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23

3
BOD 30

SS 100
40

2

еугуЧгЮϜ ϸϜϽТцϜ ЭϮϒ ев)  сТ  ϽϧЮ

 ануЮϜ( 

 иϝугЮ ϭϧзгЮϜ АϝЇзЮϜ Инж

РϽЋЮϜ 

ϣϧЦϕв ϣвϝЦϖ ϣгϚϜϸ ϣвϝЦϖ 

378 1135 - 2270 сТϝЇв 

132 378  ϤϝВϝЇзЮϜ сЦϝϠ 

3

 еугуЧгЮϜ ϸϜϽТцϜ ЭϮϒ ев
 

 ϽуО ϸϜϽТϒ

 еугуЧв

  аϜϽО

  ЉϷЇЯЮ

 ϣтϼмϸ сТ

8ϤϝКϝЂ  

 ϸϜϽТϒ

 еугуЧв

 аϜϽО

 ЉϷЇЮ

 сТ24 

 ϣКϝЂ 

 ϨнЯгЮϜ ϽЋзЛЮϜ

45 90  ϣЧЯЛгЮϜ ϣϡЯЋЮϜ ϸϜнгЮϜSS 

45 90   сзуϯЃЪцϜ ϬϝуϧϲшϜBOD  

22 40 анϳЇЮϜ м ϤнтϿЮϜ 

http://www.env-gro.com/
http://www.env-gro.com/
http://www.env-gro.com/


сϳЋЮϜ РϽЋЮϜ иϝув ϣϯЮϝЛв ϤϝГϳв                                                                                                    ϸ.ϢϼϝЛϮ ϣгВϝТ 

                            êŊâŊèĵã ïäªŎĵ êŊĉĀľ¼ã êġńĺSãπ 11-      www.env-gro.com                               

( 

DWF )

150220
( DWF )

75
220

12
28

( 3DWF )

( 3- 6 DWF )

(6 DWF )

http://www.env-gro.com/
http://www.env-gro.com/
http://www.env-gro.com/


сϳЋЮϜ РϽЋЮϜ иϝув ϣϯЮϝЛв ϤϝГϳв                                                                                                    ϸ.ϢϼϝЛϮ ϣгВϝТ 

                            êŊâŊèĵã ïäªŎĵ êŊĉĀľ¼ã êġńĺSãπ 12-      www.env-gro.com                               

2

1

( 60 -80% ) 

( 20 -40 % )

1.75x 

( 40%) 

http://www.env-gro.com/
http://www.env-gro.com/
http://www.env-gro.com/


сϳЋЮϜ РϽЋЮϜ иϝув ϣϯЮϝЛв ϤϝГϳв                                                                                                    ϸ.ϢϼϝЛϮ ϣгВϝТ 

                            êŊâŊèĵã ïäªŎĵ êŊĉĀľ¼ã êġńĺSãπ 13-      www.env-gro.com                               

 

  

  

  

  

  

  

  

  

- 

-  

-  

o  

o  

o  

- 

http://www.env-gro.com/
http://www.env-gro.com/
http://www.env-gro.com/


сϳЋЮϜ РϽЋЮϜ иϝув ϣϯЮϝЛв ϤϝГϳв                                                                                                    ϸ.ϢϼϝЛϮ ϣгВϝТ 

                            êŊâŊèĵã ïäªŎĵ êŊĉĀľ¼ã êġńĺSãπ 14-      www.env-gro.com                               

- 

 

http://www.env-gro.com/
http://www.env-gro.com/
http://www.env-gro.com/


сϳЋЮϜ РϽЋЮϜ иϝув ϣϯЮϝЛв ϤϝГϳв                                                                                                    ϸ.ϢϼϝЛϮ ϣгВϝТ 

                            êŊâŊèĵã ïäªŎĵ êŊĉĀľ¼ã êġńĺSãπ 15-      www.env-gro.com                               

 

 ĨĝÄÒĕÃ ĔòĊĕÃ

 ÊĩàĪĢĚÎĕÃ ÊřÄĂŜÃ
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grit

  

 Straining  

 screening

/rags

 Classification of screens 

 

  rakesbar 

mesh 

 manually-raked

mechanically-rakedwater-jet 

  

screening and maceration
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Rakes and bar screens  

 10 mm 

  ï 10 mm 20
 60 - 20 mm
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 2.5-5 cm

45 ï 60 
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mild steel

  

0.6 m/s 1m/s

1.2 

 

 

