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Abstract

The smdy was undertaken in Bore scason at three Upazilas: Manikgonj Sadar of Manikgon)
district, Dhamnrai of Dhaka distnet and Mithapukur of Rangpur district to compare convevance
losses between lined and unlined canal, to asscss the impact of water saving on command arca
development and irrigation cost and to determinc the economic benefits and farmers
aceeplability of lined canal in shallow tubewell {STW) irrigation schemes under the hood of
“Enhancement of Apricultural Production and Rural Employment through Extension of
Agncultural Engineering Technologies Project” {AETETP). Nine improved earthen canals, three
pre-cast lined canals and six existing earthen canals under STW were selected for field study. In
this study conveyance loss through lined and unlined canals was measured using inflow-outflow
method. Iarmers' swrveys werc carried out in each Uparila to asscss the impact of water saving
on comemand area development and the acceptability of lined canal technology by the farmers.
For this purpesc, focus group discussion (FGD)Y was caried out with the pump owners and
farmers at all the selected schemes. Conveyance losses were found to be 1%, 48% and 45% m
existing earthen canals, 18%, 21% and 24% in improved earthen canals and 12%, 11% and 13%
in pre-casi canals al Mithapukur (M), Manikgon] Sadar (M;) and Dhamrat (D) schemes,
respectively. Average amount of water saved by improved carthen canals and pre-cast canals
were 23%, 17% and 21%; 29%, 37% and 32% for M, M; and D schemes, respectively, over
earthen canal. The water saving did not increase the command arca in any of the schemes but
decrcased the irrigation time and saved the fuel requirement for imgation. Average time saved
by improved carthen canals and pre-cast canals were 27%, 20% and 24%; 40%, 44% and 45%
for M; M; and D schemes, respectively, over carthcn canal. Again average fucl saved by
improved earthen canals and pre-cast canals were 32%, 23% and 30%,; 45%, 46% and 48%, for
M| M and > schemes, respectively, compared 1o earfhen canal, which reduced 1m galion cost.
The economic analvsis of improved carthen canal and pre-cast canal system wm STW s
encouraging. The benefit-cost ratio (BCR} of improved earlhen canal and pre-cast canal were
1.36, 1.38 and 1.30; 3.36, 4.28 and 3.34 for M, M and D) schemes, respectively. The internal
rates of relurn (IRR) from investmeni on water distribution was over 50% at Mithapukur,
Manikgonj and Dhamrai schemes for improved earthen canals and 49.78%, over 30% and
49.67% for pre-cast canals, respectively, for Mithapukur, Mantkgon) and Dhamrai schemes. The
techuology was also lechmeally and ceonomically acceplablc to pump owners, but did net
impress the farmers very much. As & result, acceptahility of this kind technology 1s questionable
to the farmers who share the crop with.the pump owners as price of irrigation or on the basis of
irrigated area. In order io make the technelogy acceptable to the farmers, rules must be framed to
share the benefits of lining by the pump owners with the farmers. Otherwise, the pump owners
must bear the cost of lining construction.
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Chapter 1
INTRODUCTION

1.1 General

lirigation plavs a critical role in Bangladesh through increasing vield and cropping intensity.
Since there 15 no new land to be brought under cullivation and the existing agricultural land 15
declining on account of increased use of land for other purposes, increased food production is
critically dependent on increased yield. Presently, 220} ha of land is being lost from agriculiural
usc per day duc to rapid spread of urbanization and industrialization {AETEP, 2005}, So, there 18
no other way but to intensify use of the existing cropland. With expanded irrigation water and
supplementary irrigation at Aman season, two or three crops can be grown and yields of all crops
could be increased. Frraticr chmalic conditions cause a high degrec of uncerlanty in the
agricultural scctor. Investrnent in irrigation can alse be of further advantage by reducing this

uncerlainty,

Out of aboui 9.1 Mhz of cullivable land of Bangladesh about 6.8 Mha is considered as suitahie
for mgation. Presently, about 5 Mha has been breught under irrigation, of which more than 5%
12 covered by nmnor or sall scale irrigation (BADC, 2008). Over the years, the proportion of
irigated area based on groundwater has changed significantly. The conbibution of grovndwater
in relation to total irrigated arca incrcascd from about 41% in 1982-83 to over 75% in 2008.
Shallow tubewell (STW) is the main mode of extracting groundwater and at present about 63%
of the total imgated area 18 bascd on STW (BADC, 2008). As groundwater is Lthe only lumiling
resource for further intensification of agriculture, its rational use should be ensured both in termis

ol quality and quantity.

In Bangladesh, most of the irrigation canals are earthen because of high initial cost for the
construction of lined canuals. These earthen canals sulfer from a number of problems hke low
comveyance and distribution cfficiency, less irrigated area and high maintcnance cost
(Manirazzaman et af., 2002}, The water loss through earthen canals in minor imigation projects
is & matter of great concern. As reported in the lilerature, this loss (mainiy through seepage and
pereolation) is generally as high as 50% or even more of (he water pumped/delivered, although it

1



vanes from soil to soil (Biswas er al., 1984; Matin, 1991; Sattar et al, 2002). Therefore, some
sorl of on-farm water conirol measures for aveiding waler losses in the immigation distribution
systern are realized important because of high cost of cnergy inputs in Hfting the water for
imigation. To avoid such a huge national investment for imigation water lost through canal
section, alternative low cost water saving imigation techniques are needed. A well-compacted
earthen Liming can be highly impermeable and is almost comparable to good concrete lining
(ICID, 1967}, In a recent siudy, the conveyance loss under improved earthen canal was measured

only as10% (Sattar ar af., 2002).

Improvement of the efficiency of resource utihzation for irrigation bas been emphasized in the
National Watcr Policy (MoWR, 1999). In the National Waler Management Plan (WARPO,
2001}, it has been menlioned that (he government would tuke steps to improve the on-fann waler
management in the form of improved farm channels, as a potentially useful measure for saving

irrigation water thal would result in expansion of imgaled arca.

Reeently, much concern has also heen expressed ahout improving the performance of cxisting
irrigation systems, as many have lower efficiency and crop yields below their potential. Planners,
administrators and donor agencies seem to be shifiing attention from building new imgation
systems to improving the performance of 1he existing ones. To realive this poal there 15 a need to
develop and implement practical methodologics to upgrade the performance of the existing
irrigalion systems and allow the farmers to achieve higher benefits from the use of irrigation

waler.

The cormmand area of the STWs, which is the main mode of minor irrigation, has been steadily
dechning and was 4 ha in the early eighties. But in the recent yeurs it has come down to aboul
2.5 ha {(BADC, 2008). The reasons for this decrease are not well documented. As a follow up of
the plan on improvement of the farm channels, the Government has recently takcn up the AETEP
(Enhancement of Apgricultural Production and Rural Eniployment through Extension of
Agricultural Engincering Technologies Project) under the Department of Agricultural Extension
(DAE) to persuade the farmers to use improved or lined canal, so as to enhance the command

area. Some of the important objectives of this project are to incrcase the command are, reduce

2



the cost of irrigation and enhance production through appropriate on-farm water management
practice. Under this program, the DAE wiih the help of Upazila Agricultural OfTice has taken up
pilol projects in each Upazila to improve three earthen canals and construct one pre-cast lined
canal in farmers’ ficlds per year (AETEP, 2005). In this context, il 1s necessary to know the
impact of the canal improvement and lining by AFTEP on the imigation development and

managemeit and the acceptability of the lechnologies by the farmers.

This study focuscs on the impact of canal lining on imigation management of STWs and
addresses two key questions: how capal liming influences the improvement ol imgation
management (commeand ares developmenl and imgahion cost) and the acceptability of the

technologies by the farmers {their willingness to replicate the technologies at their own cost).

1.2 Objectives with specitic aims
‘The main objeclive of the study was toidentily the impact of eanal improvement and lining on

imgation development using shallow tubewell. The specific abjectives are:

1. To determune ihe conveyance cfficiency of traditional and lined canals.
2. To asscss the impact of water saving by lining / mmprovement of canals on command area

development and inigation cost.

To determine the economic benefils and {farmers” acceptability of lined / improved canal,

[ %]



Chapter 2
REVYIEW OF LITERATURE

2.1 [ntroduction

Water is the most vahuable assct of irrigated agriculture in both developed and developing
countries. Accurate measurement of imgation water permmits more intelligent use of this valuable
resource Such a measurement reduces exccssive waste and allows the water to be distributed
among, uscrs according to lheir needs and nghts. Conveyance loss in earthen canal is the
movement of water through the bed and sides and thus water gets lost through the pore space of

canal sub prades,

Comnstderable work on seepage loss and canal hning has been reported in literature, but very little
or no work was carried out in Bangladesh before the mid seventies. A broad based assessmenl of
conveyance and scepage logses and of eventual utilization of canal supplies in different countries
of the world indicated that as nuch as 5% of the iotal water diverted / pumped for irrigatiém is

lost in conveying it to the fields and farms (Kraatz, 1977).

Water losses by seepage, dead silorage, pereolation, evaparation and overtopping cccurred dac to
improper design, alignment, maintenance and construchion, Seepage and pereolation of carthen
eanal also depend on topography (Biswas ef @f, 1983). Seepage water may reappear at the
surface as wet spots or may percolate lo jomn the ground water or may joiu the sub-surface flow

10 Springs or streams.

2.2 Canal loss measurement

Vanous methods are used to estimate the canal seepage rate such as empirical formula, analytical
studies and the direcl scepage measurement techmiques. Secpage [rom cxisting cavals 1s usually
evaluated by direct measurcments and various methods are used such as inflow-outflow method,
ponding method and seepage meter method. These methods have Lheir ments, demcrits and
limitations, which are wcll understood. Between the two common methods of scepage
measurcment—ponding and inflow-outllow, the ponding method 13 gﬂnsidcrcd to be more
accurale and dependable (IC1D, 1967; Kraatz, 1977; Weller, 1981; Dieacon, 1984). The most

dependable and reliabie method for measuring the quantity of water loss through scepage from
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the existing canals in a parlicular reach is by the ponding method (Sarki et af, 2008). It is proved
that inflow—outflow tests should not be used for seep-age investigaitons where seepage rates arc
fairly small and there is no possibility to use sufficiently Jong rcaches. This method has been
cxtensively applied for seepage mceasurement of the large canals n India {Cenrral Board of

Irrigation and Power, 1973) and Palastan (Ashral ef al, 1977).

In inflow-cutflow method, the seepage ratc is obtained by estumating {he diilerence in the flow
into and out of a selected reach of a canal. The canal dischargers al the two points arc determined
either by discharge measuning structures of current meler. The rcsults obtained by nflow-
outfow method are maore reliable than the other (Ponding method and Scepage Meter method)
methads (Shahid e af, 1991). Due to the problem of accuracy of measurement by either of these
two methods, a reliable estimate of canal discharge is extremicly difficult to obtain using inflow-
ontflow method (Dsacon, 1984}, Ponding test measured water losses 23% less than inflow-
outflow test (Sarki ef af., 2008}, Reason for this dilference may be over estimation of discharpe
through cul-throat {lume and under estimation of segpage loss through ponding test duc to silt
deposition in the water course, and actual scepage loss could be expecled somewhere between
these bwo. Al (1978) indicated that the flume loss overestmation varied from 5% to 30%

compared (o the actual loss of the chimnel.

2.3 Canal Lining

Lining is an cifective way of minimizing conveyance Iosses. The decision about the exlent of
linipg of water courses depends on the cost of lining and its benefits. In Bangladesh, the
pioneering work on seepage loss and canal lining was done by Biswas and Islam (1975). They
developed a low cost lining wsing indigenous materials like clay and cow dung. Studies on
seepage loss were cartied out on Deep Tubewell (DTW) irrigation projects and revealed that as
much as 50% of the total waler pumped for irrigation was lest belore reaching farmers” ficlds
(Kbair and Hossan, 1978; Miah, 1979). Extensive sludics on low cost lining were carried out by
Khair and Dutta (1983}, Biswas ef al. (1984} and Hamid and Khair {1989). Although these low
cost materials (earth limings, soil-ccment and clay-nce husk / saw dust of asphalt impregnated
mats) reduce seepage loss and incur low cost, they arc not durable, require extensive repair every

year and have net been accepted by the furmers (MPO, 1985).



Khair and Dutta (1983), Biswas ef af. {1984} and Hamid and Khair (1989). Although these low
cost matenals (earih linings, soil-cement and clay-rice husk / saw dust of asphalt impregnated
mats) reduce segpage loss and meur low cost, they are not durable, require extensive repair every
year and have not been accepted by the fanners (MPO, 1985}

Compared to fow cost limings, pre-cast cement concrete lining was durable, cost effective and
attractive to farmers {Arif, 1984). Brick lining, which is the most commmon type of hning used in
the different irrigation projecis because of availalbbty of matcnals and manpower for
conslruciion, 1s the most expensive of the cornmonly used lining materials (Biswas ef af., 1984).
A comprehensive list of the types of lining material tested in the field dunng 1980-85 periods is

mven by Michael (1987).

