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APPENDIX 6.6
DESIGN OF THRUST BLOCKS

Yo design a thrust block for 900mm diameter main conveying water at 11kgs/cm
pressure({l”).

The deviation angle o s 45° and density of concrete is 2300 kgs/m’. Sofl density 15
assumed (o be 1800 kgs/m” and angle of internal friction ¢ = 30° .

Assume munimun cover of earth s 600 mm. Cohesion is 0 for sandy soils,
HORIZONTAL THRUST . F=2 pASino/2

Cross sectional area A = (n/4) (90)" = 6364 sq. cms,

S /2 = 0.582

Fe= 20 (11) (6364) (B.382) (107 = 5548 Tonnes

(1) Lateral resistance to counteract the horzontal thoust:

Lry a thrust block of sive = A2M 32 M) 32 M

Weight of thrust block = A2M 2 32 M x 3.2 M x 2.3 = 7530 tonnes
Weight of water in the pipe = 0.785 x ({,}}})2 %1% 32 = 2.03 tonnes

311 tonnes

Weight of earth = 0.9 (3.2) (0.0 (1.8) =

Fotal Weipht 80.50 tonnes

Foral force avatlable considering frictional
resistance of soil = 80,5 (0.3) = 24.15 tonnes
() Lateral tesistance of seil agamst the block:

fpup D [ 188 oy \[iwij};;:ém
pi U~ Sim @ 1~ Sin @

By assuming cohesion as 0, the above equation

Yields = 18 -wcie (32) f(}ww = 88 .47 fonnes

6O




() Lateral resistance of soil when the thrust block is free to vield away from the
soll mass e, the portion of projected pipes -

Bomgn L SO X/Lm_f_m;:{;_’ifiwﬁm
o+ Sim 8 1+ Sim &

= {1.8)0.9) e G54 tonnes
Total lateral resistance = 24.15 + 88,47 -+ 0.54 = 113,16 tonnes/m’
Total hottzontal thrust = 53,48 tonnes

Hactor of safety = 113.16/53.48 = 2,19 which is O.K.

REINFORCEMENT:

The rmumumum surface reinforcement in all thrust blocks shall be 5 & i/ segm(as per TRG
21-1972 Article 306.4). The spacing of these bars is not to exceed 300mm. Henee provide 10
bars at 200 ¢/¢ which s more than 5 kgs/sqm.
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APPENDIX 6.7
DESIGN OF AIR VESSEL

Lrata
Discharge through pipe line w1944 cumecs

Matesial of pipe hine = gipe

Diamneter of pipe line = 1550 mm

Thickness of pipe (ct) =0 s
Statie Head = 1200m
Length of pumping mam = 18000 m
Total Head mcluding friction 1

Head & other losses of 15 meter, | = 135 m
Desion head of pumps, w LB
Atmosphernic Head = 10 my

= Absolute Head = Total head + Atmosphenc Head = 1535 4+ 10 = 145 m

V= lnttial veloouy

(= Water Hammer Wave velocity,

1425

(Refer 6.17.2 of Manual)

= RO 2T m f/ ¥

. oV, BU962T7 %103
Water Flammer head : e
P 9 81

Pipeline Parameter

w103
A RIS
= {1324

2o = 065




AIR VESSEL PARAMETER = 2C_ C/Q,L
Referring Chart £, k_ as 0.50 for limiting Upsurge to 1.20 H, and Downsurge to (.5 H,
Atr vessel parameter for 2p = 0.65 1s calculated as follows:

From chart for 2p = 1.00x(2C,C/Q_1)=10.50
ForZ2p = 0.5, 2C.C/QL = 650
By interpolation for 2p = (.65 and for k. =0.5
Axr vessel parameter 2C_C/Q, L =7.70
7. 7x1.944x 1 8000
- 2x896.27
150.31 Cubic meters

H

Volume of air C,

i

Volume of Air Vessel = C_[H_/H ]
150.31{(145)/0.5x(145) V- 2

150.31x(2) '+

267.20 Cum

Increase the capacity by 20% to cater for upsurge of 1.20 I,
267.20x 1.2

= 320 Cums

i1

i

i

i

WATER COLUMN SEPERATION LENGTH
The water column separation is calculated on the basis of the following formula.
VIV S Qg/D{t) Y, (HAF (V2 V)]
H= Static Head, (Absolute Head)

b= Loss of head due to friction

Vi, V= Velocities at instances tyand t,,

(t;~ tyy = Period between time intervals in seconds .
V, = Initial Velocity.