0.3 ï 0.4 m/s

50%
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 0.6 

1 m/s 

f

f =  w/( w +b)

b w

0.6 m 1.2 m 

 ϣуУЋϧЮϜ Ϣ̭ϝУЪ  дϝϡЏЧЮϜ еуϠ ϤϝϳϧУЮϜ бϯϲ)  бв(  ϢϝУЋгЮϜ дϝϡЏЦ ϽГЦ) бв( 

0.806 25 6 

0.757 25 8 

0.714 25 10 

0.675 25 12 

0.641 25 14 

f

 ϣуУЋϧЮϜ Ϣ̭ϝУЪ  дϝϡЏЧЮϜ еуϠ ϤϝϳϧУЮϜ бϯϲ)  бв(  ϢϝУЋгЮϜ дϝϡЏЦ ϽГЦ) бв( 

0.800 25.4 6 

0.768 25.4 7.8 

0.728 25.4 9.5 

0.696 25.4 11 

0.667 25.4 12.7 
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:h (m)

:ɓ 2.4
:w 

:Va (m/s)

:g (m/s2 )

:ɗ 30
b
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Grit chambers 

Grit "scraper"

auger

 

0.2 mm

0.2 mm

 

 

 

 

 

0.3m/s

http://www.env-gro.com/
http://www.env-gro.com/
http://www.env-gro.com/


сϳЋЮϜ РϽЋЮϜ иϝув ϣϯЮϝЛв ϤϝГϳв                                                                                                    ϸ.ϢϼϝЛϮ ϣгВϝТ 

                            êŊâŊèĵã ïäªŎĵ êŊĉĀľ¼ã êġńĺSãπ 24-      www.env-gro.com                               

( 0.35 ï 0.25 ) 

0.2mm

  

Flumesweirs 

Flumes
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Qf = C b h 
3/2

Qf

b 

h 

C 

Qg = A x Vf 

:Qg  

A 

V f 

 

Qf = Qg

C b h 
3/2

 = A x V f                         ( 1 ) 
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h = a w
2 

 

A= 2/3 h w 

 

 W = ã h/a  

A = 2/3 h h 
1/2

 /ãa 

 

A = 2/3  h 
3/2

 /ãa              ( 2 ) 

 

21

V f = 3/2 C b ãa              ( 3 )  

 

3

( h = a w
2

w = ãh/ ãa 

 

ãa  = ãh/w     ( 4 ) 

 

 Vf = 3/2 C b ãh/w 

 

w = 1.5 C b ãh/ Vf 

 

w = 1.5 ( A/h ) 

A

Hmax / Vs = L/Vf          ( 5 ) 

Vf = 0.3 m/s 
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Vs 0.2mmþ= 2.55 gr/cm
3

Vs = 0.02 m/s

5
L = 15 hmax 

1.2 ï 1.5 L > 18 hmax

 0.3m/s

 20 sec
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by-pass

by-pass

 Washing Grit

( 7 ï 30 l /1000m
3
)

50 ï 60%
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 ÐĕÄÒĕÃ ĔòĊĕÃ
 ÊĪÁÃàÎÇıÃ ÊřÄĂŜÃ
Primary treatment 

septic tanks
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 ÆĪéņĕÃ ÊĪĖĚā 

Sedimentation 

Clarification

Thickening

sludge

scum

 

50 ï 70% 

25 ï 40 %  BOD 

 

 

 

 

  

 

 Classification of settling behavior 

http://www.env-gro.com/
http://www.env-gro.com/
http://www.env-gro.com/


сϳЋЮϜ РϽЋЮϜ иϝув ϣϯЮϝЛв ϤϝГϳв                                                                                                    ϸ.ϢϼϝЛϮ ϣгВϝТ 

                            êŊâŊèĵã ïäªŎĵ êŊĉĀľ¼ã êġńĺSãπ 33-      www.env-gro.com                               

 

 ϟуЂϽϧЯЮ ϣвϝЛЮϜ ϤϝУузЋϧЮϜ
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                                                                                             ( 5 ) 

 

 

 
                                                                                             ( 6 ) 

 

ApVp 

                                 ( 7 )

 

 

 Re < 1 

 
                                 ( 8 )

CD , Ap , Vp  6 , 7  
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A

B VhVs

to

to

to

to =  

H

Vp
  =   L/vs 

 

 дϒ ϝгϠ еЫЮ мVs = Q/WH дϗТ Vs = Q/WL ϩуϲ  Q  м дϝтϽϯЮϜ ЬϹЛв нк L  м W м H ЌнϳЮϜ ϸϝЛϠϒ ск 

