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Hence provide outlet arrangement consisting of effiuent launder with weirs on both sides of taunder.

OUTLET ARRANGEMENT:

The outlet arrangement consists of effluent weir of V-notches, effluent launder, effiuent box and
a pressure outlet pipe,

i} Effluent Weir:

Length of effluent weir plate on each side of launder

=m X {57-1)=17593 say 176 m

Provide 90° V-notches @ 20 cm centre to centre on both sides of the launder.
Total No. of notches = 176 x 5 = 880

Average discharge per notch at average design flow

= 50x108 _ L
" B4 xB0 x60 X880 X000 6.58 x 10%cumt sec.

The discharge through a V-notch is given by

raton

H

rol@

QJm.w G, 20 tan

il

for peak flow per notch, Q = 6.58 x 10° x 2.25 = 1.48 x 102 cum/s
for C, = 0.584, © = 90

Head over V-notch at peak flow =

oy

8x0. 584 x/ZXY. BT

= 0. 065 m

Provide 8 cm deep 90 degree V-notches at 20 cm centre to centre.
{H) Effluent launder:

Assume the width of effluent launder or channel to be 0.6 m. To compute depth of
effluent launder, assume that the effluent launder discharges freely into the effluent
box. Consequently the depth at the end of effluent channel may be assumed equal
to critical depth of flow.  Critical depth at the end of effiuent launder, Y, is
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a (6%xg) )

( 50x103 )2

¥, =
27l (0. 62x9. 81)

Depth of water at upper end of the trough, Y,

2
V- |y, 2X(g'xLxN
T BT gxbixy,

2( 50x1000 x2) 2

¥, - 0. 2872, 2X24x3000 - 0.862m
9. 81x0. 62x0. 287

Provide a depth of 0.95 m.
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APPENDIX 131

DESIGN OF CONVENTIONAL ACTIVATED SLUDGE PROCESS

Flow = 50,000 m*/d, Raw wastewater BOD, = 250 mg/l; $8 = 400 mg/; Minimum and maximum

temperature = 18 and 32° C respectively; Primary Sedimentation efficiency for BOD and S5 removal
= 35% and 75% respectively; Primary and Secondary excess sludge S8 cancentration = 40 and 10
kg/m®, Aeration equipment oxygen transter efficiency under standard conditions = 1.8 kg O,/kWh,

Aeration tank volume;

- BOD of influent 1o aeration tank = 250x65/100 = 162.5 myg/l

- For 90% BOD removal read ©, for 18° C from Fig.{13.3} = 6.5 days

- Adopt for conventional activated studge MLSS = 2000 mg/

. Assuming Y = 0.5 and k, = 0.06/d from Eq.(13.7) calculate V = 8549 m’

- HRT from Eq.{13.1) = 4.1 h, which is greater than 4 h, hence acceptable. However,
if a larger HRT value is desired, repeat calculations assuming fower vaiue of MLSS.

- The dimensions of the tank wili be decided on the basis of aeration eguipment
requirements and conditions detailed in section 13.4.1.

Excess Sludge:

- Calculate O, X, from Eq.{13.3) = 2630461.5 g S5/d or 2630 kg/d.

- For 10 kg/m” S8 concentration in secondary sludge, excess sludge volume = 263 m/d.
Sludge Recirculation:

- Calculate sludge recirculation ratio from Eq.(13.10}) = 0.25, which is between 0.25 and
6.5, hence acceptable. However, provide for 0.33.

. Theretore siudge recirculation pump capacity
= 0.33 x 50,000 = 16,500 m/d.

Oxygen Requirement:
- Calculate oxygen requirement from Eq.(13.8} assuming f = 0.68 | = 7018420 g/d

- Calculate kg O, required/kg BOD removed = 0.96 which is between 0.8 and 1.0, hence
acceptable,

Aerator Power RHequirement:
- For tield conditions; temperature = 32 degree C assuming C, = 1 mg/, C, = 7.2 mg/l
and « = 0.8 calculate, oxygen transter capacity of available aeration equipment from

Eq.(13.9) = 1.3 kg O/kW.h.

