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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 datafile.
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Item 7MLD STP-TSPS
(1) Design Flow Flow Rate
for the year 2049
m3/d m3/h m3/s
Daily Average 11,000 458 0.127
Daily Maximum 11,000 458 0.127
Hourly Max. Pesk factor ~ 2.25 24,750 1031 0.286
(1) Design How Flow Rate
for the year 2034
m3/d m3/h m3/s
Daily Average 7,000 292 0.081
Daily Maximum 7,000 292 0.081
Hourly Max. Pesk factor ~ 2.25 15,750 656 0.182
1. Inlet Chamber
Iltem 7MLD STP-TSPS
[1] Design Condition
(1) Design FHow for the year 2049 Hourly Maximum = 24,750 m3/d
= 0286  m3/sec
(2) Inlet Pipe
Pipe Diameter X
Gradient %o
Roughness Coefficient n= 0.013 (Manning Fornula)
Full Pipe How Rate m3/s
(3) Influent Water Level + m
[2] Geometory
(1) Number of Basins 1 Basin
(2) Depthof Basin 0.600 m  Approx.
(3) Width of Basin 2.100 m  Approx.
(4) Length of Basin 2.500 m  Approx.
(5) Volumerequired of Basin 0.600 x 2.100 x 2.500 = 0.5 m3
(6) Retention Time 0.600 x 2.100 x 2.500 /0286 1
= 11.01 Sec
(7) Basin Demensions Width 2.100 m X Length 2.500 m
x Depth 0600 m
PS basic & Inlet Chamber1/21
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2. Coarse Screen Channel
ltem 7MLD STP-TSPS
[1] Geometry
(D) Inlet Gate
Number 2 Main + 1 Bypass
Width 0.400 m
Height 0.600 m
Floor Level + 5.000 m
Bottom 0.000 m
Influent Water Level 0.500 m
Velocity 0.286 / 0.400 7/ 0500 2
whe Design Flow for the year 2049 0.715 < 1.000 m/sec oK
Velocity 0.182 / 0400 0500 1
whe Design Flow for the year 2034 0.910 < 1.000 m/sec oK
(2) Screen Channel
Number 2.0 Main + 1.0 Bypass
Width 0.800 m
Side Water Depth 0.600 m
Velocity 0.286 / 0800 0600 2
whe Design Flow for the year 2049 0208 = 0450 m/sec oK
Velocity 0.182 / 0.800 / 0600 . 1
whe Design Flow for the year 2034 0.379 < 0450 m/sec oK
(3) Channel Dimensions Width 0.8 m x Length 6.0 m
X SWD 0.6 m
[3] Equipment
(1) Inlet Gate
Number 2 Main + 1 Bypass
Dimension Width 0.4 m x Height 0.60 m
Design Water Level m
(2) Coarse Screens (Main Channel)
Number 2 w + 0 S
Open Space 20 mm
Bar Thickness 9 mm
Channel Width 0.8 m
Width of side plate 50 mm
Side Water Depth 0.6 m
Height of Blind Plate at the bottom 50 mm
Velocity through screen 0.286 s 0.700 Ve 0.550 s 2
x ( 20 + 9 )/ 20
0539 < 0.800 m/sec OK
Velocity through screen 0.182 s 0.700 s 0.550 s 1
whe Design Flow for the year 2034 x ( 20 + 9 )/ 20
0.685 < 0.800 m/sec OK
(3) Coarse Screens (Bypass Channel)
Number 0 w + 1 S
Open Space 50 mm
Bar Thickness 9 mm
Channel Width 0.8 m
Side Water Depth 0.6 m
Velocity through screen 0.286 s 0.800 s 0.600 s 2
whe Design Flow for the year 2049 x ( 50 + 9 )/ 50
0352 < 0.800 m/sec OK
Velocity through screen 0.182 s 0.800 s 0.600 s 1
whe Design Flow for the year 2034 x ( 50 + 9 )/ 50
0.447 < 0.800 m/sec OK

Coarse Screen 2/21
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3. Raw Sewage Sump

ltem 7MLD STP-TSPS
[2] Geometory
(1) Raw Sewage Sump
Number 1 Basin
Dia 9.50 m
Pump Operating Depth 1.000 m
Retention Time ( 9.50 % /4 x 1.000 )~ 0.286 /60
whe Design Flow for the year 2049 = 413 > 375 min (=minimum time of one pump cycle  OK
Retention Time ( 9.50 % /4 x 1.000 )~ 0.182 /60
whe Design Flow for the year 2034 = 649 > 375 min (=minimum time of one pump cycle  OK
High Water Level + 0.000 m
Pump Off Level + -1.000 m
[3] Equipment
(1) SewagePumps1
Number 2 W + 1 S
Bore Diameter 200 mm
Discharge Flow - 40% Q* 2 0.182 x 3600 x 40.0% Q
whe Design Flow for the year 2034 = 262 = 270 m3/Hr
Total Head 15.0 m
(2) Sewage Pumps 2
Number 1 w + 1 S
Bore Diameter 150 mm
Discharge Flow - 20% Q* 1 0.182 x 3600 x 200% Q
whe Design Flow for the year 2034 = 131 = 135 m3/Hr
Total Head 15.0 m

