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Abstract

Kakrapar weir is located on river Tapi near village Kakrapar of Mandvi taluka of Surat district. Its construction was completed
in 1954 for the purpose of irrigation in Gujarat state. Irrigation through Kakrapar weir was divided into two main canals i.e.
Kakrapar Right Bank Main Canal (K.R.B.M.C) and Kakrapar Left Bank Main Canal (K.L.B.M.C). Annual Irrigation in
K.R.B.M.C is 162.16%.This is highest among all the canals in this region. Due to insufficient maintenance, problem of leakages,
seepage which is persistent in command area results in wastage of water, water logging etc. Looking to the above situation there
is no other option but to increase the carrying capacity of canal. The purpose of this study is to improve the conveyance
efficiency of K.R.B.M.C. It also studies how Benefit derived and Cost incurred in the project can be worked out. Thus Benefit-
Cost ratio is to be studied in addition to technical feasibility and economical viability. The impact of a project on economic
welfare can be evaluated in terms of the relative values of associated benefits and costs.

Keywords: Weir, Tapi, Annual Irrigation.

I. INTRODUCTION

Kakrapar weir is located on river Tapi near village Kakrapar of Mandvi taluka ,Surat district. Its construction was completed in
1954 for the purpose of irrigation in Gujarat state with area of catchment 59904 km2. Irrigation through Kakrapar weir was
divided into two main canals i.e Kakrapar Right Bank Main Canal (K.R.B.M.C) and Kakrapar Left Bank Main Canal
(K.L.B.M.C). Length of each canal is 64 km. K.R.B.M.C has discharge capacity of 70.23 m3/sec having Gross Command Area
of 100220 ha. with Culturable Command Area of 58745 ha. K.L.B.M.C has discharge capacity of 85.63 m3/sec having Gross
Command Area of 247000 ha and Culturable Command Area of 145335 ha. Annual Irrigation in K.R.B.M.C, U.R.B.M.C and
U.L.B.M.C is 162.16%, 111.15% and 110.29% respectively. Thus annual Irrigation in K.R.B.M.C is 162.16% which is
maximum among all main canals.

I1. NEED OF STUDY

K.R.B.M.C was designed considering cropping pattern prevailing at that time. During course of time irrigation was developed
and farmers started growing cash crops i.e. sugarcane, paddy etc. Infrastructural facilities have also developed in the area for sale
and process of cash crops. For K.R.B.M.C , Sugarcane in planned cropping pattern was 8% which jumped to 34.92%. Certain
crops considered in planned cropping pattern were wiped off at the cost of cash crops. Thus drastic change in cropping pattern
has taken place. Introduction of cash crops which are high water intensive demand water at frequent intervals. This has
compelled almost uninterrupted operation of canals.

On one hand water requirement has increased due to change in cropping pattern, and on the other hand due to canal capacity
constraint, canals have to run for longer durations to meet the demand of irrigation water in command area. This type of
operation leads to meager time of closure of canals to carry out routine maintenance and ultimately canals have lost their
designed section and carrying capacities. Reduction in flowing capacity of canal reduced availability of water, particularly in tail
area. Further during course of irrigation, more and more area is brought under irrigation needing even more discharge. Also due
to insufficient maintenance, problem of leakages, seepage also persistent in command area resulted in wastage of water, water
logging etc. Looking to the above situation there is no other option but to increase the carrying capacity of canal. Also to operate
all the canals at a time and close the whole system for carrying out routine maintenance to sustain the existing canal network is
not possible.
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111.OBJECTIVES OF STUDY

The present work has been taken to study problems in existing unlined Kakrapar Right Bank Main Canal. The purpose of this
study is to improve the conveyance efficiency of K.R.B.M.C. It also studies how Benefit derived and Cost incurred in the
project can be worked out. Thus benefit-cost ratio is to be studied in addition to technical feasibility and economical viability.
The impact of a project on economic welfare can be evaluated in terms of the relative values of associated benefits and costs. If
benefits are more than costs, it implies that the nation would be better off by taking up the project. On the other hand, an excess
of costs over benefits indicates wastage of money. Logic would guide that usually a project should be taken up only if its benefits
exceeds costs

IVV. SCOPE OF STUDY

The present project work has been taken to find the best economic alternative for modernization of Kakrapar Right Bank Main
Canal (K.R.B.M. C). Study of economic analysis of K.R.B.M.C will give us the benefit-cost ratio necessary to take up the
project. Also, it will give an idea of socio-economic impact on farmers, industries and contribution in development of nation.

