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PROOF CHECKING OF HOLE HANASAVADI LIS
PUMP AND PIPE DESIGNS AND SURGE ANALYSIS

1. INTRODUCTION
The Hole Hanasavadi LIS is planned by the Mlnor Irrigation Department,

Govemment of Karnataka, to fill 29 tanks in Shlvamogga taluk by pumping 0.493 cumec of
water from Tunga river. The pumpmg 1s proposed to be done in two stages. In the first
stage 12 tanks will be filled, and the remaining 17 in the second stage The pro;ect‘
contractors have submitted a design report to the Department.

. The Engineer-in-Chief, MI (South) has a531gned the task of proof checking the

designs of pumping machinery and rising main vide Letter D085 T3, E?’J/BDO —4/fu 0.1/

BAYTITH0/2021/2509 Do 0% 30.10.2021. Accordingly, the proof checking report is

‘ pr'esented here in three parts, the first part dealing with the first stage, the second part with the

second stage, and the third part containing the conclusions and recommendations.

PART-1: FIRST STAGE DESIGNS AND.SURGE ANALYSIS

2. DISCHARGE REQUIRED FOR FIRST STAGE
The discharge: requlred is 0.493 cumec.
It is proposed to use 2 workmg and 1 standby VT pumps to lift thlS quantlty
Dlscharge per pump will therefore be 0.493/2 = 0.2465 cumec.
3. PIPE NETWORK |
The system consists of a pump house, rising main, and bleeders from the rising main
to different tanks.. The first stage terminates at Abbalagere Sarakarl Hosa Kere. A second
pump house is located at this tank for the second stage.
4. PUMP DISCHARGE AND SUCTION PIPES
Velocity in the pump dlsoharge pipe is normaily around 2.5 m/s.
Two working and one standby pumps (2W + 18) are proposed to be mstalled
Pump discharge pipe ofBSO mm dtameter is adopted.
~ Pump d:soharge =0 493!2 10,2465 cumec ‘
~ Area of cross section = mx0.35%/4 = 0.0962 m’ S )
© Velocity = 0.2465 /0.0962 = 2.56 m/s, which is acceptable.

Suction pipe of 350 mun diameter and 5 mm thickness is proposed, which is'acceptable.
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Diameter of 350 mm and thickness of 5 mm may be approved for the MS suction and
discharge pipes.
5. PUMP RATING .
5 1. Head Losses in the System
The pumping system hyd:auhc path for VT pumps generally consists of the sump,
draft tube/strainer and bell mouth, pump, d1schargc_3 column/pipe, discharge elbow, expander,
discharge pipe, distance pieces, ‘dis_méntling joint, butterfly valve, nonreturn valve, bends
where necessary, manifold, nsing main and delivery chamber. All of them except the last
. two are in the pump house, and head losses in them are collectively called pump house losses.
5.2. Pump House Losses _ ' -
Head losses occur at the entrance to the strainer/bell mouth and in whatever other
components mentioned above installed in the pump house. There will also be losrses at .‘
entrance to and exit from the manifold. There are formulae to calculate these losses, but they
are valid ouly when (here is safficient straight length of pipe upstream and downstream of the
- components. ~ In a pump house, there is no such sufficient straight length, different
componefnts are spaced a short distance apart, and losses will always be higher than those -
given by the formulae. A good practice is to take the pump house losses equal to 4v%/(2g)
where each pump has its OWn rising main, and 6v2/(2g) where pumps are connected to rising
“main through a manifold; where v-is the velocity in the discharge pipé.h The latter is adopted
in the present case since delivery pipes of ihree pumps are connecied to a manifold. The .
. pump house iosses work out to 6x2.56%/2g = 2.007 m. |
53, Risfng Main Losses o | N _
Hazen-Williams formula 1s extensively used to calculate friction loss in water supply
and irrigation pipelines: S
y 10.65L0"**
J Cl.852D4.87
where £ is head loss due to friction {m), L is pipe length (m}, 0 is dischérge (cumecs), Cis a
coefficient and D is pipe diameter (im). The value of C depends on the plpe material. For MS .
pipes the AWWA Manual M11 spemﬁes the formula for Cas™ ' .
C=130+0.16d
where d is the inner diameter of the pipe in inches. The ‘sa‘me'is used for DI pipes also. For