2.4 Water [foss in earthen canal
FLaunizen and Terrel! (1967) studied sccpage loss in 46 irrigation projects in the USA and the

averapc scepape loss has been reporied as 40% of the total waler diveried.

Kinod (1%70) conducted an experiment on secpage through different soil textures. The resulis

are given in Tahle 2.1,

Tablc 2.1 Scepage through different soils.

Types of soil Scepage loss{m‘*ﬁ.fda}r}
Impervicus clay toam 0.07-0.01
wedium clay loam 0.10-0.15
Clay loam, silty clay 0.15-0.23
Clay loam with gravel, zandy clay loam 0.23-0.30
Sandy leam (0.30-0.45
Sandy soil 0.45-0.55
Sandy soil vith gravel (.55-0.75
Pervious gravelly soil 0.75-0.90
Gravel with some earth 0.90-1.80




By using the inflow and out{low methods Kraatz (1971) found conveyance losses amounting to

as high as 40% of the total inflow 1n an earthen canal.

Hassan (1975) carricd out a study on water losses in the walercourses located at Shadab (Lahore)
and Lar (Multan}. The inflow-outllow method was uscd to estimate Lthe conveyance efficiency
and cut-throat [lumes were used as measuning devices. The study concluded that watcrcourse

delivery losses ranged from 30% to 60%.

Extensive studies on scepage loss were camied out in different imgation projecis in India and
Pakistan. In India, the loss of waler through seepage has hecn cstimated as 45% of the total
utilizable waler (Central Board of Irrigation and Power, 1975). Similar ztudies in Takistan

assesscd the delivery loss as near 50% (Early e al., 1978; Clyma ef al., 1881).

From 76 seepage tests in USA on unlined canal, Worstell {1976) showed thal the scepage rates
vary from 0.02 nmvday to (L6 mn/day depending upon the soil type.

CSU & MRETF (1977} conducted a study on a watercourse in disinct Sargodha, The delivery
cifliciency was worked out as 34% to 44% and the waler losses accordingly ranged from 56% to

6%,

Kraatz and Mahajan {1977) reported that seepage loss substantially decreases ranging [rom 20%
to 0% over time due 1o silt accurnulation but later has little influence in the condition of the

ficld canal prevailing in minor imgation project.

Thomas (1977) cartied out research on one walercourse at Fatehpur Distributary w district
Sargodha. On the basis of mlow and outflow measurements, the water losses to the extent of

56% were reporicd from the watercourses.

Water is lost during conveyance through scepage from main canal, branches, distributanes,
minors, walercourses and [ield channels. The average water losses from unlined canals,
branches, distributaries and water courses arc 8%, 17%, 20% respectively, of water released

from reservoir (Singh et af, 1978).



WAPDA and CSU-1 (1978) camried out a sludy on three watercourses m Bhakkar, Bahawalpur
{Punjab) and Moro {Sindh). The Mow rates were measured with cut-throat flumes and they

detennined the water losses 40% to 51% in Lhe watercourse conveyance system.

Siddigue ef @, (1980) carried out socio-technical survey by interviewwng 12 farmers, each at
head, middic and tail of the selected watercourses in distnet Sargodha. The information on water
use efficiency in terms of time taken to irmgate on acre of land was collecled from the farmers. It
was observed that 85 percent more time was taken to imgate one acre of land at the tml as

compared to that at head reach. A water loss of 46% was eslimated from this study.

Thamas (1977} adopted inflow-owtflow method to estimale the water losses on 3 wvitlage level
watercourses located in distnels of Sarpodha and Faisalabad. It was reported that total losses

were 45% of the inlow.

Copland (1987} used inflow-outflow measurement with cut-throat flumes inslalled at head,
middle and tail seclions on a sample of three watercourses. It was found that the delivery losses

ranged from 38% to 62% in the walercourses of Khushab distnet.

PERI (1987) cvaluated the performance of Command Watcr Management and adopted inflow-
outflow method with the usc of cut-thwoat and broad crested fures. This study was underlaken
in the comniands of 27 watercourses localed in Niazbeg, Shahkot, Vehari and [laroonabad. The

water losses ranged from 47% to 30% were reporred.

In Bangladesh, the leading work on water loss measurement through carthen canal was done by
Biswas and Islam {1973). Extensive shudics on conveyance loss measurement through earthen

canal were also carried out by other researchers in Bangladesh are given below,

Khair and Hossain (1978) and Khair et af. (1980} observed that about one fourth to one third of
all waler diverted for imigation purposc at various places in Bangladesh is lost in conveyance
through the unlined earthen canal where seepage accounts to high rates dug lo vanous socio-

technical reasons.



Durta {1982) found from two case studies of deep tubewells and low lill pump imgation project
locaied in Mymensingh district that the water loss in the main canal ranged from 23% to 60% of
tﬂc total flow. He also pointed out the losses occurred due {o insufficient gradient of canals,
porosity of soils, insufficient canal cross section and existence of cracks and holes in the canals.
Sharma et af. (1984) found secpage loss in irrigation water conveyance system was very
significant as it formed the major portion of the loss in the imgabion canals, and 1t depends upon

the season, water table, so1] topography and canal geometry as well as [low characteristics.

Miah (1986) carricd out a study on the overall imgation efliciencies of 11 decp tubewell in
Dbaka and Thakurgaon district. He repored that the water losses per 100m length of the canal
ranged from 13% to 23% of pump discharge. Although the author did nol mention the details
gbout the type and the nature of the systems, he realized conveyance losses in lined and earthen

canals wore aipnificantly high.

Sattar ef ol (198%) reported the performance ol the North Bangladesh Tubewell Project- The
Deep Tubewell Imgalion system in Thakurgaon. On an average the pumnp discharge eMeicney
was 91 Vha/m? and 138 Vha/m® of wetted area, respectively. The {otal distribution loss (both lined

and earthen canal) through the conveyance system was about 40% of the tubewell dischargc.

Dutta {1991} reported that the water loss in the main canat varied from 32% to 65% for distances

of 34 m to 213 m respectively from the source of water in Mymensingh distriet.

Uddin (1992) found by seepage tesl using ponding methods that soil porosity of the canal sites
Las significant impact on scepage rate in general and the heighi of the canal bed has profound

effect on seepage rate in Madhupur tract.

A Feld sludy was conducted by Hassan ef af (1992) in two sclected tubewells of North
Bangladesh tubewells project to evaluate the waler distribution status in relation to maximizing
the command area of the tubewells. Water losses in carthen canals were 103.0 L' ha/m” and 208.0

L/ha/m® which were 8% or 9% of the outlet discharges.



Shahajahan er «ly (1997} carried out a study on the Buri Teesta irrigation project and showed
that over a 10 years period only 30% of water reaches the field and another 50% gets lost during
conveyance from the source to the irngation fields. The causes are poor management of the main

system, a faulty schedule for water distnbution and waste water management at the field level,

Moendal (2000) carried out a study on performance evaluation of some selected deep and shallow
tubewells 1 wrigation development. He observed in STWs which are unlined, the average loss

per 100m was 3.7 Ifs.

Saltar et al., (2002) under took a study in north-western region of Bangladesh during Boro, 2002
to asscss the technical and econamical performance of aliemative imgation disinbubion system
in shallow tubewell {STW). They observed the conveyance losses were 42% under existing

carlhen canal,

Maniruvzaman ef @f., (2002} studied the operation of flexible hose pipes conpared to earthen
canal f'nlr water distribution in four shallow tubewell (8TW) schemies at Nakla and Sreebordi
Upazilas of Sherpur district in 1998-99 Rabi season, Tt was found thatl there were vanahions in
the water losses among the schemes depending of the soil texture and soil structures of carthen
canal. The looses through earthen canal varied fom 53.70 [/s/100m to 6.72 Vs/10Mm averaging

6.08 1/5/100m of canal length.

In 2 study on alternative hose pipe filling for efficient 1migation water distribution in STW area,
Maniruzzaman et a/.5 (2002} found that conveyance loss varied from 0.03 to 7.74 hifsec/100m n

earthen canal,

2.5 Water loses in improved earthen canal/lined canal
The improved water distribution system is very uscful for minor irrigation in respect to
rmininizing the conveyance water Josses, land and thne savings, cormoand area increases and

ceonomical use {or crop production.

Hydraulics Research {1975) revicwed scopage rates of 17 types of canal linings under different

hydraulic conditions (depth, discharge and wetted penmcter). The review showed that for

different Yined canals the mean scepage rate varied from 0.01 m/day to 0.25 miday. In other
11)



2.5 Water loscs in improved earthen canal/lined canal
The improved watcr distribulion system is very usefyl for minor irrigation in respect to
minimizing the conveyance water losses, land and time savings, command area increases and

cconomical use for crop production.

Hydraulics Research (1975) reviewed seepage rates of 17 types of canat iinings under diffcrent
hydraulic conditions (deplh, discharge and wetled perimeter). The review showed that for
different lined canals the mean seepage rate vaned from 0.01 m/day to 0.25 mfday. In other
review seepage rates of lined canals has suggested ihat in gencral the seepage rales of lined

canals should not be more than 0.03 m/day.

Hussain (1977) examined the impact of watercourses improvement on the farm ccononiy in the
command of Tubewell No. MN 56 in Mona Project arca. In this study watcreourse losses were as

reduced by about 38% as a result ol kacha improvement.

Jhonson et al. (1978) reported that brick masenry lining found to reduced the water losscs by
88% to 53%. 1t was concluded that using 85% saving of water losses, {he conveyance efficiency
of a lined watcrcourse was, thus, improved from 64% to 96%. Based on the COTIVEYANCE
efficicneies reported in varous studics, (he averape elficiency of 63% or conveyance water

losscs of 35% werc used in lhe analysis,

OFWM (1981) reported ihal watercourse improvement in Sahiwal Tehsil saved about 242 aere
feet of water annually per watercourse on an average with earthen improvement and partial
lining having 85% delivery efficicney. It was found that it enhanccd the growth of an additional

about 125 acres of wheat and about 100 acres of cotton per watercourse command annually.

Renfro (1983} conducted a study on 10 improved and 10 unimproved watercourses in
Faisalabad. It was concluded ihat farms on improved watcrcourse received 18% more canal
waler per acre as compared with the unimproved watercoursc. Moreover, the £LOSS INCOME per

acre was estimated to be 12% higher on improved watercourses.
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Irmigation Research Institute {1992) tested various lining maternials to reduce seepage losscs from
the watercourses. This study conducted on 16 watercourses revealed that water seepage losses

[rom lined watereourscs ranged from 8% to 20% of inflow.

PERI1 {1993} estimated that conveyance losses rates on thousand mcters on the improved and
ummproved watercourses were 32% and 39% respeclively, which showed a significamt
difference. On improved watercourses about 14% and 19% water losses wers found m
comesponding  figures of 21% and 23% of wmimproved watercourses, respectively. Thus
conveyance losscs on unimproved watercourses were 7% higher as comparced to improved
watcrcourses, In case of main and branch watercourses such losscs were by 7% and 6%

respectively on unimproved than improved enes.

Moghaz and Tsmail (1996) observed by ponding methads that process of compacting the canal
bed reduced the rate of seepape by considerable value and that lining of licld canals by pre-

fabnicated bitumen jute mats caused a significant reduction in seepage rale.

IWASRI (2004} reported the studies carricd out by watcrcourse Monitoring and BEvaluation
Directorate of WAPDA. Accordingly, water losses nieasuremenis were made on 26 walercourscs
of which 10 were limed and 16 were unlined. On the lined watcrcourses a net increnase of 12%-
14% in the conveyance clhciency was found from head to tail reach. The analysis of
agrononical data revealed an increase of 3% of cropping intensity in the lined watercourses

areas as comnpared to the unlined.

In Rangladesh, the picneering work on seepage loss measurement and canal liming was done by
Biswas and Islam (1975). Extensive studics on conveyance loss measurement through hined

canal were camed out by other researchers in Bangladesh are given below.

Rashid er al. (1990) observed thal the compaction of carthen canal could reduce conveyance
losses to about 34% but the authors failed to mention the range of compaction on the level of

moisture content at which the canal sub-grades were compaciled.