Raw Sewage Sump 3/21
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Item ***-STP 7MLD

1. STP Design Condition

(1) DesignFow Rate m3/d m3/h m3/s
Average Daily 7,000 291.67 0.081
Max Daily 7,000 291.67 0.081
Max Hourly Peak factor 2.25 15,750 656.25 0.182
(2) Design Water Quality Unit: mg/L
BOD COD SS T-N TP
NH-N JorgN [noxN [D-P_[P-P
Inlet 350 800 450 455 (175 (7 5 2
Outlet 10 50 10 1 0 9 1 1
Removal rate 97.1% 93.7% 97.8% 85.7% 71.4%

2. Inlet Chamber
[1] Design Condition

(1) DesignFow Rate Max Hourly = 15,750 m3/day

= 0.182 m3/sec
[2] Geometry
(1) Number of Basins 1 Basin
(2) Depth of Basin 1.500 m
(3) Width of Basin 1.700 m
(4) Length of Basin 2.000 m
(5) Volumerequired of Basin 1.500 x 1.700 x 2.000 = 13 m3
(6) Retention Time 1.500 x 1.700 x 2.000 /0182 x 1

= 2802 sec
(7) Basin Dimensions Width 1.700 m x Length 2.000 m
x Depth 1.500 m

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

(1)Design Condition
(1) Design Wastewater Flow

[2] Geometory
(D) Inlet Gate
Number
Width
Height
Floor Level
Bottom
Influent Water Level
Velocity

(2) Screen Channel
Number
Width
Side Water Depth
Velocity

(3) Channel Dimensions

[3] Equipment
(1) Inlet Gate
Number
Dimension
Design Water Level
(2) Fine Screens (Main Channel)
Number
Open Space
Bar Thickness
Channel Width
Width of side plate
Side Water Depth
Height of Blind Plate at the bottom
Velocity through screen

(3) Fine Screens (Bypass Channel)
Number
Open Space
Bar Thickness
Channel Width
Side Water Depth
Velocity through screen

Max Hourly = 15,750 m3/d
= 0.182 m3/sec
2 Main + 1 Bypass
0.300 m
0.450 m
2.000 m
0.000 m
0.300 m
0.182 / 0300 0300
= 1011 = 1.000 m/sec
2 Main + 1 Bypass
0.600 m
0.400 m
0.182 / 0.600 / 0400
= 0379 = 0.450 m/sec
Width 0.6 m x Length 6.0
X SWD 0.4 m
2 w + 1 S
Width 0.3 m x Height 0.45
2.00 m
2 W + 0 S
6 mm
2 mm
0.6 m
50 mm
0.4 m
50 mm
0.182 / 0.500 / 0350
x ( 6 + 2 )/ 6
= 0.693 < 0.800 m/sec
0 w + 1 S
20 mm
9 mm
0.6 m
0.4 m
0.182 s 0600 0400
x ( 20 + 9 )/ 20
= 0550 < 0.800 m/sec

Fine Screen5/21
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4. Grit Chamber
[1] Design Condition
(1) Design Flow Rate Peak flow = 15,750 m°/day
0.182 m®/sec
(2) Specific gravity of Sand 2.65
(3) Sedimentation Velocity 0.0111  m/sec = 960 mslmzlday
(4) Average Velocity 0.3 m/sec
[2] Grit Chamber Square Grit Chamber
(1) Surface Arearequired 0.182 /00111 = 16.40 m?
(2) Number of Basins 1 S + 1 W
(3) Surface Arearequired/Basin 164 1 1640 P
(4) Length of Basin 16.40 ~0.5 = 4.0 m - 45 m
(5) HRT in Grit Chamber 60 sec
(6) Volumerequired of Basin 0.182 x 60  sec /1 = 109 m®
(7) Depth required 109 45 / 45 = 0539 m
(8) Basin Dimensions Width 45 m X Length 45 m
X Depth 05 m (Freeboard 0.3m)
(9) Retention Time 4.5 X 4.5 X 0.5 / 0.182 X 1
= 60.00 sec
(10) Surface Overflow Rate at Peak Flow 15750 - 45 /3 5 45 - 1
= 777777778 < 960 m“/m°/day
[3] Parshall Flume
(1) Design Flow Rate Q= 182.000 I/sec
(2) Throat width W= 0.450 m
(3) Water depth Ha H= (Q .~ 2264 v w ) 28
Ha= 0.317 m
(4) CrestLeve + m = Minimum water level at downstream channel
(5) Water level at the crest + 0.317 m
(6) Channel bottom level m
(7)  Upstream Channel width 1.500 m
(8) SWD of Upstream Channel 0.700 m
(9) Average velocity at upstream channel 0.173 m/sec
(10) Totd Length of channel 10.000 m
[4] Inlet Weir Gate
(1) Number 2 Units
(2) Waeir Width 0600 m
(3) Stroke 0.450 m
(4) Overflow Height 0.400 m
(5) Overflow Height (actual) ( o012 1840 0600 .~ 2 z3
= 0.189 < 0.400 m
Grit Chamber 6/21
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5. Reactor
(1) Design Condition
(1) Design Wastewater Flow Q= 7,000 m*/day (summer)
Q= 7,000 m°/day(Winter)
(2) Design Sewage Qudlity
Inlet BOD 350 mg/l
Outlet BOD 10.0 mg/l
Inlet SBOD 235 mg/l assumed as 67% of BOD
Inlet COD 800 mg/l
Inlet bCOD :S, 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 sbhCOD 347 mg/l bCOD*60%
Outlet SSCOD  :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
VSSeop 1.38 gCODIgVSS =TCOD-sCOD/VSS
:nbVSS 131.96 gnbvVSSm3 =nbpCOD/V SS:0p
[iTSS 67.50 gnbVSS/m3 =TSSVSS
Inlet T-N 70 mg/l
Inlet TKN 70 mg/l
Inlet NH,-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 mgl
Outlet D-P 1 mgl
(3) Water Temperature T= 20.0 °C
(4) Safety Factor for Nitrogen Sk= 15
(5) Return Sludge Concentration = 8,000 mg/l
(6) MLSS MLVSS Xt = 3,000 mg/l
(7) DO inthe Reactor 2 mg/L