V. METHODOLOGY

Lining of irrigation canal offers one of the best opportunities to extend available water for maximum command area. Lining is
not only effective in controlling seepage losses, but it provides insurance against breakages, reduces maintenance costs, and
constitutes a good weed control measure. The lining material shall be so selected that it should meet most of the requirements for
the specific site. Apart from avoiding all the disadvantages of an unlined canal, a lined canal also has the advantage of giving low
resistance and thus reducing the frictional loss and maintaining the energy and water surface slopes for the canal as gentle as
possible. This is advantageous as smaller canal slope means a larger command area. All these reasons lead to adoption of lining
of canals, though the cost may be prohibitive.

For Kakrapar Right Bank Main Canal Geosynthetic Clay Liner (GCL) proposed with cement concrete. GCL material of 6mm
thickness is covered by 15cm thick layer of cement concrete.

-

L
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Kakrapar Right Bank Main Canal is 64 km in length. Kakrapar Right Bank Main Canal is divided into ten sections. Its cross
section varies at each chainage. Lining is considered for two designs. In first case canal is lined with the previous design and in
other canal design is modified by increasing its depth at every chain age by 20cm and keeping the slope of canal as 1.73:1. For
rate analysis Schedule of Rates 2013-14 of Surat Irrigation Circle, Surat is considered.

A. Kakrapar Right Bank Main Canal (Unlined Canal) Typical Cross Section
Deslgn of canal section of KR.B.M.C. at Ch. 0 t0 16357 m.

Data
FB=0.90m. B Bed Width = 2744 m
d FSD = 290 m
S H.G = 0.00010
2.90 n Side slope = 1.50
N Coeff. Of Rugosity= 0.0180
Result
r(1) Area =(A) (B+nd)d A 92.19 sq.m
92.19 m? W.P 37.90 m
R 243 m
L
)] Wetted Perimeter=(P) B+2d(n?+1) Ve 1.09 m/Sec
37.90 m. AVAVS 0.92
Q (Calculated) 92.10 m’/Sec
(&) R=(A/P) A/P 3251.89 Cu.Ft/Sec
243 m
(0 Velocity = (V) 1/N XR ~2/3xM1/2
1.00 m/sec
F . . 0.64
(5) Critical Velocity =(\Vc) 0.55xD™
1.09 m/sec
r(6) Critical Velocity Ratio=(\V/Vc) AVAYS 0.92
™ Calculated Discharge =(Q) A XV

92.10 m’/sec
3251.89 Cusecs

Fig. 3: Design Calculation For Kakrapar Right Bank Main Canal (Unlined Canal)

B. Atdifferent chainages hydraulic characteristics are shown in Table - 1 as below.
Table- 1
Hydraulic Characteristics For Kakrapar Right Bank Main Canal (Unlined Canal)

