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a SYNOPSIS

Protective irrigation means irrigation with limited quantity of water spread thinly
over as large -area as possible so as to protect crop from total failure. The issue of
protective irrigation in the Command of Right main ldistributary of Deoband Branch
Canal (U.G.C. System, U.P.) has been analysed using ground water balance study. For
water balance study a lumped ground water balance model has been developed to assess
the ground water potential fér conjunctive use of available surface water and ground
water.

| The study area covers an area of 5890 ha. Surface irrigation supplies to the area
are provided through right main distributary and its branches. Right main distributary
takes off from Deoband branch canal at a chainage of 7.26 km. Ground water is also
utilized substantially for irrigation purpose through a large numbers of private tube well,
state tubewells and pump sets.

Crop water requirement has been worked out on the basis of existing cropping
pattern in the command of right main distributary. The deficit between available surface
water and crop water requirement has been calculated. The present surface water only
irrigates 70 percent of command area. The remaining 30 percent is being supplemented
by ground water.

Ground water balance study indicates that there is an annual rise of 24 cm in
ground water level for the existing cropping intensity 144% and normal rainfall. For
170% cropping intensity and normal rainfall the annual rise will be 6.3 cm. Thus more
area can be irrigated without causing mining of ground water. There is an excess canal
supply during monsoon period (July to September). If the excess supply in the above
month is not given, there is annual fall of ground water level by 4.5 cm. In the case of
drought period, and existing cropping intensity of 144%, water level falls by 49.5 cm.

Thus the ground water can protect the crop during drought period without causing

excessive mining.

(iii)
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CHAPTER-1

INTRODUCTION

1.1 GENERAL

Water, a vital resource for all development activities, is becoming a scarce
commodity as the growth précess, expansion of economic activities and iﬁcreasing
population have inevitably lead to an increasing derqand in agriculture, industries,
drinking water and other domestic fequirements. Therefore, it has become imperative to
take into consideration all water resources and facilities in -order to satisfy present and

future demands for water.

Irrigation plays a major role in Indian agriculture. Since independence many

millions of hectares-has been brought under new irrigation systems. In spite of massive

v

investment in tﬁe dévelopment of irrigation sectors in India, the desired level of output by
way of agriculture pfoductioﬁ from the created irrigation facilities has not been achieved.
Enormous irrigation potential has been created in India at considerable cost under a large
number of major medium and minor irrigation projects. There is a fnuch gap between
ultimate irrigation potential, created irrigation potential and utilization of created
irrigation potential. A scenario of irriéation potential in a few states as compared w‘ith
India has been given in Table 1.1. A very important reason for this poor performance is
protecti\}e irrigatibn. This usually means large command area, high duties and low
intensities. Since surface water is not distributed uniformly in time and space, additional
benefits will be obtained if surface and ground water systems are planned and operated

taking into consideration the advantages offered by conjunctive use of both.



1.2 NEED OF THE STUDY
| Al present right main distributors of Deoband branch canal of U.G.C. does not -
have adequate water for the entire command, specially in Rabi season. Alternative is
-~ either to reduce the irrigable area or to select irrigable area based on optimal returns per
unit of land and water. In either case there is no justification for having a large command
when many locatiqns do not receive any water under the present situation but practicélly
it may not be possible to cut down the existing large command in view of established .
right for use of cénal water more than a century. It is equally important to have
cpnjunctive use of ground water and éurface water to make the existing irrigation system

respoﬁsive to the requirement of modern irrigated agriculture.

1.3 OBJECTIVES AND SCOPE OF THE PRESENT STUDY
The determination of optimal allocation of surface and ground water resources is
the basic objective of the present study.

The objective of the present study, therefore are:

1. To determine available surfaceAwater and existing éroj) water requirement.

2. Determination-of deficit between available surface 'wa’_cer resources and crop water
requirement.

3. | The deﬁcit'of water is to be mét out by ground water based on a ground water
béiance study.

14  SCOPE OF STUDY
The basic component of the systém in the proposed study area are:

1. Crop péttem representing the water demand cdmponent.



2. Ground water with its dynamic characteristics of response to different conditions
of fecharge and withdrawal.

3. The basic purpose of a groundwater model is to forecast the changes in the ground
water level that will occur due to external changes such as introduction of
cropping intensity and recharge pattern.

4, Finally the study deals with how the protective irrigation can be more efﬁcient by

the conjunctive use of ground water and surface water.

Table-1.1: Irrigaﬁon Potential (upto 1990)

Item National all India | Bihar U.P.
average (lacs ha.) (lacs ha.) Lacs ha.)
A. Ultimate irrigation potential
(a) By major and medium irriga- . | 584.74 65.00 125.00
Tion project
(b) By minor irrigation projects 571.40 59.00 132.00
(c) Total . 1156.15 124.00 257.00
B. Created irrigation potential . 329.11 27.15 71.66
(a) By major and medium (56.28%) (41.77%) (57.33%)
Irrigation projects [percentage
wrtA(@)]
(b) By minor irrigation project 466.05 | 44.28 166.42
[Percentage with respect to A(b)] (81.56%) (75.05%) (126.07%)
(c) Totala+b 795.16 71.43 238/08
[% w.r.t. to A(c) (68.78%) (57.60%) (92.64%)
C. Utilisation of created irrigation potential | 278.75 22.26 5948
@ In _major and medium irrigation (84.70%) (93%) (83%)
project o Wt BE®) @ taks 1y | 430:42 3901 151.42
or irrigation projec a
O e By cnpreteet (28 | 95 3504 (90.13%) | (91.23%)
(). Totala+b [% w.r.t. BO] 709.17 65.16 210.90
(89.19%) (91.22%) | (88.58%)

Source : Walmi, Patna
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CHAPTER-2
OPERATION, PROBLEMS AND CONSTRAINTS
ON U.G.C.
2.1 BACK GROUND OF UPPER GANGA CANAL SYSTEM

The well recorded severe famine is 1837 in Ganga. Jamuna doab drawn the
attention of British Canal Engineers to protect this agricultural land against recurring
droughts. Caption 'Proby Thomson Cautely a royal artillery officer, first prepared the

| project of upper Ganga Canal in 1838 with a proposal to take out a canal from Ganga
near Hardwar and Brought it in final form by 1841. B

At the time of commencement of U.G.C. project; there was no science of soil
mechanics and the knowledge of hydraulic engineering was also in primitive stage.
Foreseeing the constraints and limitations, the project works were ultimately taken up
with full swing in 1848 only after large and through scrﬁitinies, and the canal
commissioned on 8" of April 1854 with a head discharge of 189 cumcs at Mayapur
(Hardwar) the zero 'point of the canal system.

The upper Ganga Canal being an oldest and major irrigation system in Ganga-
Yamuna enter basin in Uttar Pradesh, is run of the rivef' scheme and was designed
primarily as a famine relief measures/protective irrigation during— Rabi. A temporary
diversion bund was constructe‘d every year immediate}y after the monsoon to feed U.G.C.
The bund happened to be washed away on the commencement of monsoon. As irrigated
agriculture developed and there was a demand water for Kharif crops, a permanent weir,
known as Bhimgoda weir, was constructed across the Ganga at Hardwar in 1922 to direct
the water flow in U.G.C._ The c#pacity of U.G.C; was inc;eased from fime to time and
designed capacity qf canal had been réised to 297.00 Cumecs after carrying out minor

5



modiﬁcatibn in some of masonry works like lowering the bed level to pass extra
discharge without excessive afflux. Bhimgoda weir was replaced by a modern barrage in
1985-86. |

Ganga canal started irrigation during the year 1855-5_6. The distribution of water
on Ganga Canal started with simple measure to irrigate 220 acres from 1 cusec for wheat
with four watering of 12.5 inches adding 20% for absorption and evaporation making a
water depth of 15 in'ches.. “Payamanah Panika” was unit in earlier day for measuring the
water and it was equal to.nearly 1 cubic fi/see No single outlet was more than four
“Payamanah”.

U.G.C. was aimed to cover as much area under- its command as could be
technically and economically feasible. Main .canal was a contixiuos running canal but its
off takes were altémative running channels according to predetermined and preceded
roster. The cultivators started obstructing weaker section of the peasantry from the use of
canal water which resulted in the disputes between them.

For better distribution and management of water within an outlet command the
practice of “warabondi was introduced in this canal system as back as 1880. In order to |
solve the day today problems in running of canal and fair distribution of water among the
cultivators, Northern Indlan Canal and Drainage Act of 1873 was introduced. The rules
for Osrabardi has worked very well over a long period of a century in spite of ever
increasing demand of irrigation water for the extensive irrigated agriculture developing in

the command of U.G.C.

2.2 LAY OUT AND SALIENT FEATURE OF RIGHT MAIN DISTRIBUTARY
The upper Ganga main canal takes off ﬁom the right bank of river Ganga at

hérdwar with originally designed discharge of 191.37 cumecs and gradually increased to
< .



242.35 cumecs (1938) which was latter remodeled to draw 311.48 cumces (1954) at
Mayapur due to increase in demand ﬁll 1951. The Deoband branch with a design
discharge of 24.77 cumces takes off from 35.342 Km, Of the upper Ganga Canal. Right
maih distributary takes off from Deoband branch canal at’7.26 km. This system \.?vas
proj'ected at the end of nineteenth cennlfy after exercising saving of water from other
branches and, frojection of L.C.C. system (1878).

Salient features for Right main distributary

Table: 2.1
| Sr. | Off taking channels .| Off takes | Tail point Design Actual C.CA.
No. points Km, capacity -| Capacity | Ha.
Cumecs | Cumecs
.1 2 3 4 5 , 6
1 Right =~ main | 7.26 of | 17.702 2.69 - 34 211
distributary Deoband
. branch
2. | Bhaisani 16.40 of | 13.60 1122 2237
distributary | Right main
distributary ‘
(a) Khoja Nagla|560 ~ of | 400 - 0.25 568
minor Bhaisani dy.
(b) Bijapura 10.32 of | 1.72 0.84 138
minor Bhaisani dy.
(c) Khampur 10.69 of | 2.60 0.056 128
minor Bhaisani dy.
3. | Barla minor 17.70 km of | 7.25 0.339 708
' Right main : .
dy.
Total 46.87 5890 ha

23 OPERATIONAL PRACTICES IN THE UPPER GANGA CANAL SYSTEM
2.3.1 Operation of main Canal in Monsoon period

Since uncontrolled discharge carrying silt and floating debris is received at
Mayapur from the ungated old subply channel, so operation of main canal during
monsoon requires great vigil. The religious sanctity and commitments do not permit

construction of a gated regulator on the old supply channél which feeds the Har-Ki-pauri

sacred pond of Hardwar,




Following precautionary measures are to be adopted in operaﬁon of main canal
during monsoon period.

1. Main canal should be closed whenever the silt content below silt rejector

(constructed in 1975 at Km 2.2) exceeds 7.5 gms/lit (7500 ppm) or continues to

~ remain above 5.00 gms/lit for more than 24 hours.
2. The canal silould be reopened only when the silt content goes down below 5.0
gnV/lit in the supply channel.
3. The U.G.C. should be closed from head whenever the flood dischérge in the river

Ganga is in excess of 5667.33 cumecs (2,00,000 (cusecs) .

Main canal should not be run with less than 1#4.19 cumecs (6500 cusecs) from
head dﬁring monsoons when silt content in water is high as it is likely by to deposit silt in
canal bed.

It would be §vorth while to menﬁon here that during_July 1970 there were heavy
land slide in Alakhananda valley, in the catchment of Ganga river, which brought down
heavy detritus at Bhimgoda works aﬁd' heavy sediments entered in the U.G.C. which
reduced the discharging capacity of U.G.C. from 297.0 cumecs to (10500 cusecs) to
99.18 cumecs (3500 cumes) causing 2.74 m (9 ft) depth of silt at the head of canal and
1.22 m (4 £) near Pathari at km 11.26. The canal had to be closed during monsoon for
desilting operations. As a result of above experience, the standing regulation orders were
drastically revised and reissued in June 1972. o

In revised rgémations the following points were introduced

(a)  The practice of taking X~ seétion |

(b)  Observation of silt content at various points of entry/exit.

(c)  Closing of U.G.C. when silt content was high.

(d)  Closing canal during high flood intensity.
4 o .



g
(¢)  Structural modification fbr improving regulaﬁon and a silt ejector was
constructed at km 2.2 in the year 1975-76.

These measures have improved the situation to some extent and maip canal has

been running with the above pre-cautionary measures to meet out Kharif demand.
2.3.2 Operation of Main Canal During NonfMonsoon Period

The major part of monsoon rainfall is éerierally over by end of August and the silt
content ‘in the river water falls to about 1000 ppm during September. During non-
monsoon period when silt content goes down below 1000 ppm ar’x_c'_i.the available sﬁpplies
are much shorter than the canal capacity, all available supply should be diverted in to
main canal for irrigation and other requirements.

The weekly regulation day at the head of [}.G.C. at Bhimgoda is fixed as
Wednesday and the regulation is' carried out between 6.00 AM. and 8.00 A.M. All
gauges at the head are read at 6.00 A.M. 12.00 noon and 6.00 PM. The gauges are
recorded in a gauge register by the signallar in-c‘hargeA. and reported by canal telegraph to
J .I%./A.E./E.E./S.E.‘aﬁd to others as per special instructions. The canal is 291.91 km long
and the effect of heéad regulation reaches the tail in about 3 ‘days.l The regulation'of the
fleads of off taking channels in the main canal is carried out on the day and time when the

A effect of change at Bhimgoda reaches the particular site.

REGULATION OF CONTROLLING POINT
Cross regulators on U.G.C are required to raise the water levels in the main canal
during lean supplies (usually from mid- November to mid-May) to feed the off-taking

channels as per authorized discharges or to operate the escapes and hydropower stations.



LOWERING AND RAISING WATER LEVELS IN U.G.C.

When an unlined canal is opened after a long closure, sudden increase in the
gauge and discharg;a would cause high velécities which are likely to cause scours in bed
particularly wheﬁ any type of obs’m_iction is encountered also damages to the banks.
Hence the gauge should not be raised by more than 6” every half hour. Like wise where

U.G.C. is being closed the reduction in gauge should not be more than 6” every half hour.

OBSERVATION OF DISCHARGES

Observation of canal discharges is important for efficient regulation of any system
and equitable distriﬁution of water and also provides zi tool for the health of canal. It
helf)s in monitoring the seepage losses in differeﬁt reaéhes and different seasons.

Similarly discharge of branches and distributaries off-taking from main canal
should also be observed frequently to determine if any of the off-taking channels are
drawing less or excessive discharges. This enables distribution of water more equitably.
Tﬁe main canal has a regﬁlar gauging station at Dhanauﬁ Dam (kms. 21) for propér

gauge discharge observations.

SEEPAGE LOSSS

Although the;e is a large vgriation in the seepagé losses with climatic and
physical conditions, yet it seems that, in general the seepage are of considerable
magnitude. Variations are soﬁethes attributed to changing weather conditions such as
temperahne, wind velocity_and with the condition of canal system. The losses due to
evaporation in the canal are of very small magnitudé z':ompared to the total losses and are
therefore, normally neglected. The two most common methodé of determining seepage

losses in offtakes are pondihg method and. Inflow-outflow method but main canal losses
10



are now measured by tracer technique method. Average seepage losses in the U.G.C.
have been observed to be about 1.5 cumecs per million m? of wetted surface or as given
below. Since the water profile in the system has been kept comparatively at lower levels,

the losses as observed in U.G.C are nomally on lower side(

Main canal - ' - 1.5 cumecs/10°m?
Branch canal --1.96 cumecs/10° m?
Distributary and minors - 1.21 cumecs/10° m?

