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SYNOPSIS

The Chandra canal system is an old canal running since 1926 off-taking from
4 Trijuga river, a tributary of the river Koshi, in Sapta;i district in Nepal. Because of water
deficiency during non-monsoon period , the land resources in the command area of the
canal are not fully utilised, and only limited surface water is being supplied to the
command area .Abcdrding to existing cropping pattern during rabi season, the water
deficit during 2" half of December to Ist half 6f February is 1 cumec. There is no other
‘perennial river except the river Koshi which‘ ﬂ;aws at a depth of 10 m below the full
supply level of the canal. Water also can not bé pumped directly from the river which
contains lot of fine silt even during lean flow period. However, ground water can be used
for irrigation. Therefore, it is proposed to withdraw ground water by construéting a
battery of wells to augment main canal supply. Part of the water pumped can be applied
locally in the upstream side where there exists a good aquifer and the remaining pumped
water can be transported through the existing canal to the command area in the
downstream.

The aquifer is a ﬁnife aquifer bounded by river Koshi in one side and a low
permeable zone onv the other side. The aquifer is otherwise homogeneous. Applying
image‘ well theory , and Theis well function, discrete kernels have been generated for
drawdown and induced recharge from the stream due to pumping the aquifer. Applying
Duhamel's principle, the drawdowns at various well locations have been computed.

Twenty number of wells each with 50 liter per second capacity are required for

the conjunctive use to irrigate the command area of 7345.0 ha. The pumps are to be

(ix)



operated continuously. The topography of the area is uneven. The feeder- Chandra canal
is a lined canal in this regch. It is required to locate these twenty wells so that the cost of
the water to be supplied for the conjunctive is minimum. The cost is comprised of cost of
excavation, cost of pump, cosf of energy, cost of transportation to the feeder canal . The
life period of the project is thirty years. -

Wells located closely interfere with each other leading t;) more consumption of
energy. If they are located at a large distance, the cost of transportation increases. In the
study the aim is to find the optimal locations of these twenty wells so that combined cost
cpnstruction pumping and transportation is minimum. It is also required to khow the rate
of stream depletion due to pumping.

A systematic search has been adopted and locations of the twenty most
economical wells have been identified from 36 locations forming a rectangular grid.
The cost 6f implementation of the project calculated on thé basis of present worth
with discount rate of 10% is Rupees 9155,000 . Out of this, the cost of excavation is Rs.
480,000 , the cost of pump and tube well accessories etc. is Rs. 6604,000 , the cost of
energy is Rs. 323,000 and cost of transportation is Rs, 1748,000 .

Because of additional irrigation water supply more crops can be grown and
current yield can be increased. From the study it is found that the benefit cost ratio is 3.25

Since after stoppage of pumping the induced recharge continues to enter the
aquifer, the total volume of water- pumped is contributed by the river only. The aquifer

contribution in the beginning of pumping is replenished by induced recharge.

(x)



CHAPTER -1

INTRODUCTION

11  GENERAL
‘Water is an integral compbnent in éll a-spect- of life. Its évailability,_ though .
| apparently plentiful, is however spatial. The demand for water. is incréa_sing fro..m year to |
- year with the ever growing pépulation.{ The quantity an& quality of available water
' i:esources have long been recognized as a limiting factor in the development of arid and
- semiarid regions. B
Providing assured watgr supply for. irfigation is becoming a difficult taSk with
limited source and uneven distribution ‘of water in space and time. Depending ona single"
source for any purpose is véry much unfeliﬁble_ and the idea of using water from two or
more alternate sources in conjunction with one another safely and‘ ecqnomically s

. . }’;~"r.'|ri»x_w-.~'.-; T I - .
drawing attention of planners, engineers and decision~makers. The source can be surface

. . . »’”3“ : i :‘? .
water impounded in a reservoir or runoff in the river extracted through diversion schemes

like weirs, barrages efc, or gl'oundwatei' lifted from unconfined équifers and deep
gonﬁned aquifers or water imported through inter basin transfer.

Conjunctive use is also being practiced to miﬁgéte the problem of water logging
by going in for more pumping of groundwater, wherever ground water table is above or
very nearer to ground surface.

Therefore, the operation of surface and grou_ﬁd water sdur,cés, in a Way, which

“enhances their combined output, has been described as conjunctive use.



The Ist step in'.making plan for utilization of the available surface and ground
water resources éf a basin is to 'méke an accurate éssessment of ;[he a{/ailable surface and
ground water resources. It is, therefore, in areas where surface water resources ére not
enough to meet_the irrigation requirement the ground water resources can be exploited to
supplement the surface water resources. For this aquifers may be used for draWing water
in non monsoon and are allowed f01" recharge during monsoon before they are pumped
again. Withdrawal of water should be done keeping the water balance of the region in
mind i.e. safe yield.

Questions pertaining to the use of ground water resources require the
eestablishment of proper relationshipi between pumpages and water level changes both in
time and space and for doing so, investigations of the hydrologic properties of aqﬁifers
and aquitards, their dimensions in space and the boundaries are of utmost impoﬂanc;e.
Thus, there is a necessity to determine the hydrological parameters like transmissivity,
leakage factor and storativity etc. with reasonable accuracy. For these purposes, pumping
or recovery tests are performed on the wells penetrating into the water-beariqg strata in
the surface.

Conjunctive use involves various decision parameters such as cropping pattern,
canal capacities, capacity and spacing of wells, extent of canal lining, drainage
requirement, level at which ground water should be maintained etc. This requires system
study so that several trial design are evaluated and the economic response of each is
calculated. However, in the absence of system studies some specific decisions may be

taken by comparing the economics of the various.alternatives.



1.2 CONJUNCTIVE USE

1.2.1 The Concept

Conjunctive use implies coordinated and harmonious development of surface and
ground water for meeting the Watef requirements by optimally utilizing the total available
water resources. |

(1) The concept recognizes the unified nature of water resources as a single
natural resource, although the method of exploitation may involve both
surface and groundwater structures.

(i)  The process takes advantage of the interactions between the surface and
groundwater -phases of the hydrological cycle; and also the natural
movement of ground water in planning the use of waters from the two
phases.

1.2.2  The Objective

TheAconjunctive use of surface and ground water sources may be practiced in

order to attain one or more of ‘tlle‘::fglloyying gbjectivqs:

(1) A higher total amount of ‘s‘u‘pply,

(1) Bette}' regulation of the combined system using storage volume of aquifer,

(iif)  Savings in evaporation losses from surface reservoirs,

(iv)  Higher flexibility in supply according to the demand curve, by evening out peaks
in stream flow and pumping ground water as and when needed,

(v}  Use of augment-ation tubewells discharging directly into the canal, and there by

supplementing the supplies,



(vi)  Mixing of different quality water, either in the supply system or in the aquifer to
reduce salinity,

(vit)  Augmenting low flows in rivers by artificially récharging the aquifer.

1.3 THE OBJECTIVE AND SCOPE OF THE STUDY |

The objective of this study is to augment water supply of Chandra irrigation
system by providing batteries of wells normal to main canal in middle reach command
area so that Rabi season deficit of irrigation water can be made.

Present study has been taken to solve different problems such as (I) to find
drawdown by converting finite areal extent of the aquifer (as study aquifer area is
.bounded by a no flow boundary and streamn in parallel) to infinite areal extent using
image well theory, (ii) to find recharge coming from the stream to the aquifer and
(ii1) optimization (i.e. minimizafcion) of total present worth cost of water pumping and
supply from augmentation well to the canal by considering RCC pipes conveyance and
pumping cost etc. and computation of B.C.R. .

1.4 DATA COLLECTION AND ANALYSIS

To meet the above objective of the study following data are collected.

The discharge records of the river Trijuga (the sources of the project) in giiffercnt
ménths, existing and the proposed cropping pattern of the command area , climatic data ,
cost estimation data and other related data . The pertinent data are collected from District
[rrigation office , Saptari , Nepal .

Using these data a conjunctive use study has been done for supplying water for

irrigation during non-monsoon period in Chandra canal command.



" CHAPTER -2

LITERATURE REVIEW

2.1 GENERAL

Literature dealing with the concepts of conjunctive use of ground water reservoirs
and surface water facilities is more extensive and is available since long. However, most
of the literature dealing with conjunctive use has been of a qualitative nature and has

dealt water related issues primarily of a local nature.

The complexities of the problem of conjunctive- operation of ground and surface
water facilities were explored by some early writers who recognized that the two
resources were really a single system and that economic advantages could be had by
operating the system as a complete unit.

Jindél and Khepar (1980) have studied the problem of optimum spacing of
augmentation tubewells along the canal. They have assumed seepage from canal
recharges the aquifer. The cosl’[-gfdtilvigpi-pelihe as conveyance system from the well to the
canal was calculated co1lsidé1'i;1g the induced rech“arge, whereas it should have been
calculated.for the total water pumped from the well.

Cha\-zvla and Hazarika (1982) have studied the problem for a single well, where the
drawdown in the well was related to the distance of the well from the céﬁal and duratiox_l
of continuos pumping. They, instead of minimizing the total annual cost of puniping (as
done by Jindal and Kheper), the cost of pumping the unit volume of net water drawn

. from the ground water reservoir was minimized.



Chawla and Ansari (1989) have studied the optimum spacing among the finite
number of wells installed in a row parallel to the canal and distance of the well from the
canal such that unit cost of net water pumped from the ground water reservoir i1s
minimized. They have considered the pvc pipe line for conveying the water from the
wells to the canal. They pointed out that number and spacing among the wells do not
affect the induced seepage. The distance from canal is not affected by annual pumping
hrs. optimal spacing is affected by the discharge of each well.

Authors who have dealt with the p.l‘O blem of conjunctive use of ground and
surfgce water system such as Clenderen (1954), Thémas (1957), Macksond (1961), and
others, have discussed the economic advantages of such combination and have pointed
out its effectiveness in the conservation of sizeable volume of water.

Todd has dealt with the basin management by conjunctive use, which involves the
coordinated and planned operation of both surface water and ground water reservoirs to
meet water requirements in a manner whereby water is conserved. According to him,
with an optimum coordinated o>peration, of storage and distribution, the unit cost of water
supply can be minimized.

2.2 GROUND WATER PUMPING

2.2.1 General

Conjunctive use of surface and ground water requires pumping of ground water to
supplement surface water during lean periods. This may be done through augmentation
wells or by direct irrigation wells. Augmentation wells are used to pump ground water for
augmenting the canal supplies and utilize canal distribution system for the purpose.

Direct irrigation wells on the other hand, have their own water distribution system and



operate independent of the canal system. Commands of direct irrigation wells are
normally outside the canal command.

In the system of conjunctive use of surface water and ground water, the
augmentation wells prove more efficient than direct irrigation wells as separate and
exclusive power feeders can supply uninterrupted power supply and existing distribution
network of canals can be used. Auginentatibﬁ wells could_be of large capacity, which
would be more economical. Large capacity direct irrigation wells may present problems
of management as discharge of large capacity wells can not be handled by individual
. farmers having small and fragmental land holdings.

2.2.2 Location of Augmentation Wells

- Augmentation wells are located along or perpendicular to the canals and ground
water is pumped into the canal. If the distance of augmentation tleeWells from the canal
is closer, then the circulation of water form canal fo well starts which résults in the
wastage of energy because part of the pumped water is drawn from the canal due to
induce seepage from the canfailz Sothe well ldéatedﬁl near the canal will draw less water
from the ground water aquifers. When the well is Ill(;VCd away from the canal the induced
seepage is reduced but the cost of the conveyance structure from the well to the canal will
be more. Such problem does not arise when the canal is lined..

In this study batteries of wells have been placed perpendicular to the Main Canal
in such a way that the total cost of water supply to the main canals from the ground water

reservoir, which includes the cost of energy for pumping water and the capital cost of

- pipe lines from wells to the canal, is the minimum.



The optimum spacing of augmentation wells among themselves will depend upon
several parameters including the aquifer parameters, duration of continuos pumping and
the time gap between two consecutive pumping, unit cost of pipe line, energy cost and
the depth of the water table.

2.2.3 Flow Towards Well Near Parallel Boundaries

In this study augmentation wells perpendicular to canals have been assumed to be
placed in the middle reach command area of main canal because in rest area
transmissivity of aquifer is not good.

In the middle reach the aquifer is bounded by no flow boundary (hill on right side
of M/C) and stream (Koshi river on left side of M/C) in parallel. Therefore, Theis’s
assumption that the aquifer is of infinite real extent is no longer valid.

For analysis of flow in such aquifer, the principle of superposition has been used.
According to this principle the drawdown caused by two or more wells is the sum of the
drawdown caused by the each individual well. By assuming a series of imaginary wells,
or images, the aquifer of finite extent has been transformed into one of seemingly infinite
extent so that the equation of Theis can be applied to this substitute system.

Real wells and image wells are equidistant from the boundaries and are located on
either side of a line at right angles to the boundary. The image well is the reflection of the
real well with the boundary as mirror plane.

In the event of two parallel boundaries, two image planes are considered (which
behaves as two mirrors kept in parallel) which lead to an infinite set of images as shown

in Fig 2.1. However, in practice, pairs of image wells are added until the next pair has
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negligible influence on the real wells. The image well theory can be applied to éych cases
by taking into consideration the successive reflections on the boundaries.

The image well is of opposite nature to that of the real (pumping) well in the case
of a recharge boundary and of the same nature as the well in the case of a barrkr‘
boundary. When working the images through one image plane, the other image plane
may be masked.

For example as shown in Fig. 2.1, image wells R, and L, are images of the
pumping well (PW) due to the boundaries i.e. recharge boundary (R) and ﬁo flow
boundary (B) and are recharge image well and pumping image well respectively.

Masking B, image well R, which is the image of L, due to R can be found and is a
recharge image well. Masking R, image well L, and L, which is the images of R, and
R,, respectively due to B can be found and are i‘echarge image well. Masking B, image
well R, and R, which is the images of L, gnd L, respectively due to R can be found

and are pumping image well. Similarly other images can be féund.

As recharge image well causes a negative drawdown it has been taken as
negative. Similarly drawdown caused by pumping image well has been taken as positive
as the drawdown is inéreased by the presence of the barrier. There will be interference’s
of wells among themselves.

In the beginning discharge for wells will be drawn from aquifer storage but after
equilibrium the entire discharge will be drawn from the stream only.

