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＊Note: All the STP calculations are compiled in the soft copy. 

Kindly refer to the data file. 

  



A-1 Process Cal_ EA&al 7MLD Jakkur STP_Supporting 12.2.3

Design Condition

(1) Flow Rate

m3/d m3/h m3/s
Daily Average 458 0.127
Daily Maximum 458 0.127
Hourly Max. Peak factor 2.25 1031 0.286

(1) Flow Rate

m3/d m3/h m3/s
Daily Average 292 0.081
Daily Maximum 292 0.081
Hourly Max. Peak factor 2.25 656 0.182

1. Inlet Chamber

[1] Design Condition

(1) ＝

＝

(2)

Pipe Diameter  ×

Gradient ‰

Roughness Coefficient n= （Manning Fornula）

Full Pipe Flow Rate

(3) Influent Water Level + m

[2] Geometory

(1) Number of Basins 1

(2) Depth of Basin m Approx.

(3) Width of Basin m Approx.

(4) Length of Basin m Approx.

(5) × × ＝ m3

(6) Retention Time × × ／ × 1

＝ sec

(7) Basin Demensions m × m

× m

Item 7MLD STP-TSPS

Design Flow
for the year 2049

11,000
11,000

Design Flow
for the year 2034

24,750

Item 7MLD STP-TSPS

7,000
7,000
15,750

Inlet Pipe

 Design Flow for the year 2049 Hourly Maximum 24,750 m3/d

0.286 m3/sec

Basin

0.013

m3/s

Volume required of Basin 0.600 2.100 2.500 0.5

0.600

2.100

2.500

0.600 2.100 2.500 0.286

Depth 0.600

11.01

Width 2.100 Length 2.500

PS basic & Inlet Chamber1/21
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2. Coarse Screen Channel

[1] Geometry

(1)

Number Main + Bypass

Width m

Height m

Floor Level + m

Bottom + m

Influent Water Level + m

Velocity ／ ／ ／ 2
whe  Design Flow for the year 2049 ＝ < OK

Velocity ／ ／ ／ 1
whe  Design Flow for the year 2034 ＝ < OK

(2)

Number Main + Bypass

Width m

Side Water Depth m

Velocity ／ ／ ／ 2
whe  Design Flow for the year 2049 ＝ ≒ OK

Velocity ／ ／ ／ 1
whe  Design Flow for the year 2034 ＝ < OK

(3) Channel Dimensions m × m

× m

[3] Equipment

(１) Inlet Gate

Number Main + Bypass

Dimension m × m

Design Water Level m

(2) Coarse Screens (Main Channel)

Number W + S

Open Space mm

Bar Thickness mm

Channel Width m

Width of side plate mm

Side Water Depth m

Height of Blind Plate  at the bottom mm

Velocity through screen ／ ／ ／ 2

× ( + 9 ) /

＝ ＜ OK

Velocity through screen ／ ／ ／ 1
whe  Design Flow for the year 2034 × ( + 9 ) /

＝ ＜ OK

(3) Coarse Screens (Bypass Channel)

Number W + S

Open Space mm

Bar Thickness mm
Channel Width m

Side Water Depth m

Velocity through screen ／ ／ ／ 2
whe  Design Flow for the year 2049 × ( + 9 ) /

＝ ＜ OK

Velocity through screen ／ ／ ／ 1
whe  Design Flow for the year 2034 × ( + 9 ) /

＝ ＜ OK

Item 7MLD STP-TSPS

Inlet Gate

0.600

5.000

0.000

2 1

0.400

0.715 1.000 m/sec

0.500

0.286 0.400 0.500

0.910 1.000 m/sec

0.182 0.400 0.500

2.0 1.0

0.800

Screen Channel

0.298 0.450 m/sec

0.600

0.286 0.800 0.600

0.379 0.450 m/sec

0.182 0.800 0.600

2

Width 0.4 Height 0.60

SWD 0.6

Width 0.8 Length 6.0

1

20

9

0.8

2 0

0.286 0.700 0.550

50

0.6

50

20 20

0.539 0.800 m/sec 

0.685 0.800 m/sec 

0.182 0.700 0.550

0 1

50

20 20

0.286 0.800 0.600

9
0.8

0.6

0.182 0.800 0.600

50 50

0.352 0.800 m/sec 

50 50

0.447 0.800 m/sec 

Coarse Screen 2/21
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3. Raw Sewage Sump

[2] Geometory

(1)

Number Basin

Dia m

Pump Operating Depth m

Retention Time  ( 2× × ) ／ ／60
whe  Design Flow for the year 2049 ＝ ＞ min (=minimum time of one pump cycle TOK

Retention Time  ( 2× × ) ／ ／60
whe  Design Flow for the year 2034 ＝ ＞ min (=minimum time of one pump cycle TOK

High Water Level + m

Pump Off Level + m

[3] Equipment

(1) Sewage Pumps 1

Number W + S

Bore Diameter mm

Discharge Flow : 40% Q* 2 × × Q
whe  Design Flow for the year 2034 ＝ ⇒

Total Head m

(2) Sewage Pumps 2

Number W + S

Bore Diameter mm

Discharge Flow : 20% Q* 1 × × Q
whe  Design Flow for the year 2034 ＝ ⇒

Total Head m15.0

131 135 m3/Hr

0.182 3600 20.0%

1 1

150

9.50

Item

Raw Sewage Sump

7MLD STP-TSPS

1

1.000

9.50 π／4 1.000 0.286

4.13 3.75

6.49 3.75

9.50 π／4 1.000 0.182

0.000

-1.000

2 1

200

0.182 3600 40.0%

15.0

262 270 m3/Hr

Raw Sewage Sump 3/21
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1. STP Design Condition

(1) Design Flow Rate

Average Daily

Max Daily
Max Hourly Peak factor 2.25

(2) Design Water Quality Unit：mg/L

NH4-N Org-N NOx-N D-P P-P
Inlet 350 800 450 45.5 17.5 7 5 2
Outlet 10 50 10 1 0 9 1 1

Removal rate

2. Inlet Chamber

[1] Design Condition

(1) ＝

＝ m3/sec

[2] Geometry

(1) Number of Basins 1

(2) Depth of Basin m

(3) Width of Basin m

(4) Length of Basin m

(5) × × ＝ m3

(6) Retention Time × × ／ × 1

＝ sec

(7) Basin Dimensions m × m

× m

7,000 291.67 0.081

Item ***-STP 7MLD

m3/d m3/h m3/s

7,000 291.67 0.081
15,750 656.25 0.182

TP

97.1% 93.7% 97.8% 85.7% 71.4%

m3/day

0.182

BOD COD SS T-N

Volume required of Basin 1.500

Design Flow Rate Max Hourly 15,750

1.500 1.700 2.000 0.182

Basin

1.500

1.700

2.000

Depth 1.500

1.700 2.000 1.3

28.02

Width 1.700 Length 2.000

STP basic &Stilling Chamber4/21
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3. Fine Screen Channel

〔1〕Design Condition

(1) ＝

＝

[2] Geometory

(1)

Number Main + Bypass

Width m

Height m

Floor Level + m

Bottom + m

Influent Water Level + m

Velocity ／ ／ ／ 2

＝ ≒

(2)

Number Main + Bypass

Width m

Side Water Depth m

Velocity ／ ／ ／ 2

＝ ≒

(3) Channel Dimensions m × m

× m

[3] Equipment

(１) Inlet Gate

Number W + S

Dimension m × m

Design Water Level m

(2) Fine Screens (Main Channel)

Number W + S

Open Space mm

Bar Thickness mm

Channel Width m

Width of side plate mm

Side Water Depth m

Height of Blind Plate  at the bottom mm

Velocity through screen ／ ／ ／ 2

× ( + 2 ) / 6

＝ ＜

(3) Fine Screens (Bypass Channel)

Number W + S

Open Space mm

Bar Thickness mm

Channel Width m

Side Water Depth m
Velocity through screen ／ ／ ／ 2

× ( + 9 ) /

＝ ＜

0.182 m3/sec

Design Wastewater Flow Max Hourly 15,750 m3/d

Inlet Gate

0.450

2.000

0.000

2 1

0.300

1.011 1.000 m/sec

0.300

0.182 0.300 0.300

2 1

0.600

Screen Channel

0.379 0.450 m/sec

0.400

0.182 0.600 0.400

2

Width 0.3 Height 0.45

SWD 0.4

Width 0.6 Length 6.0

1

6

2

0.6

2.00

2 0

0.182 0.500 0.350

50

0.4

50

0 1

6

0.693 0.800 m/sec 

0.4
0.182 0.600 0.400

20

9

0.6

20

0.550 0.800 m/sec 

20

Fine Screen5/21
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4. Grit Chamber

[1] Design Condition

(1) ＝

＝ m3/sec

(2) Specific gravity of Sand

(3) Sedimentation Velocity ＝

(4) Average Velocity

[2] Grit Chamber Square Grit Chamber

(1) Surface Area required ／ ＝ m2

(2) Number of Basins 1 S + 1 W

(3) ／ 1 ＝ m2

(4) Length of Basin ^0.5 ＝ m → m

(5) HRT in Grit Chamber 60 sec

(6) × 60 sec ／ 1 ＝ m3

(7) Depth required ／ ／ ＝ m

(8) Basin Dimensions ｍ × m

× m (Freeboard 0.3m)

(9) Retention Time × × ／ × 1

＝ sec

(10) ／ ／ ／ 1

＝ ＜

[3] Parshall Flume

(1) Design Flow Rate Q= l/sec

(2) Throat width W= m

(3) Water depth Ha Ha= ( Q ／ ／
2/3

Ha= m

(4) Crest Level + m ≒ Minimum water level at downstream channel

(5) Water level at the crest + m

(6) Channel bottom level + m

(7) Upstream Channel width m

(8) SWD of Upstream Channel m

(9) Average velocity at upstream channel m/sec

(10) Total Length of channel m

[4]

(1) Number Units

(2) Weir Width m

(3) Stroke m

(4) Overflow Height m
(5) Overflow Height (actual) ( ／ ／ ／ 2 ) 2/3

＝ ＜

2.65

Design Flow Rate Peak flow 15,750 m3/day

0.182

0.0111 m/sec 960 m3/m2/day

0.3 m/sec

0.182 0.0111 16.40

Surface Area required/Basin 16.4 16.40

16.40 4.0 4.5

Volume required of Basin 0.182 10.9

0.182

10.9 4.5 4.5 0.539

Width 4.5 Length 4.5

Depth 0.5

4.5 4.5 0.5

60.00

Surface Overflow Rate at Peak Flow 15,750 4.5 4.5

777.777778 960 m3/m2/day

10.000

182.000

0.450
W　）2264

0.317

0.317

1.500

0.700

0.173

Inlet Weir Gate

2

0.400

0.600

0.450

0.182 1.840 0.600

0.189 0.400 m

Grit Chamber 6/21

Bengaluru Water Supply and Sewerage Project (Phase 3)
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5.   Reactor

〔1〕 Design Condition

(1) Design Wastewater Flow Q＝ 7,000

Q’＝ 7,000

(2) Design Sewage Quality

Inlet  BOD 350 mg/l

Outlet BOD 10.0 mg/l

Inlet S-BOD 235 mg/l assumed as 67% of BOD

Inlet COD 800 mg/l

Inlet bCOD ：S0 578 mg/l

Inlet nbCOD 223 mg/l

bCOD/BOD 1.65

Inlet S-COD ：sCOD 271 mg/l

Inlet rbCOD 231 mg/l bCOD*40%

Inlet sbCOD 347 mg/l bCOD*60%

Outlet S-COD ：nbsCODe 40 mg/l

Inlet nbpCOD ：nbpCOD 183 mg/l =TCOD-bCOD-nbsCODe

Inlet SS 450 mg/l

Inlet VSS 383 mg/l assumed as 85% of TSS

：VSSCOD 1.38 gCOD/gVSS =TCOD-sCOD/VSS

：nbVSS 131.96 gnbVSS/m3 =nbpCOD/VSSCOD

：iTSS 67.50 gnbVSS/m3 =TSS-VSS

Inlet T-N 70 mg/l

Inlet TKN 70 mg/l

Inlet NH4-N 45.0 mg/l

Inlet T-P 7 mg/l

Inlet D-P 5 mg/l

Inlet Alkalinity as CaCO3 380 mg/l

Outlet Kjeldahl N 1.0 mg/l

Outlet NH4-N 1.0 mg/l

Outlet NO3-N 9.0 mg/l

Outlet T-P 2 mg/l

Outlet D-P 1 mg/l
(3) Water Temperature T＝ 20.0 ℃

(4) Safety Factor for Nitrogen SF= 1.5

(5) Return Sludge Concentration Rs ＝ 8,000 mg/l
(6) MLSS      MLVSS X TSS ＝ 3,000 mg/l
(7) DO in the Reactor 2 mg/L