2.3.3 Operation of Branches, Distributaries and Minors
NECESSITY OF ROTATION RUNNING

The U.G.C. has a head design discharge of 297.00 cumec between mid — May and
mid — November the river supplies are in excess of 297.00 cumec, but when the river
supplies dwindle, the discharge goes down to about 127.515 cumec in Feb/March. In
these circumstances, while the main canal runs continuously, the branches and

distributary have to be run in rotation.

ALLOCATION OF SUPPLIES

The S.E. L.W. circle — I (Ganga), Meerut has been authorised to manage the inter
circle and inter divisional diétribution of Wéter on the principles laid down in C.E.’s ofcier
(Appendix - ) He convenes meetings of the concerned, S.E.’s in October/November to
assess and decide the likely availabilitf of water for utilisation in U.G.C as per its share
and makes weekly allocation to each S.E. who in turn decides the plan of Operajqion of
Branches/Distributaries in his circle.

The executive Engineer after knowing his anticipated share of water m each

week, prepares a plan of running the different distributaries in his division. These plans
11



have to be prepared such that there is equitable distribution' of water in regard to quantity
and timing of supplies on different c;hannels cattering for the crop pattern developed.
Since the water available is less than fequirement, a rotational running of various
distributaries has to b\e planned. There are weekly osrabandi on outlets and hence the
channels are run for one week or multiples there of at a time; The system of planned and -
rotational running to rﬁatch the avaiiability of water with the requirement in a mosf

equitable manner s called the “Rostering” of the channels.

PREPARATION OF ROSTERS AND THEIR PUBLICITY

While the total availability of water in a division is fixed according to the share,
the roster of running of different channels is prepared in consultation with District
Agriculture Officer. After the roster has been fmalized, the same is got printed in the
form of a weekly'running chart for the entire crop season for all the distributaries and
minors m the division and is supplied to district and block level officials, Gaon Sabhas
etc. for infomiation and wide publicity so that the farmers may know as to when water
will be available to their outleté :and they may plan their supplemental irrigation
requirements and agricultural operations accordingly.
ADJUSTMENT IN ALLOCATION AND ROSTERS

While planning the roster an attempt should be made to run the channels with full
supply discharge and, if necessary, with a little higher gauge to utilize and distribute the
-allotted share of discharge in selected channels without having to surrender the share §r
run any channel with partial discharge.

In actual practice the river supplies may be in excess of or less than that assumed

in the planning stage for each week. If any division/circle does not need the allotted

12



supplies due to slack demand or is not ready otherwise, the distribution authority has to
decide whether the quantity of water surrendered could be reallocated to it in subsequent
weeks or should lapse. Normally no water is allowed to be escaped during Rabi period,
. when the supi)lies are much . shorter than the demand. In view of in built flexibility of
demand in large éommand, the supplies of any division can conveniently be utilized in

other divisions and adjusted in the share allocated in rosters. -

2.3.4 Operation of Outlets

The distribution of water from the outlet amongst the béneficiaries of the outlet
command is done by enforcing 'wéekly osrabandi or warabandi in which tiﬁle and
sequence is allocated to each land holder to the area commanded, outlets ventage is fixed
on the basis of reqiiifement of water for various crops proposed for irrigation.

The outlets afe ungated and they are designed to run continuously so long. as the
channel runs in the ;‘oster. Thus there is no operationai control on the outlets and majority

of outlets on U.G.C. are pipe outlets, normally submerged acting as non-modular outlets.

23.5 Operation of EscapesA

| The ‘escapes are operated with the help of head regulator. For efficient operation
and quick reduction in. canal discharge there is a cross regﬁlator in ﬂqe parent channel
with the help of which emptying of the canal is hastened even in low discharge and flow
of water downstregfn of cross regulaté; reduced almost to zero depending upon the
capability of the escape and the discharge being received at the site of escape. The
discharging capacity of all the escapes should be determined By actual observation of
discharge at the first availéble opportunity so that the constraint of the system is known.

Normally there has been gra(iual reduction in the capécities of many escapes.

13



Whenever an escape is opened during winter rains or in an emergency, the canal
signaler should inform his Executive Engineer and seek instructions so that the water
being wasted could be utilized by opening the closed channels in the regime if so

required, in his own division or in other division.

24 PROBLEMS AND CONSTRAINTS IN U.G.C. SYSTEM
2.471 I;roblemé | y

Due to mult.iplicity of regulation points and canal system being old, the problems
in the U.G.C. specially in upper reaches of the system are quite fascinating and pose a
challenge to the operation and maintenance staff, The major problems are as diécussed
below :

a)  Sediment entry into UG.C.

There isa sgrious problem of sediment ehtry in to U.G.C. at its head far in excnzess‘ |
of its ca'rrying cgpacity, during MONSO0NS. Substantial portion of the sediment load géts.
entrapped in the available deep pools m the canal bed in head reaches and the remaining
gets deposited in the lower reaches, spe;:ially abo.ve power stations. The deposited
sec_iimcnt gets washed out to some extent and carried by the canal to further low reaches,
during clear water running resulting in the permanent deposition in the canal bed and
_ reduction- in its carrying capacity. Tc; éontrol the intensity of sediment problem in main
canal, a s11t ejector has been added at the km, 2.2 which is operated with an efﬁclency of |
nearly 30% to eJect out substantial coarser bed load
b) Dhanauri Level Crossing

Ratmau' torrent crosses U.G.C. at 21 km almost at right angle to the canal. In
order to regulate the supplies of the‘torrent and the canal at lével crossing two regulators

have been constructed. The upstream and downstream floor level of the escape regulator

14



were kept at the same levei when it was constructed. After operating for last more than
140 years, the average slope of the torrent has been reduced from 1.5 m/km to 0.53 m/km
in the downstream reach. Floods Qarying from 850 cumecs to 2265 cumecs passed
| through the escape regulator. Heavy damages were observed on the upstream as well as
on the downstream of the floor which were §ubsequent1y répaired. The canal has to be
kept closed for several days during ma'ssivel “repair. During non-monsoon, Iclear water
escaping downst.ream‘ having more tendency to pick-up silt, causing retrogressidn. year to
yéér. In order to ﬁcgofiéte the severe retrogression, a fall followed by a stilling basin Was .
added first in 1920 again 1967 . Due to continuous retrogression in.the down stream feach
Qf the torrent, the bed has lowered by about more than 10 meters. As such to negptiate the
retrogression developed, another falls may have to be provided. The regulator at this
Wofk is quite tricklish and need careful operation at all the time. The sediment entering
into the canal is quit; fine and easily washed down on subséq_uent runmng
¢)  Drainage System in U.G.C. Comniahd

Siﬁce fheré was great awareness to canal Engiﬁeers for proper dréi_nage of canal
command during :éonstruction and operatién of old canal system 1n long past. U.G.C;
system consist _of' fairly planned surface drainaée arrangement but basically for d.raining.
storm water. Althc.)ugh U.G.C. system was primafily designed and constructed for
p;'otectiVe fabi irrigation and kharif irrigation was subsec[uéntly developed, but due to
quite favourable characteristics of Doab land, there is no appreciable underground
drainage problem in U.G.C. pomma‘nd. However, some -dréinage problems in the
co‘fnmand exist which are as below :
i) Higher wafer table in reaches whére canal is in embankment.
ii) Some surface depressions where water collects.

‘iii)  Obstruction of natural drainage by activity of local population.
. 5



In general, natural drainage of land is very good in northern districts and.
satisfactory in southern reaches. However, the natural drainages have Been hampered by
local persons activities. Irrigation intensities and specially develoﬁment of paddy
irrigation and induction of more water in the command during monsoons and fast
increase in population have affected thg drainage characteristics in the command.

d) Escapes |

The head of escapés are not clubbed with falls which affects the opefational
efﬁciency. The existing escapes have get silted up in the large number of cases and their
operating capacity has gone down to 50% in many cases. The tail falls are in a distress
condition and need repairs/réconstruct'ion, beiné in use for a large period and negligence
in maintenance due to generai shortage of maintenance funds.
€) Communication System iﬁ U.G.C. Coxﬁman_d

For proper régulation of a canal system, a telegraph s&stem connecting 70 stations
and ;ome telephone éystem, having 330 km route length containing 51 stations has been
provided for .U.G.C. area. The system is maintained by P & T Department and
expenditure is borne by IDUP. The r.r-la.'mtenance and operation of communication system
is ektremely poor and large portion remain ineffective thréughout the year. Even during
light rains, this éystc;ﬁ.:éets oﬁt of order. The sysfem is to be replaced by modern system
is connect all the~ih1portant 're;gulation points.

f) Service Road |

| Although major length of conveyance and distribution channels in U.G.C. system
‘have been provided with motorable servicé roads but being unmettaled these roads can
not be used rc;und the year and specially during monsoons. Increasing discipline in the

large number of users specially with their increase in need of use these roads and falling
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" standard of maintenance the service roads of even main canal and branches are in real

bad shape for proper and convenient driving for inspection.

.- g
@
(i)
(iii)
(iv)

)
o)

@

(i)

On Farm Problems

In addition to above major problems there are following another problems :

Outlet in general draw lesser water than their designed discharge, operating on
middle and tail reaches.

Head /reach‘ channels get more water as compared to middle and tail reach
channels. |

The intensities of irrigation are much higher in head reach in comparisdn to tail
reach.

Head reaches have more warabandi than thg tail reaches.

Monitoring and Evaluation Problems

Daily gauges: at head and tail of distributary or minor are taken by Patrol and

feported to S.D.0. weekly or 10— daily reports of supply pattern are not compiled

~ to compare blanned and actual patterns. If gauge at tail of channels is O.K. it is

assumed that everything is correct. However, if the end point is not ﬁgﬁt, one
does not know where to look for problem in upstream..

No periodic reports on cropping patterns and cropping intensities afe compiled to
check the locational equity. There are _no- restrictions on cropping - patterns.
Irrigated areas at the end of season are measured for assessment of water changes.
Irrigation pfogrammer are not formed before and after the season. However, at the
end of each season, depth of water supplied over mixed crop are worked out to
know the ste;tus of water consumpﬁon. There is variation in depth of water used in

particular season from year to year.
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@iv)

Y

(&)

®
(i)
(iif)
(iv)
)
(vi)

As there is no control on cropping pattern and cropped area, the question of
forming wat'er release programme as per the sanction given and demand of crop
does not arise. Only at the start of season roster showing weeks on & off is listed.
It is also not followed strictly.

Ground water levels are not monitored.

Inéentive .to Irrigators -

In wa;abandi system there is no incentive to the irrigators. As the charging is on
the area basis, farmers do not use water economically. On the contrary, the

farmers who takes initiative of spreading the water over greater area in an attempt

to make the economical use of water has to pay relatively higher water charges

but the careless irrigator.--enjoy the advantage of paying less water charges as
coﬂlpated to volume of water utilized bylhim. However increase in intensjty of
crops round the year .and 'shor'tage of surface supplies the ecoﬁoniiy in use of water
can be exercised if farmers afe exposed and trained about it; ' |

Scope for Malpractices :

Although_wafabandi system involves less human interference in operation still no
of malpractices are observed as given belbw :

Selling or suBlé&ing of water

Applying water outside the §ut1¢t area.

Taking water out of turns ~

Dismantling water course

Enldrging the size to outlet and tampering with the outlet.

Cutting canal banks.

18



But being in practice over a long period it has prerd normally quite successful in

distribution of water in large number of users without any formal water users

associations.

2.4.2 Constraints

Constraints prevailing in U.G.C system are given as under :

2.4.2.1 Engineering Infrastructure Constraint

(a)

(b)

There ‘2'11‘6 four major C.D. works in the upper reach of U.G.C. (between Hardwar
& Roorkeé). Their present status is diﬁ'erent than the designed condition affecting
the fype and capacity of water flow in to rhain 'canél. Thés‘é structures -are major
constraiﬁts in the U.G.C. sysfem which can not be relied for prsent irrigation

demands. Their present status have been discussed below.

" Ranipur superpassage : At the time of construction of Ranipur superpassage

there was 2.744 m (‘) fall in U.G.C. at this site. When Pathri power house was

constructed, the tall was eliminated. On account of this, the flow under the
superpassage is nof free and arches are submerged. Thus the oﬁgiﬁal work which
was designed initially for free flow condition is now Working under partial system
conditi'o.n' and arches are subjected uplift pfessute. Canal has been syphons Vat the
new crossing on parallel canal under conétruction.

Pathri Superpassage : During the closure of U.G.C,, it has been observed that
there are cracks in the arches of first and last spans of the superpassage. A part

from these, there is a problem of accretion in this super passage. This problem has

now been solved with innovative and bold efforts of canal Engineeré by

strengthening the old crossing as per requirements of existing accretion and taking

suitable measures in new crossing on parallel canal..
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(©)

(d)

Dhanauri Ratmau Level Crossing : At Dhanauri whenver the floods of the order
of 1700 cumecs or more have passed, the downstream floor of Dhanauri got
damaged and there was problem of retrogression downstream of the dam through
major repéirs were carried out on this work duriﬁg 1924, 1947 and 1967. The
works are still in vulnerable operative conditio'ns and do need careful operaﬁon.
However, aqueduct crossing has been provided on new canal which may
eliminate méj or operational problems.
Solani Aqueduct ‘The safety of Solani aqueduct was examined by experts
committees. The reports of the committee consisting of Dr. Jai Krishna and Dr.
O.P. Jain has recommended that there is an ample margin of safety even if the
water depth in the aqueduct is increased by another 3 to 4 fi, but in practice it is
not possibie to increase gauge of canal. However, the studies conducted by U;P.
LRI, Roqric(;e indic.ate _fhat the équeduct may not be quite safe. At present -not_
xﬁore than 255 cumecs (9000 -cﬁsecs) can pass through aqueduct safely, which is
major cogs&amt in the U.G.C. system.

However, in view of rehabilitation of U.G.C. up to Roorkee, the problems

at major cross drainage works would be eliminated.

2422 Agricul/t\ire Constraints

The farmers in the upper third of U.G.C. system are growing sugarcane in

substantial area. 'The sugarcane zone being near the head of the canal have always used

more than their. fair share of irrigation water; which has made the irrigation service to the

lower part of ‘command even more unteliable and untimely. No control has been

exercised by IDUP to consume more water in upper reaches in Sugarcane zone.
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2.4.2.3 Availability of Water

| In Kharif season, there is ample watér availabie to.meet the requirement of paddy
from July to mid - September. Periods of shortage are likely to occur normally in Ist
fortnight of October. Shortage in other fortnights may also occur occasionally when their
is long dry spells during monsoon and demandé are higher in wide spread in large
commands.

In Rabi season, there is always shortage of available water. Due to variability of
available river flows for number of years, the rosteririg of canal is not generally followed.
The farmers are ung;;vare of the périod and interi(al' in which they- will get next watering.
Due to this farmers are not able to make agronomic activities with irrigation. Thus, the
water delivery at present is in adequate, unreliable and uncertain to meet the continuos
increasing-demands of H.Y.V. These inculcation are héwever being met with by use of

ground water by users with there own means.

2.4.2.4 Social Constraints

It is rather unfortunate that the spifit of cooperation and self discipline is still nof
generated among the farmers specially in northern part of India. Farmers belé)ng to
making social groups, religion, caste, sub-caste, village etc. ﬁnsocial practices have been

adopted by the cultivators specially during drbught and periods of keen demand.