- Hydr
Hydr Coefficien -
Sr Chainag Lengt | Dept Botto Slop aulic t W?tted aulic Velocit | Discharg
. m . Area Perimete | Mean
e h h . e Gradien of - y e
no width . r Radiu
t Rugosity S
From ; Till L d B n S N A P R v Q
m m m m? m m m/s m°/sec
1| o ; 16735 16357 | 2.9 | 2744 | 15 | 00001 | 0018 92i19 37.896 2";32 0999 | 92095
2| 1637 || 25120 8844 | 284 | 2256 | 15 | 0.00017 | 0.018 76;6 32.800 2'3522 1252 | 95359
3| 25201 ; 28004 2839 | 277 | 2400 | 15 | 000015 | 0.018 78923 34.077 2%95 1185 | 92.747
4| 28040 (t) 42898 14948 | 277 | 2378 | 15 | 000015 | 0018 77(')38 33.767 2'%91 1176 | 91.010
5| 42088 || 46579 3807 | 2.84 | 2256 | 15 | 0.00015 | 0.018 76;6 32.800 2'3522 1187 | 90.375
6| 46795 c‘) 52028 5485 | 228 | 211 | 15 | 00003 | 0.018 55690 29.321 1'9706 1473 | 82362
7| 52280 (t) 56309 3813 | 234 | 195 | 15 | 00003 | 0018 53:;}84 27.937 1'9327 1484 | 79.889
8| 56003 | | 57381 1720 | 274 | 163 | 15 | 000025 | 0.018 55592 26.179 2'1236 1450 | 81.068
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o| sre13 || 59329 1480 | 274 | 157 | 1.5 | 0.00025 | 0018 54927 25579 2'%)22 1443 | 78340
10| 59293 (t) 60098 1687 | 274 | 175 | 15 | 00002 | 0018 59i21 27.379 2'%62 1307 | 77.399

C. Kakrapar Right Bank Main Canal (Lined Canal) Typical Cross Section
Design of canal section of K.R.B.M.C. at Ch. 0 to 16357 m.

Data
FB =0.90 m. B Bed Width = 27.44 m
d FSD = 290 m
el S H.G = 0.00010
I 2.90 n Side slope = 1.50
N Coeff. Of Rugosity= 0.0120
Result
(1)  Area =(A) (B+nd)d A 92.059 m?
92.06 nv’ W.P 37.88 m
R 243 m
2 Wetted Perimeter=(P) B+2d(n2+1) Vc 1.086 m/Sec
37.88 m. Ve 1.378
Q (Calculated) 137.85 m°/sec
3) R = (A/P) A/P 4867.35 Cu.Ft/Sec
2.43 m.
4 Velocity = (V) 1/N x R "2/3xS"1/2
1.50 m/sec
(5)  Critical Velocity =(Vc) 0.55x D%
1.09 m/sec
(6) Critical VVelocity Ratio=(\VV/VVc) V/Vc 1.38
(@) Calculated Discharge =(Q) AXV

137.85 m*/sec
4867.35 Cusecs
Fig. 4: Design Calculation For Kakrapar Right Bank Main Canal (Lined Canal)

D. Atdifferent chainages hydraulic characteristics are shown in Table - 2 as below.
Table - 2
Hydraulic Characteristics For Kakrapar Right Bank Main Canal (Lined Canal)

- Hydr
Hydr Coefficien -
Sr Chainag Lengt | Dept Botto Slop aulic t We_tted aulic Velocit | Discharg
. m . Area | Perimete | Mean
e h h . e Gradien Of . y e
no width . r Radiu
t Rugosity s
From (‘) Till L d B n S N A P R v Q
m m m M? m m m/s m°/sec
1 0 (t) 16735 16357 2.9 27.44 15 0.0001 0.012 9%.1 37.90 2.43 1.50 138.14
2 16357 (t) 25120 8844 2.84 22.56 15 0.00017 0.012 7?'1 32.80 2.32 1.88 143.04
3 25201 ct) 28004 2839 2.77 24.09 15 0.00015 0.012 732 34.08 2.30 1.78 139.12
4 28040 ct) 42898 14948 | 2.77 23.78 15 0.00015 0.012 778.3 33.77 2.29 1.76 136.51
5| 42088 | || *9% | as07 | 284 | 2256 | 15 |oo0015 | ooz | 51| 280 | 232 | 178 | 13556
6 46795 ct) 52028 5485 2.28 21.1 15 0.0003 0.012 551'9 29.32 191 2.21 123.54
7 52280 ct) 56309 3813 2.34 195 15 0.0003 0.012 5?:1'8 27.94 1.93 2.23 119.83
8| se003 | U | O | 1720 | 274 | 163 | 15 | 000025 | o012 | 7| 2618 | 214 | 217 | 12160
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o sre13 | ! 59329 1480 | 274 | 157 | 15 | 000025 | 0012 5‘;'2 2558 | 212 | 216 | 11751
10| 59293 (t) 6%98 1687 | 274 | 175 | 15 | 00002 | 0012 52'2 2738 | 216 | 196 | 116.10