[2] Design Value for perfect Nitrification of Nitrification Process

(1) Activated sludge design kinwtic coefficients at 20℃

Coefficient Unit COD
oxidatio

NH4
oxidatio

NO2
oxidatio

μmax gVSS/gVSS ・d 6.000 0.900 1.000
Ks,KNH4,KNO2 mg/L 8.000 0.500 0.200

Y gVSS/g substrate
oxidized

0.450 0.150 0.050

b gVSS/gVSS ・d 0.120 0.170 0.170

fd unitless 0.150 0.150 0.150
KO2 mg/L 0.200 0.500 0.900

θValue
μmax unitless 1.070 1.072 1.063

b unitless 1.040 1.029 1.029
Ks,KNH4,KNO2 unitless 1.000 1.000 1.000

Wastwater Engineering Treatment and Resouce Recavery Fifth Edition  (METCALF & EDDY/AECOM)

(2) μAOB μAOB= 0.3100 g/g・d =μmax,AOB[SNH4/(SNH4+KNH4)][S0/(S0+K0,AOB)]-bAOB

μmax,AOB,T μmax,AOB,T= 0.9000 g/g・d =μmax*1.072(T-20) μmax　 at20℃＝ 0.900
bAOB,T bAOB,T= 0.1700 =b*1.029(T-20) b　 at20℃＝ 0.170
SNH4 SNH4= 1.0000 mg/l
DO DO= 2.0000 mg/l
K0,AOB K0,AOB= 0.5000 mg/l

m3/day (summer)

m3/day(Winter)

Reactor7/21
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(2) Design SRT SRT= 4.8387 day =1/μAOB×SF

⇒ 5.0000 day

(3) Biomass production
Px,VSS Px,VSS= 2188.927 kg /d =Px,bio+Q(nbVSS)
Px,TSS Px,TSS= 2884.700 kg /d =Px,bio/0.85+Q(nbVSS)+Q(TSS0-VSS0)+5*Q*Al

S S= 0.4507 mg/l =Ks[1+bH(SRT)]/[SRT(μm-bH)-1]

bH bH= 0.1200 =b*1.04(T-20) b　 at20℃＝ 0.120
YH YH= 0.4500 gVSS/g bCOD
μm,T μm,T= 6.0000 g/g・d =μmax*1.04(T-20) μmax　 at20℃＝ 6.000

Yn Yn= 0.150 gVSS/g Nox

NOx NOx= 47.400 mg/l
PX,bio,VSS PX,bio,VSS= 1265.214 kg VSS/d=Q・YH(S0-S)/[1+bH(SRT)]+fd・bH・QYH(S0-S)SRT/[1+bH(SRT)]

+QYn(Nox)/[2+bAOB(SRT)]

1136.066 =Q・YH(S0-S)/[1+bH(SRT)]

102.246 =fd・bH・QYH(S0-S)SRT/[1+bH(SRT)]

26.903 =QYn(Nox)/[1+bAOB(SRT)]

NOx NOx= 47.311 mg/l =TKN-Ne-0.12PX,bio/Q

(4) Required Aeration Tank Volume

Va= Va= 4,808 m3

τ= τ= 16.48 hr =Va/Q×24

⇒ 18.00 hr
XVSS・Va XVSS・Va= 10,945 kg VSS =Px,VSS・SRT

XTSS・Va XTSS・Va= 14,423 kg TSS =Px,TSS・SRT

F/M F/M= 0.224 kgBOD/kgMLVSS

FractionVSS= FractionVSS= 0.759

MLVSS= MLVSS= 2276 mg/L

(5) BODloading BODloading= 0.510 kg/m3・d

(6) Observed Yield
Yobs,TSS= Yobs,TSS= 1.178 gTSS/gBOD
Yobs,VSS= Yobs,VSS= 0.894 gVSS/gBOD

bCODremoved= bCODremov 4,039 kg/d

(7) effluent NO2-N NO2-N= 0.2315 mg/l =Ks[1+bNOB(SRT)]/[SRT(μNOB-bNOB)-1]

bNOB bNOB= 0.1700 =b*1.029(T-20) b　 at20℃＝ 0.170
μm,T μmax,NOB,T= 1.0000 g/g・d =μmax*1.04(T-20) μmax　 at20℃＝ 1.000
μAOB μNOB,T= 0.6897 g/g・d =μmax,NOB[S0/(S0+KO2,NOB)]

S0= 2.000 mg/l
KO2,NOB= 0.900 mg/l

(8) effluent NH4-N NH4-N= 0.5286 mg/l =Ks[1+bNOB(SRT)]/[SRT(μNOB-bNOB)-1]

bNOB bNOB= 0.1700 =b*1.029(T-20) b　 at20℃＝ 0.170
μm,T μmax,NOB,T= 0.9000 g/g・d =μmax*1.072(T-20) μmax　 at20℃＝ 0.900

μAOB μNOB,T= 0.7200 g/g・d =μmax,NOB[S0/(S0+KO2,NOB)]

S0= 2.000 mg/l
KO2,NOB= 0.500 mg/l

(9) Ratio of Return Sludge 8,000*Rr/(1+Rr)＝ 3,000 mg/L

3,000/(8,000-3,000)＝ 0.60

Rr ＝ 0.60

Reactor8/21
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[3]  Design  for Nitrification and Denitrification Process

(1) Active biomass concentration Xb = Q・(SRT)/V・YH(S0-S)/[1+bH(SRT)]

= 1,181.47 mg/l

(2) IR ratio IR＝ NOx/Ne-1.0-R

= 3.66

(3) The amount of NO3-N fed to the anoxic tank Nox feed= (IR+R)・Q・Ne

= 268,174.27 kg/d

(4) The anoxic tank volume Vnor= 481 m3 = Va× 10%

Vnor= 1,458 m3 τDN= 5.000 h

(5) F/Mb F/Mb= 1.42 g/g・d

(6) Fraction of rbCOD 40.00% =rbCOD/bCOD

10 0.186 0.078

20 0.213 0.118

30 0.235 0.141

40 0.242 0.152

50 0.270 0.162

(8) SDNRb SDNRb= 0.296 g/g・d = b0+b1[ln(F/Mb)]

b0= 0.242
b1= 0.152

(8) SDNR SDNR= 0.110 g/g・d =SDNRb(MLVSSb/MLVSS)

SDNRadj= 0.212 g/g・d =SDNRt - 0.029ln(F/Mb)-0.012 IR=3-4
=SDNRt - 0.0166ln(F/Mb)-0.078 IR=2

SDNRt= 0.296 g/g・d =SDNRb・θ
(t-20) θ= 1.026

(9) NOr NOr= 364,695.16 kg/d =Nnox・SDNR・Xb

>Nox feed= 268,174 kg/d

(10) Alkalinity to be added to maintain pH7 -108.33 mg/l

Influent Alk 380.00 mg/l
Alk used 338.44 mg/l =7.14×Nox

Alk produced 136.77 mg/l =3.57×(NOx-NOxe)

Alk to mainta 70.00 mg/l

[4]  Design of Phosphourus Removal Process

(1) Removal T-P 3.13 mg/l

P in waste sludge px= 1.00%

Generated waste sludge Px,VSS= 2188.927 kg /d

Rwmoval Phosphorus 21.88926619 kg /d

(2) Effluent T-P without Al 3.87 mg/l

(3) Required Al toinitial soluble phosphourus ratio 1.00 mol/mol

(4) Required Al dosing rate 3.48 mg/l as Al

42.98 mg/l as crystal, Al2(SO4)3・18H2O
(5) Required Alumnum Sulfate 300.84 kg/d

(6) Required Alumnum Sulfate solutio10% 2.87 m3/d

119.38 L/H

(7) Additional sludge 121.96 kg/d

Percent
rdCOD(%) b0 b1

SDNR equation coefficients

Reactor9/21
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[5] Reactor

(1) Total volume of Aeration Basins VA＝

＝ 5,250 m3

(2) Total volume of Anoxic Basins VDN＝ Q'*θDN/24

＝ 1,458 m3

Summer Winter

m3 hour hour

Anaerobic VAN 440 1.50 1.50 0.30

Anoxic VDN 1,458 5.00 5.00 1.00

Aerobic VA 5,250 18.00 18.00 3.60

Total V 7,148 24.50 24.50

[6] Geometry

(1) Basin Dimensions Width Length Depth Basins

8.0 84.0 5.5 2

Cross Section 8.0*5.5 ＝ 44.0 m2/Basin
Hantzsch Subtraction ＝ 1.0 m2/Basin
after Subtraction 44.0-1.0 ＝ 43.0 m2/Basin
Total Volume 43.0*84.0 ＝ 3,612 m2/Basin 7,224 m3/Total

(2) Partition of Basin

unit Anaerobic Anoxic Aerobic Total

m2

m 5.1 17.0 61.0 83.1

m3 220 729 2,625 3,574

m3 440 1,458 5,250 7,148

m2 43.0 43.0 43.0

m 6.0 17.0 61.0 84.0

m3 258 731 2,623 3,612

m3 516 1,462 5,246 7,224

0.35 1.00 3.59

hour 1.77 5.01 17.99 24.77

[7] Equipment

(1) Ras Pumps

Ras Ratio 60%

Required Capacity 7,000 m3/day× 60% ／ 24 ／ 2

= 88 m3/Hr　　⇒ 90 m3/Hr

Number 2 Work

2 Stanby

(2) Circulation Pumps

Ras Ratio 366%

Required Capacity 7,000 m3/day× 366% ／ 24 ／ 4

= 267 m3/Hr　　⇒ 270 m3/Hr

Number 4 Work

2 Stanby
(3) SAS Pumps

Excess Sludge 380 m3/day

Sludge withdraw 12 Times/day

Running Time 0.5 Hr/Time

Required Capacity 380 m3/day ／ 12 ／ 0.50 ／ 2

= 31.64 m3/Hr　　⇒ 35 m3/Hr

Number 2 Work

2 Stanby

Actual Volume per Basin

Total Volume required

Actual Cross Section

Actual Length

Actual Retention Time

Actual Total Volume

Actual Ratio of Volume

Volume required per Basin

unit

Cross Section 43.0

Item

Length required

Item Volume
required

Retention Time required Ratio of
Volume

Q'*θa/24

Reactor10/21
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(4) Alum Solution Tank

2 W + S

Alum concentration as crystal 10 %

Gravity of dissolved dechlorine 1.05

Required solution volume 300.84 kg / d × 100 / 10 / / 

＝ 2.87 m3/d

Volume of Tank m3/tank

Total Volume of Tanks m3 (Duration= day)

(5) Mixer for Alum Solution Tank

2 W + 0 S

(6) Alum Dosing Pump

2 W + 1 S

Capacity 2.87 m3/d      / 24 × 1000 / 2 ×

119.38 l/h/unit ⇒ 120 l/h/unit

Number

Number

2

2.6

5.2 1.81

10001.05

Number 0

Reactor11/21
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6. Air Requirement at Average Flow