According to Jenkins {1981) water losses in the earthen canal could be as high as 30% of

discharge of a typical DTW.
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Haraidhan and Zillur (1991) found that the flow through the lined canals-were 24.8 I/s (0.0248
cumec) at a distance of 30.48m (1008) and 19.2 15 {0.01Y2 cumec) at a distance of 60.96m
{2000ty of & 50.5 I/s capacity DTW, The convevyance loss was found to be 1.045 I/s per 30.48m.

Sanjit and Khan ([996) shudied on canal lining and reported that lining of the canal may save

ahout 20% 10 30% of the water thal 13 lost by seepage.

Saitar er al.{2002) undertook a study in nerth-wesierm region of Bangladesh dunng Boro, 2002 10
asscss the technical and ceonomical performance of alternative irrigation distribution svstemn in
shallow tubewell (STW). Among the technical parameters, conveyance losses were 10% and 1%
under improved earthen canal and hosepipe respectively. Water saved by improved earthen canal
and hosepipe was 32% and 93% respectively, compared to cxisting carthen canal. Similarly time
saved through improved earthen canal and hosepipe was 27% and 48% respectively, campared to

cxisting carthen canal, which increased command area and reduced irrigation cost.

It is important to note here that all the studies on seepage loss and canal himng done in
Bungladesh and reporied in literature so far, arc for small scale irrigation (decp tubewell of low
HA pump) projects, with a discharge capacity of up to 0.057 cumec (Zousec). Few studics were
undertaken of limng of canals of ike large imgation projects of the country (Saleh, 1991}, This 1s
prohably because all the large {rdpation projects combinedly imigate about 0.19 mha which is
about 8% of the total irrigated arca of the country (BADC, 2008). The major thrust for imgation
development from the early seventies has been through small scale irvigation projccts because of

iheir small gestation peniod and high retumn to investinent.

2.6 Ecopomic Analkysis

Although a numbers ol studies on conveyance loss in lined and unlined canals have been carried

out, literature on the ecanomics of canal limng 15 scanty.

Studies on ecopomics of lining have shown that in India, the lined canal costs nearly 3.25 times
as much as the unlined canal; but taking the value of seepage waler lost, the unlined canal costs
about 1.08 times as much as the lined canal. In Europe and USA the lined canal costs are
estimated to be two times as much as the unlined canal (ICID, 1967).

13



development from the early seventies has been through small scale irrigation projcets because of

their small gestation peried and high return to invesiment,

2.6 Economic Analysis

Although a numbers of studies on conveyance loss in lined and unlined canals have been carricd

out, literature on the ceonomics of canal Hning is scanty.

Studics on econones of lining have shown thal in India, the lined canal costs nearly 3.25 times
as much as the unlined canal; but taking the value of seepage water lost, the unlined canal costs
about 1.08 times as imnuch as the lined canal. Tn Europe and USA the lined canal costs arc

estimated to be two times as much as the unlined canal (ICTD, 1567).

Jones (1986) compared brick lining with low cost linings {soil-cement and bitumen) in three
DTW projects and concluded that low cost linings were much more cost effective than brick

lining.

Mial (1984) made an economic cvaluation of brick hming in four DTW projects of Dhamrai and
concluded that bnek lining was not economical. The benefit cost ratio of brick lining varied from

(.52 to 0,86 in the four projects,

Ahammed (1987) performed an ecomomic analysis for threc buricd pipe and two hned canal
systems of Tangaill Apncullural Develepment Project. He found that all syslems were

economically viable. The BCR varied from 2.75 to 12.08.

Saleh et @l (1991) studicd on canal lining for {he secondary and tertiary canals of Tecsta

Darrage project and reported that cast in situ concrete lining was the most cost effective hming,

Sattar ef af. (2002) underiook a study in north-westemn region of Bangladesh during Boro, 2002
to assess Lthe technical and cconomical performance of alternative imigation distribution system
in shallow tubewell (STW)}. BCR of iniproved earthen canal and hosc pipe irrigation were 1.01
and 1.64 at 25% discount rate. IRR from invesiment of water disicibution by improved earthen

canal and hoscpipe imgation were 3225 and over 50%.
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Chapter 3
METHODOLOGY

3.1 Introduction

The Deparment of Agrienlmural Extension is involved in experimentation of improved water
distoibulion system in order to devclop different low cost canals for minor irigation schemes. As
of now, the DAE through its AETEP has innovated several new technologies in respect of lining
of irmgation canals. These linings are superior over the traditional earthen canal especially in
respect of cfficiency. In this study the Tining recommended by AETEP were constructed and

ficld tested in order to assess iheir positive impacts on the tradilional earthen canals.

3.2 Stody Area

The study was undertaken in Boro season al three Upazilas: Manikgonj Sadar of Mamkgonj
distriet, Dhamrai of Dhaka district and Mithapukur of Rangpur district. Nine improved carthen
canals, ihree pre-cast lined canals and six existing earthen canals under STW were selected [or
field siudy. The location map of the study sites is given in Figure 3.1. The detarl featurcs of the

study schemes are described below,

3.2.1 Mithapuokur scheme -

The experimental fields belong to the Agro-ecological region of the Tecsta Meander Floodplam
(ABEZ-3). Most of the areas have hroad {lood plain ridge and almost level basins. Morc or less all
the study areas are dominated with (he soil type of loamy soils on the Mloodplain ridges and grey
or dark yrey, slowly penneable, heavy silt loam or sifty clay loam in the basins, Soils in general
have a pood moisture holding capacilty (BARC, 2005). The peographical location of the
cxperimental area g in 257 26" N0 25° 41’ N latitude and 89° 06’ E 1o 89°27'E longitudes.

The area experiences a tropical ¢himatc charactenized by a very humid, wet south-west monsoon
from June to November, The annual precipitation of study arca is 2112 mm, which occurs mostly
in monsoon and very little rainfall during Boro season (CIMMYT, 2003). The average maximum

temperature is 29°C and average mimmum temperaturs is 20°C.
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Fig.3.1. Location Map of the Study areas.
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Mithapukur covers a tolal arca of 51584 ha of which the cultivable land is 44904 ha. It is
estimated that ahout 26000 ha of total cultivable land was brought under irfigation {DAE, 2009}
The cropping intensity is 215%. Rabi (Nov-Feb) crops such as wheat, mustard, spices and
vegetables are nainly grown on residual moisture and sometimes with available irigation water.
HYV Bor is the main rice crop, which is mainly irrigated by 10356 shallow tubewells, 78 deep

tubewells and some LLDPs.

In Mithapukur, output based crop sharc payment system is dominantly practiced as price for
irrigation water. The price of irripation water varies depending upon the energy sourccs of
irrigation modes. Tn case of cleetricity ran modes {both STW and DTW), farmers pay onc fourth
of their tolal crop. In case of diese] Tun modes (both STW and DTW), farmers themselves pay

for fuet and 370 kg of dry nice for getling access to irmigation,

3.2.2 hlanikgonj scheme

The geographical location of the experimental area is in 23742/ N 10 23% 56' N latilude and 89°
57 ¥ to 90" 08'E Jongitudes. This area belongs o the Agro-ecological ‘region ol the Young
Brahmapuira and Jamuna Floodplain (AEZ-8). The arca is occupied by permeable siit loam soils
on the ridges and impermeable clays in the basins, General soil types include predominantly
Grey Floodplain soils (BARC, 2005). The annual precipitation of study area is 2617 mum. The
average maximum temperature is 35.85°C and average munimum temperature is 15.38°C

{BARC, 19938).

Manikgonj Sadar covers a total area of 21515 ha, of which ihe net cultivable Jand is 19343 ha It
is eslimated that about 14000 ha of total cultivable Jand was brought under frmigation (DAL,
2009). The cropping intensity is 227%. Rabi (Nov-Fcb) crops such as wheat, mustard, spices and
vegetablcs arc mainly grown on residual moisture and sometimes with available impgation water.
HYV Boro is the main rice crop which is mainly irfigated by 4065 shallow tubewells, 70 deep
tubewells and some L.LPs. Ouiput based crop share payment system 1s the most commeon water
pricing method used in Manikgonj Sadar. Tn this method, in case of clectricity run modes farmers

pay one—third (five bundle out of ffleen bundie of paddy) ol the total crop from the land for both
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the modes STW and DTV, In case of diesel mun modes (hoth STW and DTW) farmers pay seven
bundtle of paddy out of i leen.

3.2.3 Dhamrai scheme

The geagrapheal location of the experimental area is in 23%49' N to 24°03' N latitude and 9000’
E to 90"15°C longitude. This area belongs to lhe Acro-scological region of the Low Ganges
River lloodplain (AEZ-12). Soils of the region are silt loams on the ndges and silty clay loam 1o
heavy clays on lower sites. General soil {ypes predominantly include Calearcous Dark Grey and
Calcareons Brown Floedplain soils (BARC, 2005). The annual precipitation of study area 1s
2102 mun. The average maximwm temperature is 42.2°C and average minimum tcmperatuore is

19.5°C (BARC, 1998).

Dhamrai covers a total arce of 30633 ha of which the cultivable land 15 30470 ha Tt 1s cstimated
that about 17873 ha of total cullivable land wag brought under irrigation (DAE, 2009}, Ths
cropping miensity 15 220%. Rabi {(Nov-Feb) crops such as, mustard, spices and vegetables are
mainly grown on residual moisture and sometlimes with available imgation water. HY'Y Boro is
the main rice crop, which is mainly irrigated by 59235 shallow tubewells, 105 decp tubewells and
some LLPs, In Dhamrai, area based cash payment system and output based crop share payment
systemn are dommantly practiced. The price of irigation water in case of electricity run modes
{both STW and DTW) is one fourth of their total crop or Tk.60 to Tk.70 per decimal. In case of
diesel run modes (both 8TV and DTW) farmers themselves pay for fuel and Tk, 30 {0 Tk, 40 per

decima] for getimyg access Lo rmgation.

3.3 Methods of Computation of Conveyance loss

In this study inflow-outflow method 15 used for conveyance loss measurement. The inllow-
putflow method was widely used by most of the researchers in Dangladesh for its simplicity and
accuracy (Dulla, 1991; Sattar er &f., 2002; Maniruzzaman et al., 2002). This method is very
suitable lo measure the canal water loss as unlike ponding method, the irngation can conlinue
while the discharge measurcments are taken. Consequently, infllow-cutfllow melhod was

emplayed for this study.
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3.4 Inllow - Outllow Mcthod

This i¢ a very simple method that consists of measuring the quantity of water entering a reach
and the quantity of water going out of that reach. The difference gives Wie amount of water lost.
Discharge can be measured with the help of a flume, weir or current meter. The accuracy of the

method increases with the difference between the quantity of inflow and cutflow rates.

‘The inflow-outflow method is the most dependable and reliable method {or measuring the
guantity of water loss through scepage from the cxisting canals. The results ohtained by inflow-
oulflow method are more reliable than the other (Ponding method and Seepage Meter nmiethod)
methods (Shahid er «f., 1991). The inflow-outflow method has been used by number of
regearchers for conveyance loss measurcment. Sarki et of. (2008) observed that ponding test
measured water losses 23% less than inflow-outflow test. Brockway and Worstell (1963) also

found ponding test measured water losses 30% less than mnlTow-outllow test.

Among all the three mellhods for measuring the water conveyance loss inflow-outllow methods
was selected dusg lo the followinyg reasons:
»  The methed is very simple but accurate.
» The mcthod requires simple instruments that can be manufaciured by our local
technology.

*  The results oblained by this method are mere reliable than the other two methads.

There are vanous types of water measunng device by which flow of water can be detenmined In
s study the cut-throat Aume was uscd for conveyanee loss measurenent, The cut-throat flume
is an improvement of the Parshall flume, mainly by stmphfying the construection details, The
Mume has a {lai botiom with vertical walls and zero length throat section. Since il has no throat

section it has been given the name eui-throat {lume by the developers (Skogerboe ef qf, 1973).

The mosl obvious advaniage of cut-lluwoat flume is economy. The cut-throat flume can operate
either as a free or submerged flow structure. Under frce Now condition critical depth oceurs in
the vicinity of minimum widlth w, which is called the flume throat or the Mume neck. The
attainment of critical depth makes it possible lo determine the flow rate, knowing only an

upstrcam depth h,. This is possible because whenever critical depth occurs in the {lume, the



downstream depth is hy, For free {low the ratio of inlet flow depth h; to [lume lengih should
preferably be less than 0.4 (Michael, 1987).

3.5 Experimental sct up

The STW discharre and flow at different seclions of the canal were measured using two 60 ¢m X
20 cm, cut-throat {lumes. In order to get accurate measuremcnt, the cut-throat flume was

installed obeying the following rules (Skogerboe e al., 1973).