E. Kakrapar Right Bank Main Canal (Modified Lined Canal) Typical Cross Section
Design of canal section of K.R.B.M.C. at Ch. 0 to 16357 m.

Data
FB = 0.90 m. B Bed Width = 27.44 m
d FSD = 290 m
- S H.G = 0.00010
2.90 n Side slope = 1.50
N Coeff. Of Rugosity= 0.0120
Result
1)  Area =(A) (B+nd)d A 92.059 m?
92.06 n’ W.P 37.88 m
R 243 m
2 Wetted Perimeter=(P) B+2d(n2+1) Ve 1.086 m/Sec
37.88 m. V/\/c 1.378
Q (Calculated) 137.85 m°/sec
®3) R = (A/P) AJP 4867.35 Cu.Ft/Sec
2.43 m.
(4)  Velocity = (V) 1/N x R ~2/3xS"1/2
1.50 m/sec
(5)  Critical Velocity =(Vc) 0.55x D°-%4
1.09 nvsec
©6) Critical VVelocity Ratio=(VV/\V¢c) V/Vc 1.38
@) Calculated Discharge =(Q) AxV
137.85 m’/sec
4867.35 Cusecs
Fig. 5: Design Calculation For Kakrapar Right Bank Main Canal (Modified Lined Canal)
F. Atdifferent chainages hydraulic characteristics are shown in Table - 3 as below.
Table - 3
Hydraulic Characteristics For Kakrapar Right Bank Main Canal (Modified Lined Canal)
- Hydr
Hydr Coefficien -
Sr Chainag Lengt | Dept Botto Slop aulic t W?tted aulic Velocit | Discharg
. m - Area | Perimete | Mean
e h h . e Gradien of - y e
no width . r Radiu
t Rugosity S
From ; Till L d B n S N A P R v Q
m m m m’ m m m/s m°/sec
1 0 (t) 16735 16357 | 3.1 27.3 1.73 | 0.0001 0.012 1061.2 39.69 2.55 1.55 156.56
2| 16357 (t) 25120 8844 | 3.04 | 2233 | 1.73 | 0.00017 0.012 83.87 34.48 2.43 1.94 162.40
3| 25201 ct) 28004 2839 | 297 | 23.86 | 1.73 | 0.00015 0.012 86.12 35.73 2.41 1.84 158.14
4| 28040 ct) 42898 14948 | 2.97 | 2355 | 1.73 | 0.00015 0.012 85.20 35.42 2.41 1.82 155.21
5| a2088 | 1| "7 | 3807 | 304 | 2233 | 173 | 000015 | 0012 | 8387 | 3448 | 243 | 184 | 15301
6| 46795 ct) 52028 5485 | 2.48 | 20.87 | 1.73 | 0.0003 0.012 62.40 30.78 2.03 2.30 143.58
7| 52280 ct) 56309 3813 | 254 | 19.27 | 1.73 | 0.0003 0.012 60.11 29.42 2.04 2.31 139.02
8| 56093 (t) 57381 1720 | 2.94 | 16.07 | 1.73 | 0.00025 0.012 62.20 27.82 2.24 2.24 139.38
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9| 57813 (t) 59329 1480 | 294 | 1547 | 1.73 | 000025 | 0012 | 6044 | 2722 | 222 | 223 | 13481
10| 59293 ; 60098 1687 | 294 | 1727 | 173 | 00002 | 0012 | 6573 | 2002 | 226 | 202 | 13287

G. Comparison of Lined and Modified Lined Canal.
Following Table — 4 shows the comparison of Lined and Modified Lined Canal.

