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NARHLATPA UNDDRGROUND LO;1 PR,3:;UnbO PIPE 
SYSTUI FOR IRRIGATION WATIR DIShIBUTION 

Introduction
 

Irrigation, with an adequate water supply, suitable soil and good 
management, should ensure sustained high yields of crops per unit area 
of land. When the water supply is less than adequate or costly, the 
aim must be to obtain the best possible yields por unit of water in 
combination with carefully selected agronomic and managerial praotices. 
The success of an irrigation project in meeting these requirements
 
depends, 
 to a large extent, on the proper funotioning of its water
 
conveyanoe and distribution system. 
 Proper funtioning is essentiall
 
identified with oorreot operation of the system, so that 
equ table 
and reliable arrangement of water amongst users and the conveyanoe of 
water with minimum losses c un be ensured; its effeotiveness is basi
cally delendent on a well planned, dosi(ned 
 and construoted network
 
from the source of water 
supply down to the faijor's field. 

Beoause of the importance of irrigation to the Bangladesh deve
lopment plan and concern regarding the future availability of adequate 
ground water for irrigation, a n mrics of studios are being made of 
how to best utilize fully the resouroes already available. 

In 1982 RDA assisted by FAO/NDP in conjunction with and funded
 
by USAID installed an underground Low Pressure Pipe System 
 on a
 
Coamsand Area in the 
District of Dogra, Bangladesh and, with the fi'st 
harvest results now recorIud, a report on the planning, installation,
 
implementation 
 and economic viability is presented. _/ 

Plannin~ 

In mid-1980 during the preparation stage for project BGD 80/001, 
a start was made with the development of an underground low pressure 
pipe syatem A.r irrigation water distribution. Due to conflioting 

2/ See attached Buried Pipe Irrigation for Command Area DevelopmentAn hEoonomio Analysis preparaed by USAID. 
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opinions regarding the installation costs of such systems, a desk 

exercise was undertaken to compare the construction costs of pipe 

systems and brick lined channel systems on two command areas in the 

Bogra District. This included design of alternate layouts for both 

types of systems; hydraulic calculations to find pipe diameteru and 

ohannol cross sections; estimates of materials required and total 

costs. Also, some of the advantages of the pipe system were elabo

rated on; an estimate of the land area taken up by ohannela and a 

construction workplan with an indication of tli.e construction manday 

requirement were developed. 

For this exercise two DTI areas in the Bogra District were 

selected from the topographioal and other data which were available, 

Gordaha in Gabtali Thana and Narhatta in KahiLlu 'Thana, For both 

systems, layouts ere d5Oigled assusing a minimum discharge of the 

pump at 2 cuseae. Because of the configuration tji"s resulted in a 

two spur system for Gordaha area whilst for Narhatta. a system was 

chosen with loops plus an additional straight line uupply. 

When this is complated, between 15 and 20 D'IM oommard areas were 

visited and evaluated with the assistance of BAtIC and IRDP (BRDB) to 

select a suitable area for the first of th3se installations. Criteria 

requirements for selection of the daimonstration area were: 

a. Accessibility even in relatively adverse climatic conditions. 

b. he area saould be reasonably developed 

lities for expansion. 

and show good possibi

0. Availability of a reasonably well maintained 

having a discharge of at least 2 ounec. 

pumping plant 

d. Ocourrence of problems with the distribution 

water due to topographioal and or soil condi

of irrigation 

tions. 

e. Existonce of an organized irrigation group willing to cooperate. 

f. Potential to cover not less than 100 acres. 



Succeseful irrigation ultimately depends to a large extent on 
the rezpezou of the fa inovo aip thierefore, the iriigatioii f ;,iliLiuu 
made available to IL inuuL be designed mZintaind withand viewW to 
Lueting his -omquirementU Znd WheneveraptitLde. possible, f aINU Iw 
And tno staif operating the irl'igatioi mutwork sh1ouLld bc oniourag,'d 
to partioioate at all relevant staeus particularly during planning. 

1rom these investigaLtions it soon became olear that the command 
area of MW 0-272 in Narhatta, which had been selected for the desk 
exeroise, was mostthe suitable area. 

DiEsoussion we-o held v1ith the farmers onvolved in the alroady 
existing Deep Thbewcl Org;uuzation and, farmers,with the who,
 
through expansion of the irrit;;able area, would also bocomo 
 involved. 
Both parties showed posit vely tLeir wish to join in the experiment. 

In the original di:scutjiion the Narhatta 1J1Sohemi Mzoagmunt
 
Conmidttee was involved. 'Thiu coauit 'oo 
 was dtibanded and a new
 
oatrolling body viz. Narhatta fariou Pipe 
 System (IBPS) flaraaemen% 
Committee was formed, with an incr3ase in the numnber of dileotora 
from seven to nine. This allowed add:itio:al farmemr who were joining 
the scheme, to eleot their own represctatives. 

The implementation procedure reoommiiodud to the IUPS Management
 
Committee was 
 that as suggested in the .lanxul, Irrigation Marzgement 
Programme (CAD Section) and the paper, 'Reocmmendation for the Opera
tion of a Closed Pipe System at Narhatta W11 Area' (0nnex 1). 

Checking of the topography of the area and the discharge of the 
pump were the first activities undertaken after the a rea was selected 
Bo as to awoerlain whether design chang,es would have to be made. The 
topography proved to be correct and no changes in the layout were 
necessary, but assumption thethe that D'I gave e standard disoharge 
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of 2 cuseo was incorrect. Me. tsu'uments hoiud that the tYI I gave a 
discharge of a little over new3 cem;oo snkinjn .hydraulio cZLcuiUtions 
necessary in order to find Oice correct pipe Indianioter. thie owie
 
way as in the 
desk stucy (uin friction loss data p:,ovled by the
 
mauicturor), the friction louses 
 wid pip, diwulloter w;irch should be 
used if the system was to be made of asbestos pipes, were calculatel 

At the same time, other materials such mj reinforced concrete
 
and PVC pipe were studied with respect 
 to crwulity, availability and 
costs. 'ilie spun 1.C.C. pipes wore Lusujitablo bcoauro of the quality 
difference from pipe to pipe. Tlhere wan also uncertainty aj to
 
wilnher the pipos could bi manufactured in large Tntities in time
 
once the decision wan made to construct the cyJtum.
 

The manuifaoturing capacity of PVC pipes, which would beenhave 
proferi'ed bucause of ]iwidliiq; characteristics and ease of joinirg, is 
inadOuate in Bangladesh aid the mwmf'aturors do not have the capacit 
to be able to absorb extra orders Li producu, only d[iwaitors up to 

4 inches. 