〔1〕Design Condition
(1) ＝

＝

Qin ：Design Average Flow m3/d 7,000

Inlet bCOD ：S0 578 mg/l
S= S= 0.451 mg/l
Nox= Nox 47.400 mg/l

PX,bio= PX,b 1,238.3 kg VSS/d does not include nitrifying bacteria

R0= R0= Q(S0-S-k(Nox-NOxe)-1.42PX,bio+4.57Q・NOx

R0= R0= 3,029 kg O2/d

k= 2.86

(2) AOR × CS・a ×
α × F

CS ： Saturated DO at sea level and 20　℃

CSW ： Saturated DO at sea level and operating Temperature

at 20 ℃

： ：

CA ： mg/L

a ： Correction Factor by the Water Depth
1+0.40Dj/Pa

Dj ： Tank Liquid Depth m
Pa ：

m
Pb ： Absolute pressure at Plant Site Elevation m
Pb/Pa ： exp[-gM(zb-za)/R*T]

g ： Acceleration due to Gravity m/s2

M ： Mole of Air kg/kg-mole
zb ： Plant Site Elevation m
za ： Sea Elevation 0 m

R ： Universal Gas Constant Nm/kg-mole.K

T ： Temperature 273.15+t ＝ Kelvin
α ： relative Transfer Rate to clean Wat
β ： relative DO Saturation to clean Wa
F ： Diffuser Fouling Factor

(3) No. of Basins Basin
(4) Standard O2 required at Field Conditions per Basi＝
(5) SOTE for the above Effective Aeration Depth %
(6) Fraction of O2 in Air %
(7) Specific Gravity of Air at Standard Condition
(8) Safety Factor
(9) Air required at Field Conditions per Basins ＝ m3/day ＝ m3/hr
[2] Equipment

2

1.0000

0.900

20-T 0.0 1.02420-T

＝ kg/day＝

1.19357

0.65
0.95
0.90

32,858 7,714.69

9.80665

2.0

10.332

operating DO in Basin 

5.00
Standard absolute pressure at s

9.09 mg/L

9.09 mg/L

1.02420-T

＝
(β・CSW/CS・(Pb/Pa)a－CA)

SOR(Standard Oxygen Transfer Rate at site)

126.2 kg/h

56,731

1.293

28.0

2,363.8

23.18

15%

AOR AOR 3,029 kg/day

4.2591

3,857 kg/day

28.97

8314
293.15

900

Air Requirement at Average Flow12/21
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(1) Air Blower
Number W + S
Required Capacity m3/Hr・Basin ／ unit/Basin

＝ m3/h ⇒ m3/h /Unit
Pressure kPa

Safty Factor %

Heat capacity ratio
Atmospheric pressuer at site elevation kPa

Total inlet pressure kPa

Volume rate of flow at inlet point m3/min

Total discharge pressure kPa

Overall adiabatic effeciency
Inlet air temperature (min.) ℃

Shaft power kW

Rated Output of Motor kW ⇒ kW

4 2

1.4
91.234
89.234
22.704
156.234

0.65
15

32.101

3735.311

2363.8 2
1181.9 1200

65
10

Air Requirement at Average Flow13/21
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7. Final Clarifire

〔1〕 Design Condition

(1) Design Wastewater Flow Q＝ 7,000 m3/day

(2) T＝ 20.0 ℃

(3) MLSS Xef＝ 3,000 mg/l
(4) SVI SVI＝ 300

(5) Sedimentation Velocity v ＝ 4.899*10^6*T^(0.954)*Xef^(-1.354)*SVI^(-0.77)

＝ 4.899*10^6*20.0^0.954*3,000^-1.354*150^-0.770

＝ 20.7 m/day
(6) Surface Overflow Rate required S '＝ v/(1.5*1)＝ 20.7/(1.5*1.0) ＝ 13.8 m3/m2･day

→ 12.0 m3/m2･day

[2] Geometory

(1) A＝ 7,000/12.0＝ ＝ 583 m2

(2) Diameter Depth Basin

19.5 3.5 2

(3) S＝ 19.5^2 * 3.14 /4 * 2.0 ＝ 597 m2

(4) Surface Overflow Rate S＝ 7,000/597 ＝ 11.7 m3/m2
・day

Surface Area required
Demensions

Actual Surface Area

Water Temperature

Final Clarifire14/21
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8. Chlorination

[1] Design Condition

(1) Design Flow Rate m3/day m3/h

Peak Flow m3/day m3/h

(2) Contact Time
(3) Cl2-GAS

(4)

(5) ／ ×

＝ kg/d

＝ kg/h

[2]  Chlorination Contact Tank 

(1) Volume required ／ ×

＝ m3

(2) Nos. of lanes

(3) Width of lane

(4) Length of lane

(5) Side Water Depth

(6) Nos. of Tanks

(7) Total Width of Tank

(8) ／ ／ ／

＝ ／ ／ ／

＝ m/sec

(9) × × × Nos. of lanes × Nos. of Tanks

＝ m × m × m

× ×

＝ m3 > m3

[3] Equipment

(1) Chlorine Dosing Condition

Operation Dosage Rate -1   DC1 10 mg/L

(2)  Chlorine Cylinder

Type - Cylindrical Convexsd Container

Cylinder Capacity Cc 928 kg/cylinder

Average Dosage Rate -1 q1 Chlorine -1 :   QT-D x DC1 x 10-6 x 103 = kg/day

Maximum Dosage Rate -1 q3 Chlorine -1 :   QT-D x DC1 x 10-6 x 103 = kg/day

Storage day T More than 15 days

Required Storage Capacity EC1 D x T = 1,050 kg

Unit Number EN1 EC1 / Cc = 1.1 cylinders

Maximum Operation Numbers
Cl2-Gas Volatilize Rate Vr1 #### @ 20OC Standard temperature
Maximum Dosing Rate DC1 10 mg/L,  QT-D x  q3 x 10-3 / 24 = kg/h
Operation Numbers EN2 DC1 / Vr1 =

W + S

(3)  Chlorinator

Type Solution Feed Vacuum Type

W + S

Operation Dosage Rate -1   Dq1 Chlorine -1 :   QT-D x DC1 x 10-6 x 103 =

kg/day

Required Dosage Rate Chlorine -1 :   Dq1 / (EN1x 24) =

kg/hr kg/hr

157.5

Minimum Maximum

0.00 6.6

Number 1 1

70

158

6.56
0.8sets

Number 2 2

3 1

156 145.8

2.0 13.0 2.0

Total Volume Width Length Depth

0.020

291.67 3600 2.00 2.00

6.80 m Approx..

Average Velocity Decant Flow 3600 Width Depth

2.00 m

1 tank

2.00 m

13.00 m

145.8

3 lanes

70.0

2.92

Average Daily Flow 1440 Contact Time

Required Chlorine per day Average Daily Flow 1000 Design Chlorine Dosage Rate

Type of Chlorine

Design Chlorine Dosage Rate 10 mg/L

15,750 656.25

30 min

Average Daily Flow 7,000 291.67

Chlorination Tank  (gas) 15/21
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(4) Chlorine Booster Pump  

Type Branchy on the water supply pipe

Water Demand

Chlorinator Discharge 1.0 1.5 2.0 2.5 3.0 4.0

Water Demand 15 20 25 30 35 40

Chlorinator Discharge 5.0 6.0 10.0 50.0 100.0 200.0

Water Demand 45 50 60 300 600 1,200

Water requiamet -

For Chlorin Qp1 Maximum dosage rat 6.6 kg/hr

therefore 60 L/min

Booster Pump Type Single suction volute pump

W + S

9. Dechlorination

〔1〕 Design Condition

(1) Design Flow Rate m3/day

(2)
(3) Sodium Thiosulfate ( Na2S2O3 5H2O )

(4) Free Residual Chlorine assumed value

(5) ／ × Free Residual Chlorine × 1.75

× (safety factor)

＝ kg/d

＝ kg/h

[2] Dechlorination Contact Tank 

(1) ／ ×

＝ m3

(2) Width of lane

(3) Length of lane

(4) Side Water Depth

(5) Nos. of Tanks

(6) × ×

＝ m × m × m

＝ m3 > m3

[3] Equipment

(1) Dechlorine Solution Tank

W + S

Dechlorine concentration %

Gravity of dissolved dechlorine

Required solution volume kg / d × 100 / 10 / 1.10 / 

＝ m3/d

Volume of Tank m3/tank (= 0.5 mW× 0.5 mL× 0.8 mH )

Total Volume of Tanks m3 (Duration= day)

(2) Mixer for Dechlorine Solution Tank

W + S

(3) Dechlorine Dosing Pump

W + S

Capacity / × /

⇒

Number 1 1

15.66 l/h/unit 16 l/h/unit

0.38 m3/d 24 1000 1

Number 2 0

0.200

0.200 1.20

10

1.10

18.38 1000

0.17

Number 1 0

54 48.6

6.8 4.0 2.0

Total Volume Width Length Depth

2.00 m

1 tank

48.6

6.80 m

4.00 m

1.5

18.4

0.77

Volume required Average Flow Rate 60 Contact Time

Type of Dechlorine

1.0 mg/L

Consumption per day Average Daily Flow 1000

Contact Time 10 min

1

Average Daily Flow 7,000

(kg/hr)

(L/min)

(kg/hr)

(L/min)

Number 1

Water requiamet for mixsed Chlori

Chlorination Tank  (gas) 16/21

Bengaluru Water Supply and Sewerage Project (Phase 3)

                                                   Supporting Report

NJS Consultants Co., Ltd.12.2-28



A-1 Process Cal_ EA&al 7MLD Jakkur STP_Supporting 12.2.3

10. Centrifuge
[1] Design Condition
(1) Type of Dewatering
(2) Generated Sludge
(3) Design Polyelectrolyte Dosage 5 kg/t-DS･day
(4) Volume of Thickend Sludge
(5) Consistency of Dewatered Sludge ％
(6) Operation Time hours/day （6 days per week)

[2] Volume of Centrifuges Digested Solids
Operation Time ×No.

7
12 × 2 6

→ m3/hour

[3] Dewatered Solids × （ 1 ＋

＝ × （ 1 ＋ ）

＝

[4] Dewatered Cake Volume
－

7
　－ 82 6

＝ t/day
apparent specific gravity

／ ＝
[5] Polyelectrolyte 
(1) Design Polyelectrolyte Dosage kg/t-DS･day
(2) Required  Polyelectrolyte kg/day
(3) Dissolving concentration %
(4) Volume of Polyelectrolyte solution m3/day

×

Polyelectrolyte
379.7 m3/day

Centrifuge
3,038 kg/day

82
12

Operation/week

Digested Sludge Injection Rate）
3,038 0.0050

＝
379.7 × ＝ 18.5

19

×
7

6 days per week

m3/day

3,053 kg/day

Dewatered Solids × 100
100 Moisture Content

＝ 3.053 ×
100

100
19.79

1.00
19.79

×

1.0 19.8

Polyelectrolyte 5
15.19

0.20
7.59

Centrifuge 17/21
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[6] Equipment
(1) Centrifuge

Capacity m3/hr

Number W + S
(2) Centrifuge Feed Pumps

Capacity m3/hr

Number W + S
(3) Polyelectrolyte Dosing Pumps

Volume of Polyelectrolyte solution m3/day
Operation Time hours/day （6 days per week)

Number W + S

m3/day× 7 ／ 6 ／ 12 ／ 2

＝ m3/Hr

m3/Hr ×

＝ m3/Hr ⇒ m3/Hr /Unit
(4) Polyelectrolyte dosing System

Preparation time for solution hr

kg/day × 7 ／ 6 ／ 12

＝ kg/hr

＝ kg per one batch

Feedong time per one batch min

Capacity of Dry polymer Feeder kg/h
Tanks Dimensions m × m

× m × 2
＝ m3

Retention Time of Tank m3 /tank ／ m3/Hr ／ 2
＝ Hr > Hr

Number W + S

Required Capacity 7.59

Safety Factor 1.5

2 1

2 1

19

Required dry polymer 15.19

3

0.554 0.60

Specification Capacity 0.37 1.5

4.43

30

Width 1.0 Length 1.5

7.59
12

19

2 1

9

1.48

0.37

3.047 3
2 0

Depth 1.5
4.5

2.25 0.37

Centrifuge 18/21
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11. Centrifuge Feed Sump