2.3 DRAWDOWN
The differential equation governing the axis symmetric unstéady flow of water to a

well in a homogeneous, isotropic and confined aquifer of infinite arcal extent is

10
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where, s(r,t) is the drawdown at a radial distance r from the well at the end of time t. The

solution of the above differential equation when QP quantity of water is withdrawn from =
the aquifer at 1=0, with boundary conditi 0 and 2 E d initial
1€ aquifer at r=0, with boundary condition s(co,t)=0 and |2 7z = l,0==0p,and initia

condition s(r,0)=0 )is given by

© —u
s(r,t)=-Q£~ J. ?—du
4nT 5 u
ap

QP B I 2.2)

45

If pumping continuous at a unit rate the drawdown, designated as K (t) is given

s(t)——— Ji—du

ap U

g o
—4T '(4ﬂt) (2.3)

If pumping at a rate of 1/e for a continues period of € at t = 0,i.e. if we pump

unit impulse quantity at t = 0 i.e. the drawdown Kj (t) is given by

k(b %(Ks ©)

Tt Y (Z,B_t) e

The rate of pumping may vary with time due to various reasons such as pumping

capacity, fluctuation in power supply to the pump motor, etc. In order to take into the
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variable pumping rate the time span is discretised into a number of uniform time steps of
size At . The rate of pumping is assumed to be constant during each time step which may

vary from step to step. The drawdown is given by

2 2

2
r r

' ' Capu-n YIS A 4B(t-1)
s(rt) = Opedz ¢ + ij Qp wr € F ot I Qp wdr
4’ t-t & 4aT [—7 n-A 4 t—7
©or,
m T4p(nb-r1) _4_ﬂ(:A—r)
s(r,nAt) = Op '[M ¢ dr+....+—Q£(—Q A Op(n)
4nT nAt —t Ard D pAt—T - 4xT
, “4p(nk-1)
I voe dr
n-Dot pAf-T (2.5)
Thus the drawdown can be expressed as
i A _4/}(nA—r)
s(r,nAt) = Z Op(r) S ar
o AnT A ﬁAt -7 2.6)
Substituting
rl
——=u
- 45(nAt—1)
;2
=nAt—-71
4p
r’
sdu=dr
4 u

-n

s(r,nAt) = Z %)— l“ﬂ(m&;gAI) e——du
U

r= AnT ~ 4pmac(r-nan

12



-

’ n ) —u e
s(r,nAt) ~ Z QP_(?/) L £ du- l 2 ——du

r

7=l Qg — 4Py A u 4B(n-y)pr u

- N @) Pl ~ —,2__
; 4rl {E{‘*ﬂ(n—ﬂl)Af ] EI[4ﬂ(n~y)Atj} &0

Let us define a3 unit pulse kernel for drawdown for pumping quantity in At

re
6-4,0(er1-1') dr 1

o(r,n,At) = ff

(nAt—7) 4T At 2.8)
Integrating
L2 . L2
S(romany=—— gl | gl
4dnTAt 4 fpnAt 4 pAt(n-1) 29)

S(r,m,At) is the discrete pulse Kernel for the drawdown at a radial distance r

from the well at the end of mth time step is given as

5(1‘,171,@:- 1 E, " -E _
4xTAt 4 At 4 pAt(m —1) : .10

e

The drawdown at tlie end of nth time étep is éiven by

s(ryn,At) = ZQp(y)(S(r, n—y+1)
rel 2.11)

where,
Qp(y) = rate of pumping during yth time step.
In thié study the aquifer is bounded by two boundaries in parallel and hence image
theory has been applied to convert the finite areal extent to infinite areal extent. |
.According to principle of superposition the drawdown caused by.two or more wells is

the sum of the drawdown caused by the each individual well.
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So here in this study to calculate discrete Kernel coefficient of well fields
(Fig.2.1), it has been assumed that pumping is being done at ith well and observation is
| being taken at jth point. The ith well in the finite aquifer is equivalent to infinite number
of image wells comprising of recharge and discharge wells in the aquifer of infinite areal
extent. The respective wells are located at DI1J | and DI,J; from the no flow boundary.

Therefore discrete Kernel coefficient at jth point, considering the one real wells

and all image wells on both sides of the hydrologic boundaries is given by

NP N
8, (ijyn)=6(rym)+ Y lgn)- Y S(ry,)
. P=1 R=| (2. 1 2)

where,
rjj = distance between the ith pumping and jth observation point

8¢(i,j,n) = discrete Kernel coefficient of finite areal extent..

= distance between pth image pumping well and jth observation point.

Ipj

Np = total number of image pumping wells.

Rrj = distance between Rﬁl image recharge well and jth observation point.
Nr  =total number of image recharge wells.

24  INDUCED RECHARGE

Induced infiltration wl;ere suppliéd by a perennial stream ensures a continuing
water supply even though overdraft conditions may exist in near by areas supplied only
by natural recharge. The method has proved effective in unconsolidated formations of
permeable sand and graQeI hydraulically connected between steam and aquifer. The
amount of water induced into the aquifer depends on the rate of pumping, permeability,

type of well, distance from surface stream, and natural ground water movement. It is

14



N

Stream ™ - P(x,y)

Fig. - 2.2 Single well near recharge Boundary
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important that the velocity of the sulrface stream be sufficient to prevent silt deposition
- from sealing the streambed.

The percentage of pumped water diverted from a source of recharge (stream)
depends upon the hydraulic propertiés of the aquifer, the distance of the recharge
boundary from the pumping well and the pumping period
When water is pumped from a well, with constant rate Qp, which is located at a distance
y from a river as shown in figure 2.2.

The induced recharge from the river entering to the aquifer in given by

b)
eyl

- O a2y
Qr—-2£n (deX)Z;Ee “p X?—*_—yz

3 2
x4

QL [ 24
K e x*+y’

_ @bfgﬁ _ & 2.13)
z xt 4y :

Response due to unit impulse is given by

2_}1 _:;’_2 1 oyl
k(= ==e " —— J4ft | e dv
® s 4/ A f

_ v g | 2 o |
= e — 4t e adv (2.14)
Nyl o

. 2 & o
where, error function = erf(x)= — 1: e” dv
Jr

vand erf (o0) =1
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Recharge rate from stream is

ool

Time t is measured since onset of pumping

p=TI¢
T =Transmissivity (m2 / day)
¢ =Storage coefficient

17
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CHAPTER -3

STUDY AREA

3.1 GENERAL

The project area lies in the Terai region within Saptari district of Sagermatha zone
in Nepal. Terai 1"egi0n extends almost throughout the length of the country and Vcovers
approximately 23% of Nepal’s area. This is the region which yields bulk of the country’s
agricultural prodﬁce. The project area has large fertile alluvial sloping land. The land
| lltiiilzatioxi statistic of Saptari district shows that there is very littie scope for harnessing
more land for cultivation. The‘ food requirements are necessarily expected to grow
continuously and required agriculture production has, therefore, necessarily to come from
increasing infensity of cropping and irrigation and using modern practice for intensive
agriculture for increased productivity. The country is heavily dependent on agriculture, in

which almost 94% of the economically active population is engaged in producing 60% of

the GNP Table 3.1 shows estimate of land use. o

3.2 LOCATION

The project area is located in the Western section of the Koshi river basin
between latitude 26°25' N and 26°45' N and between longitude 86°44' E and 86° 57°30"
E, and forms a part of the eastern Terai lands of Nepal. The location and project are

shown in Fig. 3.1 and 3.2.
Chandra canal, which supplies water to the project area, running since 1926, is an

old canal off-taking from Trijuga river, a tributary of the Koshi. The command area lies

18



Table 3.1 Area under Cultivation in Saptari District

Land use area | Total cultivated land % land use of total cultivated land
under Low land in ha | Up land in ha Low land Up land
Seasonal crops 74472 8646 97.37 77.81
Current fallow 358 564 047 | 5.08
Fruits 313 558 0.40 5.02
Permanent 164 _ 296 0.21 2.67
pasture |
Pri\-fate forest, 162 174 0.22 1.56
grass
Miscellaneous | 1015 . 874 ’ 1.33 7.86
Total 76484 11112 100.00 100.00

The present land use pattern of the project area is reported as below:

Percent

1. Cultivated land, including ridges 80
2. Grass land, including dikes of ponds and slopes of streams 7
3. Forests, including bamboo thickets 4
4. Villages ' . 4
3. Ponds, rivers 3
6. . Roads and miscellaneous ' 2

Total | 100

19
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Table 3.2

Data of annual rainfall of project area

Annual Precipitation (mm)

Stations
Year Rajbiraj Siraha Lahan
1972 1323 1110 1137
1973 - 1310 1471
1974 1610 1724 2106
1975 1146 1905 2158
1976 1244 1443 1594
1977 958 1251 1628
1978 1066 1409 1152
1979 1541 1213 1289
1980 1342 1634 1107
Mean 1279 1444 1516

The monthly distribution of average and 75 percent dependable rainfall is as below:

Month During month Cumulative
Average rainfall 75%deendable Average 75% dependeble
Rainfall Rainfall Rainfall Rainfall
mm mm % mim mm - %
June - 231 189 16.9 231 189 16.9
July - 355 292 26.2 586 481 | 43.1
August 330 271 243 916 752 67.4
September 192 158 14.2 1108 910 81.6
October 69 57 5.1 1177 967 86.7
Non- 184 149 13.3 1361 1116 100.0
.monsoon
months.
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from north to south between the Koshi in the east, hill in the north and northwest,
khando river in the west and western koshi canal in the south.

33 CLIMATE

The project area has a humid subtropical monsoon climate. Temperature in the
project area remains high (400C) during the dry months of April, May and June. 80% of
annual rainfall occurs in the months of June, July, August and September due to

southeasterly monsoons.

Data of annual rainfall for the period 1972-80 for Rajbiraj, located in the project
command and Lahan and Sirha, just adj acent to the project area are given in Table 32
34 TOPOGRAPHY

The command area has east and southward average slope of 1 in 800. The -ground
elevation ranges from l'OO_m north to 73.5 along the western Koshi canal on the southern

limit of the command.

35 GEOLOGY

The chandra canal is a contour canal, which irrigates on its east and-south side
only i.e. left side only. Sub-surface geological studies carried out reveal that the
lithological units, which are mainly composed of sand and gravel of varying thickness in
11.50 km reach of the main canal and represent channel deposits and sand andl clays in
down command area which is due to flood plaih deposits.

3.6 HYDROLOGY

Koshi is the principal river in the east of the project area. Trijuga l'i\;CI' (source of

water for project) is a perennial river with varying discharge. Other rivers in the

command area are flasy river only.
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Presently Rabi crop intensity is‘ 45%. Since last year the project is under joint
management. Now WUAs want to increase Rabi crop intensity to 65% by searching other
alternatives for required water demand. According to present cropping pattern there will
be about 1.0 cumec deficit of water for fortnightly requirement for about 63 days
Appendix I-3

According to earlier investigations augmentation of low flow in the river by
constructing storage reservoir is not possible due to lack of sufficient reservoir area. also
taking Koshi river water directly is not possible as she flows through deep. So the
deficiencies in irrigation water for Rabi season has to be meet by planned and controlled
exploitatfon of ground water.

Augmentation of main canal in middle reach chainage 8 km seems to be
economical as investigations show that middle and above reach of command area have

only good aquifers. In middle reach command area transmissivity and storage coefficient

are 5000 mz/day’and 0.20 respectively.



CHAPTER-4

COST FUNCTION

41 TUBEWELL

The cost of constructing a tube well depends on the capacity and depth of the tube
well and the type of function to be performed by the well. The capital cost mainly
consists of
(1) | Cost of tube well construction and

.(ii)  Cost of pumping set and its accessories

Besides the cost of material considerable amount is spent on preliminary systems,
transportation of material, lowering of well assembly, development of the well and
construction of pump house etc.

The analysis of cost has been carries out using the rates obtained from the project
office. The cost of construction of tube well and pump is shown in Table 4.1(details for
diameter and length is in Appendix -I)

42 TRANSPORTATION (CONVEYANCE) SYSTEM

Two type of conveyance system may be used (i) open channel and (ii) pipe line.

(1) [n this study open channel transbortatio_n has not becn considered as it will

be costly and unfeasible due: to land contour.

(i)  Pipe line

R.C.C. hume pipe for transportation of water from pumping weli point to
main canal has beén éonsidered in this study because it can be constructed locally

as required. Here very good quality of fine and coarse aggregates is available.
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Table : 4.1 Cost of pump etc (Construction and cost of tubewell)

Description size quantity Rate Rs.funit Amount Rs.
1. Slotted pipe 20em 20m 1750.00 35000.00
" 2. Housing pipe 30cm 40m 1800.00 72000.00
3. Gravel packing . 15 m3 500.00 7500.00
4. Bail plug 20 cm 1 no. 700.00 700.00
5. Sockets 20cm 6 nos. 500.00 3000.00
6. Sockets 30cm 10 nos. 600.00 6000.00
7. Reducer 20*30 cm 1 no. 1500.00 1500.00
8. Well cap 30cm 1 no. 400.00 400.00
9. Centering guide 20 cm 4 nos. 700.00 2800.00
10. Delivery pipe ,| 20cm 10m 1200.00 12000.00
11. Clamp 30cm 1 no. 800.00 800.00
12. Development . 30 hrs. 550.00 16500.00
13. Transformer 40 kva 1 no. 55000.00 55000.00
14.Survey . p.s. 2000.00 2000.00
15, Transportation of material . p.s. 3000.00 3000.00
16. Panel board etc. _ p.s. 20000.00 20000.00
17. Misllaneous expenses _ p.s. 12000.00 12000.00
(Transmision line etc.) '
Total const. Cost 250200.00
Submersible pump with 30 H.P. 1 no. 80000.00 80000.00
accessories
Grand total 330200.00
Table: 4.2 Cost of R.C.C pipe line
Inside Thickness No. of collars|cost of pipe cost of collars | Total cost per cost includin [cost per
dia. M mm in 100m per100m Rs. [per100mRs. [100m Rs. [glaying etc. m
‘ 15% more th
2 3 Blancol6 7 | Rs.
0.25 25 49 28000.00 5000.00 33000.00 37950.00 | 380.00
0.35 32 39 50000.00 6300.00 56300.00 64745.00 | 648.00
0.4 33 39 65000.00 8500.00 73500.00 84525.00 | 845.00
0.5 35 39 80000.00 10000.00 90000.00 | 103500.00 | 1035.00
0.6 38 39 108000.,00 11000.00 119000.00 | 136850.00 | 1369.00
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Cost of R.C.C. pipe for different diameters are shown in Table
4.2.(Calculation of diameter is in appendix -I)
4.3 MAINTENANCE AND OPERATION CHARGE
Operation and maintenance charges for tube well and pipeline are assumed to be
4% of capital cost.
44 ENERGY LE. COST OF PUMPING DURING TIME STEP N AT
LOCATION J.
The energy cost of pumping water and delivering the same to the canal consisfs of
(1) The energy cost of pumping water (i.e. lifting) from water table /
piezometric level i.e. considering static lift (G; as shown in Fig 4.1).
(i)  Energy for additional lift caused due-to average drawdown, S, (average)
(i)  Energy used in overcoming frictional resistance (neglecting other losses)
in the pipe line transportation system, PL and
(iv)  Energy used in lifting water upto F.S.L. of canal from the ground level,
(G2 as shown in'Fig4.l).
Annual cost of energy per tubewell is given below :
(a) For local application'

N
axy,xc,x0.746x) 0V x(G! +§, (average))

Cost Py = =
75%E , xE, 3600

N .
=Rs.CExoax Y Qx(Gi()+Sw(aver.)

n=|

(b)  For outside application
N

Cost P, =Rs. CEx (1-0) X D Q, (j,0)x (G19+ G,9+ PL+S (aver.))

n=l
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Where,

a = percentage of water used in tubewell area. -
Ce = cost of energy (Rs. 4./kwh)
Ep = efficiency of pump (0.80)

Em = efficiency of motor (0.85)
ry = unit weight of water (1000 kg/m?)
75 and 0.746 are conversion factor for h.p. and kilowatt respectively.

