Annexures

| Annexure 6.1: Economical Size of Pumping Main |

In view of the principles of design given in the subsection for the economic size of the pumping
main, a stepwise design process is given below in the form of an excel sheet in print media
which can be easily written in electronic media:

1. Establish data required for pumping main.
Design period - 30 years

a
b. Design life of pump sets - 15 years

13

Supply of water in two stages each of 15 years

d. First stage supply rate is the average of the initial and intermediate flow rate in MLD
(for energy cost only)

e. Second stage supply rate is the average of intermediate and ultimate flow rate in
MLD (for energy cost only)

f.  Hours of pumping - 22 hr

g. The cost of pipes, at prevailing rates in Rs/metre (if required, the cost includes the
cost of excavation, lowering, laying, and jointing of pipes and specials filling of
trenches, etc.) can be included. However, these costs are, more or less, constant
in different alternatives.

h. Cost of first stage pump sets at prevailing rates in Rs/each pump set (pump+
electric motor)

i. Similarly, obtain the cost of second stage pump sets
j- Cost of electrical energy at prevailing rates in Rs/kWh

k. Cost of operation and maintenance cost as per estimate framed for pumping main
in Rs/year

l.  Average hour of pumping (1% Stage) = (S. No. (f)/intermediate flow rate) x average
flow rate for first stage

m. Average hour of pumping (2" Stage) = (S. No. (f)/ultimate flow rate) x average flow
rate for second stage

2. Select appropriate pipe material considering topography, soil condition, as well as the
quality of water to be conveyed.

Select different sizes of pipes of chosen material by using Lea’s formula.

4. Calculate velocity and frictional losses in pipe length of pumping main and
appurtenances for first stage intermediate flow rate and for second stage ultimate flow
rate for the selected pipe size.

5. Determine the class of pipe considering total pressure head (static head, i.e.,
difference of level between the axis of pump and delivery point + head losses due to
friction in pipe length of pumping main and its appurtenances for ultimate flow +
residual head required at the delivery end). Also consider surge pressure, calculated
by formula as given in the section of WATER HAMMER'.
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6.

Determine the total head of pumping of the first stage (static head + frictional losses in
step 4 + residual head) and for the second stage (static head +frictional losses as given
in step 4 + residual head).

Determine kw of pump set taking the total head of pumping and flow rates as given in
steps 4 and 6. Add 50% for standby pump sets. (Calculate pump kw by the formula
given in “Chapter 4 Pumping Station and Machinery”.

Calculate the annual cost of energy as follows:

The annual cost of energy for the first stage = kW of pump x average hours of
pumping/day (as given in step 1(l) x 365 days x cost of electrical energy at the
prevailing rate as in 1(j).

Similarly, calculate the annual cost for the second stage taking average pumping hours
as accurately given in step 1(m).

Capitalise annual cost of energy and O&M for first and second stage as given:
First Stage capitalised energy cost = AEC {ﬂ} (Eq. 1)

Where:
AEC = Annual Energy Cost

r = Rate of interest
n = Number of years
First stage capitalised O&M cost = AOM {P“rﬂ} (Eq. 2)

Where A.O.M = annual operation/maintenance cost.

Similarly, calculate the capitalised cost for energy and O&M for the second stage.

10. Calculate the PW of future capitalised cost of energy and O & M of the second stage.
Present worth second stage energy cost = Capitalized 2?(1?‘[;?6 energy cost (Eq. 3)
T
Capitalized 2nd stage O&M cost
Present worth second stage O&M cost = P 1+ )ng (Eq. 4)
r
Capitalized 2nd stage pump set
Present worth second stage pump set = P - £ PIIp (Eq. 5)
(1+1)
_ Costof2nd stage pump sets
PW of second stage pump set = )"
11. Determine the total investment cost for the selected pipe size as given below:
Pipe size
a) cost of pipe length
b) 10% cost of pipe for the cost of specials
c) cost of pump sets for the first stage
d) capitalised cost of energy for the first stage
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e) capitalised cost of o/m cost for the first stage
f) PW of capitalised energy cost for the second stage
g) PW of capitalised o/m cost for the second stage
h) PW of cost of pump sets for the second stage

A total of (a) to (h) is the total investment cost for the pipe size.

12. Repeat steps (4) to (11) by selecting the next available size. Compare with the total
cost of the previous alternative, If the total cost is lesser than that of the previous size
the process will be continued. Else the previously selected diameter is considered an
economical diameter.