[2] Design Valuefor perfect Nitrification of Nitrification Process
(1) Activated Sludge design kinwtic coefficients at 20°C

_— . COD NH4 NO2
Coefficient | Unit oxidatio |oxidatio |oxidatio
I max gvsSgvss+d [6.000 0.900| 1.000
Ko KnhaKnoz|mg/L 8.000 0.500 | 0.200
Y gﬁigdwwme 0450 | 0.150| 0050
b gvSSgvSsS-d |0.120 0.170| 0.170
fd unitless 0.150 0.150 | 0.150
Koz mg/L 0.200 0.500| 0.900
0 Value
1 max unitless 1.070 1072 | 1.063
b unitless 1.040 1.029| 1.029
Ks,Knna: Knoz | unitless 1.000 1.000 | 1.000

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

(2 waos 1 A0B= 03100 g/g'd =4 maxaosl Suna/(Sura+Knna) [So/(So+Ko ace)]-Pacs
1 max AOB,T 1 max AOBT= 0.9000 glgrd =p pe*1.0727 pmax a20'C= 0.900
Dacsr Dace = 0.1700 =p*1.029720 b a20C= 0.170
S\Ha S\Ha= 1.0000 mg/l
DO DO= 2.0000 mg/l
Koaos Koaos= 0.5000 mg/I

Reactor7/21
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) Desgn SRT SRT= 48387 day =UpaopXSF
= 50000 day

(3) Biomass production

PX,vss PX,yss= 2188.927 kg/d  =Px,bio+Q(nbVsS)
PXirss PX,ss= 2884.700 kg/d  =Px,bio/0.85+Q(nbV SS)+Q(TSS)VSSy)+5* Q*Al
S S= 04507 mg/l  =Ks[1+by(SRTI[SRT (1 mbr)-1]
by b= 0.1200 =b*1.0472 b a20C= 0.120
Y Yy= 0.4500 gVSS/gbCOD
tmT 1 3= 6.0000 g/grd = 1.04™ i max at20°C= 6.000
Yn Yn= 0.150 gvSSg Nox
NOX NOx= 47.400 mgll [ |
Py biovss Py piovss= 1265.214 kg VSS/c=Q- Y (S S)/[1+by(SRT)] +a. byt QY 4(Sp-S) SRT/[ 1+by,(SRT)]
+QYn(Nox)/[2+bAOB(SRT)]
1136.066 =Q- Y (S 9)/[1+b(SRT)]
102.246 =Fy.b. QY 4(Sy-S)SRT/[ 1+by(SRT)]
26.903 =QY n(Nox)/[1+baop(SRT)]