HDPE pipes (' is taken as 140.
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In addition to friction loss, ininor losses occur in the rising main due to joints, bends
“and other fittings, air pockets ctc.  As per standard practice, these are taken as IO% of the
friction loss. ' ‘
5.4. Delivery Level '
The level at the end of the pipe at which water is delivered de’tennines the static lift.
The FTL of the tank is-this leve] Since FTL varies irom tank to tank, static lift also varies.
The FTL s of the 12 tanks in the ﬁrst stage are as fo]lows

.. Tank o ‘ FTL,m
Belalakatte kere-3 : | 576.896
Melina Hanasavadi kere 571.845
Girishettikere 591.467 -
Belalakatte kere-1 589.513

‘Belalakatte kere-2 ‘ 587.874
Muthodu Balasokere ' 581.613
Muthodu Hosahulikere 581.912

Channamumbapura sarkarikatte 595.331

"Basavanagangooru sarkarikere 597.881

‘Basavanagangooru siddanakatte | 591.881
Mathodu vaddinakatte ' 587.602
Abbalagere Sarakari hosakere 586.247

The pump head should be high enough to ensure that the HGL. is positive at all these

delivery pomnts.
5.5. Pump Head Required

The pathway through whlch water passes to each tank i"'rom the pump house can be
easily traced from Fig. 1, The pathway consists of different reaches whose lengths, diameters
and discharges are different. Friction loss (plus minor losses) through each of these reaches
has to be caiculated and sumrned to get the total loss through the pathway, which is then
added to the statlc lift for that particular tank to get the pump head required for that tank.
Since fr1ct10n 1oss depends on the pipe diameter, trial values for the diameter have to be
assumed  initially and then optimized. Thus the calculations have to be carried out
simultaneously for the complete network. When calculating HGL’s, it was found that the
path from the pump house to Basavanagangooru 'sarkéri kere requires the largest head (static
lift + head foss). Accordingly, the rising main is considered to be composed of the reaches

Jackwell 1 to B-1 to B-2 to B-6 to B-7 to B-10 to Basavanagangooru sarakari kere. The pump

head for this path-i§ calculated as follows:



Delivery level at Basavanagangooru sarkari kere = 597.881 m

LWL in sump = 554.750 m
Static Jift = 597.881 - 554.750 = 43.131 m

Reach Length | Discharge 1D Friction Loss
_ m i m | cumec mm m.
Jackwell to B-1 ] 2460 0.493 550 15.055
B-1 to B-2 ' /2439 0.393 550 "~ 9.809
B-2t0B-6 ‘ 1384 0.285 500 4.905
B-6 to B-7 1063 0.071 300 3517
'B-7 to B-10 : 1 950 0.005 100 4.951
B-10 to Basavanagangooru sarkarikere 200 0.004 80 0.180
‘ ‘ Total |  38.42
Minor Losses at 10% | 3.84
Total Head Loss . 4226
Static Lift ‘ 43,13
Pump House Loss 2.01
Pump Head Required | W

Thg pump head proposed 1s 95 m, which gives a residual pressﬁre of 7.6 m, and hence
is acceptable. _ '
5.6. Motor Rating and Power Requirement
Accordmg to the Hydraulic Institute efficiency chart VT pumps of .capacity
0. 2465 cumec can attain efﬁ01ency of 87%. Hence,
BkW per pump = 9 81QH/h = 9.81x0. 2465 %95/0.87 =267 kW
- Add 10% for ino;ror rating:
Motor oﬁtpﬁf = 1.1 x 267 =294 kW
Motor input = 294/0.95 = 310 kW (assuming motor efficiency of 95%)“
The prbposed pump power 1s 318.56 kW, which is therefore adequate and is acceptable.
6. HGL CALCULATIONS ,
HGL’s calcuiated as described above for the first stage are shown in Table 1. The
starting HGL at the beginning of the rising main was calculated as follows:
LWL in sump = 554.750 m
Pump head_é 95 m
Pump house loss =2.007 m
HGL at Ch 0 m = 55475 + 95 - 2.007 = 647.743 m
HGL at the end of a reach was calculated ‘by sub'rac*m head loss from HGL at the

begmmng [t is seen from Table | that residual pressures at the tanks are positive.



