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1. SEWAGE MANAGEMENT 
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Pipe Layout and Number (Cheung Aek Treatment Area) 
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Flow Calculation (Cheung Aek Treatment Area) (1/2) 
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Flow Calculation (Cheung Aek Treatment Area) (2/2) 
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Pipe Layout and Number (Tamok Treatment Area: Off-Site Treatment) (Reference) 
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Flow Calculation (Tamok Treatment Area) (1/3) (Reference) 
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Flow Calculation (Tamok Treatment Area) (2/3) (Reference) 
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Flow Calculation (Tamok Treatment Area) (3/3) (Reference) 
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Design Calculation for Cheung Aek STP (Preparatory Project Stage) (1/7) 
Item Calculation Remarks

1. Fundamentals

1.1 Inflow m
3
/daily average

m
3
/daily maximum 1.10

m
3
/hourly maximum

1.2 Influent Quality BOD 230 mg/l (Including assumed returned load from sludge facilities) 

SS 250 mg/l (Ditto) 

Wastewater Temperature(Tw) 25 Degrees C (Coldest month)

P.Sett,in Re,in Sec. Clarifier,eff

1.3 Influent Quality BOD 230 161 17

(mg/l) SS 250 150 19

P.Sett Total

Removal Rate BOD 30 92.5

(%) SS 40 92.5

2. Wastewater Treatment Facility

width length pond

2.1 Grit Chamber W= 0.8 m × L= 2.6 m × 2

H= 1.0 m

A= 4 m
2

V= 4 m
3

Surface Loading Ls= Q/A

/

= m
3
/(m

2
day)

Average flow velocity V= Q/(W×H) = 0.07 m/s

Settling time T= W×L×H/Q = 35.9 s

2.2 Primary Sedimentation Tank

Dimension Width Length Depth Pond

3.6 m× 15.0 m× 3.0 m× 2 × 1 Series

Area m
2

Volume m
3

Surface Loading m
3
/m

2
/day

Settling Time hr

2.3 Reactor

Dimension Width Length Depth Pond

7.55 m× 34.0 m× 6.0 m× 1 × 1 Series

Area m
2

Volume m
3

HRT hr

1,542

7.4

1,755

108

324

46.3

1.6

257

4,600

5,000

7,300

7,300 4
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Design Calculation for Cheung Aek STP (Preparatory Project Stage) (2/7) 
Item Calculation Remarks

2.4 Final Sedimentation Tank

Dimension Width Length Depth Pond

3.6 m× 35.0 m× 3.5 m× 2 × 1 Series

Area m
2

Volume m
3

Surface Loading m
3
/m

2
/day

Settling Time hr

2.5 Brower

AOR 1) Oxygen requirement for degradation of BOD (DB)

(Actual oxygen requirement)

DB={(CBOD,in-CBOD,eff)･Qin･10
-3

-(LNOX,DN-LNOX,A)･K}･A

= kgO2/day

CBOD,in : mg/l

CBOD,eff : mg/l

Qin : m
3
/day

LNOX,DN : kgN/day

LNOX,A : kgN/day

K : kgBOD/kgN

A : kgO2/kgBOD

2) Oxygen requirement for endogenous respiration (DE)

DE=B･V･MLVSS

= kgO2/day

B : kgO2/kgMLVSS・day

V : m
3

MLVSS : mg/l

MLSS mg/l

MLVSS/MLSS :

3) Oxygen requirement for dissolved oxygen in the tank (DO)

Do=CO.A・(Qin+Qr+QC)

= kgO2/day

CO.A : mg/l

Qr : m
3
/day (Amount of return sludge)

Return sludge ratio :

Qc : m
3
/day (Amount of circulating water)

AOR=DB+DE+DO

kgO2/day

0

613

1,385

0.80

10.0

1.50

1,500

30%

2.50

0.60

171

0.10

1,542

1,108

432

161

17

5,000

0

0

252

882

19.8

4.2
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Design Calculation for Cheung Aek STP (Preparatory Project Stage) (3/7) 
Item Calculation Remarks

SOR AOR･CS1･γ 101.3

1.024
(T2-T1)

･α(β･CS2･γ-CO) P

= kgO2/day

CS1 : mg/l

CS2 : mg/l

CO : mg/l

α :

β :

γ :

h : m

P :

Air requirement (Gs)

= m
3
/day= m

3
/min

EA : %

ρ : kg/air m3N

OW : kgO2/kg air

Air Volume required is 4.3 times of Wastewater Inflow

Blower m
3
/min× units

m
3
/min× 2 units (including 1 standby)

