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APPENDIX 10.2

NOMINAL ENLARGED HEIGHT OF WEIGHT
DIAMETER END DIA BELL MOUTH (APPROX)
Dy {mm} B {mm) h (mm) {kg)
80 125 100 7
100 159 150 9
125 (i) 150 12
150 200 15C 15
200 285 200 23
250 350 200 31
300 450 250 45
150 525 250 58
400 600 300 80
450 650 300 93
500 750 300 120
600 900 410 201
FO0 1050 470 304
800 1200 520 435
900 1350 560 575
1000 1500 650 792
1100 1650 710 965
1200 1800 it 1243
i 1500 2250 950 2092
1800 2700 1150 3320

DETAILS OF BELL MOUTH FOR QUTLET CONNECTIONS IN SERVICE RESERVOIRS
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APPENDIX 111

DESIGN CALCULATIONS FOR A PUMPING PLANT

DATA OF THE SCHEME

1.1
1.2

1.3

1.4

1.6

Daily demand of water

Hours of pumping, considering loss of one hour
due to tripping and other minor mCrruptions
Water levels m the suinp, by Rls

131 Maximum (High flood level)

1.3.2 Mean

1.3 Minmmum

Rising main

L4l Length

142 Diameter

143 Fuaction coefficient for mus., mortar lined pipeline

No. of pumps

L6T Duty pumps

L6.2 Stand bye pumps

RL of ground level at the pUmping station

RIL of high food level

Altitude of the site above 1HSL

Ambient temperature

Size of pipes and fittings for the pumping systern
Inlet bell mouth

Design velociry

Bell mouth diameter

Cohinn mpes

Design velocity

Column pipe diameter

116 mid

23 hrs per day
140 m

“m

Tm

2575 m

1.2m

4

2
8.25m
1.5 m
1250m
40° C

1.5m/s
0545 m

Say 550 mm

2510 3 m/s
Sav, 2.75 m/'s
0,402 m

say 400 mm
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[
Lad

3.0
31

elivery pipes and valves
Dresign velocuy

Diameter of delivery pipe (delivery valve 8 NRV

Bell mouth at discharging point
Desym velocity

Bell —=mouth diameter

Hydravlic caleulations

Combined discharge of 4 purnps

in paraliel (116 mid x 24 hes)/23 hirs

3.2
3.3
3.4
3.5

3.6

3.4
310

Rate of total flow with 23 hrs running of pumps per day
Discharge of each pump

Mean static head (59m — Ym)

Frctional foss 1 straight pipe of tsing

main for combmed discharge .

Frictional losses m bends | valves

& in rsing matn @ 10% of (3.5)

Frictional loss in taper, delivery valve NEY
& individual delivery pipe of Nb 450 mm
Velocity head lost at atmosphere at the exit |
s v?/zg swhere v = 0.5 m/s

Design head = 3.4)+(3.5)1 (3.6)+(3.7)+ (3.8

Systern Reststance Cuarves

25m/s
{1,422 m

Say 450 mm

0.8 m/s
1,49 m

Say 1500mm

121.01 mid
L4 cubic m/s
0.35 m’/s

50 m

3.495 m

(13495 m

(0,35 m

0.013m

54,2007

System ressstance curves are prepared by caleulating total head of Hows and based on
following level conditions in sump at minmum, mean and maxinum WE's, The head losses
as they work out m example are as tabulated :-

2. Combined Q .25 050 0.75 1.00 1.25 1.50
m’ /.
b. Max. Static Tlead B2 m
c. Mean static head 5thm
d. M static head 48 m
674




o Friction in {144 {1510 1101 1878 2RAL AUTG
TSN Main

f. Friction in f.014 (.52 0.110 0187 0,284 0.397

valves and fittings

@ 107 of (&)

g Velocity 0.001 0.004

b Total friction 0.159 0.575
(e)+(H)+(g)

i Potal head based on

CMin WH 52.16 52 57 53.22 54.08 5514 56,41
Jead W1 50016 50.57 h1.22
Max W, 48.16 48,57 4422 H0.08

iNote:- Station losses m individual deltvery pipe taper and valves should not be added for
system sesistance curve but should not be deducted from pumps H-(Q curve, When the
losses are very small | they may be neglected .