NOXx NOx= 47311 mgl  =TKN-Ne-0.12P,,/Q

(4) Required Aeration Tank Volume

Va= Va= 4,808 m3

T= T= 16.48 hr =ValQx24
= 18.00 hr

Xyss'Va Xyss*Va= 10,945 kgVSS =PX,ss"SRT

Xrss*Va Xiss*Va= 14,423 kgTSS =PX,7s5"SRT

FM FM= 0.224 kgBOD/kgMLVSS

FractionVSS= FractionVSS 0.759

MLVSS= MLVSS= 2276 mg/L

(5) BODloading BODloading 0.510 kg/m3-d

(6) Observed Yield

Y obsTss™ Y obs Tss™ 1.178 gTSSgBOD
Y opsvss™ Y apsvss= 0.894 gvSSgBOD
bCODremoved= bCODremov 4,039 kg/d
(7) effluent NO-N NO,-N= 0.2315 mg/l =K 1+bnos(SRT)I/[SRT( 12 nop-broe)-1]
Bros bos= 0.1700 =b*1.029™® b a20CT= 0.170
KT & maxNOBT= 10000 g/g'd =y 1047 Lmax a20’C= 1.000
1 0B 1 NoB,T= 0.6897 g/g'd =1 maxnoslSo/(So+Koznos)]
S= 2.000 mgl
Koznos= 0.900 mg/l
(8) effluent NH,-N NH,-N= 05286 mgll  =Ks[1+boyos(SRT)/[SRT( 1 nos-buos)-1]
Bos bros= 0.1700 =b*1.020™® b a20C= 0.170
Jrane B maxNOBT= 0.9000 g/grd = e 1.0727 i max at20°C= 0.900
1 AoB M NOBT= 07200 g/ig'd =i maxnosl So/(So+Koznos)]
S= 2.000 mgl
Koznos= 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 Xp= Q* (SRT)V Y y(Sp-9)/[ 1+by(SRT)]
= 1,181.47 mg/l

(2 IRratio IR= NOX/Ne-1.0-R
= 3.66

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

= 268,174.27 kg/d

(4) Theanoxic tank volume Vnor= 481 m3 =Vax 10%
Vnor= 1,458 m3 Tpy=  5.000 h
(5) FM, FIMy= 142 gg-d
(6) Fraction of rbCOD 40.00% =rbCOD/bCOD [ |
Percent SDNR equation coefficients
rdCOD(%) bo bl
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= 0.29 gg-d = bytby[In(FMy)]
o= 0.242
b= 0.152
(8) SDNR SDNR= 0110 gigrd =SDNR,(MLVSS/MLVSS)
SDNRy;= 0212 gigrd  =SDNR, - 0.029In(F/M))-0.012 IR=3-4

=SDNR, - 0.0166In(FM,)-0.078  IR=2

SDNRt= 0296 gigd  =SDNR,- 0“2 0= 1.026
(9) NOr NOr= 364,695.16 kg/d =Npox* SDNR* X,
>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 =7.14X Nox
Alk producet 136.77 mg/l =3.57 X (NOx-NOxe)
Alk to maint 70.00 mg/l
[4] Design of Phosphourus Removal Process
(1) Removd T-P 3.13 mg/l
Pinwaste dudge px= 1.00%
Generated waste sludge PX,yss= 2188.927 kg/d
Rwmoval Phosphorus 21.88926619 kg/d
(2) Effluent T-Pwithout 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 asAl
4298 mgl  ascrysta, Al2(SO4)3-18H20
(5) Required Alumnum Sulfate 300.84 kg/d
(6) Required Alumnum Sulfate solutic 10% 2.87 m3/d
119.38 L/H
(7) Additiona sludge 121.96 kg/d

Reactor9/21
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[5] Reactor
(1) Tota volume of Aeration Basins Vo= Q*0al24
= 5250 m
(2) Tota volume of Anoxic Basins Von= Q*0pn/24
= 1,458 m3
Volume | Retention Timerequired | Ratj g of
Item required | symmer| Winter | Volume
unit m hour | hour
Anaerobic Van 440 150 150 0.30
Anoxic Vo 1458 500 500 1.00
Aerobic Va 5,250 1800 18.00 3.60
Total \% 7,148 2450| 24.50
[6] Geometry
(1) BasinDimensions Width Length Depth  Basins
80 84.0 55 2
Cross Section 8.0*5.5 = 44.0 m¥Basin
Hantzsch Subtraction = 1.0 m*Basin
after Subtraction 44.0-1.0 = 43.0 m¥Basin
Total Volume 43.0v84.0 = 3612 m¥Basin 7,224 m*/Totd
(2) Partitionof Basin
Item unit Anaerobicl Anoxic I Aerobic| Tota
Cross Section m? 430
Length required m 51 17.0 61.0 83.1
Volume required per Basin m® 220 729| 2,625 3,574
Total Volume required m 440 1,458| 52250 7,148
Actual Cross Section m 430 430 430
Actual Length m 6.0 17.0 61.0] 84.0]
Actual Volume per Basin me 258 731| 2,623 3612
Actual Total Volume m 516| 1,462| 5246 7,224
Actual Ratio of Volume 0.35 1.00 359
Actual Retention Time hour 1.77 501 17.99( 2477
[71 Equipment
(1) RasPumps
Ras Ratio 60%
Required Capacity 7,000 m3/dayx 60% 24 2
=88 m3Hr = 90 m3/Hr
Number 2 Work
2 Stanby
(2) Circulation Pumps
Ras Ratio 366%
Required Capacity 7,000 m3/dayx 366% /24 4
= 267 m3/Hr = 270 m3/Hr
Number 4 Work
2 Stanby
(3) SASPumps
Excess Sludge 380 m3/day
Sludge withdraw 12 Times/day
Running Time 05 Hr/Time
Required Capacity 380 m3/day / 12 / 050 / 2
= 31.64 m3Hr = 35 m3/Hr
Number 2 Work
2 Stanby