Total capacity m
3
/min OK

Power requirement

κ PS・QS

κ-1 60

= kw

κ : (ratio of specific heat)

PS : kPa (absolute pressure for suction)

QS : m
3
/min

PD : kPa (absolute pressure for discharge)

LAD

η

= kw

α : (margin)

η : (adiabatic efficiency)

Power requirement (reference)

Power requirement

= kW

EP : kgO2/kWh

14

1.8

28

1.2

0.6

PkW=
AOR

EP･24

14

1.4

101.3

15.0

171.3

P= ･α

20

20

LAD= ・ ・{(PD/PS)
((κ-1)/κ)

-1}

21,736 15.1

15

1.293

0.232

101.3

Gs=
SOR

･100･
273+T2

EA･ρ･Ow 273

γ= 1/2･(
10.332+h

+1)
10.332

4.5

8.84

8.11

1.50

0.83

0.95

1.218

SOR= ･

896
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Design Calculation for Cheung Aek STP (Preparatory Project Stage) (4/7) 
Item Calculation Remarks

3. Sludge Treatment Facility

3.1 Sludge of Solid Quantity

Primary Sedimentation 250 － 150

Tank

= kg/day

→ t/day

Moisture Content

99 %

Sludge Volume

100 － 99

= m
3
/day

3.2 Sludge of Solid Quantity

Final Sedimentation = Qin･(a･Cs-BOD,in + b･Css,in - c･τ･X-Css,out)･10
-3

Tank

a: Conversion Ration of S-BOD to Sludge(mgMLSS/mgBOD)0.55

b: Conversion Ration of SS to Sludge(mgMLSS/mgSS) 0.95

c: Reduction Coefficient by Endogenous Respiration(1/d) 0.03

Cs-BOD,in: Cs-BOD,in of Reactor(mg/l) 107

Css,in: SS Conc,in of Reactor(mg/l) 150

τ: HRT(d) 0.31

X: MLSS Concentration(mg/l)

Css,out: SS Conc,eff of Reactor(mg/l) 19

Solid Quantity

= kg/day

→ t/day

Moisture Content

99.4 %

Sludge Volume

100 － 99.4

= m
3
/day

3.3 Gravity Thickener

(for Primary Solid Quantity

Sedimentation Tank) = kg/day

→ t/day

Spec φ 3.0 m× 1 Unit D 4.0 m

Area m
2

Solids Loading kg/m
2
/day

Retention Time 13.4 hr

Solid Recovery Rate

Sludge Density 3 %

Solid Quantity = 0.5 t/day × 85% = 0.4 t/day

Thickened Sludge

Volume 100 － 97.0

= m
3
/day

0.4 t/day x (
100

)

13

133

500

0.5

7

71

85%

50

1,385

847

0.8

0.8 t/day×（
100

)

500

0.5

0.5 t/day×（
100

)

5,000 m
3
/day×（ )

1,000
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Design Calculation for Cheung Aek STP (Preparatory Project Stage) (5/7) 
Item Calculation Remarks

3.4 Mechanical Thickener Solid Quantity

(for Primary = kg/day

Sedimentation Tank) → t/day

Belt Type Filtering

Thickening Machine Sludge Volume

= m
3
/day = m

3
/h

Operating Hours hr

Spec 10 m
3
/hr× 2 Unit(Including 1 Stand by)

→ m
3
/day

Solid Recovery rate

Injection Ratio

Sludge Density 4 %

Solid Quantity = 0.8 t/day × 90% = 0.7 t/day

Thickened Sludge

Volume 100 － 96.0

= m
3
/day

3.5 Mechanical Dewatering Total Sludge Volume m
3
/day

Equipemnt from Gravity Thickener m
3
/day

(High Efficiency from Mechanical Thickener m
3
/day

Screw Press Type)

Total Solid Quantity t-DS/day

from Gravity Thickener t-DS/day

from Mechanical Thickener t-DS/day

Moisture Content of Cake

Injection Ratio

Solid Recovery Rate

Operating Hours t= 10.0 hr If operating hours is 24,

 it needs to have screen washing time (6-8hours)

Number of dehydrator N= 2 (Including 1 stand-by)

Solids Quantity per 1 dehydrator Q0= S0×1/(t×N)

= kg・DS/h・dehydrator

Q0: Solid Quantity per one dehydrator per hour kg･DS/h･dehydrator

S0: Solid Quantity  kg･DS/d

Screen Diameter A= (Q0/Q100)^
(1/2.2)×100

= ≓
A: Diameter of Screen (mm)