Qp (1) = pumping rate at jth well during n' time step (m’/sec).

— Slv(j’n)+Slt'(j’n_1) .

Sw(aver) 3
Sin) =Y 0,666 nr+D
p
PL = pipe line losses. (detail calculation is in appendix-I)
e

' 4 filxQ? 10°
b - O S0,
2g82Rxn"R* m~gR

Where,
F = coefficient of friction (0.006)
1 =Length of pipe line in m
Qp = constant pumping rate in m*/week
R = Radius of pipe in m
g = Acceleration due to gravity in m/week’
g —9.81x(3600x24x 7) miweek’.
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45  COST OF TUBEWELL BORING
Cost B=C; xdepth () + C x 0.5x depth(j)?
where, |
C, = constant cost of excavation 1
C,=10% of C, to take care of incremental cost due to lift.
4.6 SINGLE PAYMENT PRESENT WORTH FACTOR
In order to workout cost of water supply capital cost of the pumping ‘and
maintenance of pipe have to be converted into present worth cost. So these have to be

| multiplied by present worth factor (PWF). PWF is given by-

PWE. = (1+1i)"
Where,

i = discount rate -

n = life in year.

4.7 PRESENT WORTH COST OF WATER SUPPLY
i) For local application;
Total cost = cost P; x PWF + Cost B + Cost T + M Cost x PWF.
1) For outside application;
Total cost = cost P, x PWF + Cost B + Cost T +M Cost x PWF.
4.8 ECONOMIC EVALUATION
The objective of the irrigation project is to minimize project cost and to check its

benefits cost ratio. Augmentation well project requires large investments. An investment
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on a pfoj ect is economically justifiable only if it shows a profit. It is, therefore, important
that the project is analysed from the economic angle and its pl'dﬁtability assessed.
Economic analysis is performed in a series of steps. Economic evaluation includes
the determination of total benefits and total costs. The various methods used to carry out
the economic analysis of well and pump project inclﬁde (1) the benefit cost method, (i1)
the present worth method and (iii) the internal rate of retum | method (Annual cost
method).
Here in this study the present worth method has been used to find minimum cost
- of irrigation water supply. Benefit cost ratio method is used analytically after the
economical locations of wells are identified.
4.8.1 Benefit Cost Ratio (B.C.R.) Calculation

It is given by

Present worth benefit =PWB = Z (;, i t)B,

i=l

[ nli,_._ N . v
Present worth cost =PWC= Z(;, i t)C, &

i=]

e, Lo 1
F 1+
where,
P = present worth benefit or cost
F = Future benefit or cost.
By = Total benefit at the end of n years
Ce = Total cost at the end of n ye aré
n = Life of the project, here 30 years assumed
i = Discount rate (10% taken).
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4.8.2 Present Worth Benefit
Incremental benefit / year = net return from crops after implementation of the project
(Table 4.3 detail analysis is in appendix [-5) minus (-)
Net return from crops without project (Table 4.4 see I-6) = 56968950 — 8720210 =
Rs. 48248740
For 30 years total incremental benefit = Rs. 30x48248740 = Rs. 1447462200
In the project about 60% rabi season water is available from surface water, only
40% of above total benefit has been considered for this study due to wells supply.

Présent worth of total benefit = 0'40();14371;13602200 = Rs.33180785.86
+0.

4.8.3 Present Worth Cost
Present worth cost from computer program (Table 6.3) = Rs. 9155000.00
Present worth maintenance cost of above @4% =Rs. 366200.00
Taking 40% of annual maintenance cost = 0.4 x 1000000 = 400000 (at present
- maintenance cost per year of the project is Rs. 1000000) _

Present worth maintenance cost = w =Rs.687702.64

(1+0.1)%

Total present worth cost = Rs. 10208902.64

33180785.86

Benefit cost ratio = —————— = 3.
10208902.64
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" Table: 4.3

Total Rabi cropcost with project
Crops crop area in ha unit_cost in Rs./ﬂa - Amount  Rs.
1. Wheat 4520 61{,5.00 27775400.00
2. Oilseed 1695 5360.0Q 8915700.00
3. Pulse. 565 '10100.0(_j 5_706500.00
4, Vegetébles 565 ‘ _25790.100 14571350.00
Total return " 56968950.00 ‘
Table : 4.47 Total Rabi crop cost without project
Crops .| crop area i-n ha » unif cost in. Rs. Amoﬁnt Rs.
1. Wheat 4520 1305.00 5898606.00
2. Oilseed 452 .3960,00 1789920.00 ‘
3. Pulse . 113 9130.06 1031690.00
-Total return '8720210.00
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CHAPTER -5

METHOD OF SOLUTION AND COMPUTER PROGRAMS

5.1 GENERAL

The total cost of water pumped from the groundwater rescrvoir is function of
aquifer parameters, cost of well (pump etc.), cost of excavation, cost of conveyance
system and enc.rgy, operational parameters such as continuous running hours and total
annual (seasonal) éperating hours and position of wells in relation to canal and spacing
~among the wells. For a given set of aquifer conditions there will exist a unique
combination of all other variables for which total cost of water supply will be minimum.

~ The difficulty of solving the problém as such is that the operational parameters
and cost parameters will be subject to constraints spec.iﬁc to each site conditions. For
example the operational parameters will depend on the type of rotation of irrigation
application in the system, schedule of power availability, total quantity of water to be
pumped etc. The cost parameters will depend on the type of conveyance sysiem used for
transportation of water. Here in this study R.C.C. hume‘pipe has been taken as
A' coﬁveyance systeni.. The diameter of the pipe for the transportation system is a function
of dischargé only. A common line with different diameter for different discharge has
been taken so that friction loss in pipe will be minimum.

In this study wells have been considered to take water from the aquifer which will
be replenished by stream and rainfall. It has been assumed that there will be no seepage

from canal as it is lined in this reach. The aquifer has been assumed to be homogencous
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and isotropic as only one value of transmissivity and one value of storage coefficient are

available.
5.2 METHOD OF SOLUTION

As there is no seepage from canal to the aquife.r, the first well in each row has
been placed near to the canal, so that cost of transportation will be minimum. Nine rows
(batteries) of wells perpendicular to canal having four wells in each row have been
placed. 200 m spacing among wells have been given so that maximum area of middle
reach (having good aquifer) can be tapped and some water can be utilized in this reach
(i.e. locally) also.

| Image well theory (as the well field area is bounded by two‘parallel boundaries)
has been used to convert finite areal extent to infinite areal extent aquifer and drawdown
has been found using Kernel coefficients. The Kernel coefficients for drawdown are
computed using Theis well function and method of superposition forb the infinite number
- of image recharge and pumping ngls.

Similarly to find recharge coming from stream to the aquifer, only left side image
wells (i.e. right side of stream) have been considered, becéhse image wells will'on other
side have no effect.

Systematic search has been applied to find best location of 20 wells among 36
wells (as given in well field, Fig. 5.1), so that total cost of puinping and supplying water
will be minimum.

53  COMPUTER PROGRAM
The program consists of three main program, four subroutvinc sub-program and

two function sub-program.
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5.3.1 Function Subroutine Exponential Integral E;(x)

This sub-program is used to find the well function i.e. exponential integral, given

by
e—l’l
E(x)=| —du
= =
where,
2 2
X = ! :—i
45t 4Tt
The integral can be expanded as a convergent series so that above equation
becomes.
x> X
Ei(x)=-05772-Inx +X - —+——..........
220 3.3

It was found that for x greater than unity the series converges very slowly and
takes too much computational time.

Gautschi and Cahill have expressed the well function which is an exponential
integral in the polynomial form and is specifically suitable for computer application.
They have expressed the function for two ranges of x as follows :

For 0<x<l

Ei(x) = 2o — [nx + a;x + a3x” + agx+agx +asx’
Where,

a,=-0.57721566 a; =0.99999193

ay =-0.24991055 a3 =0.05519968

as =-0.00976004 as =0.00107857.
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CHAPTER -6

RESULTS AND DISCUSSIONS

The aquifer, being homogeneous, discrete kemds have been generated using
image well théory for converting the finite to an infinite aquifer and then adopting Theis
well function. Sufficient number of images have been considered on either side of the
two hydrological boundaries i.e. the no flow boundary on one side and the stream on the
other side.

Had the aquifer been non-homogeneous, a ground water flow model would have
been used to generate the kernel coefficients. If a ground water model is used to generate
the unit pulse response function coefficient, application of the image theory is not
required. The unit response function coefficients are generated at the nodes of a
rectangular grid. These nodal points are the possible sites of constructing a well.

Assuming a time step size for thé prescribed value of T and ¢, unit response
funiction 8(i, j, n), n varying fr'o.u; 1 to pL;ll*lphil'l-g”pez.l'iOd, have been generated and stored.
These coefficients have been generated only for once.

" Considering irrigation water requirement in the project area, the total number of
wells are ascertained.

Deficit water requirement in the project area of 11300 ha during winter season

(65% cropping intensity) for wheat, pulse, oilseed and vegetables is 1 m*/sec. To get this

much discharge 20 wells of 50 Ips capacity are needed.
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In this study a ne%work consisting of square grid with 36 nodes has been selected
and & (ij,n),i=1,36 and j =1, 36, and n = 1, 9 have been generated. The time step size
has been taken as one week.

The coefficients & (i;j,n), for i=1,1;=1,36 are presented in Table 6.1. & (i,j,n),
represents the drawdown at the point j at the end of time step n due to withdrawal of a
unit quantity ét node 1 during ﬁrst time step and no withdrawal thereafter. For finding the
optimal 20 wells first it is assumed that 36 well exist one at each node. The pumping at a
node influences the drawdown at other nodes. Therefore, if a well ié deleted at a node, the
drawdown will be influenced at all other nodes. Out of these 36 wells, 16 wells have to
be dropped so that the cost of pumping and supplying water will be minimum. To achieve
this goal a systematic search has been adopted and the 20 most economical wells have
been identified. While .ﬁnding optimal well locations the present worth cost has been
considered assuming 10% interest rate. The life of the project has been taken as 30 years.

“The 16 wells to be dropped in sequence so that remaining wells are economical
are given in Table 6.2. The final optimal locations of the well, are given in figure 6.1.

The cost of excavation , cost of pump and tube well accessories , cost of energy-
,-cost of transportation and total cost are shown in Téble 6.3.

Benefit cost ratio (B.C.R) has been calculated as presented in chapter 4.8.
According to calculation total present worth of benefit is 33180785.86 and present worth
of total cost (including maintenance) is 10208902.64 and the benefit cost ratio
(BCR) is 3.25. |

When pumping is done in the vicinit}; of a river, in the beginning, water is taken

from the aquifer storage, but as pumping continues part of the pumped water is taken
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' from the stream. With time contribution of aquifer to pumping decreases and contribution
of stream increases. After stoppage of the pumping, the stream 1'echarge.continues till the
water lé;el n ;[lle stream and water table in the aquifer become éqﬁal. So eventually all
the water pumiaed only comes from the stream storage. The water which is faken from the
aquifer storage during the beginning of pumping is replenished from ,th¢ stream storage
after stoppage of pumping. The variation of induced recharge wheh all the 20
economical wells oiaerate are as shown in Table 6.4. The induced recharge increases with
time. It also incr;eases for some time aﬁer.stqppage of pumping. After attaining a peak
- value, it decreases and in the end the recharge rate decreases monotonically to zero. It is
found that the recharge volume is 0.9999 of water pumped at the end of 150 weeks from
the onset of pumping. The variation of induced recharge with time is presented in
figure 6.2. The induced recharge is also presented in nondimensional form in figure 6.3.
The sudden jump in recharge rate occurs at the end of 9 weeks when bumping is stopped

as actual recharge rate is divided by cumulative pumped quantity.
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ok ok sk e sk ok ok ok ok ok ok ok ok sk ok ok ok ok ok ok ok ok ok ok ok ok R Rk o ok ok ok ok ko ok ok ok ok ok ok Sk ok ok ko o ok ok o
- TABLE:6.1
SAMPLE RESULTS OF DISCRETE KERNEL COEFFICIENTS FOR COMPUTATION

OF DRAWDOWN AT J=1,36 AND PUMPING AT I=1,1
ook ok ok ok ok ok ok ok ok ok ke ok ok ok ok o e ok ok ke e ok ke ok ok ke ok ok ok ok e ok ok ok e ok ok ek ok ke ok ok ok ok ok ok ke ok ke k ok

2600.000000 35000.000000 2.000000E-01 1.000000E-01

30240.000000 9

500.000000 700.000000 900.000000 1100.000000
500.000000 700.000000 900.000000 1100.000000