2.4.2.5 Administrative Constraints

At pfesent as administrative constraints there is no restriction on area irrigated and
-types of crops in water use bolicy. However, there is need of policy regarding limited
surface water use fo_f sugarcane during_f:he Rabi period.which may be supplemehted by

ground water. Thus Rabi irrigation should get priority over sugarcane, Existing canal act
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and laws need to be reviewed and amended by experienced professionals. The water rates
are also not updated and are too low, seeing the rates of water consumed and the

operation and maintenance expenses involved.

| 2.4.2.6 Financial Constraints

Continued reduction in the maintenance grants has resulted in the deterioration of
channel and its structures to such an extent that efficient running of U.G.C. canal has .
become difficult as their carrying capacity has gone down., the service life of existing
system can be increased if proper maintenance is carried out in time and is not allowed to
defer due to shortage of funds. The management capabilities of 6rganization responsible
for OperationAand' maintenance has alsp gone down to seeing the present needs efficiently.

Reviewé by frequent examination by experienced experts professionals of the
system is essential to restore the severe damages/deﬁciencies and maintain their desired
capabilities of the system, shﬁilaf préctice adoptéd on surface irrigatidn systems in

U.S.A. by USBR.
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CHAPTER -3

DETERMINATION OF CROP WATER
REQUIREMENT
31 STUDY AREA

The study area is located within Narsan, Deoband anci Purkaji blocks of
Hardwar, Saharanpur and Muzaffarnagar d'istricts. respectively. The area is
irrigated from right main distributary which off-takes from Deoband branch canal
at chaipage 7.26 km. Its discharge capacity at head at present is 3.4 cufnecs. The
fotal C.C.A. of right main distributary is 5890 ha. ’

There are two main irrigation seasons, Aprii to September (Kharif) and
October to March (Rabi). In Kharif seasons crops grown are Paddy, Maize,
Sorghum, Cotton, Mung and in Rabi season Wheat, Berseem, Mustard crops are
cultivated. Sﬁgarcane is a perennial crop.

The surface irrigation is done by the canal network as mentioned above. It
is being SUppl_emented by ground water drawn through state tubewell, private
tubewell and pﬁmp sets. Due to non-availabilify of adequate surface water supply
“rostering” of system is being followed.

The data collected from Ganga Canal Division, Muzaffarnagar for Kharif
and Rabiv 1994-99 period have been» used in computation of crop water

requirement in the study area.
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' 32  EXISTING CROPPING PATTERN DURING KHARIF AND RABI

S1.No. Crop Cropping Intensity
1. Paddy 20%
2 Maize 7%
3 .Sorghum | 8%
4 . Cotton 5%
e Mung | 4%
6 Wheat 32%
7 Berseem 4% -
8 Mustard | 4%
9 Sugarcane 60%
Total 144%

3.3  COMPUTATION OF ET¢

ETo can be computed by climafological method, pan evaporatin method,

‘modified penman method and Hargreeves method — modifed Penman method has

been used for the present study.

In the modified Penman ETo is computed by the following equation.

WRa , A=W, —e,)

ETo=C

Where

Radiation term .

“Aerodynamic term

ETo = Reference crop evapotranspiration in mm/day

Part A : (1-W). f(u) (es-e4) is aerodynamic factor

PartB : WRn — Radiation factor

25




Part C : “C” is the correction factor.
Part A ; (1-W) .f(u). (ea-eq)

6] €a = saturated vapour pressure at mean air temperature in

millibars, varies with T mean in 0°C.

(i) es  '=actual vapour pressure in millibars
. _ e, xRy max.
Q=
100

Ry max. = Maximum relative humidity.
‘(i)  (ea-eq) = vapour pressure deficit in mbar arithniatically calculated

(iv)  f(u) = wind related function from table No. 7 of F.A.O. 24.

' U
u) =027 |1+ —
) ‘ ( 100)
U = wind velocity in km/day at 2 m height from ground (known)

| (v)  (1-W)= Temperature related weighing factor (Table 9 of F.A.O.

24).
PartB: W.R,
R.  =Net radiation in mm/day

=Rus-Ra
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where,
Rus = Net short wave radiation in mm/day

Rat = Net long wave radiation in mm/day

R =(L0- 0)(025+0.5 %)Ra

. Whgre,
o = reﬂection factér =0.25 for most of crops
n = mean actual sunshine hrs per day
N = Maximum possible sunshine hrs per day.
Ra  =Extra —terrestarial radiation in mm/das'

Ry =T). fied). F()

f(T) = oTK*[6=2.01x 10° (Table - 13 F.A.0. 24.)
fled) =0.34-0.044 +ed (Table 14 F.A.0. 24.)
F(—II\I—I) =0.1+09 % (Table 15)

Part C : “C” = Adjustment factor to compensate for the effect of

day and night weather conditions.

ETo = (Part A + Part B) Pat C.
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The value of ETo have been calculated for each month on the basis of
climatological data recoded at Roorkee meteorological Station and are shown in

Table 3.1.

The K = coefficients for different crops in different months given by FAO
have been used. In determination of Kc _ coefficient, the mustard and Berseem

have been considered equivalent to Cabbage and -alpha — alpha respectively.
Determination of net irrigation requirement (N.LR.) :
N.LR. =ETc¢ + special needs (excess irrigation) — effective rainfall.

Special needé__are the requirement during land preparation, pre-plantation

and at nursery stages.

Effective Rainfall : For calculation of effective rainfall, U.SD.A. SCS method

(page 75 of F.A.O. 24) has been used.
Gross Irrigaﬁon Requirement

FIR. = — NIR -
- “Field application effiiency

Gross hIigatiOn at the head of distfibutary

FIR.
Conveyance effiiency

GIR.=

-Conveyance efficiency 75% and field application efficiency 80% has been

taken. G.LR. for different crops in their respective growing period has been
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- calculated and given in Table 3.2 to 3.10 and finally GIR. of all the crops have

been been calculated are éhown in Table 3.11.

Available surface waterat head has been calcﬁlated on the basis of actual

running days of the canals and discharge which are shown in Table 3.12.

There is total 1678 .86 ha.rh. deficit of water between surface water suﬁply
and crop water requirement. At‘ present surfacé water meets only 70 percent of
o requiremenf;‘ﬂle remaining 30 peréent is béihg supplemented by ground water.

: Thcreforel groundwater balariceI study has been descﬁbed in the next chapter — 4 to

assess the ground water potential for sustained yield.
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TABLE:3.1
Potential Evapotranspiration(ETO) by Modified Penman method

Country:India . ' Meteo.station:Roorkee
Altitude:274 m . Co-ordinates: 29.51 North Ilatitude

' 77.53 East longitude

. Max . Min ' '

Month temp. Oc temp. Oc Humidity % Wind km/d Sunshine(hr) U day m/s U day night E TO mm/d
Jan. 201 66 . 73 69 6.9. 1.9 12 1.7
Feb 29 87 65 78 7.7 2.6 12 - 24
Mar - 287 131 51 86 8.4 3.2 1.3 37
Apr 352 182 39 104" - 9.7 3.5 1.3 5.3
May 304 238 . 35 121 108 3. 13 6.7
Jun 385 259 49 121 96 3.2 1 6.6
Jul 333 255 77 95 6.2 . 28 1 47
Aug 32.3 25 79 78 6.1 2.4 1.3 42
_Sep 324 234 76 69 7.8 22 1.3 4.4
Oct 309 .17.2 70 60 9 1.4 1.3 35
Nov - 265  10.1 68 . 52 8.4 1.8 1.7 2.3

Dec 22 6.8 73 - 60 7.7 1.7 1.3 1.7

Note: 30 yr. Average value of climatic data
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Date of sowing: 15th Nov.
1 Particulars Nov(15 days)
1 Eto(mm\day) 23
2 Eto(mm\month) 34.5
3 Kc . 0.39
4 Etc= Kc.Eto 13.46
5 Special needs 1.00
6 Eff.-Rainfali(mm) 0
7 N.L R(mm) 113.46.
8 FIR(mm) 14183
9 GIR(mm) | 189.1

TABLE:3.2

Crop: Wheat

Dec.
17
52.7
0.71

37.42

3742
46.78

62.37

31

Jan

1.7

52.7

1.09

57.44

21

36.44
45.55

60.73

Duration: j3Cdays

Feb
24
67.2
0.99

66.53

40

26.53
33.16

4422

Mar(25 days)
3.7
92.5
0.44

40.7

12

28.7
35.88

47.83



TABLE:3.3

Crop: Berseem

Date of sowing: 1st oct. : Duration: 240 days
S. N. Particulér,s .. Oct. | Nov. Dec. Jan. Feb. Mar. Apr.  May
1 Etd(mm\day) - 35 23 17 1.7 24 3.7 5.3 6.7

"2 Eto(mm\month) 1085 69 527 527 672 1147 159  207.7

3 Ke 0.35 0.5 0.7 1.1 1.13 0.95 0.7 0.6

4 Etc-KcEto  37.97 345 3689 57.97 7594 10896 1113 12462
'5'Spec;needs(mm) 5 0 o 0o o 0 0 0
6 Eff.rainfall(mAm) 30 | 0 13 21.28 41 20.2. 30 19
7 N.I.R.(mr_n). . 8297 345 2389 3669 3494 8876 813 10562

'8 FIR(mm) 10371 4313 . 2086 4586 4368 110.95 101.63 132.03

©o

GIR(mm) 138.28 57.5 39.82 61.15 5823 14793 1355 176.03
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TABLE:3.4

Date of sowing: 1st Nov. Crop: Mustard Duration: 107 days

S.N. ' Particulars | Nov. | Dec. Jan. Feb.(16days)
1 Eto(mm\day) 2.3 Y | 1.7 24
2 Eto(mm\month) 69 52.7 52.7 o 38.4
3 Kc 0.3 1 0.97 0.55
4 Etc= Ke-Ete 20.7 52.7 5142 - | 21.12
5 Special needs(mm) 75 | . 0 0 0
6 _ Effec.rainfall(rﬁﬁ'!) 0 13.4 .21.8 S 21.12
7 N,I.R.(mm) 95.7 39.3 20.32 0
8 F.LR.(mm) 11963 4913 36.65 0
9 G.I.R.(mm) 159.5 65.5 | 48.87 0
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S.N.

- TABLE :3.5

Crop: Rice
Date of sowing: 18th June
Particulars Juné(12days) July
ETO( mmid) 6.6 4.7
ETO(mm\m) 79.2 145.7
Kc 11 1.1
. .Etc=Kc.ETO  87.12 160.27
Special ngeqé 100 225
Efferainfall . 25.65 155.48
NIR (mm) - 16147 £ 229.79
FIR(MM) 161,47 229.79
GIRMM) 21529 306.39

34

August

42
130.2
1.1

143.22

123.03

20.19

20.19

26.92

Duration: 135 days

Sep
4.1
123
1.1

135.3

121.16

14.14

14.14

18.85

Oct

35

108.5

1.06

115.01

52.13

62.88

62.88

83.84



TABLE:3.6

35

Crop:Maize
Date of Sowirig: 1st June ‘ Duration: 107 days
| S N. Particulars June July | Aug - Sep(15 days)

1 Eto(mm[day) 6.6 47 4.2 4.1

2 Eto(mm!month) 198 145.7 130.2 61.5

3 Ke 0.3 0.67 1.08 0:_81

4 Etc=Kc.Eto | 50.4 97'.62 140.62 49.82

5 Special Needs 75 0' 0- 0

6 Effective Rainfall 42.52 97.62 130 ‘46

7 N. I. R.(mm) 91.88 0 10.62 . 3.82

8 FIR(MM) 114.85 0 13.28 478

9 GIR(MM) 153,13 0 17.7 6.37



TABLE:3.7

Date of sowing.:'15th June Crop: Sorghum Duration: 125 days
S.N. Particulars June july Aug Sep Oct
1 Eto(mm\day) X 4.7 4.2 41 3.5
2 Eto(mm\month) 99 145.7 - 130.2' 123 6?
3 K 034 053 0g0 08 0.6
4 Eth Kc,EtoA 33.66 77.22 } 128.9 120.54 . 37.8.
5 Special needs 75 | 0 | 0 | 0 | 0
6 Effectivelliéin.fé 30 . 69 o120 118 . | 32
7 N. IA.' R.(mm) 78.66 » 8.Zé 8.9 2.5{ | 5.8
8 FIR(mm) " " 9833 10.28 - 1113 RE | 725
9 GIR(mm) 431 | 1‘3.7 1483 423 967
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TABLE:3.8

Date of sowing:1st April Crop: Cotton : Duration: 214 days

SN. . Particulars April May June July  August September October

1 Eto(mm\day)- 5.3 67 66 47 42 4.1 35
2 Eto(rpm\ménth‘) 159 2077 198 1457 1302 123 108.5
3. ke | 0.4 07 108 106 099 - 080 08
4 Eto=KoEto 636 14530 200.88 154.44 12889 10947 86.8
5 Specialneeds 75 g 0 0 0o 0 0
| 6 Effective.rainfall _ 26A . 0 58.96 | _134.28 120 102.25 36
7 NIR(mm) 1126 14539 15092 2016  8.89 7.22 56.8
8 FIRMm) 14075 18174 18865 252 11"11 0.03 | 635
9  GIR(mm) 18767 24232 25153 336  14.82 12.63 84.67
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Date of sowing: 1st March -
S. N. Particulars

1 Eto(mm\day)

2 Eto(mm\mqnth)
3  Ke

4 Etom Koo -

5 Special needs

6 Eﬁective rainfall(
7 N.LR.(mm)

8 FIR(mm)

9 GlR(mm) _

TABLE:3.9

Crop: Mung

March

3.7

114.7
0.3
16.65

75
16.65
75
93.75

125

April

5.3

159

1.24

197.16

34

163.16

203.95

271.93

38

Duration:92days
May

6.7

207.7
11

228.47

20.32
208.15
260.19

346.92



Date of sowing: 15th Feb.

S. Particulars Feb Mar. Apr. May June July Aug. Sep. Oct. Nov.

1 Eto(mm\day) 24 37 b3

2 Eto(mm\month) 31.2 115 159

3

Ke 038 044 052

4 Etc=KcEto  11.86 505 82.7

5 Special needs| 75 0 0

6 Effect. Rainfall(1 26.93 17 28

7

8

9

N.LR.(mm) 59.93 33.5 54.7
F.LR(mm) 79.91 446 729

G.I.R(mm) 90.8 50.7 82.9

TABLE:3.10

Crop: Sugarcane

6.7

208

0.69

143

16.4

127

169

192

6.6

198

0.85

168.3

51.88
116.4
1565.2

176.4

47 42

146 130.2

0.95 1.02

138 132.8

133 127
542 58
723 7.73

8.21 8.79

39

4.1

123

1.04

128

108

19.9

26.6

30.2

3.5

109

1.03

112

38

73.8

08.3

112

2.3

69

69

69

92

104.6

‘Duration: 365 days

Dec.

1.7
527
0.88

43.38

14.3

29.08

38.77

44,06

Q-

Jan.

1.7

- -92.7

0.83

4374

21

22.74

30.32

34.45
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CHAPTER-4

A WATER BALANCE MODEL

41 INTRODUCTION

Water balance model is maiﬁly a book keeping procedure which estimates the
balancé betwéen the feplenishment of water from precipitation and other sources and
outflow of water by evapotranspiration, effluent seepage and ground Water withdrawal.
Water balance studonf an area is useful to find the status of water resources utilization.

