activities which are already over have been taken as per actuals while the activitles which are
yet to take place are projected taking into consideration the most probable pertod required. It
will be seen that while working out the actual activities completed, the time durations for
certain itemns are much higher than the normal which happened in this case due to the delays
mentioned earlier. For examoles, the activity (14) viz. working plans and estimates for raw
and clear water pumping machinery should not have taken 73 weeks. A realistic figure would
be around 20 to 30 weeks depending upon several factors like avalability of staff etc.
Thetefore while drawing up the CPM chart at the beginning stages itself, it may be necessary
to assume more rational figures of time duration based on the experience of the department
and not providing for any delays. The charts can , however, be updated periodically. The
following 11 major components of the scheme are further sub-divided into 102 actvites to
complete the project. The number of the activities on the network diagram is also shown in
brackets for ready reference.

Major Components Activity Time
Duration
{tem No. {weeks)
1. Head Works ) Working plans & (2 43
(including Raw ~ estimates
Water Rising Main)
(1) Sanction (3)
(itfy Draft tender papers (4) 2
(iv) Receiving tenders (5) 6
(v) Ewvaluate tenders &award — (6) 10
of contract
68
(vi) Execution work
(a) Intake well connecting
pipe, twin jack well (10) 78
by Pump house (73) 26
() Approach bodge with
approach  road  and
fencing to head works (11) 78
{d) Part excavaton of raw
water fising mamn N 20
(¢) Part laying of maw water
rising roain 9 36




Major Components Activity Time
Duration
ftem Ne. (weeks)
() Excavaton of balance
faw water rising main {8) 20
(#) Laying balance length of
PISING oA (72) 36
(h) Tuxing  specials.  and
valves constructing
chambers on the rising
frain (7% 12
o Pumping (®  Working  plans  and
machinery for raw estimnates (14) 73
water  and  clear
water group [
@) Sanction (15) 10
(1} Draft tender papers {16 4
vy  Recetve tenders (17 8
(v)  Hvaloate tender & {7 i2
award of contract
(v} Delivedies of pumping {74) 48
machunery,
C.1 pipes, spectals,
valves, (88) 48
gantry grders, eto (87 48
(vii)  Frection works (101} 12
(101)
(83)
(vut)  Tral run (102 4
I Clear Warer i Working plans and 43 73
. - e:’ F
Pumping estinates
Machinery Group
3]
(1) SancHon (44) 10
(i) Draft tender papers (45) 4
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clariflocculator

Major Components Activity Time
Duration
{temn No. {weeks)
(v} Recowve tenders {406) O
(v bvaluate tenders & (643 4
award of contract
vy  Delvery of pumping (69 32
machinery, C.1 pipes,
specials, valves, gantey
R - ; ¥ X
girders etc. (68) 32
{vify  Frection work (100)
{100) &
(viiy  Tral tun (1023 4
IV Freatment Works (5 Draft tender papers (18} 62
{11) Recetve tenders 1% &
{1y Bvaluate tenders & {76) 16
award of contract 84
(tv)  Bxecution work
(a) supply of mechanical {79 44
and electrical
equipment {or
clariflocculator,
{b)  Supply of mechanical (81 60
and electrical
equipment for filters.
(¢} Erection of afl (80 8
equiptient upto
clartficeculator
{c) Hrection of all (82 14
equipment upto filters
(€) Civil works for (7 44
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Major Components Activity Time
Duration
fterm No. (weeks)
({ z” Civil works for flters (78} 55
(@ Trial run of filtess (102) 4
V. Clear Water {1) Working plans & ) 78
Reservoir And estimates
Pumgp House
(1) Approval 21 3
i)  Draft tender papers (22) 3
(v}  Receive tenders (23} 6
(v} Exaluate tenders and (85) 8
award of contract
(viy  Ixecution (86) 35
Group | Group [1
At treatment At
works at point A pomnts B & C
Vi R.C.C Service (i) Working plans B&C  (24) 80 (36 80
Reservotrs
(i) Approval 25y 6 37 6
() Draft tender papers  (26) 8 (38 8
(iv)  Receive tenders 27 o6 39 o6
) Evaluate tenders 89 8 (709 8
and award of
contract
(vi)  Execution (90) 65 {98y 65
(91) 65 99 65
VIt Clear Water (a) Rising Main to S.R.
Rising Matns and at treatment works
Gravity Masms
) Rising Main to S.R.