7. PIPE MATERIAL, DIAMETER AND THICKNESS
| Table | shows the pipe material and"diameter‘. These are as per the L-Sections given
in the design report. Thickness of 5 mm for MS pipes is acceptable. o
8. MS PIPE THICKNESS CHECKS.
8.1. Check for Deflection ‘
Accordmg to Spangler s theory (AWWA Manual M1 1), the pipe deﬂet,tlon s g:ven

iby the formula
A=y [KWPKEIO.061E)] ’

 where Ax = Deflection, D; = Deflection lag factor (taken as 1.1), K = Beddmg constant (taken
- as 0.1), W= yDh, ¥ ﬁSpec1ﬁc weight of soil overburden (2100 kg/m®), D = Mean diameter
of pipe, & = Height of backfill above pipe top (15() cm) E = Young’s Modulus for steel
(2100000 kg/cm) ] = Transverse moment of inertia per unit Iength of pipe wall, E’ =
Modulus of soil reaction (28 kg/m %), and r = Radius of pipe

Deflection of the 550 mm dia 5 mm thick MS pipe from the above formula 15 0.7 cm.
The pen'mss:ble deflection for epoxy-inlined and gunited MS pipes is 3% of the plpe'
diameter, or 1.65 cm. The deflection is well within the permissible value.

DI and HDPE pipes have ample thickness and deéflect much less than MS pipes.

8.2. Resistance to Collapse

Aécordiﬁg to the AWWA Manual M11, the critiéal collapse preséure for MS pipes is
given by Stewax;tfs formula: o
. P, - 50.2%108(1/ D)’
where - P.=Critical collapse pressure in psi

¢ = Pipe wall thickness in mm

_ D, = Diameter {0 neutral axis of the pipe in mm (for thin Wd”ed pipes, mean
diameter can be taken). .

Critical collapse pressure for the VIS plpes works out to -25 m. Since the actual
collapse pressure camnot go beyond —10 m (atmosphcrlc pressme out31de and full vacuum

inside), the pipes are safe against collapse in any surge event.



Table 1; HGL Calculations for Hole Hanasavadi LIS ~ First Stage

FTL

Reach HGL L Q. ID | Material c v " Head HGL end Pressure
m m cumecs | mm m/s m m m m

Jackwell to B-1 647.743 | 2460 | 0493 | 550 MS 123.46 1. 2,075 16.561 | 631.182
B-1 to Melina hanasavadi kere’ £31.182 90 | 0.099 | 200 DI 131.26 | 3.151 4,407 | 626.775 | 571.845 54,93
8-1to B-2 531,182 {:2439 | 0393 | 550 MS 133.46 | 1.854 10.79¢ | 620.392
B-2 10 B-3 620392 |- 275 0.109 | 300 DI 131.89 | 1.542 2.214 | 618178 |
B-3 to Girishettikere 518.178 20| 0.014 80 | HDPE | 140 | 2.785 2.012 | 616.165 | 591.467 24.70
B-3 to B-4 618.178 |. 525 | 0.094 | 300 DI’ 131.89 | 1.330 3.213 | 614.964
B-4 to Beialakatte kere-1 614.954 | 20| 0037 125 DI 130.79 | 3.015 1.571 | 613.393 | 585.513 23.83
‘B4 to B-5 614.964 | 570 | 0.057 | 300 DI 131.89 | 0.806 1.381 | 613.583
B-5 to Belalakatte kere-2 613583 | .20 0©.008 80 | HDPE 140 | 1.592 0,714 | 612.869°|.587.874 25.00
B-5 to Belalakstte kere-3 613.583 | 1685 | 0.049 [ 300 DI 131.89 | 0.593 3.086 | 610.497 | 576.895 33.60
B8-2 to B-6 | 620392 {1384 | 0285 500 DI 133,15 | 1.451 5.395 | 614.997 | -
B-6 to Abbalagere Sarakari hosa kere 614.997 |- 140 0.213 250 DI "131.57 § 4.339 9.514 | 605'483.| 586.247 19.24
B-6 to B-7 614.997 | 1063 | 0.071 300 DI 131,89 i 1.004 3.869 | 611.128
B-7 to B-8 CB11.128 | 646 | 0.058 | 250 DI 131.57 | 1.182 3.946 | 607.182 ,
B-8 to Mathodu vaddinakatte 607.182 | 770 1 0.002 57| HDPE 140 | 0.784 10.990 | 596.291 | 587.602 8.59
B-8 to B-9 607.182 |- 865 | 0.056 | 250 DI 131.57 | L.141 4951 | 602.230
B-9 to Muthodu Balasokere 602,230 | 850 | 0.049 | 250 DI 131.57 | 0.998 2.906 | 599.325 |-581.613 17.71
B-9 to Muthodu Hosahulikere 602230 | 392 | 0.007 | 100 DI 130.63 | 0.891 4,190 | 598.046 | 581.912 16.13 |
B-7 to Channamumbapura 611128 1 735 | 0.008 | 150 DI 130,94 | 0.453 1.380 | 609.737 | 595.331 -14.41
B-7 to B-10 611.128 | 5950 | ©.005| 100 D 130.63 | 0.637 5.446 | 605.682
B-10 to Basavanagangooru B05.682 | 20 0.004 80 HDPE 140 | 0.796 0.198 | 605.484 | 597.881 7.60
B-10 to Basavanagangooru 605.682 | 2401 0.001 45 | HDPE 140 | 0.602 2.696 | 602.986 | 591.881 11.11

