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Abstract

Aqueduct is the Cross drainage arrangement which make the route of water from one side of drain to the other. Most of the
Rajouri town is hilly and semi-hilly belt. At Rajouri about 9000 hectares areas of land remain deprived of irrigation facilities.
The main aim of the paper is to present the hydraulic design of aqueduct proposed over Darhali River in Rajouri town and
explain as to why aqueduct was required in this area. To assist the growth of crops in areas adjoining to Darhali River
construction of Aqueduct from left bank to Right bank of River was projected. Aqueduct of 6 X 9.5m span was proposed to be
constructed. Substructure of the Aqueduct consists of the abutments, five piers and substructure of an R.C.C trough of internal
size 2.0m x 2.3 m. Foundation of abutment and piers were escalated below the Scour depth level of 4m to avoid erosion and
consequent damage to the structure via silting and erosion. The estimated cost of the structure was near about 90 lacs. It was
found that rising of aqueduct structure shall boost farming in this area besides improving livelihood of respective land owners.
The overall irrigation system of the town shall improve by constructing such a structure which was dependent mostly on rainfall.
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1. INTRODUCTION

Cross drainage works are the hydraulic structures which are
constructed to allow the passage of canal water from one
side of the drainage to the other (Punmia et al 2009). The
passage of canal water from one side to the other is done
either by allowing the water to go over the drainage or by
allowing it to go under the drainage water. Sometimes canal
water and the drainage cross each other at the same level
(Punmia et al & Garg 2009). Depending upon how canal
water crosses the drainage, cross drainage works are
classified into three types as: Canal over the drainage, Canal
under the drainage and canal at the same level as that of
drainage. When canal passes over the drainage, the cross
drainage works which are constructed are either Aqueduct
or syphon Aqueduct (Punmia et al & Garg 2009). When
canal is allowed to go under the drainage the cross drainage
works constructed are either Canal syphon or Super passage
(Arora, 2009). Sometimes canal and drainage water meet at
the same time. In that case level crossing is provided. The
relative bed levels, water levels, and discharge of the canal
and the drainage are the primary factors which govern and
dictate the type of cross drainage work. Aqueducts are
further classified as type I, type Il and type Il aqueduct.
Here type 111 aqueduct was provided because as the drainage
was very small drain.

The canal is diverged and then is allowed to pass the
drainage then this canal water ultimately benefits the land on
other side of the drainage( lacey, 1934). The canal water

passes through a trough which is generally an R.C.C or
steel. The section of canal normally is kept trapezoidal in
shape as it is best among hydraulic sections of lined canal
(Swamee et al 2000) .The construction of aqueduct is
similar to that of bridge (Chen & Duan, 2014, Punmia et al
& Garg 2009). Aqueduct consist of two parts sub structure
and super structure (Sharma and Sharma, 2008).
Substructure consists of piers, abutments, foundations
(Tonias 1994). Super structure consists of slab and trough
(Punmia et al & Garg 2009). However if possible these cross
drainage structures should be avoided. The aqueduct also
facilitates water transportation in developed countries
(Angelakis et al 2009) besides aiding the irrigation facilities.

Study Area

Rajouri used to be part of Poonch district but on 22
September1967. It was separated from poonch district and
on 1st January1968 it was officially declared as the separate
district covering an area equal to about 2630 sq km. Rajouri
is also known as Rajapuri or the land of kings. As per survey
of india Rajouri lies between latitudes 330000°00”&
330035°20” North and longitudes 74°8°00” & 74°42°30”
East. It is located at an elevation of about 562-4800m above
mean sea level and is surrounded by famous pir-panjal
hills. The river flowing through Rajouri town comes from
Darhal and Thanamandi, meeting each other near Darhali
Bridge at Kheora (Raina and Alam, 2014, Raina and Anjum
2015, Aslam et al, 2015), where the aqueduct is proposed to
be constructed. Temperature on the average varies from 7
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degree Celsius to 40 degree Celsius but area is generally
cooler in winters. The average annual rainfall is 769 mm.
Figure 1 and 2 Shows map of Rajouri and its hydrogeology.
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Figure-1 Map of Rajouri District, Jammu &