Importation of PVC pipe:; from Inja wan contemplated and quota,
ticn of 3 wanufacturers wero studied, but orders wore not placed az 
taxes and transpm.rt coot would mud:,, the pipes much more expouuivo
 
thjun the apo, rios 
oument pipes mude in Ikealxdosh. [qie ducision was 
Made to iu:e aabostos cement for Loth pipes and accessories wich could 
be wade lccal.y in the dizji~otors reqluirud. 

For the disohurgu v;:Iveu, models of alfalfa valves from I:.dia 
wore obtained and adapted to fit the riscr:;. were'The; valves then 

made in Bangladesh. 

Dhsi-frn anti Layout of the !Zytrjn 

Me layout of the sy;etm consists of two closed loops which are 
each conneoted by a main line witii the header tank and two aditional 

http:transpm.rt
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lines serving -un area of 18 aores, and soparatod from the body of t:1 
omand arua by a natural drain. Each I.-p hju six outleto utoj out
lot serving blocks of between 12 witi 13 acro whilst the aiditionUl
 
lines each have one outlet 
which together servu the separate 18 acres 

block. 

the di-,charge from the tubewoll is divided in the ovi rho ad
 
prosouro tank into 
two stroas, each of approxi.matoly 1.5 ouseo, and 
delivered into one disoharge point at a time in each loop or line. 
By designing the system in thin way the noocsc-.ry pressure-head that
 
ia needed to provide the drivin , force for the water in the pipes,
 
could be kept to 10 foot. 
 TIhe minijmm available preosuro-head is
 
determined by thu total dynnio hoad of the puip. 
Norimally the IYIVs
 
have a total dryamic head of about 60 feet and 
with a maximum draw
down of about 40 foot. 
 Tho maximu, availablo pressure head is in
 

the order of 20 feet.
 

With the valve for the pressure hoad out awd the leni,'th of the 
systm kaowp it waz posoib', to oalculate the pipe diameters using 
graphu giving frlction los for difioro t pips sizs at a specifia 
(iecharge. Ass-um.ing there were no grain=- in the pressure head, as 
the cwmaand area is alaost flat, the calcula-;ions s)1oweu that 8 i"c'hes 
diameter pipes for the loops ad 10 4i;ohou diameiter pipes for the 
main an additional lines, the total friction lossc, Li each part of 
the ey3tum wore lees than the total available pressure head. A 
saLE!V factor of more than 10 percent head been incorporatud in the 
oalculationn in the form of extra leigth of the system. The lcopu 
axFs 4040' (Loop I) and 4070' (Loop II), the main lines 907 (Main i) 

and 1200' iI) thrpudditiouW, lines 300' (Line I) and(Lain and 

750' (Line 11) roupootively. 

http:noocsc-.ry
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Design and Constru;tion of the heador TaikL 

The header tank has boon dosi&mod an a monolith reinforced
 
oonoroto structure with 
a free floating. foundation. 'le tank, which 
is supported by four ooluinns, h=s throe main functions: 

- to provide a pressure head for the water in the system 

- to divide the JYLW discharge into two streams of about 1.5 cuseos 

- to prevent entry of sand into the pipe system. 

To achieve those aims; the tank has boon d .vided into three
 
compartmen ts i.e. into the the
first one IYVW pumped water is die
oiuarging ;hrougjh a pipe r the thu
ov top of tiuik WLI. P'rom thol'u
 
the water ru=, at a velocity over a solid baffle into the second
 
compartment which sopziratod
is from the dischuago area in ii w;dc] the 
stand pipes are fitted by i,.plate with two half 90°V-notch weirs to
 
divide the discharge equally. Tis is
aroa again divided into smaller 
areas uound each standpoint which are uoparato by a joint overflow. 

Provision for Gate Valves 

Fbr stanipipes, two 14" diameter MI.j. steel housing pipes have
 
boon used, each at the lower end fitted with a horizontally fitted
 
piece of the same pipe which again was provided on each side with a
 
reducer t bring dcwn the diameter from 14" to 10". Flanges were 
welded onto the reducers so a 
to be able 
to bolt on the steel
 
connection pipes. The conneotion pipes wore made in 
 two pieces for 
two roasonI , viz:
 

- to fit them intc the asbestos cement pipes
 

- for further insertion of hnuud operated gate valves to close 
off one part of the system in case of damage.
 

he tank and inspecton walls around the connections between
 
standpipes and asbestos pipes wore built by a construction firm from
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Bogra, whilst the welding on standpipes connection pipes aid extension 
of the discharge pipe was done by a metal workshop also in Bogra. 'fiTe 
oonstruotion of the trnk, including the setting of the weir plate and
 
standpipes took 4 weeks inspection
and, wells and setting of the first 
asbestos oement pipes, were at thewhich done time of pipe layingl
 

took about 10 days.
 

1he option of closing off any part of the system with
 
gate valves from the 
rest of the system created a number of extra
 
problems. Firstly, 
 the conneotion nocsitatod the conotruotion of 
M.S. steel pipes with buund as the standpipes and asbestos cement
 
-pipes could, not be brought into line. Secondly, the steel pipes
 
had to be mado in two pieces for ease of installation and to replace
 
one piece ijith the gate valves when they beoame available. The
 
oonstruotion and installation of these tooting of
pipes delayed the 

the system considerably, 
 as extra care had to be taken to ensure the
 
connections did not leak. 
 Whenever leaku detectedwore after testinc,
 
the water in part of the 
oystom had to be removed and the metal pipes
 
taken out to be adzaptod, replaced and tested again, To prevent any
 
movement of' the metal pipe 
and further damuage to the asbeutos cement 
pipes, the whole connection plus part of both pipes was cast in a 
block on ooncrete.
 

For future pipe systems, a direct coneotion between a:3bestos 
oement pipe and standpipe woujI. be preferably in cziso tho same tank 
design is used. This cau be realized by providing the standpoints 
with a piece that has the same outer diweter as the asbestos oement 
pipe and can be fi tted ith a standard rubber sealing ring into the 
socket of the asbestos cement pipe. 

Another possibility would be to deriLi sulconstruct a header 
twsk more or less along the lines of the type used in India. The 
tank for this syntem, would consist cells wallsof three with concrete 
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built up to the desirdd heiCht. Ph'.: middle cell would. receive the 
discharCou of the !Y?'I simply by Uxtondin h di:cIizu'p pipe through 

the wall and it could funution at thu sane time as i iiUtd trap. 'Ile 
outer ones would be the standpipes Luid receive water over weirs or 
orifices in the sopzaation walls with the middlc cell, so as to 
divide the dischaxge into two equal streams. 