. YL



. 8.3. Resistance to Buckling

The rising main is buried in soil, and is therefore subject to the Weight ‘of the
overburden on it as ‘well as helped by the soil support. When ne‘gafive preseure oecurs inside
.the pipe, there is a buckling pressure on the plpe composed of the soil overburden and the
differential pressure between outside (atmospheric) and inside.. The allowable buckhng

pressure according to AWWA Manual M11 is

q;J:( ](321{ peEL ]/
S D’

where ¢, = allowable buckling pressure (kg/em?), FS = design‘faetor, R,, = water buoyancy
factor = | — 0.33(H./H), H, = height of water surface (if any) above top of pipe (cm), H =

w where & is in feet, E° = Modulus
PR

height of backfill above top of pipe (cm), B' =
of soil reaction (kg/cmz), E= Young’s modulus of pipe material (kg/cm?), I = Moment of
' inei‘tia of pipe wall (cmB)': /12, and D = Pipe diameter (cm). The deeigm factor FSis to be

‘ taken as 2 - ' ‘ .

The plpE: is safe against bucklmg if

y H,+R, EV—+P <q,
"D

. where ¥ = spectfic weight of water (kg/cm %), W = load per cm length of pipe due to soil . ..

overburden (kg/cm) = y.DH, s = specific weight of soil (kg/cm ) and P, = intemnal vacuum
pressure {kg/cm %y in the pipe, i.e., atmospheric pressure minus absohite pressure in the pipe.

In the present case, the allowable buckling preesure works out to 20 m. Since the actual |
buckling pressure cannot go beyond —10 m, the pipes are safe against buckling. '
8. 4 Normal and Allowable Working Pressure

_ The_normal working pressure at any point in the rising main is the dlfference between the

" elevations of HGL.an'd rising main al that point. . ‘
The allowable working pressure for MS pipes according to IS 5822 is given by the |
equation o | ‘ ' A ‘
| o A7mfc"
Dv;

where a.: design faetor (to be taken as 0.6 for working pressure and 0.9 for test pressure

“inclusive of surge pressure) /= specified minimum yield stress and e = weld efficiency of the

joint (to be taken as 0.9 for shop welding and 0.8 for ﬁeld welding). "D 1is the outside
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' diameter and ¢ the thickness of the pibe. Any se;of consistent units can be used in the above
equation.

, Fof pormal working pressure, a 1s taken as 0. 9. Value of fis 235 MPa for Fedl0
grade steet (IS 3589). Since welding takes place in the field, e is taken as 0.8. .The allowable
working pfessure calculated with-these values ‘is 206 m. Taking a as 0.6, a.llowable upsurge

pressureis 310m. | o -
Since the pump head is only 95 m,Ehe actual working pressuré is well within the
allowable working pressure. | ' - '
Hence the diameter and thickness are satisfactory.
9. SURGE ANALYSIS
Following a power failure, vacuum pressures and upsurge pressures will develop in
the rising rﬁain. For large pipes, surge protection is necessary, but smaller pipes usually have
adequate thickness to withstand these pressures without . surge protection. These points are
an'alys‘ed in the following sections. |
As shown in the previous section, the MS pipe is capable of withstanding collapée and
buckling pressures even with full vacuumi inside. Surge protection is thus not needed to
prevent pipe collapse or Buckling. However, the rising main has to be checked for vpsurge
_ pressure,

- 9.1. Allowablef}psurge Pressure - - - - ‘ . ~

The allowable upsurge pressure is 310 m (§7.4). The actual upsirge pressure is

calculated in the next Section.
9.2, Upsurge Pressure due to Rejoining of Water' Columiis - ‘

Decp vacuum pressures will occur in the pipes following power failure. Wateﬁ will
-get vapourised at peak points in the L-Section under thesé conditions, and the water coluran
in_- the pipes will break at these points. When a positive pressure wave passes,.vapour will
‘condense and the séparated water columns rejoin. Velocity of the water columns will be
‘ arrested during rejoining and this will give rise to high pressures.