Kashmir, India (Source: Maps of India)

In the state Jammu and Kashmir district Rajouri is one of the
most important agricultural district having 7 blocks. Out of
the seven blocks of district Rajouri, Nowshera, Sunderbani,
Kalakote and Thanamandi are impotant agricarian blocks.
Wheat is the major Rabi crop but along with wheat, maize
and rice are the major Kharif crops grown in these blocks.
Rajouri town does not have well developed irrigation system
The per hectare yield of crops in this district is less as
compared to other parts of state due to high weed
infestations. Total area of the Rajouri is 253340 hectares of
which 52,973 hectares are cultivable (20%). Out of the
cultivable land, 7721 hectares is irrigated (about 14% of
cultivable area 3% of the total geographical area). Table 1
shows the crops grown in district Rajouri.

Table-1: Crops grown in district Rajouri.

of irrigation but they contribute in very little amount.
Irrigation in this area is also done mostly natural ways
which include rainfall the sources by which irrigation is
done in this area are given in table 2.
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Figuré—z Map of Rajouri District, Showing Hydrogeology,
(Source: Ground water information booklet Rajauri district)

Table 2 Irrigation by different sources

Net Area Irrigated

727 hectares

Canals 660 hectares
Wells 27 hectares
Other Sources 40 hectares
Gross Area Irrigated 800 hectares
Canals 680 hectares
Wells 50 hectares

Other Sources

70 hectares

S.no Crop Percentage(%oage)
1 Rice 6

2 Bajra 0.25
3 Maize 46

4 Wheat 42.39
5 Barley 0.018
6 Millet 0.10
7 Pulses 0.43
8 Sugarcane -

9 Fruit & Vegetables 0.069
10 Oil seeds 1.5

Most of the area is hilly and semi-hilly belt which is
deprived of irrigation facility. Ans and Rajal canal is the
only source of canal through which irrigation is done but
that covers area of Budhal division only irrigating only 660
hactares of land. Construction of aqueduct is under way in
Nowshera as well. Except canals wells also act as a source

Other then the above mentioned sources most of the paddy
area is irrigated through khuls in Thanna, Behrote, Palma
and sources of irrigation are Nullah Thanna, Nallah Ans,
River Rajauri and Nullah Kalakote. One more aqueduct is
proposed to be at kheora over Darhali River so that the land
which remains deprived of irrigation gets the necessary
water which not only will help in raising the crops but will
also improve the financial situation of many farmers.
Besides assisting the land owner.

2. MATERIALS AND METHODS

The material used in the construction of aqueduct was
cement, course aggregate, sand, water and steel. Then the
hydraulic and structural was done though here only
hydraulic design is presented. Hydraulic design includes the
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design canal section, determining the highest flood
discharge and highest flood level of the river, the design of
drainage waterway, design of canal waterway which
included design of transition and calculation of head losses
at critical sections was done. Besides this design of guide
banks, launching apron was also done. Scour depth was also
determined by formula recommended by Indian standard.
Structural design was done in accordance to IS 456:2000.
Design of transition was done using Mitra method (Vittal
and Chiranjeevi 1983), where as head losses were calculated
using Darcy (Moody,1944) and Manning’s formula (Dooge,
1989).

Current meter was used to find out velocity of drainage.
Figure 3shows the current meter.

Figure 3: Curréht meter

A perfect current meter, whether mechanical or
electromagnetic, should react right away and time after time
to any change in water velocity, and should accurately
register the desired velocity component. Also it should be
sturdy, easily maintained, and simple to use Mechanical
current meters compute velocity by interpreting linear
motion into angular motion (Fulford et al 1994)

3. RESULTS AND DISCUSSIONS

Design of Aqueduct

The design of Aqueduct includes hydraulic design and
structural design. Here only the hydraulic design is
presented.

