
 
 
The study on sewerage system development in the Syrian Arab Republic        Final Report 
 

AM9-1 

 
Appendix for Chapter 9 
 
 
 
 



 
 
The study on sewerage system development in the Syrian Arab Republic        Final Report 
 

AM9-2 

 
Appendix 9.1  Sewerage System Database 
 

Figure list Sewerage System Database 

Figure No. Governorates 
A9.1.1 Lattakia in 2006 
A9.1.2 Lattakia in 2025 
A9.1.3 Tartous in 2006 
A9.1.4 Tartous in 2025 
A9.1.5 Deir-Ez-zor in 2006 
A9.1.6 Deir-Ez-zor in 2025 
A9.1.7 Hassakeh in 2006 
A9.1.8 Hassakeh in 2025 
A9.1.9 Raqqa in 2006 

A9.1.10 Raqqa in 2025 
A9.1.11 Dar’aa in 2006 
A9.1.12 Dar’aa in 2006 
A9.1.13 Rural Damascus in 2006 
A9.1.14 Rural Damascus in 2025 

 
 

Table list Sewerage System Condition 

Table No. Governorates 
A9.1.1 Lattakia  
A9.1.2 Tartous 
A9.1.3 Deir-Ez-zor 
A9.1.4 Hassakeh 
A9.1.5 Raqqa 
A9.1.6 Dar’aa 
A9.1.7 Rural Damascus 
A9.1.8 Aleppo 
A9.1.9 Hama 

A9.1.10 Homs 
A9.1.11 Idleb 
A9.1.12 Sweida 
A9.1.13 Quneta 
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Figure A9.1.1  Sewer System Database in Lattakia Governorate in 2006 
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Figure A9.1.2  Sewer System Database in Lattakia Governorate in 2025 
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Figure A9.1.3  Sewer System Database in Tartous Governorate in 2006 
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Figure A9.1.4  Sewer System Database in Tartous Governorate in 2025 
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Figure A9.1.5  Sewer System Database in Deir-Ez-zor Governorate in 2006 
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Figure A9.1.5  Sewer System Database in Deir-Ez-zor Governorate in 205 
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Figure A9.1.5  Sewer System Database in Hassakeh Governorate in 2006 
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Figure A9.1.5  Sewer System Database in Hassakeh Governorate in 2025 
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Figure A9.1.5  Sewer System Database in Raqqa Governorate in 2006 
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Figure A9.1.5  Sewer System Database in Raqqa Governorate in 2025 
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Figure A9.1.5  Sewer System Database in Dar’aa Governorate in 2006 
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Figure A9.1.5  Sewer System Database in Dar’aa Governorate in 2025 
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Figure A9.1.5  Sewer System Database in Rural Damascus Governorate in 2006 
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Figure A9.1.5  Sewer System Database in Rural Damascus Governorate in 2025 
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Table A9.1.1  Sewerage System Condition in Hassakeh Governorate 
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Table A9.1.2  Sewerage System Condition in Allepo Governorate 
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Table A9.1.3  Sewerage System Condition in Homs Governorate 
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Table A9.1.4  Sewerage System Condition in Ideleb Governorate 
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Table A9.1.5  Sewerage System Condition in Quneitra Governorate 
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Appendix 9.2  Criteria of Wet-land 
 
Wet-land in Harron Al Awameed which is designed by Germany, started the operation in 2,000 
by 300 m3/d for 7000 habitants on the criteria of that area requirement of reed beds is set 0.5 
m2/capita.  
In present treatment sewage is 400 m3/d of 7,000 habitants. This is 1.5 times of previous 
treatment capacity. The BOD,COD, and SS were extremely well treated, but nitrogen 
compounds were not. 
The data is insufficient to evaluate the method though, as looked at Photo-XX and -XX, 
Wet-land could be suitable for small STP in Syria, on the implementation of project it’s 
economically and operationally easy one. 
In consequence, design criteria for reed bed would be applied 0.5 m2/capita, because 
determining factor of capacity on reed bed will be organic pollution load per capita, and organic 
pollution load is constant on fundamental domestic sewage in all over Syria, as reed bed has 
wide range of filtration ratio, determining factor would be not sewage flow.  
But we expected further stimulation of data, and review the criteria, so that this MP should be 
secured of contingency land in layout of the facilities. 

 
 

Table A9.2.1  Wastewater Quality in Harron Al Awameed 
2006/7/4 2006/3/5  

Inlet Outlet Removal rate (%) Outlet 
notes 

BOD(mg/l) 240 26 89 12  
NH4(mg/l)  32.4 9  
COD(mg/l) 780 80 90 18.2  
SS(mg/l)  27.2 27.2  
NO3(mg/l) 50.6 42 17 14  
TN(mg/l) 46.3 40.6 17.5  
TP(mg/l) 0.49 0.82 1.98  
PO4(mg/l) 2 3.5 6  
Q（ｍ3/D） 400 400 400 from interview 

 

Photo-A9.2.2 Treated sewage on Harron Al Awameed Photo-A9.2.1 Treated sewage flow at discharge in Thawra 
on Euphraties River 
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1) OD
OD would be adopted in Zabadani, Banias, Mayadin, and Malkieh, design caluculation sheets are 
Considerations on design caluculation are as follows:

- BOD-SS load of reactor in Zabadani and Malkieh STPs is adopted approximately 0.04 kg-BOD/kg-SS･D
  which is average of 0.03 to 0.05, Japanese standard,  
  because of removal of T-N on the preservation of water resouces.

- BOD-SS load of reactor in Banias and Mayadin STPs is  less 0.07 kg-BOD/kg-SS･D
  which is average of 0.04 to 0.1, Metcalf & Eddy
  because the reason of selection of method is only expecting to easiness of O&M.

- Contingency space in Zabadani would be secured, because of some issures as follow:
   a) The population of tourist is uncertain.
   b) Actual conditions of water consumption is indefinite.
   c) Agricultural effluent or spring is possibly contained in sewage.

2) Wet-land
Wet-land would be adopted in Muzerib and Thawra.
Considerations on design caluculation are as follows:

- Contingency space for Reed beds in Muzerib would be secured, because of future review of criteria.
  Refer to Appendix 9.3 Criteira of Wet-land.

3) Submerged Attached Growth Process
Submerged Attached Growth Process is adopted in Slenfeh.
Considerations on design caluculation are as follows:

- Contingency space in Slunfeh STP would be secured, because of same issures on Zabadani STP.