- Therefore aeration equipment power requirement
= 7018 /24 kg Q,/h/1.3kg O,/ kW.h = 225 kW.
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Sludge Generated:
- Primary sludge solids

50,000 m* d x 400 g/m” x 0.75 x 1 kg / 1000g
15000 kgid

il

ti

- Primary sludge volume
= 15000 kg/d / 40 kg/m” = 375 m'/d

- Secondary studge solids {from earlier caleulations)
= 2630 kg/d.

- Secondary sludge volume = 263 m’/d.

Total sludge volume = 375 + 263 = 638 m'/d.
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APPENDIX 13.2
DESIGN OF FACULTATIVE AERATED LAGOON
Design a faculiative asrated lagoon o serve 40,000 pecple, Sewage flow @ 180 Ipcd = 7200
cum/day, Raw BOD, = 50 ged or 277 mg/t and finat BOD, is not to exceed 30 mg/ n winter,

Average ambient air temperature in January is 18 deg. C and in summer 37 deq.C.

Lagoon Size

Assume detention time = 5 days
Lagoon volume @ 7200 x 5 = 36,000 cum.
Let Lagoon dimensions be 70 m x 130 m x 4 m deep

Lagoon Winter Temperature
Use Eq.(13.3} to determine T,. Assume T, = 23°C
Hence,
5 days (23-T)

<<<<<<<<< H wmevrenneeeeeeeee Hence, T)ow 210 CL
4m 0.49 (T - 18)

Estimation of K
Assume K at 20" C = 0.7 per day

Hence, Kat 21° C 0.7x1.035 = 0.724/day.

1]

DA, Estimation

Keep lagoon geometry such that flow conditions are plug-flow type {i.e. D/UL = 0.2 approx.}.
This will be possible if a tong and narrow lagoon { 23m x 390 m} is provided (see Table 13.3) or baffles
are provided within the rectangular lagoon of 70 m x 130 m to give a winding flow with the same effect.
{Bee Fig. 13.5).

BOD, Removal Efficiency (in Winter)

Kx @ =0724x5 = 3.62
See Fig.{13.4] at Kx 0 = 3.682 and D/UL = 0.2
Sotuble BOD removal efficiency = 92%
MNamely, soluble BOD in effluent = 22 maf

H

5.8 likely to flow out in effluent 35 mgf (say)
BOD of VS8 = 0.77 {0.6 x 35) @ 16 mgh
Hence, BOD of effluent = 22 + 16 = 38 mgh

Overall efficiency in winter = 8B6%
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fn other months of the year, the efficiency will be higher and effluent BOD will be less than the
above value.

Power Requirement

When efficiency = 86% and alt BOD is removed aerobically,
O, reguired/day = 0.86 (1.4 x 2000 kg/d).
= 2,408 ku/d = 100 kg/hr.
100 kg/hr

Power needed Fo et e
{0.8) (2 kg O/KWh)

= 62.5 KW (i.e. abowt 80 HP)
62.5 KW x 1000
Power level in Lagoon B e
= 1.7 Wiewm  {acceptable)

L.and Requirement

Net lagoon area = 9000 sg.m,

Area including embankments
and slopes 13,500 sg.m. {approx)

Area/person = 3.337 sgm/person

NOTE: Hf the tagoon was kept as a square shaped unit or a rectangular unit with say Wil = 12, the
D/UL value would have been between 3.0 and 4.0 (namely, approaching completely - mixed
conditions) and soluble effluent BOD would have increased to 49 mg/l, thus giving a total final
effluent of about 5 mg/l instead of 38 my/l seen above. Thus, lagoon geometry plays an
important part in determining efficiency.
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APPENDIX 14.1

DESIGN OF TRICKLING FILTER

Problem Statement:

Design a high rate trickling filter plant to treat settled domestic sewage with a BOD, of 200 mg#l
tor an average flow of 50 MLD. Assume a peak factor of 2.25. The desired BOD, of effluentis 10

mgfl,
Solution:

Several design approaches are available for the design of trickling filters. Two approaches will
be used to design the trickling tilter viz. {i} NRC equation and {i’} Rankine's approach.