Design of canal Section

The design of Aqueduct starts with the design of canal. A
canal a non-natural watercourse constructed to permit the
passage of boats or ships or to transmit water for irrigation.
Since the best cross section of the canal is trapezoidal for
lined canals (Swamee et al 2000), here the trapezoidal cross
section has been chosen. Applying the general method of
design of alluvial lined channels the constant width and
depth of alluvial canals with trapezoidal shape for a given
set of water discharge, channel slope, sediment size, and
side slope, F.S.L, Velocity etc are calculated (Chaang, 1980
and chitale, 1994). Table 3 shows Hydraulic design of Canal

Table 3- Hydraulic design of Canal

Hydraulic Elements Value

Bed width of canal 4m

Canal Water depth 2m

Bed Slope of the channel 1in 3110
Free board 0.3m

Fully supply level 1002.685m
Full supply discharge 10 Cumecs
Canal bed level 100.685m
Velocity 0.8m/sec

The hydraulic design of the Darhali Nallah over which this
canal will pass was done, in this design discharge and HFL
of the Nallah was determined by calculating the velocity of
river. The discharge was calculated using the continuity
equation of discharge by first determining the cross
sectional area which was 124.915m?calculated of the river
and then multiplying it by velocity which was found out by
current meter (Govers, 1992) and H.F.L was determined by
consulting the locals and taking data of past 50 years, details
of elements of drainage are shown in the table 4. The
average velocity of the drainage was found to be 5.70m/sec.
Slope was calculated from L-Section of the drainage, it was
found to be 3.86%. Canal bed level was 1000.685m and the
highest flood level (H.F.L) of drainage was 999.485m. So
Canal bed level was more than highest flood level (H.F.L)
of drainage, an aqueduct was proposed constructed. The
other design details of aqueduct are presented as follows

Table 4- Design details of Darhali Nallah

Hydraulic Elements Value
High flood discharge 712 Cumecs
Highest flood level 999.485m

Design of drainage Waterway

Waterway is defined as the canal, river or other water body
serving as a route or way of travel or transport (Broad,
1992) Table 5 shows some details of design of drainage
water way

Table 5: Design of drainage water way

Total water way 62.5m
Clear Water way 57.6m
Piers 5 nos of 1m each

Design of canal waterway
Canal waterway can be defined in a similar way as that of
drainage waterway

Transition design

Transition in channels is defined as the change in cross
section of canal (Punmia et al 2009, Garg 2009).Design of
transition in both expansion and contraction was done using
Mitra’s method and is shown in table 6
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Table 6: Design of transitions

S.No | Design Feature Value
1 Length of Expansion transition 3m
2 Length of Contraction transition | 2m
3 Splay in Contraction 2:1
4 Splay in Expansion 31
5 Splay length in Contraction 5m
6 Splay length in Expansion 8m

Head losses at various levels at different section

Head losses in the pipes and networks hydraulic delegate the
irreparable loss of pressure energy, that experience a liquid
or a gas as it passes through a conduit, or another fitting of
fluid network (Hooper, 1981).The head losses, reduced
levels and velocity of flow at different sections of canal
were calculated and are shown in table 7. The head losses
calculated at different sections as shown in table were
started from section 4-4. Initially trapezoidal section was
chosen and velocity was found out after calculating the cross
section elements. Then velocity head was calculated by
formula given by equation 1

Table 7- Head loses at Various sections of canals

5.No | Section | Velocity | Velocity | Head Head | Head Loss | R.Lof | RL of R.L of Total
(m/sec) | Head Loss Loss due to bed Water | Energy Line(m)
(m) due to due to | Expansion (m) Surfac
friction | Contra- (m) e (m)
(m) ction
(m)
1 4-4 0.83 0.035 - 1000.68 | 1002.6 1002.72
8
2 3-3 25 031 - 0.085 10005 | 1002.5 1002.805
3 2-2 25 0.31 041 - 1000.51 | 1002.9 1003.22
1
4 I-1 0.83 0.035 0.05 100296 | 10029 1003275
4]
R.L of bed was found out earlier and by adding depth of H.=0 SV%—V% )
canal water R.L of water surface was found. Total energy ©T 2

line which is the sum of all the heads was found by adding
velocity head to R.L of water surface. Then we proceeded to
section 3-3 from here the canal gets expanded and hence
there will be loss of head due to expansion, calculated by
formula given by equation 2