Process IeVgI models i.e. models used for eﬂraluation-of (i) seepage from a canal
reach, (ii) surface runoff originatiﬁg from rainfall (iii) infiltration and its redistribution
due to rainfall (iv) evapotranspiration from the root zone,(v) irrigation retﬁm flow and
(vi) influent and effluent seepage from stream are integrated in a wéter balance model.

The integrated model can either be a lumped one or a distributed one.

N N
ig'lol' 1) qQl, ilz‘loo'

'V'}A.v

Controlled Volume for a' Lun,ipéd Water Balance Model
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Considering the saturated control volume, the following ground water balance equation

has been proposed by Khan (1980)

] iQIi +(1;oc)QIi, +QI, —iQoi -QO, =£:lt’,
i=l . e

™
2
I

total inflow into the saturated control volume c_omprised of recharge from

precipitation, influent seepage from stieam and artificial recharge;

QL = the groundwafer inflow from adj acent section;
Qi = the total quantify of water applied for irrigation;
N - ‘. .
Z QO, = the total outflow from the control volume comprised of pumpage; effluent

seepage and evapotranspiration from shallow water table;

Q0, = -the groundwater outflow to the adjacent section;
o = the irrigation efficiency over the domain which is unknown;
Av. = thechangein volume of water within the control volume during time At ‘

Which is equal to integration of change in water level multiplied by
specific yield. Av can be computed either using a distributed ground water

flow model or by direct measurement.

Ground water level data, stream cross section and stage data, water spread area of
the tank, aquifer parameters and water supplied for irrigation are required to carry out the

water balance. From this equation only one unknown quantity can be estimated. .
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The area of interest for the present study is the command of right main
distributary which is off taking ﬁoﬁ DeoBan’d braﬁch canal at chainage 7.26 km. The ':
distributary has a culturable command area (C.C.A) qf 5 890 ha. For Water balance study
~ the area bound by river Kali in the West side, Ganga Canal in the East side, Deoband
branch canal in the North, and a decomposed aquifer boundary in the South has been
considered. The z"oné bound by the above boundaries has an area of 3.804032 x 10° ha.

. The area is qpmpriéed of three commimity blocks viz. Gurukul Narsan, Deoband and

Purkaji of Haridwar, Saharanpur and Muzaffar Nagar districts respectively. -

42 HYDROLOGICAL AND GEOHYDROLOGICAL FEATURES OF THE
STUDY AREA:

4.2.1 Climate and Rainfail

| The area éxperiences moderate type of sub-tropical and monsoonic climate. The
tempefature rises- upto 40°C in in summer and falls down to 2°C m winter. Monsoon
generally sets toWarcis the end of 3une and lasts till the end of Septembér. Most of the
precipitations occurs during the months of July, August and September. Tﬁe winter rains
are 's;canty. The water balance has been carried out considering normal rainfall. The
monthly average rainfalls for the sfudy area ﬁas been worked out on the basis of rainfall
observed at Roorkee observatory station. The monthly average rainfall have been

computed consid‘crin’g rainfall data of five years which are given in Table 42,

4.2.2 Drainage ‘System of the Area

The area is drained by the river Kali Nadi. The discharge data of Kali Nadi near
the study area are not available. Therefore, a gradient of 1 in 500 has been assumed to
compute 'the efﬂueﬁt seepage to the river. The details of drainage path are shown m index -

map.
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4.2.3 Ground Water Condition in the Study Area

Groundwater in the study area occurs under shallow water table condition. The
main dquifers of the region are sand beds. Most of thg aquifers ére generally in
unconfined to vsemi-conf-med conditions. Main sourlce of replenishment to ground water
reservoir is rainfall which occurs during monsoon. The water table therefore, rises during
mohsoon due to recharge from rainfall. During the non-monsoon period the water table
goes down due to withdrawl from the ‘ground._wa‘t.er resérvoir. The water table rises to the:
highest level imm_édiateiy after _the monSodn and declihes to the lowest level during.the

month prior to the monsoon.

4.2.4 Water Tablemap '

Ground wat.er contours showing points of equal elevation of water table for the
month of Juné and October in the year 1995 - 1996 are presented in Fig. 3 to 6 of the
water table contours indicate that the_- grouﬁd water table slopes from study area to south-

 east direction. Average water table slope is about 1. in 500,

4.2.5 Aquifer Chéfacteristics

The usefulneés of an aquifer as 'a source of water largely depends on its speciﬁc
yield and transmiss.ibility. Pumping test has been conducted within thg area by Ground
water départmenf Roorkee division in. the )./e.ar 1991. Specific yield is féund to be 16%
and transhiisivity to be 521.00 m*day in Rankhandi village.of Deoband block. But the

average transmisivity of whole study area is higher than the test value. The average value

of whole study area, transmissibility has been reported to be 1521 m*/day.
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43  WATER BALANCE METHODOLOGY
The study area is divided into a number of rectangular grids. The grid size is 800
x 1052 m in x and y direction respectively. In the study area fhere are 25 no. of rows and

22 no. of columns. J represents column and I represents row.

4.3.1 Recharge from Railnfall
| Recharge due to rainfall depends upon several factors such as characteristic and
thickness of soil, %opography, Vegetablé cover, land use, depth to wafer table, .intensity,
duration and seasonal distribution of rainfall and air temperature. i?;echarge from rainfall,
therefore variés;in space and-time. No field study has b‘een conducteq in the project area
to estimate recharge due to rainfall. The UP.ILRL conductéd a study in Western U.P;
* which is applicaﬁle to the study.area. The empirical rélation suggested by U.P.LR.I is |
Rr = 347 (R-38) |
where, B
Rr = Rainfall penetration in cm.
R = normal annual rainfall m cm.

" The relationship is based on the study c'onductéd in five small doabs in western U.P.

4.3.2 Seepage: fmm CanalA ’

Tﬁe rate of seepage ﬂom unlined Acanals depénds upon the channel dimension of
the canal and drainagé conditions and coefficient of permeability of subsoil. For
éalculation of seepage loss the wetted perimeter was worked out on the basis of cross-
section of each channel. Seepage rate through upper Ganga cana]ﬂ is 1.5 m%/see/ 106 sq.m.

of wetted perimeter. For Branch canal and distributary/minor the seepage rate is 1.96 and
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1.21 m*/see/10°m? respectively. Thése seepage rates are based on the results of study

carried out by U.P.LR.L. Roorkee in this region.

433 Irrigation return flow
Irrigation return flow depends upon type of soil up to water table, depth to water
fable, method of irrigation, "frequency of irrigation and hydro-meterological parameters.

The irrigation return flows for different crops have been assumed as -

.Crop o Percentage
‘Paddy _- 40
.Maize . 15
Sorghum | 15
Cotton - 15
Wheat - - 25
Berseem | 15
Mustard 15
Mung 15
Sugarcane - 30

4.3.4 Subsurface Inflow
Looking at the water table contours, it is found that lateral subsurface inflow is
taking place from top. The study area is bound by Deoband branch canal in the north.

This inflow is assumed to be half of the seepage from Deoband canal.

4.3.5 Subsufface Outflow
The water table contour shows that some part of outflow is taking place from

study area to Kali nadi and another part under the main Ganga canal towards the river
| | 47



Solani. There is also outflow towards sQuth’ of the study area. The outflow from basin
has been calculated using Darcy’s law, The gradient of flow has been taken as 1 in 500

and transimissivity has been taken as 1521 m%day.

4.3.6 Withdrawl from Groundwater Reservoir
With draw] from groundwater reservoir in the study area is done through state
tube well, private tube well, pump sets and othe.; meéns. It is assumed that any deficit in
surfacé wate; supﬁly 'to meet the crop water re_quiremen.t' is met by ground water

withdrawal.

437 Results of the Water Balance Model .

Considering all components of inflow i.e. seepage from canals, recharge from
raihfall, replensihment from irrigation feﬁm flow and ground water inflow at the
northern boundary, and all the components. of outflow, i.:e. ground v;/ater outflows taking
place th;ough the ea.st‘ern, western and southern boundaries, and pumping as per crop
water requiement, nionthly watér b’alanée has been carried out startihg from the month of |
January.

- The recharge due to precipitation- during'normal rainfall year, (1994 to 1998) is
215.05 mm §vhich is about 16.7 percent of annual rainfall. While the :echérge in drought
year 1987 is only 97.198 mm Which is about 14.49 percent of annual rainfall. Results

"have been presented for the following five cases :

1. Existing cropping intensity = 144% and rainfall is nofmal,

2. Excess surface water is not supplied more than crop water requirement and
rainfall is normal.

3. Cropping intensity is 170% an_d rainfall is'nb‘rmal. |
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4, Cropping intensity is 144% (existing) and rainfall corresponding to the drought
. year 1987.
5. .Cropping intensity of 170% (proposed) and rainfall corresponding to the drought

year 1987.

The hydrograph of average water level for each cases are ShOWII‘i;l Fig. '4.|2to Fig.
‘4.1& The details of water balance components are given in Table 4.3 to 4.7. The results
of Watef balance for different cases érg giveﬁ in Table 4.1. ’-

Table 4.1 status of water ievel position at the end of December for different

hydrological conditions and Cropping Intensity.

Wafer table position at the end of December with respect
Case | to the position prevailed during beginning of January of | -
| previous year , '
Rise (cm) . Fall (cm)

1 ’ S 241 -

2 - 4.5
3 63 :

4 ' - 49.5
5 - ' 67.3

N

From the water balance study it is aséertained that the cropping intensity can be
increased up to 170% and there is sUfﬁéie:rlt ground water available to support this
increased cropping intensity. The excess water more th‘e'm‘ crop water requifement
éuppljed causes recharge to ground water. If th1s excess water is not conveyed in the

canal a ground water mining of 4.5 cm occurs even for 144% cropping intensity. If the
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excess water is conveyed cropping intensity can be increased from 144 to 170% without
causing groundwat er mining.
~ For drought condition and existing 144% cropping intensity a ground water
mining of 49.5 cm will occur. For a cropping intensity of 170%, a mining of 67.3 cm will
, ’

occur for drought condition.

The position of available surface water and crop water requirement in each cases

are shown in Fig. 47 to4.4\.
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Water level rise (cm)
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Fig.4.12:Hydroph of average water level for case 1:Existing cropping intensity

15

10

-15

144% and normal rainfall

£33 —
131
>

Month

61



Fig.4.13:Hydrograph of average water level for case2:Excess surface water is not
supplied more than crop water requirement and rainfall is normal
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Water level rise (cm)

Fig.4.14: Hydrograph of average water level for Case 3:Cropping intensity 170%
and rainfall normal
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Fig.4.15: hydrograph of average water level'for case 4: Existing cropping intensity
144% and rainfall corresponding to thedrought period of 1987

2 3 4 5 6 1 H 0 M 1

Water level rise (cm)
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Month
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Water level rise (cm)

Fig.4.16:Hydrograph of average water level for case 5: Cropping intensity 170%
and_rainfall. corresponding to the drought period of 1987

Month
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TABLE:4.2

Monthlv rainfall data in mnri

Name of observatory station:Roorkee

S.N.Year Jan Feb Mar Apr May June July Aug Sep Oct Nov Dec Total

1 1994 38 105 0 30 46 18 463 407 6 0 0 0 1113

2 1995 70 55 3 8 0 135 418 626 165 O 0 0 1480

3 199 33 124 10 0 5 61 184 499 355 63 0 0 1334

4. 1997 23 0

£.N

70 15 39 350 279 82 67 37 101 1067

)]
—
©
(o]
[o7]

o
N
o
-
-
N
(03]
©
W
(0]
(0]
N

257 472

N
-
BN
-
]
o
[]

1439

Averageof 5 328 60.8 258 394 204 67 334 457 164 574 7.4 20.2 12866

Source:ground water depar
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S. N,  Description Jan Feb'.

1

w

Inflow
a Rainfallrecharge - 0  225.7

blrrigation return flow 280.1 465.9
¢ Canal seepage 92.68 102.4

d subsurface inflow 27.64 25.33

e Total inflow(A+B) 400.42 819.3
Outflow

f Ground water
- withdrawl 272.7 706.9

g Basin outflow 248 224

towards nver

h  Basin outflow
towards main canal 124 112

| Outflow at bottom 150.9 136.3

j Total outflow (F+) 795.6 1179

Change in storage -395.2 -396
(E-J) -
Ground water  -395.2 -755
potential
Water level rise -1 -1.98
in(cm)

Annual water level 6.3
rise incm

TABLE:4.5

GROUND WATER BALANCE (ham)

. Case3: Normal rainfall and proposed cropping intensity 170%

Mar Apr MAY  Jun Jul Aug Sep - Oct Nov Dec

0 38.5 o . .Nm.o 2620 3689 1132 196 0] (o}

402.7 453.3 8413 2068 1090 1349 1916 7189 872  324.8
98.38 194 1911 2187 2606 2493 2492 136  97.98 109.9-

27.64 6449 69.09 69.09 66.79 43.76. 5067 52.97 32.24 29.94
528.72 750.29 1101.49 2635.8 4046.39 4116.96 1623.47 1103.87 1002.22 AmK...mA

7909 2641 1713 4248 1985 O O - 1060 2511 2769
248 240 248 240 248 248 240 248 240 248

124 120 124 1 ,No 124 124 120 124 120 124

160.9 146 150.9- 146 - 1509 1509 146. 150.9 146 150.9

1322.8 7701 22359 4754 721.4 5229 | 506 1582 3017  799.8

-794.1 -19.81 -3@#& -2118.2 3324.99 3594.06 117.47 -479.03 -2014.8 -335.16

1549 -1569 -2703.4 -4821.6 -1496.6 2097.49 3214.96 Nﬂwm.mw 721.15 385.99

407 -4.12 -7.1 -12.67 -3.93 5.51 8.45 7.19 1.89 1.01
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TABLE 4.6

GROUND WATER BALANCE(ham)

Case4: O_,o,uum:n intensity is 144%(existing) and rainfall corresponding to the drought year 1987.