500.000000 700.000000 - 900.000000 1100.000000
500.000000 700.000000 900.000000 1100.000000
500.000000 700.000000 900.000000 1100.000000

500.000000 700.000000 900.000000 1100.000000
500.000000 700.000000 900.000000 1100.000000
500.000000 700.000000 900.000000 1100.000000
500.000000 700.000000 900.000000 1100.000000
DRAWDOWN

J= 1

1.209956 1.274974 1.318383 1.351230
1.377650 1.399688 1.418510 1.434843
1.449182

J= 2

1.866759E-01  2.613180E-01  3.094672E-01  3.450665E-01
3.732943E-01  3.966321E-01  4.164526E-01  4.335940E-01 -
4.486083E-01 ‘
J= 3 -

8.831150E-02  -1.497135E-01  1.924440E-01 .250962E-01
2.514614E-01  2.735018E-01  2.923542E-01 _ 3.087361E-01
3.231323E-01 S

J: 4 & i P o I
4256536E-01

N

4.224721E-02 8.933786E-02 1 1.546725E-01
1.786823E-01 1.990494E-01 2.166320E-01 2.320026E-01
2.455650E-01 ' '

J= ' 5

2.076637E-01 2.888067E-01 3.395542E-01 3.765472E-01
4.056470E-01 4,295867E-01 4.498526E-01 4.673406E-01

4.826351E-01
J= 6 ,
1.401788E-01  2.118347E-01
3.217525E-01  3.448478E-01
3.964185E-01
J= 7

.588684E-01 2.938837E-01
.644941E-01 3.815050E-01

w N

7.542088E-02 1.343825E-01 1.761245E-01 2.082414E-01
2.342713E-01 2.560827E-01 2.747695E-01 = 2.910267E-01
3.053263E-01 -

J= .8 :

3.764918E-02 8.288528E-02 1.183626E-01 1.469061E-01
1.706107E-01 1.907662E-01 2.081943E-01 2.234480E-01

2.369193E-01
J= 9
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1.088072E~01
2.910929E-01
3.661104E-01
J= 10
8.180045E-02
2.492023E-01
3.219584E-01
J= ' 11
5.047245E-02
1.972267E-01
2.664660E-01
J= 12
2.728013E-02
1.504490E-01
2.150653E-01
J= 13
5.612454E-02
2.154659E-01

- 2.873137E-01

J= 14
4.375665E-02
1.904050E-01
2.600889E-01
J= 15
2.906086E-02
1.580482E-01
2.243667E-01
J=. 16
1.679441E-02
1.255212E-01
1.874153E-01
J= 17
2.718719E-02
1.600140E-01
2.276537E-01
J= 18
2.163916E-02
1.442368E-01
2.098422E-01
J= 19
1.497835E-02
1.232848E-01
1.857256E-01
J= 20
9.073529E-03
1.008888E-01
1.591684E-01
J= 21
1.219351E-02
1.183778E-01

w

o

Asitd.out

.805870E~01
.142940E-01

.452209E-01
.715850E-01

.027004E-01
.183653E-01

.739497E-02
.699829E-01

.147156E-01
.374865E-01

.556871E-02
.116489E-01

.178685E-02
.781114E-01

.967162E-02
.440615E-01

.140388E-02
.804822E-01

.078616E-02
.639833E-01

.732033E-02
.419339E-01

.402337E-02
.181226E-01

.312604E~-02
.370102E-01

44

2.278875E-01
3.340303E-01

1.890626E-01
2.907180E-01

1.416138E-01
2.365638E-01

.004729E-01

H .

1.869556E~-01"

-

.567896E-01
2.563708E-01

1.345705E-01
2.299560E-01

1.064104E-01
1.955244E-01

7.911020E-02
1.603018E-01

1.071278E-01
1.982353E-01

9.390672E-02
1.811938E-01

~J

.673008E-02
1.583040E-01

ol

.903724E-02
1.333902E-01

7.208847E~02
1:534081E-01

(S

.630894E-01
.511220E-01

W N

.223832E-01
.073433E-01

w N

.721770E-01
.524526E-01

N =

.276367E-01
.018636E-01

N =

.891983E-01
.728218E-01

N =

.652481E-01
.459581E-01

N

.345506E-01
.108176E-01

[N el

.041219E-01
.746509E-01

[

[y

.359965E-01
.138294E-01

N

.212346E-01
.963625E-01

g

.017993E-01
.728007E-01

-

.132131E-02
.469921E-01

= @

9.697143E-02
1.679659E-01



1.809767E-01
J= 22
9.842477E-03
1.081840E-01
1.689038E-01
J= 23
6.991234E-03
9.431981E-02
1.521152E-01
J= 24
4.375078E-03
7.890321E-02
1.328524E-01
J= 25
5.025991E-03
8.693327E-02
1.438920E-01

J= 26 -

4,098050E-03
8.023911E-02
1.354916E-01
J= 27
2.962247E-03
7.095855E~-02
1.235550E-01
J= 28
1.896804E-03
6.034793E-02
1.094502E-01
J= 29
1.894190E-03
6.322255E-02
1.141838E-01
J= 30
1.556009E-03
5.878460E-02
1.082232E-01
J= 31
1.138862E-03
5.253975E-02
9.960707E-02
J= 32
7.415175E-04
4.525209E-02
8.919880E-02
J= 33
6.501923E-04
4.545147E-02
9.029262E-02
J= 34
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]

.726893E-02
.261597E-01

[

.970273E-02
.112967E-01

=N

2.195085E-02
9.459195E-02

N

.515012E-02
.035447E-01

=

2.197221E-02
9.626509E-02

.780391E-02
.609434E-02

=

.342465E-02
.433554E-02

~J

.411397E-02
.7172690E-02

-~ =

.243064E-02
.277790E-02

~1 -

=

.019592E-02
.575602E-02

)

.805102E-03
.746609E-02

(G200

.601988E-03
.785520E-02

(G2

45

.412616E-02
.420564E-01

[l @)

.355838E-02
.264173E-01

= O,

1=

.224948E-02
.086943E-01

=

.757950E-02
.184261E-01

S

4,.277631E-02
1.106918E-01

w

.628998E-02
.981675E~-02

o]

N

.916250E-02
.713400E-02

[ee]

§

3.,071418E-02

-9.099624E-02

N

.183234E-02
.564188E-02

o

.388766E-02
.799207E-02

~ N

.946844E-02
.887840E-02

(o)W o

[N

.948058E-02

.935008E-02

[N | [e¢]

N

(0}

oot [e)}

W

[SaN

.768221E-02
.562171E-01

.516927E-02
.399507E-01

.1461538E-02
.213925E-01

.833464E-02
.318106E-01

.242594E-02
.237112E-01

.431884E-02
.122594E-01

.519235E-02
.880878E-02

.746956E-02
.031154E-01

369646E~02
. 743054E-02

.844496E-02
.925861E-02

.241373E-02
.944966E-02

.244338E-02
.028794E-02



 5.371153E-
4.249733E-
8.600264E—

J:

3.967622E-
3.829245E-
7.971643E-

J=

2.615750E-
3.330871E~
7.199258E-

04
02
02
35
04
02
02
36
04
02
02

(@)
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.136513E~-03
.446422E-02

.576710E~03
.959507E-02

.318958E-03
.375446E-02

46

[ W

(G208 o

.763995E-02
.573453E~-02

.527453E-02
.031535E-02

.258579E-02
.375317E-02

.003787E-02
.624718E-02

.665271E-02
.036246E-02

.270586E-02
.318030E-02
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TABLE 6.2- 16 WELLS TO BE DROPPED
R R e R R
RADIUS OF THE PIPE=  2.000000E-01
FRICTION COEFFICIENT=  6.000000E-03
COST OF PUMP ETC COST OF EXCAVATION, 1&2
330200.0000 100.0000 : 10.0000
COST OF ENERGY COST OF TRANSPORTATION
.0163 380.0000 '
LOCAL APPLICATION OF PUMPED WATER
: .2500
QPRATE=  30240.000000 .
5.000000 5.200000 5.400000 5.600000
NUMBER OF YEAR CONSIDERED=30
UNIT TIME PERIOD=ONE WEEK
TOTAL COST OF WATER SUPPLY IF 36 WELL OPERATE
1.888646E+07
COST WHEN WELLS ARE DROPPED IN SEQUENCE A
1.847234E+07 1.839603E+07 1.832041E+07 1.824552E+07
1.847035E+07 1.839396E+07 1.831844E+07 1.824383E+07
1.846902E+07 ©~ 1.839262E+07 1.831716E+07 1.824271E+07
1.846826E+07 1.839186E+07 1.831644E+07 1.824208E+07
1.846801E+07 1.839161E+07 1.831621E+07 1.824187E+07
1.846826E+07 1.839186E+07 1.831644E+07 1.824208E+07
1.846902E+07 1.839262E+07 1.831716E+07 1.824271E+07
1.847035E+07 1.839396E+07 1.831844E+07 1.824383E+07
1.847234E+07 1.839603E+07 1.832041E+07 1.824552E+07
e AL p

**************************k*******************************
TABLE 6.3 THE COST OF PUMP & ACCESSORIES,COST OF EXCAVATION,
COST OF ENERGY, COST OF TRANSPORTATION AND TOTAIL COST
dhkhkhkhkhkhhkhkhkhkhbdhkhkhkbhhhbdhhkhhkdkhbbhdhbhkhbhhhkbbhkhhhhhbdhkhhkhhkhihthkhik
IF ONLY THE MOST COSTLIEST WELL TO BE DROPPED
THE WELL TO BE DROPPED= 20
LEAST COST=  1.824187E+07
COST ANALYSIS
COSTENL= 638868.600000
COSTEXL= 840000.000000
COSTPL=  1.155700E+07
COSTTL= 5206000.000000
TOTAL COST=  1.824187E+07 -
TOTAL COST WELL TO BE DROPPED AT LOCATION
COSTPL COSTEXL COSTENL COSTTL COSTFL

.175981E+08 16

.11227E+08 .81600E+06 .49400E+07 .17598E+08

.61529E+06

47 : . ,



.169547E+08
.10897E+08
.163122E+08
.10566E+08
.156700E+08
.10236E+08
.150289E+08
.99060E+07
.143880E+08
. 95758E+07
.137489E+08
.92456E+07
.131098E+08
.89154E+07
.125429E+08
.85852E+07
.119768E+08
.82550E+07
.114112E+08
.79248E+07
.108464E+08
.75946E+07
.102818E+08
.72644E+07
.971834E+07
.69342E+07
.915499E+07
.66040E+07

.79200E+06
.76800E+06
.74400E+06
.72000E+06
.69600E+06
.67200E+06
.64800E+06
.62400E+06
.60000E+06
.57600E+06

.55200E+06

.52800E+06

.50400E+06

.48000E+06
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24
.59211E+06
12
.56984E+06
28
.54776E+06
8
.52694E+06
32
.50622E+06
4
.48727E+06
36
.46836E+06
19
.44568E+06
15
.42381E+06
23
.40237E+06
11
.38178E+06
27
.36139E+06
7
.34214E+06
31
.32299E4+06

48

.46740E+07
.44080E+07
414208407
.38760E+07
.36100E+07
.33440E+07
.30780E+07
.28880E+07
.26980E+07
.25080E+07
.23180E+07
.21280E+07
.19380E+07

.17480E+07

.16955E+08
.16312E+08
.15670E+08
.15029E+08
.14388E+08
.13749E+08
.13110E+08
.12543E+08
.11977E+08
.11411E+08
.10846E+08
.10282E+08
.97183E+07

.91550E+07
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TABLE 6.4-VARIATION OF INDUCED RECHARGE WHEN 20 WELLS OPERATE
hokkkkkhkkhhkhkhkhkhhkhkhkhhkhhkhhhhkhkhkkkhkhkhhkhkhdhhhkkkkkhhh Ak
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49

2600.000000 35000.000000 2.000000E-01 150

.262E+05 .262E+05

.274E+05 .274E+05

.279E+05 .279E+05

.282E+05 .282E+05

.284E+05 .284E+05

.286E+05 .286E+05

.287E+05 .287E+05

.288E+05 .288E+05

.289E405 .289E+05
.7099E+03 .7000E+08 .0012
.1222E+05 .1400E+09 .0101
.3528E+05 .2100E+09 .0194
. 6328E+05 .2800E+09 .0262
.9282E+05 .3500E+09 .0307
.1223E+06 .4200E+09 .0337
.1509E+06 .4900E+09 .0356
©1783E+06 .5600E+09 .0368
.2043E+06 .6300E+09 .0375
. .2281E+06 .7000E+09 .0419
.2398E+06 .7700E+09 .0440
.2385E+406 .8400E+09 .0438
.2309E+06 .9100E+09 .0424
.2206E+06 .9800E+09 .0405
.2091E+06 .1050E+10 .0384
.1974E+06 .1120E+10 .0363
.1859E+06 .1190E+10 .0342
.1748E+06 .1260E+10 .0321
.1642E406 .1330E+10 . 1.0302
.1542E+06 .1400E+10 .0283
.1447E+06 .1470E+10 .0266
.1358E+06 .1540E+10 .0249
.1274E+06 .1610E+10 .0234
.1195E+06 .1680E+10 .0220
.1121E+06 .1750E+10 .0206
.1052E+06 .1820E+10 .0193
.9869E+05 .1890E+10 .0181
.9259E+05 .1960E+10 .0170
.8686E+05 .2030E+10 .0160.
.8148E+05 .2100E+10 .0150
.7644E+05 .2170E+10 .0140
.7171E+05 .2240E+10 .0132
.6728E+05 .2310E+10 .0124
.6311E+05 .2380E+10 .0116
.5921E+05 .2450E+10 .0109
.5554E+05 .2520E+10 .0102
.5211E+05 .2590E+10 .0096



38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
.63
64
65
~66
67
68
69
70
11
72
73
74
75
76
77
78
79
80

81

82
83
84
85
86
87

.4888E+05
.4586E+05
.4302E+05
.4036E+05
.3786E+05
.3552E+05
.3332E+05
.3126E+05
.2932E+05
.2751E+05
.2581E+05
.2421E+05
.2271E+05
.2131E+405
.1999E+05
.1875E+05
.1759E+05
.1650E+05
.1548E+05
.1452E+05
.1363E+05
.1278E+05
.1199E+05
.1125E+05
.1055E+05
.8900E+04
.9287E+04
.8713E+04
.8174E+04
.7668E+04
.7193E+04
.6748E+04
.6331E+04
.5939E+04
.5571E+04
.5227E+04
.4903E+04
.4600E+04
.4315E+04