L=1ength of pipeline

Initial velocity will come to rest over a time period after the stoppage of pumps.
Assuming a time interval of 0.20 seconds and by using above formula the subsequent
velocities are calculated dll the final velocity (V) is almost Zero. The water column
separation length 1 is given by Laws =

twes 2 [V +V,+... . KATCES
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For the given diameter of pipe and for the calculated water colurnn separation
Length the volume of water tequired to be stored in Air vessel 1s calculated.

For Worked Example
ey
(1L.03) - V3 =2 8L {0.20{1.03} 145+ 15037
18000 103

Repeat n times 1l V= 0.01 m/sec.
Then V+V V4o V_{0.20)=say =01 tmeters,
For a pipe of 1.55 per dia volume of water required to fill this separation length

= m(1.55%6.10) = 11.51 Cum

4
FixinG THE S12E OF VESSEL AND LEVELS OF WATER AND AIr IN AIRVESSEL
CHAMBER

{i) Air And Water Volume
Air Vessel volume required = 320 Com.
[f two vessels are provided volume of each vessel = 160 Cum.

Provide 90 Cum of Air and 70 Cum of water in each vessel.

(ii) Determination Of Size Of Air Vessel
Absolute Head at working head of pumps = 150 + 10.35 = 160.35 meters.
Maxirmum upsurge permitted 160.35 x1.2 = 192,42 meters
Pressure = 19.25 kg/ em’

Using 25 mm thick M 5 Plate 1, e 22 mim -+ 3mm for corrosion allowance

C2f wext

o =
P

f = Permissible tenstle strength in steel plates = 1260 kgs/ em’
¢ = Weld efficiency say 0.9
¢ = Thickness in cms of plate = 2.2 cm

. 3
p = Pressure in kgs/cm’
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C2x1260x1.90x2.20

19.25
m 25920 cms

= Say 260 ems
Provide 2.60-m dia of vessel with a length L and two hemi-spherical ends.

Volume of (two hemispheres) sphetical portion = 4 x n(1.3)"= 9.2 Cum.

Total Yoluroe of cylinder = 160 cum - 9.20 = 150.80 cum

Length of vessel of 2.6 m dia with volume 150.80 cum is = 28,40 meters

Provide 2 vessels each of 2.6-m dia and 28.40 m long with hemi-spherical ends,
(fii} Fixing Of Levels Of Waier And Air In The Vessel

The levels are fixed by trial by assuming a depth and calculating volume in cylindrical
and spherical portions.

{(a} Normal Working Level
Volume of Air = 90 cum
Volume of Water = 70 cum

The normal workmg level s fixed by toal by assuming 1.15 meter of water depth from
bottom.  Volume of water = 70.95 Cum which is more than required 70 Cum. Hence
normal working level will be at 1.15 m from bottom of vessel,

(b) Upper Emergency Level

Air dissolves m water i the vessel. Assuming that 10% Atr dissolves m water the level
of water rises by 10% of volume of Ar e

Volume of water = 70 Cum +10% of 90 Cum = 79 Cum.

The depth of water from bottom will be 1.35 m which gives volume of water as 79 Cum.
Flence upper emergency level will be 1.35 m from bottom of vessel.

(¢} Lower Emergency Level

When pumps trip as per water column separation about 11.51 Cum of water is required
to fill the pipeline. As calculated volume of water at a depth of LOG m from bottony of
vessel = 56.43 Cum . Volume of water at novimal working level is 71 Cum,

Quantity of water available is the difference between normal working level and lower
emergency level.
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APPENDIX 7.1
DESIGN OF SPRAY TYPE AERATOR

(Removal of lron & Manganese)

I. PROBLEM STATEMEMNT

Design a spray aerator given the fi oliowing data:
1. Design fow = 250 mﬁ"/ b

Pipe used = 70 mm dia B’ Class C.I. Pipe with a C value of 100
S = 360 meters /1000 meters
V= 1.35m/s

2. Tron present in taw water = 1.8 mg/L

3. Saturatton concentration of O, at 28 'C = 7.92 mg/ L

H, DEsiew Crryenia

Mozze din, usually 10 to 40 mm — spaced i the pipe at intervals of 0.5 to 1.0 m

S

Nozzles are usually tilted 3° to 5% to the vertical to avoid interference due to falling water.