Thus |, design duties and Head varations shall be as under -

1) Ihscharpe = 035 m’/s te 3501/

(1) Dty head o= 54207 m

(1) Head range Pump should be suiable for operation in all variations fom solo

operation to 4 pumps i paraflel and level vaiation m sump from min, WL to max. Wi

4.0 SELECTION OF Tvre NUMBEER OF STAGES AND RUNNING 5P

Pump Head as por 3 (h), M= 5425 m
Flead 1oss at enterance 1o bellomoush
[ =008 Y , Z{glg}‘ﬁﬁ-{},(_gﬁ,}ff& tee)

Head loss m column pipe |, assuming presently |10 m length of column and as per Migure
3)ym is: %ﬂi, 1972

HMe=t.45 m

Head loss i discharge bend/ tee =015 m

Hence bow! Head =54 2500.006+0.45 411 1254 836 m

In case of honvona! centrifugal pumps, bowl head 18 not required o be caleulated.
Hence for these pumps, pump Total Head will be 54.25 m. However, since the difference
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Thus mmtmum water depth required upto punimum WL to sattsfy NPSHR for V7T
pump= 1.035 + 3.05 = 4.075

(c) Two stage, single suction, 1480 L.

Fl.head per stage=54.856/227.428m

n, =3.65 x N x Q" /H"=3.65 x 1480 x 0.35%°/(27.428)°7
=266.65
Attainable efficiency as per figure 11.1=0.87

Suction head required as per figure 11.3 = (0.5m at 30°C

Working out as for (a) above for field condition ailowance, head loss in suction
appurtenances, difference in vapour pressutes at 30°C and site ambient and difference in
vapour atmospheric pressure at mean sea level and site altitude, suction head required at site
conditton =2,05m

Location of eve of inpeller below minimum W1, an

d minumum water depth required to
satisfy NPSHR can be worked out as for (a) above .

‘The final value are tabulated in the table atrached |

Observations @ Possible feasible chosces {:(‘;n'zsideréﬂg CRCAVALION Cost ote. are

(2) Double suction horizontal centrifugal pump with depth of excavation of

3.0m but added construction cost of pump house (and land )which s
required to be located at site of pump.

(b) 2/3 stage VI pump with depth of excavation of 4.325m but reduced
construction cost of pump house which will be located above sumy.

(c) Difference between efficiency of pumps a & b is very msignificant,
From obscrvations and temarks it is seen that final

chotce 15 limited to either double
suction horizontal ce

ntrifugal pump with pump house at site but with some risk of flood as
HEL 1s at RL 10,50 m,CI. 8.25 m and pump house floor will be at RI, 8.5 m (approx).

2013 stage VT pump with pump house above sump but with 1.25 1m extra excavation |
Cost of two alternative will be almost at pat .Considering flood risk | al

ternative with VT
pump 1s selected In order to keep operating floor free from obstruction and pipe work,

delivery is taken below floor level The pump shall be self water lubricated |

5. SuMP DIMENSIONS

(@) Clearance between bottom of sump and Lip of suction bellmouth,

C=10/3=550/3=185.3 mam Say 185 mm

(b) Distance between rear well and center of bell mouth,

B=31>/4=3/4x550=412.5=400 mm
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(¢} Spacing between pumps

Desirable spacing between puinps 25D Le 1575 mm. Floweves, size of lower flange of
headgear /discharge head (accommodating stuffing box, thrust bearmg and flexible coupling)
would be approximately 3.5 times column pipe diamerer Le. 1400 mm. Keeping about 60U
mim clearance,spacing will be 2000 mm
) Slope

