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Anmnex B “Canal ‘Lining Plan

B.1  Authorized Discharge and Design Discharge
B.1.1 Authorized Discharge

The authorized discharge in the Study area is based on the so-called Irrigation
Branch Method which was derived from the experience gained by the Department during the
Jast hundred yeats. The Full Supply Factor which should be derived from the statistical
records for other projects in operation, is the :d:my, i.e. the arca successfully irrigated during
a base period, per cusecs of mean supply at channcl head, was deternined without
considering crop water requirements, since the canal system in the Study area was designed
with the objcclivc'of extensive irrigation to bring more areas under irrigation in order to settle

more pcople.

After determining the full supply factor, the Intensity of Irrigation, which is the -
percentage of the cultivable area irrigated annually, was determined to be 75% in the area.
By studying different factors such as the type of soil, cultivatio, habits of the people,
marketability, climate, etc. the quantity of area to be irrigated in Kharif as well as Rabi was
fixed. The ratio of arca lo be irrigated in Kharif and Rabi is known as Kharif-Rabi Ratio,
- which was originally determined to be 35% -40% per arnum. After mkmg all the above
© factors into consideration, the number of cusecs rgqumd at the outlet to irrigate one thousand
acres of arca fit for 1mgatton kinown as Water AlIowancc was flxcd to bc 2.84
~cusecs/| 000 acres. ' '

_ *The authorized discharge of each outlet has been updated from time to iinic in the
" Outlet Register of the respective branch offices on the basis of area to be supplicd with =
irrigation water inclusive of the other altowances such as gardens or paddocks which are
entitled to an extra supply. The latest authorized discharge at each outlet which was provided
by the respective branch offices was adopted as the basis of the design dlsch'argc for
prchmm'uy design as will be discussed in the subsequcnl paragnphs

B.1.2 Design i)ischarge

A series of discussions wa_s made b‘ctwécn the Chief lingihéc'rsiSupcrimcndiug.
| Eﬁginccrsfﬂxcéutive Engincers of the respective Irrigation Zoues and the JICA Study Team
for the determination of the design discharge. It is a common practice to adopt Consumptive
Use Method to estimate irrigation water requirement, The study made in the Inception
Report indicates that the water requirement thus estimated is as high as four times of the
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actual surface water supply during the peak demand period with increase of crop intensity
almost to 150% under the pressure of growing population in the recent years. According to
the request of PID, adjustment of design discharge was made based on the above water
requirement on the original condition that the crop intensity is 75% consisting of 35% in
" Kharif and 40% in Rabi. As a result, it is understood that the design discharge in the peak
mionth is also as high as two times of the present surface water supply.

As discussed in the preceding paragraphs, design discharge estimated rationally
based on the consumptive use cannot be justified in view of the limited amount of total water
resources for Punjab. Tt is also noted that there is no master plan for the increase of
application of water despite the fact that the area is suffering from shortage of water.
Nonetheless it is proposed that the design discharge be increased by 10%  of present
authorized discharge at outlet considering the fulure development of water fesources
including diversion of water from the Indus and creation of reservoirs by constructing dams
in the near future. The proceduie for the ealculation of the proposed design discharge for the
priority canals for lining is as follows and calculation sheets are attached as Table B-1. It is
- understood that after lining of the channel, saved water will be the advantage for the
beneficiaties in terms of quantity and equily. '

(1) The last updated autherized diSchar.gc at edch outlel and CCA stated in
| the Outlet Register in the rcspeéli\fc branch offices has been adopted as
~ the basic figure. -
| L @ “The authorized discharge stated above has been i:lCreased by 10% and
o | “accumulated from the tail to the head of the distributarics and the minors.
© (3)  The channet discharge has been designed by adding the standard
' “absorption loss (Oab) stated in the guidelines! for unlined chanuels; ‘

Qab = 0.0133 x 1. x Q0.3625, where L: lengih of section (1,000 fect)
and Q: discharge of the section in cusec.