Appendix 9.3  Capacity caluculation of facility and layout of facilities on STP 
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１．Flow

２．Treatment process Submerged Attached Growth Process
& Efficiency

unit:quality(mg/ｌ),removal rate(％)

３．Process

：Water line
：Sludge line

〔Sewage treatment〕
１．Inlet

Ground level EL
Diameter φ200
Grade ‰
Bottom level of Pipe
water depth

２．Grit removal pit
Flow m3/d（peak flow）
No. of chamber 1 no.
Width m
length m
Velocity m/sec (Typically0.3)
Surface load m3/m2･d (Typically 1,800)
Retention time sec
４．Reactor

Capacity m3/ｄ
Inlet ｑuality
ＢＯＤ mg/ｌ
ＳＳ mg/ｌ

Figuration/dimension
No. of tank No.
Capacity of one tank m3/d
Width m
Length m (divided in two compartment)
Depth m
Section m2

Volume of tank m3/one tank
Retention time hr
BOD Loading kg-BOD/m3･D(Japanese Standard 0.3)

m3/sec
0 0 0

m3/d m3/hr m3/min

0.007
1,180 49 0.82 0.014

610 25 0.42

raw treated removal
ＢＯＤ 310 40 87
ＳＳ 360 30 92

3

0.13 m average 0.3m

1,180

1.0
1.0

0.11
1,180

610

310
360

2
305
5.5
12
5

27.5
330

26
0.29

Inlet
Screen
bascket

Grit removal
pit Reactor

Fianal settling
tank

disinfection
manhole

Outlet

Tanker
withvacuum
device

Carrying
out

(1) Slunfeh 
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５．Equipment for aeration
Actual Oxgen Requirement

kg-O2/kg-BOD(1.4 to 2.2)
Removal BOD kg/D

Standard Oxgen Requirement
SOR kg-O2/D

６．Final settling tank
Figuration/dimension

No. of tank No.
Capacity of one tank m3/D
Figuration rectangle
Width m
length m
Depth m
Surface area/one m2

Wear plate length m
Volume/one m3

Sedimentation time hr (6 to 12)
Surface loard m3/m2･D (20 to 30)
Overflow rate m3/m･D (<150)

７．Disinfection manhole
Capacity m3/D
Figuration/dimension

Diameter m
m
m

No. of Manhole No.
m3

Contact time min (15min and above)
Chlorine injection rate Packing solid chlorine

８．Outlet
Diameter

9. Sｌudge　Volume
Sludge density %
Sludge generated rate %　of Removed SS (90 % of VSS which is 70 % of TSS, 
Removed SS Inlet SS - Outlet SS will be out to air into gas)

kg/D
Dry solid Removed SS*50%

kg/D kg/3 months(from July to Sep)
Sludge Volume m3/D m3/3 months

AOR/BOD 1.80
164.7

296.46

2
305

5.5
3

4.7
16.5
10.3
77.6

6
18.5
29.6

610

φ0.9

1

φ200

8.0
37.0

201.3

74.5 6703.3
0.9 83.8
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5,5005,500 3,000

4,
70

0

Sluge

diffuser diffuser

Packing for Sedimentation tank
Screen Basket

Grit Removal Drain Pipe

Packing
solid chlorine

Reator

Reator Reator

Reator

Sedimentation
tank

Emergency dischrge

30,000

30
,0

00

Access road

Drain Pipe
overflow weir

Contingency space for expansion

Effluent

Influent

 
 

Figure A9.3.2  Layout Plan of Slunfeh STP 

Figure A9.3.1  Schematic Section of Slunfeh STP 
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１．Flow

２．Treatment process OD
& Efficiency

unit:quality(mg/ｌ),removal rate(％)

３．Process

：Water line
：Sludge line

〔Sewage treatment〕
１．Inlet

Ground level EL
Diameter φ800
Grade ‰
Bottom level of Pipe
water depth

２．Grit chamber
Flow m3/d（peak flow）
No. of chamber 2 no.
Width m
length m
Velocity m/sec (Typically0.3)
Surface load m3/m2･d (Typically 1,800)
Retention time sec （30 to 60)
３．Main pump (reference) Three pumping stations will be placed at city.

So main pump is not required in STP. This is only for reference.
Folw m3/min
Type of Pump Submerged pump
No. of Pump 6 No.(one is backup)
Pumping capacity m3/min
Diameter of Pump φ

Ｄ＝146×√(Ｑ/Ｖ)
Ｄ：Diameter(mm)
Ｑ：Pump discharge(m3/min)
Ｖ：Suction velocity(1.5～3.0 m/sec)
=146*√(5.26/3)=193

200

0.226

7 25.4
0.28

19,560 815 13.58
37,850

m3/d

raw treated

1,802

26.28

5.26

37,850

1.5

0.53 m

1.9

ＳＳ 360 60 83
ＢＯＤ 310 60 81

removal

1,577 26.28 0.438

m3/hr m3/min m3/sec
0 0 0

Inlet
Grit
removal

distribution
chamber Reactor

Fianal settling
tank

disinfection
channel Outlet

Mechanica
l thickener

Mechanical
dewatering

Carrying
out

(2) Banias 
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Pump head Actual head m
head loss m
Total head m

Output power kw

P＝0.163×Q×H/η×(1+α) =
P：Output power (kw)
Q：Pump discharge(m3/min)
H：Total head(m)
η：Pump efficiecy(0.6)
α：Margin(0.15)

Specification φ200×4.91m3/min×H6.0m×10kw×6No.

４．Reactor
Capacity m3/ｄ
Inlet ｑuality
ＢＯＤ mg/ｌ
ＳＳ mg/ｌ

RAS Concentration mg/ｌ
Rate of RAS ％ (100 to 200)
Volume of RAS m3/ｄ
Target MLSS mg/ｌ (3,000 to 4,000)
MLSS mg/ｌ

Figuration/dimension
No. of tank No.
Capacity of one tank m3/d
Width m
Length m
Depth m
Section m2

Volume of tank m3/one tank
Retention time hr (24 to 48)
BOD-SS Loading kg-BOD/kg-SS･D(Japanese standard 0.03 to 0.05)

high rate (Metcalf & Eddy 0.04 to 0.1)
BOD-SS Loard＝Capacity・BOD/(MLSS･Volume)

BOD Loading kg-BOD/m3
･D(Japanese Standard 0.15 to 0.25)

(Metcalf & Eddy 0.1 to 0.3)
５．Equipment for aeration

Actual Oxgen Requirement
kg-O2/kg-BOD(1.4 to 2.2)

Removal BOD kg/D
Standard Oxgen Requirement

SOR kg-O2/D
No. of Aerator No. (Two for One tank)

12
1,630

29,340

3
13.5

0.27

24

28
0.071

1,890

6,000
150

140
4.5

3,000

11

360

3,744

5
1
6

9.8524

19,560

310

AOR/BOD 1.80
4890

8802
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６．Final settling tank
Figuration/dimension

No. of tank No.
Capacity of one tank m3/D
Figuration Circular
Diameter m
Depth m
Surface area/one m2

Wear plate length m
Volume/one m3

Sedimentation time hr (6 to 12)
Surface loard m3/m2･D (8 to 12)
Overflow rate m3/m･D (<150)

７．Disinfection channel
Capacity m3/D
Figuration/dimension

Width m
Length m
Depth m
No. of Channel No.
Volume m3

Contact time min (15min and above)
Chlorine injection rate

８．Outlet
Diameter

9. Sudge　Volume
Sludge density %
Sludge generated rate %　of Removed SS
Removed SS Inlet SS - Outlet SS

kg/D
Dry solid Removed SS*75%

kg/D
Sludge Volume m3/D

10.Gravity thickener
Figuration/dimension

No. of tank No.
kg/D

Capacity of one tank m3/D
Figuration rectangular tank
Length and width m
Depth m
Surface area/one m2

Volume/one m3

Sedimentation time hr
Surface loard kg/m2･D
Sludge density %
Sludge Volume m3/D

11.Mechanical dewatering
Type of Machine Centrifugal dewatering
No. No.
Capacity for one machine kg/D
Moisture content %
Sludge Volume m3/D

80
22

2
2200.5

5868.0

4401.0
440.1

2

3.5

10

1.5
293.4

1.0
75.0

φ800

2
201.6
15.0

9
9.6

54.6
890.2

254.3

18

2,445
8

3.5

22.4

2.1

19,560

2.0
24

220
2,201

5

25
87.5

88.0
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１．Flow

Proposed areas are Mayadeen and Taiba where STP is located.