As seen minimum depth of water required is 3.075m below minipu Wioin order to
inimize excavation Cost, permissible slope of 14 degree is taken The slope will poronate
upstream of pump ata distance cqual to 3 1D ie. 1650 mm from pump center.
(2)Straight Approach

The portion under the pump will be flat from line of termination of slope upto atleast
rear false wall.
(f) Rear False Wall

Sive of base of discharge head will  be 1400 o, 1 . 700 mm from center of  pump,
whereas dimension B is 400 mm (max). Thetefore, column and rear wall of sump will have
ro be located at least 1000 mm away from pump center keeping 300 mim raargin for nut
fastening, etc. Therefore, rear false wall is necessaty ata distance of 400 mmiclear) from
pumnp center. Top ot false wall will be upto maximum water level.

(&) Baffles/ Dividing Walls
Dividing walls will be constructed between pumps 1o above mutual interference. Both ends
of each dividing wall shall be rounded . Front edge of dividing wall chall be in line with
front edge of suction bellmouth., At rear end opening 150-200 mm size shall be kept at least
upto rninioum WL Top of dividing wall will be upto maxtmum Wl
5. S1zes OF IMPORTANT COMPONENTS JEQUIPMENT

(a) As calculated inZ above

Column Prpe 400 mm

Inlet bellmouth 50 mm

(b) Line shaft diameter using empirical formula

G
501 x10°
Where f = Safe stress in Kgf/em?
= 400 kgf/cm? for EN 8/c - 40 shaft
d = &5 68 mm

Adding cortoston allowance of 3.4 mm
Minimum line shaft diameter = 59 mm
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58 of column pipe

fumn pipe will act 2s 2 closed P

sure vessel when pump s started under shut off

speed and pattern of pump charcienstics, shur off head is

ion. Considering specific
v 10 be 8o,

Henee design pressure( @ 1.5 times shut off pressute )

B (80 /10) x 1.5= 12 kef/em?

pressure vessel ag per 15 282

€= PD)/( 2006 - p)

1969

where p, design pressure =12 kgt

x| internal dismeter = 400mm
£ safe stress =1 f'}kggf /rom®

;. welding factor =07

Henmee ¢ 5= 3 d5mm

widing dmmm corrosion allowance as pipe is subject to corrosion
OVFES faeﬁ

from: both made  and
Thickness of eolumn pige = 75mm = Rmm
(diboror

Lowest bow! e fficiency as per 4 above i 087
Allowing 3% margin, qm‘;t'&d bowl efficiency is 0.84
Input to bowl assemb Iy (clause 317 of 18 1711 4

= (54856 % 350 x 60) ,f“ G20 x 0.84 = 224kw
Power loss in thrust bea nng and line shaft heating

In Pl to pump

Consdering 10% margin of power in motar rating of motor re

e 250 KW

Caleulations for motor rating 15 to be done to enable

detatling  specifications for
tated electrical equipment  Motor rating should not be specified in the specificarions.

As motors are o %:ze::‘ wstalled indoors, SPDP motors with [P 23 protection shall be
ble. As rating is 250 kW > a5 seen from article B 2.3 either 415 v of 3.5 EV can
adopted. However, as mais ntenance

are selected.

e
probiems are Jess in 3.3 kV mstallation, 3.3 kV motors

{e) Transformer

Total load of 4 pump motor sets 250x4 = 1000 K8

Hence transformer KVA required at 0.85 PE and 10% AEZIn.
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= {1000 % 11