.4048E+04

.3798E+04
.3563E+04
.3342E+04
.3135E+04
.2941E+04
2759E+04
.2589E+04
.2428E+04
.2278E+04
.2137E+04

-
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.2660E+10
.2730E+10
.2800E+10
.2870E+10
.2940E+10
.3010E+10
.3080E+10
.3150E+10
.3220E+10
.3290E+10
.3360E+10
.3430E+10
.3500E+10
.3570E+10
.3640E+10
.3710E+10
.3780E+10
.3850E+10
.3920E+10
.3990E+10
.4060E+10
.4130E+10
.4200E+10
.4270E+10
.4340E+10
.4410E+10
.4480E+10
.4550E+10
.4620E+10
.4690E+10
.4760E+10
.4830E+10
.4900E+10
.4970E+10
.5040E+10
.5110E+10
.5180E+10
.5250E+10
.5320E+10
.5390E+10
.5460E+10
.5530E+10
.5600E+10
.5670E+10
.5740E+10
.5810E+10
.5880E+10
.5950E+10
.6020E+10
.6090E+10

50




88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119

120

121
122
123
124
125
126
127
128
129
130
131
132
133

134

135
136
137

.2005E+04
.1881E+04
.1765E+04

1655E+04

.1553E+04
.1457E+04
.1367E+04
.1282E+04
.1203E+04
.1128E+04
.1059E+04
.9929E+03
.9315E+03
.8741E+03
.8198E+03
.7691E+03
.71215E+03
.6769E+03
.6350E+03
.5958E+03
.5588E+03
.5244E+03
.4918E+03
.4614E+03
.4328E+03
.4061E+03
.3810E+03
.3574E+03
.3352E+03
.3146E+03
.2951E+03
.2770E+03
.2598E+03
.2437E+03
.2286E+03
.2145E+03
.2013E+03
.1888E+03
.1771E+403
.1661E+03
.1556E+03
.1462E+03
.1371E+03
.1287E+03
.1207E+03
.1132E+03
.1061E+03
.9973E+02
.9351E+02
.8788E+02
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.6160E+10
.6230E+10
.6300E+10
.6370E+10
.6440E+10
.6510E+10
.6580E+10
.6650E+10
.6720E+10
.6790E+10
.6860E+10
.6930E+10
.7000E+10
.7070E+10
.7140E+10
.7210E+10
.7280E+10
.7350E+10
.7420E+10
.7490E+10 -
.7560E+10
.7630E+10
.7700E+10
.7770E+10
.7840E+10
.7910E+10
.7980E+10
.8050E+10
.8120E+10
.8190E+10
.8260E+10
.8330E+10
.8400E+10
.8470E+10
.8540E+10
.8610E+10
.8680E+10
.8750E+10
.8820E+10
.8890E+10
.8960E+10
.9030E+10
.9100E+10
.9170E+10
.9240E+10
.9310E+10
.9380E+10
.9450E+10
.9520E+10
.9590E+10
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.0004
.0003
.0003
;0003
.0003
.0003
.0003
.0002
.0002
.0002
.0002
.0002
.0002
.0002
.0002
.0001
.0001
.0001
.0001
.0001
.0001
.0001
.0001
.0001
.0001
.0001
.0001
.0001
.0001
.0001
.0001
.0001
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000



138
139
140
141
142
143
144
145
146
147
148
149
150

.8238E+02
.1737E+02
.7252E+02
.6801E+02
. 6382E+02
.5990E+02
.95612E+02
.5275E+02
.4938BE+02
.4625E+02
.4334E+02
.4077E+02
.3818E+02

Asit7.out

.9660E+10
.9730E+10
. 9800E+10
.9870E+10
.9940E+10
.1001E+11
.1008E+11
.1015E+11
.1022E+11
.1029E+11
.1036E+11
.1043E+11
.1050E+11

TOTAL QUANTITY PUMPED= 5443200.000000

.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000

QUANTITY TAKEN FROM THE RIVER= 5442622.000000

FACTOR=

9.998938E-01
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- CHAPTER -7

CONCLUSION

Conjunctive use of surface and groundwater is one of the practical techniques to
mitigate the shortage in canal supply subjected to constraint of steep variation in the river
supply during the year. The u11derlying objective of conjunctive use of surface and
groundwater is, generally to strengthen and supplement t-he canal irrigation system. The
crop planning for a particular region depend not only 611 the availability of wéter, but also
upon socio-economic factors, internal consumption needs, besides soil characteristics,
topography, climaticr condition, marketability of produce etc. Therefore, plamling the
conjuncﬁve use of surface and ground water calls for greater ingenuity so as to exploit
the total available resources to best advantage.

An efficient conjunctive use model has been deveioped using unjt pulse response
function coefficient. The study has been done for a finite aquifer bounded by a stream on
one side and a no flow boundary on the other side. A systematic search program has been
written to identify the most economical well from a cluster of wells. 'The model also
compute induce recharge from the stream. Wherever a well opératés in a ﬁhite aquifer
bounded by a no flow boundary on one side and fully penetrating stream at the other side,
all the water pumped is taken_ only from the stream storage.

| The conjunctive use study is applicable to provide drinking water. The water
should be pumped from the aquifer near the stream. It should not be pumped directly

“from the river.

56



REFERENCES

Chawla, A.S. and Ansari, S., “Augmeitaton of Water Resources in Canal Command
Area”, Proceeding of Inter National Workshop oﬁ Api)l‘opriate Methodologies for
Development and Management of Ground Water Resources in Developing
Countries, National Geophysical Research Institute, Hyderabad Vol. II -1989.
Chawla, A.S. and Hazarika, S., “Optimum Location of Augmentation Wells”,
“Proceedings of all Indian Seminar on Water Resources, its Development and
Management held at Chandigarh -1982.

Chawla, A.S. énd Sharma, H.D., “Conjunctive Use Component” — A Comparative
Study — 1991.

Gautschi, W. and Cahill, W.F., “ Handbook of Mathematical Function with
Formulae, Graphs and Mathematical Tables”, Ed. Abramowitz, M. and Stegun,
LA., -1972

Jindal, P.K. and Kheper, S{.D.; “Opfixﬂum épaciné of Augmentation Tubewells from
Canal”, Journal of the Institution of Engineers (Iﬁdia), Civil Engg. Division, Vol. 61,
July, 1980

Kalita,K.C., “Optimum Location of Augmentation Tubewells”, Dissertation
Submitted to the University of Roorkee in Partial Fulfillment of the Requirement for
the Award of M.E. Degree, WRDTC, UOR,-1982.

Manmohan, “Study of Augmentation Wells”, Dissertation Submitted to the
Universﬁy of Roorkee in Partial Fulfillment of the Requirement for the Award of

M.E. Degree, WRDTC, UOR, -1997.

57



10.

1.

12.

Michael, A.M, and Khepar, S.D., “Water Well and Pump Engineering”, Tata
McGraw-Hill Publishing Company Limited, New Delh-1989.

“National Seminar on Ground Water Development”, Perspective for Year 2000
A.b., IWRS, Proceeding Vol-1, December 19-20, 1983.

Sir M. Macdonald and Partners Ltd. in Association with Mcdonald Agriculture
Service Ltd., and East Consultént (p) Ltd., Nepal, “Design Manual for Irrigation
Projects in Nepal, M-10, Engineering Cost Estimating and Economics Manual”,
Feb.,1990

Theis, C.V., “The Effect of Well on the Flow of a Nearby Stream”, Transaction of
American Geophysical Union, Vol. 22, -1941.

Todd, D.K., “Ground Water Hydrology”, Second Edition, John Wiley and Sons,-

1980.

58



APPENDIX -1 : DESIGN ASPECTS



APPENDIX -1

DESIGN ASPECTS

The design aspects have been presented for a maximum of 4 number of wells.
RA_Bi SEASON WATER REQUIREMENT

Total command area of the project is 11300 ha. Cropping pattern and crop
calendar of Rabi season are as shown in Table I-1. According to cropping pattern in the
project area fortnightly water requiremenf in each month has been calculated as shown in
Table I-3

From the table it is seen that surface water, is not sufficient to satisfy required
water demand from December 2" half to February Ist half. To satisfy the water
requirement with 1:1 rotation together with surface water, about 1 cumec of water hés to
be withdrwan from ground water reservoir.

Well poipts have been designed to place them in the middle reach command area
of main canal as frém the’ 1nvest1gat1on, the aquife:r is good in.this reach 6nly. Water
MliCh will be utilized in the command area of the well field will be as shown in the
- Table I-2 From this it is seen that about 25% of total water pumped will be utilizs:d n
local area and rest 75% of pumped water will be transported from weli to main canal for
downstream command area utilization. |
DESIGN OF NUMBER OF WELLS REQUIRED

Proﬁding 50 lit/s discharging capacity tubewell, total number of tubewells

. required for 100 I/s of water demand is 20 numbers i.e. total number of

tubewells = % =20 wells.
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DESIGN OF R.C.C. HUME PIPE
Diameter for Different Discharge

Assume velocity of flow in pipe = 1.2 m/sec and it is assumed to be constant for

all discharges.

1) For one well — i.e. for discharge 0.05 cumec
Q = (n/4) D*V
po 42 =\/4x0.05 _0%3m
i rx1.2

Provide diameter of pipe = 0.25 m

ii) For two wells i.e. for discharge 0.10 cumec

D= 1’ “01 0.35m
mx1.2

Provide diameter of pipe = 0.35 m.

iii) For three wells i.e. for discharge 0.15 cumec

p= 2005 6 40m
7 xl.2

Provide diameter of pipe = 0.40m

iv)  For four wells i.e. for discharge 0.20 cumec.

D=, / 4x0.20 =0.46 m
rx1.2

Provide diameter of pipe = 0.50 m.
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Energy losses in pipe line

fluid, which results in causing a loss of energy. The various energy losses in pipes may be

When a fluid flows through a pipe, certain resistance is offered to the flowing

classified as

(1)

(ii)

(i) minor losses and

(i1) major loses.

The minor losses of energy are those which are caused on account of the change
in the velocity of flowing fluid (either in magnitude or direction). In this study
these have been neglected because in case of long pipe, these losses are usually
quite small as compared with the losses of energy due to friction.

The major loss of energy, as a fluid flows through a pipe, is caused by friction. It

may be computed by Darcy-weisbach equation given By

2gd

PL = pipe loss due to friction in m =

ALY Y’
x’gD’  n’gR’

where

= coefficient of friction
= Length of pipe line in m.
= discharging rate in m’/sec.
= diameter of pipe in m
g=  acceleration due to gravity in m/sec’

Energy loss in pipe for different conditions are :
Q =0.05 cumec = 0.05 x 3600 x 24 x 7 = 30240 m*/ week

Here in this study, week has been taken as unit time.
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g=9.81 m/sec? = 9.81 x (3600 x 24 x 7)* = 3.58833 x 10" m/week’
£=0.006. | | |
Two cases ﬁave‘ been considered. These are

Case I : Separate }ﬁipe line for each well :

(1) For one well

-

pL= L2
.7 gR

Here
L=100m

R=0.252m

PL, = 0.006x100x(30240)° 0.5 s

7%x3.58833x107 x(0.125)"

(11) For two wells

L= 100m and L, =300m

PL,= f £ (L, +1;)= 2.03m
T° gR T

(iii)  For three wells

Ly =100m,L, =300 mand L = 500 m
‘ 2

PL; = —{Q—S(loo +300 + 500) = 4.57m
z° gR” “

(iv)  For four wells

L; =100m, L, =300m and L; = 500m & L4 =700 m -
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2
PLy = —/Z (100 + 300 + 500 + 700) = 8.12m
7% gR

Case II: Combined pipe line for all wells .

M

(ii)

(iii)

(iv)

one well

pL, = B _ . 51m

2 gRS -

Two wells

Ly =100 mand R; =0.35/2m = 0.175m
Qi =2Q
L, =200m and R; =0.125m

Q2=0Q

Three wells
L,=100m and R; =020 m

Q1 =3Q

I, =200m and R; =0.175m

Q=20

L3 =200 m
Qs =Q

Four wells

L;=100m,R; =0.25m and Q; =4Q
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L,=200m,R; =0.20m and Q; 3Q
L3=200m,R3 =0.175m and Q; =2Q

Ls=200m,Rq =0.125m and Qs =Q

2/ 22 2 R L - '
PLs = f%) ! f] +3 f“ +2 53 +£45— =2.90m
T°g\ R R, R, R,

From above it is found that providing one pipe line for all wells is economical because
pipe loss is minimum in this case.
| TUBEWELL DESIGN
The design is worked out taking into account ilyd1'aulic conductivity of - the
aquifer, total aquifer thickness available, screen entrance velocity, total drawdown in the
tube well during pumping, depth of water table below ground and seasonal fluctuations in
water table.
Design of a tube well involves selecting the appropriate dimensions of the various
- components and choosing the proper. material t_Q.,_be used in its construction. 'A good
_design should aim at efficient ptilization of the aquifer is, long useful life, low initial cos-t
and low maintenance and operation costs.
Housing Pipe
The housing pipe is an enlarged section of the well casing at the top of the well
- and is used to accommodate the pump with enough clearance for installation and efficient
operation. The housing pipe should be at least 5 ém more in diameter than the nominal
diameter of the pump.
In this study according to lithology available the iength of housing pipe is taken as

40 m, the diameter and thickness of the housing pipe (steel pipe) as recommend by
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U.S.B.R. for 50 1/s discharge as given in Tablé I-4, are taken as 30 cm and 4.0 mm
respectively.
Slqtted Pipe

It is the most impbrtant component of a well. The size of the slot opening is
governed by the size of the gravel or aquifer material, which are to be retained. The
slotted pipes permit the water to enter the well from the aquifer. The slot size of the
~ screen should be such that it retains at least 90 percent of the gravel.

Provide diameter of screen as 20 cm (as recommended by USBR. Table I-4). The
percentage open area of the screen may be adopted as 20 percent.