L3

Nozzle dischatges should be uniform as far as possible. Variation in no case should be
greater than 5% te. the discharge ratio between the first and the last nozzle, should not
be less than 0.95(a variation 2 to 5% may be allowed),

4. Velocity of water in the aerator pipe should be between 1 and 1.5 m/s .
5. Pressure vequired at the nozzle varies from 2 to 9 meter of water {usually 7m).
6. Duscharge ratings per nozzle vary from 300 to 600 lprm,

7. Aerator area should be 1.25x 107 to 3.75 107 m” per m’/day of design flow.

i1 SoLuTion
1. Design flow = 6000 m’/ day.

2. Assuming 25-mm dia. nozzle with an inclination of 3° to the vertical, dia of one drop is
25 mm.
3. lron present in raw warer = 1.8 mg/1,

Perpusstble limit of iron in treated water = 0.1 mg/1,
[ron to be removed = (1.8-0.1) mg/1 = 1.7 mg/1,
4. Te""+30, = 2Fe, 0,
L7 mg/1 of Fe requires 1.7 x96/224 = 0.7286 mg/1 of O,

5. By applying ‘Gas absotption  equation in 7.2.2 in the form
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o oy KAl
Log, - e, - )= K4

where

Co= 792 mg/lar 28°C, Co = 0.0 mg/l.
Co= 073 mg/L, K = 70 e /hr

4.6 611
Vod 25\em

792 70 6 7
i e 2 X s 3 o f
2.5

Y719 60x60 150
12150, 10g, 72

!m%—qx(}.{}‘iz

t=0.9Y seconds
say t = 1 second & small case

t. = tme of mse = t/2 = (15 seconds

V = nozzle velocity and @ = inclination to hotizontal,

V8ina=gt

= (980x0.5)/Sin (90-3)°
= (980x0.5)/Sin 87°
=491 em/s

6. Number of nozzles

Assurning;
N = No. of nozzles required

q = Discharge through cach nozzle = Gyx Vixa

where,

Cd = Coefficient of dischazge = 0.9 (assurning)
V= nozzle velocity = 4.91 mps

a = nozzle area = (3.14/4)d*

d= dia of nozzle = 25 mm
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- Discharge through “N” number nozzles = N x Cyx Vxa
= N ox (0.9 x 4.91x (3.14/4) x [25x107) ni'/sec.
But design flow ve. discharge through N nozzles = 6000 m’ /day
Nx 0.9 x 4.91x (3.14/4) x [25x107Px 60 x 60 x 24 = 6000 m’/day
SN =32

s Mozzes required = 32 Nos of 25 rmn din each

7. Spacing of Aerator Pipes
Radius of spray = V Cosol x 2t, = 4.91 Cos 87°x2x0.5 = 0.257 m
Assuming wind velocity = 8 km/hr.
Wind Drag = Cd x Vw x t (assuming C; = 0.6)
= 0.6x[(8x100/(60x 60 x 1= 1.33m
~. Minimum spacing requited = Radius of Spray + Wind drag

= 0257+ 1.33

= 1.587m say = Zm apatt
8. Arrangement of nozzies

Nozzles are fixed on 4 rows of pipes as shown below;

C, D,
B P B 3M
C, D,
b . M

A T H, T iR
G Il ~~~~~~~~~ 3M
H,

No. of nozzles in each pipe = 32/4 = 8
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Providing a spacing of 0.3 m ¢/¢ of nozzles and spacing 1 two adjacent tows and in
staggered position.

Provide 4 pipes each of length 3m at a spacing of 2m.