The upsurge pressure generated by rejoining of water columns 18 given by
Joukowsky’s equation ‘ '

Ah = alAv/g

where Ak is the head rise, a'is the wave celerity, Av is the change in velocity of the water

column due to rejoining, and g is the acceleration due to gravity,

iy e e e B



Because of ener gy consewanon the velocity of the rejoining water column can at the

~most be equal to the velocity in the rising main during steady state Operanon which is

2.075 n/s in the present case. The water column can at worst come to rest after rejoining.
Thus the maximum value of Av cén be 2.075 m/s. . - |

The celerity is given by the equation

N EDIEY)

where E, is the bulk modulus of elésticity of water (22434 kg/em?), p is its densit)} '
(0.001 kg/bm3), E is Young’s Modulus for the pipe material (2100000 kg/cmz,), and D and ¢

are the mean diameter and thickne_ss of the pipe respectively. For the dimensions of the MS
pipe (D= 1555. 812 mm and ¢ = 5 mm), a works out to 1011 m/s. With these values, Ak can at
most be 206 m. This pressure will propagate throughout the plpe and has to be added to the
static head. Static pressure in the 1ising main is the difference between highest FTL
{597.881 m) and lowest elevation of the rising main (557.425 m), which amounts to 40.5 m.
Thus the maximum upsurge pressure is 246.5 m (= 206 + 40.5). This is less than the’
allowable surge pressure of 310 m. -

Thus the rising main is strong enough to withstand upsurge as well as downsurge
preésures without surge protection. However, the propagating surge pressure waves would
| cause noise and vibrations after a power failure, aﬁd to mitigate this, it is recommended that .
air cushion valves be installed on the rising main at the chamages indicated in Table 2,

where iocalpeaks in the L- Secnon are present. This is in - addition (o the usual kinetic air |

~ valves.
An air cushion valve of PN 20 rating ¢an withstand 200 m working pressure and

300 m surge pressure. Thus PN 20 rating 1s adequate. . -

Table 2. Spec:ﬁcatmns of Air Cushion Valve to be installed on the Rising Main

Alr Cushlon Valve

Chainages at which to be Installed
Diameter | Rating

30m, 2190 m SlGOm 6493 m and 7003 m . | 100mm | PN20

BS: e

PN oy
RN '-E:“‘i‘«-.x.:,:gi'-uh

\;lu’}

| i

’ Since the surge pressure wave pi'bpagafes throughout the pipe, all fittings such as

;,s“,

control valves, non-return valves, dismantiing joints, kinetic air valves, scour valves etc -

t

should also be of PN 20 rating.
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A pressure relief valve should be installed at the beginning of the rising main to
“reduce the surge pressure in order to minimize noise and vibration that might occur due to

the surge wave following power failure. Since the pump head is 95 m, the pressure relief

valve should be set to open at 10.5 kg/cml. When pressure exceeds 105 m due to the 'surge ,

wave, the valve will open and let out water, reducing the pressure Specifications of the-

pressure relief valve are given in Tahle '%

Table 3. Pressure Relief Valve S'peciﬁcatia'ns- _
(Te be installed at the beginning of Rising Main)

" Pressure Relief Valve

Diameter | Rating | To Open if Pressure Exceeds
100 mm PN 20 | 105 Kkg/cm®

PART-2: SECOND STAGE DESIGNS AND SURGE ANALYSIS

10. DISCHARGE REQUIRED FOR SECOND QTA(“E
The discharge required for the second stage is 0.2093 cumec.
It is proposed to use 2 Workmg and 1 standby VT pumps to lift th1s quannty
‘ Dlsch'arge per pump Wll] therefore be 0.2093/2 = O 10465 cumec.
11. PUMP DISCHARGE PIPE
Velocity in the pump discharge pipe is qbrmally_around 25mfs.
Two working and one standby pumps.(2W + 1S) may be installed.
Pump dlscharge pipe of 250 min-diameter 1s proposed in the design report.
Pump dlscharge =0. 2093/2 = 0. 10465 cumec -
Area ofcross section = nx0. 252/4 0. 0491 m
Velocity = 0. 10465 /0.0491 =2.13 my/s, which is acceptable. ~