From section 3-3 to 2-2 there was head loss due to friction
which was calculated by Manning’s formula given in
equation 3. Similarly reduced levels at this section were also
found out. From Section 2-2 to 1-1 the canal gets contracted
and as a result of that there will be head loss due to
contraction, which is calculated by formula given in
equation 4. Reduced levels were found in similar way.

Formulae used

H=V?/2g. (1)
Where V is velocity of flow at that section and g is
acceleration due to gravity.

Head due to expansion, calculated by formula

H, =03 (Vi;gv‘*z) )

Head loss due to friction from section 3-3 to 2-2 there is
which was calculated by

N2v2 L
2= Y ©)

Where N is Manning’s coefficient R is hydraulic radius V is
velocity of flow and L is length of the canal waterway
Head loss due to contraction, which is calculated by formula

The complete details of the head losses and other features of
canal trough are given in figure 2
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Figure 4- Head losses and R. L’s at different sections

Design of Guide banks

They are provided to prevent the river from damaging
railway formation, bridges and cross drainage or any other
hydraulic structure (Przedwojski, 1995).

First of all length of Guide bank and radius of curved head
both at the upstream and downstream end of the aqueduct
were determined and are shown in the table 8. The cross
sectional details of guide banks are given in table 9 and
figure 4.
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Table 8: Length and radius of curved head of guide banks

Side of Length of | Radius of Sweep

aqueduct guide curved angle
bank(m) | head(m)

Up stream 78.13 34 130°

Down stream | 15.63 17 60°

Table 9: The cross sectional details of guide banks

Table 10: Scour depth and apron at various sections

Section Scour | Width of
depth | launching
below | Apron

river (m)
bed
(m)

At the river bed from nose of the | 4 1.2

guide bank and H.F.L

At the river bed at the transition | 0.8 1.6
from nose to straight portion
and HE.L

At the Shank of the guide bank and | 0.8 1.6
H.F.L

H.F.L at aqueduct site 999.485m
Free board 1.5m

Top level of guide bank 1000.985m
River bed level 993.985m
Guide bank height above river bed | 7m

The water face of the shank was pitched with one man stone
weighing 0.4 to 0.5 KN The rear slope of the shank was
provided with vegetal cover. This was done for slope
protection. VVolume of stone required for pitching was found
out to be 8.46m> Thickness of launching apron at the inner
and outer edge was found out to be 1m and 1.5m
respectively. Figure 4 shows cross section and plan of guide
bunds
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Design of Launching Apron and Scour depth calculation
Scour depth is the depth upto which soil erodes river bed
(Lim, 1997). It is helpful in designing the foundation of a
cross drainage work as the silting problems are controlled
(Olsen, 1998). Scour depth at various sections and details of
apron are tabulated in table 10. After that design of apron
was done

CONCLUSION

The design of aqueduct was done and it was found that it is
of great importance especially in areas like this where
irrigation is done only by natural means and to some extent
by wells. Rising of aqueduct structure shall boost farming in
this area besides improving livelihood of respective land
owners as 9000 hectares of land was found to remain
deprived of irrigation. Aqueduct of 6 X 9.5m span was
proposed to be constructed. Substructure of the Aqueduct
consists of the abutments, five piers and substructure of an
R.C.C trough of internal size 2.0m x 2.3 m. Foundation of
abutment and piers were escalated below the Scour depth of
4m level to avoid erosion and consequent damage to the
structure. Span of the aqueduct was 57.6m.The estimated
cost of the structure was near about 90 lacs that was the only
difficulty found that the project is pretty costly. Crops like
rice wheat maize etc will grow by assistance of this
aqueduct.
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