Based oh the permissible entrance velocity (Table I-4) the minimum slotted pipe

length for a particular discharge in computed from the following relation :

L= 2
AOVe

where
L = minimum length of the well screen, m
Q = maximum expected discharge capacity of well, m*/sec
A, = effective open area per metre length of the well screen, m?

V. = entrance velocity at the screen, m/sec
Here in this study, assuming the effective open area of the available strainer, the length
of ‘.élotted pipe is obtained.

D= 20cm

Q = 50 I/sec =0.05 m>/sec

V. =3 co/s(assuming) = 0.03 m/sec

Ag =nd x 15/100 = 0.0942 m?
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Table: 1.4

Diarheter and thickness of housing pipes of tubewells for
_different sizes of turbine/submersile pumps

discharge Nominal diameter [ Diameter of housing | Thickness of housing
I/min of pump. Cm. pipe. Cm. pipe. Cm. -

475 12.5 15.0-20.0 " 1.5-3.5

1150 15 20.0-25.0 1.5-3.5

2275 20 25.0-30.0 .2.0-50.

4550 30 35 - - 2050
- 7500 35 40 . 2.0-6.0
11500 40 45 .2.0-6.0

Recommended diameter of casing pipe and well screen

Discharge

Casing pipe/ screen diameter. Cm

I/min Minimum Recommended
475 10 10
475-1125 15 15
1125-3000 - 20 25-
3000-5250 25 30
5250-9500 30 35
9500-13300 35 40

Optimum screen Entrance velocities

Coefficient of
permeability -
cm/sec

028" 024 T 018 "014°'0.09 0.05 0.02

Optimum screen

~ entrance velocities

5.5

5.0 4.

5 40 30

20 15

cm/sec
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Calculation of Be_nefit and Cost ratio

Table I-§ Crop budget : Project with tubewell irrigation

Particulars Unit Crops .
Wheat Qilseed Pulse Vegetable
1. Return ) » ' :
Yield " tha 22 0.6 0.7 11
rate Rs./t 8000.00 15000.00 20000.00 4000.00
Return Rs. 17600.00 9000.00 14000.00 44000.00
2. Expenditure ' . :
: seed Kg./ha 90 9 25 1500
rate Rs./kg 10.00 20.00 30.00 6.00
value Rs. 900.00 180.00 750.00. 9000.00
DAP kg/ha 120 -— e 250
rate Rs,/kg . 15.00 . - 15.00
value Rs. 1800.00 - o 3750.00
Chemicals :
N kg/ha 60 - 15 70
rate Rs./kg 15.00 . 15.00 15.00
. value Rs. 900.00 _ " 225.00 1050.00
P kg/ha 30 _ 15 © 30
rate Rs./kg 17.00 _ 17.00 17.00
value Rs. 510.00 _ 255.00 510.00
k ’ kg/ha - 15 — 10 20
rate Rs./kg 15.00 _ 15.00 15.00
value Rs. 225.00 _ 150.00 300.00
Labour md/ha 100 49 39 30
rate Rs./md - 40.00 40.00 40.00 40.00
~ value Rs. - 4000.00 1960.00 1560,00 1200.00
Animal md/ha 39 20 12 30
rate Rs./md ....80.00 80.00. 80.00 80.00
value Rs. 3120.00 1600.00 960.00 2400.00
Total expenditure Rs. 11455.00 3740.00 3900.00 - 18210.00
Net return Rs. 6145.00 5260.00 - 10100.00 25790.00
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Table : 1.6 Crop budget : Future without project
Particulars Unit Crops .
Wheat Qilseed Pulse Vegetable
1. Return
Yield t/ha 1.2 0.5 0.6 7
rate Rs./t 8000.00 15000.00 20000.00 4000.00
Return Rs. 9600.00 7500.00 12000.00 28000.00
2. Expenditure '
seed Kg./ha 100 9 25 2000
rate Rs./kg 10.00 20.00 30.00 6.00
value Rs. 1000.00 180.00 750.00 12000.00
DAP kg/ha 50 e --- 80
rate Rs,/kg 15.00 L . 15.00
value Rs. 750.00 L . 1200.00
Chemicals
' N kg/ha 15 . . 30
rate Rs./kg 15.00 . . 15.00
value Rs. 225.00 . . 450.00
P kg/ha 10 . . _
rate Rs./kg 17.00 . o _
value Rs. 170.00 . _ o
k kg/ha 10 o _ .
rate Rs./kg 15.00 _ _ _
value Rs. 150.00 . o _
Labour md/ha 88 44 33 30
rate Rs./md 40.00 40.00 " 40.00 40.00
value Rs. 3520.00 1760.00 1320.00 1200.00
Animal md/ha 31 20 10 20
. rate Rs./md 80.00 80.00 80.00 80.00
value Rs. 2480.00 1600.00 800.00 1600.00
Total expenditure Rs. 8295.00 3540.00 2870.00 16450.00
Net return Rs. 1305.00 3960.00 10100.00 11550.00
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COMPUTER PROGRAM 7
COMPUTATION OF DRAWDOWN USING IMAGE & THEIS THEORY

khkhkhkhkhkhkhdhhkhdhkhkhhhkhkhhkhhdhkrdhkbdbdhhhbrdbdhhhhdhhrhhsk

DIMENSION NWELL(9),YCW(9),DD1(9,4), QP(36,9), DELTA(36,36,9)
DIMENSION DRAW(36,0:9),FWELL(36), DRAW1(36,0:9) :

OPEN (1, FILE= 'ASITZ2.DAT',STATUS='OLD")

OPEN (2, FILE= 'ASIT4.0UT',STATUS='UNKNOWN')

PAT=3.14159265
READ (1, *) WIDTH,T, PHI,RW, QPRATE, NTIME
WRITE (2, *)WIDTH, T, PHI, RW, QPRATE, NTIME
READ (1, *) IMAX o
IMAX=MAXIMUM NUMBER OF LINE

READ (1, *) (NWELL(I), I=1, IMAX)

NWELL (I) =NUMBER OF WELL IN ITH ROW

DO I=1, IMAX :
READ (1, *) (DDL(I,J),J=1,NWELL (I))
END DO

READ (1, *) (YCW(I),I=1, IMAX)

DO I=1,IMAX ,

WRITE (2, *) (DD1(I,J),J=1,NWELL (I))

END DO
MMAX=0

DO I=1, IMAX

MMAX=MMAX+NWELL (I)

END DO b

DO I=1,MMAX

FWELL (I)=0.

END DO

FWELL (1) =1 :
FWELL (5)=1. MEANS A WELL EXISTS AT LOCATION 5
FWELL (5)=0. MEANS NO WELL EXISTS AT LOCATION 5

DO I=1,MMAX
DO K=1,NTIME

QP (I, K) =QPRATE*FWELL (I)
END DO

END DO

M1=0

DO I=1,IMAX

DO J=1, NWELL (I)
M1=M1+1
D1=DD1 (I, J)

73



V4 V2

DI1J1=DD1 (I1l,J1)

Asit4.for

D2=WIDTH-D1l

FIRST=0.

" DO NN=1,NTIME

AN=NN ’ :
CALL DISCK(T,PHI,D1,D2,RW,AN, RES)
DELTA(Ml,MltNN)=(RES—FIRST)/(4.*PAI*T)
FIRST=RES ' .

END DO :

WRITE (2, *) (DELTA (M1,M1, NN) ,NN=1, NTIME)
END DO : : s
END DO

DO Il=1, IMAX
DO I2=1, IMAX

DO J1=1,NWELL(I1)
DO J2=1,NWELL (I2)

M1=0 :
DO I=1, (I1-1)
DO J=1,NWELL (I)

M1=M1+1

END DO
END DO

DO J=1,J1

- M1=M1+1
- END DO

M2=0

DO I=1, (I2-1).

DO J=1,NWELL (I)
M2=M2+1

"END DO

END DO

DO J=1,J2
M2=M2+1

- ‘END DO

WRITE (2, *) 'M1=",Ml
WRITE (2, *) 'M2=",M2

IF(M1.EQ.M2) GO TO 300

DI2J2=DD1(I2,J2)

Y1=YCW(I1)
Y2=YCW(I2)
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FIRST=0.

DO NN=1, NTIME
AN=NN

CALL DISCKL (T, PHI,WIDTH,DI1Jl,Y1,DI2J2,Y2,AN,RES)
DELTA (M1,M2, NN)=(RES-FIRST)/ (4.*PAI*T)

FIRST=RES ,

END DO

300 CONTINUE
END DO
END DO
END DO
END DO

WRITE (2, *) 'DISCRETE KERNEL'

DO I=1,MMAX

DO J=1, MMAX

WRITE(2,*)I,J

WRITE (2, *) (DELTA(I,J,N),N=1,NTIME)
END DO

END DO

oNoNoNeNoNoNe!

DO I=1,MMAX
DO K=1,NTIME
DRAWL (I, K)=0.
END DO
END DO

DO J=1,MMAX
DO N=1,NTIME
SUM=0.
DO NGAMA=1,N
DO I=1,MMAX
SUM=SUM+QP (I, NGAMA) *DELTA (I, J, N-NGAMA+1)
END DO
. END DO
DRAW1 (J, N) =SUM
END DO
END DO

WRITE (2, *) ' DRAWDOWN '
DO J=1,MMAX
C . WRITE (2,*) 'J=",J
C WRITE (2, *) (DRAWL (J,N) , N=1, NTIME)
END DO

C COST OF PUMPING
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" DO J=1,MMAX

DRAW (J, 0)=0.
END DO

DO J=1,MMAX
DO N=1,NTIME
DRAW(J, N)=0.
END DO

- END DO

- DO NCAP= 1, NTIME

DO J=1,MMAX
DO NS=1, NCAP

SUM=0.
DO I=1,MMAX
DO NGAMA=1,NS

SUM=SUM+QP (I, NGAMA)*DELTA(I J, NS-NGAMA+1) *FWELL (I)

END DO
END DO
DRAW (J, NS) =SUM

END DO
END DO
END DO~

" WRITE (2, *) 'DRAWDOWN'

DO ‘J=1, MMAX
WRITE (2, %) 'J=",J

WRITE (2, *) (DRAW(J,N) ,N=1, NTIME)
END DO

STOP
END
CALCULATION:  OF -DISCRETE KERNEL COEFFICIENTA

WHEN ONE WELL IS OPERATING

SUBROUTINE DISCK(T, PHI, D1, D2, RW, AN, RES)
PAI=3.14159265
CON=4.*T/PHI

TERM1=RW**2/CON

U=TERM1 /AN
CALL EXI (U, EXFN)
SUM=EXFN
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" DO N=2,100, 4
R2=(N-2) *D1+N*D2
TERM2=R2**2/CON
U=TERM2/AN
CALL EXI (U, EXFN)
SUM=SUM-EXFN
END DO

‘DO N=3,101,4 ,
R3=(N-1) *D1+ (N-1) *D2
TERM3=R3**2/CON
U=TERM3/AN o
. CALL EXI (U, EXFN)
SUM=SUM-EXFN
END DO
DO N=4,98,4
R4= (N-2) *D1+N*D2
TERM4=R4**2 /CON
U=TERM4 /AN
CALL EXTI (U, EXFN)
SUM=SUM+EXFEN
END DO

DO N=5,99,4

- R5=(N-1) *D1+ (N-1) *D2
TERM5=R5**2/CON
U=TERM5/AN

CALL EXI (U, EXFN)
SUM=SUM+EXFN

END DO i

DO N=1,99,4

. RL1=(N+1)*D1+ (N-1) *D2
TERML1=RL1**2/CON
U=TERML1/AN

CALL EXI (U, EXFN)
SUM=SUM+EXFN

END DO
- DO N=2,100,4
RL2=N*D1+N*D2
TERML2=RL2**2/CON
U=TERML2 /AN

CALL EXI (U, EXFN)
SUM=SUM-EXFN

END DO

DO N=3,101, 4

RL3= (N+1)*b1+ (N~1) *D2
TERML3=RL3**2/CON

. U=TERML3/AN

CALL EXI (U, EXFN)
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SUM=SUM-EXFN

END DO -
DO N=4,98,4
RL4=N*D1+N*D2
'TERML4=RL4**2/CON
U=TERML4 /AN
CALL EXI{(U,EXFN)
SUM=SUM+EXFN
END DO

RES=SUM

RETURN

END

CALCULATION OF DISCRETE KERNEL COEFFICIENT
WHEN ALL WELLS ARE OPERATING

SUBROUTINE DISCKl(T PHI,WIDTH,DI1J1,Y1,DI2J2,Y2,AN,RES)
PAI=3.14159265 -

CON=4.*T/PHI

D1=DI1J1

D2=WIDTH-D1

TERML=((DI1J1-DI2J2)**2+ (Y1- -Y2)**2) /CON

U=TERM1 /AN .

CALL EXI (U, EXFN)

SUM=EXFN

DO N=2,400,4

=(N-1) *D1+N*D2+diljl-di2j2
TERM2= (R2**2+ (y1- y2)**2)/CONI
U=TERM2/AN
CALL EXI (U, EXFN)
SUM=SUM-EXFN
END DO .