２．Treatment process OD
& Efficiency

unit:quality(mg/ｌ),removal rate(％)

３．Process

：Water line
：Sludge line

〔Sewage treatment〕
１．Inlet

Ground level EL
Diameter φ700
Grade ‰
Bottom level of Pipe
water depth

２．Grit chamber
Flow m3/d（peak flow）
No. of chamber 2 no.
Width m
length m
Velocity m/sec (Typically0.3)
Surface load m3/m2･d (Typically 1,800)
Retention time sec
３．Main pump

Folw m3/min
Type of Pump Submerged pump
No. of Pump 5 No.(one is backup)
Pumping capacity m3/min
Diameter of Pump φ

Ｄ＝146×√(Ｑ/Ｖ)
Ｄ：Diameter(mm)
Ｑ：Pump discharge(m3/min)
Ｖ：Suction velocity(1.5～3.0 m/sec)
=146*√(5.14/3)=191

5.14
200

0.27
1,763

22.53

20.56

29,610

1.4
6 22.5

2.3

0.46 m

ＳＳ 360 30 92
ＢＯＤ 310 40 87

raw treated removal

0.177
29,610 1,234 20.56 0.343
15,300 638 10.63

m3/sec
0 0 0

m3/d m3/hr m3/min

Inlet
P/Grit
removal

distribution
chamber Reactor

Fianal settling
tank

disinfection
channel Outlet

Reservoir Drying Bed Carrying
out

(3) Mayadin 
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Pump head Actual head m
head loss m
Total head m

Output power kw

P＝0.163×Q×H/η×(1+α) =
P：Output power (kw)
Q：Pump discharge(m3/min)
H：Total head(m)
η：Pump efficiecy(0.6)
α：Margin(0.15)

Specification φ200×5.14m3/min×H5.0m×11kw×5No.

４．Reactor
Capacity m3/ｄ
Inlet ｑuality
ＢＯＤ mg/ｌ
ＳＳ mg/ｌ

RAS Concentration mg/ｌ
Rate of RAS ％ (100 to 200)
Volume of RAS m3/ｄ
Target MLSS mg/ｌ (3,000 to 4,000)
MLSS mg/ｌ

Figuration/dimension
No. of tank No.
Capacity of one tank m3/d
Width m
Length m
Depth m
Section m2

Volume of tank m3/one tank
Retention time hr (24 to 48)
BOD-SS Loading kg-BOD/kg-SS･D(Japanese standard 0.03 to 0.05)

high rate (Metcalf & Eddy 0.04 to 0.1)
BOD-SS Loard＝Capacity・BOD/(MLSS･Volume)

BOD Loading kg-BOD/m3
･D(Japanese Standard 0.15 to 0.25)

(Metcalf & Eddy 0.1 to 0.3)
５．Equipment for aeration

Actual Oxgen Requirement
kg-O2/kg-BOD(1.4 to 2.2)

Removal BOD kg/D
Standard Oxgen Requirement

SOR kg-O2/D
No. of Aerator No. (Two for One tank)16

AOR/BOD 1.80
4131

7435.8

1,890
24

0.084

0.31

140
3

13.5

3,744

8
1,913

4.5

6,000
150

22,950
3,000

8.0291

15,300

310
360

1
5

11

4
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６．Final settling tank
Figuration/dimension

No. of tank No.
Capacity of one tank m3/D
Figuration Circular
Diameter m
Depth m
Surface area/one m2

Wear plate length m
Volume/one m3

Sedimentation time hr (6 to 12)
Surface loard m3/m2

･D (8 to 12)
Overflow rate m3/m･D (<150)

７．Disinfection channel
Capacity m3/D
Figuration/dimension

Width m
Length m
Depth m
No. of Channel No.
Volume m3

Contact time min (15min and above)
Chlorine injection rate

８．Outlet
Diameter

9. Sｌudge　Volume
Sludge density %
Sludge generated rate %　of Removed SS
Removed SS Inlet SS - Outlet SS

kg/D
Dry solid Removed SS*75%

kg/D
Sludge Volume m3/D

11.Mechanical thickener
Type of Machine Centrifugal thickener
No. No.
Capacity for one machine kg/D

12.Sludge Drying Bed 
Sludge loading rate kg･dry solid/m2

･yr (60 to 100)
Surface of Drying Bed Dry solid*365days/Sludge louding rate

m2

No. of Drying Bed No.
Dimension

Width m (6 to 15)
length m (20 to 45)
Moisture content %
Sludge Volume m3/D9.5

2
1893.375

43.0

90

15357
24

15.0

60

378.7

1.0
75.0

5049.0

3786.8

2
159.6
15.0

φ700

15,300

2.0
21

1.9

10.8
21.2

618.2
8

3.5
176.6
45.2

8
1,913

15
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１．Flow

２．Treatment process OD
& Efficiency

unit:quality(mg/ｌ),removal rate(％)

３．Process

：Water line
：Sludge line

〔Sewage treatment〕
１．Inlet

Ground level EL
Diameter φ400
Grade ‰
Bottom level of Pipe
water depth

２．Grit chamber
Flow m3/d（peak flow）
No. of chamber 1 no.
Width m
length m
Velocity m/sec (Typically0.3)
Surface load m3/m2･d (Typically 1,800)
Retention time sec
３．Main pump

Folw m3/min
Type of Pump Submerged pump
No. of Pump 3 No.(one is backup)
Pumping capacity m3/min
Diameter of Pump φ

Ｄ＝146×√(Ｑ/Ｖ)
Ｄ：Diameter(mm)
Ｑ：Pump discharge(m3/min)
Ｖ：Suction velocity(1.5～3.0 m/sec)
=146*√(3.04/3)=147

m3/sec
0 0 0

m3/d m3/hr m3/min

0.052
0.101

4,520 188 3.14
8,740 364 6.07

raw treated removal
ＢＯＤ 310 40 87
ＳＳ 360 30 92

4

0.26 m

8,740

1.3
4 13.4

0.30
1,681

13.39

6.07

3.04
150

Inlet
P/Grit
removal

distribution
chamber Reactor

Fianal settling
tank

disinfection
channel Outlet

Reservoir Drying Bed Carrying
out

(4) Malkieh 
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Pump head Actual head m
head loss m
Total head m

Output power kw

P＝0.163×Q×H/η×(1+α) =
P：Output power (kw)
Q：Pump discharge(m3/min)
H：Total head(m)
η：Pump efficiecy(0.6)
α：Margin(0.15)

Specification φ150×3.04m3/min×H4.0m×3.7kw×3No.

４．Reactor
Capacity m3/ｄ
Inlet ｑuality
ＢＯＤ mg/ｌ
ＳＳ mg/ｌ

RAS Concentration mg/ｌ
Rate of RAS ％ (100 to 200)
Volume of RAS m3/ｄ
Target MLSS mg/ｌ (3,000 to 4,000)
MLSS mg/ｌ

Figuration/dimension
No. of tank No.
Capacity of one tank m3/d
Width m
Length m
Depth m
Section m2

Volume of tank m3/one tank
Retention time hr (24 to 48)
BOD-SS Loading kg-BOD/kg-SS･D(Japanese standard 0.03 to 0.05)

(Metcalf & Eddy 0.04 to 0.1)
BOD-SS Loard＝Capacity・BOD/(MLSS･Volume)

BOD Loading kg-BOD/m3
･D(Japanese Standard 0.15 to 0.25)

(Metcalf & Eddy 0.1 to 0.3)
５．Equipment for aeration

Actual Oxgen Requirement
kg-O2/kg-BOD(1.4 to 2.2)

Removal BOD kg/D
Standard Oxgen Requirement

SOR kg-O2/D
No. of Aerator No. (Two for One tank)

3
1
4

3.7

3.7927

4,520

310
360

6,000
150

6,780
3,000
3,744

4
1,130

4.5
140

3
13.5

1,890
40

0.050

0.19

AOR/BOD 1.80
1220.4

2196.7
8
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６．Final settling tank
Figuration/dimension

No. of tank No.
Capacity of one tank m3/D
Figuration Circular
Diameter m
Depth m
Surface area/one m2

Wear plate length m
Volume/one m3

Sedimentation time hr (6 to 12)
Surface loard m3/m2･D (8 to 12)
Overflow rate m3/m･D (<150)

７．Disinfection channel
Method UV
Capacity m3/D
UV efficiency %
Dose(D) J/m2

UV Intensity(I) W/ｍ2

Dosing Time(T=D/I)) sec
Effective volume(V) litre
Capacity per one lamp (q=V/T) m3/d
Required Number of lamp(n=Q/q) No.
Module No. No.