1. The flume was as far as possible in a straight section of the canal.

2. The (lume was aligned straight with the canal and leveled both longiludmally and
laterally.

3. The ratio of the flow depth to Mume length was always less than or equal to (L4,

4, Flow depths at both the upstream and downstream meussuring marks on the cut-throat

flume were recorded simultancously after ensurning the stcady state flow.

Inlet Converging

: W Outlet diverging seclion
Section

e 13.33cm e 3333 em - N

" by =Precomeler Lap lor measuring h,=Fierameter tap for measuring

[

© 20 cm z] 40 om

~ 6 cm

Fig. 3.2. Definilion sketch of cut-threat lume {Skogerboe ef al., 1973}
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3.6 Determination of Discharge

The flow m the imigation canals may be cither free or sub-merged flow depending on the
transition submergence, 5 (the value of submerge at which the discharge pass from free flow to
submerged flow or vice vema). IT the submergenee, S (defined as the ratio and cxpressed as a
perecntage of the down stream depth, hy to the upstream depth, hy) 15 less than 5; the Mow s free

and the equation to find the discharge 13 given by (Skogerboe ef af., 1973).

Q=0C; (hat™y (3.1)
Where, = Aow rate i cf

C; = free flow co-efficient

h, = upsiream flow depth in it

n, = free flow exponent

The value of C, is miven by
C, = KW' %
Where, K; = Nume lengih co-cfficicnt
W = throat width in ft
Values of n; and k; with respect to length of cut-throat flume {for free flow condition)

were taken as: n; = 1.98 and ky, = 5.2 (For 60 om lenglh cut-threat flume; Ref. )

If the flow is submerged, the cquation employed to find out the discharge is given by

Calha-he)")
Qs ——— (B2
{-log 8)";

Where, C; = submerged flow co-efficicnt
n; = {ree [low exponent
1 = subnierged flow exponent
hy = upstrcam flow depth in ft

hy = down siream Now depth in ft

5 = hy/hg
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S = depree or percentage of submergence
For submerged How 8 = hy/h,= 0.65 to 0.90
For free flow § = hy/h, = less than (.63

3.7 Determination of Cenveyance loss

Conveyance loss can be calculated by the following formuia:
CL={{Q-Q2)L} X 100 (3.3
Where, CL = rate of conveyance loss in Lhe canal in cfs
()y = rate of [low at the inlet in ¢fs
{); = rate of {Tow at the outlet in cfs
L = distance between two points in [
% CLy = (CL/Qy) x 100 (3.4)
Where, % CL, = pcrcent conveyance loss per 100 [t canal
Water loss of respective canal was measured by cut-throat flume wilh twao conditions.
These were:
i. Matural condition {ex1sting eurthen canal)

ii. Improved condition {after compaction and lining})

Following steps were considered {o determine the conveyance loss from Lhe canal:

1. The suitable canal was selected under STW installed at study area.

2. The cxisting canal was well excavated according to pump discharpe

3. Two individual cut-throat fluines were set in existing carthen canal with proper
feveling at suilable position kecping a distance of 100 ft from one another.

4, The outer porlion of the canal in each section was blocked with clay soil so thal walcr
could only pass through the flume.

5. Reading was laken first aller 10 (ten) minutes when the discharge was sleady.

6. Then flume was set as before and reading was taken in improved earthen canal.

Flow measurement in the field of an improved earthen canal is presented in Fig. 3.3.
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Fig.3.3. Flow measurernent in the field of an improved earthen canal,

3.8 Construction Details of Earthen and Lined eanat

A properly designed waier distribation systern will make irrigotion easy and effictend. Unlined
and lined siructures nre used to convey, imigaton water on the farm. Efficiemt structures witl
gave labors, land and waier. In Bangladesh, most of the irrigation canals of the small imgntion
project are unlined. These can be built and mainwined by unskilled labor. As such, there is no
sinndnrd methodology for desipning unlined canals. But lined cannl that are performed by
different department followed specific design eccording {o discharge capacity. [n the following
sections, the desipn parameier and the construction specification that were followed in this study
are presenied,

3181 Earthen cans!

Earthen canal can be built on sisble side slopes with banks strong enough to camry the required
Now of water safely. They should have ample capacity 1o carry the design discharge a1 non-
erotive velocities, Side slopes should be M=t enough so that the banks will neither care in nor
slide when they saturzted with water. In study schemes, the overage bottom width, the top width
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and waer depth of carthen canal was 40 cm, 100 ¢m and 30 ¢m, respectively. The design values
of the earthen canal are tabulaled in the Table 3.1. The cross-section of earthen canal and a view
of existing earthen canal in Study area are shown in Fig. 3.4 and Fig, 3.3, respectively.

100 em 3

Cm

Fig. 3.4. Cross- section of earthen canal.

-
L

Fig. 3.5. A view of existing earlben: cznal in Study area.
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3.8.2 Improved earthen canal

The improved earthen ¢anal was designed according to AETEP model, The design valoes of the
selected canal are tabulaled in the Table 3.1. The design canal bottom width, top width and canal
height was 14 ¢m, 58 cm and 17 cm, respeclively. The side slope and longitudinal slope would
be taken as, 1:] and 0,001, respectively. For improved earthen canal, the freeboard would be
taken as 5 cm. The cross-seclion of improved earthen canal emd a view of improved earthen
canal in Study area are shown in Fig. 3.6 and Fig. 3.7, respectively.

15 15
3 cm
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Fig. 3.7. A view of an improved earihen canal in study area.
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383 Pre-cnst canxl

If a canal is o be lined, then the design problem reduces to one of determining the best hydravlic
section {Chow, 1959). In stdy nren the pre-cast canal was designed sccording to AETEP model.
The design values of the selected pre-cast cannl are tabulated in the Table 3.1. The width of
botiom slab and height of side stab of pre-cast canal was 36 cm and 19 cm, respectively. The
cross-section of pre-cast canal and a view of pre-cast cannl in study area are shown in Fig 3.8
ard Fig. 3.9, respectively,

Acrn teick Ade St (G0cm n 1%¢em x &)

“ = B e

-l “
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Jorm Prick odiewn Sy d80cm 1 Mecen x Som)
7 om Tk cand byyer

Fig. 3.8. The cross-saction of pre-cast canal,

._; N i 37 Illp"‘h ¥ A

o . 4 _—
Fig. 3.9. A vicw of pre-cast canal in Study arca
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Table 3.1 Design values of earihen canal, improve earthen canal and pre-cast canal.

Bottom Tap Waler Freeboard | Canal Side
Types of Canal Width, Width Depth, F {cm) bed slope
Bfcm) T (cm) D{em) slope, 5
Earthen 40 140 30 - - -
Improve Earlhen 14 38 17 5 0.001 1:1
Pre-cast 36 if 14 5 00025 -

3.9 Land occupicd by canal

In Kharif scason, most of the growers leveled down their earthen canal to grow Aman paddy.
They penerally do mot provide supplementary firigation for Aman crop. But when improved
earlhen canal are constructed as demonstration, they are not leveled down, as such, the land
required for the construction of the canals go out of production. Te measure land occuped by
canal, length and width of main canal were tdentified and measured in consultation with the

scheme manager and pump aperalor.

3.10 Economic analysis

Economical analysis is the process of delennining the total return (social or economical return)
to the whole socicty er cconomy of all the resources committed to the project. An economic
analysis was carmied oul for the distribution system in order to ascerain the profitability of the
lining technology. For this purpose discounting method of the appraisal techuique was used. By
discounting, future cash fows are reduced to therr prescnt worth, For measuning the relative

worthiness of the system, the following ihree alternative discounted measures were nsed.

3.11 Net Present Waorlh

Net Present Worth (NPW) is obtained by deduecting the discounied costs {rom the discounted
benefits. The bencfits and costs are discountcd by opportunity costs of capital, which is

represented by the interest rate of commercial bank loans. The NPW may be treated as:
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T 5=
NPW=Y' {isnt e (3.5)

=t
Where,
B = Annual project henefits.
C = Annual project costs.
T = Numbher of years.
1 = Discount Tate
The given discount rate was 12% for agriculiure land.
In other words, the NPW approximated by,

NPW= Present worth of bonefit - Present worth of cost.

3.12 Benefit Cost Ratio

This ¢ntenon compares the sum of discounted benefits with the sum of discounted costs. In other
words, the benefit cost ratio was estimated by dividing the sum of present worth of benelits by

the sum of present worth of costs as follows.

.
Z‘ (1+.s}‘

BCR = 2l

E[1+f)

t=1

(3.6)

Where,
B, C, T and 1 have samc meanings as above

or, BCR = Present worth of beneits /Presceat waorth of costs.

3.13 Internal Rate of Returo

Internal Rate of Return {IRR) may be defined as that discount rate which makes

L -G
=0 ... 7
‘;‘(l+i} 0 -7)

Where,

B,C.T and i have same tmeanings as above,
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In other words, IRR is defined as the rate of discount, which will make the net present worlh of
the project zero. The TRR was calculated by the following formula.
IRR = Lowcr discount rate + Difference between two discount rate x (Present worlh at the lower

discount rate / Absolute different between the present worth at two discount rates).

3.14 Farmers’ survey

Fanners' surveys were carried out 10 each of the Tpazilas te assess the impact of water saving on
command arep deselopment and the acceptability of lined canal technology by the farmcrs.
Paricipatory rural appraisat (PRA) approach was used for collection of socio-cconomic data and
information. The PRA approach wms o incorporate the knowledge and opinions of rural people
in the planning and management of development projects and programmes. Focus proup

discussion (FGD) have been used for socio-economic data and mformation collection.
3.14.1 Focus Group Discussicns

Focus Group Discussions {FGD) is an efficient and effective tools for coliection of various
information. FGD brings together a small and homogensous group ol 6-12 peoples who are the
representative of a much larper sector of a society or of the community. The purpose is to creale
an informal situation i which the members of the groups discuss topic of concern amoung
themschves with the help of a facilitator and in ihe presence of ong or more observers For
collection of sncio-economic information, nine FGDs were conducled n the scleeted study aleas.
Traditional farmers and pump owners were the main source of data colechion. Each FGD involed
0.11 peoples. Average age of the people were 34 yoars and all of them were male. There were no

female pump ower and female manager farm in the study areas.

In cach Upazila one FGD was conducted with the pump owners. All the owners were also

famers and had land within the pumps opcrated by them.
For the FGIs conducted with the farmers, the fammers were divided into two broad groups. In

one group were the farmers who shared their crops with the pump owners as prnice of irrigation

water. In each Upazila one FGD was conducted with this type of farmers. The crop share system

29



ol water pricing is comman in Manikgonj and parts of Dhamray and Mithapukur Upazilas. In
another proup, the farmers themselves provided the fuel for irrigation and paid a fee to the pump
owners for access 10 imigation.. In each Upazila one FGD was also conducted with this type of

farmers. So in total, six FGDs were conducted with general farmers in the study area,
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Chapter 4
RESULTS AND DISCUSSION

The water loss through carthen and lined canals, the economics and the aceeptability of the lined
canals by the farmers were analyzed in this study, The details of the analysis are presented in the

following section.

4.1 Plysical Characteristics of the Study Schemes

It has already been mentioned {Article 3.2) that for the purpose of the study s1x earthen schernes,
nine improved earthen schemes and three lined schemes were sclected. For each of these
schemes the discharge, command area, lenglh of main canal and the length of lined cunal were
measured. These physical characteristic of the schemes are presenled i Table 4.1, The measured
average dischurge of the cxisting carthen canals, improved earthen canals and pre-cast canals of
the selected study areas were 18.3 Ips, 18.7 Ips and 22.5 Ips, respeetively. The command area of
the existing earthen canals, improved earthen canals and pre-cast canals werc 3.05 ha, 3.39 ha
and 3.91 ha, respectively. The average length of the mamn canals of the cxisting earthen canals,
improved carthen canals and pre-cast canals were 263m, 322m and 370m, respectively. The total

lengths of liming of ail the schemes were 200m.

Table 4.1 Physical charactenstics of the shudy schemes.

Types of Schemes - Discharge | Command | Length of main | Length of
canal {Ips) arca (ha) canal (1} lininy {m)
Mithapukur (V) 14.07 294 243 -
2340 4.20 401 -
Manikgon| (M) 163,30 2.56 225 -
Earthen canal 21.40 3.74 36 -
Dhamra (I 13.00 1.07 o0 -
22.30 3.74 305 -
Average i8.34 3.05 203 -
M) 17.70 3.08 238 288 |
21.62 3.84 352 352
23.28 4.65 472 472
Improved (Ma) 21.52 4.19 425 425
Earthen canal 16.24 2.95 308 308
13.78 1,47 110 110
(D) 13,10 208 160 160
) 23.48 4.62 470 470
17,52 3.60 320 320
Average 18.69 3.39 322 322
Pre-cast canal (M) 21.80 3.87 366 200
(Mg} 2330 430 435 200
{D) 22.30 3.55 310 200
Avecrage 22.47 391 370 200
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4.2 Water Loss Measurement

The water losses from earthen canals and lined canals of the study schemes were measured by
inllow-outflow method by using Equation 3.3, The detailed calculalions of discharge and loss

measurements are piven in Appendix-A.