Singe the BOD, removat efficiency is high a two stage filtration system has to be used. The
design of filters is done on the basis of average flow. However, the hydraulic design of the distribution
arms, under drainage system, pipetines etc., is done for peak flow and checked for average flow.

i) Design Using NRC Equation

Assuming a BOD leading of 0.8 kg BOD, applied/m’/d excluding recirculation, the volume of
first stage fitar,

BOD, toad 50 x 200
VOlUme = ceeeeemeeeenes B e es
BGCD, leading 0.8
= 12,500 m"

The efficiency of first stage filter using NRC equation,

A
LW
1-0.44
V/F,
Adopiing a recirculation ratio of 2.
1-R +
F.- L b 90833
(1-01R ) (1+0.1x2)°
W, = 50 x 200 = 10,000 Kg BOD/d
E,- 10 ~78.6%
1044, 10000
N\, 12,500x2.0083




The off

noy of second ¢ k.

20010 60 786 16.4%
200

The volume of second stage

ter can be computed usi

wy the equation

£ 2

.. 044 Wi-£)
O En o uA

Adopling ar

b

goulation ratio of one, the vatue of ¥, s

1.4 100
. 044 100001-0788
(1-0788\  14x1.653

YV, = 2748 m

} Rankine's Approach

Adopting ¢ 1w ot 0.8 Kg BOD/mYd as assumed in earlier case. the v

3
first stage filiar s 1

e of

Adopting a filter depth of 1.5 m,

3 readad

Fitter a

3851 CPHEED/MD/O4




using a circular filter,

dig = | oom = 102997

Since rotary distributors are available indigenously only upto 60 m, #tis desirable to have a least

three units.

Say 60 m

Applying Rankine's formula for the first stage filter and varying vajue of R, = 0.5, 0.75, 1.0,

1.6, 2.0, 2.5 and 3.0 efficiency of first stage filter can be calculated by Rankine's equation.

1+ R,

1.5 + R,
giving values of 75, 77.78; 80 83.33; 85.77; 87.50 and 88.88 % respectively,
These values are entered in column 2 & 3 of Table 1 respectively.
Simitarly the efficiency of second stage Filter

1+ R,

2+ R,

Various values of R, and efficiencies are entered in columns 5 and 6 of Table 1. Column 4

gives the BOD, passing through the first stage filter.

Now, the combined efficiency of the filters required to give an effiuent BOD, of 10 my/l.
Efficiency of two stage Ec = E, + E, (1-E)

For a R, value of 0.5 this will be,

095 = 075 + E, (1-0.75) or B, = 0.8

R, value from cot5 of Table = 3.0
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Similarly R, values for various

E, values for different R, values to obtain 95% efficiency are
given in col.7 of Table 1.
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TABLE 1

R, VALUES FOR DIFFERENT VALUES OF E, AND R, TO OBTAIN 95% EFFICIENCY

5.No. H, E, S, R. £ 2 ®
Recirculation Efficienty BOD, Recircutation Efficiency | Values {or
Fatio of st of Ist stage | passing Ratio of 2nd ot 2nd various H,
stage filter filter, through st stage filter, stage vatues to

stage filter. fitar give 895%
Efficiency.

1. 0.50 75.00 5000 0.50 £0.00 3.00

2. .75 7778 44,44 0.75 63.64 2.50

3. 1.00 80.00 40.00 1.00 66.67 2.00

4. 1.50 83,33 33.33 1.50 71.43 1.50

5, 2.00 8577 28,66 2.00 75.00 1.00

€. 2.50 8750 2600 2.50 7778 0.5G

7. 3.00 gBias 3.00 80.00

The hydraulic loadings tor different vaiues of B, in terms of #id/m® for the average flow,

500% 107
i e e e e At VA
”,j;o,y

= 5848226 x 1

Choose

4

b

K,

.50

1.00°
1.50
2.00
2.50

300

=3

e % (1ARL) BB worked oull
.;33._

Fydrautic Loading (m¥/d/m” )

8.84

1031

11.78

14.73

17.68

20.62

P2
o
B
|

2 for First Stage Filter and

1 for Second Stage Filter,

Organic loading (Reciculation inciuded) for 3 filters of dia. 60m and depth 1.5 m
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:mpz%xmgywﬁmm@x 4
107 3 B0Px1.5

= 1010.80 g/d/m’
This is less than 1800 g/d/m” and therefore the squations are applicable,
Choosing an organic loading 0.5 Kg/dim®

50 x 28.66

= P = 2BBE m*
0.5
Adopting a depth of 1.0m
Area of filter = 2868 m*
Chack for hydraulic foading
&mooosofo¢3vgmbm@%@
2866 R