Reactor10/21
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(4) Alum Solution Tank
Number 2 W + 0 S
Alum concentration as crystal 10 %
Gravity of dissolved dechlorine 1.05
Required solution volume 300.84 kg/d x 100 / 10 / 1.05 /1000
= 2.87 m3/d
Volume of Tank 26 m3/tank
Total Volume of Tanks 52 m3 (Duration= 1.81 day)
(5) Mixer for Alum Solution Tank
Number 2 W + 0 S
(6) Alum Dosing Pump
Number 2 w + 1 S
Capacity 287 m3/d / 24 x 1000 / 2 x 2
119.38 I/h/unit = 120 I/nfunit
Reactor11/21
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6.  Air Requirement at Average Flow
[1]Design Condition
(1) AOCR AOR = 3,029 kg/day
126.2 kg/h
Qin :Design Average Flow md 7,000
Inlet bCOD =S 578 mg/l
S= S= 0.451 mg/l
Nox= No» 47.400 mg/l
Py pio= Py 1,238.3 kgVSS/d does not include nitrifying bacteria
Ry= Ro= Q(Sp-S-k(Nox-NOxe)-1.42Py 1, +4.57Q* NOx
Ro= Ro= 3,029 kg O2/d
k= 2.86
(2) SOR(Standard Oxygen Transfer Rateatsite) | _ AOR x Cga x  1.024°7
© a  x F (B*Ceu/Cs(PbIPA)a—Cy)
Cs :  Saturated DO at sealevel and20 °C
9.09 mg/L
Csw : Saturated DO at sealevel and operating Temperature
9.09mgL a 20 °C
20-T : 00 1024°7 . 1.0000
Ca : operating DOinBasin 2.0 mg/L
a : Correction Factor by the Water Depth
1+0.40D;/Pa 1.19357
D; : Tank Liquid Depth 5,00 m
P, : Standard absolute pressure at s
10332 m
Py . Absolute pressure at Plant Site Elevation m
Py/Ps o expl-gM(zy-z)/R*T] 0.900
g . Accelerationdueto Gravity ~ 9.80665 m/s’
M : Moaleof Air 28.97 kg/kg-mole
Z : Plant Site Elevation 900 m
Z, :  SeaElevation Om
R Universal Gas Constant 8314 Nm/kg-mole.K
T Temperature  273.15+t = 293.15 Kelvin
a . relative Transfer Rateto clean Wa  0.65
B relative DO Saturation to clean We  0.95
F . Diffuser Fouling Factor 0.90
= 32,858 = 7,714.69 kg/day
4.2591
(3) No. of Basins 2 Basin
(4) Standard O2 required at Field Conditions per Bas = 3,857 kg/day
(5) SOTE for the above Effective Aeration Depth 280 %
(6) Fraction of O2in Air 2318 %
(7) Specific Gravity of Air at Standard Condition 1.293
(8) Safety Factor 15%
(9) Airrequired at Field Conditions per Basins = 56,731 m3/day = 23638 mihr
[2] Equipment

Air Requirement at Average Flow12/21

12.2-24 NIJS Consultants Co., Ltd.



Bengaluru Water Supply and Sewerage Project (Phase 3)

Supporting Report

(1) AirBlower

Number
Required Capacity

Pressure

Safty Factor

Heat capacity ratio

Atmospheric pressuer at Site elevation
Total inlet pressure

Volume rate of flow at inlet point
Total discharge pressure

Overall adiabatic effeciency

Inlet air temperature (min.)

Shaft power

Rated Output of Motor

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

4
2363.8

= 1181.9
65

10
14
91.234
89.234
22.704
156.234
0.65
15
32.101
35.311

w +

m*/Hr-Basin
m’h =

kPa

%

kPa
kPa
m3/min
kPa

C
kw
kw =

2 S
2 unit/Basin
1200 m¥h /Unit

37 kW

Air Requirement at Average Flow13/21
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(1)
@

@)
©)
4

®)

(6)

(2]
@
@

®
4

Final Clarifire

Design Condition
Design Wastewater Flow

Water Temperature
MLSS
SVI

Sedimentation Velocity

Surface Overflow Rate required

Geometory
Surface Area required
Demensions

Actual Surface Area
Surface Overflow Rate

Q= 7,000 m¥day

T= 200 °C
Xef= 3,000 mg/l
SVI= 300

V= 4.899*10"6* T(0.954)* X ef\(-1.354)* SVI17(-0.77)
4.899* 10°6* 20,0"0.954* 3,000"-1.354* 150"-0.770

20.7 m/day
S'= v/(1.5*1)= 20.7/(1.5*1.0) = 13.8 m¥m?- day
- 12.0 m?/m’-day
A= 7,000/12.0= = 583 m?
Diameter Depth  Basin
19.5 35 2
S= 195"2*3.14/4* 2.0 = 597 m?
S= 7,000/597 = 11.7 m¥imP- day

Final Clarifire14/21
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8.  Chlorination

[1] Design Condition

(1) Design Flow Rate Average Daily Flow 7,000  m°/day 291.67 mih

Peak Flow 15,750  m°/day 65625 mih

(2) Contact Time 30 min

(3) Typeof Chlorine Cl,-GAS

(4) Design Chlorine Dosage Rate 10 mg/L

(5) Required Chlorine per day Average Daily Flow /s 1000 x Design Chlorine Dosage Rate
= 70.0 kg/d
= 2.92 kg/h

[2] Chlorination Contact Tank

(1) Volumerequired Average Daily Flow s 1440 x Contact Time
= 1458 m

(2) Nos. of lanes 3 lanes

(3) Width of lane 2.00 m

(4) Length of lane 13.00 m

(5) Side Water Depth 2.00 m

(6) Nos. of Tanks 1 tank

(7) Total Width of Tank 6.80 m Approx..