B. 2 Dcsigh.Crileria
_B.2_.l- General |

The design criteria was prepared based on the design concept fo attain 1) silt
transportation throughout the canals from the head to the tail with constant velocity by way

ISource: Desiga Guidelines for Irrigation Channels, Design Directorate Publication No.,
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of stecper gradient and narcower/deeper section, 2) maximum depth limited up to 5 feet and
3) proportional distribution of water and silt through each outlet against discharge fluctuation
in the parent canal. Most of the specifications stated betow are described on water depth
basis according to the suggestions made by Design Directorate. 3 inch thick in-situ concrele
lining is generally proposed as lining method with proper earthwork by way of by-
pass{diversion) construction. Precast concrete method and/or membrane are also
recommended for further study to be applied where dlschargc is small or construction work
is limited within the canal closure period.

Discussion meeting on the design criteria was held on {9th November, 1996. The
following items arc discussed for subject of design criteria for lined channels. Design
Directorate sent comments and requested its review and confirmation among engiacers
concerned. Summary of the comments and conclusion by the study team arc the followings.

- Design Directorate suggested 1:1.5 side slope where canal depth is deeper than 4

feet. The study team concluded that 1:1.25 slope can make slope stable enough.
- Treeboard of 1 to 1.5 feel were claimed by the Design Directorate and it was

concluded that 1 foot freeboard can convey increased discharge in future up to
50 % (10% is 'a!rcady counted into designed full supply fevel ') and large
enough. 0.5 feet frccboard was proposed by the study team for water dcpth is
not more than 2 fect. '

- Transition to and from the cxisting lining pottions is to bc taken pari into dcsign

- -Smoothening of coraers in the canal pnsm is to be taken into conslderataon in
the design. : :

- Proportionality of water and s;lt distribution were provcd as stated below.

Contract agreement concluded on 26th day of October, 1996 between the JICA
Study Team and the Khyber Consulling Engineers. Field works were completed on 20th of
December, 1996 and survey results were checked and approved by the Study Team. The
final report on the survey will be prcpmd in December. Actual work progrc,ss are given in
Figure B-1 and Table B- 2~4 show the summary of canal roule survey. The total length of
distributaries and minors to be surveyed was 553.2 l\m Survey mtcrval along center or
conteol line is to be 600m (approx. 2 RD) and all pomls where’ any discontinuities are
observed in the cross arca, shape, slope, section lined/un-lined, drop, rcgulator or so.
Elevations of canat bottom center and both banks are surveyed. Beginning and end points of
existing lining portion, all points where any discontinuitics such as the above were observed,
and canals section by above stated interval covering the right-of-way of cach canal.
Vegetation, water-logging and surface condition within the right-of-way are observed. Kind,
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condilion and location of each and every structure are ebscerved and checked.: Bottom
¢levations of watercourses al the head connecting to cach outlet are listed.

The table given below shown the comparison of length of canals of the contract of
quantities and actual survey quantities.

Unit: Km)

No. Name .ol' Canal System Contract Surveyed Balance
1. Lower Jhelum Canal 198.48 185.48 -13.00
2. Lower Chenab Canal 303.69 289.14 -}4.55
3. Central Bari Doab Canal 51.06 66.65 +15.59
T Total §5323 34127 “11.96

According to the data® by ISRIP and their analysis, diameters of soil particles of
suspended load at 90% pass and 50% pass are 0.066 mm and 0.027 mm for LIC area and
0.185 mm and 0.112 mm in LCC area. Concentrations of suspended load above 0.062 nun
are 7.7 PPM only in LIC and 245.0 PPM in LCC arca. The data above show that water
flowing in LJC area are of less silt suspension and most of the suspcuded load can be
washed throughont to farm land by normal flow velocity (1-1.5 fUsec). Condition in LCC on
the other hand requests spécial treatment since most suspended toad precipitates within
distributaries and minors canal reaches and concentrations are high. Table B-5&6 show the

data from ISRIP, | |

B.2.2 Basic Désigﬁ_ Cdncept

{1}  Soit mechanics survey was conducted onv' 10 points within the sludy area and its
results show dominance of sandy silt in 1.CC arca and more clayey silt in the other areas.