Construction of the Systei! of Irriation Pipe DoliveiZ 

Mo construction of the system, wore than six months after the
 
tank was completed, started with the dig/ling of the trenches 
for the
 
loops and lines. Bec iuse the top of pipes had to havo a
the soil
 

cover of at least 2.5 feet, the trench had to be dir, to about 3.5 fet
 
below field level. 
 'Tho trench ditjing proceeded according to schedule 

notwithstanding the fact that the clay subsoil was very sticky and hard 

to dig out. On avorage, over a hundhod men were involved in this 

tranch digging every day. 

Dgring the digging one problom wan apparent, the heavy clay soil 
removed from the trench and necessary -to backfill the trench again 

after the pipe laying, became atone-hlrd under the drying influence 

of sun a3Ad wind and was unsuitable for bedding and backfilling around 
the pipes. As the bringing in of sand for budding purposes was too 
oostly, a solution was found by iuing top soil from fields near the 

trench. 

Ton dayu after the ooniencement of trench digbting, thu trenches 
for Main I, Loop I, bain II and part of Loop II were finished and the 
pipe laying commeoned. Assistance was given for this work by ARAIIT 
who made a technician available. 

Initially, the pipoe were laid with the sockets pointing down 
atrem, as this would, according to information received from the 
manufacturer, facilitate the joining of the pipes and have no influence 
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on the cealing of the joint. Joining the pipes in this wakY is relatively 
easy, and dunage, eupociaLlly to the socketo, cta be prevontud au the
 
open-end can be correctly positioned in front of the 
 socket opening
 
before and daring the joining of the pipes. If the pipes are 
joined
 
with the socket facing upotrazin the chances of damage to the socket
 
are greater and also correct joining is more difficult. 

During a visit of the USAID engineer (USAID through the counter
part agency RPA waw funding the project), a discussion developed
 
regarding the positioniig of' 
 the pipos in the line, mainly reupect to
 
the opening between the 
pipes and rubber ring functioning as an air
 
trap, 
 and the affect of thin on the tightness of the seal. It was
 
therefore decided to construct part of the system with the pipe 
socket
 
pointing upstream. 'ibis wai ,ubsequently done on the additional Lines
 

I and II. 

Joining of the pipes posed no problems but care havd to be taken
 
to obtain a good sealing effect of the rubber ring and to prevent
 
damage to the socket. Several groups of village people mastered these
 
shills quickly and worked during 
the ret of the construction as pipe 
ladng team. 

Pipes were out to length with a handsaw after indication of the 
required length. 

Special care had to be taken when joining pipes of asbestos cement 
and metal acces-ories, also the asbestos fittings are liable to 
damage because they are of hand moulded construction and their 
strength iu somowhat los:er than that of the pipes. When joining 
pipes after bonds, extra. precautions wfero neesary to keep the bends 
in place and prevent damage to sockets. 

One feature of the hand mculded accessories that caused concern 
was the deviation in the diwnoter of the socketo from the exact value, 
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more specifically a troater iLiameuter, olpecially at point where changes 

in direction wore nucessary zi aftur-bends, dividers and in-risers. 

Sealing of the rubber ringu was insufficient and grouting with P_ 1:1 
o~ment--iand mortaa' had to be applied to get a complete seal. 

At several points in the system reductions in diameter were
 

necessary for which two methods were applied. 
 (a) One made une of
 
local metal reducer pieces produced from M.S. sheet, with one end
 
having an outside diameter equal to that of the 10" and the other
 
equal to the outside diameter of the 8" pipe. Thess reducers 
were 

fitted in the same way.with rubber rings as the pipes. (b) Mhe other 
Fw,=mtf. took advantagoqf-thc Vaot that the .inside diameter of the 10" 

pipe was the vame as tto insido',a1 aoter' of the socket fr6in the 8" 
pipe. he reduction was achieved by pushing an 8" diameter pipe with 

a ring over a length 9f 4" to 5" into the 1O" diaeter pipe. 

Tis same tohnique waii also used when joinisng. 8" dieaweor-pipeff 
to close the loops and at points w~hore after laying of the pipes, due 
to, damage, a pipe had to be. replaood.. For this purpose a piece of 10" 
diameter pipe about a foot *long waij out aU one 8" diamotor pipe 

fitted with a rubber over which tho 10" pipe socket was pushed till
 
the end of the pipe and socket wore flush; the other pipe was then
 

provided with a rubber ring ezd the 10" pipe soket pushed back until
 
it covered both pipe ends to the same extent and bridged the, opening
 

between the pipe ends.
 

Outlets were made at selected locations along the line by
 
inserting a T-piece and coupling a 
riser pipe long enough to be
 
6" over field level. The cast iron alfalfa valves were then plaoed
 
over the pipe and a platform with side walls and stilling pool was
 

oonstruoted from lightly reinforced concrete.,
 

Surge relief struotures were provided at the mid-point of tha
 
loops and at the end of the longest additional line the same
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procedurie of joinine to pipethe was used except that the riser pipe
was in excess of 6' and on top of which a 2' diameter galvanized ironpipe was fitted. In thia thoway total height of the pressure relief 
structure was made the swiie as the maxinmm pressure head tl'-t can be 
C ,lied to the standpipe° 

At giound level, a concrete slab wa made on top of of whioh abrick wall was constructed around the rioer to protect the asbestos 
cesent pipe md to -ix thu metal part of the riser firmly. The opening
between the pipe and the wall was filled with oncrote.
 

BanLfillin 
 started a soon as possible after a considerable
part of tle line was lodd. The trench was not completely filled,, the 
area around the sockets buing kept free to observe 
As 

thein during testings
stated previounly, the tsoil cominc out of the trench was unsuitable

for buckfilling and fCriablu top soil from neoaby fields 
which were
a&reuay haxv(stod had to bo used. - Ths soil was browght inin carrying
baskets to the trenches zuid spread in thin layers alonside the pipe,where it was then oCp1,LctUd With small wood,-n rwmors; when a soil 
covr of more than 4" wa.' ruached, other soil was used for backfillingl
and ceompactinT was then able to be done with heavier concrete hand 

Decauae of extra work in transport*na the soil 2eded for back
fill and the 
laboriou: process of compacting the soil, more mandae
 
were required 
than oriLinally estimated.
 

Through visual inspoction prior 
to testing, cracks were detectedin the sockets of three pipes. tiose were dug out and the socket sam
off; two short pieces, one writh a socket on one side, the other with 
two open ends, with totala ler-th of about ' to I" less than theoriginal pipe, were then joined to the remaining pipe line parts inthe normal way with the use of 10" di.ater pipe socket. When the 
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pipa line is filled With water this procedure can only be used after
pumping out all the water from that part of the system .t lowestthe 
placed outlet.
 