Which is more than permissible.
Therefore area required for maximum permissible hydraulic loading of 30 Kid/m®
= 50X 107X [[1+1)/(30) ] = 333333 m*

Adopting 3 circular Fiiters,

| 333333x

Adopting 3 units of 38 m dia and 1.0 m depth for 2nd Stage Filter.
iit) Hydraulic Design of First Stage Filter

This is designed for the peak flow + the recircutation of the average flow at the rates
prescribed. In this case the recirculation is 2 times the average flow,

Total flow through the filters at the peak flow with 2 25 peak factor
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. 50X 225+ 2x50 = 2125 Mid of 2.459 m’fs
This flow is divided into 3 units
Therefore flow through each unit at peak flow = 0.82 m’fs

Adopting a velocity of 2'm/s, dia of central column

provide a central column = 075 m
check for velocity at average flow:
Ave. Flow = 50 x 10° x (142) = 150 Mid = 1.736 m’fs

Therefore velocity at average flow =

1736, 4
3 nx0.75°

- 1.31ms(> 11§

Distributor:

Assuming rotary reaction spray type distributor with 4 arms:

Discharge per arm e = 0.205 m*/s

Dia of filter = 60 m

i

Arm length = [(80 - 2) /2] = 29mM with 4 sections of 7.25m each

The flow in the arms has to be adjusted for every section of 7.25 m length in the proportion

of the areas covered by these lengths of the arm. Therefore, the areas covered by the ditferent lengths

of the arms are caloulated.

Altawing for 0.75 m dia in cenlre 10

Let A, A, A, and A, be the arcas covered by each length of arm starting from the centre.

A, x (7.6257 - 0.375%) = 182.29 w’
A, = £ (14.875° - 7.6257) = 512.68 m®
A, 4 (22.125° - 14.8757) = B43.07 m”

A, n (203757 . 221257 = 1173.46m"

he used up for central column etc, the areas are



The proportionate area for each fength of arm 1st i.e. from column to 7.625 m.

A, 182.29
Al A, +A, +A, 254217
Similarly 2nd 18.91%

3rd 31.09%
4th 43.28%

Orifices:

Assuming a dia of 25mm for the orifices with Cd value of 0.6 and head causing flow equal to

1.5m

dischargetfirougheachorifice = Cax A 2gh

511

= 6.72 %

_ﬂo.mxm, X0.02Fx/TX0 811 5

= 0001597 ms

Therefore No.of Orifices required in each arm

Total discharge through arm

0.001597

Mo, of orifices in each section of the armm is

Ist section (6.72/ 100) x 129

2nd section {18.91 7 100) x 129

3rd section (31.09/ 100} x 129

4th section {43.28 / 100} x 129
Spacing of Orifices;
ist Section 9 MNos. in 725 cm e, 725/9
2nd Section 25 Nos, in 725 cm e, 725/25

3rd Section 40 Nos. in 725 cm lLe. 725/40

128.36 say 128

H

25
40

58

B0em c/c
28cm c/c

18cm /o




1aem ofo

at Section 56 Nos, in 7206 om e, 7i

Diameters of different sections of the arm:

The flow through velocity in the arm should be less than 1.2 mps

@} Discharge through 1st section = 0.205 /s

~rosssectional area with 1.2 mps = {02057 1.2) = 01708 m*

AW

surning circular section, dia of pipe

01708

0.466m say470mm
5 T

3} Discharge through Znd section

(1-0.0672) x 0.205 = 0,1912 m

For Vo= L

= (L4507 sayds0mm

o

)

NARSE

il rvK.a .
2E2T L 0.402m saya00mm




gia - O0BBTE 5 3067m saya1omm

\ o 1.2xm

Under Drainage System:

Total discharge through each filter at peak flow = 0.82m?%s.

The underdrainage system is designed with a peripheral collecting channel fed by semi circular
laterals placed at 0.6 m cfc with a slope of 2.5% in each half circle. The invert level of all laterals at

their junction with the peripheral main collecting channet is kept the same R.L.