(8) Average Veocity Decant Flow /s 3600 . Width /s Depth
= 291.67 s 3600 s 2.00 s 2.00
= 0.020 m/sec

(9) Tota Volume Width x Length  x Depth  x Nos. of lanes x Nos. of Tanks
= 2.0 m X 13.0 m x 20 m

x 3 x 1
= 5% m > 1458 m’
[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 gl Chlorine-1: Q.pxDC1x10°x 10°= 70 kg/day
Maximum Dosage Rate -1 a3 Chlorine-1: QpxDC1x10°x 10°= 158  kg/day
Storage day T More than 15 days
Required Storage Capacity EC1 DxT= 1,050 kg
Unit Number EN1 EC1/Cc= 1.1 cylinders
Maximum Operation Numbers
Cl,-Gas Volatilize Rate vrl #H# @ 20°C Standard temperature
Maximum Dosing Rate DC1 10 mg/L, Qrpx g3x107°/24= 6.56 kg/h
Operation Numbers EN2 DC1/Vrl= 0.8sets
Number 2 W + 2 S
(3) Chlorinator
Type Solution Feed Vacuum Type
Number 1 w + 1 S
Operation Dosage Rate -1 Dl Chlorine-1: Q.pxDC1x10°x 10°=
1575  kg/day
Required Dosage Rate Chlorine-1: Dql/(EN1x 24) =
Minimum Maximum
0.00 kg/hr 6.6 kg/hr

Chlorination Tank (gas) 15/21
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Chlorine Booster Pump

Type

Water Demand
Chlorinator Discharge
Water Demand
Chlorinator Discharge
Water Demand

Water requiamet
For Chlorin

Booster Pump Type
Number

Dechlorination
Design Condition
Design Flow Rate
Contact Time

Type of Dechlorine
Free Residua Chlorine
Consumption per day

Dechlorination Contact Tank
Volume required

Width of lane
Length of lane
Side Water Depth
Nos. of Tanks
Total Volume

Equipment

Dechlorine Solution Tank
Number

Dechlorine concentration
Gravity of dissolved dechlorine
Required solution volume

Volume of Tank

Total Volume of Tanks

Mixer for Dechlorine Solution Tank
Number

Dechlorine Dosing Pump

Number

Capacity

Branchy on the water supply pipe

Water requiamet for mixsed Chlori
(kg/hr) 10 15 20 25 30 40
(L/min) 15 20 25 30 3B 40
(kg/hr) 50 6.0 100 50.0 100.0 200.0
(L/min) 45 50 60 300 600 1,200
Qp1 Maximum dosagera 6.6 kg/hr
therefore 60 L/min
Single suction volute pump
1 w + 1 S
Average Daily Flow 7,000 mday
10 min
Sodium Thiosulfate ( Na,S,03 5H,0)
1.0 mg/L assumed value
Average Daily Flow / 1000 X Free Residua Chlorine X 1.75
X 15 (safety factor)
= 18.4 kg/d
= 0.77 kgh
Average Flow Rate s 60 X Contact Time
= 486 m
6.80 m
4.00 m
2.00 m
1 tank
Width x Length  x Depth
= 6.8 m X 4.0 m x 20 m
= m > 486 m
1 W + 0 S
10 %
1.10
18.38 kg/d x 100 / 10 /110 / 1000
= 0.17 m3/d
0.200 m3/tank = 05 mwx 05 mLx 0.8 mH)
0.200 m3 (Duration= 1.20 day)
2 w + 0 S
1 w + 1 S
0.38 m3/d / 24 x 1000 / 1
15.66 I/hunit = 16 I/h/unit

Chlorination Tank (gas) 16/21
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10. Centrifuge
[1] Design Condition
(1) Typeof Dewatering Centrifuge
(2) Generated Sludge 3,038 kg/day
(3) Design Polyelectrolyte Dosage Polyelectrolyte kg/t-DS- day
(4) Volume of Thickend Sludge 379.7 m*/day
(5) Consistency of Dewatered Sludge 82 %
(6) Operation Time 12 hours/day (6 days per week)
[2] Volumeof Centrifuges Digested Solids .
Operation Time xNo. * Operation/week
_ 379.7 -
- 12 x 2 - 185
- 19 m>/hour
[3] Dewatered Solids Digested Sludge x 1 + Injection Rate)
= 3,038 x 1+ 0.0050 )
= 3,053 kg/day
[4] Dewatered CakeVolume . 100
Dewatered Solids x 100 - Moisture Content
7
6 days per week
= 3.053 X 100 X !
- ) 100 - 82 6
= 19.79 t/day
apparent specific gravity 1.00
19.79 / 10 = 198  mYday
[5] Polyelectrolyte
(1) Design Polyelectrolyte Dosage Polyelectrolyte 5 kg/t-DS-day
(2) Required Polyelectrolyte 15.19 kg/day
(3) Dissolving concentration 0.20 %
(4) Volume of Polyelectrolyte solution 7.59 m3/day
Centrifuge 17/21
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Equipment
Centrifuge