[1] Design Condition

(1) Generated Thickend Sludge

(2) Solids Consistency ％

(3) Volume of Thickened Sludge × 10 -3

Solids Consistency
× 10 -3

＝ m3/day

＝ m3/h

(4) Sludge feed flow rate m3/h × ＝ m3/h

(5) Centrifuge Operation Time hours/day （ 6 days per week)

[2] Geometry

(1) Basin Dimensions m × m

× m × 2

＝ m3

[3] Equipment
(1) Mixers for Centrifuge Feed Sumps

Required Volume m3

Number W + S

3,038 kg/day

0.80

380

= 3,038 × 100

Total Solids × 100

0.80

15.82

19 2 38
12

Width 6.0 Length 6.0

Depth 3.5

252.0

252.0

1 1

Centrifuge Feed Sump 19/21
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Material Balance Calculation（Primary and Secondary Sedimentation Tank + Thickening Tank + Digestion Tank + Centrifugal Dewatering）

Table -1 Input Data
 1. Calculation Manner 2  1:Premise that the quality of supernaitants are same level removed with inlet sewage

 2:Premise that the entire supernatants are removed at treatment process

2. Selection of Treatment Efficiency 2  1:Total Removal Ratio  2:Outlet Water Quality(input 1or2)
    In case of 1 : input data  (%)
    In case of 2 : input data #REF!  (mg/l)

3. Selection of Excess Sludge Generation 2  1:Consideration of Solid Matter Only  2:Consideration of Converting of Solved BOD(input 1or2)
    In case of 1 : input data (Sludge generation)  Sludge generation ratio per removal SS(%)

a 0.4   T2=Q4･S4=(a･SBOD+b･S1-c･θ･XA)･Q3/10^6･･(Excess sludge generation formula)
b 0.9         a:Converting ratio of solved BOD(mgMLSS/mgBOD)
c 0.05         b:Converting ratio of SS(mgMLSS/mgSS)

    In case of 2 : input data SBOD 234.50         c:Sludge reduction ratio caused by endogenous respiration of activated sludge(1/day)
XA 3,000         SBOD:Solved BOD quality at inlet reactor
θ 1         XA:MLSS concentration(mg/l)

        θ:Hydraulic retention time(day)

Table -2 Basic Conditions
Sewage Flow and Quality Sludge Moisture and Recovery Ratio Digestion Tank Conditions

 ･Inlet flow : Q0(m3/D) 7,000  ･Primary sludge moisture ratio : W1(%) 0.0  ･Removal ratio in primary tank : A2(%) 0.0  ･Content of organics in thickened sludge : A6(%) 75.0  ･Chemical dosage : A9(%) 0.5
 ･Inlet quality : S0(mg/l) 450  ･Excess sludge moisture ratio : W2(%) 99.2  ･Recovery ratio in sludge thickener : A3(%) 100.0  ･Digestion ratio : A7(%) #REF!  ･Chemical dissolve concentration : A10(%) 0.2
 ･Total removal ratio : A1(%) -  ･Thickened sludge moisture ratio : W3(%) 99.2  ･Recovery ratio in sludge digester : A4(%) 100.0  ･Digestion gas generation : A8(Nm3/kgVS)
 ･Effluent quality : St(mg/l) 10.0  ･Digested sludge moisture ratio : W4(%) 99.2  ･Recovery ratio in dewatering : A5(%) 95.0
 ･Sludge generation ratio per removal SS : Si(%) -  ･Dewatered sludge moisture ratio : W5(%) 82.0

Table -3 Material Balance Calculation
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 手入力（要収束） 16 17

Q(m3/day) 7,000 7,371 0 7,371 380 6,991 380 0 0 380 0 8 387 16 371 371 371 6,991 0
T(t･DS/day) 3.150 3.303 0.000 3.303 3.038 0.070 3.038 0.000 0.000 3.038 0.000 0.015 3.053 2.900 0.153 0.153 0.153 0.070 0.195
S(mg/l) 450 448 0 448 8,000 10 8,000 #DIV/0! 0 8,000 0 2,000 7,882 180,000 411 411 10
X(Ti/T0*100) 100 104.9 0.0 104.9 96.4 2.2 96.4 0.0 0.0 96.4 0.0 0.5 96.9 92.1 4.8 4.8 2.2 6.2

Figure -1 Material Balance Model

 (0:Inlet) 　　　(1:Inlet to Primary Tank) 　 (3:Inlet to Secondary Tank) 　 (5:Outlet from Secondary Tank) 　 (16:Effluent-1)
 ･Q0( m3/D )        ･Q1( m3/D )     ･Q3( m3/D )     ･Q5( m3/D )     ･Q16( m3/D )
 ･T0(t･DS/D)        ･T1(t･DS/D)     ･T3(t･DS/D)     ･T5(t･DS/D)     ･T16(t･DS/D)
 ･S0( mg/l )        ･S1( mg/l ) Primary Sedimentation     ･S3( mg/l ) Secondary Tank     ･S5( mg/l )     ･S16( mg/l ) ・Outlet

（SS Removal : ％)

         (2:Primary Sludge) 　 (4:Excess Sludge) 　 (8:Digestion Gas) 　 (11:Water for Chemical)
          ･Q2( m3/D )     ･Q4( m3/D )     ･Q8( m3/D )     ･Q11( m3/D )
          ･T2(t･DS/D)     ･T4(t･DS/D)     ･T8(t･DS/D)     ･T11(t･DS/D)
          ･S2( mg/l )     ･S4( mg/l )     ･G8( Nm3/D )     ･S11( mg/l )

      (15:Total Supernatant) Thickening Tank    (6:Thickened Sludge) Digestion Tank    (9:Digested Sludge) Chemical Dosage    (12:Sludge with Chemical) Dewatering    (13:Sludge Cake) ・Carry Out
         ･Q15( m3/D )     ･Q6( m3/D )     ･Q9( m3/D )     ･Q12( m3/D )     ･Q13( m3/D )
         ･T15(t･DS/D) （SS Recovery : ％)     ･T6(t･DS/D) （SS Recovery : ％)     ･T9(t･DS/D)     ･T12(t･DS/D) （SS Recovery : ％)     ･T13(t･DS/D)
         ･S15( mg/l )     ･S6( mg/l )     ･S9( mg/l )     ･S12( mg/l )     ･S13( mg/l )

 (7:Thickener Supernatant)  (10:Digester Supernatant)  (14:Dewatering Supernatant)
  ･Q7( m3/D )   ･Q10( m3/D )   ･Q14( m3/D )
  ･T7(t･DS/D)   ･T10(t･DS/D)   ･T14(t･DS/D)
  ･S7( mg/l )   ･S10( mg/l )   ･S14( mg/l )

Calculation Formula
 ･Q0=Input Data ･Q3=Q1-Q2 ･Q6=T6*100/(100-W3) ･Q9=Q6  ･Q12=Q9+Q11  ･Q15=Q7+Q10+Q14  ･Q5-1=Q5-Q11
 ･T0=Q0*S0*10^(-6) ･T3=T0*(100-A2)/100 ･T6=(T2+T4)*A3/100 ･T9=(T6-T8)*A4/100  ･T12=T9+T11  ･T15=T7+T10+T14  ･T5-1=T5-T11
 ･S0=Input Data ･S3=T3*10^6/Q3 ･S6=10^6*(100-W3)/100 ･S9=T9*10^6/Q9  ･S12=T12*10^6/Q12  ･S15=T15*10^6/Q15  ･S5-1=S5

 ･Q1=Q0+Q15 ･Q4=T4*100/(100-W2) ･Q7=(Q2+Q4)-Q6 ･Q10=Q6-Q8-Q9  ･Q13=T13*100/(100-W5)
 ･T1=T0+T15 ･T4=余剰汚泥発生式による ･T7=(T2+T4)-T6 ･T10=T6-T8-T9  ･T13=T12*A5/100
 ･S1=T1*10^6/Q1 ･S4=10^6*(100-W2)/100 ･S7=T7*10^6/Q7 ･S10=T10*10^6/Q10  ･S13=10^6*(100-W5)/100

 ･Q2=T2*100/(100-W1) ･Q5=Q3-Q4*(T3-T5)/T4 ･Q8=0 ･Q11=T10*A9/A10  ･Q14=Q12-Q13
 ･T2=T1-T3 ･T5=Q5*ST/10^6 ･T8=T6*A6*A7/10^4 ･T11=Q11*S11/10^6  ･T14=T12-T13
 ･S2=10^6*(100-W1)/100 ･S5=St #REF! ･S11=10^4*A10  ･S14=T14*10^6/Q14

Chemical Conditions for Dewatering

Tank

(Centrifugation)

Material Balance 7mld20/21
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Material Balance Sheet
【7MLD STP】

 0:Inlet 3:Inlet to Reactor 5:Outlet from Reactor
 Q0( m3/D ) 7,000  Q3( m3/D ) 7,371  T17(t･DS/D) 0.195  Q5( m3/D ) 6,991

 T0(t･DS/D) 3.150  T3(t･DS/D) 3.303  X17 ( % ) 6.2  T5(t･DS/D) 0.070

 S0( mg/l ) 450  S3( mg/l ) 448  S5( mg/l ) 10

 X0 ( % ) 100.0  X3 ( % ) 40.0  X5 ( % ) 2.2

・Outlet

　11:Water for Chemical
 Q11( m3/D ) 8

 T11(t･DS/D) 0.015

 S11( mg/l ) 2,000

 4:Excess Sludge  X11 ( % ) 0.5

 Q4( m3/D ) 380

 T4(t･DS/D) 3.038

 S4( mg/l ) 8,000

 X4 ( % ) 96.4 Chemical Dosage

（Dosage )

 15:Total Supernatant 0.5%

 Q15( m3/D ) 371 （SS Recovery )

 T15(t･DS/D) 0.153 Dewatering 95% ・Carry Out
 S15( mg/l ) 411

 X15 ( % ) 4.8

12:Sludge with Chemical 　13:Sludge Cake
 Q12( m3/D ) 387  Q13( m3/D ) 16

 T12(t･DS/D) 3.053  T13(t･DS/D) 2.900

 S12( mg/l ) 7,882  S13( mg/l ) 180,000

 X12 ( % ) 96.9  X13 ( % ) 92.1

14:Dewatering Supernatant
 Q14( m3/D ) 371

 T14(t･DS/D) 0.153

 S14( mg/l ) 411

 X14 ( % ) 4.8

凡    例 LEGEND
Ｑ：Water Flow : (m3/day)
Ｔ：Solid Matter : (t･DS/day)
Ｓ：Solid Concentration(mg/l)
Ｘ：Ratio for Inlet Solid : (%)
 ・  Water
 ・  Sludge

 ・  Supernatant

Reactor /Secondary
Sedimentation

Tank

17:By Endogeny Breathing

Material Balance Sheet 21/21
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STP Process Calculation Sample 

Flow ≧ 10 MLD 

 
 
 

＊Note: All the STP calculations are compiled in the soft copy. 

Kindly refer to the data file. 
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Design Condition

(1) Flow Rate

m3/d m3/h m3/s
Average Daily 1125 0.313
Max Dayly 1125 0.313
Max Hourly Peak factor 2.25 2531 0.703

(1) Flow Rate

m3/d m3/h m3/s
Average Daily 708 0.197
Max Dayly 708 0.197
Max Hourly Peak factor 2.25 1594 0.443

1. Inlet Chamber

[1] Design Condition

(1) ＝

＝

(2)

Pipe Diameter  ×

Gradient ‰

Roughness Coefficient n= （Manning Fornula）

Full Pipe Flow Rate

(3) Influent Water Level + m

[2] Geometory

(1) Number of Basins 1

(2) Depth of Basin m Approx.

(3) Width of Basin m Approx.

(4) Length of Basin m Approx.