* Permeability are relatively low in all area. Inside friction angles and cohesion show that carth
material acquired near by canals are suitable for cibankment and that canal inside slope
could be designed as sharp as 1: 1. Table B-7 shows the summary data of the survey.

(2)  Water tightness of concrete is a important propeity as lining material. Methods to
¢ increase the water tightness are 1) application of admixtures AE or so, 2) improvement of _
. water cement ralion and size of aggregate and 3) careful construction supervision. According

o evaluation of the methods above, approaches recommended to be applicd to the project arc

1) application of Al admixture to decrease entrapped air and water cement ratio, 2)
application of cich mixed concrete (1:2:4) to decrease permeability of concrete, 3) application
- of steel slip form and rather small aggregate size to reduce required velume of water and 4)

2 Siliation Data taken by ISRIP for 1982-1984 for branches and distributaries in LCC and main canal in LIC.
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exccution of careful supervision on even and less air content concrete as well as carefut
curling to avoid surface crack.

3) Comparative study result on proportionality of outlet performances by types of
outlets is shown in Figure B-2, where Type A (Hs = 0.3 x D, Y = Us), Type B (Hs = 0.46
xD,Y=023xD), TypecC(Hs =0375xD, Y =Hs)and Type D (Hs = 0.5x D, Y = 0.3
x D). Considering discharge flucteation of current condition as well as future increase of
discharge, Hs and Y are proposed to be 0.375 x I for AOSM(Type C). Proportionality of
outlet dischatge by location of oullet for different designed water depth of parent canal are
also studied and ensured for the Type C outlet selected above. According to the working
paper 37 of SWABI SCARP, AOSM outlet shows higher capacity of silt absorption through
the outlet than the conventional APM outlet. Outlet discharges(Qoyt) are calculated;

Qou(AOSM) =k x Bt x Y x Hs®3 and Quu(Open Flume) =k x Bt x GI.5
(4)  Depth & Velocity Oriented Design

The Manning’s formula is to be employed for hydraulic design. Designed full
supply level at each outlet is to be set not lower than the Jast design full supply level to
ensure the better :cbnditio_nl Section is to be changed at the points of oullets where dischargc
“changes more than 10% of the bead discharge or at drops only. No design modification will
" be given for the existing l_inéd portion . Proper transition or some countcrm_easurcs; will be -

‘given in case that hydraulic regime in the new-lined section is extremely different from that in -
~“the existing lined portion, R |

- Head reaches where discharge is relatively large are to be designed with the design '
B/D given to the specific discharge and with slope which is same as or milder than the
existing design not to exceed maximum depth and maximum velocity and subsequently same
procedure is to be applied to keep the standard velocity by changing gradient for relevant
discharge for the upstream portion. Dowastream portions are to be designed ivilh_ sleépcr
slope 80 a$ to keep the standard velocity. B/D ratio proposed is shown in Figure B-3.
Velocity and depth of water at the tail is to be carcfully designed so as to clear at least the
niinimum allowable velocity and depth. Design flow chart are shown in Figuie B-4. '

(5) Canal related Struclure

1) AOSM or open flume outlets are proposed. AOSM is suitable for upstream of the
channel where operation head is enough, 2) New VR({village road) bridge is proposed at
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such points (o minimize crossing of canal by heavy machinery or caltie/buffalo, Footpath
rank bridges are proposed to be replaced with VR bridge, 3) New steps are proposed to be
installed at one side of channel in turn .Buffalo wallow is proposed to be located at the head
of the watercourses nearest to each bridges both from upstream and downstréam and 4)
Discharge control gates are proposed at the diversion facilities where no gates are instatled
presently. Meter Flume is to be replaced with a couple of stuff gauges.

B.2.3 Design Criteria
(H Lining Material and its Characteristics

As practical lining material, concrete lining of 3 inch thick over | inch mortar plaster
on the smoothen/tirimined surface in trapezoidal section are proposed. Smoothening at stope
toc corner is proposed to aveid silt precipitation. Roughness coefficient is assumed to be
0.016. Side slope = 1: 1 for the sections where the water depth is less than 3 feet(0.91 m)
and 1:1.25 for the case of deeper water depth than 3 feet are proposed.