S. N, Description Jan ‘Feb Mar
1 Inflow -
a Rainfall recharge 428.7 218.7 0
birrigation return flow 281.7 598.3 387.7
¢ Canalseepage 9268 102.4 98.38
d subsurface inflow 27.64 25.33 27.64

e Total inflow(a+d) 830.72 942.73 513.72
2 Outflow .

f Ground Emﬁq 184.1

withdrawl . 4
g Basin outflow 248 224 . 248
towards river :
h  Basin outflow 124 112 124
towards main canal

1070 523.1

| Outflow at vono:. 1509 1363 150.9

j Totaloutflow (f+) 707 15423 1046
3 Change in storage 123.72 -599.57
(e)
4  Ground water
potential

5 Water level rise
in{cm)

6 Annual water level
rise incm

032 125 .26

495

Apr MAY - Jun Jul
0 1134 568.7 43.75
462.3 982.1 1817 7459
194 1911 2187 269.6
64.49 69.09 69.09 66.79

MNO.N@. 2376.29 2673.49 1126.04

0 1686 3545 0
240 248 240 248
120 124 120 124

146 1560.9 146 150.9

506  2208.9 4051 522.9

-632.28 214.79 167.39 -1377.51 603.14

123.72 -Awm.mm -1008.13 -793.34 -625.95 -2003.46 -1400.32

=21 -1.6 5.2 -3.6

Aug , Sep Oct Nov -

1304 0 0 0

112 2041 7449 888.4
2493 2492 136 97.98
43.76 5067 5297 3224

1709.06 503.97 933.87 1018.62

0 0 1071 2353

248 - 240 248 240

124 120 124 120
150.9 146 1508 146
522'9 506 15939 2859 -
1186.16 -2.03 -660.03 -1840.38
21416 -216.19 -876.22 -2716.6
056 056 23 74

Dec

347.9
109.9
29.94

487.74

262.9

248

124

150.9

785.8

-298.06

-3014.66

-7.9
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Case:s Cropping ..:8:&2 of 1 v_oo\o%ﬂoummm& and rainfaj oo:.mmuo:&:m. to the drought year 1987

S.N, Description Jan Feb
1 Inflow -
a Rainfal recharge 428.7 218.7
blrrigation retumn flow 280.1 465.9
¢ Cana! Seepage 92.68 dow,.a
d subsurface inflow 2764 2533

e Total Szosam.»& 829.12 812.33
2 Qutflow o

f  Groung ‘water
withdraw;

g Basin Outflow 248
towaras nver
h  Basin outflow 124 112
towards main canajf

2727 706.9
224

I Outfiow at bottom 150.9 136.3
j Totat Cutflow (f+1) 795.6

~ 3 Change in storage 33.52 ‘.wmm.mw

(e+))
4 Ground water 3350 -333.35
potentiaf .
5 Water level rise 0.09 -0.87.
o in(cm)
6 Annya water leve| -87.3

rise in cm

11792

Mar

0
4027
98.38
27.64
528,72

799.9

- 248

124

150.9
13228
~794.08

-1127

-2.96

Apr MAY Jun
0 1134 568.7
453.3 841.3 2068
194 191.1 218.7
64.49 €9.09 . 69.09

711.79 2235 49 2924.49

1713

264.1 4248
240 248 240
120 124 120

146 150.9 146

7701 22369 4y,

831 068 182954
118531 -1186  _30¢5.5¢

811 3417 -7.93

124

150.9
721.4

748.74
-2267

-5.96

Aug Sep

1304 0
134.9 1916
249.3 249.2
'43.76 50.67

1731.96 491.47

o 9
248 249
124 129

1509 14¢
5229 506

1209.06

<1058 1073
278 g1

Oct Nov
0 0
718.9 872
136 97.98 .
52.97 . 32.24

907.87  1002.22

1060 2511

248 240

124 120
150.9 146
15829 3041 7

1453 -675.03 201475

-1747 -3762

4.59  _ggg

Dec

324.8
109.9

29.94
464.64

276.9
248

124

150.9
7998
-335.16

4097

-10.77

7!



" CHAPTER - 5

DISCUSSION

U.G.C. ié one of the oldest canal systems in India, which was designed earlier to
provide protective irrigatipn in Ganga — Yamuna'Basin in U.P. Now due to increased
cropping intensity and high yielding varieties of crop, canal water is not sufficient to
meet the crop water requirement of area cdmm_andédL The general operétions problem
and constraints are discussed in Chapter — 2. In view of of the above, the operational
. problems and constraints of right main distributary have also been observed as narrated
below. | |

The right main distributary is suppiied with water éccording to fotational program
of channels framedlby the irrigation department aﬁd publiishedjand seﬁt to all concerned
district officers and public répresentatives. During Kharif the normal 'pa;ctern of flow is
two weeks flow and one week closure alternatively. During Rabi, the pattern of flow is
one. week flow and two weeks closure alt'err_lativ-ely-.eiicepf that 'during January and
February the closure period ié thre_e wéeks. Varabaﬁdi .hés been imialemented on all the
- outlets in the system.

There are no cahai telegraph or télep,hone line within the corﬁmand of right main
distributary. The canal telepgraph offices nearest to the head of right main distributary are
at Asafnagar and Roorkee which is situated at approx. 8 and 14 'km‘fespect.ively from the
command area.

There is no any meter flumes for _dischargé measurement and supply into canal

are estimated by guague discharge method which is normally not updafed. There is
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general problem of distribution ot‘ equitable suppllies and this problem is quite serious
specially on some tail reach channels such as the lower part of Bhiaisani distributary.

: ’H;e Air.rigation watef does not ai)pear to be used economically. It could be
observed tltat duting some pertods the canal supplies are not available when required.
There are ]aractieally no control strueture for distribution of required supplies.

The difference between gross' irrigation requirement and canal supply at head is

calculated monthw1se which is glven in Table 3. 12 of Chapter — 3. The gross 1n1gat10n ‘

requlrement is 5613 86 ha m. and supply is 1678 86 ha.m.
Thus surface water meets only 70% of crop water requlrement and 30% of
“ requlrement is met by ground water For computatmg the sustainable yield of ground

water, a lumped ground Water balance model has been developed.

_ ’I;he" fdildwtng _'d;istrit)dtaries and minors convey the itrigation water in the study

area: | | ' -‘ '
1. Gaddarjudda mmor :
2 Rightmain distribitary
3. Sidhauli dtst_ﬁbutary |
4 Majhol mincr W
5. Saloniminor
6. .Tansipur nght dlstrlbutary |
7. Right Mohaﬁiadp_tfrldistributary .

| The length ah:d{per‘in:leter of lea‘c'hl distributary and mmor have been calculated grid
wise for computiag'seepa'ge loss. |

For dlscharge calculatlon of d1str1butary and minor, the average discharge of five

years has been taken into cons1deratlon
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Ground water balance has been carried out fof five specific cases. These are :

There are five éases and egch cases has separate results.

Case — 1 : Existing cropping intensity of 144% is continued under normal rainfall
occurrence. In this case the annual water level rise is 24.1 cm. It is observed that here is
exces supply of canal water during the month of April, July, August and September part
of these exces supplies is recharged to groundwater due to canal seepage. The minimum
ground water potential is in the month of June. The maximum ground water potential is
in the month of September after monsoon.

Case —2 : Excess surface water is not supplied more than crop water requiremient
and rainfall is normal. Under these conditions the annual ground water level falls by 4.5
cm. Thus there will be a nominal ground water mining. Maximum ground water potential
is in the month of September. The potential is minimum in the month of June.
Maximum groundwater is withdrawn in the month of J ﬁne.

Case — 3 : Cropping intensity is 170% and rainfall is normal. In thig case the
annual water level rise in the command is 6.3 cm. This i§ due to the recharge from the
exces supply of canal water iﬁ the month of August and September. The minimum and
maximum g1'011nd water potential o.ccur in the month of June and September respectively.

Case — 4 . Cropping intensity is 144%(existing) and rainfall is equal 'to the
rainfall that occurred during drought period of yéar 1987. 1t is assumed that in April,
July, August and September, excess surface water was supplied more than the crop water
requirgment. The annual water level falls by 49.5 cm causing'ground water mining.

Case - 5 : Cropping intensity of 170% (proposed) and rainfall corresponding to

the drought period of 1987. For increased cropping intensity under drought condition the
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annual water level falls by 67.3 cm . Minimum ground water potential is in the month of

December and maximum in the month of January. .

Because there is rising trend of ground water level with existing irrigation
cropping intensity and normal rainfall. The deficit in surface water supply in the
command area of right main‘distrisutary can be met by ground wétef successfully. Water
balance study The model result shows that there is also rise in water level after
introducing propésed increased cropping intensity. Therefore cropping intensity can
safelly. be increased upto 200% through conjunqtive use of ground water and surface
water.

A ground water balance model has been prepared which can be used for

conjunctive use of surface and groundwater.
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CHAPTER - 6

CONCLUSIONS AND SUGGESTIONS

| 6.1  FINDINGS
The s‘u;face water is not sufficient to fneet the crop water requirément at present. |
It only protects the crops in Rabi, but for more productiqn adequate water} is to be
required. The stlidy area has good aquifer and svufﬁcie'nt‘ ground water pétential. A
software has been written for monthly ground water balance. The result of water balance
shows that there is an average increasing tendency of ground water level. In normal
rainfall and existing cropping intensity 144%, the annual water level rises by 24 cm.
For propose:d»increased cropping intensity of 170%, the annual water level rise ié 6.3 cﬁ
indicating a deﬁnite_ tfend of surplus grou_ndwétér. -
Thus, there is ample scope of ground water use to meet the irrigation
requirements.r ' |
1. | The water balance study ind_ica_tes that seepage loss fr(.)m cﬁannel-ranges between
8.86 10 9.5% of head discharge. |
2. The stﬁdy area has good fertile land. The sugarcane is the principal crop, whichlis
extensively grown at head reach of canelll by farmers. In head reaches, they use

more water than the share allotted to them.

3. The actual discharges in some distributaries and minors are morel than the design
discharges.
4. The opefation and regulation system of distributary and minor is not functioning

efficiently. There is lot of water wastage due to mismanagement and poor

operating system of canal.
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6.2

From the water balance study, it is ascertained that the cropping intensity can be
increased upto 170% and there is sufficient groundwater available to support this
increased cropping intensity.

The excess water more than crop water requiremént supplied causes recharge to
grounciwater. if this water is not conveyed in the canal a groundwater mining of
4.5 cm occurs even for 144%‘cropping intensity. If the excess water is éonveyed
cropping intensity caq be increased from 144 to 170% without causing' ground
water mmmg |

SUGGESTIONS

_The study has been conducted with available data from the various department of

the state. In absence of the required full data several assumptions have been made on the

basis of studies conducted in this area and other similar areas and experiences. With

improved data, it would be possible to improve the results further.

L.

It is necessary to improve the-data in following aspects :
Itis Suggésted to install additional observation well to observe water table levels. - -
near canals._

It is also Sug'gested to carry out pumping tests at various selected sites to evaluate

| *the value of specific yield and transmissivity.

Experiments should be carried out to evaluate return flow of irrigation, canal
seepage at different places of all distributaries and minors.
Deficit of water between crop water requirement and available surface water is

supplemented by 100% ground water withdrawal assumption in the absence of

- data.

From the contour map, it is observed that ground water level is fising in the area

where canal water is being used, where as ground water table is lowered in areas,
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where ground water is mainly used for irrigation. Hence, proper planning is

necessary to use the supply of water as well as selection of cropping pattern to

check the situation.
For measuring surfaces water delivered to irrigation channels and different
outlets, proper measuring devices need to be introduced in the system for correct

assessment of supplies delivered and to control wasteful use of water.
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IN THIS PROGRAMME LUMPED WATER BALANCE HAS BEEN CARRIED OUT.
DIMENSION HINTI (25,25),HFIN(25,25)
CHARACTER*12 CROPNAME (15)
DIMENSION CANALL(25,25),CANALP (25,25),NCTYPE (25,25), NELEMENT(ZS)
DIMENSION CANALRD(0:10,12) , UCOMMAND (25, 25)
DIMENSION TRANS (25,25),SYIELD(25,25) )
DIMENSION.DELX(ZS),DELY(ZS),JINI(ZS),JFIN(25)
DIMENSION SEEPLOSS(25,25,12),RECHRAIN(12),PUMPREQM(12),
RETURNF (9,12) ,WRQM (12) , RFLOWM(12) , SEEPM(12) ,DSEEP (0:10),
NUMDAYSM(12) ,DAILYD(10), SWATERSM(12), QPUMPPUA(12),
GWPOTEN (12) , TWRQM (12) , SWAVAILF (12) ,CGWPOTEN (12),
EXCESSSW(12) ,DEFICSW (12}, HYDROGRAPH(lZ),
BOUTFR (12) ,BOUTFL(12) ,BOUTFB(12) ,BINFT (12)
BASIC DATA

umabd Wwhp

DIMENSION USELAND(9),CROPKC(9,12), ETCROP(9,12)

DIMENSION -EFFRAIN(9,12),EXTRAW(9,12),WREQCROP(9,12),

1 RFACTOR (9) .
DIMENSION RAIN(12),EVAP(12)

DIMENSION RDEOBAND<(12),RGJUDDA (12),RRMAIND(12),RSIDHDIST (12),
1 RMAJH (12) ,RSALONI (12) ,RTANSID (12) , RRMOHD (12),

2 RBASERAD (12) ,RGANGAM (12)

CROP1=PADDY -
" CROP2=MAIZE

CROP3=SORGHUM
CROP4=COTTON
CROP5=WHEAT
CROP6=BERSEEM
CROP7=MUSTARD
CROP8=MUNG .
CROP9=SUGARCANE

OPEN (1, FILE= 'C:\FOR1\GEOMETRY.DAT', STATUS= 'OLD')
OPEN (2, FILE= 'C:\FORl\BSURESH.OUT','STATUS='UNKNOWN')
OPEN (3, FILE= 'C:\FOR1\TIMEVAR.DAT', STATUS= 'OLD')

READ (1, *) IMAX,JMAX
WRITE(2,*)"' I JINI(I) JFIN(I)"'

READ(1,*) (JINI(I),JFIN(I),I=1,IMAX)

. ‘'WRITE(2,50) (I,JINI(I),JFIN(I), I=1,IMAX)

FORMAT (5X, I5, 5X, I5, 5%, 15)

DO I=1,IMAX -
'READ (1, *) (HINI (I,J) , J=JINI (1), JFIN(I))
END DO

WRITE(2,*)'INITIAL HEAD IN DIFFERENT GRIDS'
DO I=1,IMAX

WRITE (2,54) (HINI(I,J),J=JINI(I),JFIN(I))
END DO

DO I=1,IMAX
READ (1, *) (HFIN(I,J),J=JINI (I),JFIN(I))
END DO
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WRITE (2, *) 'FINAL HEAD IN DIFFERENT GRIDS'
DO I=1,IMAX

WRITE (2,54) (HFIN(I,J),J=JINI(I),JFIN(I))
END DO

DO I=1,IMAX
DELY (I)=1052,

END DO
DO J=1,JMAX
DELX (J) =800.
END DO
AREA=0.

DO I=1,IMAX

DO J=JINI(I),JFIN(I)
AREA=AREA+DELY (I) *DELX (J)
END. DO :

END DO

"WRITE(2,*) 'STUDY AREA=',6AREA

DO I=1,IMAX

READ(1,*) (SYIELD(I,J),J=JINI(I),JFIN(I))

WRITE (2, 54) (SYIELD(I,J),J=JINI(I),JFIN(I))
END DO

DO T=1,IMAX

READ(1,*) (TRANS(I,J),J=JINI(I),JFIN(I))
WRITE (2,54) (TRANS (I,J),J=JINI(I),JFIN(I))
END DO : - '

DO I=1,IMAX -
DO J=JINI(I),JFIN(I)
SYIELD(I,J)=0.16
TRANS (I, J)=1521.
CANALL(I,J)=0."

- CANALP (I, J)=0.

NCTYPE(I,J)=0 -

- END DO
END DO

READ (1, *) RIVERL, GANGACL, PERIMG, RIVGRAD
READ (1, *) DBANDHL , DBANDHP

READ (1, *) SEPFM, SEPFB, SEPFD, SEPFMR
FCTR=60.%60.%24./10%%*6
DSEPM=SEPFM*FCTR
DSEPB=SEPFB*FCTR
DSEPD=SEPFD*FCTR
DSEPMR=SEPFMR*FCTR
DSEEP (1) =DSEPB

DSEEP (2) =DSEPMR

DSEEP (3) =DSEPD

DSEEP (4) =DSEPD

DSEEP (5) =DSEPMR



57

DSEEP (6) =DSEPMR
DSEEP (7) =DSEPD

DSEEP (8) =DSEPD

DSEEP.(9) =DSEPD
DSEEP (10) =DSEPM

DO I=1,IMAX

READ (1, *) INDEXDUMY , NELEMENT (T)

"DO N=1,NELEMENT (I)
" READ (1, *)J,CANALL(I,J),CANALP(I,J), NCTYPE(I J)

END DO
END DO

READ(1,*) (RFACTOR(I),I=1,9)
WRITE (2, *) 'RETURN FLOW FACTOR FOR' EACH CROP"

: WRITE(2 54)(RFACTOR(I) I=1,9)

" DO I=1,IMAX

READ (1, *) (UCOMMAND (I, 3y, J-JINI(I) JFIN(I))
END DO

SCOMMAND=0.