(5) × × ＝ m3

(6) Retention Time × × ／ × 1

＝ sec

(7) Basin Demensions m × m

× mDepth 0.600

6.19

Width 2.900 Length 2.500

0.600 2.900 2.500 0.703

Volume required of Basin 0.600 2.900 2.500 0.7

0.600

2.900

2.500

Basin

0.013

m3/s

0.703 m3/sec

Inlet Pipe

 Design Flow for the year 2049 Max Hourly 60,750 m3/d

Item 17MLD STP-TSPS

17,000
17,000
38,250

Design Flow
for the year 2034

60,750

Item 17MLD STP-TSPS

Design Flow
for the year 2049

27,000
27,000

PS basic & Inlet Chamber1/23
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2. Coarse Screen Channel

[1] Geometry

(1)

Number Main + Bypass

Width m

Height m

Floor Level + m

Bottom + m

Influent Water Level + m

Velocity ／ ／ ／ 2
whe  Design Flow for the year 2049 ＝ < OK

Velocity ／ ／ ／ 2
whe  Design Flow for the year 2034 ＝ < OK

(2)

Number Main + Bypass

Width m

Side Water Depth m

Velocity ／ ／ ／ 2
whe  Design Flow for the year 2049 ＝ ≒ OK

Velocity ／ ／ ／ 2
whe  Design Flow for the year 2034 ＝ < OK

(3) Channel Dimensions m × m

× m

[3] Equipment

(１) Inlet Gate

Number Main + Bypass

Dimension m × m

Design Water Level m

(2) Coarse Screens (Main Channel)

Number W + S

Open Space mm

Bar Thickness mm

Channel Width m

Width of side plate mm

Side Water Depth m

Height of Blind Plate  at the bottom mm

Velocity through screen ／ ／ ／ 2

× ( + 9 ) /

＝ ＜ OK

Velocity through screen ／ ／ ／ 2
whe  Design Flow for the year 2034 × ( + 9 ) /

＝ ＜ OK

(3) Coarse Screens (Bypass Channel)

Number W + S

Open Space mm

Bar Thickness mm
Channel Width m

Side Water Depth m

Velocity through screen ／ ／ ／ 2
whe  Design Flow for the year 2049 × ( + 9 ) /

＝ ＜ OK

Velocity through screen ／ ／ ／ 2
whe  Design Flow for the year 2034 × ( + 9 ) /

＝ ＜ OK

50 50

0.311 0.800 m/sec 

0.443 1.200 0.700

50 50

0.494 0.800 m/sec 

0.703 1.200 0.700

9
1.2

0.7

0 1

50

20 20

0.449 0.800 m/sec 

0.443 1.100 0.650

20 20

0.713 0.800 m/sec 

0.703 1.100 0.650

50

0.7

50

20

9

1.2

8.0

2 0

2

Width 0.6 Height 0.9

SWD 0.7

Width 1.2 Length 6.0

1

0.264 0.450 m/sec

0.443 1.200 0.700

0.418 0.450 m/sec

0.700

0.703 1.200 0.700

2.0 1.0

1.200

Screen Channel

0.615 1.000 m/sec

0.443 0.600 0.600

0.976 1.000 m/sec

0.600

0.703 0.600 0.600

0.900

5.000

0.000

2 1

0.600

Inlet Gate

Item 17MLD STP-TSPS

Coarse Screen 2/23

Bengaluru Water Supply and Sewerage Project (Phase 3)

                                                   Supporting Report

NJS Consultants Co., Ltd.12.2-35



A-4 Process Cal_ EA&al 17MLD Bilishivalli_Supporting 12.2.3

3. Raw Sewage Sump

[2] Geometory

(1)

Number Basin

Dia m

Pump Operating Depth m

Retention Time  ( 2× × ) ／ ／60
whe  Design Flow for the year 2049 ＝ ＞ min (=minimum time of one pump cycle TOK

Retention Time  ( 2× × ) ／ ／60
whe  Design Flow for the year 2034 ＝ ＞ min (=minimum time of one pump cycle TOK

High Water Level + m

Pump Off Level + m

[3] Equipment

(1) Sewage Pumps 1

Number W + S

Bore Diameter mm

Discharge Flow : 40% Q* 2 × × Q
whe  Design Flow for the year 2034 ＝ ⇒

Total Head m

(2) Sewage Pumps 2

Number W + S

Bore Diameter mm

Discharge Flow : 20% Q* 1 × × Q
whe  Design Flow for the year 2034 ＝ ⇒

Total Head m

15.0

638 640 m3/Hr

300

0.443 3600 40.0%

0.000

-1.500

2 1

6.38 3.75

12.00 π／4 1.500 0.443

4.02 3.75

1.500

12.00 π／4 1.500 0.703

1

12.00

Item

Raw Sewage Sump

17MLD STP-TSPS

1 1

200

15.0

319 320 m3/Hr

0.443 3600 20.0%

Raw Sewage Sump 3/23
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1. STP Design Condition

(1) Design Flow Rate

Average Daily

Max Daily
Max Hourly Peak factor 2.25

(2) Design Water Quality Unit：mg/L

NH4-N Org-N NOx-N D-P P-P
Inlet 350 800 450 45 25 0 5 2
Outlet 10 50 10 1 0 9 1 1

Removal rate

2. Inlet Chamber

[1] Design Condition

(1) ＝

＝ m3/sec

[2] Geometry

(1) Number of Basins 1

(2) Depth of Basin m

(3) Width of Basin m

(4) Length of Basin m

(5) × × ＝ m3

(6) Retention Time × × ／ × 1

＝ sec

(7) Basin Dimensions m × m

× m

32.73

Width 2.900 Length 2.500

Depth 2.000

2.900 2.500 2.3

2.000 2.900 2.500 0.443

Basin

2.000

2.900

2.500

Volume required of Basin 2.000

Design Flow Rate Max Hourly 38,250 m3/day

0.443

BOD COD SS T-N TP

97.1% 93.7% 97.8% 85.7% 71.4%

17,000 708.33 0.197
38,250 1593.75 0.443

17,000 708.33 0.197

Item 17MLD STP 

m3/d m3/h m3/s

STP basic &Stilling Chamber4/23
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3. Fine Screen Channel

〔1〕Design Condition

(1) ＝

＝

[2] Geometory

(1)

Number Main + Bypass

Width m

Height m

Floor Level + m

Bottom + m

Influent Water Level + m

Velocity ／ ／ ／ 2

＝ ≒

(2)

Number Main + Bypass

Width m

Side Water Depth m

Velocity ／ ／ ／ 2

＝ ≒

(3) Channel Dimensions m × m

× m

[3] Equipment

(１) Inlet Gate

Number W + S

Dimension m × m

Design Water Level m

(2) Fine Screens (Main Channel)

Number W + S

Open Space mm

Bar Thickness mm

Channel Width m

Width of side plate mm

Side Water Depth m

Height of Blind Plate  at the bottom mm

Velocity through screen ／ ／ ／ 2

× ( + 2 ) / 6

＝ ＜

(3) Fine Screens (Bypass Channel)

Number W + S

Open Space mm

Bar Thickness mm

Channel Width m

Side Water Depth m
Velocity through screen ／ ／ ／ 2

× ( + 9 ) /

＝ ＜

20

0.642 0.800 m/sec 

20

0.5
0.443 1.000 0.500

20

9

1.0

0 1

6

0.729 0.800 m/sec 

0.443 0.900 0.450

50

0.5

50

6

2

1.0

2.00

2 0

2

Width 0.5 Height 0.75

SWD 0.5

Width 1.0 Length 6.0

1

0.443 0.450 m/sec

0.500

0.443 1.000 0.500

2 1

1.000

Screen Channel

0.886 1.000 m/sec

0.500

0.443 0.500 0.500

0.750

2.000

0.000

2 1

0.500

Inlet Gate

0.443 m3/sec

Design Wastewater Flow Max Hourly 38,250 m3/d

Fine Screen5/23

Bengaluru Water Supply and Sewerage Project (Phase 3)

                                                   Supporting Report

NJS Consultants Co., Ltd.12.2-38



A-4 Process Cal_ EA&al 17MLD Bilishivalli_Supporting 12.2.3

4. Grit Chamber

[1] Design Condition

(1) ＝

＝ m3/sec

(2) Specific gravity of Sand

(3) Sedimentation Velocity ＝

(4) Average Velocity

[2] Grit Chamber Square Grit Chamber

(1) Surface Area required ／ ＝ m2

(2) Number of Basins 1 S + 1 W

(3) ／ 1 ＝ m2

(4) Length of Basin ^0.5 ＝ m → m

(5) HRT in Grit Chamber 60 sec

(6) × 60 sec ／ 1 ＝ m3

(7) Depth required ／ ／ ＝ m

(8) Basin Dimensions ｍ × m

× m (Freeboard 0.3m)

(9) Retention Time × × ／ × 1

＝ sec

(10) ／ ／ ／ 1

＝ ＜

[3] Parshall Flume

(1) Design Flow Rate Q= l/sec

(2) Throat width W= m

(3) Water depth Ha Ha= ( Q ／ ／
2/3

Ha= m

(4) Crest Level + m ≒ Minimum water level at downstream channel

(5) Water level at the crest + m

(6) Channel bottom level + m

(7) Upstream Channel width m

(8) SWD of Upstream Channel m

(9) Average velocity at upstream channel m/sec

(10) Total Length of channel m

[4]

(1) Number Units

(2) Weir Width m

(3) Stroke m

(4) Overflow Height m
(5) Overflow Height (actual) ( ／ ／ ／ 2 ) 2/3

＝ ＜0.283 0.500 m

0.443 1.840 0.800

0.800

0.550

Inlet Weir Gate

2

0.500

10.000

443.000

0.450
W　）2264

0.574

0.574

1.500

0.700

0.422

60.00

Surface Overflow Rate at Peak Flow 38,250 6.5 6.5

905.325444 960 m3/m2/day

0.443

26.6 6.5 6.5 0.629

Width 6.5 Length 6.5

Depth 0.6

6.5 6.5 0.6

39.91 6.317 6.5

Volume required of Basin 0.443 26.6

0.443 0.0111 39.91

Surface Area required/Basin 39.9 39.91

0.0111 m/sec 960 m3/m2/day

0.3 m/sec

2.65

Design Flow Rate Peak flow 38,250 m3/day

0.443

Grit Chamber 6/23
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5.   Reactor

〔1〕 Design Condition

(1) Design Wastewater Flow Q＝ 17,000

Q’＝ 17,000

(2) Design Sewage Quality

Inlet  BOD 350 mg/l

Outlet BOD 10.0 mg/l

Inlet S-BOD 235 mg/l assumed as 67% of BOD

Inlet COD 800 mg/l

Inlet bCOD ：S0 578 mg/l

Inlet nbCOD 223 mg/l

bCOD/BOD 1.65

Inlet S-COD ：sCOD 271 mg/l assumed as 33% of BOD

Inlet rbCOD 231 mg/l bCOD*40%

Inlet sbCOD 347 mg/l bCOD*60%

Outlet S-COD ：nbsCODe 40 mg/l

Inlet nbpCOD ：nbpCOD 183 mg/l =TCOD-bCOD-nbsCODe

Inlet SS 450 mg/l

Inlet VSS 383 mg/l assumed as 85% of TSS

：VSSCOD 1.38 gCOD/gVSS =(TCOD-sCOD)/VSS

：nbVSS 131.96 gnbVSS/m3 =nbpCOD/VSSCOD

：iTSS 67.50 gnbVSS/m3 =TSS-VSS

Inlet T-N 70 mg/l

Inlet TKN 70 mg/l

Inlet NH4-N 45.0 mg/l

Inlet T-P 7 mg/l

Inlet D-P 5 mg/l

Inlet Alkalinity as CaCO3 380 mg/l

Outlet Kjeldahl N 1.0 mg/l

Outlet NH4-N 1.0 mg/l

Outlet NO3-N 9.0 mg/l

Outlet T-P 2 mg/l

Outlet D-P 1 mg/l
(3) Water Temperature T＝ 20.0 ℃

(4) Safety Factor for Nitrogen SF= 1.5

(5) Return Sludge Concentration Rs ＝ 8,000 mg/l
(6) MLSS      MLVSS X TSS ＝ 3,000 mg/l
(7) DO in the Reactor 2 mg/L

