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 الفصل الأًل
مياه الصرف الصحي 
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 BOD 

BOD = ( X + YZ )/ ( Z + 1 ) 
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23

3
BOD 30

SS 100
40

2

نخش  فٙ  )يٍ أصم الأفشاد انًمًٍٛٛ

 (انٕٛو 

َٕع انُشبط انًُخش نًٛبِ 

 انظشف

 إلبيت دائًت إلبيت يؤلخت

 يشبفٙ 2270 - 1135 378

 ببلٙ انُشبطبث  378 132

3

يٍ أصم الأفشاد انًمًٍٛٛ 
 

أفشاد غٛش 

يمًٍٛٛ 

غشاو  

نهشخض  

فٙ دٔسٚت 

  عبعبث8

أفشاد 

يمًٍٛٛ 

غشاو 

نشخض 

 24فٙ 

 عبعت 

انعُظش انًهٕد 

 SSانًٕاد انظهبت انًعهمت  90 45

  BODالإحخٛبس الأكغضُٛٙ   90 45

 انضٕٚث ٔ انشحٕو 40 22
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الفصل الثاني 

الدعالجت التمييذيت 
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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 

  – 10 mm 20
 60 - 20 mm
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2 – 15 cm

 2.5-5 cm

45 – 60 
o
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mild steel

  

0.6 m/s 1m/s

1.2 

 

 

0.3 – 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 

 (يى )لطش لضببٌ انًظفبة  (يى  )حضى انفخحبث بٍٛ انمضببٌ  كفبءة انخظفٛت 

0.806 25 6 

0.757 25 8 

0.714 25 10 

0.675 25 12 

0.641 25 14 

f

 (يى )لطش لضببٌ انًظفبة  (يى  )حضى انفخحبث بٍٛ انمضببٌ  كفبءة انخظفٛت 

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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 sin
2

23
4

g

V

b

w
h

a











:h (m)

:β 2.4
:w 

:Va (m/s)

:g (m/s2 )

:θ 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/


 فبطًت صعبسة.د                                                                                                    يحطبث يعبنضت يٛبِ انظشف انظحٙ

                               www.env-gro.com      -24 -المجموعة الهندسية للأبحبث البيئية                            

( 0.35 – 0.25 ) 

0.2mm

  

Flumesweirs 

Flumes
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Q = A x V 

Q 

A 

V 
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Qf = C b h 
3/2

Qf

b 

h 

C 

Qg = A x Vf 

:Qg  

A 

Vf 

 

Qf = Qg

C b h 
3/2

 = A x Vf                         ( 1 ) 
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h = a w
2 

 

A= 2/3 h w 

 

 W = √ h/a  

A = 2/3 h h 
1/2

 /√a 

 

A = 2/3  h 
3/2

 /√a              ( 2 ) 

 

21

Vf = 3/2 C b √a              ( 3 )  

 

3

( h = a w
2

w = √h/ √a 

 

√a  = √h/w     ( 4 ) 

 

 Vf = 3/2 C b √h/w 

 

w = 1.5 C b √h/ 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 – 1.5 L > 18 hmax

 0.3m/s

 20 sec
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by-pass

by-pass

 Washing Grit

( 7 – 30 l /1000m
3
)

50 – 60%
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الفصل الثالث 
الدعالجت الابتذائيت 

Primary treatment 

septic tanks
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 عمليت الترصيب 

Sedimentation 

Clarification

Thickening

sludge

scum

 

50 – 70% 

25 – 40 %  BOD 

 

 

 

 

  

 

 Classification of settling behavior 
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التصنيفات العامة للترسيب 

1I

2II

BOD

3III

 

I 
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d pρ

w 

Fg

Fb

Fd

Vp

g

                                                                                             ( 1 ) 
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                                                                                             ( 2 ) 

 

CD  

 Ap

Vs

 

 

m

v

 

Fd

                           
                                                                                             ( 4 ) 

Fg - FbFd124
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                                                                                             ( 5 ) 

 

 

 
                                                                                             ( 6 ) 

 

ApVp 

                                 ( 7 )

 

 

 Re < 1 

 
                                 ( 8 )

CD , Ap , Vp  6 , 7  

 
                                 ( 9 )
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µ

Vs

Vsi / Vs

1

  

1
2

3
4
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A

B VhVs

to

to

to

to =  

H

Vp
  =   L/vs 

 

 ْٙ أبعبد انحٕع L  ٔ W ٔ H ْٕ يعذل انضشٚبٌ ٔ  Q  حٛذ Vs = Q/WL فئٌ Vs = Q/WHٔ نكٍ بًب أٌ 