(2) ' B/D Ratio, Deplh of Waler, Velocity and Freeboard
The designing dtschargc range is approximately from 4 cusec(0.12m3/s) to 500

: cusec(l tm3/s) and propoeed B/D ration are from 0.8(identical for 1:1 seclion) to 4.5
rcspccllvciy as shown in Figure B-3. Minimuin bottom width (B min) is set at 1.5 feel

. {0.46m) to keep workablhty Velocily is proposed to be kept highcr than 2 fu/s(0.61 nv/s),

: dcsrgn standard vclocnly, throughout but minimum allowable velocnly of 1.5 t/s{0.46 mfs) is

. also given for the case where the relevant gradlent could not allow the standard velocity

~inevilably. Maximum velocily is allowed up to 4 ft/s (1,22 m/s) conmdcrmg allowable
velocity of 3 inch lining and safety of children and baby catte.

- Maximum depth is proposed to be no deeper than 5 feet(1.52 m) considering up-lift
‘pressure at the canal bottom and sides during smalt discharge/enpty periods and easiness of
constauction. Standard depth range for design are from 4 to 2 fect and minimum depth is no
shallower than 1.5 feet(0.46m) according 1o a standard depth of 1 foot over crest at tail
- chuster. Freeboard within lining is proposed as 1.0 foot (0.30 in) where water deptl is
| deeper than 2 feet (0.61 m) and as 0.5 fect (0.15 m) where water depth is equal to or
- shallower than 2 feet (0.61 m). In accordance with USBR criteria 0.5 feet (0.15 m) earthen

frecboard is also proposed throughout for all the chanaels.

3) Earthwork and Dimension of Canat Section
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Specifications of earthwork and dimension of improved canal cross section are
proposed as follows. Stripping thickness of 0.2 m or 0.3 m are proposed respectively for
outside and inside of canal prism. Bank cutting thickness within canal prism of 1.0 m or 2.0
n and over-embankment exceeding designed lining surfdace is proposed by 0.5 mor 1.0 m
respectively for the cases that water depth is shallower than or equal to/deeper than 3.5 feet.
Compaction is to be done up to designed lining height and carthen freeboard is formed by
spoil banking.

Width and minimum cmbankment from ficld leve! for operation and maintenance
toad are 4.0 m and 0.3 m(1 foot) respectively. Bank width for filling section are proposed to
be LOM(Q <50 cusec), 1.5 m (50 < Q < 150 cusec), 2.0 m (150 < Q<300 cuseé) and 2.5
in (Q > 300 cusec). Half width are respectively proposed for cufting section.

(4) Outlet

_ ~'Ali outlets are to be renewed at the construction of lining. Pipe cum APM/AOSM
" with a outlet chamber is proposed generally. Opemﬁon head (Hm) = 0.82 X Hs-0.5x Bt are .
to be retained for the purpose of proportional operation of oultlets as a semi-modular against’

- discharge fluctuation. Open flume outlet remains as tail cluster at the tail or where Hm could
not be ensured. Steel guide block for the adjusting part and covering (not air-tight) over the
chamber are pr_oposé‘d. Outlet discharge measuring gauge is proposed to be installed at the

outlet mouth. 11s and Y are proposed to be 0.375 x D for AOSM Open fluing is proposed to

Csetat09x D dcpth Width of orifice (B1) are proposed to cmploy smndard sizes such as

0.2, 0250320405&063 feet.

(5) Other Related Structures
Bridge: New VR(village road) bridge (PC slab with effective width of 3.7m by

standard of highway department) is proposed at such points to iminimize crossing of
canal by heavy machinery or caltte/buffalo where caltle are obviously crossing

* canals, bank are damaged by buffalo watering or wheré congested houses and -

shops nearby. Installation interval is to be not shorter than 5 RD considering that alt _
- the existing bridges are to be used with nceessary repair work or replaced by same
rank bridge and footpath rank bridges are to be replaced with VR bridge. -

Drops: Drops are proposed 1o be re-designed accordihg to the new canal design or
removed. Vertical drop (water cushion lype) are proposed for all.
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B.3

B.3.1

Steps & Buffalo Watlow; All the existing steps are to be removed at construction

and new steps are proposed at one side of channel in turn so as to keep habilats and
cattle from cross-passing there. To minimize bank damage by cattle and buffalo,
buffalo wallow is proposed at the head of the watercourses nearest to each bridge
both from upstream and downstream.