Another poOLsiblity is to repair the oruoked pipe by tightoninggalvanized wire netting around the d-zatge part
this in a 

of the pipe and packingstrong mortar mix or oonoroio. When a socket is oraoked,the joint may be gouted and packed in concrete to prov,.t leakageand further damage. 

Two speoial .f'atuu hav been provided in the iarhatta system(a) first is a reinforced conoreto culvert built 
whore they 

to protect the pipescross the natural drain and 
extra tapping points, 

(b) the second is the set of 
one in each of the additional lines.Lere Fromho cystem could be extende d to inoludo the area to the north ofthe Bogra - Santaher road which belongs mainly

farmers. Tidts is 
to the same group ofonly poaiblo w.hen the farmers in the existingoomiiwid are irrioatinarea effioiently and with the rearrangIngincreaning andof the existing blocks to make a 7 day rotation theon 


Axtended 
 area possible. 

'isling; of the oystum proved a laborious and time conimdingoperation, for each time defects appeared the tout had to be brokenoff and the defoct repaired before the testing
iirin could be continued,. the filling of the system, it became appa'ent that the connectionotween the standpipes an[ thu acl'eotos pipes will always be a woakpoint in this syuturi and an impr ved method of connecting the system
to the standpipes shouhld 
 be uod in future.
 

Whon these problems 
were roctified, pressure testing was ableroe,,cnenoe tounder full prossure. The scotion of the system wherepipes thewere laid. with sockets pointing upstream performed slightly 
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better than the rest of the system where the pipes were reversed. In 
Rain II and Loop II particularly, there were several joints showing 
leaks. This to escapewas partly due the of tho air trapped through
 
the inside configuration of the socket between 
 the walls and the
 
rubber ring, 
 caused partly by minor irregularities in the walls of 

the socket.
 

Construction Costs
 

Ilmhn analyzing the construction cost, it should be kept in mind 
that this is the first system of its kind in Bangaldeoh and that 
certain safety factors were applied to ensure trouble free operation. 
Those extra provision3 provided, increaed the cost of this irxtallation, 
but the cost of future projects of this type is expected to be reduced 

by 20%.
 

A breakdown of the costs under major headings is as follows: 

ITLNIS W3K
 
11,ader tank and wuir plato 37,050
 

Standpipes and'roducoru 24,400
 
Inspection wellic 
 23,700
 
Atoessories: 
 standpipeo connaoctioim and 

di3chiargo pipe, pipe, acessories 
and tranport (/ of material 

c6st) 731,200
 
Weir, netting, ceme.nt, sand, bricks etc 21,500
 

Alfalfa valves 4,550
 

Labour cost (estimated) 75,000 

Total 
 DTK 939,950
 
1 US $ = 22.50 BTK US$ 41,776 

Cost per acre BTK 5696.66 say 5697
 

Command area 165 acres 
 US$ 253. 19 say 253
 

Prom the above calculation it can be seen that the cost of
 
oontruotion is high. However, with an improved connection between 
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sta-dpipeo and asbeuton pipeo, which would do away with the inspection 

wells and most of the aacuu oriou necessary for this conneotion, it 

wiould save around Tk. 35,000. 

In all phaseu of deuign and construction, safety factors were 

applied and as a result, certain coots did increase. Pur'boamorel 

a cout increase was incurred duo to the fact that the header tank and 

the rout of the uyutun, inoluding inspection wolls, could not be 

coatruoted in one opuration. 

Ile labour costs are higher than estimated because of unforeseen 

.,Iuii in trench dil ne and backfilling, pipe laying eta. Many 

could only be learined the hard way as there was no previous 

,c,,,rienc in doveloping an iuider,round low pressure pipe system for 

watur distribution. Labour costs of approximately half those paid 

L'co more realistic. 

Indiscuuion wi Lii ARUIIIT, Banglad.esh Asbestos Cement Industries 

i,,., thy indicated tiet in future when a greater number of systems 

,ori, being built, pri6es of pipes and accossories would be reduced 

ty 10 to 20/ Ilis would mace a big difference in the total cost 

(-V th systen Eu these itiams make up about 75 percent of the costs. 



-	 15 

:;l :ASOI CROCPPIN( PLAN 

Land Preparation 

The land preparation for irrigation for the 1933 Bore Season 

commonced on the 4th Fubrucuy 1983, uaing a3 a basis the blook system 

as proposed in the ori ;inal design. True rotawion was not always 

followed, but a system oonvoniant to the irrigating partioipants 

through disoursiorwdid aomr&'o. Those changes from the planned rotation 

were more evident durin the early crop establishunent period and were 

the r sllt of the farmuro wiuhes, some of whiolh were " followo: 

Optinun planting dateu, uoudlint, availability, advance payment of water 

charges, oo plotion of harveut of wheat and potatoes. 

Crop Planting
 

'To first Boro rice was planted on the 12th February 1983 and 55 ha. 

were completed on the 20th Mharoh 1983. 

The principal rice varietioa used during this Bore season were BR4, 

China/Purbach, Kalembong (improved lqcal variety).
 

Harvest Results 

ThMe flro harveut ooimmencoed on the 20 May and was completed on
 

25 Jui.e 1983, for a reuult average of 4,140 k4. paddy per heotare.
 

General Factors
 

1.Cropped area inoreaao for floro over 1982: 25 heotare 

2. Per h:.xtaro yield inoroase,ov r 1982: - 370 kg. 
30 Land preparation irrigation for As rice cropping: 10 heotare. 

4. 	Redu tion of farmer conftlict through improved 

control in water distribution 

5. 	 Management improvement has been made but much more aasistanoe 

is needed to improve the book-.keoping aspects and avoid confliot 

over paymonts. The introduction of receipts for water payments 

did assist in this matter. 
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Conclusions
 

'Lho Underground Low 
 Pressure Pipe System for irrigation water 
distribution shows great potential for l 5nladesh: 

1. 	Through its high distribution efficiency a muoh larger area oan 
be 	 irrigated with the same amount of water discharge rate. 

2. 	 Spread the benefits of irrigated agriculture over the total command 
area by 	ensuring a uniform discharge at all points. 

3. 	 Problems regarding right of way, land aoquisition and compensation 

are minimized. 

4. 	 Topographic variations which pose problems to conventional systems 
can be overcome and ooinnand areas with incorrectly situated YB~s 
can be successfully d,)veloped. 