13. Prepare comparative statement for total investment cost for each selected size of
pipes and select pipe size of least cost investment which is the most economic size
of pumping main.

Excel worksheets can be programmed to simplify the calculation.

Economical diameter of rising main - Design steps

INPUT DATA
L) Water requrement : Year Dhschasge
A Tnaual 2012 .00 my
B. Intermedixe 2027 1.50 mi
C. Ultimate 2042 10.00 mid
2) Putngmg mun LENGTH 7000.00 M
3) Static head for pump ST HEAD 000 M
4) De=ign poriod YEAR 0 wr.
3) Combened eff, of pump set EFF. % 10.00. %
6) Cost of Pumpmg Set Rs /KW 23000.00 Rs
7) MAAR~Interezt Rate - Inflation rate INTEREST 6.30 %
§) Life of ekec: motors P.Yrs 15 v
9) Energy charges /KWH Umt Rs'KWH 5.00 Rupee
10 Pumping hours for discharge PUMPING- 22 brs
at the end of 15 Years HOURS
11) Miner head 1053 33 20228 of frictomal head loss 16.00 %
12) Sundby pump capacty peTcentage 50.00 %
13) PIPE DATA
[neermal
Glaeier o
mrm Material Class HWC Rate peem  [DMR Rs'm)
MM [AL RaM RaM
30000 DL K& 140 3604.18 0.00
350.00 DI K-8 140 4513 9] 0.00
400 00 DI R-9 140 541821 0
450.00 DI K-& 140 634308 0.00
500.00 8)4 K-8 140 7611.06 0.0
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1%t 15 years 2" 15 years
1) Discharge at installation 5 MLD 7.5 MLD
2) Discharge at the end 15 years 7.5 MLD 10.0 MLD
3) Average discharge 5+7.5/2 7.5+10.0/2
4) Average pumping hours during the (22/7.5) x 6.2522/10 x 8.75
period =18.33 =19.25
5) KW required at combined efficiency
of pump set = or
1027
Where:
Q = discharge at the end of 15 years in Ips
H = Total head in m for discharge at the end of 15 years
n = combined efficiency of pumping set
KWI:% =1.33H1 I(WZZ%)ZC:;;;)-7 =1.77H2
6) Average annual charges for electrical energy
= KW x Average pumping Hours x Average days per year x Rate of energy charges
per unit
=KW, x 18.33 x 365.25 x 5 =KW, x 19.25 x 365.25 x 5
= 33475.16 KW;q = 35515.31 KW
7) Capitalisation factor for annual energy charges and OMR for converting them to the
start of their periods
Of =CR {M }
T
Where:
Ct = Capitalisation factor
Cr = Annual cost of energy charges + OMR
r =MARR, i.e., minimum attractive rate of return = 6.5%
n = periodin year =15
CF = CR {1-(1 +0.065)"° } o4
0.065
8) Capitalisation factor for second stage pump cost (Cp)
Ce = (1+1)" = (1+O.0165)15 =0.39

9) Capitalisation factor for the capitalised energy cost of the second stage to convert at the

beginning of the first stage (Ce)
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1 1
Ce (1+1)" (14+0.065)15 0.39
FABLE 1 VELOCETY AND LOSS OF HEAD FOR DIFFERENT PIFE SIZES
SEN Toternsl  Frietionel Head loss per Velucity {wm's) Totsl head in "st’ for TOM 10 pipe Magil locloding 50w of etk kead
0. Pipe 1000 m
diemeter
ey
L 15t siagy Ind til{r 1t -uiv ; ."mlr'u',;c Frictions Mimor bead Tolal head Frictional Mivoc head  Total bead
flow 7.5 flow MLD flom Oz Fow 1d loccfor 1 for pemping  low 2nd  loex for 2od for pumpisg
MLD awage stageflon HI for Iad stape flow  stage flow Hi for tnd
Muw . sage flon . alage fow
: 3 : 5 ? 8 9 10 1] i3
300,00 s i 63 Y L70 35.45 354 000 040 ERC 1i6.44
150,00 239 07 093 131 16.73 LAT 6341 8.5 2.85 8138
400,00 128 213 Q75 10 3.73 047 951 1438 L9 6535
§50.00 05 1.2 Q6 0.5 4.92 Ao 541 838 .84 22
$00,00 VA 072 Q.4 0.64 <95 029 324 S02 0.5 38.52