  ск ЌнϳЮϜ ϣϲϝЃв дϒ ϝгϠ м ̪ ЭуГϧЃгЮϜWL  днЫт ϝкϹзК 

 

Vs = Q/A 

 

 сϧЮϜ ϣϛтϿϯЮϜ ск сЮϝϫгЮϜ ϟуЂϽϧЮϜ Ќнϲ сТ ϝлϧЮϜϾϖ бϧт дϒ ЙЦнϧт ϣϡЂϽϧв ϣϛтϿϮ ϓГϠϒ дϒ оϽж ϣЧϠϝЃЮϜ ϣЦыЛЮϜ ев

 сϳГЃЮϜ ЭугϳϧЮϜ ЬϹЛв рмϝЃϦ ϝлϡуЂϽϦ ϣКϽЂQ/A ϟуЂϽϦ Ќнϲ  рϒ ̭Ϝϸϒ бЫϳт сЂϝЂϒ ЭвϝК нк м  .

. ϟуЂϽϧЮϜ Ϣ̭ϝУЪ пЯК ЌнϳЮϜ ХгК ϽϪϕт ̪ ЌнϳЮϜ ХгК еК ϣЯЧϧЃв ϟуЂϽϧЮϜ Ϣ̭ϝУЪ дϒ ϝ̯Џтϒ сзЛϦ иыКϒ ϣЮϸϝЛгЮϜ

 ϣϡЂϽϧгЮϜ ϤϝϛтϿϯЮϜ ХуЯЛϦ ϢϸнК сТ ϹКϝЃϦ ϣϮϼϹЮ ϢϽуϡЪ сЧТцϜ ЬϝЧϧжшϜ ϣКϽЂ днЫϦ ϝвϹзК ̮ ϢϹϲϜм ϣЮϝϲ сТ .

 ϣЦыЛЮϜ дϒ еуϡϧт ϹКϝЋЮϜ дϝтϽϯЮϜ мϺ ЌнϳЮϜ м рϽϚϜϹЮϜ ϟуЂϽϧЮϜ Ќнϲ сТ дϝтϽϯЯЮ  ϣлϠϝЇгЮϜ ЭуЮϝϳϧЮϜ евVs = 

Q/A, ϝ̯Џтϒ ϣϳуϳЊ  . 

 ϟуЂϽϦ ϣКϽЂ ϥжϝЪ ϜϺϖ ЌнϳЮϜ сТ пЧϡϧЮ ̭ϝгЮϜ ев ЬϜϿϦ ϤϝϛтϿϯЮϜ дϒ мϹϡт ϹКϝЋЮϜ дϝтϽϯЮϜ мϺ ЌнϳЮϜ сТ

 пЯК ϝ̯внЃЧв ХТϹϧЮϜ ϣгЃЧϠ ϣтϽПЊцϜ ϸнЛЋЮϜ ϣКϽЂ пГЛϦ ϣЮϝϳЮϜ иϻк сТ ̪̭ϝгЮϜ ϸнЛЊ ϣКϽЂ еК ϹтϿϦ  ϣϛтϿϯЮϜ

 ϣЦыЛЮϜ еК ϽϡЛϦ ск м ЌнϳЮϜ ЙГЧв ϣϲϝЃв

Vs = Q/A 

 

. . 
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2II

 Sedimentation Class II - settlement of flocculent particles in dilute suspension 
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III

Sedimentation Class III - hindered settling and zone settling  

zone settling

batch-settling column test

III

(vsz)
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C

VC

Vc = vP( 1-c )
 n

 

n d/D

D dn = 4.65 

 

Vc = vP( 1- kc` )
 n

 

 буЦ ϸϹϳϦk  м  n  ϝ̯уϡтϽϯϦ 
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IV

Sedimentation Class IV - compression settling (compaction) 

Q/A

Q/AVp

IIHt 

1.7 ï  2.5 

II

III

Q/A

QQ/A

http://www.env-gro.com/
http://www.env-gro.com/
http://www.env-gro.com/


сϳЋЮϜ РϽЋЮϜ иϝув ϣϯЮϝЛв ϤϝГϳв                                                                                                    ϸ.ϢϼϝЛϮ ϣгВϝТ 

                            êŊâŊèĵã ïäªŎĵ êŊĉĀľ¼ã êġńĺSãπ 47-      www.env-gro.com                               

Qm
3
/hrAm

2
Vp (m/h) Vp = 

Q/At = Ah/QH(m)