Actual Number of lamp
Figuration/dimension

Width m
Length m
Depth m
No. of Channel No.

８．Outlet
Diameter

9. Sｌudge　Volume
Sludge density %
Sludge generated rate %　of Removed SS
Removed SS Inlet SS - Outlet SS

kg/D kg/yr
Dry solid Removed SS*75%

kg/D
Sludge Volume m3/D

10.Mechanical thickener
Type of Machine Centrifugal thickener
No. No.
Capacity for one machine kg/D

11.Sludge Drying Bed 
Sludge loading rate kg･dry solid/m2･yr (60 to 100)
Surface of Drying Bed Dry solid*365days/Sludge louding rate

m2

No. of Drying Bed No.
Dimension

Width m (6 to 15)
length m (20 to 45)
Total area m2

Moisture content %
Sludge Volume m3/D

φ400

60
2.8

544434

1
1118.7

1118.7
111.9

4
1,130

11
3.5
95

32.7
332.4

7
11.9
34.6

8,740

3.5

70
300
175
1.71
7.6
383
22.8

1.0
75.0

1491.6

38.0
4560

90

4537
8

15.0

0.9

24
6

0.8
1
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１．Flow and Population

Flow

Population

２．Treatment process Wet-land
& Efficiency

unit:quality(mg/ｌ),removal rate(％)

３．Process

：Water line
：Sludge line

〔Sewage treatment〕
１．Inlet

Ground level EL
Diameter φ800
Grade ‰
Bottom level of Pipe
water depth m

２．Grit chamber
Flow m3/d（peak flow）
No. of chamber 2 no.
Width m
length m
Velocity m/sec (Typically0.3)
Surface load m3/m2･d (Typically 1,800)
Retention time sec （30 to 60)
３．Main pump

Flow m3/min
Type of Pump Submerged pump
No. of Pump 5 No.(one is backup)
Pumping capacity m3/min
Diameter of Pump φ

Ｄ＝146×√(Ｑ/Ｖ)
Ｄ：Diameter(mm)
Ｑ：Pump discharge(m3/min)
Ｖ：Suction velocity(1.5～3.0 m/sec)
=146*√(6.01/3)=207

m3/sec
0 0 0

m3/d m3/hr m3/min

0.207
Hourly Max 34,630 1,443 24.05 0.401

Average 17,890 745 12.42

115,600

raw treated removal

*1.2＝ 138,720

ＢＯＤ 310 40 87
ＳＳ 360 30 92

1.6

0.53

34,630

1.3
7.5

0.29
1,776

48.6284

24.05

6.01
250

Inlet
P/Grit
removal

Primary
clarifier

Reed-
bed Outlet

Sludge
Reservoir

Drying Bed Carrying
out

(5) Thawra 
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Pump head Actual head m
head loss m
Total head m

Output power kw

P＝0.163×Q×H/η×(1+α) =
P：Output power (kw)
Q：Pump discharge(m3/min)
H：Total head(m)
η：Pump efficiecy(0.6)
α：Margin(0.15)

Specification φ250×6.01m3/min×H6.0m×11kw×5No.

4．Primary settling tank

No. of tank No.
Capacity of one tank m3/D
Figuration Circular
Diameter m
Depth m
Surface area/one m2

Wear plate length m
Volume/one m3

Sedimentation time hr
Surface loard m3/m2

･D (35 to 70)
Overflow rate m3/m･D

5. Reed Bed

No. of Reed bed No.
Required Width 35 m
Required　Length m
Area Requirment m2/c ( >0.5m2/c)

5
1
6

11

11.27

4
4,473

10
3.5

78.5
29.5

274.8
1

57.0
151.6 (250)

1

2000
0.505
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6. Sudge　Volume
Sludge density %
SS Removal Rate in %
at primary settling tank
Removed SS Inlet SS * 40%

kg/D (dry solid)

Sludge Volume m3/D

7. Sludge Reservoir
Retention Time hr
Volume m3/D
Figuration/dimension Rectanguler Tank with Mixing air/Mixing machine

No. No.
Width m
length m
Depth m

8.Sludge Drying Bed 
Sludge loading rate kg･dry solid/m2

･yr (60 to 100)
Surface of Drying Bed Dry solid*365days/Sludge louding rate

m2

No. of Drying Bed No.
Dimension

Width m (6 to 15)
length m (20 to 45)

Moisture content %
Sludge Volume m3/D

4.0
40.0

2361.5

59.0

24.0
59.0

2
3.0
3.0
3.3

90

9577
20

15.0
32.0

60
5.9
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COD 40mg/l
PO4-P 0.2mg/l

0.05m3/s
0.1 m3/s

 Pretreatment and
Sludge treatment
f ili Storm-water

overflow
chamber

Reed Bed

Irrigation

Flow control shallow pond
; organic matter would be dissolved
by soil nematode and soil bacteria

Thawra City

from Development

Treated Water at Effulent of  Wet-
l d

Flow control shadow pond

Irrigation ditch

Euphraties River

to Reed Bed

Primary Settling Tankφ10 m

220 m

11
0 

m

Sludge Drying Bed 15×

Grit chamber & Screen

from the City

from development area

 
 

Figure A9.3.6 Schematic Plan of Wet Land in Thawara 

Figure A9.3.7  Layout Plan of Pretreatment and Sludge Treatment Facilities in Thawra STP



 
 
The study on sewerage system development in the Syrian Arab Republic        Final Report 
 

AM9-67 

１．Flow and Population

Flow

Population

２．Treatment process Wet-land
& Efficiency

unit:quality(mg/ｌ),removal rate(％)

３．Process

：Water line
：Sludge line

〔Sewage treatment〕
１．Inlet

Ground level EL
Diameter φ500
Grade ‰
Bottom level of Pipe
water depth

２．Grit chamber
Flow m3/d（peak flow）
No. of chamber 1 no.
Width m
length m
Velocity m/sec (Typically0.3)
Surface load m3/m2･d (Typically 1,800)
Retention time sec （30 to 60)
３．Main pump

Flow m3/min
Type of Pump Submerged pump
No. of Pump 3 No.(one is backup)
Pumping capacity m3/min
Diameter of Pump φ

Ｄ＝146×√(Ｑ/Ｖ)
Ｄ：Diameter(mm)
Ｑ：Pump discharge(m3/min)
Ｖ：Suction velocity(1.5～3.0 m/sec)
=146*√(2.69/3)=138

m3/d m3/hr m3/min m3/sec
0 0 0

Average 3,990 166 2.77 0.046
Hourly Max 7,730 322 5.37 0.089

30,500

raw treated removal
ＢＯＤ 310 40 87
ＳＳ 360 30 92

1

0.33 m

7,730

0.9
5

0.30
1,718

50.56

5.37

2.69
150

*1.2＝ 36,600

Inlet
P/Grit
removal

Primary
clarifier

distribution
chamber

Reed-
bed

disinfection
channel Outlet

Sludge
Reservoir

Drying Bed Carrying
out

(6) Muzerib 
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Pump head Actual head m
head loss m
Total head m

Output power kw

P＝0.163×Q×H/η×(1+α) =
P：Output power (kw)
Q：Pump discharge(m3/min)
H：Total head(m)
η：Pump efficiecy(0.6)
α：Margin(0.15)

Specification φ150×2.69m3/min×H5.0m×5.5kw×3No.