> 4 Sarer bead lowa = 107 of Soctxaal low

Table (3)
Column 2 = Cost of pump sets
Column 3 = Annual cost of energy charges and OMR
= (33475.16 KW1 + OMR) = CR;4
Column 4 = Capitalised cost of energy charges and OMR for the first stage
= Cf x CRy = 9.4 x Column (3) of Table (3)
Column5 = Total capitalised cost for first stage
= Column (11) of Table (2) + Column (2) of Table (3) + Column (4) of
Table (3)
Column 6 = Cost of pump set for second stage
Column 7 = Annual energy and OMR cost
= (35155.31 KW, +OMR) = CR2
Column 8 = Capitalised cost of energy and OMR cost for second stage
= Ci x CRe
= 9.4 x (Column (7) of Table (3))
Column 9 = Initial capital investment for annual energy charges, OMR changes and
cost of replacement of pump set for the second stage
= (Column (6) of Table (3) + Column (8) of Table (3)) x Capitalisation factor
for second stage pump cost (Cp) as calculated at step No 8
Column 10 = Grand Total of capitalised cost for 30 years

Column (5) of Table (3) + Column (9) of Table (3)
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TABLE 2 - KILOWATTS & COST OF POMP SETS REQUIRED FOR DIFFFRENT PIPE SIZES AND PIPE COST

It stage flow of 7.3 willion 204 dage Bow of 19 millive
Bter<'day Fterv/day
$INo Twetermal  Clexof Hi Toml Puanp H2 Toml Pump Cot Covtot  Cout of 7000
3 Pipe pee Totalbead (w) werkug KW Coat Total  oorkap XKW awludag cout pips per et gepe
dlamecer requaed imlwding. Bed (m)  requaed  of stnd by oo Jesgth  dioe (Bs, In
(wom) cont of stand wsted (Ra) thousand)
by wen & menteesd a1
mentxaed at opat data at
nput datn ol SeNe 12 @
SeNo L2 Ra 25000 per
Rs 25000 KW (Rsin
per KW (Rn thousand)
24 et )
I 2 3 4 s o T s 9 10 11
I 300,00 R4 £5.00 1o 442500 11600 20800 TER8.00 4319 2464033
b 35000 | S A500 90,40 3375.00 Bl 00 14300 36500 451391 3159757
3 400,00 K2 0,00 80.00 3000.00 6500 117.00 438800 i 372747
Rl %000 K& 400 3.0 1138.00 “.00 194,00 500,00 684508 2930576
5 500,00 K9 53.00 7000 262500 ] 92,00 AT TEILDS ST e

TABLE 3 - COMPARATIVE STATEMENT OF OVERALL COST OF PUMPING MAIN FOR DIFFERENT PIPE SIZES

SLNe Capmal.  Asmunl | Capisded Toul Captal  Amrsd  Copiisbesd  Dotisl ogial Gread Tateeual
sostof Evexy & <ostof Anmad Capmalead  sustof  Esepy &  costof  investmenr Totlof Plpe
fup e OMReowt  Escrgy & ostoffead pedpacts OME Asanl  for poogasts Cgosiied  dRutie
mclodz foc it OME foc fist staze (Bs = udm oout for  Euevgy &  mad mweal oot for 30 {mm)
cowt uf eagalRe sage th dy w axty d OMRfr Encgywd yo (Ram
stodby  thoimand) (Rs.m & By 2.‘000 stage  secomd viage OMR cost for  thioesanad )
wh & Re thoeaml) peKW(Re  (Re (Fa. i socoad stage
24000 per o thowend) doosud  Sousand) (Rs:
KW (Rxm o ezcenid ) Soaand)
thomand) inae
1 2 3 4 5 3 T 8 9 10 1n
1 28 3950 3714 7218 TGRE 7007 &7768 20338 6883 300.00
1T 0 235 ad302 Ger &0t 4wy H6s §STEe M0
3 3000 257 25180 SE107 4388 4ll3 15673 15742 m 400.00
s » 2 22980 TS 000 3886 M3T6 14383 86407 450.00
b} w2 134} 245 ™ 01 5480 nn2 14167 G254 000

Nm: l) m.mw-.a T
23 Annva) eotrgy chvmpes sioll be codclared for wedom KW

| zowt af

1 ,“b‘ Lot o

Lk

d s Sz No 12 of inpat datn
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