4,2.1 Watcr loss in carthen canal

The convevance losses of the existing eanthen canals of Lhe selected sludy schemes ranged rom
6.9 to 8.2 1ps per 100m (Table 4.2). Conmidening the pump discharge, the conveyance loss varied
from 37% to 53%. The averape conveyance losscs of Mithapukur, Manikgonj and Dhamra
schemie are 7.7, 7.4 and 7.5 lps/100m, respectively, which were about 41%0, 48% and 45% of Lhe
pumip discharge, respectively. This 15 it agreement with the findings of a recent study by Sattur
et al. (2002). They found loss rates 5.25 to 6.44 1ps/100m which was on an average about 42%
of lhe pump discharpe in the nonh-western region of Bangladesh, Manituzzaman ef af (2002)
also found the loss 6.08 (o 7.74 1ps/100m at Kapasia in Gazipur District. The results of the study
indicated that nearly 50% of the pumped water is lost before amiving atl the (armers” ficlds.
Improved carthen canal and pre-cast canal could minimize the conveyances losses of the existing

earthen canal.

Tahlc 4.2 Water lossces in carthen canals of the study scheme.

Schemes Dhscharge (Ips) Conveyance loss per 100m
lps Avcrage | % of pump Average
discharge
. . 44
Milhapukur 16.30 72 779 41
21.40 82 ’ 38
o 14.07 7.6 53
Manikgzonj 7.4 48
Sadar 23.00 7.2 43
Dhamrai 13.00 6.9 53
2230 8.2 7.3 37 435
Average 75 45 45
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4.2.2 Water loss in improved earthen canal

The conveyance losses of the improved earthen canals varied from 3.0 to 4.5 Ips/100m (Table
4.3). Considering the pump discharge the conveyance Josses varied from 14% to 26%. In the
study schemes the average conveyance loss was 3.6 Ipa/100m which is about 21% of the pump
discharge. This is similar to the findings of Sattar ef al. (2002}. They found loss rates as 3.67 to
3,97 Ipa/100m. Maniruzzaman et «f. . (2002) also found the loss as 3.7 1o 4.8 1ps/100m.

Table 4.3 Water losscs in improved carthen canals of the study schemes.

Schemes Drischarge Conveyance loss per 100m
(Ips) Ips Average % of pump Avcrage
discharge
Mithapukur 77 43 24
21.6 7 37 17 18
23.3 33 14
21.5 3.0 23
Manikgon; 16.2 3.3 3.6 14 21
Sadur 13.8 45 26
Dhatrai 13.1 3.3 24
235 4.0 3.4 25 24
17.5 3.0 23
Average 36 21 21

4,2.3 Whater loss in pre-cast canal of the study schemes

The conveyance losses of the pre-cast canals varied from 2.5 to 2.9 pa/100m {Table 4.4). The
avcrage loss per 100m is about 12% of the pump discharge. Karim (2004) reporled that the
conveyance losscs of the pre-cast camals in three different schemes in Bogra were 230 2.6

Ips/100m, which is similar to the results of this study.
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Table 4.4 Water iosses in pre-cast canals of Lhe study schernes.

Schemes Discharge (1ps) Conveyance loss per 100m
Ips %
. 2.6 12
Mithapukur 218
Manikpory 23.3 2.5 11
Sadar
. 22.3 2.9 13
Dhamrai
Average 2.7 12

4.2.4 Variation of conveyance loss in earthen and lined canals

The varialions of conveyance loss as percent (%) of pump discharge for the different lined and
untingd schemes are shown in Figure 4.1. It shows that he conveyance loss is highest through
the exisling earthen canals followed by improved earthen canals and pre-cast canals.
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Fig. 4.1 Conveyance losses by unjined and lined canals of study area.
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4.3 Impact of lined canal sysiem

The purpose of lining is to save water by rcducing the conveyance loss. It is generally assumed
that the water saved ibrough lining would be used to immigate additional area under irrigation. But
for the schemces under the stedy area, the command arcas remained unchanged aller the
introductien of improved distribution systewn. In the study area more shallow tubewells arc
working than arc nceded. There is no new land to be brought under cultivation and the existing
agricultural land is declining on account of increased use of land for oiher purposes. As a resuli
the command area under each STW with lining remnained the same cven though they saved water

compared to pre-lining condition.

4.3,1 Water saved by improved earthen eanal and pre-cast canal

The results of field measurcments on the water saved by using improved earthen canal and pre-
cast canal as compared to the exisung earthen canal are presented in Table 4.3, The water saved
varied from 21% to 27% by improved carthen canal and from 2%% to 37% by pre-cast canal over
earthen canal. Sattar et al. {2002} found that the water saved vaned from 29% to 33% by
improved earthen canal over carthen canal. The result was lower (29% to 38%) to the findings of
present study (29% to 37%%). The water saved also varied from 6% to 11% by pre-cast canal over
improved earthen canal. The variation of the results indicated that on average water could be
saved up to 24% to 33% by adopting lincd cansl method instead of the traditional earthen canat

syslom.

Table 4.5 Impact of hmproved earlhen canal and pre-cast canal on water saved.

Schemes Water saved by improved Water saved by Walter saved by
canal over earthen canal pre-cast canal over pre-casi canal aver
{%a) carthen canal (%4) improved earthen
canal %
Mithapukur 23 29 6
Manikgonj 27 37 i0
Sadar

Dhamrai 21 32 11
Averape 24 33 9
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4,3.2 Time saved by improved earthen canal and pre-cast canal

As has been meniioned earlier, the saved water through lining was not used for expanding the

command arca. Instead, the pumps were operated for fewer hours in order to irmgate the same

command area. The total irmigaiion time during the crop season and the corresponding command

arca were recorded for each of the existing schemes of the carthen canal, improved earthen canal

and pre-cast canal (Tables 4.6 and 4.7). Tt was obscrved from the selected study schemes that the

time saved over earthen canal varied [rom 20% to 27% by improved earthen canal and 40% to

45% by pre-cast canal (Table 4.8}, In a similar study, savings of 28% by improved carihen canal

and 482, by pre-casi canal over earthen canal were observed (Sattar e al., 2002). The time saved

also varied from 18% to 30% by pre-cast canal over improved carthen canal. The results

indicated that on average {he wrigation tims could be saved by 24% to 43% by adopting lined

canal meothod instead of the traditional earthen canals.

Table 4.6 Impact of improved carthen canal on time saved over earthen canal.

Schemes Existing earthen canal Improved carthen canal Average time
Arca | Total | hrtha | Aver | Area | Total hr/ha | Avera | hr/ha = Gd%
{ha) i tinme age | (ha} lime ge
(hr) {hr)
Mithapukur | 4.26 | 1134 | 206 4,65 9067 193
294 815 277 272 108 578 187 197 75 27
- - - 3.84 806G 210
Manikgonj | 2.56 | 733 |276 147 | 334 | 227
Sadar 3.74 1161 | 310 | 293 4.19 974 232 233 60 gl
- - - 2.95 712 241
Dhamrai 1.07 343 | 320 2.08 487 234
3.74 ¢ 1099 | 294 | 307 4,62 1053 227 233 74 24
- - - 3.60 853 237
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Table 4.7 Impact of pre-cast canal on operating time saved over earthen canal.

Schemes | Existing earthen canal Pre-cast canal Average time saved
Area | Total | hr/ha | Avera | Arca Tatal hr/ha | hr'ha Yo
(ha) | time ge fha) | time (hr)
(hr)
Withapukur | 4.26 1134 | 266 272 3.87 620 162 116
294 1 815 | 277 - - - 40
Manikgon) | 2.56 T3 | 276 293 4.30 706 164 129 44
Sadar  IHEa 1161 | 310 2 5 ;
Dhamrai LO7 | 343 | 320 307 3.55 592 167 140 45
Average 126 43

Table 4.8 lmpact of improved earthen canal and pre-cast canal on time saved over carthen canal.

achemes Average time suved by Average time saved by Average me saved by
improved canal over pre-cast canal over pre-cast canal over improved
earthen canal earlthen canal earthen canal
hr/ha (%) hrtha (%) hr/ha (%) .
Mithapukur 75 27 L1 40 35 18
Manikgon &0 20 129 44 71 30
Sadar
Damrai 74 24 140 45 66 28
Average 69 24 126 43 57 25

4.3.3 Fuel saved by improved earthen canal and pre-cast canal

As fewer hours were required to irrigate the same cormnand area of hined schemes, less amount

of fuel was alse required. The amount of fuel required for the different schemes are shown in

Tables 4.9 and 4.10. It was observed from ihe selceted stady areas that foel saved varied from

23% to 32% and 45% 1o 48% (Tables 4.9 and 4.10) in improved earthen canals and pre-cast

canals, respectively. Table 4,11 shows that the fuel saved also vaned from 20% to 30% by pre-

cast canal over improved earthen ¢anal. The results indicated that average fuel could be saved up

37




to 28% to 40% by adopting improved earihen and pre-cast canal instead of the eanthen canal

{Tablec 4.11).

Tahle 4 9 Impact of improved carthen canal on fuel saved ever earthen canal.

Schemes Existing earthen canal Improved earthen canal Average
fuel saved
Arca | Total | L'ha Aver | Area Total Liéha | Avera | T/ha | %
(ha) | Iucl age | {(ha) fuel (L} ge
(L)
Mithapukur | 4.26 | 1281 307 4.65 983 211
294 945 3214 | 311 (3.08 679 197 | 211 100 32
- 3.54 362 224
Manikeon] | 2.56 | 828 323.43 1.47 388 264
Sadar 374 | 1512 350,80 | 337 | 4.19 1092 2600 | 261 70 23
- - - 2.95 762 258
Dharnra 1.07 | 408 381.31 2.08 521 251}
3.74 | 1221 326.47 | 354 4.02 1116 241 248 106 20
- - - 3.60 D13 253
Table 4.10 Impact of pre-cast cunal on [uel saved over carthen canal.
Schemes Existing earthen canal Pre-cast canal Fuel saved
Arca | Total fuel | L/ha Average | Ares | Total fuel |L/ha | Ltha %
(ha) (L} (ha} (L)
Mithapukur | 4.26 1281 300,70 31l 3.87 656 164 142 45
2.94 045 321.43
2.36 828 32343 337 4.30 T 181 156 46
Manikgony =2 1317 350,80
Sadar
Dhanmirai 1.007 408 381.31 354 355 655 184 17( 43
3.74 1221 326.47
Average 156 46

38




Table 4.1t Impast of improved earthen canal and pre-casi cannl on fuel saved,

Schemes Avernge (uel saved by Average fue) saved by Average fuel saved by
improved canal over pre-casi canal over pre-casi canal over improved
carthen canal earthen canal earthen canal
L/ha {%) L/ha (%) L/ha (%)
Mithapukur 100 32 142 45 42 20
Manikgonj 76 23 156 46 80 30
Sadar
Dhamrai 106 30 170 43 &4 26
Average 94 28 156 46 62 25

4.3.4 Varaton of tdme and fuel saved in earthen eanal and lined canal

Time and fuel saved for the lined schemes are shown in Figure 4.2 and Figure 43 respectively. [t
shows that the time and fuel taved is highest through the pre-casl canals and improved carthen

canals compared 10 by earthen canals,
50 -
a5 -
F 90 -
T 3%
7 30 -
£ 25 — ]
© 20 -
§ 15 -
< 10 4
5 r
(1] — T — S T — i
O Improwed carthen cznal over earthen camal
B Prc-cast cxmal over certhen camal
O Pre-cast cemal over improwed exrthen canal

Fig. 4,2 Time saved by improved eantren canal and pre-cast canal over earthen canal.
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Fig. 4.3 Fue! saved by improved carthen cannl and pre-cast canal over earthen canal.