Table - 4
Comparison of Lined And Modified Lined Canal
. . . Average Average In_creased
Sr. No Case Estimated Cost | Benefit-Cost Ratio : - Discharge
Velocity Discharge in %
1. Lined Canal RS(':%?;M 1.75 1.94 m/sec | 4558.41 cusecs 50%
2. | Modified Lined Canal | R%24%-59 1.66 2.01 misec | 521135 cusecs | 70%

vI. RESULT

A. Comparison of velocity in unlined, lined and modified lined canal

Velocity Vs Chainage

2.500

2.000
z
8]
g 1500 -
'E_ ® Unline canal
E 1.000 B Lined canal
- 0,500 B Modified lined canal

0.00{} T T T T T T T T T T 1

16,36 25,20 2804 42,99 46,80 52.28 56.09 57.81 59.29 60.98
Chainageinkm

Fig 6: Comparison of Velocity In Unlined, Lined and Modified Lined Canal

From the above Fig. 6 the velocity is maximum in modified lined canal as compared to lined and unlined canal.

B. Comparison of discharge in unlined, lined and modified lined canal

Discharge Vs Chainage

B Unline canal
BLined canal
EModified lined canal

16.36 2520 28.04 4299 4680 52.28 56.09 57.81 59.29 60.98
Chainagein km

Fig. 7: Comparison of Discharge In Unlined, Lined and Modified Lined Canal
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From above Fig. 7 the discharge is maximum than velocity in modified lined canal as compared to lined and unlined canal at
respective chainage.

C. Seepage loss in unlined canal by Variable head method

Seepage loss Vs Chainage
pag 4

0.45

bt
B

sec

» 0.35

0.25
' 0.15 W Secpage loss
" 0.05 I I I l

B m =

16.36 25.20 28.04 42.99 46.80 52.28 56.09 57.81 59.29 60.98
Chainagein ki

3

o o o
— - w

Seepagelossin m

=]

Fig. 8: Seepage Loss In Unlined Canal By Variable Head Method
From above Fig. 8 the seepage rate is quite high in unlined canal. It is calculated by Variable head method.

In unlined present canal the average velocity of water is 1.3 m/sec and average discharge is 3038.94 cusecs. If the same canal
is lined with concrete of 15cm thickness and with the use of Geosynthetics Clay Liner(GCL) keeping the section as it is the
average discharge increases to 4558.41 cusecs. If for the same canal the section is modified as shown in figure the average
velocity is further increases to 2.01m/sec and the average discharge increases to 5211.35 cusecs.

vIil. CONCLUSION

The Kakrapar Right Bank Main Canal was constructed in 1949-1954 at village Kakrapar, Vyara taluka ,Surat district, about
85km upstream of Tapi’s confluence with Arabian Sea. The average discharge carrying capacity of it was 2500 cusecs which can
go up to maximum 3000 cusec in accordance with the requirement prevailing at that time. However, with the increase in the
demand due to change in crop pattern, continuous irrigation required more water in the command area .This has compelled the
authority to run the canal for almost 365 days creating the problem of routine maintenance. In unlined canal substantial quantity
of water is getting lost through seepage which comes out to be 34 % and it was creating water logging problem in initial stretch.
Since further land acquisition is not possible to widen the canal, lining of the canal is the only the probable solution to meet the
existing and future demand. If lining is done on existing canal due to increase in velocity the average discharge increases from
3039 cusecs to 4588 cusecs which is about 51%.If the section is modified the average velocity further increases to 2.01m/sec and
the average discharge increases to 5211.35 cusecs which is about 70% .This will also take care of the need of farmers in
command area with modified pattern of cash crops and hence it is recommended to provide modified canal lining.

At present the K.R.B.M.C is in process with only cement concrete lining on existing canal section. The lining of modified
canal section along with Geosynthetic Clay Liner (GCL) and cement concrete can be adopted. This will provide maximum
discharge that can fulfill the demand for irrigation even in near future as farmers are inclined towards the cash crops.
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