4．Primary settling tank

No. of tank No.
Capacity of one tank m3/D
Figuration Circular
Diameter m
Depth m
Surface area/one m2

Wear plate length m
Volume/one m3

Sedimentation time hr
Surface loard m3/m2

･D (35 to 70)
Overflow rate m3/m･D

5. Reed Bed

No. of Reed bed No.
Width 21 m
Length 37 m
Area Requirment m2/c ( >0.5m2/c)

6. Outlet
Diameter

7. Sudge　Volume
Sludge density %
SS Removal Rate in %
at primary settling tank
Removed SS Inlet SS * 40%

kg/D (dry solid)

Sludge Volume m3/D

8 Sludge Drying Bed
Sludge loading rate kg･dry solid/m2･yr (60 to 100)
Surface of Drying Bed Dry solid*365days/Sludge louding rate

m2

No. of Drying Bed No.
Dimension

Width m (6 to 15)
length m (20 to 45)
Moisture content %
Sludge Volume m3/D

4
1
5

5.5

4.1942

2
1,995

6.5
3.5

33.2
18.5

116.1
1

60.1

0.510

(250)

24

107.8

φ500

4.0
40.0

526.7

13.2

12.0

90

2136

1.3

22.0
60

8
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Contingency space for expansion

Reed-Bed
21×37

Primary Settling Tankφ6.5m

Sludge Reservoir
Sludge Pump

Distribution Chamber

Sludge Drying Bed
12×22

35
0m

140 m

Administration
House

Grit removal &

Waji

 
 

Figure A9.3.8 Layout Plan of Muzerib STP 
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１．Flow

２．Treatment process OD
& Efficiency

unit:quality(mg/ｌ),removal rate(％)

３．Process

：Water line
：Sludge line

〔Sewage treatment〕
１．Inlet

Ground level EL
Diameter φ800
Grade ‰
Bottom level of Pipe
water depth

２．Grit chamber
Flow m3/d（peak flow）
No. of chamber 2 no.
Width m
length m
Velocity m/sec (Typically0.3)
Surface load m3/m2･d (Typically 1,800)
Retention time sec
３．Main pump

Folw m3/min
Type of Pump Submerged pump
No. of Pump 5 No.(one is backup)
Pumping capacity m3/min
Diameter of Pump φ

Ｄ＝146×√(Ｑ/Ｖ)
Ｄ：Diameter(mm)
Ｑ：Pump discharge(m3/min)
Ｖ：Suction velocity(1.5～3.0 m/sec)
=146*√(7.46/3)=230

m3/sec
0 0 0

m3/d m3/hr m3/min

0.257
42,970 1,790 29.84 0.497
22,200 925 15.42

raw treated removal
ＢＯＤ 310 30 90
ＳＳ 360 30 92

2.4

0.53 m

42,970

1.6
8

0.29
1,679

27.3

29.84

7.46
250

Inlet
P/Grit
removal

distribution
chamber Reactor

Fianal settling
tank

disinfection
channel Outlet

Mecanical
thickener

Mechanical
dewatering

Carrying
out

(7) Zabadani 
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Pump head Actual head m
head loss m
Total head m

Output power kw

P＝0.163×Q×H/η×(1+α) =
P：Output power (kw)
Q：Pump discharge(m3/min)
H：Total head(m)
η：Pump efficiecy(0.6)
α：Margin(0.15)

Specification φ250×7.46m3/min×H5.0m×15kw×6No.

４．Reactor
Capacity m3/ｄ
Inlet ｑuality
ＢＯＤ mg/ｌ
ＳＳ mg/ｌ

RAS Concentration mg/ｌ
Rate of RAS ％ (100 to 200)
Volume of RAS m3/ｄ
Target MLSS mg/ｌ (3,000 to 4,000)
MLSS mg/ｌ

Figuration/dimension
No. of tank No.
Capacity of one tank m3/d
Width m
Length m
Depth m
Section m2

Volume of tank m3/one tank
Retention time hr (24 to 48)
BOD-SS Loading kg-BOD/kg-SS･D(Japanese standard 0.03 to 0.05)

(Metcalf & Eddy 0.04 to 0.1)
BOD-SS Loard＝Capacity・BOD/(MLSS･Volume)

BOD Loading kg-BOD/m3
･D(Japanese Standard 0.15 to 0.25)

(Metcalf & Eddy 0.1 to 0.3)
５．Equipment for aeration

Actual Oxgen Requirement
kg-O2/kg-BOD(1.4 to 2.2)

Removal BOD kg/D
Standard Oxgen Requirement

SOR kg-O2/D
No. of Aerator No. (Two for One tank)

1.80
6216

11189
20

4,125
45

0.045

0.17

150
5

27.5

3,744

10
2,220

5.5

6,000
150

33,300
3,000

13.984

22,200

310
360

2
6

15

4

AOR/BOD
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６．Final settling tank
Figuration/dimension

No. of tank No.
Capacity of one tank m3/D
Figuration Circular
Diameter m
Depth m
Surface area/one m2

Wear plate length m
Volume/one m3

Sedimentation time hr (6 to 12)
Surface loard m3/m2

･D (8 to 12)
Overflow rate m3/m･D (<150)

７．Disinfection channel
Method UV
Capacity m3/D
UV efficiency %
Dose(D) J/m2 (300～500)
UV Intensity(I) W/ｍ2
Dosing Time(T=D/I)) sec
Effective volume(V) litre
Capacity per one lamp (q=V/T) m3/d
Required Number of lamp(n=Q/q) No.
Module No. No.

Actual Number of lamp
Figuration/dimension

Width m
Length m
Depth m
No. of Channel No.

８．Outlet
Diameter

9. Sudge　Volume
Sludge density %
Sludge generated rate %　of Removed SS
Removed SS Inlet SS - Outlet SS

kg/D
Dry solid Removed SS*75%

kg/D
Sludge Volume m3/D

10.Graviｔｙ thickener
Figuration/dimension

No. of tank No.
Capacity of one tank kg/D

m3/D
Figuration rectangular tank
Length and width m
Depth m
Surface area/one m2

Volume/one m3

Sedimentation time hr
Surface loard kg/m2･D
Sludge density %
Sludge Volume m3/D

11.Mechanical dewatering
Type of Machine Centrifugal dewatering
No. No.
Capacity for one machine kg/D
Moisture content %
Sludge Volume m3/D

1.5
366.3

80
27.5

2
2747.25

8
2,775

18
3.5

254.3
54.6

890.2
8

383

10.9
25.4

3

42,970

1.5
3.5
0.8

70

175
300

1.71
7.6

1.0
75.0

7326.0

549.5

6

275

3.5
36

11
76.3

126

112
28

112

2

5494.5

2,747

φ800
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Appendix 9.4 Study on Cost Threshold Sewer Length 

 