 عُذْب ٚكٌٕ  WLانًغخطٛم ، ٔ بًب أٌ يغبحت انحٕع ْٙ  

 

Vs = Q/A 

 

يٍ انعلالت انغببمت َشٖ أٌ أبطأ صضٚئت يخشعبت ٚخٕلع أٌ ٚخى إصانخٓب فٙ حٕع انخشعٛب انًزبنٙ ْٙ انضضٚئت انخٙ 

.  ٔ ْٕ عبيم أعبعٙ ٚحكى أداء أ٘  حٕع حشعٛب Q/Aعشعت حشعٛبٓب حغبٔ٘ يعذل انخحًٛم انغطحٙ 

انًعبدنت أعلاِ حعُٙ أٚضبً أٌ كفبءة انخشعٛب يغخمهت عٍ عًك انحٕع ، ٚؤرش عًك انحٕع عهٗ كفبءة انخشعٛب .

. فٙ حبنت ٔاحذة ـ عُذيب حكٌٕ عشعت الإَخمبل الأفمٙ كبٛشة نذسصت حغبعذ فٙ عٕدة حعهٛك انضضٚئبث انًخشعبت 

 = Vsيٍ انخحبنٛم انًشببٓت  نهضشٚبٌ فٙ حٕع انخشعٛب انذائش٘ ٔ انحٕع رٔ انضشٚبٌ انظبعذ ٚخبٍٛ أٌ انعلالت 

Q/A, ًطحٛحت أٚضب  . 

فٙ انحٕع رٔ انضشٚبٌ انظبعذ ٚبذٔ أٌ انضضٚئبث حضال يٍ انًبء نخبمٗ فٙ انحٕع إرا كبَج عشعت حشعٛب 

انضضٚئت  حضٚذ عٍ عشعت طعٕد انًبء، فٙ ْزِ انحبنت حعطٗ عشعت انظعٕد الأطغشٚت بمغًت انخذفك يمغٕيبً عهٗ 

يغبحت يمطع انحٕع ٔ ْٙ حعبش عٍ انعلالت 

Vs = Q/A 

 

. . 
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 حعشٚف انخشعٛب انًزبنٙ فٙ أحٕاع حشعٛب انًغخطٛهت  (      )انشكم 
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 حعشٚف انخشعٛب انًزبنٙ فٙ أحٕاع حشعٛب انذائشٚت لطشٚت انحشكت (      )انشكم 
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 حعشٚف انخشعٛب انًزبنٙ فٙ أحٕاع حشعٛب انذائشٚت رٔ انحشكت انظبعذة  (      )انشكم 

 

 

2II

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

 3m 

 

 0.5 m  
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Rti,hti h

Xomg/l 

Xti,hti hmg/l 

 

 
 

3m– 6m
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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

 

 حضشٚبٛبً  k  ٔ  nححذد لٛى 
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IV

Sedimentation Class IV - compression settling (compaction) 

Q/A

Q/AVp

IIHt 

1.7 –  2.5 

II

III

Q/A

QQ/A
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Qm
3
/hrAm

2
Vp (m/h) Vp = 

Q/At = Ah/QH(m)

Vh

Vh =  

Q

WH  

 

  أٔ (m) ْٙ عشع انحٕع Wحٛذ  

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
 

n  حٕع ضحم ٚمهم صيٍ انًكٕد  nفئٌ حمغٛى عًك انحٕع إنٗ 

n5º

60º
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Lamella settlers 
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VuSin2θ = 1 

L = 10 cms = 5 cm

Vu = 11 Vp

θ = 90º

Sin2θ = 0

Vu = Vp
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Vp Vp( 1-C ) 
n'
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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

primary clarifier 

 

 

 

 

2424
BOD 
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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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1
2

3
4
5

6

 

 

 

  

308
24

PH 
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48

 

 

 

  

( 

BOD )

 

 

 

 

 

 

1
4
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2 

3

23

 

  

 

4

130250
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5

1240

 ( m
3
/m

2
.d )

 ( m
2
 )

6

 ( m
3
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2
.d )

 ( mg/l ) 

 ( m
2
 ) 

BOD 
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23
3050( m

3
/m

2
.d )

60180( m
3
/m.d )

23
3050( m

3
/m

2
.d )

60180( m
3
/m.d )

117150( kg/m
2
.d )

large 

air-lift type

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


 فبطًت صعبسة.د                                                                                                    يحطبث يعبنضت يٛبِ انظشف انظحٙ

                               www.env-gro.com      -62 -المجموعة الهندسية للأبحبث البيئية                            

 

 

  

  

 (DO)  

 PH 

(BOD)(NH3-N)

 

turntables

 control 

boxes 
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toeboardsnonskid surfaces 

  

 

 

 

catwalk 

 chain drives

 Safety hooks 

 

 

  

 offsetdrive units
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ًحذاث مركبت من حٌض ترصيب ً حٌض ىضم 

6535
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septic tank.