Capacity

Number

Centrifuge Feed Pumps

Capacity

Number

Polyelectrolyte Dosing Pumps
Volume of Polyelectrolyte solution
Operation Time

Safety Factor
Number

Required Capacity
Specification Capacity

Polyelectrolyte dosing System
Preparation time for solution
Required dry polymer

Feedong time per one batch

Capacity of Dry polymer Feeder
Tanks Dimensions

Retention Time of Tank

Number

19 m/hr
2 W + 1 S
19 m/hr
2 W + 1 S
7.59 m3/day
12 hours/day (6 days per week)
15
2 W + 1 S
7.59 m3/da x 7/ 6 / 12
= 037  mYHr
037  mYHr x 15
= 0554  mYHr = 0.60
3 hr
1519  kg/day x 7/ 6 / 12
= 148  kghr
= 4.43 kg per one batch
30 min
9 kgh
Width 1.0 m x Length 15
x Depth 15 m x 2
= 45 m
225  mlhank 0.37 m¥Hr
= 3047 Hr > 3 Hr
2 w + 0 S

/ 2
m?/Hr /Unit
m

/ 2

Centrifuge 18/21
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11. Centrifuge Feed Sump
[1] Design Condition
(1) Generated Thickend Sludge 3,038 kg/day
(2) Solids Consistency 0.80 %
(3) Volume of Thickened Sludge Total Solids < 100 x 107
Solids Consistency
_ 308 N 100 x 10°
0.80
= 380 m’/day
= 1582 m’h
(4) Sludge feed flow rate 19 m3/h x 2 = 38 m3/h
(5) Centrifuge Operation Time 12 hours/day  ( 6 days per week)
[2] Geometry
(1) Basin Dimensions Width 6.0 m x Length 6.0 m
x Depth 35 m x 2
= 2520 m
[3] Equipment
(1) Mixersfor Centrifuge Feed Sumps
Required Volume 2520 m®
Number 1 W + 1 S

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

-

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. Sefection of Treatment Efficiency

2] 1:Total Removal Ratio 2:Outlet Water Quality(input 1or2)

| Incase of 1:input data

| Incase of 2 input data

| [Ca)
| #REF | (mgll)

6:Hydraulic retention time(day)

3. Selection of Excess Sudge Generation 2] 1:.C of Solid Matter Only 2:Cy of Converting of Solved BOD(input 1or2)
In case of 1 : input data (Sludg i Slud \eration ratio per removal SS(%)
a 0.4] T2=Q4-S4=(a- Sgap+b- S1-c-0-XA)-Q3/10"6- - (Excess sludge generation formula)
b aConverting ratio of solved BOD(mgMLSS/mgBOD)
c b:Converting ratio of S(mgMLSSmgSS)
In case of 2 : input data SBOD i i ssed by of activated udge(1/day)
XA Suop:Solved BOD quality at inlet reactor
0 XAMLSS concentration(mg/)