MS pipe of diameter 250 mm and thickness 5 mm may be adopted for the discharge

. pipe. _ S
| 12. DEL[VERY LE.VELS
The FTL's of the 17 tanksy in the second stage are as shown in Table 3.
The pump head should be hlgh enough to ensure that the HGL 1S posmve at ail these

dehvery pomts



Table 3. HGL Calculatidns for Hole Hanasavadi LIS — Second Stage

Reach HGL start L Q 1D Material C v Head HGL end FTL Pressure
m m cumecs | mm m/s m m m m
lackweil-2 to B-11 752.8601 810 { 0.2093 | 450 8] 132.8346 | 1316 2,991 | 749.8694
B-11to B-12 749.869 578 | 0.1088 |- 300 Dl 131.8898 [ 1,539 4,638 | 745.2318
B-12 10 Abbalagere Muddana kere 745.232 200 | 0.0022 63 HOPE 140 | 0.706 2.092 | 743.1399 [ €06.695 | 136.441
B-12 to B-13 745,232 695 | 0.1066 | 300 8] 131.8898 | 1.508 5.369 i 739.8624
R-13 to Basavana gangooru Sarakari 739.862 960 0.001 63 HOPE 140 1 0.321 2.331 | 737.5311 | 557.881 | 139.650
B-13to 8-14 739.862 452 | 0.1056 | 300 DI 131.8898 | 1.494 3.432 | 736.4308
B-14 to Hunasodu sarakar kere 736.431 20 | 0.0084 ; 100 Di 130.6299  1.070 0.300 | 736.1312 | 620.158 { 115.873
i B-14 to B-165 736.431 823 | 0.0872 | 300 DI 131.8898 | 1.375 5.359 | 731.0718
B-15 tc Kallaganuru Hosakere 731.072 560 | 0.0112 | 100 o] 130.6299 | 1.426 14.295 | 716.7772 | 657.301 59.476
B-15to B-24 731.072 | 14351 0.085% | 300 Dl 131.8898 | 1.215 7.433 | 723.6392
B-24 to Basavana Gangoord hirekere 723.639 1 1315 0.08 | 250 Dl 131.5748 & 1.630 14,572 | 709.0673 | 603.454 105.613
B-24 tc B-25 723.639 | 8400 0.006 | 150 DI 130.9449 | 0,340 9,327 j 7143121
B-25 to Tyajavalli katte-2 714.312 1 1570 { 0.0006 63 HDPE 140 | 0.192 1.480 | 712.8318 | 687.325 25.507
B-25t0 B-26 714.312 100 | 0.0054 | 100 DI 130.6259 : 0.688 0.661 | 713.6511
B-261t0 Tyajavaili katte-1 713,651 10 |- 0.0006 53 HDPE 140 0.192 Q.009 s 713.6417 | 663.376 50.266
B-26 to Tyajavalli kere 713.651 690 | 0.0048 | 100 D! 130.6299 [ 0.611 3.667 | 709.9839 | 664.392 45,592
B-11 10 B-16 749,869 | 1584  0.1005 1 300 DI 131.8898 | 1.422 10.972 | 738.8971
B-16 to Abbalagere Murdayyana kere 738.897 20 [ 0.0025 63 HDPE 140 | 0.802 0.265 738.632 | 6£14.622 | 124.010
B-16 to B-17 738.897 | 2188 0.098 | 300 DI 131.8898 | 1.386 14.465 | 724.4317
B-17 to Kommanalu tank 724,432 150 ! C.0047 63 HDPE 140 | 1.508 6.399 | 718.0323 | 649.338 68.694
B-17 to B-18 724,432 353 | 0.0533 j 300 DI 131.8898 | 1.320 2.131 722.301
B-18 to Bikkonahalli hosakere 722.301 570 | 0.0057 ;| 100 jall 130.6299 | 0.726 7.087 | 715.2137 | 659.321 55.893
B-18 to B-19 722.301 | 2767 | 0.0876 | 300 i DI 131,8898 | 1.239 14.861 | 707.4397
B-19 to Birapakere ramanagudda 707.440 140 | 0.0004 63 HDPE 140 ] 0.128 0.062 | 707.3774 | 581.603 25.774
B-19t0 B8-20 ' 707.440 385 0.0872 1 300 Di 131.8898 | 1.234 2.050 1 705.3893 )
8-20 to Biranakere Katte 705,389 280 | 0.0004 63 HDPE 140 | 0,128 0.125 | 705.2647 [ 673.691 31.274
B-20to B-21 705.389 | 2295 | 0.0868 | 300 Di 131.8898 | 1.228 12,119 | 653.2707
B-21 to Kunchanahalli doeddakere £93.271 20 0.0528 | 250 DI 131.5748 | 1.076 0.103 | 653.1681 | 678.438. 14.730
B-Z21tc B-22 693.271 398 0.034 | 200 DI 131.2598 | 1.082 2.692 | 690.5784
8-22 to Kunchanghalli katte 690.578 320 0.0054 | 100 D1 130.6299 | 0.688 2,115 1 688.4531 ! £559.919 28.544
B-22 to B-23 6590.578 472 | 0.0286 1 200 DI 131.2598 | 0.910 2.318 | 688.2606
B-23 to Kallapura sarkari kere 688.261 20 0.0282 | 150 Dl 130.9449 | 1.596 0.390 | 687.8705 | 654.891 32.878