DO I=1,IMAX

DO J=JINI (I),JFIN(I)
SCOMMAND=SCOMMAND+UCOMMAND (I, J)

END DO

END DO

SCOMMAND=SCOMMAND*800 . *1052

- READ(3,57) (CROPNAME (I),I=1,9)
_FORMAT (A15)

READ (3, *) NTIME .

READ (3, *) (USELAND(I),I=1,9)

READ (3,*) (RAIN(K),K=1,NTIME)
WRITE (2, *) 'MONTHLY RAINFALIL, IN MM

. WRITE(2,54) (RAIN(K),K=1,NTIME)

- READ (3, *) (NUMDAYSM (K) ,K=1,NTIME)

READ (3, *)’ (EVAP(K),K=1,NTIME)

DO K=1,NTIME :

EVAP (K) =EVAP (K) *NUMDAYSM (K)

END DO

WRITE (2, *) 'MONTHLY EVAPORATION IN MM'
WRITE(Z 54)(EVAP(K) K=1,NTIME)

DO I=1,9
READ (3, *)(EFFRAIN(I K) ,K=1, NTIME)

. END DO

WRITE (2, *) '"MONTHLY EFFECTIVE. RAINFALL IN MM"
DO I=1,9

WRITE (2, *) *CROP ---', CROPNAME (I)
WRITE (2,54) (EFFRAIN(I,K),K=1,NTIME)
END DO

DO I=1,9

READ (3, *)(EXTRAW(I K) ,K=1,NTIME)
END DO



WRITE (2, *) '"MONTHLY WATER APLICATION FOR LAND PREPARATION IN MM'
DO I=1,9

WRITE(2,*) 'CROP ---', CROPNAME (I)
WRITE(2,54) (EXTRAW(I,K),K=1,NTIME)
END DO : '

DO I=1,9

READ (3, *)(CROPKC(I K) ,K=1,NTIME)
END DO

WRITE(2,*) 'CROP COEFFICIENT '

DO I=1,9 ‘
WRITE(2,*) 'CROP ---', CROPNAME (I)

WRITE (2,54) (CROPKC(I,X) ,K=1,NTIME)

END DO ‘

RUNNING DAYS OF CANAL BEING READ
DO I=1,10 A

- READ (3, *)(CANALRD(I K)-, K=1,NTIME)
~ END, DO

WRITE(2 *)’RUNNING DAYS OF DEOBAND BRANCH AND GANGA CANAL SYSTEM'
WRITE (2, *)'RDEOBAND BRANCH CANAL'
WRITE (2, 54) (CANALRD (1,K) ,K=1,NTIME)

WRITE (2, *) 'RGJUDDA MINOR'

WRITE(2,54) (CANALRD (2,K) ,K=1,NTIME)

WRITE(2, *) "RRMAIN DISTRIBUTARY'

WRITE(2,54) (CANALRD(3,K) ,K=1,NTIME)

WRITE (2, *) 'RSINDHAULI DISTRIBUTARY'

WRITE(2,54) (CANALRD (4,K) ,K=1, NTIME)

. WRITE (2, *) 'RMAJHOL MINOR'

" WRITE(2,54) (CANALRD(5,K),K=1,NTIME)

WRITE (2, *) 'RSALONI MINOR'

. WRITE(2,54) (CANALRD (6,K) ,K=1, NTIME)

WRITE(2, *) 'RTANSIPUR DISTRIBUTARY'
WRITE (2, 54) (CANALRD (7,K) ,K=1,NTIME)

WRITE(2,*) 'RMOHD DISTRIBUTARY'

. WRITE(2,54) (CANALRD (8,K) ,K=1,NTIME)
WRITE(2 *) 'RMAIN BASERA DISTRIBUTARY'

. WRITE(2,54) (CANALRD(9,K),K=1,NTIME)

WRITE (2, *) 'MAIN GANGA CANAL' '

WRITE(2,54) (CANALRD(10,X) ,K=1,NTIME)

READ (3, *) (DAILYD(I),I=1,10)

COMPUTATION OF WATER REQUIREMENT OF CROP IN A MONTH
" DO I=1,9

DO K=1,NTIME '

. ETCROP (I, K)=CROPKC (I, K)*EVAP(K)

" END DO
END DO

'NET IRRIGATION REQUIREMENT=ETCRROP+ EXCEESIRRIGATION-EFFECTIVE RAIN
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WHICH HAS BEEN COMPUTED PER;UNIT AREA; IN UNIT AREA LAND
OCCUPIED BY EACH CROP HAS BEEN CONSIDERED

DO I=1,9

DO K=1,NTIME

WREQCROP (I,K)=(ETCROP (I, K)+EXTRAW(I K) EFFRAIN(I K))

1 *USELAND(I)

IF (WREQCROP (I,K) .LT.0.)WREQCROP (I,K)=0.

‘RETURNF (I, K)=WREQCROP (I,K) *RFACTOR (1)

END DO

END- DO

WRITE (2, *)'MONTHLY WATER REQUIREMENT OF EACH CROP IN MM PER UNIT
1 AREA'

DO I=1,9 .
WRITE (2, *) 'CROP ---',CROPNAME (I)
WRITE (2,54) (WREQCROP (I, K),K=1,NTIME)
END DO

WRITE(2 *) '"MONTHLY IRRIGATION RETURN FLOW FROM EACH CROP IN MM'
DO I=1,9

:WRITE(2,*)'CROP ---',CROPNAME (I)

WRITE(2,54) (RETURNF(I,K),K=1,NTIME)

" END DO

DO K=1,NTIME
SUM1=0.
SUM2=0.

DO I=1,9 -

SUM1=SUM1+WREQCROP (I,K)
SUM2=SUM2+RETURNF (I, K)
END DO ‘

WRQM (K) =SUML -

~ TWRQM (K) = SUMl*AREA/lOOO

RFLOWM (K) =SUM2
END DO

WRITE (2,*) 'MONTHLY WATER REQUIREMENT IN MM FOR UNIT AREA'
WRITE(2,54) (WRQM(K) ,K=1,NTIME)

- WRITE(2,*) 'MONTHLY RETURN FLOW IN MM FROM UNIT AREA'

WRITE (2,54) (RFLOWM(K) ,K=1,NTIME)

" DO K=1,NTIME

RFLOWM (K) =RFLOWM (K) *AREA/1000
END DO

' RECHARGE RATES ARE BEING COMPUTED

WRITE (2,*) 'MONTHLY RECHARGE FROM RAIN IN MM PER UNIT AREA'
DO K=1,NTIME"

RECHRAIN (K) = (RAIN(K) ~35.) *0.23

IF(RECHRAIN(K) LE.0.) RECHRAIN(K)=0.

END DO

SUM1=0.
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SUM2=0.
DO K=1,12 ,

SUM1=SUM1+RAIN (K)

SUM2=SUM2+RECHRAIN (K)

END DO

TRECH1=3.47* (SUM1/10.-38.)**(2./5.)/100.
TRECH2=SUM2/1000.

WRITE (2, *) '"TRECH1', TRECHL, 'TRECH2', TRECH2

WRITE (2,54) (RECHRAIN(K) ,K=1, NTIME)
DO K=1,NTIME
RECHRAIN(K)—RECHRAIN(K)*AREA/lOOO
END DO

COMPUTATION OF MONTHLY SEEPAGE LOSS IN A GRID

DO K=1,NTIME

DO I=1,IMAX .

DO. J=JINI(I),JFIN(I)

SEEPLOSS (I,J,K)=CANALL(I, J)*CANALP(I J)*

i CANALRD( NCTYPE(I,J), K ) * DSEEP(NCTYPE(I J))
END- DO

END DO

END -DO

. COMPUTATION OF MONTHLY SEEPAGE FROM THE ENTIRE SYSTEM

" EXCLUDING BOUNDARY SEEPAGE IN EACH MONTH

DO K=1,NTIME

SEEPM (K) =0.

DO I=1,IMAX

DO J=JINI(I),JFIN(I)

SEEPM (K) SEEPM(K)+SEEPLOSS(I J,K)"

- . 'END DO

END DO
END DO
OUTFLOW TOWARDS KALT .

DO K=1, NTIME
BOUTFL(K)-RIVERL*RIVGRAD*ISZl *NUMDAYSM(K)
END DO

OUTFLOW TOWARDS GANGA CANAL
DO K=1,NTIME ’
_BOUTFR(K)--O 5*GANGACL*PERIMG*DSEPM*CANALRD(10 K)

* BOUTFR (K) =GANGACL*0.5*RIVGRAD*1521 ., *NUMDAYSM (K) .

END DO

INFLOW FROM TOP

"DO K=1,NTIME"

BINFT (K)=0. S*DBANDHL*DBANDHP*DSEEP(1)*CANALRD(l K)
END. DO

MONTHLY OUTFLOW AT BOTTOM

INDEX=0



DO J=JINI (IMAX) , JFIN(IMAX)

INDEX=INDEX+1

END DO '

BOTTOML=INDEX*800.

DO K=1,NTIME

BOUTFB (K) = BOTTOML*RIVGRAD*1521 *NUMDAYSM(K)
END DO

COMPUTATION OF SURFACE WATER SUPPLY TO THE STUDY AREA
DO K=1,NTIME
. SWSUPPLY=0.
DO I=2,9
SWSUPPLY=SWSUPPLY+CANALRD (I, K)*DAILYD(I)*GO ¥60.%24
" END DO
SWATERSM (K) ~SWSUPPLY
END DO

WRITE (2, %) 'MONTHLY WATER SUPPLY THROUGH' CANALS'
WRITE (2, 55)(SWATERSM(K) K=1,NTIME) . : .

‘CANALAWATER,SEPPLY AT HEAD- SEEPAGE LOSS=WATER APPLIED AT FIELD

DO K*l NTIME L
SWAVAILF (K) SWATERSM(K) SEEPM(K)
END DO

WRITE(Z,*)'MONTHLY SURFACE WATER AVAILABLE AT FIELD'
. WRITE(Z,SS)(SWAVAILF(K) K=1,NTIME)

WRITE(2,*) 'MONTHLY WATER REQUIREMENT IN METRE CUBE FOR THE AREA'
WRITE (2, 55)(TWRQM(K) K—l NTIME)

WRITE (2, *) 'EXCESS SURFACE WATER SUPPLIED MORE THAN REQUIRED'
DO K=1,NTIME

EXCESSSW (K) =0.

DEFICSW (K)=0.

. TERM=SWAVAILF (K) - THRQM (K)

IF (TERM.GE.O.) EXCESSSW (K) =TERM

IF (TERM.LT.O. )DEFICSW(K)—ABS(TERM)

END DO -

WRITE (2, SS)(EXCESSSW(K) K=1, NTIME)

WRITE (2, *) 'DEFICIT IN SURFACE WATER SUPPLY'
WRITE (2,55) (DEFICSW(K) ,K=1,NTIME) :
WRITE(2,*) 'PUMPING REQUIREMENT PER MONTH'.

DO K=1,NTIME E
PUMPREQM (K) = AREA*WRQM (K) /1000. - (SWATERSM (K) -SEEPM (K) )
~ IF (PUMPREQM (K) .LE. 0. ) PUMPREQM (K) =0.
QPUMPPUA (K) =PUMPREQM (K) /SCOMMAND
END DO
WRITE(2,55) (PUMPREQM (K) ,K=1, NTIME)
WRITE (2, *) ' PUMPING REQUIREMENT PER UNIT AREA PER MONTH'
WRITE (2,55) (QPUMPPUA (K) , K=1, NTIME)

DO K=1,NTIME
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GWPOTEN (K) =SEEPM (K) +BINFT (K) +RFLOWM (K) +RECHRAIN (K)
1 -BOUTFR (K) -BOUTFL (K) -BOUTFB (K) - PUMPREQM (K).
END DO ) '

WRITE (2, *) "MONTHLY RECHARGE FROM RAIN'
WRITE(2,55) (RECHRAIN (K) ,K=1,NTIME)

WRITE(2,*)‘MONHLY IRRIGATION RETURNFLOW'
WRITE(2,55)(RFLOWM(K),K:I;NTIME)

WRITE (2, *)'MONTHLY SEEPAGE LOSS FROM CANAL IN METRE CUBE'
WRITE (2,55) (SEEPM(K) ,K=1,NTIME)

WRITE(2,*)'MONTHLY INFLOW FROM TOP IN METER CUBE'

' WRITE(2,55)(B;NFT(K),K:l,NTIME)

'WRITE(Z,*)‘MONTHLY BASIN OUTFLOW TOWARDS. GANGA CANAL'
WRITE(Z,SS)(BOUTFR(K),K=1,NTIME) -

'WRITE(Z *) ' MONTHLY BASIN OUTFLOW TOWARDS RIVER KALI'
WRITE(2 55)(BOUTFL(K) K=1, NTIME)

.'WRITE(Z,*)'MONTHLY OUTFLOW AT BOTTOM'

WRITE(Z/SS)(BOUTFB(K),K=1,NTIME)

WRITE (2, *)'GRCUNDWATER WiTHDRAWAL AS PER CROPWATEWR REQUIREMENT'
WRITE(2 55)(PUMPREQM(K) K=1, NTIME)

WRITE(2 *)'MONTHLY GROUND WATER CHANGE IN METRE CUBE '
WRITE (2,55) (GWPOTEN (K) ,K=1,NTIME)

DO K=1,NTIME
 CGWPOTEN (K) =0.

DO INDEX=1,K
CGWPOTEN(K)-CGWPOTEN(K)+GWPOTEN(INDEX)
END DO.

HYDROGRAPH (K) = CGWPOTEN(K)/AREA

END DO

. WRITE (2, *) 'GRQUND WATER POTENTIAL IN EACH MONTH'

WRITE (2,55) (CGWPOTEN (K) ,K=1,NTIME)

DO K=1,5
SUM=CGWPOTEN (12)
DO INDEX=1,K - .
SUM= SUM+GWPOTEN(INDEX)
END DO
CGWPOTEN(K)
END DO
WRITE (2, *) 'GROUND WATER POTENTIAL IN EACH MONTH'
WRITE(2,55) (CGWPOTEN (K) ,K=1, 5)

WRITE (2, *) 'GROUND WATER RISE'
WRITE(2,55) (HYDROGRAPH (K) ,K=1, NTIME)
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" 20
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21
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26300. 26300. 71.0 0.002
16000. 17. .
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1 5
17 1204. 3.25 2
15 1214. 7.5 3
11  824. 6.4 4,
19 950. 6.9 7
6 .380. 3.4 5
2 7
17 1140. 2.89 2
15 1277. 7.5 3
11 982, 6.4 4
19 1076. 6.9 7
12 150. 2.24 4
6 1120. 3.4 5
17 - 1140. 2.89 2
3 8
15 1128. 7.5 3
11 - 820. 6.4 4
10 1010. 6.4 4
19 1014. 6.9 7
12 1100. 2.24 4
6 1050. 3.3 5
5 190. 3.2 5
16 1030. 1.68 2
4 8
15 380. 7.5 3
16 317. 7.5 '3
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.6

1267. 7
1077. 5
9

18

21
24
4
6

3
3

5.24

1700.

1420. 3.0
190.

950.

10

580.

14
15

570.

760.

17

440.
- 1045

=
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5.4

21
25
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640.
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TIME VAR.