4.5 Dixcosston on impact of lining

Consiruction of improved distribution system is an integml part of command area development
oclivities. Lining of imigation canals offers one of the best opportumnities to expand command
aren. But, it was observed {rom this study that although about 24% to 13%4 water was saved by
lined canal but command orea did not increase due to saving of water. Instend, it was observed
thot the farmers / pump owners were irmgating the same area with fewer pumping hours and
requiring less fuel. On avernge, nboutl 24% to 43% less time was required to imigote the same
commard oren by improved ecanthen cannl amd lined canal over tmditional earthen canal.
Similarly, the avernge amount a1 {ue} saved varied from 28% to 46% by improved carthen canal
amd lined canal over teditional carthen canal, Thus, the lined canal system not only saved
cotveyance loss it also saved fuel cost, maintenaner cost and reduced the time required for
imgation. The avernge savings in diese] fuel varied from 94 to 156 liters per imigated hectare
(Teble 4.11} in the case of n STW command aren,
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4,4 Economic Analysis

Economic analysis of lined canals in shallow tubewell irrigation schemes was performed by
calculating the Net Preseni Worth (NPW), Benelit Cost Ratio (BCR) and Internal Rate of Return
(IRR). The costs of lining arc the construetion costs, the operation and maintenance costs and the
benehis of lining are the savings duec to less amount of fuel required for the operation of the

schemes.

4.4.1 Cost of Construction

The study concentrated on two major water distnbubion systems namnely 1) unlined hirigation
canal {exising earthen canal) ii) lined canal irrigation system with improved earthen canal and
pre-cast conerele slub. Vanous components of investment, operation and mainlenance costs of
earthen canal and lined canal systems were identified. The constiuction costs vary with the
prevailing cosl of matenals, labor and other charges. The cost is usually expressed on a unit
length basis such as cost per meier length and in terms of cost per unit area of the surface area of
the canals. The cost of enginecring and supervision were nol ncluded in the present estimate,
Lstimated consiruction costs of three different distribution systems are presented in the Table

4.12.

Table 4.12 Estimated construction cost of different distribution systems.

Namec of scheme Descriplion Quantity | Rate Total cost of
(Tk.per | construction
running | {Tk)
meter)

Exishing Earthen | Labor cost of cutting, filling and 500m i8 G000
canal plastering

Improved Barthen | 1) Labor cost of culting and filling 500m 12 HO00
canal 1i} Labor cost of compacting end -do- 10 5000
’ culling according design. -do- 3 1500

i1i) Plastering
Sub total . 12500
Pre-cast canal i} Labor cost of carth work 200m 10 2000
ii} Slab ~do- 160 32000
iil) Slab jointing -d0- 15 3000}
Subtotal 37000
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BMost of the farmers involved in the construction of-sarthen canal are of the view that earthen
canal requires mimmurn tme and cost for construclion. The cost of carthen canal is more or less
the same in the three schemes and is arcund Tk.18 per running mieter. The cost of improved
garthen canal is higher than eanhen canal and is around Tk.25 per manning meter. The pre-cast
concrete slah, which 15 reportedly more convenient for construction and popular as well, needs
more care duning installation work and regular maintenance, The cost of pre-cast canal is around

Tk 185 per tunning meter.

4,4.2 Operation and Maintenance Costls

Larthen canal syslems no require maintenance cost because they have a life span of one vear
{Article 4.4.4). Improved earthen canals require a cost of Tk.S per runming meter {or [irst year
and Tk.12 per running meter for second and third year mainly for canal removing grass and silt
and ropairing leaks and weak points, Less amount of cost (Tk.5 per rmnning meter per annum) 1s
requited for annual repair only for plastening of pre-casl canals. There is no widening in pre-cast

canal and no removal or grass or silt is required.

4.4.3 Land ﬂl:ClllpiEd by canal

L Kharif {Aman) season, most of the carthen canals arc run down by the fanners to grow Aman
paddy. On the other hand, the area required for the construction of the improved earthen canal
and pre-casi canal reman out of produchon during the Aman scason. To measure land occupied
by such canals, length and width of main canals weie identified in consultation wilh the scheme
manager and pump operator. The arca under the canal varied from 1.0 to 1.5 percent of the
command arca. This is in agreement with the results reported by Mrdha {1993}, Land occupied
by canal at sclected schemes is shown in Table 4.13. The table also shows the loss of prodoction

{in Tk.) considering the average Aman yield of 4t'h and prnce of paddy as Tk. 12/g,
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Tablc 4.13 Land occupied by canal at selected schemes.

Schemes C.A | Canal area Total area % Production loss
Main Width | m” ha C.A kgha Tk/ha
canal {m)
length{n}
Mithapukur | 3.08 288 1.38 397 | 00397 1.2¢ 159 1903
3 84 352 1.3% 436 | 0.0486 1.26 195 23410
4.65 472 138 631 | 00651 1.40 260 3120
Mamkgon) 4.19 425 1.3% 587 (L0587 1.460 235 2820
Sadar 2.95 308 138|425 | 00425 |1.44 {170 2040
1.47 110 138 152 00152 1.03 1 F32
Dlamrai 2.08 160 1.3% 221 00221 1.06 By L35
4.62 470 1.38 649 | (L0649 1.41 260 3120
3.60 320 1.38 442 0.0442 1.23 177 2124

4.4.4 Expected life of canal fining

When annually maintained and repaired, the improved earthen canals are assumed to have a
three years life span {AETEP, 2005). A 15 yecars project life span is assumed for pre-cast canal
{ALTEP, 2005). As the traditional earthen canals are prepared every year, they have a lifc span

of one year.

4.4.5 MNet Present Worth

The Net Present Worllh (NPW) value was caleulated for improved lined canals and pre-cast
canals of shallow {ubewell imgation systeny located at three Upazilas. The resulis are presented
in Tables 4.14 & 4.15. From the tables, it is found that Net Present Worth (NPW) of Mithapukur,
Manikgon] Sadar and Dhamra 1s Tk. 7545; Tk. 7068 and Tk. 6034 for improved earthen canal
and Tk, 94689; Tk, 152947 and Tk. 93571 respectively for pre-cast canal at 12% discount rate. A
detailed cost eslimate of one improved carthen canal and one pre-cast lined canal of every study
scheme on shallow tubewell frrigation system and detail calculation of NPW value of threc

schemes are shown in Appendix-B and Appendix- C.
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4.4.6 Benelit Cost Ratio
The Benefit Cost Ratic {BCR) for improved carthen canals and pre-cast canals were found to be
1.36, 1.38 and 1.30; 3.36, 4.28 and 3.34 (Tables 4.14 and 4.15) at 12% discount ratc for

Mithapukur, Manikgonj Sadar and Dhamrai schemes, respectively. The detail calculation of

BCR for improved carthen canal and pre-cast canal arc shown in Appendix-B and Appendix- C,

Table 4.14 Ceonoinic analysis of improved earthen canal.

schemes Establishment | Lilc Span | Total Net Bencfit—eost | 1IRR{ Intenal
cost { Tk} {Year) Benelit Present Ratio Rate of
({Tk) Worlh Return)
(Tk)
Bithapukur 11800 3 16600 7545 1.26 Qver 50%
Manikgonj 10625 3 15120 T068E [.38 Over 50%
Sadar
Dharmrai 11750 3 15680 4054 1.30 Qver 30%
Table 4.15 Economic analysis of pre-cast canal.
Schemes | Establishment | Life Span Total Net Benefit— | IRR{ Intcrnal
cost{ Tk ) (Y car) Benefit | Present cost Rate of
{ Tk ) Worth Ratio Return)
(1K)

Mithapukur 37000 15 20320 04689 3.34 40,78 %
Manikgonj 37000 15 29120 152947 4,28 Over 50%
Sadar
Dhamrai 37000 15 20160 43571 3.34 40.67 %

4.4.7 Internal Rate of Return

The Inteenal Rate of Retum (IRR) value was calculated for improved lined canals and per-cast
canals of shallow tubewell irrigation systems in the study area. The results are pl’ﬂlsfmte{l in
Tables 4.14 and 4.15. From this table it is found that the Internal Rate of Retum (IRI} was over
50% of Mithapukur, Manikgonj and Dhamrai schemes for improved earthen canals and 49.78%,

over 50% and 49.67% for pre-casi camals, respectively, for Mithapukur, Manikgon) and
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Dhamrai schermes. The detail calculation of IRR for improved carthen canal and pre-cast canal

arc shown in Appendix-B and Appendix- C.

4.5 Acceptability of lined eanal by the farmers

Ancther main purpose of (his study was to determine acceplahility of improved earthen canal and
pre-cast canat offercd by the AETEP project by the farmers considering the technical as well as
cconomic aspects. In order {o know farmers’ acceptability about lined canal imgabion systems,
onty FGDs have been conducted at all the selected schemes. The results of PRA are presented 1

the following sections.

4.5.1 FGDs with pump owners

As for the lmed canal, all the pump owners cxpressed their complete satisfaction as it reduced
the wastage of waler, fuel cost and mamtenance cost. Regarding the pump owners preference for
this different types of canal innovated by the AETEP, about 70% expressed their vicws in
support of the pre-cast canal irrigation system and about 30% for improved earthen canal.
Regarding their prefercnce for pre-casi canal, they cited several reasons, which may be presented
in descending order of importance as: a} negligible water loss b) less mainlenance cost ¢
reduction in fuel cost and d) reduclion in time required in reaching the water from the sources ol

supply Lo Lhe {arthest plot of scheme.

Regarding improved carthen canal the respondents poinied out as many as four advantages over
earihen canal. They are: a) reduction in wastage of urigation water b) reduction in [uel cost ¢}
reduction in time required in reaching the water front the source of supply to the farmers’ ficld

and d} less maintenance cosl.

As regards the acceptability of the lined canal, 90% of the respondents cxpressed their views in
favor of it and indicated their inability to afford it fram their own because of the lack of proper
knowledge, capital and tcchnical supporl. According to them, if technical support is ensured by
DAE and other rclevant agencies of government and non-govemmenl organization, they are
interested to take loan from Bank/NGO for the development of lited irrigation canal in their

schemes.
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4.5.2 FGDs with general farmers

As for the lined canal all the farmers also expressed their satisfaction as it reduced the wastape of
watcr, fuel cost and maintenance cost. But they have informed that lined canal is not beneficial to
the farmers. So they have not yet shown their attention to lined canal as improved technelogy.
This issue was discussed with the farmers dunng the FGDs. The farmers have reported that
irrigation systems are mosily dominated by the pumip owners and they operate machines
according to the farmer’s given fuel or wilhout fuel, Mainly, irrigation charge is paid by farmers
as output based crop share paymenl systern which is the most common water pricing system in

Manikgon Sadar, parts of the Dhamrai and Mithapukur Uparalas,

Tt is reported thatl n case of cleetricity operated schemes, fanmers pay onc-fourth of their total
crop from the land which is equivalent to Tk, 9000/ha (900 kg nee/ha). Tn case of dicsel run
modes (fuel given by the pump owner) farmers pay one third or onc-fourrh of their total crop. In
some places of Dhamrai and Mithapukur Upazilas, farmers pay Tk.40 per decimal and Tk.60 per
decimal for electricity mode and dicsel mode STW, respectively. In these schemes (crop share
and area based pricing), the lined canal is not beneficial lo farmcers as they have to pay the same
amount of water charge in every scason whether the canal is improved or not. In these cascs,
lined canuls are heneficial only for the pump owners. Although the lined canals require less
waler withdrawal, less irripation time, less fuel and lcss maintensnee cost, such benefits a1e nol
shared by the pump owners with the farmers. In the sludy arcas on average 94 VYha and 156 Vha
fuel were saved by improved esrlhen canal and pre-cast canal respectively. As a result most of
the farmecrs have no intersst on lined canal and the positive impact / benelit of a lined canal is

only cnjoyed by the pump owners.

On the other hand, when farmers themselves pay for fuel as itripation charge {in case of diesel
run modes) lined canal is beneficial to farmers. This is because the fiarmers save their fue) from
every irripation {at the rate of 1.0 to 1.3 litters per irrigation depending upon the distance of

paddy field from STW).

During the FGDs, it was observed that all the farmers (even thosc providing fuel as price for
irrigation) were unwilling lo give land for the construction of lined canal (espccially improved

carthen canal}. This is because for the construction of the improved carthen canal, a considerable
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amount of land and a 1ot of carth are required. The farmers nsually do not agree to provide thal
much of land for construction or provide earth from their land. The reason for not providing
gither land or earth is (hat they do nol want to lose the cultivable land and ulimately lose
sroduction to some extent. To gain the profit out of improved earthen canal or Jined canal, the
canal needs to be in the ficld without destruction. But as paddy cultivalion is run it Two S£a50NS,
the Farmers usually level down the imigation canals that are made in Boro season to increase the

cormmand area of cultivation dunng Aman season.