Allowing 2m space on all the sides, the size of the acrator tray will be 8m x 6m.
Checking

Aerator pipes enclose an area of 2 x (3x2) = 12

2 Area provided per m®/day of design flow = 12/ (25(h24)= 2.0x107m%/ m’/ day of
design flow .

(LK since it is between 1,25 x 107 to 3.75x107m%/ day of design flow).

9. Uniformity in distribution

The uniformity in distribution of water is maintained by arrangement of actator pipes as
in figure above.

Discharge through cach pipe = (250x24)/4 = 1500 m*/d
Assuming  h = head loss at cach nozzle

V=, \/(’Egﬂ = 491 m/s

h= (4.91) /](0.9x2x9.81]  (Assuming C_ = 0.9)

Assuming variation of head = 2%

- discharge through last nozzle in the pipe

= = 0,98
E discharge through first nozzle in the pipe

H = h (1m,5= 1.52(1-0.98%)= 0.06 m

Head Ioss n the pipe for gradually diminishing flow = H = 0,06 m

. Cortesponding head loss for uniform flow = H, = 3H =3x0.06
= 0.18 m (per aerator pipe length)
* Headloss /1000 m = (0,18 /1.5) x1000 = 120

10. Design of pipes and head losses:

The arrangement of pipe is shown in Figure. The acrator pipes are so chosen that the
velocity remains within 1 to 1.5 mps and cotresponding head losses for pipes (CL) are
calculated and are shown in the following table:
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Flead at *A°

i

say

i

it

032 m

Terminal head + Total Head loss

152 + (.32

1.84 m

Pipe Design | Length Dha Velocty Head Towl |
SeCtion, { 11}12}?&‘} G {rm) (m/sec) | Laoss(m) Head
LR Foss(m)
1 2 5 4 5 G 7
AR 3000 2.5 200 1.1 0.01 0.025
""" BC 3000 2.0 200 1.1 0.01 0.020
0, 1501 3.0 125 1.42 0.03 0,090
CD 1500 2.0 125 1.42 0.03 0.060
. 3153, 1500 3.0 125 142 | 0.03 0.0%0
| Total 0.285
Total Head loss = 0.285 -+ 10% for valves and specials
= 1314 m




APPENDIX 7.2
DESIGN OF MECHANICAL RAPID MIX UNIT

1, PROBLEM STATEMENT

Design a mechanical rapid mix unit using following data:

1.

.

e

2

Design flow to be treated = 250 m’/hr
Detention time = 30 secs (20-60 s}
Ratio of tank height to diameter = 1.51(1-31)

Ratio of impeller diameter to tank diameter = (0.410.2 - 0.4:1)
Rotational speed of impeller = 120 rpm (> 100 rpm)
Velocity gradient = 60087 (>30087)
Assume temperature of 20" C. |

. SOLUTION

(i) Determine dimensions of tank

Volurne = Flow x detention time
= 250 x (30/3600)= 2.083 m’
Diameter of the tank, I, is calculated from (/4 )D*(1.512) = 2.083

Therefore, diameter of tank = 1.20m
and height of tank = 180 m
Total height of the tank = 2 m which will provide a free board of 0.2 m

(ii) Compute power requirements

Power spent, P = uG’ (Volume of tank )
= 1.0087x 107 x(600)*x2.083 = 756 watts
Power pet unit volume = 756/2.083% = 362.94

= Say 363 watts/m’

i
i
LI
[
T~
.
i
o

;
|
%
2
—
-
tes]
e
=,
T,
v
(]
o
Ty
y
<
=

Power per unit flow of water =
Determine dimensions of flat blades and impeller
Diameter of impeller = 0.4 x tank diameter
= 045 1.2=048 m
Velocity of the tip of tmpeller = (2.e.0/60) m/s

= ((2mx 0.48)/2) x (120/60% ) m/s
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= B02 m/s (8D
Determine the area of blades A, of impeller by the equation.
j o g g O # 7 3
Power spent = (1/2).Cp.p ALY,

Assurning Newtons coefficient of drag, Cpy = 1.8 for flat blades and relative velocity of
paddle, V, as three fourths of the tangential velocity of the tp of the blade,
756 = {1/2) x {fl‘%%y;'%sl"}@{;?x&.i_))xiﬂ?f&xﬁiﬁ'ﬁ%g:3
A= 0072 m
Provide ¢ blades of size 0.1x0.12 m
(iv) Provide 4 Nos of baffles of length 1.9 m and projecting 0.10 m from the wall of the
tank to reduce vortex formation,

() Provide inlet and outlet pipes of 200 mun diameter.