 

 

  

15
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 45
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20

 

 

 

 

 

1
PH 7.6

2

3

4060BOD 1535

5000
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 ( 1.0 – 2.0 hr )

 

 ( 25-50 m
3
/m

2
/d ) 

 ( 400 - 800 m
3
/m/d ) 

 ( 45% - 35 % ) 

 BOD( 25% - 35 % ) 

 3
1.8 

 45 

 1.4
1

15 

 

 

  

  

 110 l/hd 170 

l/hd

45 

 20
 

 1.751
15

 203 – 12 months 
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    الفصل الرابع                                          

 الدعالجت الثانٌيت 
SECONDARY TREATMENT 

الأحٛبء انذلٛمت انًغؤٔنت عٍ انًعبنضت    ( 1 ) 

يظذس لإيذاد الأكغضٍٛ انلاصو نخُفظ انبكخشٚب   ( 2) 

يٛبِ انظشف انحبٔٚت عهٗ انًبدة انعضٕٚت ٔ انخٙ حعخبش غزاء نهبكخشٚب  ( 3) 

 .يضس ٚؤيٍ فشص أكبش نخًبط انبكخشٚب ٔ انًبدة انعضٕٚت ٔ الأكغضٍٛ ( 4) 

 الحمأة الحيت هي أحياء دقيقت .

  العملياث التي تنجز في الحمأة الحيت هي عملياث بيولوجيت

 التحكم الجيد بعملياث المعالجت العضويت يتم من خلال الضبط الجيد لنمو الأحياء الدقيقت 

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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 Flagellates السوطيات 

 

 Ciliates

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


 فبطًت صعبسة.د                                                                                                    يحطبث يعبنضت يٛبِ انظشف انظحٙ

                               www.env-gro.com      -75 -المجموعة الهندسية للأبحبث البيئية                            

o 

 

 

o 

 

o 

 

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


 فبطًت صعبسة.د                                                                                                    يحطبث يعبنضت يٛبِ انظشف انظحٙ

                               www.env-gro.com      -76 -المجموعة الهندسية للأبحبث البيئية                            

Rotifers

 

Mucous

Growth Characteristics

 flagella

 

 

 

 

 

 slime
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F / M

θc = [ X ]t / [∆X]t      ( days ) 

[ X ]t

[∆X]t

O2

Fixed Film Processes Suspended Growth Processes 
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Fixed Film Processes

 

(2) Trickling filter,   أو المرشحاث البيولوجيت Biofilters 

(3)  

 Lagoons 

a Waste stabilization ponds 

b Aerated Lagoons

 Conventional (tapered aeration) 

 

a Step aeration,  

b 

c 

d  

e 
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Fixed Film Processes

 Land based treatment
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Constructed wetlands
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 Trickling filtration الترشيح الحجري 

يع يشٔس . لذ ٚغخعبع عٍ انحضبسة بمطع يٍ انبلاعخٛك أٔ انخشب نًُٕ انبكخشٚب عهٗ عطحٓب 

انضيٍ حًُٕ طبمت بٕٛنٕصٛت يٍ انبكخشٚب حغبْى فٙ صٚبدة يعذل انًعبنضت ٔ بضٚبدة عًبكت ْزِ انطبمت انبٕٛنٕصٛت حخمشش 

عٍ عطح انحضبسة ٔ حخشس يع انًبء انًعبنش 
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Figure 2.26: Symbiotic relationship between bacteria and algae in a wastewater 

lagoon  
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الدعالجت بالحمأة الدنشطت 

completely mixed  

plug - flow process

 

 

Mixed Liquor  

 

 

 

 

  

F/M 

kg BOD / kg MLVSS . d 
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F/M ( kg BOD5 /kg MLVSS . day 

3 - 5 0.4 – 1.5 

5 - 15 0.2 – 0.4 

15 - 30 0.05 – 0.2 
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Plug Flow

68

BOD
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Completely Mixed
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Step Aeration

BODO2

step  aerationBOD

 
 

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


 فبطًت صعبسة.د                                                                                                    يحطبث يعبنضت يٛبِ انظشف انظحٙ

                               www.env-gro.com      -90 -المجموعة الهندسية للأبحبث البيئية                            

Contact Stabilization

68

 
 

 
 

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


 فبطًت صعبسة.د                                                                                                    يحطبث يعبنضت يٛبِ انظشف انظحٙ

                               www.env-gro.com      -91 -المجموعة الهندسية للأبحبث البيئية                            

High Purity Oxygen...  