Vh

Vh =  

Q

WH  

 

  ϩуϲW ЌнϳЮϜ ЌϽК ск (m) мϒ  

Vh =  

L

t , 

Q/Lw

300 m
3
/m.d
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1
2

3
4
5

6

¶ 

¶ 

¶ 

¶ 

IH

H

to =  

H

Vp
 

 пЮϖ ЌнϳЮϜ ХгК буЃЧϦ дϗТn  ϨнЫгЮϜ евϾ ЭЯЧт ЭϳЎ Ќнϲ  n

n5º

60º
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VuSin2ɗ = 1 

L = 10 cms = 5 cm

Vu = 11 Vp

ɗ = 90º

Sin2ɗ = 0

Vu = Vp
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Design Flowrate...  
Q = (A) (Vsc)  

Where ; Q : flowrate (m3 / s), A : area of basin (= width x length, m2) and Vsc : 
critical settling velocity (the velocity of particles which just settle in the basin (m / 

s).  
Design Process Based on Discrete Settling...  

To be conservative, size the settling basin for smallest particle to be removed : 
Q = (A) (Vc); where Q : flowrate and A = surface area of basin. Note that size is 
independent of the depth of the reactor, so stacked shallow systems are most 
efficient (but plate and tube settlers often clog). Flocculant Settling (Type - II) : 

need to determine settling characteristics in a settling column with height = 
height of tank. Hindered (Type - III) and Compression (Type - IV) settling : need 
to consider areas required for clarification, thickening, and sludge withdrawal. 

Thickening requirements usually predominate, and graphical techniques can be 
used to estimate the area.  

"Longidutal Section of a Circular Sedimentation Tank"...  
 

Settling Basin Design...  

For any clay-sized or larger particle in suspension in a fluid, the settling rate is a 
function of the gravitational force (downward) and the frictional resistance 
(opposite). Because the mass of a particle increases with the cube of the radius, 
but drag surface area only increases with the square of the radius, larger 
particles settle more quickly than small particles. Very small particles (such as 
the colloidal particles in milk), can be kept in solution indefinately by static 
charges and brownian motion, so settling basins are ineffective at removing 
these particles. The essence of the design process is to determine a specific 
residence time, dependent on a particle size goal. The sediment removal will 
include all particles with a velocity > Vc, plus that fraction of the slower (smaller) 
particles that enter low enough in the column to also settle to the sludge layer 
before passing out of the basin.  
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In order to theoretically calculate the critical velocity of the smallest consistently 

removed particle using Stoke's law (for small Reynolds numbers), we must 
know the particle density, fluid viscosity, and the drag coefficient. In practice, a 
settling column experiment is often used to determine the settling velocity of the 

different fractions of a suspension, along with the mass of sediment in each 
fraction.  

 
 

For a given Vc, the fraction removed ;  

 

 

 
With data on Vp for a range of fractions dx, we can rewrite the integral as a sum 

;  

 
and thus integrate manually.  

The settling basin is sized for smallest particle to be removed, using the 
following equation ; Q = (A) (Vc). Where ; Q : flowrate, A : surface area of basin, 
and Vc : is the terminal settling velocity of the smallest particle for which settling 
is desired. Note that the size of the basin required is a function of area but not 

depth, so shallow systems are most efficient (and are therefore sometime 
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stacked in municipal and industrial applications). In practice, we must adjust the 
resulting Q / A ( = Vc) for the effects of inlet and outlet turbulence, non-uniform 
fluid flow, and sludge storage. Most settling basins are designed to achieve a 5 
to 10 minute residence time, which should settle 50 to 75% of the solids from 

open feedlot runoff. At 6 minutes residence time, the nominal size of the 
smallest consistently separated particule is 35 microns, with a calculated 

terminal velocity Vc of 0.84 cm / s.  

 
 

 
 
 

Design Example...  
Given : 

 (1) two rectangular primary clarifiers ;  
(2) dimensions : 40 ft x 12 ft x 7 ft deep ;  
(3) effluent weir length = 45 ft ;  
(4) Q = 387,000 gpd. 
 
Required :  
(1) overflow rate ;  
(2) weir loading ; 
 (3) detention time ;  
(4) estimated BOD removal.  

