
Wastewater Engineering
7th & 8th week Lectures

Collected BY 

Dr. Mohamed Fekry



ىمعايير المخلفات السائلة المسموح بصرفها على شبكات الصرف الصح
–رفع الكود المصرى لأسس التصميم وشروط تنفيذ محطات تنقية مياه الشرب والصرف الصحى ومحطات ال

(الصرف الصحى)أعمال المعالجة –المجلد الثانى 
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Types of treatment:

:او سيتم التخلص منها وتنقسم الىاس تعمالها يختلف نوع المعالجة بمدى جودة المياه المطلوبة وهل سيتم 

1- Primary Treatment (Physical Treatment):

ة في مياه الصرففي هذا النوع من المعالجة يكون الاعتماد الاساسى على الخصائص الطبيعية والفيزيائية للشوائب الموجود

.نوع معالجة اضافىاس تخدم بشكل اساسى في جميع أ نواع المعالجة كمرحلة أ ولى اذا وتس تخدم مثل الوزن والحجم 

2- Biological Treatment (Secondary Treatment):

عالجة ا لولية وذلك عنتعتمد طريقة المعالجة البيولوجية او الثانوية على التخلص من المواد العضوية المتبقية في الماء بعد الم

.يسهل ترسيبهامواد منتجة تتفاعل مع المواد العضوية التي  طريق البكتريا الهوائية 

ائي تعمل على ترسيبتتكون غالبا من مجموعة احواض للتهوية تسمح بنشاط البكتريا الهوائية يتبعها احواض للترسيب النه

.المواد الناتجة من تفاعلات البكتريا

3- Tertiary Treatment:

عادة اس تخدامها لتحسين خصائص المياه بدرجة يمكن تس تعمل قد احد الطرق الاضافية التي   المجالات مثل عض مرة أ خرى في با 

هذه الطرق قد تكون كيميائية او بيولوجية. الرى 
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Primary wastewater treatment: 

Purpose :

1- Remove large and big floating materials

2- Remove of 50 % of suspended solids and 30% of Organic load (BOD)

3- Remove of sand , Gravel , Silt…….

4- Remove of Oil and Grease





Flow line in primary wastewater treatment



1- Deceleration tank: (Slowdown chamber)

من غرفة التهدئة تكون اول غرفة في محطة المعالجة تعمل على تهدئة المياه القادمة
.الحجزشبكة لا تمرر العوالق من تجاوز سرعتها بحيث مواسير الصرف وتقليل 

Purpose:

Reduce the velocity of the sewage before screen to prevent escaping of removal 

matters.

Design criteria:

 T = 30 - 60 sec 

 V = 0.6 - 1.2 m/s

 L = 3 B 

 Qdes = Qmax summer

= 0.8 x P.F.F x 1.2 x Qave

Qmin = Qmim winter

= 0.8 x M.F.F x 0.7 x Qave
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2- Approach channel:

عريض كذلك تعمل على تمناسبة تنقل المياه من غرفة التهدئة الى المصافى بسرعة 
المياه للهواء لمنع التفاعلات اللاهوا ئية

Purpose:

Transmit sewage to screen with suitable velocity.

Design criteria:

 velocity = 0.6 - 1.5  m/sec

V = 1/n R2/3 S ½ n = 0.015  

 Qdes = Qmax summer

= 0.8 x P.F.F x 1.2 x Qave

Qdes = A.V   

A = b x d                b = 2d                      A = 2 d²

To get Smin assume Vmin = 0.6 m/sec
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3- Screen:

داتالمعالجة وتحمى المعتسهل عملية المصافى لحجز المواد الكبيرة الحجم مثل الورق او الخشب حتى تستخدم 
الي  تسبب مشاكل كبيرة للمعدات اذا وصلت اليهاالمخلفات الميكانيكية من هذا 

Purpose:

Removal of large floating objects such as plastic, metals, wood, paper….ext.

Manual screen

Mechanical screen











Types of screen:

With regard to spacing between bars:

 Coarse screen: spacing between bars 2.5 – 7.5 cm (5 cm).

 Fine screen:  spacing between bars 1 – 2.5 cm (2.5).

With regard to cleaning:

1- Manual screen 

2- Mechanical screen.