[2] Design Value for perfect Nitrification of Nitrification Process

(1) Activated sludge design kinwtic coefficients at 20℃

Coefficient Unit COD
oxidatio

NH4
oxidatio

NO2
oxidatio

μmax gVSS/gVSS ・d 6.000 0.900 1.000
Ks,KNH4,KNO2 mg/L 8.000 0.500 0.200

Y gVSS/g substrate
oxidized

0.450 0.150 0.050

b gVSS/gVSS ・d 0.120 0.170 0.170

fd unitless 0.150 0.150 0.150
KO2 mg/L 0.200 0.500 0.900

θValue
μmax unitless 1.070 1.072 1.063

b unitless 1.040 1.029 1.029
Ks,KNH4,KNO2 unitless 1.000 1.000 1.000

Wastwater Engineering Treatment and Resouce Recavery Fifth Edition  (METCALF & EDDY/AECOM)

(2) μAOB μAOB= 0.3100 g/g・d =μmax,AOB[SNH4/(SNH4+KNH4)][S0/(S0+K0,AOB)]-bAOB

μmax,AOB,T μmax,AOB,T= 0.9000 g/g・d =μmax*1.072(T-20) μmax　 at20℃＝ 0.900
bAOB,T bAOB,T= 0.1700 =b*1.029(T-20) b　 at20℃＝ 0.170
SNH4 SNH4= 1.0000 mg/l
DO DO= 2.0000 mg/l
K0,AOB K0,AOB= 0.5000 mg/l

m3/day (summer)

m3/day(Winter)

Reactor7/23
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(2) Design SRT SRT= 4.8387 day =1/μAOB×SF

⇒ 5.0000 day

(3) Biomass production
Px,VSS Px,VSS= 5315.965 kg /d =Px,bio+Q(nbVSS)
Px,TSS Px,TSS= 7301.896 kg /d =Px,bio/0.85+Q(nbVSS)+Q(TSS0-VSS0)+5*Q*Al

S S= 0.4507 mg/l =Ks[1+bH(SRT)]/[SRT(μm-bH)-1]

bH bH= 0.1200 =b*1.04(T-20) b　 at20℃＝ 0.120
YH YH= 0.4500 gVSS/g bCOD
μm,T μm,T= 6.0000 g/g・d =μmax*1.04(T-20) μmax　 at20℃＝ 6.000

Yn Yn= 0.150 gVSS/g Nox

NOx NOx= 47.400 mg/l
PX,bio,VSS PX,bio,VSS= 3072.664 kg VSS/d=Q・YH(S0-S)/[1+bH(SRT)]+fd・bH・QYH(S0-S)SRT/[1+bH(SRT)]

+QYn(Nox)/[2+bAOB(SRT)]

2759.017 =Q・YH(S0-S)/[1+bH(SRT)]

248.312 =fd・bH・QYH(S0-S)SRT/[1+bH(SRT)]

65.335 =QYn(Nox)/[1+bAOB(SRT)]

NOx NOx= 47.311 mg/l =TKN-Ne-0.12PX,bio/Q

(4) Required Aeration Tank Volume

Va= Va= 12,170 m3

τ= τ= 17.18 hr =Va/Q×24

⇒ 18.00 hr
XVSS・Va XVSS・Va= 26,580 kg VSS =Px,VSS・SRT

XTSS・Va XTSS・Va= 36,509 kg TSS =Px,TSS・SRT

F/M F/M= 0.224 kgBOD/kgMLVSS

FractionVSS= FractionVSS= 0.728

MLVSS= MLVSS= 2184 mg/L

(5) BODloading BODloading= 0.489 kg/m3・d

(6) Observed Yield
Yobs,TSS= Yobs,TSS= 1.228 gTSS/gBOD
Yobs,VSS= Yobs,VSS= 0.894 gVSS/gBOD

bCODremoved= bCODremov 9,810 kg/d

(7) effluent NO2-N NO2-N= 0.2315 mg/l =Ks[1+bNOB(SRT)]/[SRT(μNOB-bNOB)-1]

bNOB bNOB= 0.1700 =b*1.029(T-20) b　 at20℃＝ 0.170
μm,T μmax,NOB,T= 1.0000 g/g・d =μmax*1.04(T-20) μmax　 at20℃＝ 1.000
μAOB μNOB,T= 0.6897 g/g・d =μmax,NOB[S0/(S0+KO2,NOB)]

S0= 2.000 mg/l
KO2,NOB= 0.900 mg/l

(8) effluent NH4-N NH4-N= 0.5286 mg/l =Ks[1+bNOB(SRT)]/[SRT(μNOB-bNOB)-1]

bNOB bNOB= 0.1700 =b*1.029(T-20) b　 at20℃＝ 0.170
μm,T μmax,NOB,T= 0.9000 g/g・d =μmax*1.072(T-20) μmax　 at20℃＝ 0.900
μAOB μNOB,T= 0.7200 g/g・d =μmax,NOB[S0/(S0+KO2,NOB)]

S0= 2.000 mg/l
KO2,NOB= 0.500 mg/l

(9) Ratio of Return Sludge 8,000*Rr/(1+Rr)＝ 3,000 mg/L

3,000/(8,000-3,000)＝ 0.60

Rr ＝ 0.60

Reactor8/23
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[3]  Design  for Nitrification and Denitrification Process

(1) Active biomass concentration Xb = Q・(SRT)/V・YH(S0-S)/[1+bH(SRT)]

= 1,133.55 mg/l

(2) IR ratio IR＝ NOx/Ne-1.0-R

= 3.66

(3) The amount of NO3-N fed to the anoxic tank Nox feed= (IR+R)・Q・Ne

= 651,280.37 kg/d

(4) The anoxic tank volume Vnor= 1,217 m3 = Va× 10%

Vnor= 3,542 m3 τDN= 5.000 h

(5) F/Mb F/Mb= 1.48 g/g・d

(6) Fraction of rbCOD 40.00% =rbCOD/bCOD

10 0.186 0.078

20 0.213 0.118

30 0.235 0.141

40 0.242 0.152

50 0.270 0.162

(8) SDNRb SDNRb= 0.302 g/g・d = b0+b1[ln(F/Mb)]

b0= 0.242
b1= 0.152

(8) SDNR SDNR= 0.113 g/g・d =SDNRb(MLVSSb/MLVSS)

SDNRadj= 0.217 g/g・d =SDNRt - 0.029ln(F/Mb)-0.012 IR=3-4
=SDNRt - 0.0166ln(F/Mb)-0.078 IR=2

SDNRt= 0.302 g/g・d =SDNRb・θ
(t-20) θ= 1.026

(9) NOr NOr= 872,270.70 kg/d =Nnox・SDNR・Xb

>Nox feed= 651,280 kg/d

(10) Alkalinity to be added to maintain pH7 -108.33 mg/l

Influent Alk 380.00 mg/l
Alk used 338.44 mg/l =7.14×Nox

Alk produced 136.77 mg/l =3.57×(NOx-NOxe)

Alk to mainta 70.00 mg/l

[4]  Design of Phosphourus Removal Process

(1) Removal T-P 3.13 mg/l

P in waste sludge px= 1.00%

Generated waste sludge Px,VSS= 5315.965 kg /d

Rwmoval Phosphorus 53.15964645 kg /d

(2) Effluent T-P without Al 3.87 mg/l

(3) Required Al toinitial soluble phosphourus ratio 1.00 mol/mol

(4) Required Al dosing rate 3.48 mg/l as Al

42.98 mg/l as crystal, Al2(SO4)3・18H2O

(5) Required Alumnum Sulfate 730.62 kg/d

(6) Required Alumnum Sulfate solutio10% 6.96 m3/d

289.93 L/H

(7) Additional sludge 296.20 kg/d

Percent
rdCOD(%) b0 b1

SDNR equation coefficients

Reactor9/23
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[5] Reactor

(1) Total volume of Aeration Basins VA＝

＝ 12,750 m3

(2) Total volume of Anoxic Basins VDN＝ Q'*θDN/24

＝ 3,542 m3

Summer Winter

m3 hour hour

Anaerobic VAN 1,060 1.50 1.50 0.30

Anoxic VDN 3,542 5.00 5.00 1.00

Aerobic VA 12,750 18.00 18.00 3.60

Total V 17,352 24.50 24.50

[6] Geometry

(1) Basin Dimensions Width Length Depth Basins

8.0 204.0 5.5 2

Cross Section 8.0*5.5 ＝ 44.0 m2/Basin
Hantzsch Subtraction ＝ 1.0 m2/Basin
after Subtraction 44.0-1.0 ＝ 43.0 m2/Basin
Total Volume 43.0*204.0 ＝ 8,772 m2/Basin 17,544 m3/Total

(2) Partition of Basin

unit Anaerobic Anoxic Aerobic Total

m2

m 12.3 41.2 148.3 201.8

m3 530 1,771 6,375 8,676

m3 1,060 3,542 12,750 17,352

m2 43.0 43.0 43.0

m 13.0 42.0 149.0 204.0

m3 559 1,806 6,407 8,772

m3 1,118 3,612 12,814 17,544

0.31 1.00 3.55

hour 1.58 5.10 18.09 24.77

[7] Equipment

(1) Ras Pumps

Ras Ratio 60%

Required Capacity 17,000 m3/day× 60% ／ 24 ／ 2

= 213 m3/Hr　　⇒ 220 m3/Hr

Number 2 Work

2 Stanby

(2) Circulation Pumps

Ras Ratio 366%

Required Capacity 17,000 m3/day× 366% ／ 24 ／ 4

= 648 m3/Hr　　⇒ 650 m3/Hr

Number 4 Work
2 Stanby

(3) SAS Pumps

Excess Sludge 1,068 m3/day

Sludge withdraw 12 Times/day

Running Time 0.5 Hr/Time

Required Capacity 1,068 m3/day ／ 12 ／ 0.50 ／ 2

= 88.98 m3/Hr　　⇒ 90 m3/Hr

Number 2 Work

2 Stanby

Item Volume
required

Retention Time required Ratio of
Volume

Volume required per Basin

unit

Cross Section 43.0

Item

Length required

Q'*θa/24

Actual Retention Time

Actual Total Volume

Actual Ratio of Volume

Actual Volume per Basin

Total Volume required

Actual Cross Section

Actual Length

Reactor10/23
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(4) Alum Solution Tank

2 W + S

Alum concentration as crystal 10 %

Gravity of dissolved dechlorine 1.05

Required solution volume 730.62 kg / d × 100 / 10 / / 

＝ 6.96 m3/d

Volume of Tank 4.1 m3/tank (= 1.5 mW× 1.5 mL× 1.8 mH )

Total Volume of Tanks m3 (Duration= day)

(5) Mixer for Alum Solution Tank

2 W + 0 S

(6) Alum Dosing Pump

2 W + 1 S

Capacity 6.96 m3/d      / 24 × 1000 / 2 ×

289.93 l/h/unit ⇒ 290 l/h/unit

Number 0

8.1 1.16

10001.05

2

Number

Number

Reactor11/23
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6. Air Requirement at Average Flow

〔1〕Design Condition
(1) ＝

＝

Qin ：Design Average Flow m3/d 17,000

Inlet bCOD ：S0 578 mg/l
S= S= 0.451 mg/l
Nox= Nox 47.400 mg/l

PX,bio= PX,b 3,007.3 kg VSS/d does not include nitrifying bacteria

R0= R0= Q(S0-S-k(Nox-NOxe)-1.42PX,bio+4.57Q・NOx

R0= R0= 7,355 kg O2/d

k= 2.86

(2) AOR × CS・a ×
α × F

CS ： Saturated DO at sea level and 20　℃

CSW ： Saturated DO at sea level and operating Temperature

at 20 ℃

： ：

CA ： mg/L

a ： Correction Factor by the Water Depth
1+0.40Dj/Pa

Dj ： Tank Liquid Depth m
Pa ：

m
Pb ： Absolute pressure at Plant Site Elevation m
Pb/Pa ： exp[-gM(zb-za)/R*T]

g ： Acceleration due to Gravity m/s2

M ： Mole of Air kg/kg-mole
zb ： Plant Site Elevation m
za ： Sea Elevation 0 m

R ： Universal Gas Constant Nm/kg-mole.K

T ： Temperature 273.15+t ＝ Kelvin
α ： relative Transfer Rate to clean Wat
β ： relative DO Saturation to clean Wa
F ： Diffuser Fouling Factor