5. 	 Permits close control of the prescribed rotational schedu.es and 
it prevents water pilferaG conflict.o 

6. 	 Nuoesoary to investigate the state of the pump and engine. 

7. 	 To perform a topographical survey to secure cooperation of the 
farmers. 

8. 	 Improved header tank along the lines of the standard Indian design 
is required. 

9. 	 Joining asbestos cement pipes thewith sockets pointing in an 
upstream direction gives loss problems. 

10. 	 Bedding of A/C pipeon to be supported along their whole length to 

avoid fracturing. 

11. 	 'The skills necessary to construct the pipelines are not very 
difficult to thelearn and village people mastered these quickly and 
adapted the teoliquos freely theas and when necessary during 


construction.
 

12. 	 The cost of the system may appear high, especially when compared 
with the present built f±irmer systems even with theor 	 improved
earthen channel oyatuml bLt preliminary calculations on a discounting 
basis indicate that couts for 	pipe systems are in the samle order 

http:schedu.es


a those for concretu 1-ined chamael systemf. 

aspects requiru improvement.13. 	 CALDmauiaerial 

strongthing.Thfana Officers r-,quire
inputs through14. Toolnioal 

Recommendations
 

sysvems for
 
For the development of umderground low pressure pipe 


that:
 
irrigation water distributionit is reoommunaO( 

out find the optimal design 
- A topographical sur.vey is carried to 


highest points in the blocks.
 
and situation of outlots at the 


A design for the header tank i:; used which'is simple and will
 
-

and accesuories that may
avoid construction of additional works 


mLd mainterancoe problems.

later on oause operational 

with thu socket pointingthey positioned- Iflen laying the pipX,; are 

of air traps
to avoid constructionin a1 upstream direction 	so as 

rubber ring, which may increase leakage
botween socket, pipe and 

problemol. 

folloiring each other 
- The unU of too many acoesuoricl (bonds, dividers) 


Ulould be avoided, dot.- to th2 deviations in dimunjions which tend
 

becauo the utrength is lower than
 
to cauzo lcakae-us 	 Lad alno 

a.3 thuy are hand 	 moulded.that of the pipes 

where possible, equal 
-Wen diveruions in flow ha&;e to be made, then 

bends are not required, this gives less 
900 toes are used w; the 


joining problems.
 

- Proper care is 	 exercisud in be:dding the pipes to ensure support
 

leng-th aund an excavation for the socket ia Made to
 
along the full 

prevent any damage. 

chosen to get full supportsoil carefully- icr baokfilling, the is 

in
 

for the pipes on all sides and that compaction is carried out 

no pipes will be dhmiaged.such a way that 

line ohangeos or where 
- At points where the direction of the pipe 


are supported
bends an[ bifaroationthere are bifuroatione, thuse 
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same appliOswith blooks of cO.)Creta to prevent movement. The 


made for extension of tjs

for end-.otopu in uauu provisions rxo 

system. 

them utilizeusers shouild take place to help 
- Instruction of the 

system to the maximwn extent, Attention should be paid to 
thu 


with the viuw t roduou field water
maiag,nnt and opuration, 

oropping intensity and produotion by introduction
loses; i-Qrouoe in 

and new crops; reduction of production costs;
of improved varieties 


and post harvest

supply of inpuats a id marketing of produce; 

astir., ties. 

ihonitored to find 
- The exporiwaental systems to be studied and 

that help the oountry to increase the agricLulsuitable solutions 


fed its population.
tural production in ordor to 


costs and benefits
 
- 'horough economio anAlyse are made of the 

of the different distribution systems. 
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T riE OF AOpERATION.flJ]OiT DATIS pFOR 

YI'd ARE~AATA'JPACLOSED PIFW' SyS3T1H, UAf 

-AiInfoIWtioU 
I. 

1. 'VLie Commnid. Aru-1 

29.92 hectares 
- Are, urvuId by Loop A 

30.32 hootares 
- Area LjuvuEd by Loop B 

7.06 heotares 
- IA.oa :UUvod by Loop C------ 

67.30 heotaree
 
'Ibtal: 


2. T17he Block Foni,,Ltion 

It iB ±iiiportwlt LAo]Lva a 

effectivelY.operate -toe uy:;tcm 


formation is recommended:
Tle followiinj block 
6 i3lock'.loelp- -.----- 

.--6 BlocksLoop B - -- 
-1Block.Loop, C .. 

TI. Uo'l ,:,IomL Abtt on 

planed improvement systematioally,In order to unimaiu r the 


utu:t %wao rcoo-faioided:
the fulloi.ing 

1. CA) Col",ittea3tup 
should work with 

'1hio Thina Cooperativu Offt'icer Kalialu 

Kahalu to discuss howanad the TEO/DAESthe 'ITO/D/m l iLadJu 
advioe regarding

the thro, oflicoro will cooperate in giving 

buried pipe uyt-tLnm at 1xrhatta
the operaLior. oC tho 


Maiual puuu 7,1,9.
 

CommitteeO1 the Irriation 1.Tana 4 rnt 
Ltup 2. RuorICCizatioa 

was reorganized in 
The exiatinrg flangumcnt Committee 
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order to cope with tho QxpjLidod ttroa of the conmand area. 

The CAD served approx-miatoly 30.36 hectares before the pipe 

system becoame operative. On completion of the buried pipe 

sy-utow, it is ex-pected to be expanded to 67.20 heotares for 

winter crops.
 

l!iting Irrigation Management CommitteeStep 3. Ruction of the 

Buforo tiho new Manati 'nent Conuittoe caine into being 

,.id asuumud the operation, the oxisting, management oomrittee 

continued to ftunction wnd impleinnt the work. 

Stop 4. Fo1-lLtion of Ilocko 

AS the block systom is new to the flarhatta farmers, it 

is importwut thuy undorutanid that the formation of blooks is 

the key to thu biu-iOd pipe system. The Thans Officers 

OOnCurnlod -All aiiiit the present Mana{;omont Committee to 

organize the blocks; accorJin; to the IMfP manual page 96"& 97.. 

Spep 5. h1 ec' .on of the Block Leaders 

. fter the constituents of the blocks are identified 

then j. )lader will be elected or selected - IMP manual p 99. 

Sp 6. Lr,-.xization of a Now Irrigration IanamTmont Committee 

After the election of block loaders, a new irrigation 

uiAn,'u3ment ooiaiidtLuu will be organizod. 1bllow the 

ugi eution as rucoiuui)ndod in the IMP manual page 81. 