DO N=3,401,4

R3=N*D1+(N-1) *D2+diljl-di2j2

TERM3= (R3**2+ (y1- y2)**2)/CON

U=TERM3 /AN

CALL EXI (U, EXFN)

SUM=SUM-EXFN

END DO

- DO N=4,398,4

R4=(N-1) *D1+N*D2+diljl-di2j2
TERM4= (R4**2+ (yl- y2 ) **2) /coN
U=TERM4 /AN
CALL EXI (U, EXFN)
SUM=SUM+EXFN
END DO
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DO N=5,399,4
R5=N*D1+ (N-1)*D2+diljl-di2j2
TERM5= (R5**2+ (yl-y2) **2) /CON
U=TERMS5 /AN

CALL EXI (U, EXFN)
SUM=SUM+EXFN

END DO

DO N=1,399,4
RL1=N*D1+ (N-1) *D2+di2j2-diljl
TERML1=(RL1**2+ (yl-y2)**2) /CON
U=TERML1/AN
CALL EXI (U, EXFN)
SUM=SUM+EXFN
END DO
DO N=2,400, 4
RL2= (N-1) *D1+N*D2+di2j2-di1]j1l
TERML2= (RL2**2+ (yl-y2) **2) /CON
U=TERML2 /AN .
" CALL EXI (U,EXFN)
SUM=SUM-EXFN
END DO
DO N=3,401,4
RL3=N*D1+ (N-1) *D2+di2j2-dilqjl
TERML3= (RL3**2+ (yl-y2) **2) /CON
U=TERML3/AN
CALL EXI (U, EXFN)
SUM=SUM-EXFN

END DO N
DO N=4,398,4 :
RL4=(N-1) *D1+N*D2+di2j2~dilj1
TERML4= (RL4A**2+ (yl-y2)**2) /CON
U=TERML4 /AN
CALL EXI (U, EXFN)

SUM=SUM+EXFN
END DO

RES=SUM

RETURN

END

CALCULATION OF WELL FUNCTION (EXPONENTIAL INTEGRAL)

SUBROUTINE EXI (U, EXFN)
X=U
IF(X-1.0)10,10,20

EXFN=-ALOG (X)-0.57721566+0.99999193*X~-0.24991055*X**2
+0.05519968*X**3-0.00976004*X**4+0.00107857*X**5
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RETURN
CONTINUE
IF(X- 80.)50,40,40

CONTINUE

EXFN= ( (X**4+8.5733287*X**3+18.059017*X**2+8.6347608*X
+0.26777373) / (X**449,5733223*X**3+425.632956*X**2+21.099653*X

+3.9584969) ) / (X*EXP (X))

- RETURN

EXFN=0.

RETURN

END

Asitd.for
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PROGRAMME FOR GENERATION OF DISCRETE KERNEL COEFFICIENT
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DIMENSION NWELL(5),YCwW(5),DD1(5,5), DELTA(20,20,60)
OPEN (1, FILE= 'ASIT5.DAT',STATUS='CLD'")

OPEN (2, FILE=' ASITS5.0OUT', STATUS='UNKNOWN')

OPEN (3, FILE='DISKER.DAT', STATUS='UNKNOWN"')
ASITS5.FOR IS TO GENERATE DISCRETE KERNEL COEFFICIENT
PAT=3.14153265

READ(1, *) WIDTH,T,PHI,RW,NTIME

WRITE (2, *)WIDTH, T, PHI, RW, NTIME

READ (1, *) IMAX

IMAX=MAXIMUM NUMBER OF LINE

READ (1, *) (NWELL(I), I=1, IMAX)

NWELL (I) =PROPOSED NUMBER OF WELL IN ITH ROW

DO I=1, IMAX
READ (1, *) (DD1 (I, J),J=1, NWELL(I))
END DO

READ (1, *) (YCW(I),I=1, IMAX)

DO I=1,IMAX _
WRITE (2, *) (DD1(I,J),J=1, NWELL(I))
END DO

MMAX=0

DO I=1,IMAX
MMAX=MMAX+NWELL (I) "~ - - . y
END DO

M1=0
DO I=1, IMAX

DO J=1,NWELL (I)
M1=M1+1
D1=DD1 (I, J)
D2=WIDTH-D1

FIRST=0.

DO NN=1,NTIME
AN=NN

CALL DISCK(T,PHI, D1, D2, RW, AN, RES)
DELTA (M1,M1, NN) = (RES-FIRST) / (4.*PAI*T)
FIRST=RES :
END DO

END DO

END DO

DO Il=1, IMAX
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DO I2=1,IMAX
DO J1=1,NWELL(I1)
DO J2=1,NWELL(I2)

M1=0

DO I=1, (I1-1)
DO J=1,NWELL(I)
M1=M1+1

END DO

.END DO

DO J=1,J1
M1=MI1+1
END DO

M2=0

DO I=1, (I2-1)
‘DO J=1,NWELL(I)
M2=M2+1

END DO

END DO

- DO J=1,J2
M2=M2+1
END DO

IF(M1.EQ.M2) GO TO 300
DI1J1=DD1 (I1,J1)

DI2J2=DD1 (I2,J2)

Y1=YCW(I1)

Y2=YCW(I2)

FIRST=0.

DO NN=1,NTIME -

AN=NN :
CALL DISCKL (T, PHI,WIDTH,DI1Jl,Y1,DI2J2,Y2,AN,RES)
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CALCULATION OF RECHARGE

E R I I R I S R I O S ) °
DIMENSION NWELL(9),YCW(9),DD1(9,4), DELTAR(36,150),QP(36),
ORD (36) , QR (36) , QPP (36, 150) , ORR (150) , RECF (150) , TIMEF (150)
DOUBLE PRECISION DELTAR, QRD,QR,QPP,QRR.

OPEN (1, FILE= 'ASIT7.DAT',STATUS='OLD')

OPEN (2, FILE=' ASIT7.O0UT',STATUS='UNKNOWN")

ASIT7.FOR IS TO GENERATE DISCRETE KERNEL COEF. FOR-RECHARGE
PAI=3.14159265 ‘

READ (1, *) WIDTH,T,PHI,NTIME, NPUMP

WRITE (2, *) WIDTH, T, PHI, NTIME

READ (1, *) IMAX

IMAX=MAXIMUM NUMBER OF LINE

READ (1,*) (NWELL(I), I=1, IMAX)

NWELL (I) =PROPOSED NUMBER OF WELL IN ITH ROW

DO I=1,IMAX
READ (1, *) (DD1(I,J),J=1,NWELL (I))
END DO

READ (1, *) (¥YCW(I), I=1, IMAX)

DO I=1, IMAX
WRITE (2, *) (DD1(I,J),J=1,NWELL(I))
END DO

TIMEFC=(4.*T/PHI)/(0.1%*2)

MMAX=0

DO I=1,IMAX L : ,
MMAX=MMAX+NWELL (I)’ *
END DO

M1=0
DO 111 I=1,IMAX
DO 222 J=1,NWELL(I)

M1=M1+1
D1=DD1 (I, J)
D2=WIDTH-D1

FIRST=0.

DO 333 NN=1,NTIME

AN=NN

CALL DISCKR(T,PHI,D1,D2,AN,RES)
DELTAR (M1, NN)=RES-FIRST
FIRST=RES

CONTINUE

CONTINUE
CONTINUE
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DO M1l=1,MMAX

write (2, *)M1 .

WRITE (2, *) (DELTAR (M1, NN) , NN=1, NTIME)

END DO

WRITE (2, *) "CALCULATION OF RECHARGE ONE WELL OPERATES'
DO NGAMA=1, NPUMP

QP (NGAMA)=30240.

END DO

DO N=1, NPUMP

SUM=0.

DO NGAMA=1,N
SUM=SUM+QP (NGAMA) *DELTAR (4, N-NGAMA+1)

END DO

QRD (N) =SUM

END DO

WRITE (2, *) DELTAR(1,1),DELTAR(1,2) ,DELTAR(1, 3)
DO N=1, NPUMP :

AN=N

TERM= (WIDTH-DD1(1,4))/{((4.*T/PHI*AN) **0.5)
X=TERM

CALL ERF (X, ERFXC)

WRITE (2, *) ERFXC

QR (N)=30240.*ERFXC

END DO

QR(N) THERE IS NO NOFLOW BOUNDARY, ONE WELL OPERATES
DO N=1,NPUMP

WRITE (2,567)QRD(N), QR (N)

END DO .

FORMAT (2E16. 3)

DO N=1, NPUMP

DO M=1,MMAX

QPP (M, N)=30240.

END DO

END DO

DO N=NPUMP+1, NTIME
DO M=1,MMAX
QPP (M, N)=0.

END DO

END DO

DO N=1,NTIME
DO M=4,MMAX, 4
QPP (M, N)=0.
END DO

END DO
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DO N=1, NTIME
DO M=7,31,4
QPP (M, N)=0.
END DO

END DO

DO 100 N=1,NTIME

AN=N

TIMEF (N)=TIMEFC*AN
SUMP=0.

SUMR=0.

WRITE(2,*) 'N="',N

DO M=1,MMAX

SUM=0.

SUM1=0.

DO 300 NGAMA=1,N
SUM=SUM+QPP (M, NGAMA ) *DELTAR (M, N-NGAMA+1)
SUM1=SUM1+QPP (M, NGAMA)
CONTINUE

write (2, *) 'sum="', sum
SUMR=SUMR+SUM
SUMP=SUMP+SUM1
END DO
QRR (N) =SUMR
RECF (N) =SUMR/SUMP
CONTINUE
DO N=1,NTIME A S
WRITE (2,568) N,TIMEF (N), QRR(N), RECF (N)
WRITE(2,569)N,QRR(N),TIMEF (N) , RECF (N)
END DO
FORMAT (I5,2F16.2,f10.4)
FORMAT (15,E16.4,E16.4,F10.4)
SUMP=0.
DO I=1,MMAX
DO N=1, NPUMP
SUMP=SUMP+QPP (I, N)
END DO
END DO
WRITE (2, *) "TOTAL QUANTITY PUMPED=', SUMP
SUMQR=0.
DO N=1,NTIME
SUMQR=SUMQR+QRR (N)
END DO
WRITE (2, *) "QUANTITY TAKEN FROM THE RIVER=', SUMQR
FACTOR=SUMQR/SUMP
WRITE (2, *) 'FACTOR=", FACTOR
STOP '
END
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DO 333 NN=1,NTIME

AN=NN

CALL DISCKR(T,PHI,D1,D2,AN,RES)
DELTAR (M1, NN) =RES-FIRST

FIRST=RES
333 CONTINUE
222 CONTINUE
111 CONTINUE

DO M1l=1,MMAX
write (2, *)M1
WRITE (2, *) (DELTAR (M1,NN) ,NN=1, NTIME)
_ END DO
C WRITE (2, *) 'CALCULATION OF RECHARGE ONE WELL OPERATES'
DO NGAMA=1,NPUMP
QP (NGAMA) =30240.
END DO
DO N=1, NPUMP
SUM=0 .
'~ DO NGAMA=1,N
SUM=SUM+QP (NGAMA) *DELTAR (4, N-NGAMA+1)
END DO
QRD (N) =SUM
_ END DO
C WRITE (2, *)DELTAR (1,1) ,DELTAR(1,2),DELTAR (1, 3)
DO N=1,NPUMP '
AN=N
TERM= (WIDTH-DD1(1,4))/((4.*T/PHI*AN) **0.5)
X=TERM
_ CALL ERF (X, ERFXC)
C WRITE (2, *) ERFXC
QR (N) =30240. *ERFXC
END DO
C QR(N) THERE IS NO NOFLOW BOUNDARY, ONE WELL OPERATES
DO N=1, NPUMP
WRITE(2,567)QRD (N), OR (N)
END DO
567 FORMAT (2E16.3)
DO N=1, NPUMP
DO M=1,MMAX
QPP (M, N)=30240.

P @!
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T=1.0/(1.040.3275911*X1)
ERFX=1.0-(0.25482959*T-0.28449673*T**241_,42141374*T**3-1,
1 45315202*T**4+1,06140542*T**5) *EXP (-X1*%*2)
GO TO 3
2 ERFX=1.
CONTINUE
IF(XINDEX)6,7,7
ERFX=-ERFX
CONTINUE
WRITE (2,52) X, ERFX
52 FORMAT (2F10.5)
ERFXC=1.-ERFX

w

[@ @ NEN e

RETURN
END
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C

C .. COMPUTER PROGRAMME FOR COMPUTATION OF 20 MOST ECONOMICAL WELLS
C dkkhkk kA hhhkhhkkkhkkkhhkhhhhhhkhkhkkkkkdkkkhkkkhkrkkkhhkkhkkdkkhkkkh*
$ - .

DebuG
DIMENSION DRAW(36,0:9),STATL(36), DEPTH(36),TLENGTH(36),

1 FWELL(36), QP(36,9), DELTA(36,36,9),ALIFT(36), ISTAR(36),
2 PRECOST (0:36),COSTPL(36),COSTENL (36),COSTTL (36), COSTFL (36) ,
3 COSTEXL (36)

OPEN (1, FILE= 'ASEARF.DAT',STATUS='OLD")

OPEN (2, FILE= 'ASEARF.OUT', STATUS='UNKNOWN"')

OPEN (3, FILE= 'DISKER.DAT',STATUS='OLD')

PAI=3.14159265

READ (1, *) RADP, F

WRITE (2, *) '"RADIUS OF THE PIPE=', RADP
_WRITE (2, *) 'FRICTION COEFFICIENT=',F -

READ (1, *) CPUMP, CEXCAV1, CEXCAV2, CENERGY, CTRANS, ALPHA

WRITE (2,41)

41 - FORMAT (2X, 'COST OF PUMP ETC',2X,'COST OF EXCAVATION,1&2")
. WRITE (2, 42) CPUMP, CEXCAV1, CEXCAV2
42 FORMAT (3F20. 4)
| WRITE (2, 43)
.43 FORMAT (2X, 'COST OF ENERGY',2X, 'COST OF TRANSPORTATION')
WRITE (2, 42) CENERGY, CTRANS
WRITE (2, 44)
44 FORMAT (2X, ' LOCAL APPLICATION OF PUMPED WATER')
WRITE (2,42)ALPHA
¢ WRITE (2, *) CPUMP, CEXCAV1, CEXCAV2, CENERGY, CTRANS, ALPHA
C ALPHA=FRACTION OF PUMPED WATER USED LOCALLY

READ (1, *) QPRATE, NTIME
WRITE (2, *) "QPRATE=", QPRATE

READ (1, *) MMAX
C WRITE (2, *) MMAX
WRITE (2, *) "STATIC LIFT FROM AQUIFER TO GROUND SURFACE'
READ (1, *) (STATL(I), I=1,MMAX)
WRITE(Z,*)(STATL(I),I=1,MMAX)
WRITE (2, *) 'DEPTH OF EXCAVATION'
READ (1, *) (DEPTH(I), I=1,MMAX)
WRITE (2, *) (DEPTH (I),I=1,MMAX)
WRITE (2, *) 'TRANSPORTATION LENGTH'
READ (1, *) (TLENGTH (I), I=1,MMAX)
WRITE (2, *) (TLENGTH (I), I=1, MMAX)
WRITE(2,*)'LIFT FROM GROUND SURFACE TO CANAL LEVEL'
Mli*)MKWT()I].mmm
WRITE (2, *) (ALIFT (I),I=1,MMAX)

DO I=1,MMAX
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DO J=1,MMAX
READ (3, *) (DELTA (I, J,N),N=1,NTIME)
WRITE (2, *) (DELTA(I,J,N),N=1,NTIME)
END DO

END DO
WRITE (2, *) '"NUMBER OF YEAR CONSIDERED=30'

WRITE (2, *) 'UNIT TIME PERIOD=ONE WEEK'
PWE=1/(1.40.10) **30
ACG=9.81*(3600.*24.,*7.)**2

DO I=1,36

ISTAR(I)=100

END DO

hkhkhkhkhkkhkhkhkhhhhhkhkhrhhkhkrhkhdhbhkrrhdrhhhkhkkhkk

CALCULATION WHEN ALL 36 WELL OPERATES
ek e K e ke ko ko ok ok ok ok ok ok ok ko ok ok ok ok ok ok ok ok ok ok ok ok Rk e ok ok ke

DO I=1,MMAX
FWELL (I)=1.
END DO

DO I=1,MMAX

DO K=1,NTIME

QP (I,K)=QPRATE*FWELL (I)
END DO

END DO

COST OF PUMPING . .. .