DATA INPUT

PADDY

MAIZE

SORGHUM

COTTON

WHEAT

BERSEEM

MUSTARD

MUNG

SUGARCANE

12

0.2 0.07 0.08 0.05 0.32 0.04

32.8 60.8 25.8 39.4 20.4

334.4 456.6 164.4 57.4 7.4
31 28 31 30 31 30
1.7 2.4 3.7 5.3 6.7 6.6
4.7 4.2 4.1 3.5 2.3 1.7
0.00 0.00 0.00 0.00 0.00 '25.65
155.48 123.03 . 121.16
0.00 0.00 0.00 -0.00 0.00 42.52
'97.62 130.00 46.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 30.00
69.00 120.00 118.00 32.00
0.00 0.00 0.00 26.00 0.00 58.96
134.28 120.00 102.25
21.00 40.00 12.00 0.00 0.00 0.00
0.00 0.00 -0.00 0.00 0.00 0.00
21.28'41.00 20.20 30.00 19.00 0.00
0.00 0.00 0.00 30.00 0.00 13.00
21.80 21.12 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 13.40
0.00 0.00 16.65 '34.00 20.32 0.00
0.00 0.00 0.00 0.00 0.00 0.00
21.00 26.93 17.00 28.00 16.40 51.88
133.00 127.00 108.00
0.00 0.00 -0.00 0.00 0.00 100.00
225.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 75.00
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 75.00
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 75.00 0.00 0.00

0.04 0.04 0.6

67.0

-20.2

31 31 30 31 30

52.13 0.00 0.00
0.00
0.00 O.

00

36.00 0.00 0.00

38.00 0.00 14.30

0.00

31



0.00 0.00 O0.00 0.00 0.00 0.00
0.00 0.0 0.00 0.00 100.00 0.00

0.00 0.00° 0.00 0.00 0,00 0.00
0.00 0.00 0.00 75.00 0.00 0.00

o

0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 75.00 0.00

o

0.00 0.00 75.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00

0.00 75.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0,00

.00 0.00 0.00 0.00 1.10
.00

0.00
1.10.1.10 1.10 1l.06 0.00

o
©

0.00 0.00 0.00 0.00 0.00 0.30
0.67 '1.08 0.81 0.00 0.00 0.00

o

0.00 0.00 0.00 0.00 0.00 0.34
0.53 0.99 0.98° 0.60 0.00 0.00

o

0.00 0.00 0.00 0.40 0.70 .06
1.06 0.99 0.89 0.80 0.00 0.00

[

1.09 0.99 0.44 0.00 o0.00
0.00 0.00 0.00 0.00 0.39

o
(=]

.00
.71

o

o

1.10 1.13 0.95 0.70 0.60
0.00 0.00. 0.00 0.35 0.50

o

.00
.70

o

0.97 0.55 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.30

o

.00
.00

[

(@]

.00

0.00 0.00 0.30 1.24 1.10 .
.00

0.00 .0.00 -0.00 0.00 0.00

o

.85
.88

0.83. 0.38 0:44 0.52 0.69
0.95 1.02 1.04 1.03 1.00

o O

i2 11 12 20 30 . 30 21 9 10 23 14 13

6 7 7 10 14 -7 12 2 5 14 7 1

8 11 11 11, 21 21 15 2 5 7 7 8

7 7 8 10 17 16 10 3 4 7. 7 17

7 7 3 11 17 16 12 3 4 7 7 7

7 7 & 10 17. 16 10 2 5-5 7 7

7 7 7 15 14. 27 16 3 4 24 11 7

7 11 10 16 20 20 21 2 5 17 11 14
14 11 10 14 17 23 21 3 6. 10 11 14
31 28°31 30 31 30 31 13 14 20 21 31

19.13 0.28 3.4 2.83 0.42 0.2 1.98 2.83 1.84 255.10



RESULTS FOR CROPPING INTENSITY 144% AND NORMAL RAINFALL

I JINI(I)  JFIN(I)
1 7 20
2 5 20
3 3 20
4 1 19
5 1 19
6 2 19
7 4 19
8 5 20
9 5 20
10 6 20
11 5 20
12 4 20
13 3 20
14 3 21
15 3 21
16 3 21
17 3 21
18 3 21
19 3 21
20 3 22
21 3 122
22 3 22
23 3 22
24 3 22
25 3 22

STUDY AREA= 3.804032E+08
.RETURN FLOW FACTOR ‘FOR EACH CROP

. .400 - .150 .150
.. .150 ,150 .300
MONTHLY RAINFALL IN MM -
.32.800 ~  60.800 25.800
334.400 © 456.600 164.400
MONTHLY EVAPORATION IN MM
52.700 67.200 114.700
145.700 130.200 123.000
MONTHLY EFFECTIVE RAINFALL IN MM
CROP --- PADDY
.000 - .000 .000
155.480 123.030 121.160
CROP --- MAIZE _ -
' .000 - ..000 .000
: 97.620 130.000 46.000
‘CROP --- SORGHUM | _
~.000 " .000 .000.
69.000 .  120.000 118.000
_CROP. --~ COTTON .
_.000 - .000 .000
"134.280 120.000 102.250
CROP --- WHEAT
.21.000 40.000 12.000
.000 .000 .000
CROP - --- BERSEEM
21.280 41.000 20.200

.000 .000 ) .000
CROP --- MUSTARD -

39.
57.

159,
108.

52

26

30.
30.

.150

400
400

000

500

.000
.130

.000
.000

.000
32.

000

.000
36.

000

.000
.000

000.

000

.250

207.
69.

.400
.400

700 -

000

.000
.000

.000
.000

.000
.000

.000
.000

.000
.000

19.

000 -

.000

67,
20.

198
52

25

.150

000
200

.000
.700

.650

.000

42

30.
.000

58

.520 .
.000

000

.960
.000

.000
.000

.000
13.

000



MONTHLY WATER APLICATION FOR LAND PREPARATION IN MM

- .970

21.800 21.120
.000 - .000.
CROP --- MUNG
.000 .000
.000 .000
CROP --- SUGARCANE
21.000 26.930
133.000 127.000
CROP --- PADDY
.000 .000
225.000 .000
CROP --- MAIZE
.000 .000
.000 .000
CROP --- SORGHUM
-.000 1000
.000 ~..000
CROP --- COTTON
©.000 .000
.000 .000
CROP --- WHEAT'
.000 .000
.000 .000
CROP --- BERSEEM
.000 .000
.000 - .000
CROP ~--- MUSTARD
.000 ~.000
.000 -.000
CROP --- MUNG '
.000 .000
.000 .000
CROP --- SUGARCANE
.000 ~ 75.000
~..000 :000
CROP COEFFICIENT
CROP --- PADDY
.000 .000
1.100 1.100
CROP --- MAIZE" o
.000- .000
.670 1.080
CROP --- SORGHUM
.000 .000
© ' .530 .990
‘CROP --- COTTON
: .000 .000
1.060  ° ..990
CROP --- WHEAT - -
1.090 .990
.000 .000
CROP --- BERSEEM
1.100 1.130
..000 .000
CROP --- MUSTARD
- © .550

.000
.000

16.650
.000

17.000
108.000

.000
.000

.000

.000

.000
.000

.000
.000

.000
.000

.000
.000

.000

000

75.000
.000

.000

.000.

.000
1.100

.000
.810

.000
.980

.000

.890

.440.
.000

.950
.000

.000"

34

28
38

75.
.000.

75

.000
.000

.000
.000

.000
.000
.000

.000

.000
.000

.000
.000

000
.000
.000

.000

.000

.000
.000

.000
.000

.000

.000 _

.000
.060

.Q00
.000

.000

.600

.400
.800

.000
.000

.700
.350

.000

20

16

.000
.000

.320°
.000

.400
.000
.000
.000

.000
.000

.000
.000

.000
.000

.000°
100.

000

.000
.000

.000
75.

000

.000
.000

.000
.000
.000

.000

.000"
.000

.000
.000 -

.700
.000

.000
.390

.600
.500

.000

13

51.
14.

100

75.
.000

75.
.000

.000
.400

.000
.000

880
300

.000
.000

000

000

.000
.000

.000
.000

.000
.000°

.000
.000"

.000
.000

.000
.000
.100

.000

.300
.000

.340
.000 -

.060
.000 .

.000
.710

.000
.700

.000



.000 .000

.000

.000

.000 .000 .000
CROP --- MUNG ,
.000 ©.000 .300 1.240 1
.000 .000 .000 .000
.CROP --- SUGARCANE :
.830 .380 .440 .520
.950 1.020 1.040 1.030 1
RUNNING DAYS OF DEOBAND BRANCH AND ‘GANGA CANAL SYSTEM
RDEOBAND BRANCH CANAL :
©12.000 11.000 12.000 28.000 30
29.000 19.000 22.000 23.000 14,
RGJUDDA MINOR
6.000 7.000 7.000 15.000 14
16.000 17.000 16.000 14,000 . 7
RRMAIN DISTRIBUTARY '
8.000 11.000 11.000 14.000 21
21.000 13.000 13.000 11.000 7
RSINDHAULI DISTRIBUTARY
7.000 7.000 8.000 14.000 17
15.000 14.000 14.000 7.000 7
RMAJHOL MINOR
7.000 7.000 3.000 16.000 17
- 15.000 14.000 14.000 7.000 7
RSALONI MINOR : ‘
- 7.000 7.000 8.000 14.000 17
- 15.000 14.000 14.000 7.000 7
RTANSIPUR DISTRIBUTARY
7.000 7.000 7.000 22.000 14,
31.000 31.000 31.000 24.000 i1.
RMOHED DISTRIBUTARY - E
-7.000 11.000 10.000 22.000 20.
.31.000 31.000 31.000 17.000 11.
RMAIN BASERA DISTRIBUTARY : ' A
14.000 11.000 10.000 21.000 17.
31.000 31.000 31.000 10.000 11
MAIN GANGA CANAL 4
31.000 28.000 31.000 30.000 31
31.000 .31.000 -30.000° 20,000 21.
MONTHLY WATER REQUIREMENT OF EACH CROP IN MM PER UNIT
CROP --- PADDY
o .000 7,000 .000 .000
45,958 4.038 2.828 12.576
CROP --- MAIZE .
.000 *.000 .000 .000
.000 .743 3.754 .000
CROP --- SORGHUM
.000 ‘ .000 .000 .000
. .658 .712 .203 2.648
CROP --- COTTON -
.000 .000 .000 5.630 7
1.008 .445 .361 2.540
CROP --- WHEAT
. 11.662 8.489 12.310 .000
, .000 . - .000 .000 .000 40.
CROP --- BERSEEM
1.468 ~1.397 3.551 3.252 4
3.319 1

.300

.100
.000

.690
.000

.000

000

.000
.000

.000
.000

.000
.000

.000
.000

.000
.000

000
000

000
000

0oc¢

.000

.000

000 -
AREA

.000
.000

.000
.000

.000
.000

.270
.000

.000.

611

225
.380

1.

30

20.

14

23

30,

31

58

000

.000
.000

.850
.880

.000
13.

000

.000
.000

.000
.000

.000
.000

.000
.000

.000
.000

.000
.000

000

.000

.000
14.

000

000

.000
.430
.000

.432
.000

.986
.000

.546
.000

.000
11,

973

.000
.956



CROP --- MUSTARD

1.173 : .634 : .000 .000
.000 .000 .000 .000 3
CROP --- MUNG
.000 .000 -3.710 6.526 8
.000 .000 .000 .000 '
CROP =--- SUGARCANE .
13.645 44.164 20.081 32.808 76
3.249 3.482 11.952 44.253 - 41

MONTHLY IRRIGATION RETURN FLOW FROM EACH CROP IN MM
CROP --- PADDY '

.000 .000 .000 .000
18.383 1.615 1.131 5.030
CROP --- MAIZE.
.000 .000 .000 .000
.000 S.11 .563 .000
CROP --- SORGHUM
.000 .000 .000 .000
. .099 .107 .030 .397
CROP --- COTTON - ‘ ]
.000 .- .000 . .000 . .845 1.
.151 - ..067 .054 ".381
CROP --- WHEAT . . : ‘
2.915 '2.122 3.077 .000
.000 ©.000 .000. "~ .000 10.
CROP --- BERSEEM : S
.220 T ..210 .533 .488
.000 . .000 .000 .498
CROP --- MUSTARD
176 ©.095 .000 .000
. .000 .000 .000 " .000
CROP --- MUNG :
.000 . .000 .557 .979 1
.000 ;000 .000 .000
CROP --- SUGARCANE
4.093 13.249 6.024 9.842 22
.975 . 1.045 3.586 - 13.276 12
MONTHLY WATER REQUIREMENT IN MM FOR UNIT AREA
27.947 54.684 39.652 48.216 95.
© 50.873 9.420 . 19.098 65.336 87.
"MONTHLY RETURN FLOW IN MM FROM UNIT AREA -
7.405 15.676 10.191 - 12.154 25
19.608 2.945  5.365 - 19.582 23

MONTHLY 'RECHARGE ‘FROM RAIN IN MM PER UNIT AREA
TRECH1  2.105212E-01TRECH2  2.150500E-01
.000 - 5.934 .000 1.012
68.862 96.968 29.762 5.152
MONTHLY WATER SUPPLY THROUGH CANALS

.000
.828
.326
.000

.148
.400

.000
.000

.000 -

.000

.000

.000

090
.000

©.000

1s3

.634

.207

.000
.574

.249

.000.