Step 7. T' cuafor of Dltiinfuin from the Eriatini- INC to 1ow 11C 

Whon the nuw Irrigation Management Committee is properly 

organized, the 'ffia Cooperative Officer, in cooperation 

with the TPO/TCCA, will assist in the smooth transfer of 

business iioludinL; books. and records, asuets & liabilities. 
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Step 8. loui Trrigation llwi nont Com.liittee 

After ito offiial inaLq'Lration, the IlTi&Ution 
llanagemOnt Committee will not 1e anY time in performing 
itu falotiolu - IMP mmiuul paces 81 - 37r 96 - 148. 

Stop 9. Decide the Croppinir Pla
 

I-Iirotly, it 
 hi to be decided which crops to grow and 
how to make improvmonta year by year  IM'P maual pages: 46
57, 72 - 75 and purticularly page 99. 

Stup 10. Decide th l;dorDitpibttion Plan 

Ihoro acP two plans to be made, viz:
 

- Block Distribution Plan 
- I1,' manual page 137 - 138 
- Within th ileocL Diutribution Plan - IMP manual page 98. 

The mauILumaont couitteo will took an active role in
coordinating cuii dociding the above two plans and have 
each member curructly informed thVouCIh their Block Leader. 

Stop 11. Decide he '!,Ittor liate 

The water chargetmuut be commonly discussed. and decided 
upon, based on the actual requiroment, refer IUP manual 
pages 102, 105, 153 and 158 .
 

Stop 12. Docidj theOieaion d et
 

Thie opuration budget 
 includea:
 

- Plan of income
 

- Plan of expenditure
 

Refer 11T manual page 102 - 104 
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Step 13. ore' General Asuombly(IGA)_Ll_ 

Tie mOihrs3 a, kept well infoxmno regarding the plal 

are 
an: optaattio', of' the entire irrigation scheme. There 

season. One before thetw-: tiC,'c ",1-	 held for each crop 


:ther one after the season.
kloa.lo,. avi i 

IMP manual pagC%99-105 &
biefre :i',c aewion MGA - - 

137 - 139.
 

I4P manual pages 161-162.

.'Vter -Jiu oaJon MGA - - 

of Ueorf 	 and Leaders
Stop 14. 


asuist the Nanaisement Committee
'L)L 1ha.:-n OfXiosr3 

t. joudu. L Luu 	tridni.! of the follovinga: 

" , IMP manual pages 91, 110 - 123.kL. .;C;i 

139-144. 
- d ' 	 raining-. - IMP manual pages 92, 

°' - : 
 " ' " "
 tZ.j+I !M ia. j)i' I,Cc " .... 

- Tlhe inxi ',a pual) and irrgation channel will be properly 

m&nlainod ,1Pmanual pacerD 106 - 111. 

- Books and. --.ord will be correctly kept - IMP manual p 140-145. 

'Irri ation ChannelsStup 16. Constru-tufn 


v;, did not have to build the main ohannel a3
'lhouom 
wu still neo(d to oonstructit in seo cd 1,y thU buried pipes, 

water flow from thechanol w ithin iht:blocks for the 


out1ij - I, rm:ital pagoo 37 - 44.
 

evaluated owhThu operation of the sohemo should be 

eeazon Lo an to muko oontinuoun improvement - I inuala 

pag3U 149 - 160. 
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BURIED PIPE IRRIGATION FOR COMMAND AREA DEVELOPMENT 

AN ECONOMIC ANALYSIS 

Bangladesh is in short supply of food, and new agricultural 

strategies are b2ing explored. Government policies aim to devise bOtter 

techniques for iicreasing agricultural production. Studies indicate i.at 

irrigation is one of the most importaut constraints on agriculturel
1/ 

production. Agriculture can be made more productive either through an
 

expansion of irrigated area or by an improvement in water efficiency
 

within existing command areas.
 

The Government of Bangladesh and a number of donor agencies aro
 

concentrating 
 their efforts on removing the irrigation constraint, ,t
 

experimental underground 
 low pressure pipe system developed by FA) v..ii 

USAID assistance at Narhatta village of 
 ogra District is aimed al.
 

evaluating promising techniques of water conveyance and ,listribuioi. 

Concern regarding future availability of ground water for irrigation 

is one of the reasons for developing this system. A present, the
 

country's existIng irrigation facilities, utilizing earthen chanaaes
 
2/ 

for water conveyance are inefficient and 
it was felt highly necessary 

to study ways to increase their efficiency. The Narhatta deep tube

well (DTW) area previously using earthen channe.l was selectel for 

conducting experiments relating to buried pipe adoption. 

I/ See Report of IDA President: Report No. P-2709-BD,
 
World Bank, Washington, February, 1980. 

2/ Deep tubewe1l utilization is limited to 50-60 acres
 
compared to the potential of 1.65-170 acres. Losses 
are 
due to seepage, percolation and evaporation.
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The new buried Pipe system gives a very high conveyance and
 

distribution efficiency besides 
 yielding other economic and non-economic 
3/

advantages. However a conversion [rom earthen channel to buried pipe 

requires a large additional investment. An mmnsment of the compara

tive cost and benefits from earthen channel and buried pipe system is 

essential to determine the desirability of these additional invesements. 

DESCRIPTION OF PROJECT 

Ceneral
 

The project area i, located in Narhatta area, Kahalu Thana of 

Bogra District and is about 8 miles from Bogra. The area has had a deep 

tubewell since 1977 with a command area of 70-75 acres. Rice is the
 

principal crop grown in the 
 area an( average size of farms is around 

0.3 acres. 'As with other areas of Bangladeh, the project has three
 

uiain season3.: the monsoon from June 
 to October, during which about 80%
 

of annual rainfall is recorded; the dry season from November to Febru

ary which has very little rainfall and the lowest tewperatures and 

humidities, and the pre-monsoon from March to Maiy, which has the highest 

pemerature and evappration rates with occasional heavy rain storms. 

The proposed engtineering lay out of the underground system 

(Figure 1) consists of two closed loops which are each connected by a 

main line with the header tank and two additional lines. Each loop has 

six outlets, each serving blocks of between L' .113 acres, and the 

additional lines each have one outlet which together serve on 18 acre 

3/ Irrigation efficiency ,la iij.asured by proportion of pumped water 
reaching farmers fields foi Iuried pipe system is calculated to
be 80 - 85 percent, while for ea:-then channel it is, 40  50 per
cent 
(source FAO Report, BDC/bo/uul FAO Bogra). 
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.--	 Command area
 
boundary
 

"-- -Juried Pipes 
Total acreage.-:. 165 acres 	 () Outlets 

-- Deep Tubewelli 

Fig. - 1 	 Header Tank 

.Sketch of Fipe Layouts: 	 Buried Pipe Irrigation Project at Narhatta, Bogra.
 



block. The loops are 4040 feet (loop 1) and 4070 feet 
(loop 1I), the 

main lines 90 feet (main I) and 1200 feet (main II), and the additional
 

lines 300 feet (line I) and the -50 feet (line II), respectively. Two
 

14 inches mild steel stand pipes are used 
to connect the header tank
 

with asbestos pipes. The buried asbestos pipes are 
dug to about 3.5
 

feet below field level.
 