Potnt A
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Major Components Activity Time
Druration
Ttem No. (weeks)

() DBooster mamn to
Pomt B

() Booster main ro
Powme C
(&) Uravity main from
SRoat Pownr A o
Powme 13
(1) Working plans and ah 73
cstmares

{11 Approval (32) 10
(nt}  Diraft tender papers (33 4
(v} Recetve tenders (34 6
{v) Lvaluate tenders 92 4
and of contrace
award
{vi) Fxecution (93,54, 24
95,90,97)
Vil Booster At Pomi Band C
Pumping
stations
e Working plans and (4 94
estanates and
approval
(11) Diraft tender papers (41 4
() Recerve renders (42) 4
(1v)  Evaluate tenders (65) 2
and contract award
(v} Execution (66,67 2
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Major Components

Activity

e

Time
Pruration
{weeks)

X Nalla Dwversion &
Nalla to be
diverted to (il
Diownsiream of
Head Works to (113)
control pollution (iv)

vy

Working Plans and
6y
eabHTates

Approval
Laraft tender papess
Recerve tenders

Fvahiate venders and
contract awared

Feecution

Ko Sraft Quarters At Head Works, Treatment
Waorks, etc.

AP Miiscellaneous
Wovrkes

(i)

Wotking plans and
esturnates

Approval

Drraft tender papers
Receve tenders
Evaluate tenders

Freoution

{a} 1) Land acquisition

fror head works and
”’&e:i}(;}j:‘@%:@:if pureping
stations mciuding
barbed wire fencing.

it} Providing mternal
roacds, evternal WS
and dramage
ATERNZEMENtS (o
auariers, efc

Providing electrical
mstallation o staff
quarters, pamp
house, boosting
stations and at
headworks &

(54)

(55)
(56)
(57)
(58)
(59)
(60)

({‘.} 1 )

(62

o7
4
2

6
52
149)

32

Al
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Major Components

Activity

Hem

Time
Duration
(weeks)

(b)
©

@

(€)

)

treatrment works

premuses.

Telephone
connections

CI opipes, valves,
specials

(New order to be
placed)

@)  Indent

)  Supply order
by S.E

()  Delivery

C.I pipes against old
order placed by S.E
on 31-5-1973

(1) Supply order
(i) Delivery
Final transfer of

Govt. land for
treatment works,
clear water reservoir
and pump house and
S.R at Treatment
works.

Obtaimning
permission of B &
C Deptt. for crossing
NH for clear water
rising main to S.R at
point A.

Obtaining
permission of
Ratlways for crossing
raitway track for

(63)

(12)
(13)

(71)

29
(30)
(75)

(28)

(35)

155

77

65

37
65
85

130

130

2982 UA&KE/G7—30A
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Major Components Activity Time
Duration
ftem No. (weeks)

clear water gravity
main from SR to
Lane at Point Al

(h)  Erecting (47) 130
transmission lines &
transformers at
headworks,
treatment works and
booster pumping
station.

From the Network Diagram, it may also be seen that the Prime Critical Path is through
the Headworks and covering the activities 1-2.3.4-5-6-10-73-83-101-102 as shown and the
time of completion 15 188 weeks. Since 4 weeks of testing for all pumping plant and
machinery and 12 weeks for erection of raw water pump set are mnchuded in this 188 week
periods the time duration for the different major components could be summarized as:

1 Headworks iracludmg 172 Weeks

Raw Water Rising Main
I Raw Water and Clear 167 weeks
Water Pumping Machinery

11l ”Ifmm-mmt works

{a) Clasiflocculators 136 weeks
(b) Fiters 158 weeks
IV Clear Water Sump and Pump House 128 weeks
V. R.C.C Services Reservoirs 173 Weeks
M Clear Water Rising and Gravity Mains 128 weeks
VII Booster Pump Stations 124 weeks

VIIT  Nallah Diversion 129 weeks

IX. Staff Quarters 169 weeks

X Miscellaneous Works
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(a) Land acquistion for head works and provisions of 172 weeks
barbed wire fencing, internal roads, etc.

(b) Transfer of Government land for treatment works, 85 weeks
etc.

(¢) Telephone connections 135 weeks
(d) Supply of C.I. pipes and specials

(1) New order to be Placed 146 weeks
(i) Otrders already placed 102 weeks

(¢) Obtaining permission of PWD for National 130 weeks
Highway crossing of the rising main

()  Obtaining permission of Railways for crossing 130 weeks
rallway tracks

By proper advance planning and continuous persuasive efforts, it should be possible that
the salient works are completed in 188 weeks which is the critical peniod for the major items
of headworks, raw water mains and treatment works so that water could be made avaidable to
the consumers even if the scheme is not complete in all respects.
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APPENDIX 5.1

MASS DIAGRAM FOR IMPOUNDING STORAGE
PROBLEM

Deaw the mass diagram and compute the storage needed for an impounding reservoir for a
constant draft of 23 ml/sqkm/month of 30.4 days with the following recorded mean monthly

run of values.