It was evident from the FGDs that the canal lining has only benclited the pump owners.
Although a scction of the farmers (providing dicsel as price for imigation) have been henefited
by canal lining, they were unwilling to provide land and earth for construction of imgation canal.
All other larmers have neither been benefited by lining nor are interested about the new
technology. In future, if DAE is to replicate the technology in new schemes, the DAE should
ensure (hat the benefits of lining are shared by the pump owners with the fanners by reducing the

price of irrigation water or reduce their sharc of crop taken as irrigation fee.
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Chapter 5
CONCLUSIONS AND RECOMMENDATIONS

5.1 Conclusions

At present nearly 63% of the tolal irrigated area of Bangladesh is covered by STW and most of

these schemes are unlined, [n this study an attempt was made to analyze the impacts of canal

lining on waler savings and cost reductions of STW schemes in these Upazilas. The econemic

viability of lining and their acceplability by the farmers were also analyzed. The conclusions of

the study are as follows:

The losses of imigation water were found to be on averape 41%, 48% and 45% for
Mithapukur, Manikgonj and Dhamrai, respectively, for carthen canal; 18%, 21% and
24% for improved earthen canal and 12%, 11% and 13% for pre-cast canal.

The pre-cast canal on average saved about 43% and improved carhen canal saved about
24% irrigation application time as comparcd to earthen canal. The pre-cast canal and
improved earthen cenal also saved about 46% and 28%, respectively, of fuel cost and

consequently saved the operation and maintenance cost,

The saved water through lining was not used for expanding the command area. Instead,

the pumps were operated for fewer hours in order to imigate the same command areas.

From the economic analysis, it was observed that amony the two types of lined canals,
the values of the economic indicators used (BCR, NPW and IRR) were the highest for
pre-cast concrete lining. The BCR of imnproved earthen canal and pre-cast canal were
1.36, 1.38 and 1.39; 3.36. 4.28 and 3.34 at 12% discount rate for Mithapukur, Manikgonj
Sadar and Dharnrai schemes, respectively. The Internal Rate of Retum (IRR) were over
3084 at Mithapukur, Manikgonj and Dhamrai schemes for improved earthen canal and
49.78%, over 50% and 49.67% for pre-cast canals at Mithapukur, Manikgonj and
Dhamrmn sche:mﬁ;s, respectively. The Net Present Worth (WPW) of Milhapukur,
Manikgonj Sadar and Dhamrai are Tk. 7545; Tk, 7068 and Tk. 6054 for improved
earthen canal and Tk. 94689; [k. 152947 and Thk. 93571, respectively, for per-cast canal

at 12% discount rale.
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» From the FGDs it was observed that the lined canal technologies offered by the AETEP
arc only acceptable to pump owners and only those farmers who pay the price of
irrigation by supplying the fuel. But the technologies are not acceptable to the majonty of
the farmers who pay ouat on the basis of crop share method and arca based cash payment

method, asimigation charge.

*  Buased on the technical and cconomic analyses performed it can be concluded that hned
canal technologies are suitable for shallow lubewell immigation schemes. But in order to
make the {echnologics acceptable to the farmers, the benefit of lining must be shared by

the pumip owners with the farmers.

5.2 Recommendations

Between the two different linings studied in the licld, pre-cast concrete lming has been

determined as the most cost elfeciive lining, and is recommended for further replication.

i in future the cost of lining is home by AETEP, then rules should be impesed on the shallow
scheme owners to share the benefiis of lining by reducing the irmigation fee collected from the

{armers. Otherwise, the pump owners should share the cost of construction of linings.

Az the pump owners are inferesied {o adopt the lining technology, easy-lerm loan may he

arrangzed for them by the GovemmenlNGOs.

Since the findings of this study are based on two years of feld measurements, it is necessary 1o
carry out the seepage loss study for few more years (perhaps three more years) in order to
observe how the seepage rates, maintenance cost and the durability of both lined and unlined
canal sections change with time. Beside it is necessary to conduet the study in different parts of
the country to find out the technical and socio-cconomic viability of this technology in different

agro-ecological zones.
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APPENDICES

Appendix A-1 Conveyance loss of water through earthen canal.

First flume Sccond flume
Schemcs L=60cm; W =15 ¢cm L =60cm; W=15cm Conveyance
h, Discharge | Averape | b Discharge | Average | 1055 in
{(incli} {Ips) dischargcs | (inclh} (1ps) discharges
(Ips) {lps)
5.40 15.55 5.20 14,50 Ips Y
5.45 16.20 5.00 13.55
Manikgonj | 5.50 16.55 16.30 5.00 13.55 14.10 2.20 13.50
545 16.20 5.20 14 510
5.50 16.55 5.10 14.00
5.50 16.55 3.10 14.00)
£.40 21 0% 0.10 18.70
6.40 21.00 5.90 17.75
Manikgonj | 6.50 21.60 21 40 (.20 19.25 18.40 2.30 11.G8
6,05 21.70 t.20 19.25
6.50 21.60 6.20 15.25
6.50 21.60 6.20 15.25
4.61 12.5 4,30 10.7
4.90 13.0 4.38 11.05
Dhamra 4.90 13.0 13.0 4.40 11.10 10,89 2.11 16.12
4.04 12.0 435 10.90
4,64 12.6 4.20 10.70
6.50 21.70 0.20 19.23
6.60 2250 6.3} 20.10
Dhamrai GAa5 22.30 22.30 6.35 19.25 1980 250 11.21
6.70 22.70 6.35 20.10
0,75 22.30 .4} 2010
6.75 22,30 6.42 20.40
5.00 14.10 4.30 10.90
495 13.85 4.55 11.80
Mithapukar | 5.00 14.10 14,07 4.60 12.00 174 2.33 16.56
5.00 14.10 4.60 12.00
5.00 14.10 4.60 12.00
6.50 26.00 6.20 21.92
.60 22.00 0.30 19.25
Mithapukur { 6.65 22.30) 2300 6.35 20.10 20.00 2.20 13.00
6.70 22.50 635 20,10
6.75 22.70 6,440 20.40
6.75 22,70 f.42 20.50
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Appendix A-2 Conveyance [oss of water through improved earthen canal.

First flume second flume Conveyance
Schemes L=60cm W=13cm L=60cm, W=15em loss in
h, Discharge | Average dis. | b, Discharge | Average
(inch) (Ips) (ips) (inch) (Ips) dis.(1ps)
5.60 17.00 5.50 15.90 Ips B2
575 17,50 5.60 16.34
Withapukur | 5.80 1%.00 17.70 5.68 16.70 16,40 1.30 7.34
575 1780 3,05 10,00
5.75 17.50 6.60 16.34
575 17.80 3.60 16.34
G.50 21.60 6.45 21.35
.70 22.5() G40 20,40
Mithapulur | .60 22.00 21.62 6.40 20.40 20.47 1.15 5.32
6.40 2104 0.5 20.10
5.40 21.00 6.35 20.10
i 80 2280 6.03 21.80
6.95 23.50 5.70 21.95
Mithapulawr | 6,95 23.50 2328 f.80 22.47 2226 1.02 43K
£.50 23.30 0.50 22.47
| 6.90 23,30 6.83 22 60
6.50 21.6 6.42 20.50
.08 22.00 (.44} 2040
Manikgon] | 6.60 27 00 21.52 6.2 20,40 19 94 1.58 7.34
.40 21.00 .30 14 2}
640 21.00 0.3 19.2{
5.20 15.00 500 13,55
5.40 1595 3.27 14.80
tanikpgony | 5.48 16.45 16.24 5.35 15.25 15.00 1.24 7.63
5.55 16.80 5.40 15.50 (5 (1/s)
5.60 17.00 5.50 1594
4.80 13.30 450 12.40
3410 14.10) 4,55 12,95
Manikgory | 5.00 14.10 13.78 4.90 13.15 12.82 0 96 6.
4,00 13.70 4 &0 12 &0
4,90 1370 4 &0 12,50
4.6{) 12.45 4.50 11.60
5.00 14.10 4.85 12.95
Dhamrai 5.00 14.10 13.10 4.90 13.15 12.20 0.90 6.87
4 &f) 12,45 4.51) 11.60)
4.60 12.45 4.55 11.75
5.90 23.30 6.75 22.20
700 2340 6.75 22.20
Dhamrai 7.00 23.60 23.48 .20 2247 2248 1.40 426
6.90) 23.30 6.80 2247
7.00 2360 6.90 2305
| 5.60 17.00 5.40 15.50
32T 17.50 3.50 1554}
Dharmrm 5.75 17.80 17.52 5.60 16.34 16.14 1.3% 7.87
575 17.80 3.05 16.60 .
5.70 17.50 .60 16.34

62




Appendix A-3 Conveyanee loss of water through Pre-cast canal.

First flume Second flume
Schemes L=060cm; W=15¢cm L=60cm; W=15¢cm Conveyance
h, Discharge | Average | hy Discharge | Avcrage | [0ssin
{mch) (lps) discharges | {inch) {lps) discharges
(Ips) (Ips)
6.50 21.60 6.42 20.50 Ips Yo
6.75 22.50 6.66 21.80
Mithapukur | 6.60 22.00 21.80 6.52 21.30 21.00 {.80 3.67
6.60 22.00 6.53 21.70
£.50 21.60 0.45 20.60
6.50 21.60 0.44 20.54
6.50 21.60 6.44 200,54
6.75 22.50 6.70 21.95
6,90 23.30 6.80 22.47
Manikgon} | 6.85 23.15 23.00 6.75 22.25 22.24 0.76 | 3.30
1.8 23.15 0.7% 22.25
.80 22 80 .75 22.25
6.80 22 &0 £6.75 22.25
6.60 2200 6.50 21.600
6.60 22.00 6.50 21.60
Dhamra 6.635 2230 2230 6.57 21.20 21.40 {150 4.03
6.08 22.40 6.59 21.38
6,70 22.50 6,61 21.435
6.71 22.50 6.61 21.45
562
ATH
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Appendix B-1 Detailed calculation of Intemnal Rate of Relurn value for total Benefit of improved earthen canal at Mithapukur

(C-4, -10 of Table 4.1}

Yoear Scheme costs Scheme Benefits Dhs, PW at
Capeal | O & Land Total Discount | Presenl | Total | Discount | Prescnt | Incremental | Facter | 509
cost M cost | occupied | cast Factor Worth ai | benefit | faclor Worth at | Benefit (30%) | discount

cost (12% 12% (12%) 1204 factor

0 3304 2360 - 5064 - 3064 - - - -3664 -5664

i - 5664 | 3120 5784 | (1L8L3 7844 16600 | 0.893 14824 7816 0.667 | 5213

2 - 5664 3120 8784 | 1797 T 16600 | 0.797 13230 7816 0444 13470

Total: 205010 25054 - - o

Ned Present Worth (NPW) at the lower (12%) discount rate = Tk. 28054 — Tk 20509=Tk.7545
BCR =28054/20509 =1.30
Internal Rate of Return (IRR) = Over 50 %

Earthen canal:

Command arca = 4.26ha

Main canal =400 m
Capital cost = Tk. 7200 {Tk.18 per running meler)
Fuel consumption = 1281 liters
Now, for CA=4.65ha
Fuel consumption = 1398 liters

Capital cost for 472m = Tk.8496

Calenlalion:

Incremental cost = {Tk. 11800 — Tk.5494) = Tk.3304
Fuel saved = (1395 — 983) = 415 lifcrs
Total benelit = Tk 40 x 415 =Tk. 16600 { 1 liter diesel =Tk 40}
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Improved sarthen canal:

Command arca = 4.65 ha
Main canal =472 m

Capital cost = Tk.11800 (Tk.25 per minming meter)

Fuel consumplion = 983 liters
O & M cost =472%Tk.5 ="Tk.2360 (for Ist year)

Land accupicd cost = Tk.3120 (Table 4,13}

=472*Tk.12 =Tk.5664 {2™ and 3% year)




Appendix B-2 Detailed caloulation of Internal Rate of Return value for Total Benefit of Improved earthen canal at Manikgonj Sadar
(C-4, R-11 of Table 4.1).