Topography and Soil
 

The area is a part of the high elevation Barind tract region
 

ranging in elevation from about 60 
to 80 feet above sea level. This
 

is a flood free area with 80-90 inches annual rainfall. Soils are of
 

sandyclay type rice well if soils haveand grows adcquate noistware.
 

Rain water is used to grow rice 
 in the wet season, however, irrigation 

is needed for dry season rice production. The absence of rivers and 

canals make shallow and deep tubewells the only alternatives for 

irrigation. The water is aground table at reasonable level and the 

area is a flat plain making it suitable topographically for channel 

and low pressure pipe distribution.
 

Agricultural Production and Cropping Patter 

Basic data on agricultural prbduction and cropping pattern
 

observed :in the project area as well as some assumptions on future 

cropping pattern are set forth in table 1. 
Before DTW irrigation,
 

transplanted local aman was the main in the projectcrop area. The 

average yield was around 20 maunds per acre and nearly all farmers grew
 

the crop during the rainy season in June/July. Aftoi' Wi harvest of
 

aman in October/November, the land remained mostly fallow during the
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winter months. Again with the start of early rainli in Marcl/AprIl 

few farmers (around 5 percent) grew Local aus with ;.i avelage yj.:,ld nf 
12 maunds per 
acre. Ninety-five percent of Lhe land j:iemafnd fc.lJow 

during the pariod. The cropping intensity was only 105 P!,rce:iL. 

With the introduction of the DI'q utilizing earthon ch.,nial P, -a 
area previously unirrigated production and cco[lping pattern.; show n 
remarkable change in 
the coimnand area of 75 
acres. Transplantne "1.'V 
aman, with average yields of 
40 mands, repla-ed the 
local ver±ety.
 

HYV boro, wheat and 
 potatoes began to be cultivated in the >r:nd previouj.., 
remaining fallow. Local aus gave way to IMV aus' during the m" at" of 
March/April to June/July. 
The cropping intensity 
rose to 194%.
 

In ' arch 1983, the area began to be irrigated by buried pipes. 
The data on crop yield, command area aid cropping iatcnsi ty a:e av. L,: e 
for the first year (table I). t 'ommaud area has increa,3ed frem 75 ;tc;X 

to 136 acres in the first year. 
 It is assumed to rise to 156 acrep: iii
 
the second year and 
 to 165 acres in the years hereafter. With ca 

assired and uniform discharge of water ovev an increased '?mciai iand e
 

of 90 acres, 
 h.'.gher gross production and income should result. LiCV 

varLeties of aus and ainan have replaced their local anidcounturparrt, 

lai Ier acreage5 of boro, potato and wheat will be caltLiva'ed duriq,4/ the 

coDing dry sea,un in the project area. 
 The cropping intensity in the 
fir t year is ..65% and is expected to 
rise to 300% in the 
 third yernc
 

4/ This is the 
first year of buried pipe project and the

farmer's intention were known by itervi !w.
 

/
 

// 
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and years thereafter. The project would 	 also eliminate crop area losses 
5/
 

arising from construction of earthen channels. It's other advantages
 

relate to (a) less problems of right of 
way, land acquisition, and com

pensp.cIon, (b) solution of problems arising from topographic variation 

and poor siting of pump, in conventional systems, (c) permission of
 

close control of the prescribed rotational schedules, 
 etc.
 

1,ethodology of Aalys ;
 

Vhe method of economic analysis used here is a comparison of costs 

and benefits that result overtime with: (a) DTW irrigation using earthen 

channel compared to no prior irrigation, (b) DTW irrigation using buried 

pipe system compared to earthen channel, and (c) DTW irrigation using
 

buried pipe system compared to no prior irrigation.
 

The measurement 
 of costs relate to expen,'[tures onl construction for 

earthen channels and buried pipe systems as well as for operation of the 

DTW under each of the above systems. The measurement of benefits require 

calculation o increased production in the project area due to higher 

yield, increased cropping intensity, and expanded command area under 

earthen channel and buried pipe system. 

Three 	 measures of project E~lO;iblitl,: are used, the net present 

value (NPV), benefit-cost ration (B/C) and the internal rate of return 

(IRR). The first is arrived at by subtracting present cost from present 

value calculated over the project life, the second by dividing the dis

counted value of net benefit by the discounted value of costs calculated 

5/ 	 The area loot over a command area of 165 acres for a 
channel of 5 feet width is calculated to be 4 acres.
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over project life and the last is a caL,:aiated rate of compOdimd Lntert t that just 

makes tile net prescrot work L Ithe, '' 1 l" equal to :.!r ' I. f , [r;used I or 
their calculati an are shown illappendix table. The firsr Is, al e:;0lutmeasure 

and estimate. project's net pi,'sent worth. The secod j,;a rojilt. ye rneasuze and 

compares benefits unit o) cost. The thirdper Is also a relat ive measure and In 

a sense represents the average earning power theof mo1ney tleI inl the :)roject ove ' 

the project life. 
 Pjoject feasibtlities are judged Ly whether the benefit-cost
 

ratio is greater than one, and/or, 
 the net present values is greater than zero and/ 
or the internal rate of return (IRI) is higher than the cost of money/capital. The 
three measures have their relative advantages and disadvnntages. The difficulty 

with with benefit-cost ratios and Net Present Values iF.that they renuire dete:

mination of a suitable discount rate, generall.y the opportunity cost of capital,
 

which is often difficult to properly 
 determine. Furthermore, th! value of B/C
 

ratio changes depending 
 on where the meeting out iii the cost and benefit streams
 
occur. Though the internal rate 
of return does not requize the use of discount 

rate nevertheless 
the determination of opportunity cost of capital is required
 

to use as a cut-off rate.
 

6/In case of mtually exclusive alternatives 
 there are some advantages of using

7/
 

NPV criteria compared 
 to the B/C ratio and IRR: 'Ae NPV gives correct ranking
 
of projects so that alternative with highest NPV discounted at opportunity cost 

of capital should be used. 
 This is accounted by the fact that NPV Is an obsolute 
measure and since 
In mutually exclusive alternatives only one project can be done,
 

it makes sense to go with the oae promising the greatest absolute net benefits, 

(even though the unit-for-unit efficiency represented by B/C ratio and IRR are 

gretter for other alternatives). Furthermore, siuce the two relative measures, 

e.g. B/C ratio and IRR fail to take into account the scale effect, they may lead 

6/ Mutually exclusive alternatives are comNpeting projects of which only one can 
be implemented.