1]
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13. PUMP AND MOTOR RATING | _

The deciding path for the pump head is Jackwell 2-B11-B16-B17-B18-B19-B20-
B21-Kunchanahalli doddakere. The required pump head calculated in the sane way-as for
Stage-1 works out to 153.4 m. The design fepon proposes pumb head as 168-m, which is
.acceptable. - | | l ‘

Pump and muotor ratings as per design report are acceptable.

14. HGL CALCULATIONS

"HGL’s calculated as described for Stage-1 are shown in Table 3. [t is seen from
Table 3 that residual pressures at the tanks are positive. |
15. PIPE MATERIAL, DIAMETER AND CLASS

Pipe diametefs and mate;ial shown in Table 3 can bt? accepted.

16. SURGE ANALYSIS

Following a power failure, vacuum pressures and upsizrge pressures will develop in
the rising main. DI pipes ‘are used for the rising main in Stage-2, and are (;apable of
withstanding collapse and buckling pressures e{ren with full vacuumn inside. Surge protection

is thus not needed to prevent pipe collapse or buckling. However, the rising main has to be
checked for upsurge pressure. |
16.1. Upsurge Pressrure. due to Réjoining of Water Columns .

As per the discussion in §9.2 for'Stage-'l, the velocity of the rejoining water column -
can at the mést be 1.539 m/s, which is the maximum velocity in the present case (reach B11
to B12}). The water column can at worst comé to rest after rejoiﬁing. Thus the maxi'mlum
#’alue of Av can be 1.539 m/s. 7 o

- The ce_llerity a works out to 1180 m/s considering Young’s Mddulus for DI as
1650000 kg/em®. With these values, A% can at most be 185 m. This pressure will propagate
throughout the pipe and has to be added to the static head. Static ‘préssure in the rising main
is the difference between highest FTL (687.33 m) and lowest elevation of the rising main
(583.747 m}, which amouts to 103.6 m. Thus the maximuum 'ﬁyjsurge pressure 4is 2886 m (=
185 + 103.6). - N |

The allowable surge pressures for DI pipes ac:cording to Annex E of IS 8329 are as |

f(_)llc)wg:
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Allowable Surge Pressures for DI Pipes

Diameter, Allowable Working. Pressure " Allowable Surge Pressure
80 . 640 . i . 770 .
100 B - 640 : 770
125 640 k . 770
150 1 . 640 770 .
200 " 620 . 740"
250 - 540 © B50
300 I 450 ' 590
350 ' 450 - ] 540
400 1 T420 ‘ 510
450 400 480

The maximum upsurge pressure is less than the allowable surge, pressure in every

reach, Thus the rising. main is strong enough to withstand upsurge as well as downsurge‘

pressures without surge protection. However, the propagatmg surge pressure waves would
cause noise and vibrations after a power failure, and to mitigate this, it is ‘recommended that

air cushion valves and pressure relief valves be installed on the rising main at the chainages

indicated in Table 4, where local peaks in the L-Section are present. This is in ada’ztzan to the

usual kinetic az’r valves.