 
Solution :  
Flow per clarifier : 387,000 gpd / 2 = 193,500 gpd 
Overflow rate : 193,500 gpd / [ (40 ft) (12 ft) ] = 403 gpd / ft2 
Weir loading : 193,500 gpd / 45 ft = 4,300 gpd / ft 
Detention time : [ (40 ft) (12 ft) (7 ft) ] / 193,500 gpd = 3.1 hr 
Estimated BOD removal : 35 % (typical range is 30 % - 40 %)  
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clarifier
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BOD = 200 mg/l BOD = 140 

mg/l BOD

BOD = 200 mg/l

BOD = 140 mg/l

BOD

BODBOD100BOD

200140100200
0.3100

30BOD

 

95% to 99% 

40% to 60% 

10% to 15% 

20% to 50% 

25% to 75% 

 

PH PH6.5
8.0
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 Ęöġ óĤÙ ģ ÆĪéäÍ óĤÙ Ĝę ÊÈđäę ËÃàÙģ
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Á ( 1.0 ï 2.0 hr )

 

Á ( 25-50 m
3
/m

2
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Á ( 400 - 800 m
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Á ( 45% - 35 % ) 

Á BOD( 25% - 35 % ) 

Á 3
1.8 

Á 45 

Á 1.4
1
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Á 

 

Á  

Á  
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                                          ĀÇÃäĕÃ ĔòĊĕÃ    

 ÊĩĤĝÄÒĕÃ ÊřÄĂŜÃ 
SECONDARY TREATMENT 

 ) 1 (    ϣϯЮϝЛгЮϜ еК ϣЮмϕЃгЮϜ ϣЧуЦϹЮϜ ̭ϝуϲцϜ

 )2 (   ϝтϽϧЫϡЮϜ ЁУзϧЮ аϾыЮϜ еуϯЃЪцϜ ϸϜϹвш ϼϹЋв

 )3 (  ϝтϽϧЫϡЯЮ ̭ϜϻО ϽϡϧЛϦ сϧЮϜ м ϣтнЏЛЮϜ ϢϸϝгЮϜ пЯК ϣтмϝϳЮϜ РϽЋЮϜ иϝув

 )4 ( еуϯЃЪцϜ м ϣтнЏЛЮϜ ϢϸϝгЮϜ м ϝтϽϧЫϡЮϜ ЀϝгϧЮ ϽϡЪϒ ЈϽТ евϕт ϬϿв. 

¶ ϣЧуЦϸ ̭ϝуϲϒ ск ϣуϳЮϜ ϢϓгϳЮϜ .

¶  ϣуϮнЮнуϠ ϤϝуЯгК ск ϣуϳЮϜ ϢϓгϳЮϜ сТ ϿϯзϦ сϧЮϜ ϤϝуЯгЛЮϜ

¶ ϣЧуЦϹЮϜ ̭ϝуϲцϜ нгзЮ ϹуϯЮϜ БϡЏЮϜ Ьы϶ ев бϧт ϣтнЏЛЮϜ ϣϯЮϝЛгЮϜ ϤϝуЯгЛϠ ϹуϯЮϜ бЫϳϧЮϜ 

Bacteria

¶ 95
¶ 

The Role of Enzymes 
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F:M (Food to Microorganism ratio)

BOD

COD

VSS

(F/M ratio).

The Use of Oxygen

OURO2/hMLSS

(F/M 

(F/M 

F/M

 The Formation of Floc

slime
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Dissolved Oxygen 

   0.1-0.3 mg/L

2 mg/L

2 mg/L

The Effects of Mixing 

PHThe Effects of pH

PH

PH77.5

The Effects of Temperature

The Effects of Nutrients

(C)BOD(N)(P) 

BOD:N:P15001
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slime

BOD

Protozoa & Rotifers  

 Amoebae FlagellatesCiliatesFree-

swimmingCrawlingStalked

¶  Amoebae 
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 ϤϝуВнЃЮϜ Flagellates 

 

¶ Ciliates
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Rotifers

 

Mucous

Growth Characteristics

¶ flagella

 

¶ 

¶ 

¶ 

 

¶ slime
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F / M

ɗc = [ X ]t / [æX]t      ( days ) 

[ X ]t

[æX]t

O2

Fixed Film Processes Suspended Growth Processes 
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Fixed Film Processes

 

)̹( Trickling filter,   ϣуϮнЮнуϡЮϜ ϤϝϳІϽгЮϜ мϒ Biofilters 

)̺(  

 Lagoons 

a Waste stabilization ponds 

b Aerated Lagoons

 Conventional (tapered aeration) 

 

a Step aeration,  

b 

c 

d  

e 
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