Case.1: On-site Treatment by Septic Tank
Case.2: Off-site Treatment by Sewerage (Q=1,000m3 Scale)

Case.1 Construction Cost
Septic Tank 48,000 SP/household For 5person
Equipment(Smal Pipes) 20,000 SP/household 10 m
Total 68,000 SP/household Cs1

Maintenance Cost per 30 years
Desludging 15,000 SP/household 3 times
Soakpit Renovation 50,000 SP/household 5 times

Total 30 years 133,000 SP/household CSEP

Case.2
STP 15,792 SP/household Q=1,000m3, 2,000 household

per 30 years
Maintenance Cost 9,475 SP/household SP/year

Total 30 years 25,267 SP/household CSTP

Maximum Cost Effective Sewer Length for Sewerage is
CSEP = (MSL * UC) + CSTP

Where
MSL: Maximum Sewer Length of Cost Effective for Sewerage (m)

UC: Unit cost for sewer (SP/m)

CSEP - CSTP 107,733 SP
UC 2,500 SP/m

Maximum Sewer Length 43.1
say 50.0 m

In order to compute a Threshold Sewer Length, Economical comparison is performed about the
following case.

Septic
Tank

Sewerage

SEP
Sewerage Area

(STP)= Sewer
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Appendix 9.5 Comparison of conveyance system in Banias 

9.5.1 construction cost 

The comparison of construction cost between two conveyance systems in Banias is shown in 
Table A9.5.1 - A9.5.3.  According to the table, the cost of multi-pressure system is under half 
of the gravity-pump system. 

 

Table A9.5.1  Comparison of Construction Cost 

(Unit: Mil.SP) 

Facilities 
Multi-pressure

 system 

Gravity 

system 

Pipe 72.6 76.7

Pump 15.0 135.6

Total 87.6 212.3

 

Table A9.5.2  Comparison of Pipe Construction Cost 

Facilities Cost 
Unit 
cost Multi-pressure

 system 
Gravity  
system 

Multi-pressure 
 system 

Gravity 
system Pipe 

Diameter 
(mm) 

1000 SP/m
Length 

(m) 
Length 

(m) 
1000 SP 1000 SP 

Gravity 300 3.5 330 330 1,155 1,155

 350 4.0 260 260 1,040 1,040

 450 5.0  140 0 700

 600 8.0  550 0 4,400

 700 10.5  780 0 8,190

 800 12.5  1,230 0 15,375

 900 15.5  1,220 0 18,910

         

Pressure 250 3.0 280  840 0

 300 3.5 1,100  3,850 0

 400 4.5 1,540  6,930 0

 500 6.0 3,640  21,840 0

 600 8.0 4,620 3,360 36,960 26,880

Total   11,770 7,870 72,615 76,650
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Table A9.5.3  Comparison of Pump Construction Cost 

Facilities Cost 
Pimp 

capacity 
Unit 
cost Multi-pressure

 system 
Gravity  
system 

Multi-pressure 
 system 

Gravity 
system Pump 

m3/min Mil.SP/set set set Mil.SP Mil.SP 

Submerged 1.0  0.7 10  7.0  0.0 

 3.0  1.0 8  8.0  0.0 

Conventional 14.4  37.5  1 0.0  37.5 

 21.6  47.7  1 0.0  47.7 

 23.7  50.5  1 0.0  50.5 

Total     15.0  135.6 

 

9.5.2 Maintenance cost 

In general, maintenance cost is approximately proportional to the amount of sewerage 
pumped up. In multi-pressure system, the sewage of discharge point is pumped up once 
time. That is, the total pump up sewerage is the same as the total amount of sewerage. In 
the gravity and pump system, sewerage is pumped up two or more times. Then in this 
system, total amount of sewerage pumped up is more than the multi-pressure system. 
Accordingly, in multi-pressure system, the maintenance cost is cheaper than the gravity 
plus pimp system. 

The pattern diagrams of two systems are shown in Figure A9.5.1.  

Multi-pressure system  Gravity and pump system 

Figure A9.5.1  Pattern Diagrams of Two System 
9.5.3 Facility plan 

Facility plan of the multi-pressure system is shown in Table A9.5.4. 
 

P P P 

Q1 Q1+Q2 Q1+Q2+Q3 

P P P 

Q1 Q2 Q3 
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Table A9.5.4  Facility plan of the multi-pressure system 

No Location A 
(m2) 

Q 
(m3/s) 

Q 
(m3/min)

1/2Q
(m3/min)

Pump
(m3/min)

Power
(kw) 

Pipe 
(m3/min) 

Calc.Dia 
(mm) 

Dia 
(mm) 

L 
(m) 

1 Saqyat sook Elhal 0.28 0.024 1.5 0.7      326
2 Alqobbiat 0.13 0.011 0.6 0.3      255

3 
Gamaa 
Altawhwed 0.50 0.043 2.6 1.3 3.0 3.0 3.0 0.25 250 139

4 Almawani 0.20 0.017 1.0 0.5           
    0.79 0.067 4.0 2.0 3.0 4.0 6.0 0.36 300 548

5 Ras Elnabaa 0.13 0.011 0.6 0.3           
    0.79 0.067 4.0 2.0 3.0 2.0 9.0 0.44 400 675

6 Gamaa Elbahr 0.13 0.011 0.6 0.3 1.0 1.0 10.0 0.46 400 95

7 
Naqliat 
Alqadamos 0.79 0.067 4.0 2.0 3.0 3.0 13.0 0.53 500 362

8 Nahr Elgaam 0.20 0.017 1.0 0.5 1.0 1.5 14.0 0.55 500 871
9 Alzoryqat 0.28 0.024 1.5 0.7 1.0 2.0 15.0 0.56 500 580

10 
Almashfa 
Elwatany 0.28 0.024 1.5 0.7 1.0 1.5 16.0 0.58 600 639

11 Shalehat Almasfah 0.13 0.011 0.6 0.3 1.0 2.0 17.0 0.60 600 1672
  Total 4.60 0.395     17.0         

 
Facility plan of the gravity and pump system is shown in Table A9.5.5. 
 

Table A9.5.5  Facility Plan of the Gravity and Pump System 

No Location A 
(m2) 

Q 
(m3/s)

ΣQ 
(m3/s)

Dia 
(mm)

I 
(‰) 

v 
(m/s)

Q 
(m3/s) 

Pump 
(m3/min) 

L 
(m) 

1 Saqyat sook Elhal 0.28 0.024 0.024 300 2.0 0.795 0.056  326
2 Alqobbiat 0.13 0.011 0.035 350 2.0 0.881 0.085  255
3 Gamaa Altawhwed 0.50 0.043 0.078 450 2.0 1.042 0.166  139
4 Almawani 0.20 0.017 0.095       

  0.79 0.067 0.162 600 1.8 1.198 0.339  548
5 Ras Elnabaa 0.13 0.011 0.173       

  0.79 0.067 0.241 700 1.8 1.327 0.511 14.4 *1 675
6 Gamaa Elbahr 0.13 0.011 0.251 700 1.8 1.327 0.511  95
7 Naqliat Alqadamos 0.79 0.067 0.319 800 1.6 1.368 0.688  362
8 Nahr Elgaam 0.20 0.017 0.336 800 1.6 1.368 0.688  871
9 Alzoryqat 0.28 0.024 0.360 900 1.4 1.384 0.881 21.6 *2 580