Yeur Scheme costs Schieme Benefits Dis. Projcct
Captal | O & Land Tolal Dizcount | Present | Total Dscount | Present Incremental | Factor | Benefit
M cost | occupied { cost fractor Worth at | benehil | factor Worlh at Benciit {50%)
cost (12%) | 129% (129%) | 12% PW at
50%
{ 2125 - 3100 - 5100 - - - -5100 - =5100
i 5100 2820 7920 {1.833 7073 15120 | 0.893 13502 7200 0.667 14802
2 5108 2820 7920 {+.797 6312 15120 | 6.797 12051 7200 0.444 1 3197
Tolal 18485 - - 255353 - 28599

Mel Present worlh (NPW) at the lower (12%) discount rate = Tk 25553 — Tk 18485 =Tk. 7068
BCR =25553/18485 = 1.38

Internal Rate of Rotum (IRR) = Owver 50 %

Earthen canal:

Command arca = 3,74 ha
Main canal =316 m
Capital cost = Tk. 5688 {Tk.18 per ranming meter)
Fuel consumption = 1312 liters
Now, forC.A=4.19 ha
Fuel consumption = 1470 liters
Capiial cost for 425m = Tk. 7650

Calculation;

Inctemental cosl = (Tk. 10625 — Th.7650) = Tk.29735
liuel saved = (1470 — 1002) = 378 liters
Total benefit = Th40 x 378 =Tk 15120 (1 Iiter diesel = Tk.40)
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Improved earthen canal;

Command area=4.19 ha
main canal =425 m

Capital cost = Tk.10625 (Tk.25 per niumng meter}

Fucl consumption = 1092 liters
O & M cost = 425%Tk.5 =Tk.2125 (for Ist year}
= 425%Tk.12 =Tk.5100 (2" and 3™ year)

Land occupied cost = Tk.2820 (Table 4.13)




Appendix B-3 Detailed calculation of Tntemal Rate of Return value for Total Benefit of Improved earthen canal at Dhamrai
(C-4, R-15 of Table 4.1).

Year

Scheme costs

I Scheme Benefits Discount | Project
Capital | O & Land Total | Discount | Prezent | Total | Miscount | Presemt | Increme | Facter Benelit
cosl M cost | occupied | cost Iactor Worth at | benelit | [actor Worth at | ntal
cost {12%) 12% (12%) 12% Benelit | 50% PW at
50%
3290 12350 |- 5640 | - 5640 - - {} 5644} - -5640
1 - 5640 | 3120 8760 | 0.R93 7823 15680 | (L8593 140()2 6920 0.664 4595
- 5640 | 3120 8760 | 0.797 OOR2 15680 | 0,797 12497 6920 0.444 3072
Total: 20445 - - 25499 - - 2027

Net Present worth (NPW) at the lower {12%) discount rale = Tk 26499 — Tk 20445 =Tk 6054
BCR =2649%/20445 =1.30

Internal Rate of Return (IRR) = Over 50 %

Calculation:

Barthen canal:

Coimmmand area=3.74ha

Main canal =305 m

Camtal cost = Thk.5490 (Tk.1 8 per unming meter)
Fuel consumption = 1221 liters

Now, for C.A=4.62 ha

Fucl consumption =1508 liters

Capital cost for 470m = Tk.8460

Incremental cost = (Tk.11750 — Tk.54060) = Tk.32%0
Fuel saved = {1308 — 1116} = 392 liters

Total benefit = Th.40 x 392 =Tk, 15680 {1 liter diesel = Tk.40)

06

Improved earthen canal:

Command area =4.62 ha
main canal = 470 m
Capital cost = Tk.11750 (Tk.25 per running mctery
Fuel consumplion = 1116 hiters
0O & M cost =4T0%Tk.5 = Tk.2350 (for Ist year)

= 470*Tk.}2 =Tk.5640 (2" and 3% year)
Land occupied cost = Thk. 3120 {Tablc 4.13)




Appendix C-1 Detailed calculation of Internal Rale of Return valuc for total Benefit of pre-cast canal at Mithapukur
{C-4, R-18 of Table 4.1).

Year Scheme costs | Scheme Benefits Discount | Incremental | Project
Capital | O & | Total | Discount | Present } Total | Discount | Present | Factor costs benefit
cost M cost factor Worth | Benefit | factor Worth | (50%) PW al

cost {12%) at 12% {1270} at 12% 509

0 33400 |- 33400 | - 33400 |0 - {0 - -33400 -33400

1 - 1000 | 1000 | 0.893 593 20320 | 0803 18146 | 0.667 19320 12886

2 - 1040 | 10600 | 0.797 797 20320 ]0.797 16195 | 0.444 153520 8578

3 - 1000 | 1000 | 0.712 712 20320 10,712 14468 | 0.2% 19320 3825

4 - 1000 | 1000 {6.636 630 20320 | 0.636 12923 10,198 19320 2550

5 - 1600 | 1000 | 0.567 567 20320 | 0.567 11521 | 0.132 19320 1700

6 - 1004 | 1000 ) 0,507 507 20320 | 0507 10320 | 0.088 19320 1140

7 - 1000 | 1000 | 0.452 452 0320 | 0452 9185 (.059 19320 753

] - 1000 [ 1000 | 0.404 414 0320 | 0.404 5200 0.039 193210) S02

B - 1000 11000 | 0.361 36l 20320 | 0,361 7335 0.026 19320 328

10 - 1060 | 1000 | 0.322 322 20320 | 0,322 6543 0.017 19320 232

11 - 1000 | 1000 | 0,287 287 20320 | 0.287 5832 {.012 19320 155

12 - 1000 | 1000 | 0.257 257 20320 | 0.257 5222 {.008 1932 a7

13 - TG | 1000 | 0.229 229 20320 | 229 4653 (0.005 19320 38

14 - 130G [ 1000 | 0.205 205 20320 | (1205 4166 0.003 19320 39

40029 - - 134718 | - =557

Net Present worlh (NPW) at the lower {122%%) discount rate = Tk 134718 — Tk 40029 = Tk 94689

BCR = 134718/40029 =338

Net Present worth (NPW) at the higher (50%) discount rate = Tk 134718 — Tk 400209 = - Tk 557

Internal Rate of Returmn (JRRY =12 + |

Earthen canal:

Command arca =4 26ha,
Fuel consumption = 1281 liters, for 3,87 ha = 1164 liters
Incremental cost = {Tk.37000 — Tk, 18*200) = Tk.33400
Fuel saved = (1164 — G56) = 508 liters

Total benefit = Th 40 x 508 =Tk, 20320 {1 liter diescl = Tk.4()

9468

(94689 + 557)
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1% (50-12) = 49.78 %

Pre-cast canal;

Command areca = 3 87 ha, Main canal = 200 m
Fuel consumption = 656 iitcrs
O & M cost = 200*Tk.5 = Tk. 1000



Appendix C-2 Detailed caleulation of Internal Rate of Retumn value for total Benefit of Pre-cast canal at Manikgon| (C-4, R-19 of Table 4.1).

Year Sclieme costs Schemc Benefits Discount | Incremental | Project
Capital | O & | Total | Discount | Present | Tolal | Dhiscount | Present | Factor COsts benefit
cost M cost factor Worlh | Benefil | factor Worth | (30%) BW at

cost (12%) at 12% {12%) at 12% 30%

0 33400 | - 33400 | - 33400 | O - 0 {0.667 -33400 -33400

1 - 1000 | 1600 | 0.893 893 29120 | 0893 26004 | 0.444 28120 18756

2 - 1004 | 1000 | 0.797 TUT 20120 | 0.797 23208 | 0.286 281240 12485

3 - 1003 | 1000 | 0.712 712 20120 | 0L712 20733 | 0.198 28120 5567

4 - LO00 | 1000 | 0.634 636 29120 | 0636 18520 5 0.132 28120 3712

5 - 1000 F 1000 | 0.567 567 20120 | 0,367 16511 | (LGRS 28120 2474

6 - 1000 | 1000 | 0.507 507 20120 | 0.507 E4764 | (1L.O59 28120 1659

T - 1000 | 1030 | 0.452 452 01240 1 0.452 13162 | 0.039 28120 1097

8 - 1000 4§ 1000 | 0.404 404 20120 (0404 11764 | 0.026 28120 731

9 - 1000 | 1000 | 0361 361 29120 | 0361 10512 | 0.017 25120 478

10 |- 1000 | 1000 | 6.322 322 29120 | 0322 9377 0.2 28120 337

11 - 100G | 1000 | (.287 287 29120 | 0.287 8357 0.008 28120 225

12 - L300 | 1000 | 0.257 257 29120 ] 0.257 7484 0.0305 28120 141

13 - LG | 1000 | 6,229 229 29120 | 0.229 6510 0.003 28120 g4

14 - OO | 1000 | 8.205 205 29120 10.205 5971 0.002 28120 56

JO025 | - - 192976 | - | 28120 14402

Net Present worlh (NPW) at the lower (12%) discount rate = Tk 192976 Tk 40029 = Tk 152947
BCR = 192976/40029 = 4 .82

Internal Rats of Retum (IRR} = Over 50 %

Earthen canal:

Command area = 3.74 ha,

Fucl consumption = 1312 liters,

Calculation:

For 4.30 ha. Fuel consumption = 1507 liters
Ineremental cost = {Tk.37000 — Tk, 18%200) = Tk 33400
Fuel saved = (1507 — 779) — 728 liters
Total benefil = Tk.4) x 728 =Tk. 29120 (1 liter dicsel = Tk.40)
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Pre-cast canal:

Command area = 4.30 ha, Main capal =200 m
TFuel consumption = 779 hters

O & M cost =200%Tk.5 =Tk.1000




Appendix C-3 Detailed caleulation of Intemal Rate of Return value for tolal Benefit of Pre-cast canal at Dhamrai
(C-4, R-20 of Table 4.1).

Year | Scheme cosis Scheme Benefits Discount | Incremental | Preject
Capital | O & | Total | Discount | Present | Total | Discount | Present | Factor | Benelit benefit
cast M ool factar Worth | Benefit | facior Woarth | {50%) PW at

cost {12%) at 12% {12%) ar 12% 5004

0 33400 | - 33400 | - 33400 [0 - {} - -33400) -33400

1 - 1000 | 1000 | 0.893 893 20060 | 0.893 18003 | 0.667 19160 12780

2 - 1000 | 1000 | 0,797 797 20060 | 0.797 16067 | 0.444 19160 8507

3 - 100G | 1000 | 0.712 712 200160 | 0,712 14354 | 0.296 1216{) 3794

4 - 1000 | 1000 | 0.636 636 20160 | 0.636 12522 | 0.198 13160 2529

5 - 1000 1 1000 | 0.567 567 20060 | 0.567 11431 | (1132 19160 1686

6 - 1000 1000 | 0.507 307 20160 | 0.507 10221 | 0.08R 19160 1130

7 - 1000 | 1000 | §.452 452 20060 | 0.452 0112 {1059 19160 747

3 - 1000 | 1000 §0.404 404 2160 | 0,404 2145 {).034 19160 493

S - 1000 | 1000 | 0.361 361 20160 | 0.361 7278 0.026 19160 326

10 |- 1000 [ 1000 1 0,322 322 20160 | 0322 6491 0.017 19160 230

11 - 1000 | 1000 | 0.287 287 20160 | 0.287 5786 0.012 19160 153

12 |- 1000 | 1000 | 0.257 257 20180 | 0.257 5181 0.008 12160 96

13 |- 1000 [ 1000 | 0.229 229 20160 | 0.229 4576 f.005 19160 57

14 - 1000 | 1000 | 0.205 205 20160 | 0.205 4133 (0.003 19160 38

40029 - 133600 | - -829

Net Present worth (NT'W) at the lower {12%) discount rate = Tk 133600 — Tk 40029 = Tk 93571
BCR = 133600440029 =3.34
Net Present worth (NPW) at the lower (129) discount rate = - Tk 829

Intemal Rate of Relum (IRR}=12 + [ 93571 Jx (50-12}=49.67 %
(93571 +829)

Earthen canal: Pre-cast canal:

Command area = 3.74ha, Command area = 3.55 ha, Mam canal= 200 m
Fuel consumption = 1221 liters, for 3.55 ha = [ 159 lilers Fuel consumption = 655 lhiers

Ineremenial cost = {Tk. 37000 — Tk, 18¥200% = Tk.33400 O & M cost =200%Tk.5 = Tk. 1000

Fuel saved = {1159 — 655) = 504 liters
Total benelit = Tk 40 x 504 =Tk. 20160 (1 Iiter diescl = Tk.40)

6%



	00000001
	00000002
	00000003
	00000004
	00000005
	00000006
	00000007
	00000008
	00000009
	00000010
	00000011
	00000012
	00000013
	00000014
	00000015
	00000016
	00000017
	00000018
	00000019
	00000020
	00000021
	00000022
	00000023
	00000024
	00000025
	00000026
	00000027
	00000028
	00000029
	00000030
	00000031
	00000032
	00000033
	00000034
	00000035
	00000036
	00000037
	00000038
	00000039
	00000040
	00000041
	00000042
	00000043
	00000044
	00000045
	00000046
	00000047
	00000048
	00000049
	00000050
	00000051
	00000052
	00000053
	00000054
	00000055
	00000056
	00000057
	00000058
	00000059
	00000060
	00000061
	00000062
	00000063
	00000064
	00000065
	00000066
	00000067
	00000068
	00000069
	00000070
	00000071
	00000072
	00000073
	00000074
	00000075
	00000076
	00000077
	00000078
	00000079
	00000080
	00000081