Q100= 4.50 kg･DS/h･φ100

Q100: Basic dehydrated quantity on 100mm diameter of screen 

76%

1%

95%

110

428 500

31

13

18

1.1

0.4

0.7

0.3%

0.7 t/day×（
100

)

18

0.8

133 6

24

240

90%

847

 



 

16 

 

Design Calculation for Cheung Aek STP (Preparatory Project Stage) (6/7) 
Item Calculation Remarks

Sludge Pump N= 2 (Including 1 stand-by)

Monoaxial screw sludge pump is recommended 

  Variable delivery pump

Q1= S×100/C0×1/60×10
-3

×k

= ×k

= 0.03 ～ 0.08 m
3
/min

Q1: Delivery quantity per sludge pump (m
3
/min)

S: Solid Quantity per one dehydrator per hour (kg･DS/h)

C0: Sludge density (%)

k Coefficient of variable capacitance (0.5～1.5)

Solid Quantity = 1.1 t/day × 95% = 1.0 t/day

Storage and Hopper TYPE: Hopper type

Sludge Cake volume Qd= m
3
/day

Capacity of hopper Q= 4 m
3

Reserved storage time T= 24 hours

Quantity of hopper N= 1

0.05

4
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Design Calculation for Cheung Aek STP (Preparatory Project Stage) (7/7) 
Item Calculation Remarks

4. Disinfection (Chlorine Disinfection)

4.1 Inflow m
3
/daily maximum

Dimension Width Length Depth Channel

3.0 m× 10.0 m× 4.0 m× 1

Area m
2

Volume m
3

Contact Time (t) min

Chlorine requirement N= N0× (CRt/b)
n

where:

CR= Chlorine requirement

b= 4.0

n= 2.8

N0=

N=

CR= mg/L

NaOCl requirement RCl, L= Q×CR×100/C×1/κ×10
-3

where:

RCl, L= NaOCl requirement (1/h)

Q= Inflow (m
3
/h)

CR= Chlorine requirement

C= Effective concentration of chlorine (12%)

κ= Specific gravity of NaOCl solution (set at 1.0 for safe side)

RCl, L= L/h

1.0E+07

1.0E+03

3.1

5

5,000

30

120

34.6
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Design Calculation for Cheung Aek STP (Ultimate Stage) (1/7) 
Item Calculation Remarks

1. Fundamentals

1.1 Inflow m
3
/daily average

m
3
/daily maximum 1.10

m
3
/hourly maximum

1.2 Influent Quality BOD 230 mg/l (Including assumed returned load from sludge facilities) 

SS 250 mg/l (Ditto) 

Wastewater Temperature(Tw) 25 Degrees C (Coldest month)

P.Sett,in Re,in Sec. Clarifier,eff

1.3 Influent Quality BOD 230 161 17

(mg/l) SS 250 150 19

P.Sett Total

Removal Rate BOD 30 92.5

(%) SS 40 92.5

2. Wastewater Treatment Facility

width length pond

2.1 Grit Chamber W= 3.0 m × L= 13.0 m × 6

H= 2.6 m

A= 234 m
2

V= 608 m
3

Surface Loading Ls= Q/A

/

= m
3
/(m

2
day)

Average flow velocity V= Q/(W×H) = 0.42 m/s

Settling time T= W×L×H/Q = 31.1 s

2.2 Primary Sedimentation Tank

Dimension Width Length Depth Pond

3.6 m× 15.0 m× 3.0 m× 8 × 2 Series

5.3 m× 15.0 m× 3.0 m× 8 × 8 Series

Area m
2

Volume m
3

Surface Loading m
3
/m

2
/day

Settling Time hr

2.3 Reactor

Dimension Width Length Depth Pond

7.55 m× 34.0 m× 6.0 m× 4 × 2 Series

10.95 m× 34.0 m× 6.0 m× 4 × 8 Series

Area m
2

Volume m
3

HRT hr

260,000

282,000

407,000

407,000 234

1,739

5,952

17,856

47.4

1.5

13,967

83,802

7.1
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Design Calculation for Cheung Aek STP (Ultimate Stage) (2/7) 
Item Calculation Remarks

2.4 Final Sedimentation Tank

Dimension Width Length Depth Pond

3.6 m× 35.0 m× 3.5 m× 8 × 2 Series

5.3 m× 35.0 m× 3.5 m× 8 × 8 Series

Area m
2

Volume m
3

Surface Loading m
3
/m

2
/day

Settling Time hr

2.5 Brower

AOR 1) Oxygen requirement for degradation of BOD (DB)

(Actual oxygen requirement)