Design criteria:

 Net area = (2 - 3) area of approach channel 

 Ө = 45 ° - 60 °(Manual Sc.), 60° – 80 ° (Mechanical Sc.)

 Depth of screen = depth of approach channel 

 No. of screens ≥ 2 

 Dimension of bars Ф (diameter of bars) = 15 - 30 mm,  

 Horizontal velocity before screen V1 ≥ 0.6 m/s
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 Velocity through screen V2 ≤ 1.5 m/s 



Example:

For a city of average water consumption 250 l/c/d and population 400000 capita. Design the 

primary treatment units.

Solution:
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Design of approach channel:

Assume V= 1.2 m/s

Qd = A .V

A = Qd / V

= 1.75 /1.2 = 1.46 m2

A = b x d

For best hydraulic section b =2d

A = 2d x d 

1.46 = 2d2

d = 0.85 m                , b = 2 x 0.85=1.7 m

Area actual = b x d = 0.85 x 1.7 = 1.45 m2
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Design of deceleration tank:

Assume T=30 sec                          T= 5 – 60 sec

V= Qdes x T

= 1.75 x 30 = 52.5 m3

Assume L = 3 B

d = depth of approach channel = 0.85 m

V = A x d

52.5 = 0.85 x B x 3B

B = 4.53 m        , L = 13.61 m



Design of screen:

Assume:

- Net submerged area of screen = 2 x area of approach channel

- Depth of wastewater in screen (d) = depth of wastewater in approach channel. 

=  0.85 m

- Spacing between bars = 5 cm

- Width of bars = 10 mm = 1 cm

- Length of submerged screen (L) = d / sin

= 0.85 / sin 45◦ = 1.2 m 

Area of spacing = L x b

= 1.2 x 0.05 = 0.06 m2

Net submerged area = 2 x A of approach channel

= 2 x 1.45 = 2.9 m2

No. of spacing = net submerged area / area of one spacing

= 2.9 / 0.06 = 48 space

Take 2 screens

No. of spacing in each screen = 24 space

No. of bars = No. of spacing + 1

= 24 + 1 = 25 bars

Width of screen (B) = total width of spacing + total width of bars

= 24 x 0.05 + 25 x 0.01 = 1.45 m



Checks:

safesm
dBn

Q
v

A

Q
v

d

d

6.0/71.0
85.045.12

75.1
1

1











safecmcmm

g

vv
h

screenthroughlossHead

safesmsm

spacingofnospacingdn

Q
v

L

d

106.1016.0
81.92

))71.0()86.0((4.1

2

)(4.1

/5.1/86.0
2405.085.02

75.1

.

22

2

1

2

2

2
























4- Grit removal chamber







• Grit consists of:

• Gravel, sand, silt or other material having a specific gravity greater than of organic 
matter. (particle size ≥ 0.2 mm)

• purpose :

• It is a sedimentation tank , the velocity through which is so controlled to allow 
settlement of sand & silt of 0.2 mm diameter without allowing settlement of 
organic matter.

• The sedimentation tank is not used for the removal of particles ≥ 0.2 mm:

• 1- To improve the quality of sludge.

• 2- Decrease the quantity of sludge.  

• 3- Decrease the load on the sedimentation tank to decrease the construction cost.





Types of grit removal chamber:

1- Rectangular ( conventional type (horizontal flow)). 

2- Aerated grit chamber. 

3- Vortex. 

1- Conventional type (horizontal flow) grit removal chamber:

Design criteria:

1- Velocity of flow 0.25 – 0.35 m/s taken 0.3 m/sec 

2- Retention period T = 1 min 

3- Length ( L ) = 18 - 20 m 

4- Surface loading rate ≤ 1200 m³/m²/day

5- No. of grit chamber n ≥ 2

6- Depth (d) = 0.6 – 1 m.

7- width (b) = 1 - 2 d 

8- Amount of grit removed = 100 – 250 l / 1000 m³ of Qd /day.

In order to keep the velocity constant we either use:

1- Rectangular section + proportional weir.  



proportional weir:

Purpose:
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4

2

1

2

3





BH

BHQd

Keep the velocity constant at different discharge rates (Q).

H = depth of wastewater in grit chamber (d) – 0.1

B = width of water in proportional weir at height H. 

2- Parabolic section. 
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To get constant velocity the hydraulic radius must be constant at different flow rates.