Diversion Facilitics from Branch Canals & Meter Flume; Discharge control gates are

proposcd at the diversion facilitics where no gates are installed presently. Cost
incurred for earthworks and civil works required for gate installation shall be borne
by PID. Meter Flume is to be removed at construction and replaced with a couple of
stuff gauges installed within head reaches of each chanrels since exisling meter
flumes are observed out of use/function. For monitoring purpose, H/Q {water depth
- discharge) curve shall be prepared by PID using the stuff gauges right after
construction.

Cost Comparison
Comparison by Material

Uiiit construction cost and major repair cost for 10 years arc estimated roughly for

- cosl-benefit comparison stidy below for average canal assumed (30 cusec). Total cost far

concrete and brick lining are close ¢ach other but periodical major repair would be required

 for brick lining to keep long-term water tightnéss and hence repair cost is highér and much

~ conditional, Accordingly, concrele and brick lining could be economically viable.

~ Application of membrane as a whole is denied but partiat application for the particular area

are 1o be lefl as alternative method considering its high water tightness ang durability against

alkalifsalt, In accordance with ail study results of literature review, field inspection, technical

discussions, pre-quatification study and rough cost-benefit evalvation above, concrete lining

is basically proposed for the project. Scctions compared are showr in Figure B-S.

Lining Method ™ | Const. Costf Repait Cost | Long- [Availabilily

(relative cosl| (% of initial term of Const,
to concrele) | conslt. cost) water-- Materiad
: | Tightness

3 A o

A: Conerete Lining

3
8-12 O 1T O

i.
B: Brick Lining 0.
C: Membrane Lining 2.

O o0 S

-3 O A




B.3.2 Comparison on Canal Section

Cost comparison of concrete lining sections by different B/D ratio were done using
present canal prism situation and design B/D ration according to relevant discharges. Results
of the comparison state that 1) work volumes for concrete and mortar as well as lining
surface preparation increase relatively to B/D ration and hence narrowest section shows the
smallest cost, 2) carthwork volumes show fluctuation and more corresponding to current
canal prism than B/D ratio, and therefore 3) since unit price of concrete work is quite higher
than that of carthwork, the comparison is concluded that the narrowest section conie to be the
most economical section in general. On the other hand side, canal depth of the narcowest
section (B/D = 0.8) comes very deep. It is accordingly decided that the narrowest scction
will be applied to the project in general with a depth regulation of about 1.5 m (5 fccl)
considering casiness of construction work and safcties of habitats and households. Resulls
of cost comparison by sections are shown in Table B-8. |

B.4 Lining Plan

According to the references, study results of similar projects and field investigation
results, construction nnelhodsf_apﬂicablé"for_ distributaries and minors arc ajtemporary
diversion method, b)construction of new canal by the original canal trace and c)cdnslniction
on criginal trace while canal closure period. Compaction and trimming of canal slope are

‘ di_f ficult and critical path for the construction within the canal closure period. ' -

Proper supervision on earthwork quality control is one of the most important factor fo

" affect life expectancy of canal lining. According to the advantage of temporary diversion
method which would iake continuous construction through an year round and 'ca'sy quality
control possible, temporary diversion method is proposed to be nppiiéd for the project in
general and meteorological data stands for negligible breaks of continuous construction.
Quality contro! strictly on water contents of earth material for embankment, ceinent mix as
well as cuting stage are recommended to ensure long lerm dur__:ibilily of canal bank and -
lining. Steel slip fonil, severe control on cement mix and long enough curing under wel

condition are also proposed to be emphasized to make scepage minimum through canal - -

* prism. Lining sections at construction and at completion are shown in Figure B-6.
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Table B-6 Sedimentation Date for Lower Jelem Canal