G
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APPENDIX 7.3
DESIGN OF CLARIFLOCCULATOR

L PROBLEM STATEMENT

Diesign clarifloceulator using following data and design criteria:

1. Desired average outflow from clanfloceulator = 250 m / e

2. Water lost in destudging = 2%

3. Design average flow = (éiﬁi} ¥ 100) /(100 -2
= 2551 m3 / hr

4. Detention period =20 ranutes

5. Average value of velocity gradient, G = 405

. COMPONENTS TO BE DESIGNED

A circular datiflocculator is to be designed having vertical paddies. The water enters
through a centeal infloent pipe and is fed inte the flocculation zone through parts, The
effluent from flocculation zone passes below the parfidon wall dividing the focculator
portion and the clarifier portion. The clarified efffuent is collected by a peripheral effluent
launder. The components of clariflocculaior to be designed include the infuent pipe, the
floceulator, the clarifier and the effluent liunder,

HI. PrsioN oF INFLUENT PIPE
Assuning a velocity of 1 1m/s

‘ L Ax4 .
Influent pipe diameter = / o wiﬁm-» = 124
Y3600 « 1 x

Provide an influen pipe of 300 mm dizmeter

IV, DESIGN 0F FLOCCULATOR
Dimensionless Parameter, Gut = 40 x (20 % 60y = 4.8 x 10
This s acceptable as Gt = 2 10 ¢ % 107 for alum coagulants
Volume of floceulator = (2551 20) / 60 m® = 85 1
Provide 4 water depth of 2.5 m

Plan atea of Bocoulator = 85/ 25m* = 34 ;m®

Let D be the diameter of floceulasns and 1 the diameter of the inlet pipe. Then

:’ (f; f');i} = 34, Z“ {;‘;3 - 515.33} = 34
i3 = 0.57 m

623
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Provide a tank diameter of 6.6 m.

Y. DIMENSIONS OF PADDLES
Total power input o floccalator, P = G* p {vol.)
(40)* x [0.89 % 107] x I x (6.6 x 2.5/4] = 122 watts
Power input = (1/2) .Cp. p. A, (V- vy

Where

.
o
i

Newtons coefficient of drag, 1.8
= Density of water at 25"C, 997kg/m’
= Velocity of the tip of blades

(»j*?;
H

= 0.4 m/s (recommended range 0.3-0.4 m/s)
v = Velocity of water at tip of blade
= 0.25x 0.4 (25% of V)
= 0.1 m/s
122 = 1.8x997x Ap (04-0.1Y/ 2
A, = 504 m°
Ratio of area of paddles to cross-sectional area of floccuiator
= A /nD-Dy)xh
= (5.04) / (0 .(6.6-0.3) x 2.5) = 0102 or 10.2%
This is acceptable as 1t 15 within the limits of 10 w0 25%
Provide 8 Nos. of paddles of height 2.0 m and width of 0.32 m

Two shafts will support eight paddles, each shaft supporting 4 paddles. The shafi will be
at a distance of (6.6 - 0.3)/4 = 1.58 m from the centre hine of danflocculator. The paddies
will rotate at a rpm of 4,

Distance of paddle edge, r, from the centre line of vertical shaft is given by the equation.
V= (2men) / 60
0.4= 2 mex4) /60

LrElm

Let the velocity of water below the partition wall between the flocculator cnd dlanfier be
0.3 m / minute. Therefore area of opening required for a velocity 0.3 m/min below the
partition wall will be

Area =250 / (0.3 x 60) = 13.9 m*




Depth below partition wall

= 139/ (nx6.6) = 0.67m

Provide 25% addinonal depth for the storage of shudge in case the mechanical scraper s
out of crder.

Depth provided for sludge storage = 0.25 x 2.5 = 0.625 m say 0.63 m

Provide 8% slope for the bottom.