CALCULATION OF DRAWDOWN

DO J=1,MMAX
DRAW (J, 0)=0.
END DO

DO J=1,MMAX
DO N=1,NTIME
DRAW (J, N) =0.
END DO
END DO

I=PUMPING LOCATION
J=OBSERVATION LOCATION

SUMP1=0.
SUMP11=0.

DO 500 NCAP= 1, NTIME
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500
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DO 400 J=1,MMAX
DO 300 NS=1,NCAP

SUM3=0.

DO 5 I=1,MMAX

SUM2=0. '

DO 4 NGAMA=1,NS

o SUM2=SUM2+QP (I, NGAMA) *DELTA (I, J, NS-NGAMA+1) *FWELL (I)
CONTINUE '
SUM3=3UM3+SUM2
CONTINUE

DRAW (J, NS)=SUM3

***********************************************************
CALCULATION OF DRAWDOWN AT ONE LOCATION AT ONE TIME IS OVER

ek ok ok ok ke ok ok ok ke k ok ok ok ok ok ok ok ke ko ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok
PLOSS=4*F*TLENGTH (J) * (QP (J, NS) / (PAI*RADP**2) ) **2/ (4. *ACG*RADP)
*FWELL (J) :

AVER= (DRAW (J, NS) +DRAW{(J,NS-1))*0.5

TERM1=ALPHA* (AVER+STATL (J) ) *QP (J, NS) *CENERGY*EWELL (J)
SUMP1=SUMP1+TERM1

+ TERM11=(1.-ALPHA) * (AVER+STATL (J) +ALIFT (J) +PLOSS)

*QP(J,NS) *CENERGY*FWELL (J)
SUMP11=SUMP11+TERM11
CONTINUE
CONTINUE
CONTINUE

WRITE (2, *) 'SUMP1=ANNUAL COST OF PUMPING:LOCAL APPLICATION'
WRITE (2,*) "SUMP11=ANNUAL COST OF PUMPING:OUTSIDE APPLICATION'
WRITE (2, *) SUMP1, SUMP11 '

SUM1=COST OF PUMPING

PSUM1= (SUMP1+SUMP11) *PWF

SUM2=0,

DO J=1,MMAX } .
SUM2= SUM2+(CEXCAV1*DEPTH(J)+CEXCAV2*O.5*DEPTH(J)**2)*FWELL(J)

END DO

WRITE (2, *) '"COST OF TUBE WELL BORING'

WRITE (2, *) SUM2
SUMZ2=COST OF TUBE WELL BORING

SUM3=0.

DO J=1,MMAX ‘
SUM3=SUM3+CTRANS*TLENGTH (J) *FWELL (J)
END DO

WRITE (2, *) "COST OF TRANSPORTATION'
WRITE (2, *) SUM3 .

90



Asearf. {fo

SUM3=COST OF TRANSPORTATION

SUM4=0.

DO J=1,MMAX
SUM4=SUM4+CPUMP*FWELL (J)
END DO

PWTCOST=PSUM1+SUM2+SUM3+SUM4

PRECOST (0) =PWTCOST

WRITE (2, *) '"TOTAL COST OF WATER SUPPLY IF 36 WELL OPERATE'
WRITE (2, *) PWTCOST

PREVCOST=PWTCOST :

hohkhhkhrhhhdhhhddhhdhkdddhrrbdkddhhbdbdddhbdbbdhbbdbhbbrbrhbdhtt

SYSTAMATIC SEARCH FOR. DROPPING THE UNECONOMICAL WELLS

N R R R R R R R E R R R R R E R R E R E R B R R R R R R R R R R
DO M=1,MMAX
FWELL (M) =0.

DO K=1,NTIME

DO I=1,MMAX
QP (I, K)=QPRATE*FWELL (I)
END DO

END DO

DO J=1, MMAX
DRAW (J, 0)=0.
END DO

DO J=1,MMAX
DO N=1,NTIME
DRAW (J, N)=0.
END DO

END DO
SUM1=0.
SUM11=0.

DO NCAP= 1, NTIME
DO J=1,MMAX
DO NS=1,NCAP

SUM3=0.
DO I=1,MMAX

SUM2=0.

DO NGAMA=1,NS

SUM2=SUM2+QP (I, NGAMA) *DELTA (T, J, NS-NGAMA+1) *FWELL (I)
END DO

SUM3=SUM3+SUM2

END DO

DRAW (J, NS) =SUM3

PLOSS=4*F*TLENGTH (J) * (QP(J,NS)/ (PAI*RADP**2) ) **2/ (4 . *ACG*RADP)
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*FWELL (J) |
AVER= (DRAW (J, NS ) +DRAH (J, NS-1) ) #0.5
TERM1=ALPHA* (AVER+STATL (J) ) *QP (J, NS) *CENERGY*FWELL (J)

SUM1=SUM1+TERM1
TERM11=(1.-ALPHA)* (AVER+STATL (J)+ALIEFT (J)+PLOSS)

*QP (J, NS) *CENERGY*FWELL (J)
SUM11=SUM11+TERM11
END DO
END DO
END DO

PSUM1= (SUM1+SUM11) *PWF
COSTENL (M) =PSUM1

SUM2=0.
DO J=1,MMAX
SUM2=SUM2+ (CEXCAV1*DEPTH (J) +CEXCAV2*0.5*DEPTH (J) **2) *FWELL (J)

END DO
COSTEXL (M) =SUM2

SUM3=0.

DO J=1,MMAX
SUM3=SUM3+CTRANS*TLENGTH (J) *FWELL (J)
END DO

COSTTL (M) =SUM3

SUM4=0.
DO J=1,MMAX

SUM4=SUM4 +CPUMP*FWELL (J)
END DO

COSTPL (M) =5UM4

PWTCOST=PSUMI1+SUM2+3UM3+SUM4
COSTFL (M) =PWTCOST
PRECOST (M) =PWTCOST
IEF(PRECOST (M) -PREVCOST) 1,2,2
ISTAR(1l)=M
PREVCOST=PRECOST (M)
COSTMIN=PREVCOST

FWELL (M) =1.
GO TO 3
FWELL (M) =1.
.CONTINUE
END DO

WRITE (2, *) 'COST WHEN WELLS ARE DROPPED IN SEQUENCE '
WRITE (2, *) (PRECOST (M) ,M=1, MMAX)
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WRITE(2,*)'IF ONLY THE MOST COSTLIEST WELL TO BE DROPPED'
WRITE (2,*) '"THE WELL TO BE DROPPED=', ISTAR(1l)
WRITE (2, *) "LEAST COST=', COSTMIN :

WRITE (2, *) '"COST ANALYSIS'

WRITE (2, *) 'COSTENL= ,COSTENL(ISTAR(l))
WRITE (2, *) ' COSTEXL—',COSTEXL(ISTAR(I))
WRITE (2,*) "COSTPL=",COSTPL (ISTAR(1))
WRITE (2, *)" COSTTL=',COSTTL(ISTAR( ))
WRITE(Z *) "TOTAL COST=',COSTFL(ISTAR(1))

WRITE (2, 55) . .
FORMAT (2X, '"TOTAL COST',2X,' WELL TO BE DROPPED AT LOCATION')

WRITE (2, 56)
FORMAT (2X, 'COSTPL', 2X, 'COSTEXL', 2X, 'COSTENL', 2X, 'COSTTL', 2X,

'COSTFL")

DO 333 LLL=2,16

DO I=1,MMAX
FWELL(I)=1.
END DO

DO 444 M=1,MMAX
FWELL (M) =

DO LL=1,LLL-1
FWELL (ISTAR (LL) ) =0.
END DO

DO I=1,MMAX
DO K=1,NTIME
QP(I,K)=QPRATE*FWELL (I)

END DO
END DO

DO J=1,MMAX
DRAW (J, 0)=0.
END DO

DO J=1,MMAX
DO N=1,NTIME
DRAW (J, N) =0.
END DO
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END DO

SUM1=0.

SUM11=0.

DO NCAP= 1, NTIME
DO J=1, MMAX

DO NS=1,NCAP

SUM3=0.

DO I=1,MMAX

SUM2=0.

DO NGAMA=1,NS

SUM2=SUM2+QP (I, NGAMA) *DELTA (I, J, NS-NGAMA+1) *FWELL (I)
END DO

SUM3=SUM3+SUM2

END DO

DRAW (J,NS) =SUM3

PLOSS=4*F*TLENGTH (J) * (QP (J,NS) / (PAI*RADP**2) ) **2/ (4. *ACG*RADP)
*FWELL (J) '
AVER= (DRAW(J, NS) +DRAW(J, NS-1) ) *0.5
TERM1=ALPHA* (AVER+STATL (J) ) *QP (J,NS) *CENERGY*FWELL (J)
SUM1=SUM1+TERMI1
TERM11=(1.-ALPHA) * (AVER+STATL (J) +ALIFT (J) +PLOSS)
*QP (J,NS) *CENERGY*EFWELL (J)
SUM11=SUM11+TERM11
END DO
END DO
END DO

PSUM1=(SUM1+SUM11l) *PWF
COSTENL (M) =PSUM1
SUM2=0.

DO J=1,MMAX '
SUM2=SUM2+ (CEXCAV1*DEPTH (J) +CEXCAV2*0.5*DEPTH (J) **2) *FWELL (J)

~ END DO

COSTEXL (M) =SUM2

SUM3=0.
- DO J=1,MMAX
SUM3=SUM3+CTRANS*TLENGTH (J) *FWELL (J)
END DO
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COSTTL (M) =SUM3

SUM4=0.

DO J=1,MMAX
SUM4=SUM4+CPUMP*FWELL (J)
END DO

COSTPL (M) =SUM4

PWTCOST=PSUM1+SUM2+SUM3+SUM4
COSTFL (M) =PWTCOST
PRECOST (M) =PWTCOST

IF (PRECOST (M) -PREVCOST) 11,22,22
ISTAR(LLL) =M '
PREVCOST=PRECOST (M)
FWELL (M) =1.

GO TO 33
FWELL (M) =1.
CONTINUE

CONTINUE ,
WRITE(2,111) PREVCOST, ISTAR (LLL)

WRITE(2,112).COSTPL (ISTAR(LLL)) ,COSTEXL (ISTAR( o
COSTENL (ISTAR(LLL)), COSTTL(ISTAR(LLL)),COSTFL(ISTAR(LLL))

FORMAT (5X,E16.6,17X,1I5)
FORMAT (5E15.5)

 CONTINUE

STOP
END
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ASITS5.DAT FOR CALCILATION OF DISCRETE KERNEL COEFFICIENT

hhkhkhAdkhbdhhdhAhddbhdhbddhhhhhdhbbdAdb bbb hbbdhbdd bk hbdkidhbhbhidhbhrhii

2600.
9
4

500.

- 500.

500.
500.
500.
500.
500.

. 500.

500.

35000.

4

700.
700.
700.
700.
700.
700.
700.
700.
700.
200.

0.20

4

900.
900.
900.
900.
900.
900.
900,
900.
900.
400.

0.1
4

1100.
1100.
1100.
1100.
1100.
1100.
1100.
1100.
1100.
600.
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800.

1000.

1200.
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DATA FOR RECHARGE AND FOR DRAWDOWN CALCULATION

hhhdhhbhb bbb A bbb bbbk dhhhbhkhhkhbhbbhdbhhkhbhbhbhhbbrbrrhh kit

0.20

2600.
S
4

500.
500.
500.
500.

- 500.

500.
500.
500.
500.

35000.

4

700.
700.
700.
700.
700.
700.
700.
700.
700.
200.

4

900.
900.
900.
900.
900.
900.
900.
900.
800.
400.

150

4

Asit7.dat

1100.
1100.
1100.
1100.
1100.
1100.
1100.
1100.
1100.

600.

97

9

4

800.

1000.
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INPUT DATAS FOR COMPUTATION OF 20 MOST ECONOMICAL WELLS

hhkdkdkdkhhhkdkdkdrdhkhdhkdrdhrbhkkhdhhbhhdkdhbdhhhdhbhhbhhhdhdhhdkkikhkhdhk,

'0.20 . 0.006

© 323200. 100. 10.0 . 0.0163, 380. 0.25
30240. 9 ’
36 _

5. 4.80 4.60 4.40

5.7 4.80 4.60. 4.40

5. . 4.80 4.60 4.40
5. 4.80 4.60 4.40
5. 4.80 4.60 4.40
5. - 4.80 4.60 4.40
5. 4.80 4.60 4.40°
5. 4.80 4.60 4.40
5. 4.80 4.60 4.40
60 60. 60 60
60 60. 60 60
60 60. 60. 60
60. . 60. 60 60
60 60. 60. 60
60 60 60. 60
60 60 60 60
60 60. 60 60
60. ~60. 60. 60.

100. 300. 500.  700.
100. - 300. 500. ~ 700.
100. 300. 500. 700.
100. - 300. 500. 700.
100.  300. 500. 700.
100.  300. 500.  700.
100. 300. 500. 700.
100. 300. 500.  700.
100. . 300. 500. 700.
5.0 5.20 5.40 5.60
5.0 5.20 5.40° 5,60
5.0 5.20 5.40 '5.60

5.0 5.20 "5.40 5.60
5.0 5.20 5.40 5.60

5.0 5.20 5.40 5.60

"~ 5.0 5.20 5.40 5.60

5.0 5.20 5.40 5.60
5.0 5.20 5.40 5.60
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