10 
Almashfa 
Elwatany 0.28 0.024 0.384 900 1.4 1.384 0.881  639

11 Shalehat Almasfah 0.13 0.011 0.395 600×2    23.7 *3 1,672
 Total 4.60 0.395      59.7  

Summary of Pump specification  *1: 250mm×7.2m3/min.×4.0m×10kw×3(1)units 
     *2: 250mm×7.2m3/min.×5.0m×12kw×4(1)units 

    *3: 250mm×7.9m3/min.×5.5m×14kw×4(1)units 
 
The longitudinal drawings of both systems are shown in Figure A9.5.2, A9.5.3.  
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Figure A9.5.2  Longitudinal Drawing of the Multi-pressure System 
 

15
.0

ST
P

10
.0 5.
0

0.
0

-5
.0

　
D

L=
-1

0
1

2
3

4
5

6
7

8
9

10
11

Se
w

er
 N

um
be

r

D
ia

m
et

er
（

m
m
）

Sl
op

e （
‰
）

Le
ng

th
（

m
）

G
ro

un
d 

Le
ve

l(m
)

3.25

1.40

1.60

2.43

2.62

2.94

2.98

3.11

4.44

2.56

3.97

4.00

Ea
rth

 C
ov

er
(m

)

Se
w

er
 In

ve
rt

El
ev

at
io

n(
m

)

16
72

87
1

58
0

10
11

1
8

9
6

7

25
5

30
0

2.
0

32
6

35
0

2.
02

3 13
9

4
5

54
8

63
9

36
2

67
5

95

D
 4

00
-2

.8
3

P
P

P

D
 6

00 ?
D

 6
00

-2
.5

8
D

 5
00

-1
.2

8
D

 4
00

-0
.7

3

D
 4

00
D

10
00

+0
.6

2
D

 5
00

D
 1

00
0

-1
.3

8

D
 4

00
-0

.6
0

D
 6

00
+0

.3
0

D
 6

00
-1

.1
0

P
P D

 1
00

0
-0

.9
2

P
P

P
P



 
 
The study on sewerage system development in the Syrian Arab Republic        Final Report 
 

AM9-79 

 
 

Figure A9.5.3  Longitudinal Drawing of the Gravity and Pump System 
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Appendix 9.6 Comparison of Economical Efficiency for Macro Plan 

(1) Study Condition 
 This study refered to the existing study of Banias sewerage.

Basic Cost on the study of Banias （$）
construction Cost 5,800,000
O&M $/month $/year 35years※ ※Average life period

STP Manpower cost 4,885 58,620 2,051,700 of structure and equipment
Power consuption 183,547 6,424,132 =(7637.35+2420)×365×0.05$
Chemical and fuel 40,160 1,405,600
construction Cost 

PS Power consuption 44,165 1,545,775

STP Cost for Macro Plan on the basis of Banias
500 1,000 5,000 10,000 20,000

construction Cost 1,440,000 1,670,000 3,530,000 5,800,000 10,500,000 Cost function
Manpower cost 399,000 466,200 1,262,100 2,051,700 3,099,600
Power consuption 1,541,792 1,798,757 3,854,479 6,424,132 11,563,438
Chemical and fuel 337,344 393,568 843,360 1,405,600 2,530,080
Total 3,718,136 4,328,525 9,489,939 15,681,432 27,693,118
Composition ratio of construction Cost 0.248 0.288 0.609 1.000 1.810
Composition ratio of Manpower cost 0.194 0.227 0.615 1.000 1.511
Composition ratio of Power+chemical 0.240 0.280 0.600 1.000 1.800
Power consuption and chemical cost are based on the ratio of capacity on the basis of 10,000ｍ3/ｄ.
Construction Cost function : STP  C=(327.75Q+854.31)×0.17/120 (US$)
                                          PS  C=85.81Q0.598×1.316×0.122/120 (US$)

Manpower Requirement
500 1,000 5,000 10,000 20,000

Civil Eng. 1.0 1.0 1.0 1.0 2.0
Mecanical Eng. 1.0 1.0 1.0
Electrical Eng. 1.0 1.0 1.0
Civil Professional 1.0 1.0
Mechanical professional 0.5 2.0 3.0 5.0
Electrical professional 0.5 2.0 3.0 5.0
Skilled Labor for Operation 1.0 1.0 4.0 10.0 16.0

Skilled Labor for maintenance 1.0 1.0 3.0 6.0 10.0

Driver 1.0 1.0 1.0 2.0 3.0
Administrator 1.0 1.0 1.0 1.0 1.0
Chemist 1.0 1.0 1.0
Technician Chemist 0.5 0.5 1.0 2.0 3.0

5.5 6.5 18.0 32.0 49.0

Manpower Cost ($/month)
500 1,000 5,000 10,000 20,000 Unit Cost

Civil Eng. 335 335 335 335 670 335
Mecanical Eng. 245 245 245 245
Electrical Eng. 245 245 245 245
Civil Professional 160 160 160
Mechanical professional 80 320 480 800 160
Electrical professional 80 320 480 800 160
Skilled Labor for Operation 120 120 480 1,200 1,920 120

Skilled Labor for maintenance 120 120 360 720 1,200 120

Driver 160 160 160 320 480 160
Administrator 135 135 135 135 135 135
Chemist 245 245 245 245
Technician Chemist 80 80 160 320 480 160
Total cost($/month) 950 1,110 3,005 4,885 7,380
Total cost($/35years) 399,000 466,200 1,262,100 2,051,700 3,099,600

Total cost on Pumping Station ($)
0.69 1.39 6.94 13.89 27.78

Construction cost 91,961 139,796 365,683 553,743 838,155 Cost function
Manpower cost 79,800 93,240 252,420 410,340 619,920 20% of STP
Power consuption 256,710 390,241 1,020,806 1,545,775 2,339,711
Total 428,471 623,277 1,638,910 2,509,858 3,797,786

Capacity(m3/d)

Capacity(m3/d)

Capacity(m3/d)

Capacity(m3/min)
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(2) Mayadin 

Population 5,000 10,000 50,000 100,000 200,000
Average flow (m3/d) 500 1,000 5,000 10,000 20,000

Peak flow(m3/d) 1,000 2,000 10,000 20,000 40,000 flow 1,000 2,000 10,000 20,000 40,000

Diameter of MT(gravity) 250 250 500 600 800 diameter 250 250 500 600 800
capacity(m3/d) 6359 6359 25434 36625 65111 V=1.5

Margin（%） 536 218 154 83 63

Unit Cost of MT ($/m) 120 120 140 160 220

Diameter of MT(pressure) 100 150 300 400 500

V(m/s) 1.474404341 1.310581636 1.638227045 1.843005426 2.359046945

Unit Cost of pressure line ($/m) 80 100 120 130 140

Capacity of PS (m3/min) 0.69 1.39 6.94 13.89 27.78

Total Cost of PS ($) 428,471 623,277 1,638,910 2,509,858 3,797,786

Capacity of STP (m3/d) 500 1,000 5,000 10,000 20,000

Total Cost of STP ($) 3,718,136 4,328,525 9,489,939 15,681,432 27,693,118

Option 1

Mayadeen area
Saalou Zeebag BouRrous1 BouRrous1 Balum Mayadeen STP Mahgan Total cost

population 8,050 8,350 6,577 8,179 1,756 81,570 19,641
accumulating total 8,050 16,400 22,977 31,156 32,912 114,482 134,123 19,641
2Q 1,610 3,280 4,595 6,231 6,582 22,896 3,928
cost of Manhole 9,000 9,000
Diameter of MT 250 250 250 400 400 600 250
distance(km) 4 3 3 2 2 3 3
cost of MT 480,000 360,000 420,000 260,000 260,000 480,000 360,000 2,620,000
extention of net work(km) 4 4 4 4 4 4
Cost of network(φ150) 400,000 400,000 400,000 400,000 400,000 400,000 2,400,000
cost of STP 19,780,179 19,780,179
Total cost of Mayadeen 24,809,179