Average discharge per {ateral;

0.82
o ez (004 :wmmm
100 % 2
11} 0.015 x 0.0041
e B = 0000389
G 0.028™

The laterals are designed to How half 1ull 1o provide for proper ventiation.

a ] i
= 025 G e = e x 025 = 01963

From Appendix 28

for{a/d, ) of 6.1963 far™? /) d.") = 0,05915
d, = 0152 m

adopting 16 cm dia

)= (0.000389 7 0167 = 0.051
From Appendix 26
corresponding {a/d) = 0.1753

0.0041

Velooity = e w B9136 myfs [ > 0.75 mfs required )
@.Qm.ywx@;“._.

Check for Velocity at Average Flow:

Total discharge = 50+2x50 = 150 Mid = 1.736 o’

1,736
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i

Flow through each filter 0.579 m'/s

i

Average flow per lateral = [0.579/7 (100 x 2} ] = 0.00280 m™fs

0.015 x 0.0029
ar® = i = (1000275
0.025'

are? 0.000275
and 5 e = 0.0365
AO,._@V»L

corresponding (a/d ) = 0.1379

Velocity = [ 0.0029 / (01379 x 0.16% ] = 0.8215 m/s (0.6 m/s required}

The faterals are covered with perforated blocks capable of withstanding the load of the filter
media. It should be ensured that there is at least 158% of the total filter area avaitable in the form of
intet openings for the flow into the laterals to ensure proper ventilation,

In the present design the iotal surface area of the laterals at the floor level of the filter is about
20% of the filter area. Therefore it s to be provided with cover blocks having about 75% openings so
that inlet area available is about 15% of the filter area,

DESIGN OF MAIN COLLECTION CHANNEL

ft is desirabie to provide the main collection channel along the periphery of the filter. The flow
is divided into two and the flow from each semi circle is collected in the peripheral main channel which
is laid to @ constant slope of 0.5%. The filter can be divided into four segments and the main channe!
checked to see if free fall conditions exist while flow from the laterals of each segment falls into it.

To provide a free tall from the invert of the laterals assume the depth of flow to be 5% less than
depth of semicircular section,

y .45
w,mw. R On\—.wmw
1st Segment:
g = 0.1x082 =0.082 mYs

from Appendix 26

for {y/idj = 0.475;
(ar*™ 1d.*" = 0.1426
&
{a/d.] = 03877

for a slope of 0.5% and n = G015




ng 0.015 x 0.082

ar® = e B ememeemneaeeiee = 0.01739
s 0.005'7

d, = [{0.01739)/(0.1426) ® = 04543 m

Adopting 46 ¢cm or 0.46 m dia & 0.5% slope
ar *? 0.01739

And for this (y / d ) = 0.4858 and {(a/d.®% = 0.3585
Veloeity = e = 1.08 m/s ( > 0.75 m/s required )
0.3585x0.467
2nd Segment:
g = 0.25x0.82 =0.205 m's
vertical depression at the end of the 2nd section
= (nD/4)x{0.5/100) ={xx(60/4)x{0.5/100)] = 0.24 m
Total additional flow in this section
0.15 x 0.82 = 0.123 m*s
Flow that can be accomodated
= 0.24 x 046 x 1 = 0.1104 m’/s (Assuming 1 m/s velocity)
Hence choose a bigger section say 53 cm.
Redesign of Ist Segment:
ar’® = 0.01739

ar'® 0.01739

Velocity = e = 1.081 mps { > 0.75 mps required )
0.27 x 0.53°

Check for Average Flow (Recirculation included)
Flow in Segment 1,

= {1,736 /3) x 0.1 =0.0579 m's




516

0.0579 x 0.015 1
B e K ez 0, 0BB76

0.005 (0.53)%°

for this (a/d.) = 02113 and (y/d} = 0314

0.0579
Velocty = e w (.9755 mps (= 0.75 mps required )

02113 x 053"

Znd Segment:
q = 0.205 m's

0.205 x 0015
= 0.04348

0.005"

0043449
= (L2364

and (y/d) = 06D

For this value. {a/d.) = 0.541

(.206

Velogily = ceememreeeee o
0.531 x {0.53)

= 1.349 mps

Depth of Flow = 0.65x 053 = 03445 say 0.35m
Depth from invert of channel to invert of lateral »
(.53
ey (124 = 0.5

“

Clearance = 0.5 - 0.35 = (.15 m ensuring tree flow conditions

3rd Segment:
q = 0.4x082 =0.328 m's

Assuming depth of flow above semi circutar section {0 be x