(3) No. of Basins Basin
(4) Standard O2 required at Field Conditions per Basi＝
(5) SOTE for the above Effective Aeration Depth %
(6) Fraction of O2 in Air %
(7) Specific Gravity of Air at Standard Condition
(8) Safety Factor
(9) Air required at Field Conditions per Basins ＝ m3/day ＝ m3/hr

[2] Equipment

AOR AOR 7,355 kg/day

4.2591

9,368 kg/day

28.97

8314
293.15

900

1.02420-T

＝
(β・CSW/CS・(Pb/Pa)a－CA)

137,776

1.293

28.0

5,740.6

23.18

15%

＝ kg/day

SOR(Standard Oxygen Transfer Rate at site)

306.5 kg/h

9.09 mg/L

9.09 mg/L

20-T 0.0 1.02420-T

5.00
Standard absolute pressure at s

1.19357

0.65
0.95

18,735.68

9.80665

＝

2.0

10.332

operating DO in Basin 

2

1.0000

0.900

0.90
79,798

Air Requirement at Average Flow12/23
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(1) Air Blower
Number W + S
Required Capacity m3/Hr・Basin ／ unit/Basin

＝ m3/h ⇒ m3/h /Unit
Pressure kPa

Safty Factor %

Heat capacity ratio
Atmospheric pressuer at site elevation kPa

Total inlet pressure kPa

Volume rate of flow at inlet point m3/min

Total discharge pressure kPa

Overall adiabatic effeciency
Inlet air temperature (min.) ℃

Shaft power kW

Rated Output of Motor kW ⇒ kW9085.335

5740.6 2
2870.3 2900

65
10

4 2

1.4
91.234
89.234
54.869
156.234

0.65
15

77.578

Air Requirement at Average Flow13/23
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7. Final Clarifire

〔1〕 Design Condition

(1) Design Wastewater Flow Q＝ 17,000 m3/day

(2) T＝ 20.0 ℃

(3) MLSS Xef＝ 3,000 mg/l
(4) SVI SVI＝ 300

(5) Sedimentation Velocity v ＝ 4.899*10^6*T^(0.954)*Xef^(-1.354)*SVI^(-0.77)

＝ 4.899*10^6*20.0^0.954*3,000^-1.354*150^-0.770

＝ 20.7 m/day
(6) Surface Overflow Rate required S '＝ v/(1.5*1)＝ 20.7/(1.5*1.0) ＝ 13.8 m3/m2･day

→ 12.0 m3/m2･day

[2] Geometory

(1) A＝ 17,000/12.0＝ ＝ 1,417 m2

(2) Diameter Depth Basin

30.0 3.5 2

(3) S＝ 30.0^2 * 3.14 /4 * 2.0 ＝ 1,414 m2

(4) Surface Overflow Rate S＝ 17,000/1,414 ＝ 12.0 m3/m2
・day

Surface Area required
Demensions

Actual Surface Area

Water Temperature

Final Clarifire14/23
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8. Chlorination

[1] Design Condition

(1) Design Flow Rate m3/day m3/h

Peak Flow m3/day m3/h

(2) Contact Time
(3) Cl2-GAS

(4)

(5) ／ ×

＝ kg/d

＝ kg/h

[2]  Chlorination Contact Tank 

(1) Volume required ／ ×

＝ m3

(2) Nos. of lanes

(3) Width of lane

(4) Length of lane

(5) Side Water Depth

(6) Nos. of Tanks

(7) Total Width of Tank

(8) ／ ／ ／

＝ ／ ／ ／

＝ m/sec

(9) × × × Nos. of lanes × Nos. of Tanks

＝ m × m × m

× ×

＝ m3 > m3

[3] Equipment

(1) Chlorine Dosing Condition

Operation Dosage Rate -1   DC1 10 mg/L

(2)  Chlorine Cylinder

Type - Cylindrical Convexsd Container

Cylinder Capacity Cc 928 kg/cylinder

Average Dosage Rate -1 q1 Chlorine -1 :   QT-D x DC1 x 10-6 x 103 = kg/day

Maximum Dosage Rate -1 q3 Chlorine -1 :   QT-D x DC1 x 10-6 x 103 = kg/day

Storage day T More than 15 days

Required Storage Capacity EC1 D x T = 2,550 kg

Unit Number EN1 EC1 / Cc = 2.7 cylinders

Maximum Operation Numbers
Cl2-Gas Volatilize Rate Vr1 #### @ 20OC Standard temperature
Maximum Dosing Rate DC1 10 mg/L,  QT-D x  q3 x 10-3 / 24 = kg/h
Operation Numbers EN2 DC1 / Vr1 =

W + S

(3)  Chlorinator

Type Solution Feed Vacuum Type

W + S

Operation Dosage Rate -1   Dq1 Chlorine -1 :   QT-D x DC1 x 10-6 x 103 =

kg/day

Required Dosage Rate Chlorine -1 :   Dq1 / (EN1x 24) =

kg/hr kg/hr

(4) Chlorine Booster Pump  

30 min
Type of Chlorine

Average Daily Flow 17,000 708.33

38,250 1593.75

170.0

7.08

Average Daily Flow 1440 Contact Time

Design Chlorine Dosage Rate 10 mg/L

Required Chlorine per day Average Daily Flow 1000 Design Chlorine Dosage Rate

30.00 m

2.00 m

354.2

3 lanes

2.00 m

Average Velocity Decant Flow 3600 Width Depth

1 tank

6.80 m Approx..

0.049

708.33 3600 2.00 2.00

2.0 30.0 2.0

Total Volume Width Length Depth

3 1

360 354.2

382.5

0.00 16.0

Minimum Maximum

170

15.94

383

Number 2 2

2.0sets

Number 1 1

Chlorination Tank  (gas)15/23
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Type Branchy on the water supply pipe

Water Demand

Chlorinator Discharge 1.0 1.5 2.0 2.5 3.0 4.0

Water Demand 15 20 25 30 35 40

Chlorinator Discharge 5.0 6.0 10.0 50.0 100.0 200.0

Water Demand 45 50 60 300 600 1,200

Water requiamet -

For Chlorin Qp1 Maximum dosage rat 16.0 kg/hr

therefore 100 L/min

Booster Pump Type Single suction volute pump

W + S

9. Dechlorination

〔1〕 Design Condition

(1) Design Flow Rate m3/day

(2)
(3) Sodium Thiosulfate ( Na2S2O3 5H2O )

(4) Free Residual Chlorine assumed value

(5) ／ × Free Residual Chlorine × 1.75

× (safety factor)

＝ kg/d

＝ kg/h

[2] Dechlorination Contact Tank 

(1) ／ ×

＝ m3

(2) Width of lane

(3) Length of lane

(4) Side Water Depth

(5) Nos. of Tanks

(6) × ×

＝ m × m × m

＝ m3 > m3

[3] Equipment

(1) Dechlorine Solution Tank

W + S

Dechlorine concentration %

Gravity of dissolved dechlorine

Required solution volume kg / d × 100 / 10 / 1.10 / 

＝ m3/d

Volume of Tank m3/tank (= 0.6 mW× 0.6 mL× 0.8 mH )

Total Volume of Tanks m3 (Duration= day)

(2) Mixer for Dechlorine Solution Tank

W + S

(3) Dechlorine Dosing Pump
W + S

Capacity / × /

⇒

Contact Time 10 min

Average Daily Flow 17,000

Volume required Average Flow Rate 60 Contact Time

Type of Dechlorine

1.0 mg/L

Consumption per day Average Daily Flow 1000

118.1

6.80 m

1.5

44.6

1.86

Total Volume Width Length Depth

9.00 m

2.00 m

6.8 9.0 2.0

1 tank

Number 2 0

122 118.1

10

1.10

44.63 1000

0.41

Number 2 0

0.288

0.576 1.42

Number 2 1

19.02 l/h/unit 20 l/h/unit

0.91 m3/d 24 1000 2

Number 1 1

(L/min)

Water requiamet for mixsed Chlori

(kg/hr)

(L/min)

(kg/hr)

Chlorination Tank  (gas)16/23
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10. Sludge Thikener

[1] Design Condition

(1) Primary Sludge 

(2) Secondary Sludge

(3) Total Solids

(4) Operation Time hours/day

(5) Thikened Sludge Moisture Content %

[2] Geometory

(1)

(2) W + S

(3) Design Solid Loadong kg / m2/d

(4) 1
40

(5) 1 1/2
2

→ m

(6) Side Water Depth m

(7) Actual Volume of  Tank 2

(8) Retention Time

[3] Volume of Thikened Sludge

＝

[4] Quantity of Separation Liquid － Thikened Sludge Volume

＝ － ＝ m3/day

24

0 m3/day

1,068 m3/day

1,068 m3/day8,542

97.5

×8542 213.50

kg/day

0 kg/day

8,542 kg/day

1067.7

m3/d

Inlet Sludge Volume

308

307.5

Type

Required Surface Area

Number 2 0

＝

40

760.2

m2

12.00

＝ 113.10 m3

24 ＝ 20.34 Hr

Required diameter
× ＝ 11.66(

π

4
213.50 )× m

4
π

4
× 12.00

113.10

1068
× 2 ×× 4

Gravity Sludge Thikener17/23
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11. Thickened Sludge Sump

[1] Design Condition

(1) Inlet Solids

(2) Inlet Sludge Volume

[2] Geometory

(1) Sludge withdrawl

(2) Required Sump Volume

(3)

(4)

(5)

(6) Side Water Depth

(7) Actual Sump Volume × × × 2

＝ m3

[3] Equipment

(1) Thickened Sludge Transfer Pumps

Transfer Time Hr

Number W + S

Required Capacity m3
／ ／

＝ m3/Hr ⇒ m3/Hr /Unit

1068 6.0 2

89.0 90

6.00

2 2

12 Times/day

1,068 m3/d
8,542 kg/day

Length 4.0 m

89 m3/d

Number 2 Basins

Width 3.5 m

3.0

84.0

3.0 m

3.5 4.0

Thickened Sludge Sump18/23
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12. Centrifuge
[1] Design Condition
(1) Type of Dewatering
(2) Generated Sludge
(3) Design Polyelectrolyte Dosage 5 kg/t-DS･day
(4) Volume of Thickend Sludge
(5) Consistency of Dewatered Sludge ％
(6) Operation Time hours/day （6 days per week)

[2] Volume of Centrifuges Digested Solids
Operation Time ×No.