Al-Eshara area
Al-Eshara

population 15,526
accumulating total 15,526
2Q 3,105
cost of Manhole 3,000
Diameter of MT 250
distance(km) 3
cost of MT 360,000
cost of STP 5,041,574
Total cost of Al-Eshara 5,404,574

Total cost of Option 1 30,213,754

Option 2
Saalou Zeebag BouRrous1 BouRrous1 Balum Mayadeen STP Mahgan Al-Eshara Total cost

population 8,050 8,350 6,577 8,179 1,756 81,570 19,641 15,526
accumulating total 8,050 16,400 22,977 31,156 32,912 114,482 149,649 35,167 15,526
2Q 1,610 3,280 4,595 6,231 6,582 22,896 7,033 3,105
cost of Manhole 9,000 3,000 12,000
Diameter of MT 250 250 250 400 400 600 400 250
distance(km) 4 3 3 2 2 3 3 10
cost of MT 480,000 360,000 360,000 260,000 260,000 480,000 390,000 1,200,000 3,790,000
extension of net work(km) 4 4 4 4 4 4
Cost of network(φ150) 400,000 400,000 400,000 400,000 400,000 400,000 2,400,000
cost of PS 679,401 679,401
cost of STP 21,645,114 21,645,114

28,526,515
Total cost of Option 2 28,526,515

Option 3
Saalou Zeebag BouRrous1 BouRrous1 Balum Mayadeen Mahgan Al-Eshara STP Total cost

population 8,050 8,350 6,577 8,179 1,756 81,570 19,641 15,526
accumulating total 8,050 16,400 22,977 31,156 32,912 114,482 134,123 149,649
2Q 1,610 3,280 4,595 6,231 6,582 22,896 26,825 29,930
cost of Manhole 9,000 3,000 12,000
Diameter of MT 250 250 250 400 400 600 700 700
distance(km) 4 3 3 2 2 6 10 3
cost of MT 480,000 360,000 360,000 260,000 260,000 960,000 1,900,000 570,000 5,150,000
extension of net work(km) 4 4 4 4 4 4
Cost of network(φ150) 400,000 400,000 400,000 400,000 400,000 400,000 2,400,000
cost of PS 2,696,376 2,696,376
cost of STP 21,645,114 21,645,114

31,903,490
Total cost of Option 3 31,903,490

 Condition on economical comparison for option

diameter

0
100
200
300
400
500
600
700
800
900

0 10,000 20,000 30,000 40,000 50,000

diameter

diameter
( )

flow (m3/d)
2Q
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(3) Muzerib 

Population 5,000 10,000 50,000 100,000 200,000
Average flow (m3/d) 500 1,000 5,000 10,000 20,000

Peak flow(m3/d) 1,000 2,000 10,000 20,000 40,000
Diameter of MT(gravity)ｖ＝1.5 m/s 250 250 500 600 800

capacity by 1.5m/s(m3/d) 6359 6359 25434 36625 65111
Margin（%） 536 218 154 83 63

Unit Cost of MT ($/m) 120 120 140 160 220
Diameter of MT(pressure)V=2.0m/s 100 150 300 400 500

V(m/s) 1.474404341 1.310581636 1.638227045 1.8430054 2.3590469

Unit Cost of pressure line ($/m) 80 100 120 130 140
Capacity of PS (m3/min) 0.69 1.39 6.94 13.89 27.78

Total Cost of PS ($) 428,471 623,277 1,638,910 2,509,858 3,797,786

Capacity of STP (m3/d) 500 1,000 5,000 10,000 20,000

Total Cost of STP ($) 3,718,136 4,328,525 9,489,939 15,681,432 27,693,118

Muzerib

Option 1; decentralization
Muzerib Yaduda Atman

Population 17180 17200 15200
Cost of Manhole 40,000 80,000 40,000
Cost of STP 5,254,999 5,257,580 4,999,509
Total　cost

population cost($)
Cost of Manhole 9,000 3 manholes
PS Muzerib 805,583
MT  φ200mm 4.5km from Muzerib 517,500
MT φ300mm 2 km from Yaduda 240,000
Cost of STP 1 34380 7,474,407
Cost of STP Atman 15200 4,999,509
Total cost 14,036,999

Referential Option; centralization
population cost($)

Cost of Manhole 160,000
PS Muzerib 805,583
MT  φ200mm 4.5km from Muzerib 517,500
MT φ300mm 2 km from Yaduda 240,000
Cost of STP 49580 9,489,939
PS Atman 755,310
MT  φ200mm 4.5km from Atman 575,000
Total cost 12,383,332

Condition on economical comparison for option

15,512,087

Option 2; coupling of Muzerib & Yaduda, independent for Atman
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(4) Thawra 

Population 5,000 10,000 50,000 100,000 200,000
Average flow (m3/d) 500 1,000 5,000 10,000 20,000

Peak flow(m3/d) 1,000 2,000 10,000 20,000 40,000

Diameter of MT(gravity)ｖ＝1.5 m/s 250 250 500 600 800
capacity by 1.5m/s(m3/d) 6359 6,359 25,434 36625 65111

Margin（%） 536 218 154 83 63
Unit Cost of MT ($/m) 120 120 140 160 220

Diameter of MT(pressure)V=2.0m/s 100 150 300 400 500

V(m/s) 1.474 1.311 1.638 1.843 2.359

Unit Cost of pressure line ($/m) 80 100 120 130 140

Capacity of PS (m3/min) 0.69 1.39 6.94 13.89 27.78

Total Cost of PS ($) 428,471 623,277 1,638,910 2,509,858 3,797,786

Capacity of STP (m3/d) 500 1,000 5,000 10,000 20,000

Total Cost of STP ($) 3,718,136 4,328,525 9,489,939 15,681,432 27,693,118

Option 1 (decentralization)

1）Thawra
Population City on the hill 100,000

City on the lake 50,000
150,000

Cost($)
STP Q=15,000m3/d 8,674,910

8,674,910
2）Mansuurah

Cost($) popiration
STP Q=5,000m3/d 9,489,939 50,000 c
PS Q=2,000m3/d×5No 3,116,387 PS
MT φ150×5×3000m 1,500,000 ditto

sub-total 14,106,326

Option 1 Total cost 22,781,236

Option 2 (centralization)

Cost($) population
No.1 PS in Thawra Q=0.69m3/min 428,471 50,000 c
ditto MT φ100×4km 320,000
No.2 PS in Thawra Q=1.39m3/min×2 623,277 100,000 c
ditto MT φ150×2km 200,000
No.3 PS in Thawra Q=2.08m3/min×2 1,131,094 150,000 c
ditto MT to STP φ200×20km 2,200,000
PS in Mansuurah Q=2,000m3/d×5No 3,116,387 PS
ditto MT φ150×5×3000m 1,500,000 ditto
STP 27,693,118 200,000 c

Option 2 Total cost 37,212,346

Referential Option (Option 2 + network construction cost on adjoining settlement )

Option 2 Total cost 40,933,581 110% of above.
Net work on Safsafe 10km 1,000,000
Net work on Hounayada 11km 1,100,000
Net work on Al-Hamam 8km 800,000
Net work on Abe-Kabe'ee 6km 600,000

Referebtial Option Total cost 44,433,581 1.95044644 /Option 1

Condition on economical comparison for option
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