The ratio of A/p remains constant in case of parabolic section at different flow rates.



Grit removal chamber



2- Aerated grit removal chamber:

Purpose:

1- Removal of oil and grease.

2- Removal of particles of size ≥ 0.2 mm.

Design criteria:

1- Velocity of flow 0.25 – 0.3 m/s

2- Helical velocity 0.1 – 0.2 m/s 

3- Retention period T = 2 - 5 min 

4- Length ( L ) = 7.5 - 20 m 

5- Surface loading rate ≤ 1000 m³/m²/day

6- No. of grit chamber n ≥ 2

7- Depth (d) = 3 – 5 m.

7- width (b)  ≤ 2 m 

8- Rate of aeration = 0.3 – 0.7m³/minute/m of chamber length (average 10 

m³/hour/ m³ of the chamber)

9- Amount of grit removed = 100 – 250 l / 1000 m³ of Qd /day.



Example:

A city of population 200000 capita and average sewage flow of 

200 l/c/d. Design conventional grit removal chamber.

Solution:
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Assume T = 1 min = 60 sec

V = Qd x T

= 0.83 x 60 = 49.68 m3

V = n x L x b x d

Horizontal velocity = 0.3 m/s

Qd = A (cross sectional area) x v
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Design of proportional weir:
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H H^0.5 B=0.0684/H^0.5

0.1 0.32 0.22

0.2 0.45 0.15

0.3 0.55 0.12

0.4 0.63 0.11

0.5 0.71 0.10

0.6 0.77 0.09

0.7 0.84 0.08

0.73 0.85 0.08







حوض الترسيب الإبتدائى



Purpose:

1- Removal of 40 - 60 % of suspended solids 

2- Removal of 25 - 35 % of B.O.D.  

3- Sediment the organic and inorganic matters to improve the properties of the sewage and 

prepare it for the biological treatment. 

Types of primary sedimentation tanks:

1- Rectangular tank.

2- Circular tank.

Factors affecting sedimentation efficiency:

1- Viscosity 

2- Concentration of suspended solids 

3- Retention period 

4- Horizontal velocity 

5- Temperature 

6- Surface loading rate = 24 - 48 m³/m²/day 

7- Dimension of tank 

8- Dead zones.









Primary sedimentation tank

(horizontal flow)



Effluent weir of rectangular sedimentation tank



Rectangular primary sedimentation tank



Primary sedimentation tank

(Radial flow)



Circular primary sedimentation tank







Design criteria: 

1- Retention period = T = 2 - 3 hrs

2- Surface loading rate (S.L.R.)  = 24 - 48 m³/m²/day 

3- Horizontal velocity ≤ 0.3 m/min 

4- Effluent weir loading (E.W.L.) ≤ 600 m³/m/day    (≤ 25 

m³/m/hr) 

5- L = 3 – 5 B

L ≤ 40 m 

6- d = 3 - 5 m 

7- B = 2 – 3 d  

8- Φ ≤ 40 m

9- Bottom slope for circular tank = 4 - 10 % 

for rectangular tank = 1 - 2 %

V = Qd x T   

S.L.R = Qd / S.A               
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Example:

For a sewage treatment plant, the following data are given:

- Qave summer = 18000 m3/d

•S.L.R = 30 m3/m2/d

It is required to design primary sedimentation tanks.

Solution:

Qd = 1.5 x 18000 = 27000 m3/d

For rectangular tank:

Assume T = 2.5 hr



m
loadingweir

Q
weirofLength

dmmloadingweirtake

unsafedmm

bn

Q
LWE

safem

dbn

Q

areationalcross

Q
V

Check

m
L

AS
b

mlengthAssume

mkoneofAS

nTake

m

AS

V
d

d

d

dd
h

5.22
6002

27000

//600

600//1200
25.112

27000

..2

min/3.0269.0
6024)1.325.112(

27000

sec
1

:

25.11
40

450.

40

450
2

900
tan.

2

1.3
900

5.2812

.

3

3

2










































2

3

900
30

2700
.

.
..

5.2812
24

5.2
27000

mAS

AS

Q
RLS

m

TQV

d

d









Circular primary sedimentation tank:
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Example:

Estimate the volume of sludge produced per 27000 m3/d if the influent S.S 300 mg/l. The removal efficiency is 60%.
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Solution:
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For circular tank:
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