.844
.420
968
219

.817
.354

.000
.000

-9717E+07 .1112E+08 .1084E+08 .2120E+08 .2156E+08
.2884E+408 .2621E408 .2619E+08 .1551E+08 .1063E+08

MONTHLY SURFACE WATER AVAILABLE AT FIELD

.8790E+07  ,1010E+08  .9852E+07 .1926E+08  .1965E+08

.2614E+08 .2372E+08 .2370E+08 .1415E+08 .9653E+07

MONTHLY WATER REQUIREMENT IN METRE CUBE FOR THE AREA

.1063E+08 .20B0E+08 .1508E+08 .1834E+08 .3651E+08
.1935E+08 .3583E+07 . 7265E+07 .2485E+08 .3318E+08

EXCESS SURFACE WATER SUPPLIED MORE THAN REQUIRED

.000
1.572

.000
.000

69.852
19.24¢6
23.372

.000

.965
.000

1.348
.000

1.132
.000

.000
2.993
.000
143

.000
.236

.000
.000

20.956
5.774

151.245
33.747

47.772
9.146

7.360
.000

.2427E+08
.1131E+08

.2209E+08
.1021E+08

.5753E+08
.1284E+08



.0000E+00 .0000E+00 .0000E+00 .9205E+06

.6791E+07 .2014E+08 .1643E+08 .0000E+00
DEFICIT IN SURFACE WATER SUPPLY

.1841E+07 .1070E+08 .5231E+07 .0000E+00

.0000E+00 .0000E+00 .0000E+00 .1071E+08
PUMPING REQUIREMENT PER MONTH : '

.1841E+07 .1070E+08 .5231E+07 .0000E+00
) .0000E+00  .0000E+00 .0000E+00 .1071E+08

PUMPING REQUIREMENT PER UNIT AREA PER MONTH

.5712E-02 .3321E-01 ,1623E-01 .0000E+00

.0000E+00 ~ .0000E+00 .0000E+00 .3321E-01
MONTHLY RECHARGE FROM RAIN '

.0000E+00 .2257E+07 .0000E+00 .3850E+06

.2620E+08 .3689E+08 .1132E+08 . 1960E+07
MONHLY IRRIGATION RETURNFLOW

.2817E+07 .5963E+07 .3877E+07 .4623E+07

.7459E+07°  .1120E+07 .2041E+07 .7449E+07
MONTHLY SEEPAGE LOSS FROM CANAL IN METRE CUBE

.9268E+06 .1024E+07 .9838E+06 .1940E+07

.2696E+07 .2493E+07 .2492E+07 .1360E+07
MONTHLY INFLOW FROM TOP IN METER CURE

.2764E+06 .2533E+06 .2764E+06 .6449E+06

.6679E+06 .4376E+06 .5067E+06  .5297E+06
MONTHLY BASIN OUTFLOW TOWARDS GANGA CANAL

11240E+07 ° ,1120E+07  .1240E+07  .1200E+07

.1240E+07  .1240E+07 * .1200E+07  .1240E+07
_ MONTHLY BASIN OUTFLOW TOWARDS RIVER KALI
.2480E+07 ~ ,2240E+07 .2480E+07  .2400E+07
. .2480E+07  .2480E+07  .2400E+07  .2480E+07
MONTHLY OUTFLOW AT BOTTOM :
J1509E+07  .1363E+07  .1509E+07  .1460E+07
.1509E+07  .1509E+07  .1460E+07  .1509E+07

.0000E+00
.0000E+00

.1686E+08
.2353E+08

.1686E+08
.2353E+08

. 5229E-01
.7299E-01

.0000E+00
.0000E+00

.9821E+07
.8884E+07

L1911E+07

.9798E+06

.6909E+06
.3224E+06

;1240E+07
.1200E+07

.2480E+07

.2400E+07

.1509E+07
.1460E+07

GROUNDWATER WITHDRAWAL AS PER CROPWATEWR REQUIREMENT

.1841E+07 .1070E+08 .5231E+07 .0000E+00
.0000E+00 .0000E+00 .0000E+00 .1071E+08
MONTHLY GROUND WATER CHANGE IN METRE CUBE.
-.3050E+07 -.5928E+07 -.5323E+07  .2533E+07
.3179E+08 .3571E+08 .1130E+08 -.4636E+07
GROUND WATER POTENTIAL IN EACH MONTH

-.3050E+07 -.8978E+07 -.1430E+08 -.1177E+08

-.6298E+07 .2941E+08 .4071E+08 .3608E+08
GROUND WATER RISE ' _ .
-~.8019E-02 -.2360E-01 -.3760E-01 -.3094E-01

-.1656E-01 ~ .7731E-01  .1070E+00 - .9484E-01 .

WATER LEVEL RISE
' .241 ‘

.1686E+08
.2353E+08

.9661E+07
.1840E+08

.2143E+08 "

.1768E+08

.5633E-01
.4647E-01

.0000E+00
.0000E+00

.3545E+08
.2629E+07

.3545E+08
.2629E+07

.1100E+00
.8155E-02

.2800E+07
.0000E+00

.1817E+08
.3479E+07

.2187E+07
.1099E+07

.6909E+06
.2994E+06

.1200E+07
.1240E+07

.2400E+07
.2480E+07

.1460E+07
.1509E+07

.3545E+08
.2629E+07

.1666E+08
.2981E+07

.3809E+08
.1470E+08

.1001E+00
.3863E-01



. | ANNEAUKE-1
STANDING ORDER NO.6708-W-1/30 DATED AUGUST S, 1980
FOR SHARING OF GANGA WATER DURING RABI

| RABI 1990
STANDING ORDER ON INTER-CIRCLE REGULATION OF

SUPPLIES OF UPPER GANGA CANAL, LOWER GANGA
CANAL AND AGRA CANAL FOR RABI SEASON.
The available supplievs in U.G.C.f LGC and Agra Canal remain short of actual
requirement for considerabl period during Rabi season. Th;ere is,} thus, a need for
working out a share of each system, whénever the total supplies available during
entire rabi irfigétion period are loss than the requiremént oﬂf‘:'t_hree‘systems. ‘

- The total supply (T) available for distribution will be arrived at by the formula

T = S+N+E-J

= .Discharg;: of Upper Ganga Canal at Dhanauri

= Discharge of Lower Ganga Canal at narora mile 2 including the supplies
recovered there by relaease from Ramganga Reservoir. ‘

= Discharge of Agra Canal at Faridabad.

= Discharge of Jani Escape. | '

The standing order on inter-circle fegul’afidn of supplies on U.G.C._,L.G.C. and
-Agra Canal was last issued in 1974-75 when Ramganga reservoir was filled for
the first time. Although Ramganga Dam has partial fillings sinr.;e last six years but
"till now the proposed irrigation on L.G.C. during Rabi has not been achieved. It
has, therefore, beon décided now to work out 'th¢ di'stn'butic'm. of water for ansuing
Rabi season on the basis of post Ramganga areas provided in the Ramganga
project.

In the stangling order for Rabi irrigation the shares have been worked out in

proportion of the Kor period requirement of water at distributary head for total



rapl area ana 1/» sugarcane area plus e sysieim ana main 1ne 10sses on eacn

system.

5. The rabi and '1/3 sugarcane areas proposed under post Ramganga Project on these
systems are as follows:

Sl Name‘of Rabi lac acres | Sugarcanein | R+S/3 lac

No. System - lac acres acreas

1. | U.G.C. 9.14 391 | - 1044

2. L.G.C. - 10.69 1.49 11.19

3. Agra Canal 3.14 0.78 3.40

6. The number of cusec days required on this basis at distributary head for the canal

systems during the Kor period works out as follows: |

Sl ‘Name of System R+S/3 lac Cusec days required at

No. Acres distributary head @ 24
' _ acreas per cusec week.
L. U.G.C. _ 10.44 3,04,500
2.  |LGC. 11.19 3,26,375
3. Agra Canal T340 99,167
7. The main line losses have been adopted as follows :
(1) U.G.C. System Cuses days
.. MainU.GC. (1000—100.éusecs for 69,300

Harduaganj Power
Station) 9 weeks.

_ 2 | Deoband Branch 60x6 cusec weeks 2,520
3. Anupshahr Branch (200+80)x6” 11,760
4. Supply channel 41x8 weeks 2,296
5. Mat Branch System 300x8 weeks _ 16,800
Total 1,02,676

Say ' 1,02,700




+ (i)  Agra Canal 300x9 cusec weeks 18,900

@iii) L.G.C.System

[y

Main Lower Ganga Canal 850x9 cusec weeks. 54,000

2. Farukhabad Braﬂch (100x4) + (50x4) cusec weeks. 4,200
3. Bewar Branch 100x4 cusec week 2,800
4. Kanpur Branch (150+150) cusec week 18,900
5. Etawah Branch (30+100+50) cusec week_ 10,080
6. Ghatampur Dy. 60x8 cusec week 3,360
7. Fatehpur Branch + Feeder 180x8 cusec week 10,080
8. Bhognipur Branch (80+120)x4 cusec week 5,600
9. West Allahabad Branch 380x6 cusec week 16,000
10.  Kanpur Stump 50x6 cusec week | 2,100
11.  Misc. Bulk supplies at Kanpur 100x9 cusec week 6,300

Total :1,33,420
Say: 1,33,400

The main 1irl1lc losses adopted on L.G.C. and Agra Canal systems are the same as
those provided in standing order of 1974-75. The losses in U.G.C. have however, been
increased by 1000 cusecs only for the consumi)tive use in Harduaganj Power Station.

8. On the basis of the above areas and losses the shares of the three systems work

out as below:

SIL Name of Requirement | Main line Total Percent
No. system at Dy.head losses requiremen | tage.
. cusecs days. cu.days. t cu. Days
1. U.G.C. 304500 102700 - 407200 - 41.5%
2. L.G.C. 326375 133400 . 459775 46.5%
3. Agra Canal 99167 18900 118067 12%
Total 985042




10.

1.

12.

13.

14.

bBerore working out snares or L.U.C. on U.U.L. 1T Wil D¢ 1mperative 1o aeciae e

operation of Ramganga reservoir each season. This will be done jointly by the two

Superintending Engineers viz of Ist Circle, LW. Meerut and Iind Circle, I.W.

l(anpur.

If reservoir is ﬁlled upto some level lower than F.R.L. preference will be given
for the irrigation as per project requirements and the operation of reservoir
decided accordingly.

The allocation of‘water for operation of Ganga Canal, Lower Ganga Canal, Agra

Canal at head and for releases from Ramganga reservoir (for irrigation purpose

~ only) during Rabi shall be done by S.E.I Crrcle Imgatron Works, Meerut.

"The Inter-Circle Regulation on Upper Ganga Canal will be done by S.E.IL Circle,

Meerut and on Lower Ganga Canal by S.E.II Circle, Kanpur These S.E’s can
hand m}ref tlle inter-circle regulation to Executive Engineer, meerut Division
Ganga .Can'al/Kanpur Division Lower Ganga Canal during period of slack
demands when the available supplies are more than the demand.

At the time of preparing the allotment for the ensuing week the Superintending
Engineer will have worked out the shares of the total available supply received by
each canal system to end of the previous week, the estimated supplies expected to
be receiyed by each during the current week and the deficit or excess expected to
be received by each canal to end of the week. Such deficit or excess will be made
up in the allotment for the ensuing week.

If at any time during the Kor period the supplies available in Agra Canal at
Faridabad are in excess of proportionate share of the Agra Canal this excess
cannot be utilized by other canals to which it is due and must therefore be utilised

by the Agra Canal. The excess supply so utilised will be adjusted later during the

fasal when the supply available at Okhla 'falls below the Agra Canal share.



12.

16.

17.

18.

19.

1ne supply avauabie at nanauri, INarora ana Agra Lanal at rariaaonaa auring e
ensuing week will be estimated by the allotting officer and the allotment made
thereon on the following basis :
1) No supply should be passed through Jani Escape for Agra Canal as long as
the supply available at Okhla is more than 1875 cusecs nor until the Kor
supply received to end of the week is less than 12% of the total supply
.available computed as laid down in parggraph 5 to 8. Thereafter, sufficient
" water should be paésed from the Ganga Canal to Agra Canal to make up
the total supply received by the Agra Canal fo 12% of the total supply
available. |
(ii) The-balance left after fixing the discharge to be ;é_ssed into Jani Escape

‘for Agra Canal will be distributed between Upper Ganga and Lower

Ganga in the ratio of 41.50 and 46.50. .

The S.Es I, II and III will work out the shares of different constituents of U.G.C.,

L.G.C., Agra Canal and Mat Brach on the.basis of principles laid down in paras 5
and 6 above.
Inter adjustment in weekly allotments of supply will be permissible by mutual

agreement to avoid running of distributaries with much less than full supply

_discharge or to meet variations in demands.

Kor account will be submitted by each Divisional Ofﬁcgr in the prescribed from
to the Superientending Engineer as well as to the Chief Engineer Ganga and
Ramganga. These should be submiﬁed promptly and without delay to enable the
system of distribution to be adjusted in time due to fluctuations in the rate of
irrigation and demand for water.

Immediately on receipt of the Kor account from the Divisioné, the

Superientending Engineer will send consolidated Kor account for his circle to the



otner >uperinienaing kngimeers and tne Aadiional Lhiel kngineer (uanga) ana
(Ramganga) by name.

200 In )order to ﬁtilise to the best gdvantage- the indadequate .suppl‘ies available for
irrigatioﬂ and to enable the largest possible area té secure benefits of irrigation, it
is essential to ..see that water is equitably distributed in accordance with
requirements and is neither wasted nor too lavishly used anywhere during the
period.of keen demand. It will, therefore, be necessary during the progress of
irrigation to keeﬁ é constant watch in the depth of watering attained by each
Division or Cirele and to adjust the shares suitably by diverting water from areas
-showingA abnqrmally -high depth to those where water is bein_g most usefully
utilised. To enable such adjustment to be correctly made the need for fairIy

- accurate estimating of the éréas irrigated and_recorded as well ag for the prompt

. and timely submission of the Kor account should be impressed upon the

Executive Engineer.
Approved
Sd/hari Mohan . Sd/(J.P. Agarwal)
Engineer-in-Chief - Addl. Chief Engineer (Ganga)
- Irrigation Department, ’ ' :

U.P., Lucknow. . g



Annexure.2

Engineer-in-Chief’s Office, |
(Works-1-Section)
, Irrigation Department, U.P.
No.670-W-1/80 Dated: Lucknow August 5,80

Copy forwarded for informatibn and necessary action :
1. Addl. Chief Engineer (Ramganga),.Kalagarh.'
2. Superintending Engineer, Ist Circle, L. W., Meerut.
3. Superintending Engineer, Irrigatioﬁ Construction Circle, Roorkee
4, Superintending Engineer, IIIrd Circle, LW. Agra.
5. Superintending Engineer, Drainage Circle, Aligarh.
6. Superintending Engineer, Irrigation Construction Circle, Okhla.
7. Sﬁperintending Engineer, Iind Circle, LW., kanpur.
- 8. Sﬁperintending Engineer, Irrigation Works Ci_rcle, Aligarh.
e 9 _‘ Superintendir.lg Engineer, Ramganga Channel Construction Circle, Fatehpur.
| 10 Personal Assistant (Ramganga), Kalagarh.

11.  Personal Aésistant (Flood) to EW.C., Lucknow.

Sd/ (S.K. Kumar) 4.8.80
Executive Engineer &
Personal Assistant (West)
~ For Engineer-in-Chief, LD.



. STANDING: ORDER NO. 3662/W-1 DATED AUGUST 7, 1979 FOR SHARING
'OF GANGA WATER DURING HOT WEATHER

Office memorandum

No.3662-W-1/79/44B/IW/71 _ Dated: Lucknow August 7,1979
The distribution of supplies on Upper Gnga Canal System for Kharif required
reconsideration since long due to changed pattem and intensity of iirigatibn during Kharif
after completipn of Ramganga Projec.t. Superintending Engineer, I Circle, Ih‘igation
Works, Meerut has therefore been asked to work out frcsh distribution based on the mean
of the féllowing éreas for sugarcane, rice and other Kharif pertaining to different systems:
(a)  Average Irrigation of last 10 years. |
‘(b)’ Proposed post Ramganga Irrigation.
| "Thedistribution table prepared by Superintending Engineer, I Circle, Meerut »‘.on
the above: basis and sent to concerned lSuperinten'ding Engineefs vide hls D_.O.‘
| Letter No. 7525-1/W-39, dated 25.6.79, is hereby appro'ved foi regulation of
supplies on Upper Ganga Canal during Kharif with immediate effect till further

orders.

1P Agrawal

AddL. Chief Engineer (Ganga)



\-W-1/79 of date 7.8.79

Copy forwai'ded to the following Superintending Engineers for information and
necessary actfon with reference to Superintending Enéineer Ist Circle, Irrigation Works,
Meerut under mentioned above : | | ,

1. = Addl Chief Enémeer (Ramganga) _Kalagarﬁ District.

| 2. Superinténding Engiﬁeer, First Circle, LW. Meerut.

3. Superintending Enginéer, Im'gatibn Constrﬁction Circle, Roofkee.
-4, Superintending Enginéer,' Irrigation Works Circle, Aligarh.

5. Superintendiﬁg Engineer, Drainage Circle, Aligarh.

6. _Superintending Engineer, Drainage Circle, Aligarh.

7..  Superintending Engineer, Irrigation Construction Circle, Okhla, New Delhi-25.

Ss/(S.K. Kumar) -
Executive Engineer &
Personal Assistant (West)
For Chief Engineer, L.D.
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