Table-2 Basic Conditions

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

Sewage Flow and Qualit udge Moisture and Recovery Ratio Digestion Tank Conditions Chemical Conditions for Dewatering
Inlet flow : Qy(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(%) 05
Inlet quality : S(mg/l) 450| - Excess sludge moisture ratio : W2(%) 99.2| -Recovery ratio in sludge thickener : A3(%) 100.0| - Digestion ratio : A7(%) #REF! - Chemical dissol 1 AL0(%) 02
~Total removal ratio : A1(%) -| - Thickened sludge moisture ratio : W3(%) 99.2| -Recovery ratio in sludge digester : A4(%) 100.0| - Digestion gas generation : A8(Nm3/kgV's)
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 1 12 13 14 15[ A (D) 16 17
Q(m°/day) 7,000 7371 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 8000  #DIV/O! 0 8,000 0 2,000 7,882 180,000 411 411 10
X(TirTo* 100) 100 104.9 00 104.9 9.4 22 9.4 0.0 0.0 96.4 0.0 05 9.9 9.1 48 48 22 6.2
Figure-1 Material Balance M odel
(OInlet) (L:Inlet to Primary Tank) (3Inlet to Secondary Tank) (5:0utlet from Secondary Tank) (16:Effluent-1)
-QO(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
Tank
(SS Removal : %)
(2:Primary Sludge) (4:Excess Sludge) A (8:Digestion Gas) (11:Water for Chemical)
-Q2(m3/D) -Q4(m3/D) -Q8(m3/D) -Q11(m3/D)
-T2(t-DSID) -T4(t-DS/D) -T8(t-DS/D) -T11(t-DS/D)
-S2(mgll ) -S4(mg/l ) -G8(Nm3/D ) -S11( mg/l )
(15:Total Supernatant) Thickening Tank (6:Thickened Sludge) Digestion Tank (9Digested Sludge) Chemical Dosage (12:Sludge with Chemical) Dewatering (13:Sludge Cake) « Carry Ouf
-Q15(m3/D ) ~Q6(m3iD'y -Qo(m3rD’y -Qi3(m3iD’y (Centrifugation) -Qi3(m3ib’y
-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( myg/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(mgll) -S10( mg/l ) -s14(mgll )
Calculation Formula
-QO=Input Data -Q3=Q1-Q2 -Q6=T6* 100/(100-W3) -Q12=Q9+Q11 -Q15=Q7+Q10+Q14
. * S0*10°(-6) +T3=T0*(100-A2)/100 ~T6=(T2+T4)*A3/100 #T11 -T15=T7+T10+T14
- S0=Input Data -S3=T3*10"6/Q3 - S6=10"6* (100-W3)/100 -S12=T12+10°6/Q12 -S15=T15*10"6/Q15
-Qi=G0+Q15 Q4= 4% 160/(100-Wi2) -Q7=(Q2+Q4)-Q6 -Q10=Q6-Q8-Q9 - QI3=T13100i )
-T1=TO+T15 Ta=RRIIE AU LB ~T7=(T2+T4)-T6 -T10=T6-T8-T9 -T13=T12* A5/100
-S1=T1*10"6/Q1 - $4=10"6* (100-W2)/100 -ST=TT*10°6/Q7 -$10=T10*10"6/Q10 -$13=10"6* (100-W5)/100
“ QBT T007(100-W) “Q5=Q3° Q4 (T3TE)iT4 Q80 -QII=Ti0*AGTATO -Q14=Q12-Q13
“T2=T1-T3 +T5=Q5*ST/10"6 -T8=T6*AG*AT/10M +T11=Q11*S11/10°6 -T14=T12-T13
-S2=10"6* (100-W1)/100 -S5=8t #REF! -S11=10"4* A10 -S14=T14*10°6/Q14

Material Balance 7mld20/21
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M aterial Balance Sheet

[7MLD STP]

A-1 Process Cal_EA&al TMLD Jakkur STP_Supporting 12.2.3

A
0:Inlet 3:Inlet to Reactor 17:By Endogeny Breathing 5:Outlet from Reactor
QO(m3/D) 7,000 Q3(m3/D) 7371 T17(1-DSID)| 0.195 Q5(m3/D) 6,991
TO(t-DS/D) 3.150 T3(t-DS/D) 3.303 X17 (%) | 62 T5(t-DS/D) 0.070
S0( mg/l ) 450 S3(mg/l ) 448| S5(mg/l ) 10
X0 (%) 100.0 X3 (%) 400 X5 (%) 2.2
Reactor /Secondary
- Sedimentation + Outlet
" Tank "
: 11:Water for Chemical
I Q11(m3/D) 8
: T11(t-DS/D) 0015
1 S11( mg/l ) 2,000
4:Excess Sludge : X11 (%) 0.5
Q4(m3/D) 380 1
T4(t-DS/D) 3.088 I
S4(mgll ) 8,000 :
X4 (%) 96.4/ : Chemical Dosage
I
I
]
I
1 (Dosage)
15:Total Supernatant : 0.5%
Q15(m3/D ) 371 1 (SS Recovery )
T15(t-DS/D) 0.153] * _______________________________________________ o R Dewatering __92/"_________01”1'%’.1
S15( mg/l ) 411
X15(%) 48]
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-DSD) 0.153]
S14( mg/l ) 411
X14 (%) 4.8]
v
Al 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

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 datafile.
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Item 17MLD STP-TSPS
(1) Design Flow Flow Rate
for the year 2049
m3/d m3/h m3/s
Average Daily 27,000 1125 0.313
Max Dayly 27,000 1125 0.313
Max Hourly Peak factor 225 60,750 2531 0.703
(1) Design How Flow Rate
for the year 2034
m3/d m3/h m3/s
Average Daily 17,000 708 0.197
Max Dayly 17,000 708 0.197
Max Hourly Pesk factor ~ 2.25 38,250 1594 0.443
1. Inlet Chamber
Iltem 17MLD STP-TSPS
[1] Design Condition
(1) Design FHow for the year 2049 Max Hourly = 60,750 m3/d
= 0.703 m3/sec
(2) Inlet Pipe
Pipe Diameter X
Gradient %o
Roughness Coefficient n= 0.013 (Manning Fornula)
Full Pipe How Rate m3/s
(3) Influent Water Level + m
[2] Geometory
(1) Number of Basins 1 Basin
(2) Depthof Basin 0.600 m  Approx.
(3) Width of Basin 2.900 m  A