An air cushion valve of PN 25 rating can ‘withstand 250 m working pressure and

375 m surge pressurc Thus PN 25 rating is adequate

¢

Table 4. Specnhcatlom of Air Cushion Valve to be installed on the Rising Main

| Air Cushion Valve ‘

Chainages at which to be [nstalled ‘
] ‘ (i Diameter | Rating

1580 m. 2970, 4470 m, 5010 m, 5910 m, akd 9060 m- o d9emm lenas
on the Submain from Jackwell to Kallapura katte .

.2370 m, 3930 m, 4330 m, 6630 m, 10030 m, and 11480 m ’ 75 mm PN 25
on the Submain from lackwell to Tvajavalh katte =L

Since the Surge' pressure wave propagates throughout the pipe, all fittings such c{s

control valves, non-relurn valves, dismantling joints, kinetic air valves, scour valves efc

" should also be of PN 25 rating.™

' A pressure relief valve should be installed at the beginning of the rising main to

reduce the surge pressure in order {0 minimize noise and vibration that nght occur due to

the surge wave following power Jailure. Since the pump head 1s 168 m, the pressure relief

valve should be set to open at 17.5 kg/cm _ When pressure exceeds 175 m due to the surge
A ' o

.
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wave, the valve will open and let out water, reducing the pressure. Specifications of the

" pressure relief valve are given in Table 5.

1

STAGE-1

1.

Table 5. Pressure Relief Valve Specifications.
(To be installed at the beginning of Rising Main)

Pressure Relief Valve

Diameter Rating | To Open if Pressure Exceeds

75 mm PN25 | 17.5kg/em’

PART-3: CONCLUSIONS AND RECOMMENDATIONS

Pipe sizes and materials for different reaéhes as per design report may be
approved

Pumping machinery désign may be approved.

MS, DI and HDPE pipe thicknesses are adequate to withstand collapse, bﬁck}hg

or bursting due to surge pressures. Hence surge protection is not necessary, but

- air cushton valves and pressure relief valve are necessary.

To mitigate noise and vibration due to surge waves following power failure, air

cushion valves should be installed on the rising main as per the following

specification -

"

: . - Air Cushi
Chainages at which to be Installed ir Cushion Valve

‘ Diameter | Rating
30m, 2190 m, 5100 m, 6493 m, and 7003 m 100 mm PN 20

A pressure relief valve of the following Speéiﬁcation should be instailed at the

| beginning of the rising main

Pressure Relief Valve

Diameter | Rating | To Open if Pressure Exceeds

100 mm PN 2C | 105 kg/cm?

All fittings like NRV, discharge control valve; dismantling jloint, séour_ valves etc

in pumnp house as well as rising main should have PN 20 rating.
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STAGE-2

I. Pipe diameters and materials for different reaches as per Table 3 may be

‘approved .
- 2. Pumping machinery design may be approved.

3. DI and HDPE pipe thicknesses are adequate to withstand coll apse, bucklmg or
bursting due to surge pressures. Hence surge protection 18 not necessary, but air
cushion valves and pressure relief valve are necessary: '

4. Dlscharge control valves should be 1nstalled at the begm.mng of a]l bleeders and
adjusted to allow design discharges to flow through each bleeder, if necessary in
combination with orifices to dissibate high residual pressures.

5. To mitigate noisc and vibration due to surge waves following power failure, air

cushion valves should be installed on the rising main as per' the following-

specification

Air Cushion Valve

.Chainages at which to be Installed
Diameter | Rating

1980 m, 2970_ m, 4470 m, 5010 m, 5910 m, and 9060 m . 75 mm PN 25
oh the Submain from Jackwell to Ka!iapura katte

2370 m, 3930 m, 4930 m, 6630 m, 10030 m, and 11480 m | 75 mm PN 25
on the Submain from Jackwell to Tyajava!h katte . ’ ~

6. Apress‘uré relief valve of the following specification should be installed at the

beginning of the rising main

" Pressure Relief Valve

Diameter Rating | To Openif Pressure Exceeds

75 mm PN 25 | 17.5 kg/cm®

‘7._ Tamper proof kinétic air valves should be installed on the pipes at spacing not
exceedmg 700 m, mcludmg all peaks. These valves should have PN 25 rating.
8. All fittings like NRV, dlscharcre control valve, dismanthng joint, scour valves et

in pump house as well as rising main should have PN 25 ratmg

e