Total depth of tank at the partition will assuming a free board of 0.3 m

= L3 A 25 A 0.67 4+ .63 = 410 m.

Vi DESIGN OF CLARIVIER
Assurne a surface overflow rate of 40 w7 /m®/ day

surface area of clarifier = 2551 % 24 /40 = 153.06m2

s b o : . . '
. [fﬁf (m}‘zi = 15306 o Dy = 15.44m

Length of weir = .0, = mx 1544 = 48.53m

Weir foading = (2551 x 24)/(48.83) m’/day.m = 126.2m"/day m (< 300 m’*/day m)
OK




APPENDIX 7.4
DESIGN OF RECTANGULAR PLAIN SEDIMENTATION TANK

I. PROBLEM STATEMENT
Design rectangulat sedimentation tank with following data.

1. Desited Average Outflow from sedimentation tank = 250 m’/hr,

2, Water lost in desludging w28
3. Design Average flow = {(250x100)/(100-2)
= 285.1m’/he
4. Minimum size of the particle to be removed = {302 mm
5. BExpected removal efficiency of min. size particie = TR
6. Nature of particles = diserete and non flocculating
7. Specific gravity of particles = 2,65
8. Assumed performance of the serthing tank = good (n = 1/4)
Y. Kinematic viscosity of water at 20° C = L OTR10 e s

15, Desion PROCEDURE

For the given diameter and specific gravity of munimum size particles to be removed in
setiling tank, vertical scttling velocity of the partice is calculated mitially using Stoke's law.
The computed settling velocity is used to determune Reynolds number to check whether
Stoke's law s applicable. If Reynolds number exce ds 1, Tlazen's formula is used to
determine the settling velocity of particle. The settling velocity thus caleulated 1 emploved
for computation of surface over flow wate for expected removal efficiency of NI $170
particles and assumed performance of the settlg basin. Alternatively the susface over flow
rate for average design flow may be assumed on the basss ol data presented 1 Table n
section 7.5.6. The plan area is determined next, followed by tank dimensions. The depth of
tank may be determined using detention period. Sizng of components of inlets and outlets
is done using relevant design criteria & assumpiions,

i DIESIGN STEPS

1. Compute vertical setiing velocity of minimurm size particles.

H

g, = g(S-1d/ 18xv)
= 9.81(2.65-D(0.02 x 107/ (18 x 1.01 x 107
= 356 x 10 m/s

i

Reynolds number = (v.d) / v
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= 356 x 10" % (002 x 107 / (1.01 x 109
= 704 x 107 < 1

Hence Stoke’s law s applicable and computed settling velocity is correct.

4. DETERMINE SURFACE OVERFLOW BRATE

For Ideal settling basin and complete removal of minimum size particles, equate settling
velocity to theoretical surface over flow rate for 100% removal,

‘“f&, = v.c?
Voow 356 x 10 m/s
= 356 x 107 % 3600 x 24 = 30,76 m/d

However due to short circuiting, there is reduction in ef ficiency and decrease in surface
overflow tate. To obtain design surface overflow rate, which would give expected removal
efficiency of minimum size particles in real basin, use following relationship.

g7 ya= 1 = (V, / Q/ANF
Fory /vy, = 075 n=1/4 (good performance of tank)
Vo QA = U nf[ley Syt 1)
= 4x {(1-075Y - 11 = 1.66
Hence Design Surface overflow rate at average design flow, /A
/A = (V, /1.66) = 30.76/1.66 = 1853 m/d
Typical values for design surface overflow rate range between 15 and 30 m’/m*/d. for
plain sedimentation tanks,
3. CALCULATE DIMENSIONS OF TANE
Surface atea of tank, A = (Q / (Q/A )
= 255.1fm/he) x 24 / 1853
= 3304 m’
Assume length to width ratio as 4
Length % width = surface area
Width, B = [(330.4/4) = 9.09
Length of tank, L = 36,36 m

Assume detention period, t, as 4 hrs.

i

Water depth of setiling zone at average flow = Qxt/A

i

2551 x4 / (36.36 x 9.09) = 3.09 m
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