “ 2  to “ 4” stages are needed ,and “ 6 or more
stages for nitrification .



NOTE : the number of shaftsin each stage depends on the treatment
efficiency reqw red .

I nfluent
—_

The separation between stages is accomplished by using
bafflesin asingletank or by aseries of separate tanks.
As the wastewater flow through the system , each
subsequent stage receives an influent with alower
organic matter concentration than the previous stage.
The RBC units may be arranged parallel or normal to the
direction of wastewater flow.
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Organic loading r ate:

The organic loading rate for RBC in typically in the range 4-10 g(BOD)

soluble

m? - d

for BOD removal only. If both BOD removal and nitrification,

g(BOD )

m? - d
Nitrifying bacteria can not develop in RBC until(BODs) drops to less than
15mglL. The maximum nitrogen surface removal rate that has been

observed to be about 1.5 gng r
m .

therangeis 2.5-4

(BOD)
m* - d

The maximum 1% stage organic loading is 12-15
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Hydraulic loading rate:

The typical hydraulic loading rate of 0.08-0.16 m®/m? for BOD,
removal and 0.03-0.08 m* /m? for both BOD, removal and nitrification.
The hydraulic detentiontime (g )is0.7-1.5hrsfor BOD, removal and
1.5-4hrs for both BOD, removal and nitrification. The volume of RBC

tank has been optimized at 0.0049m> / m* for one shaft of 9300 m-.
A tank volume of 45 m’ is needed. Based on this volume and a hydraulic

loading rate of 0.08m°>/m*.d the detention timeis 1.44hrs. Atypical side
wall depth is 1.5m to achieve 40% submergence.
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Typical treatment plan configuration:
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Design equation of RBC:

Thefollowing empirical equation developed by Optaken( US EPA,1985):

- 1+ \/1+ 0.039(5)3,_1
S, = R

n

A
0.0195(—>
( o )

Where S, = soluble BOD, concentration in stage(n), (mg/L)
A= disk surface area on stage(n), m’
Q=flow rate, m*/d
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Example 1:

Design arotating biological contractor to treat an influent soluble BOD, of

90 mg BOD,/L.

The flow(Q)= 4000 m°/d
Solution:

Assume 1% stage ( BOD,.) organic loading= 15¢g/ m*.d
BOD, (loading)= ( BOD;) concentration * Q.
m®> 10°L g
d m 10°mg

- 90% . 4000 - 360,000%

3600009/, |
Disk area= = 24000 (first area stage)

S

shaft

240007
N= @6 say3shdts

m
9300 Ah it
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Calculate S, the BOD concentration after the first stage:

-1+ \/1+ 0.039(%5)3,_1

0.0195(A7Q)

For thefirst stagen=1, S.=S; S\.1=S
3
So=90 mg/L, As-3" 9300=27900 m?,Q =4000 mA
2
A _ 21900M ¢ cq
Q 4000m’/d m

- 1++/1+0.039- 6.98- 90

0.0195- 6.98
So we need one more stage.

= 29759 5 14
L L
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Add another stage and calculate S;:
Assume two shafts in the second stage:

As=2" 9300m? =18600m"
A, 18600 _, .m

Q 4000  d
S=S, $11=5-1=51=29.75mg/L
- 1+4/1+0.039- 4.65- 29.75

0.0195- 4.65
S0 we need one more stage.

-16.86"9 >14™M9
L L

Add another stage and calculate S;:
Assume one shaft in the third stage:

As=1" 9300m* =9300 m*

As 9300 m? d

=2.33—

Q

3

4000 m
d
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Follow Example 1:

S=S3,501=53.1=5,=16.86mg/ L
- 1++4/1+0.039- 2.33- 16.86

Mg Mg
3—<14— OK
> 0.0195- 2.33 @ L L
S0 three stages are enough.
Check for the hydraulic loading:
HLR= Q

total number of shafts- Areaof each shaft
Nqsts=3+2+1= 6 shafts

3
4000 - ;

HLR=——9 =072~
6" 9300 m - d

little bit lower than the range.

typical range(0.08-0.16), whichisa
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|s nitrification possible in any of the three stages?:

*Nitrification is only possible when soluble BOD, |oading is less than

BOD
10
Y d
: BOD
1% stage= 40000 908 . 1 =999 9D 15,
d ~ m® 3-9300 m - d
nitrification)
3 BOD
2 gage= 4000™ . 2075 L. T =490
d m® 2-9300  m?-d
(nitrification occurs)
3
39 stage= 4000 ™ - 1686 2 . = = 7.5 9590s
d m> 1. 9300 m* - d

(nitrification occurs)
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*Rate of nitrification isrelated to the soluble BOD, loading by the
following equation:

g N

r, =1.5[1- 0.1(BOD
, =151- 0.(BOD,)| —o—

nd gN
* Sofor 2" stage— r, =1.5[1- 0.1- 6.4/ =054 — -

m:- -
* Andfor 3¢stage> r, = 1.5[1- 0.1 7.25| = 0413  —3 Nd
m .

*|f the ammonia concentration in the influent to the 2™ stage is 30
mgN/L, find the effluent ammonia concentration.
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r =054 9 N for 2 stage

m* - d
Nitrogen removal = 054 —2 Nd . (2 9300m?) :10044%
m .
Concentration = 00449 d _ = > 51 M9
d  4000m L

So— N, = 30- 2.51 @27.5%

5 1h=0.413 2 N for 3 stage,
m- - d

Nitrogen remova = 0.413 gNd " (1- 9300mM°) = 3841%
m .
Concentration = 3841g - d 5 = 0.96m
d 00m L

S0— N3 =27.5 mgfl\l - 0.96 @ZQS%N
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If complete nitrification is needed a separate nitrification stage should be added

after these stages.

A =9300m?
A =9300m?
Q,,, = 4000 m3d Shaft 1 > —>
— R R
So=90mg/L | - Shaft1 =
N = 30 mgN/L Shaft 2
. —
— " Shaft2
Shaft 3

Proposed design

Note: each shaft has a tank volume of 45ms3.

_S,=13mg BOD, /L

Shaft 1

"N_=26.50 mg N/L
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