Extended Aeration

24

3500 m3 / d
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 Oxidation ditch  

  :Step feedالتغذية التدريجية  
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ٚبٍٛ اعخخذايبث انطشق انًعذنت عٍ انحًأة انًُشطت  (   )انضذٔل سلى 

يضبل الاعخخذاو انطشٚمت انًعذنت 
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1

F/M   
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MLVSS

 

 BOD

  

t

g BOD /m
3
 .d 
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U

Y

Kd

Observed Yield Coefficient 

Yobsθc

U Le
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LeBOD

BOD

BOD

U

O2

BOD

O2
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1.42

C5H7NO2 + 5 O2    5CO2 + 2 H2O + NH3 + energy  

     113           5(32) 

       1             1.42 

BOD11.42

O2

    

   DO  ْٙ   DO ≥ 1 mg/l  نهُخشصت ٔ أكغذة انكشبٌٕ ٔ انحفبظ عهٗ لًٛت أطغشٚت ل O2ٚضب حأيٍٛ -  

  DO ≥ 2 mg/lيٍ أصم انٕطٕل إنٗ حبنت انُخشصت ٚهضو      -  

ٚضب اعخببس حذفمبث انزسٔة انٕٛيٛت فٙ حظًٛى أحٕاع انخٕٓٚت -  

 

 حعٍٛ حضشٚبٛبً  انزٕابج 

انمٛى انخٙ لذ حُخش عٍ يٛبِ انظشف انًُضنٛت ْٙ  

 Y = 0.2 – 0.7  

. kd = 0.04 – 0.07 

. k  =  0.025 l/mg.d 

. a = 0.57 kg O2 / kg BOD  

. b = 0.1  kg O2 / kg MLVSS.d  

 

2

O2

2000 mg/l

Vc = Vº ( 1 – C )n 

 

Vc

 Sx

Sx = X ( Q + R ) /A 
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Sx = X/1000  Q/A( 1 + R/Q )  
 

X = 3000 mg/l 
Q/A = 40 
R/Q =  0.5 
 
Sx = 180 kg /m2 .d 
 
Sx = 7.5 kg /m2 .hr 
 

H = 3m

t  = 1.5 – 2 hr

Q/A = 30 – 40      

Q

Q/A = 20m3/m2.d

Q/wL = 250m3/m.d

3
 MLVSS
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MLVSS = X ٕٚصذ عبيم صذٚذ ٚعشف بذنٛم حضى انحًأة    Sludge Volume Index ( 

SVI )  ّ1 ْٕ انحضى انز٘ ٚشغهgr

30 min

100
Sludge Density Index  SDI( g/ 100ml )

SVIX( r )

 

SVI

( 20 – 150 )% ADWF 
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: أنظمت التيٌيت
 DO
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49 kpa(2 - 8 

kgO2/kW-hr) 
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Mechanical Aerators 

  

90012003080 

 

 

 

  

  

 

High Speed Surface Aerator (Axial Pumping) 
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Low Speed Vertical (Radial Pumping) 
 

 
 

 

Slow Speed Horizontal

- 

- 

- 
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 Combined Types

- 

 Sparged 10
 

 

 Down draft

5 

(1.8 kgO2/kW-hr)

100400
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الفصل الخامش 
الدعالجت اللاىٌائيت لدياه الصرف 

 

Septic Tanks

 

7030
"bound"
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CO2 H2S

PH 6.8  7.4 

65% 

60050
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203
103

6.2
7030CO2

CO2

PH

PH

PH6.57.5
PH
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buffering capacityPH 

15006000
0.25

1

129055

2435
3026
3515

2
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  

  

  

4
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الفصل الضادس 

 معالجت حمأة مياه الصرف الصحي

 ً

طرق التخلص منيا 
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  
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 
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 

6575

 7085
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phytotoxic

2

3

   

 54.4 - 90

 22.7- 90 

 77 - 180 
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6080

 

12.5

1.011.03

 

2
56

10

2

 

2.5 - 5.0 

5.0 - 8.0 

3.0 - 6.0

0.5-1.5 

3.0 - 5.0 
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  
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1

chlorinated copperas
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 Sludge Disposalالتخلص النيائي من الحمأة     
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