DB={(CBOD,in-CBOD,eff)･Qin･10
-3

-(LNOX,DN-LNOX,A)･K}･A

= kgO2/day

CBOD,in : mg/l

CBOD,eff : mg/l

Qin : m
3
/day

LNOX,DN : kgN/day

LNOX,A : kgN/day

K : kgBOD/kgN

A : kgO2/kgBOD

2) Oxygen requirement for endogenous respiration (DE)

DE=B･V･MLVSS

= kgO2/day

B : kgO2/kgMLVSS・day

V : m
3

MLVSS : mg/l

MLSS mg/l

MLVSS/MLSS :

3) Oxygen requirement for dissolved oxygen in the tank (DO)

Do=CO.A・(Qin+Qr+QC)

= kgO2/day

CO.A : mg/l

Qr : m
3
/day (Amount of return sludge)

Return sludge ratio :

Qc : m
3
/day (Amount of circulating water)

AOR=DB+DE+DO

kgO2/day

13,888

48,608

20.3

4.1

24,365

161

17

282,000

0

0

2.50

0.60

9,285

0.10

83,802

1,108

1,385

0.80

550.0

1.50

84,600

30%

0

34,200
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Design Calculation for Cheung Aek STP (Ultimate Stage) (3/7) 
Item Calculation Remarks

SOR AOR･CS1･γ 101.3

1.024
(T2-T1)

･α(β･CS2･γ-CO) P

= kgO2/day

CS1 : mg/l

CS2 : mg/l

CO : mg/l

α :

β :

γ :

h : m

P :

Air requirement (Gs)

= m
3
/day= m

3
/min

EA : %

ρ : kg/air m3N

OW : kgO2/kg air

Air Volume required is 4.3 times of Wastewater Inflow

Blower m
3
/min× 2 units

m
3
/min× 5 units (including 1 standby)

Total capacity m
3
/min OK

Power requirement

κ PS・QS

κ-1 60

= kw

κ : (ratio of specific heat)

PS : kPa (absolute pressure for suction)

QS : m
3
/min

PD : kPa (absolute pressure for discharge)

LAD

η

= kw

α : (margin)

η : (adiabatic efficiency)

Power requirement (reference)

Power requirement

= kW

EP : kgO2/kWh

SOR= ･

49,980

8.84

8.11

1.50

0.83

0.95

1.218

γ= 1/2･(
10.332+h

+1)
10.332

4.5

101.3

Gs=
SOR

･100･
273+T2

EA･ρ･Ow 273

1,212,473 842

15

1.293

0.232

90

180

900

LAD= ・ ・{(PD/PS)
((κ-1)/κ)

-1}

806

1.4

101.3

842.0

171.3

P= ･α

1,612

1.2

0.6

PkW=
AOR

EP･24

792

1.8
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Design Calculation for Cheung Aek STP (Ultimate Stage) (4/7) 
Item Calculation Remarks

3. Sludge Treatment Facility

3.1 Sludge of Solid Quantity

Primary Sedimentation 250 － 150

Tank

= kg/day

→ t/day

Moisture Content

99 %

Sludge Volume

100 － 99

= m
3
/day

3.2 Sludge of Solid Quantity

Final Sedimentation = Qin･(a･Cs-BOD,in + b･Css,in - c･τ･X-Css,out)･10
-3

Tank

a: Conversion Ration of S-BOD to Sludge(mgMLSS/mgBOD)0.55

b: Conversion Ration of SS to Sludge(mgMLSS/mgSS) 0.95

c: Reduction Coefficient by Endogenous Respiration(1/d) 0.03

Cs-BOD,in: Cs-BOD,in of Reactor(mg/l) 107

Css,in: SS Conc,in of Reactor(mg/l) 150

τ: HRT(d) 0.30

X: MLSS Concentration(mg/l)

Css,out: SS Conc,eff of Reactor(mg/l) 19

Solid Quantity

= kg/day

→ t/day

Moisture Content

99.4 %

Sludge Volume

100 － 99.4

= m
3
/day

3.3 Gravity Thickener

(for Primary Solid Quantity

Sedimentation Tank) = kg/day

→ t/day

Spec φ 11.0 m× 4 Unit D 4.0 m

Area m
2

Solids Loading kg/m
2
/day

Retention Time 12.9 hr

Solid Recovery Rate

Sludge Density 3 %

Solid Quantity = 28.2 t/day × 85% = 24.0 t/day

Thickened Sludge

Volume 100 － 97.0

= m
3
/day

282,000 m
3
/day×（ )

1,000

28,200

28.2

28.2 t/day×（
100

)