7
12 × 2 6

→ m3/hour

[3] Dewatered Solids × （ 1 ＋

＝ × （ 1 ＋ ）

＝

[4] Dewatered Cake Volume
－

7
　－ 82 6

＝ t/day
apparent specific gravity

／ ＝
[5] Polyelectrolyte 
(1) Design Polyelectrolyte Dosage kg/t-DS･day
(2) Required  Polyelectrolyte kg/day
(3) Dissolving concentration %
(4) Volume of Polyelectrolyte solution m3/day

38.44
0.20

19.22

1.0 50.1

Polyelectrolyte 5

×
7

6 days per week

m3/day

7,726 kg/day

Dewatered Solids × 100
100 Moisture Content

＝ 7.726 ×
100

100
50.08

1.00
50.08

×

Digested Sludge Injection Rate）
7,688 0.0050

＝
307.5 × ＝ 14.9

15

×

Polyelectrolyte
307.5 m3/day

Centrifuge
7,688 kg/day

82
12

Operation/week

Centrifuge 19/23
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[6] Equipment
(1) Centrifuge

Capacity m3/hr

Number W + S
(2) Centrifuge Feed Pumps

Capacity m3/hr

Number W + S
(3) Polyelectrolyte Dosing Pumps

Volume of Polyelectrolyte solution m3/day
Operation Time hours/day （6 days per week)

Number W + S

m3/day× 7 ／ 6 ／ 12 ／ 2

＝ m3/Hr

m3/Hr ×

＝ m3/Hr ⇒ m3/Hr /Unit
(4) Polyelectrolyte dosing System

Preparation time for solution hr

kg/day × 7 ／ 6 ／ 12

＝ kg/hr

＝ kg per one batch

Feedong time per one batch min

Capacity of Dry polymer Feeder kg/h
Tanks Dimensions m × m

× m × 2
＝ m3

Retention Time of Tank m3 /tank ／ m3/Hr ／ 2
＝ Hr > Hr

Number W + S
3.211 3

2 0

Depth 2.0
12

6.00 0.93

11.21

30

Width 1.5 Length 2.0

19.22
12

15

2 1

22

3.74

0.93

Required dry polymer 38.44

3

1.401 1.40

Specification Capacity 0.93 1.5

Required Capacity 19.22

Safety Factor 1.5

2 1

2 1

15

Centrifuge 20/23
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11. Centrifuge Feed Sump

[1] Design Condition

(1) Generated Thickend Sludge

(2) Solids Consistency ％

(3) Volume of Thickened Sludge × 10 -3

Solids Consistency
× 10 -3

＝ m3/day

＝ m3/h

(4) Sludge feed flow rate m3/h × ＝ m3/h

(5) Centrifuge Operation Time hours/day （ 6 days per week)

[2] Geometry

(1) Basin Dimensions m × m

× m × 2

＝ m3

[3] Equipment
(1) Mixers for Centrifuge Feed Sumps

Required Volume m3

Number W + S

312.0

1 1

312.0

Depth 4.0

Width 6.0 Length 6.5

12.81

15 2 30
12

2.50

308

= 7,688 × 100

Total Solids × 100

7,688 kg/day

2.50

Centrifuge Feed Sump 21/23
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Material Balance SD4

Material Balance Calculation（Primary and Secondary Sedimentation Tank + Thickening Tank + Digestion Tank + Centrifugal Dewatering）

Table -1 Input Data
 1. Calculation Manner 2  1:Premise that the quality of supernaitants are same level removed with inlet sewage

 2:Premise that the entire supernatants are removed at treatment process

2. Selection of Treatment Efficiency 2  1:Total Removal Ratio  2:Outlet Water Quality(input 1or2)
    In case of 1 : input data  (%)
    In case of 2 : input data #REF!  (mg/l)

3. Selection of Excess Sludge Generation 2  1:Consideration of Solid Matter Only  2:Consideration of Converting of Solved BOD(input 1or2)
    In case of 1 : input data (Sludge generation)  Sludge generation ratio per removal SS(%)

a 0.4   T2=Q4･S4=(a･SBOD+b･S1-c･θ･XA)･Q3/10^6･･(Excess sludge generation formula)
b 0.9         a:Converting ratio of solved BOD(mgMLSS/mgBOD)
c 0.05         b:Converting ratio of SS(mgMLSS/mgSS)

    In case of 2 : input data SBOD 234.50         c:Sludge reduction ratio caused by endogenous respiration of activated sludge(1/day)
XA 3,000         SBOD:Solved BOD quality at inlet reactor
θ 1         XA:MLSS concentration(mg/l)

        θ:Hydraulic retention time(day)

Table -2 Basic Conditions
Sewage Flow and Quality Sludge Moisture and Recovery Ratio Digestion Tank Conditions

 ･Inlet flow : Q0(m3/D) 17,000  ･Primary sludge moisture ratio : W1(%) 0.0  ･Removal ratio in primary tank : A2(%) 0.0  ･Content of organics in thickened sludge : A6(%) 75.0  ･Chemical dosage : A9(%) 0.5
 ･Inlet quality : S0(mg/l) 450  ･Excess sludge moisture ratio : W2(%) 99.2  ･Recovery ratio in sludge thickener : A3(%) 90.0  ･Digestion ratio : A7(%) #REF!  ･Chemical dissolve concentration : A10(%) 0.2
 ･Total removal ratio : A1(%) -  ･Thickened sludge moisture ratio : W3(%) 97.5  ･Recovery ratio in sludge digester : A4(%) 100.0  ･Digestion gas generation : A8(Nm3/kgVS)
 ･Effluent quality : St(mg/l) 10.0  ･Digested sludge moisture ratio : W4(%) 97.5  ･Recovery ratio in dewatering : A5(%) 95.0
 ･Sludge generation ratio per removal SS : Si(%) -  ･Dewatered sludge moisture ratio : W5(%) 82.0

Table -3 Material Balance Calculation
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 手入力（要収束） 16 17

Q(m3/day) 17,000 18,046 0 18,046 1,068 16,978 308 760 0 308 0 19 327 41 286 1,046 1,046 16,978 0
T(t･DS/day) 7.650 8.890 0.000 8.890 8.542 0.170 7.688 0.854 0.000 7.688 0.000 0.038 7.726 7.340 0.386 1.240 1.240 0.170 0.178
S(mg/l) 450 493 0 493 8,000 10 25,000 1,124 0 25,000 0 2,000 23,647 180,000 1,351 1,186 10
X(Ti/T0*100) 100 116.2 0.0 116.2 111.7 2.2 100.5 11.2 0.0 100.5 0.0 0.5 101.0 95.9 5.0 16.2 2.2 2.3

Figure -1 Material Balance Model

 (0:Inlet) 　　　(1:Inlet to Primary Tank) 　 (3:Inlet to Secondary Tank) 　 (5:Outlet from Secondary Tank) 　 (16:Effluent-1)
 ･Q0( m3/D )        ･Q1( m3/D )     ･Q3( m3/D )     ･Q5( m3/D )     ･Q16( m3/D )
 ･T0(t･DS/D)        ･T1(t･DS/D)     ･T3(t･DS/D)     ･T5(t･DS/D)     ･T16(t･DS/D)
 ･S0( mg/l )        ･S1( mg/l ) Primary Sedimentation     ･S3( mg/l ) Secondary Tank     ･S5( mg/l )     ･S16( mg/l ) ・Outlet

（SS Removal : ％)

         (2:Primary Sludge) 　 (4:Excess Sludge) 　 (8:Digestion Gas) 　 (11:Water for Chemical)
          ･Q2( m3/D )     ･Q4( m3/D )     ･Q8( m3/D )     ･Q11( m3/D )
          ･T2(t･DS/D)     ･T4(t･DS/D)     ･T8(t･DS/D)     ･T11(t･DS/D)
          ･S2( mg/l )     ･S4( mg/l )     ･G8( Nm3/D )     ･S11( mg/l )

      (15:Total Supernatant) Thickening Tank    (6:Thickened Sludge) Digestion Tank    (9:Digested Sludge) Chemical Dosage    (12:Sludge with Chemical) Dewatering    (13:Sludge Cake) ・Carry Out
         ･Q15( m3/D )     ･Q6( m3/D )     ･Q9( m3/D )     ･Q12( m3/D )     ･Q13( m3/D )
         ･T15(t･DS/D) （SS Recovery : ％)     ･T6(t･DS/D) （SS Recovery : ％)     ･T9(t･DS/D)     ･T12(t･DS/D) （SS Recovery : ％)     ･T13(t･DS/D)
         ･S15( mg/l )     ･S6( mg/l )     ･S9( mg/l )     ･S12( mg/l )     ･S13( mg/l )

 (7:Thickener Supernatant)  (10:Digester Supernatant)  (14:Dewatering Supernatant)
  ･Q7( m3/D )   ･Q10( m3/D )   ･Q14( m3/D )
  ･T7(t･DS/D)   ･T10(t･DS/D)   ･T14(t･DS/D)
  ･S7( mg/l )   ･S10( mg/l )   ･S14( mg/l )

Calculation Formula
 ･Q0=Input Data ･Q3=Q1-Q2 ･Q6=T6*100/(100-W3) ･Q9=Q6  ･Q12=Q9+Q11  ･Q15=Q7+Q10+Q14  ･Q5-1=Q5-Q11
 ･T0=Q0*S0*10^(-6) ･T3=T0*(100-A2)/100 ･T6=(T2+T4)*A3/100 ･T9=(T6-T8)*A4/100  ･T12=T9+T11  ･T15=T7+T10+T14  ･T5-1=T5-T11
 ･S0=Input Data ･S3=T3*10^6/Q3 ･S6=10^6*(100-W3)/100 ･S9=T9*10^6/Q9  ･S12=T12*10^6/Q12  ･S15=T15*10^6/Q15  ･S5-1=S5

 ･Q1=Q0+Q15 ･Q4=T4*100/(100-W2) ･Q7=(Q2+Q4)-Q6 ･Q10=Q6-Q8-Q9  ･Q13=T13*100/(100-W5)
 ･T1=T0+T15 ･T4=余剰汚泥発生式による ･T7=(T2+T4)-T6 ･T10=T6-T8-T9  ･T13=T12*A5/100
 ･S1=T1*10^6/Q1 ･S4=10^6*(100-W2)/100 ･S7=T7*10^6/Q7 ･S10=T10*10^6/Q10  ･S13=10^6*(100-W5)/100

 ･Q2=T2*100/(100-W1) ･Q5=Q3-Q4*(T3-T5)/T4 ･Q8=0 ･Q11=T10*A9/A10  ･Q14=Q12-Q13
 ･T2=T1-T3 ･T5=Q5*ST/10^6 ･T8=T6*A6*A7/10^4 ･T11=Q11*S11/10^6  ･T14=T12-T13
 ･S2=10^6*(100-W1)/100 ･S5=St #REF! ･S11=10^4*A10  ･S14=T14*10^6/Q14

Chemical Conditions for Dewatering
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Material Balance Sheet SD4

Material Balance Sheet
【17MLD STP】

 0:Inlet 3:Inlet to Reactor 5:Outlet from Reactor
 Q0( m3/D ) 17,000  Q3( m3/D ) 18,046  T17(t･DS/D) 0.178  Q5( m3/D ) 16,978

 T0(t･DS/D) 7.650  T3(t･DS/D) 8.890  X17 ( % ) 2.3  T5(t･DS/D) 0.170

 S0( mg/l ) 450  S3( mg/l ) 493  S5( mg/l ) 10

 X0 ( % ) 100.0  X3 ( % ) 40.0  X5 ( % ) 2.2

・Outlet

　11:Water for Chemical
 Q11( m3/D ) 19

 T11(t･DS/D) 0.038

 S11( mg/l ) 2,000

 4:Excess Sludge  X11 ( % ) 0.5

 Q4( m3/D ) 1,068

 T4(t･DS/D) 8.542

 S4( mg/l ) 8,000

 X4 ( % ) 111.7 Chemical Dosage

（Dosage )

 15:Total Supernatant 0.5%

 Q15( m3/D ) 1,046 （SS Recovery ) （SS Recovery )

 T15(t･DS/D) 1.240 Thickener 90% Dewatering 95% ・Carry Out
 S15( mg/l ) 1,186

 X15 ( % ) 16.2

　6:Thickened Sludge 12:Sludge with Chemical 　13:Sludge Cake
 Q6( m3/D ) 308  Q12( m3/D ) 327  Q13( m3/D ) 41

 T6(t･DS/D) 7.688  T12(t･DS/D) 7.726  T13(t･DS/D) 7.340

 S6( mg/l ) 25,000  S12( mg/l ) 23,647  S13( mg/l ) 180,000

 X6 ( % ) 100.5  X12 ( % ) 101.0  X13 ( % ) 95.9

7:Thickener Supernatant 14:Dewatering Supernatant
 Q7( m3/D ) 760  Q14( m3/D ) 286

 T7(t･DS/D) 0.854  T14(t･DS/D) 0.386

 S7( mg/l ) 1,124  S14( mg/l ) 1,351

 X7 ( % ) 11.2  X14 ( % ) 5.0

凡    例 LEGEND
Ｑ：Water Flow : (m3/day)
Ｔ：Solid Matter : (t･DS/day)
Ｓ：Solid Concentration(mg/l)
Ｘ：Ratio for Inlet Solid : (%)
 ・  Water
 ・  Sludge
 ・  Supernatant

Reactor /Secondary
Sedimentation

Tank

17:By Endogeny Breathing
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	STP Process Calculation Sample
Flow < 10 MLD
	STP Process Calculation Sample Flow ≧ 10 MLD
	12.2-801～12.2-821
	12.2-822～12.2-930
	12.2-931～12.2-1065
	12.2-1066～12.2-1160