Order of month 112 13 1415 i() 718 ‘9 1011111213114} 15

2 1o 12 116]7 (72192)21 55|33

off, midlion litres per square
Kiometers

rbsemd monthly mean run | 94 122145155

SOLUTION
Methodology

The mass diagram is obtained by plotting the time interval {order of the month) as abscissa
ind the cumulative run off and cumulative draft up w© the corresponding time interval as
caleulated in able below as ordinates.

TABLE SHOWING CALCULATION OF REQUIRED STORAGE

(Volume of water in million liters per square kilometre)

Order of Recorded Estimated Comul- Deficiency Cumaula- Reservoir state
month run-off draft ative DO tive
Q D run-off deficiency
) zQ Z(D-Q)
n @ 3 @=x@ O6O=0-C =25 9.
1 94 23 04 7 0(192)
2 122 23 216 -99 0(121)
3 45 23 261 22 0(22) Reservoir full at
the beginning dry
penod

4 5 23 266 18 18%
5 5 23 2 18 36
6 2 23 273 21 57 *Reservoir empties
7 g 23 273 23 80
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“Order of Recorded  Estimated Comul- Deficiency Cumula- Reservoir state

month run-off draft ative D-Q tive
Q D rurn-off deficiency
20 2(D-Q)
& 2 23 275 21 HU!
e 16 23 291 7 108
10 7 23 298 16 124 Maximum
deficiency at end
of dry period
11 72 23 370 -49 75
12 92 23 462 -69 6
13 21 23 483 2 8
14 55 23 538 -32 024 Reservour refilled
15 33 23 571 -10 0(34)
Col 3 Constant rate of draft = 23 m1,/ sq km for an average month of 30.4 days.
Col. 5. Negative value indicates surplus.

Col. 6. Negative values are not included in 3 (D-Q) until the beginning of dry period ie. until
water is lost from storage and there is reom to store ncoming flows. The surplus
preceding the dry period, however, must equal or exceed the preceding maximum
deficiency; otherwise the teservoir will not be full at the beginning of dry period. The
cumulative surplus, caleulated backwards from the beginning of dry period, is shown in
brackets in column 6 and is seen to exceed 124 mL/sq km of catchment area, The
cumulative run-off curve 'B' has been drawn as shown in the figure.

The cumulative draft line for the area under consideration is also plotted in the same scale

(line A) assuming constant draft of 23 ml./sq km of catchment area for g month of 30.4 days. The
slope of line ‘A’ indicates the rate of draft.

The maximum deficit of run off from the draft is obtained by drawing a straight line paralle] to
the cumulative draft curve at the crest and through the cumulative run-off curve tangentially. The
vertical ordinate length intercepted between two such parallel lines tangential to the crest and trough
gives the maximum deficit for the period between the points of intersection of the paraliel line with
the mass curve. The maximum cumulative deficiency as observed from the mass curve (which could
also be determined analytically as shown in the table) is 124 ml./ 5q km of catchment area. For the
tonstant rate of draft of 23 m1./ sq km of catchment area for 2 month of 30.4 days and for this cycle

of runoff values | the impounded Storage needed is for (124/23)x 30.4 ie 165 days (almost half a
year).
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VALUES OF THE WELL FUNCTION F(U) FOR VARIOUS VALUES OF U

APPENDIX 54

N Nx 1015 Nx10-# Nx101 Nx102  Nx101t Nx1(10 Nx10-%  Nx108
1 2 3 4 5 6 7 8 9

1.0 33.96 3166 29.36 27.05 24.75 22.45 20.15 17.84 “
15 33.56 31.25 2895 26.65 24.35 22.04 19.74 17.44
20 3.7 30.97 28.66 2636 24.06 21.76 19.45 17.15
25 3305 30.74 28.44 26.14 23.83 21.53 19.23 16.93
30 32.86 30.56 28.26 25.96 23.65 21.53 19.05 16.75
%5 3271 30.41 28.10 25.80 23.50 21.20 18.69 16.59
44 3257 30.27 2797 25.67 2336 21.06 18.76 16.46
4.5 32.46 3HL15 27.85 25.55 23.25 2094 i8.64 16.34
50 3235 30.05 2175 25.44 2314 20.84 18.54 16.23
55 3226 2595 27.65 25.35 23.05 2074 1844 16.14
64 3217 29.87 27.56 25,26 2296 2066 18.35 1645
6.5 3209 29.7% 2748 25.18 22.88 20.58 18.27 15.97
7.8 3202 20,71 27.41 25.11 28 20:50 18.20 15.90
7.5 3195 29.64 27.34 2504 2274 20.43 18.15 15.83
&0 31.88 29.58 27.28 24.97 22.67 20.37 18.07 15776
85 3182 29.52 27.22 24.91 2261 20.31 18.01 15.70
9.0 3176 29.46 27.16 24.86 2255 20.25 17.95 15.65
9.5 3171 29.41 2711 24.86 2250 20.20 17.89 1559
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