=N B = W R RS

No. Bed Material Suspended Load _ _M
Distribution (microns) Concentration (unit: PPM) Distribulion {microns)
50% Pass St. Deviation < 62 microns > 62 microns  Total 50% Pass 9% Pass
285 1.39 23 5 28 70 120
258 1.39 33 2 35 20 55
250 1.47 38 8 46 20 70
263 1.38 19 6 45 25 70
259 1.4 69 3 72 20 60 -
309 1.39 99 4 103 15 55
310 1.4% T 165 4 169 5 35
339 1.39 14 3 17 25 70
: 311 1.34 25 2 27 20 60
- 10 345 1.39 4 3 37 30 62
-1 31 1.3} 20 o 30 25 30
12 - 275 1.47 24 3 27 20 60
13 285 1.39 23 5 28 30 70
14 o 286 143 - 47 76123 75 150
15 282 “1.39 26 3 29 25 65
16 290 1.39 - 2i 2 23 25 60
17 _ 312 C 137 122 1 123 20 50
13 . 273 1S 29 2 31 S 20 55
19 262 1.53 . 47 1 48 - 20 C .50
20. - 252 - 1.33 175 12 187 S 30 0 55
21 : - 325 1.37 12 5 17 25 70
22 302 - 1.61 29 30 32 4D 1)
2 . am 142 24 7 3 25 10
24 274 1.47 . “26 1 37 L2585 15
25 o 2N 136 . 96 2 128 25 75
26 : . 260 1.3} - 105 6 1IN : 20 55
27 C o 3p0 1.27 112 1 113 20 55
28 . 285 - 1.33 - 113 B Y ¥ : © 35 55
29 o © 269 1.3 : 56 "8 64 I S 3
30 282 141 kX 4 37 : 25 65
3 270 - 1.26 - 36 ‘5 - 41 20 . 65
32 B - 249 1:29 58 27 85 : ‘ 70 140
133 - ' 255 -:1.33 - 36 : 4 40 ' 20 0 0 60
4 250 Ry B TS 7 3% 28 .70
a5 o Co40 1.29 113 3 116 . 25 © 85
36 i 300 1.37 © 123 6 129 30 55
37 ' 350 1.63 . 7 2 19 25 50
38 280 1.4 96 7 103 25 © 55
19 : 297 B X ¥ o 42 1. 43 © 20 50
40 : 311 1037 - 220 4 24 ' 20 50
41 _ 212 1.29 : 29 3 32 25 - 60
42 _ 288 127 38 5 43 25 65
43 ; 269 1.29 a9 : 11 50 _ 30 70
44 _ : - 288 1.36 S0 13 63 25 70
- 45 C 265 129 -54 12 - 66 ' 20 - 70
- ave 284.71 " 138 59.58 7.69 61.27 27.00 66.27
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Table B-7 Sedimeatation Date for Lower Chenab Canal System