2,820

1,385

47,908

47.9

47.9 t/day×（
100

)

7,983

28,200

28.2

380

74

85%

24.0 t/day x (
100

)

800  
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Design Calculation for Cheung Aek STP (Ultimate Stage) (5/7) 
Item Calculation Remarks

3.4 Mechanical Thickener Solid Quantity

(for Primary = kg/day

Sedimentation Tank) → t/day

Belt Type Filtering

Thickening Machine Sludge Volume

= m
3
/day = m

3
/h

Operating Hours hr

Spec 50 m
3
/hr× 8 Unit(Including 1 Stand by)

→ m
3
/day

Solid Recovery rate

Injection Ratio

Sludge Density 4 %

Solid Quantity = 47.9 t/day × 90% = 43.1 t/day

Thickened Sludge

Volume 100 － 96.0

= m
3
/day

3.5 Mechanical Dewatering Total Sludge Volume m
3
/day

Equipemnt from Gravity Thickener m
3
/day

(High Efficiency from Mechanical Thickener m
3
/day

Screw Press Type)

Total Solid Quantity t-DS/day

from Gravity Thickener t-DS/day

from Mechanical Thickener t-DS/day

Moisture Content of Cake

Injection Ratio

Solid Recovery Rate

Operating Hours t= 10.0 hr If operating hours is 24,

 it needs to have screen washing time (6-8hours)

Number of dehydrator N= 9 (Including 1 stand-by)

Solids Quantity per 1 dehydrator Q0= S0×1/(t×N)

= kg・DS/h・dehydrator

⇒ kg・DS/h・dehydrator

Q0: Solid Quantity per one dehydrator per hour kg･DS/h･dehydrator

S0: Solid Quantity  kg･DS/d

Screen Diameter A= (Q0/Q100)^
(1/2.2)×100

= ≓
A: Diameter of Screen (mm)

Q100= 4.50 kg･DS/h･φ100

Q100: Basic dehydrated quantity on 100mm diameter of screen 

47,908

47.9

7,983 333

24

8,400

90%

0.3%

43.1 t/day×（
100

)

1,078

1,878

800

1,078

67.1

24.0

43.1

76%

1%

95%

839

1,077 1,100

840
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Design Calculation for Cheung Aek STP (Ultimate Stage) (6/7) 
Item Calculation Remarks

Sludge Pump N= 9 (Including 1 stand-by)

Monoaxial screw sludge pump is recommended 

  Variable delivery pump

Q1= S×100/C0×1/60×10
-3

×k

= ×k

= 0.18 ～ 0.53 m
3
/min

Q1: Delivery quantity per sludge pump (m
3
/min)

S: Solid Quantity per one dehydrator per hour (kg･DS/h)

C0: Sludge density (%)

k Coefficient of variable capacitance (0.5～1.5)

Solid Quantity = 67.1 t/day × 95% = 63.7 t/day

Storage and Hopper TYPE: Hopper type

Sludge Cake volume Qd= m
3
/day

Capacity of hopper Q= 100 m
3

Reserved storage time T= 48 hours

Quantity of hopper N= 6

0.35

265
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Design Calculation for Cheung Aek STP (Ultimate Stage) (7/7) 
Item Calculation Remarks

4. Disinfection (Chlorine Disinfection)

4.1 Inflow m
3
/daily maximum

Dimension Width Length Depth Channel

30.0 m× 50.0 m× 4.0 m× 1

Area m
2

Volume m
3

Contact Time (t) min

Chlorine requirement N= N0× (CRt/b)
n

where:

CR= Chlorine requirement

b= 4.0

n= 2.8

N0=

N=

CR= mg/L

NaOCl requirement RCl, L= Q×CR×100/C×1/κ×10
-3

where:

RCl, L= NaOCl requirement (1/h)

Q= Inflow (m
3
/h)

CR= Chlorine requirement

C= Effective concentration of chlorine (12%)

κ= Specific gravity of NaOCl solution (set at 1.0 for safe side)

RCl, L= L/h

282,000

1,500

6,000

30.6

1.0E+07

1.0E+03

3.5

343
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Plan and Profile of Sewer Line in the Preparatory Project 
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General Layout of STP constructed in the Preparatory Project 
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Hydraulic Profile of the Preparatory Project 
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Plan and Section of Major facilities in the Preparatory Project (1/3) 
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Plan and Section of Major facilities in the Preparatory Project (2/3) 
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Plan and Section of Major facilities in the Preparatory Project (3/3) 
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Transition from Preparatory Project Stage to Ultimate Stage of Cheung Aek STP 
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