Lrovide next commercial ratn

o,

(f) Motor Control Gear

Ao motors are of 3.3 KV,

(if) Short Circuit curient rating

Normal impedence oy 1600 KVA ransformer,
00/ rolepance i impedence as pet N

Minirmom imnpedence srieh (0% 2026,

------ = (1600 % 100} f{fé 4 x 3&_??3%’3} =

Cpoemal full toze

Ve eotor contribikes T

oo,

SO0 current o
SooMVA = HLT0 M WA

Lence total 5.0, MY/ 5y

e

Hence brealing capacity © o breakes

= 4130/ 120

() Incoming B
x 4= 22808 A

mormal current
say, AU A

CUMYA = 4138 MVA, say, AV AL as belore

by Breaker On Tneoming to 1rans! fnrmeer
5 &

g“l:l% 1:_‘7(.')%\-"&1“2’ i’%L,ﬁ{?'{ﬁ}' ?Ll..ii‘,i"i( B“i"ii‘ié.‘ii% i:!'Li?ﬁ?gj.. ¥ E%"}*'?%;Lf.i.g.ﬁ 15

S04 .
Y = 1A 5TKA

Therefore S0, cursent

The breaker shall be cuirabie fov HUI

o 09 e and characteristic 1 o F 500 MV AL

d current during fault, contrbution of 4

HEU




Table Sﬁawégg The Various Alternatives

Faeavar maam

s

[y

{ieﬁﬁéﬁ:gaé

s

Remarks
Ixecsvation v ery
deep
~do-

Min reguited vortex

(%21

L
w3,
Py
[

o
breandy
i
e
)
N

S
o
L

free operation

Fxcavahon deeper
than case Z

~doy-

Exeavarion
?’z}*@@m H

oM. s not considered further as sump with 1480 ¢ PaTL are ‘s{éaa&i}gi@

+ ndicates suction head required

ton Ufr permissible.
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APPENDIX 13.1

RECOMMENDED MINIMUM OPERATION AND MAINTENANCE STAFF PATTERN SURFACE

SOURCE: TYPICALSTAFFPATTERN (UPTO 5 MLD SYSTEM) WITH CONVENTIONAL

TREATMENTS

Systern component 2 3 4 5 é 7
as per flow hne Pump  Raw wate Treatment Clear water Service Gravity main Distribution
house  rmsing main works and rising main reServVoIr systermn
clear water
pump
SL No. Category of staff
Supenntendent - - -
2 Supervisor/ - . 1 . ; .
Asstt

Manager(A.LD

3 Assistant - - - - - - -
Supervisor/ fu-
migr Manager

4 Uperators 4 - 3 - -

A3y
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System component i 2 3 4 5 & 7
as per flow line Pump  Raw water  Treatment Clear water Service Gravity main - Distrbution
house  sising main works and TISINE Man TESCTVOLY system
fear water
pump
5 Helpers/Frtters 4 i 3-1 1* {for every B - - Frter —1
£ Lt T ) am ) . s
(i Ot every Kar) Helper -2
8Km.) _
(for every 10-
15 K
i Flectrician/ - - 2 - - -
Mechanic
7 Watchman 1 - 3 - ! 1 -
t. The above staffing pattern does not include personnel for billing, collection and accounting for water charges.
equired for one offday in a week for staff, Suirable adjustments may
! Treatment works.
suld be adequate.

Note: 1
o/ Fitter we

Above staffing pattern includes the operating staff
I ang iy
in 8 Km. Under 2 and 4 one Helpe

P

have to be made between personnel in pump House

. *In case the roral length of the pipe line has been less ths
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RECOMMENDED MINIMUM OPERATION AND MAINTENANCE STAFF PATTERN SURY

APPENDIX 13.3

FACE
SOURCE: TYPICAL STAFF PATTERN (FOR Z5TO B0 MLD SYSTEM) WITH CONVENTIONAL

CITY SO m?{)ﬁiﬁﬁ%’

i 2 3 4 5 7
Pump  Raw water Freatment water Service Gravity mam  Distabution

house

len e : rimelee g e irses rris s
TISIZ 1TIAN works and nsmyg M FERETYIT systeimn

[SIIRSTE
4
H -
- - 1 - - - -

i
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