135

No. Bed Materdal Suspended Load
Distribution (micions) Concentration (unil: PEM) Distribution (microns)
50% Pass St Deviation <62 microns > 62 microns Totd 50% Pass $0% Pass
ug! 326 14 159 178 kY2 129 215
2 122 i4 1z 283 400 128 216
i 193 17 161 202 363 19 214
4 254 15 189 250 19 123 225
b 3 17 535 125 660 104 167
6 357 1.4 583 124 10 82 120
7 274 1.4 161 190 351 113 192
g 1i2 L5 121 s 236 117 213
9 274 15 427 328 753 156 288
10 200 1.6 13} (22 405 109 167
11 304 14 158 -9 231 135 241
12 217 15 585 110 155 % 162
13 94 15 91 87 178 120 225
14 167 1.7 629 Mo 9% 157 S
Lk 138 13 275 125 400 118 173
16 151 L9 695 kLY 1076 106 259
o 26 - 1.5 e 206 35 121 218
18 244 14 143 9t 234 125 173
12 YA ] 15 620 91 71l 30 i
LG1 258 14 137 217 - 354 133 u?
2 242 14 30 193 28 133 133
3 229 13 93 399 492 151 213
4 268 13 123 KL 487 140 S 20
3 236 13 125 359 484 140 215
6 23 L3 16 439 555 155 240 -
7 226 1l 118 -54L 719 182 246
© B 244 1.2 147 455 02 128 215
9. 203 ©E3 121 5319 &0 128 214 .
151 93 14 it 168 - 458 100 158
2 03 1.2 2182 Ll 2413 103 o160 -
-3 120 R 166 -4 215 109 248
4 16 R R 223 2145 95 182 -
-5 Sr . 13 1615 158 17193 83 122
- MLE ¥l 1.2 42 55 ) 15t - 217
2 166 13 ()] 44 336 90 S 192 .
3 162 13 1031 193 1234 93 o6z
4 163 1.2 62 s0 - 112 116 S 43
5. 169 1.2 204 8 SR 154 i)
6 154 1.2 R R 196 1331 14 165
"7 158 12 404 84 488 130 . 166
-8 116 1.3 154 318 512 148 213
9 184 13 935 115 270 124 - 174
0 1719 13 137 150 287 126 - 167
() I (- 13 1039 245 1334 129 173
12 115 1.3 67 175 242 85 163
13 S Ig 13 30 .29 549 . 141 192
14 “159 13 1290 - 264 1554 mzl i85
15 170 12 93 53 246 126 201
16 o154 1.3 150 212 382 Lk} 173
17 187 i4 ril} 44 .m H) 163
8 147 13 163 80 243 R 197
ust 144 13 1719 125 1844 2 170 -
KRt 145 12 st 1. 469 ) 154
All 9l 12 2 153 397 o8 130 -
©2 94 .2 23053 524 2833 o 120
3 105 L3 686 - 496 182 C 8 120
L) 105 12 1754 516 2314 93
-5 96 12 365 C 145 1] 100 - 188
6 96 12 T M6 So13s . 48t 10 153
7 96 1.3 2110 542 a2 87 154
8 9% 12 2541 256 91 - 10 14
9 ol 1.2 407 153 560 10 147
10 89 13 406 220 616 gs 120
ki 91 i3 676 487 1163 101 133
NS 1 157 13 620 98 1018 81 122
2 159 1.2 2239 495 A 83 121
3 9 1.3 1693 5 2264 &6 147
SE 98 12 2385 484 306% £l 153
2 102 12 87 164 o9 %9 144
Average 17280 133 6244 24459 869.42 11187 18548
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Table B-4 Design Flow-Chart for Lining of

End of Canal
YorN

Next Scction

Calculation of conslauction
work volunies for the
section

Distributaries and Minors

Preparation of
Design Chat by
Relevant Gradient

L 2T e T

Cut into sections by 10% change of
head discharge (3cusec Min.) and draw
rough alignment *1

Pick up Approx.
B/D Ratio from
Discharge-B/D Table

T

= o reo

Use existing
Gradient at head

S P E R T ey -0

- as o exceed Max Depth 2 D

N T TR

Is velocity between

Change Gradient or
B/D Ratio * )

N, Max and Standard?

[ Decision of canal scction featares |
H= D+ 0.15m and so on.

e ity e o 3 R R R

2) Check Operation Head of Outlet

1} Check Connection 10 the Next section

Embankment

PR

Comments: .
*{: Removed drop hight may §
be re-distributed downstream - |
moze to keep velocity.
*2: Mild slope for upper strcam§
and check Max. depth, sharper
slope for downstream and check §
Standard Velocity. f
*3: Land aquisition alternative §
is to be considered

S S S e

QO.K. for the
- ROW#*3
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Well Compacted -~
& trimned Surface

fa situ Coricrete
{1:2:4 mix , 1)

Type A:Concrete Lining

Well Comipacted
& tAimmed Susface

Geo-
membrane >
“{0.8~1.2mm)

Rough wimmed
Surface '

Mortar Surface
(1:6 @ix,0.5") q

. Precasted
. ConCrete.

Type B:Brick Lining

Moitar Pluster

T (6 mix, 1)

- Pacel

2"

A FRF k]

EZ_ <- Geo-

texife

Type C:Geomembranl Lining with Conerete Panel

Note f:Free Board

Figure B-5 Alternative Lined Canal Section
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