7/ J. Price Cittinger (19811), Economcl Analysis of Agricultural Projects, IBRD,
Washington (Revised Edition).
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to erroneous investment choice. B/C ratio aind IRR have inherent bias against 
8/ 

large projects with relatively high gro. ; returns and co.3t. 

In the analysis, all of the three weasures -,f project frisihility are calcu

lated and estimated. The current market ,tc project ;nnd farmer's 

input and output are assumed to remain constalti thrnuvIour: the project life. The 

assumption is consistent with any rate of inflation over th, project life so
 

long the relative prices of input and output remain con,;Lant. Indirect costs
 

and benefits of the infrastructure investimpnt ,+ -,or considered.
 

Cost of Construction for Earthen Channel. iiad Plur id l'[._ S'ste
 

Various components of investment , operat ion ar . ihl ricciuance costs of earthen
 

channel and 
 buried pipe system were Lient L Led . C'ot of c::nstruction for earthen
 

channel was calculated by using FAO tfain:;Ied ,i o, 'J: .iO/feet for a total
 

9/
command area of 75 acre; for a dl.aschar.;,e ( 2:;,c .. Co-.': ru:ct on cost of buried 

pipe system was obtained from 'AO teamn woirl:.ng p c3ol o . DRevelopmlnt Academy 

of Bogra. Cost figures are shown In tabl, 2. ilur led pA F:' systems require a 

repair cost of Tk.2,500 for correcting pr:hbable damages in pipas and fixtures, 

and earthen channels are assumed to requtro a cost: A '1:.3,000 per annuam mainly 

for channel widening, removing grass anl silts, td -(-pairing leaks and weak points 
10/


The salary or opportunity cost of the inatia,;er 
 w, - rh- ;,am, for both systems. 'rhe 

buried pipe system is assumed to have a worling life of lo) years and has no 

salvage value.The earthen channels, annual'y maint:iAed alld repaired, are assumed 

to have an infinite life span. But for this eaaly:ls, a 1,0 year project life 

is assumed for both the buried pipe and op !n chanie] :;ysters. 

8/ 	 See Mc~ean, R.N. , "Efficiency in Govrrnwen, thl,,oi,i [,'stem Analysis with 
Emphasis on Water Resources Development. :;;w Yonk Pilecy, 1958 (pp 107-116) 
for discussion of the point with iMlustra.Jvc (2:e,:uIle.

9/ 	 hength of earthen channel over tile ena:'ce oro 75 is;'r;j of acres 
calculated to be 9,870 feet. 

10/ Managel basically performs the function of a clock Iis task is toHn*~ 

schedule and routing water delivery for e;ich Ihlc-k ili at day.
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Cost of Installation and Operation of DTII4 with Earthen Channel and 

Buried Pipe System (Table 2)
 

The investment costs of the DTW for the two water conveyance 

systems were the same at Tk.380 thousand. This includes tile cost of 

pump, engine, well components and drilling. The operation and 

maintenance cost of DTW under the two water conveyance systems 
were
 

different. The difference arose because the DTW engine ha3 had to 

work for extra hour; to covor tle n'Aer con:tnad area ,under thp 

buried pipe system. The 0 & M,cost incbded expenditures on diesel, 

lubricant oil, repair and spare parts and operator's wage. Annual
 

O&M cost for DTW with earthen channel and buried pioe system were 

calculated to be Tk.26.6 thousand and Tk.33.5 thousand respectively. 

The pump and engine are assumed to have a useful life of 15 and 12 

years under earthen channel and buried pipe respectively while well 

components have 20 years in both systems. Replacement costs are 

c&arged as project costs whereas salvage values were credited against
 

project cot. 

Benefit Estimates
 

Benefits were measured at net revenues to the farmers, e.g.
 

after deducting total farm costs from farmer's gross revenue. The
 

cost incurred by the farmer were different from those of the project 

cost and included costs on seed, fertilizer, manure, pesticide,,animal 

power, and hired labor. Farmer's cost of irrigation is excluded from 

his budget to avoid double counting. Figures on annual gross benefit 

before and after DTW irrigation appear in table 3. Crop inDut 

requirennts and farmer's cost per acre are shown in table 4. Finally 

table 5 shows net product from farming both before and after DTW 

irrigation. 
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Benefit Before irrigation (table 3-5)
 

Local arilen grown on the entire project area cf 165 acres and 

local aus grown on 5% of the area (8.25 acres) were the two crops 

existing before irrigation. During this time cropping intensity was 

105% (table 1). Annual gross value of production on the entire 

project area amounted to Tk.474.4 thousand; annual total production 

costs were Tk.266.0 thousand; and annual total net revenue vere 

Tk.208.4 thousand.
 

Be'nefit witf, DTW Irrigation and Earthen Channel (,able 3-5) 

With DTW irrigation, local varieties of aiv!6! and zus have given 

wt'. to IIYV varieties in 75 acres of the command area, while local 

Wv-ietles coir.inued to be grown in the residual project area of 90
 

ac,-es. HYV ),ro, wheat and potatoes were grown during winter months 

i 50, 15 ar,!' 10 acres respetively of the command arca which 

przviously ,.(,iainedfal!ow. Cropping intensity increased from 105% 

to .194% (tabt 1). Anni.;l gross value of productici; in the entire 

pr-ject aree imounted ti( Tk.1308.5 thousand; annual total-p'oduction 

costs to Tk, '.9.4 thousinrd, and annual total net ,Lvenue to Tk.523.3 

tl--usand. 

BEnefit with DTW Irrigation and Buried Pipe Systen, (table 3-5)
 

The conversion of earthen channel to buried nipes -isexpected
 

t( result in an increased command area of 90 acres. Coiminand area 

development is assumed to be phased over 3 years ii, ti Following 

ranner: 



Year 0 1 2 3-40
 

Acre 0 136 150 165
 

Benefit as Percent
age of Full Benefit 0 82 91 100
 

With DTW irrigation using buried pipes acreages alloted to
 

HYV aus, aman and boro as well as those for .,heat atid potato did 

either increase or are expected to increase in the enziire connand 

area. Cropping intensity is estimated to rise from 265% in the first 

year to 3Q0% in the third and final year (table 1). Annual gross
 

value of production in the entire project area amounted to Tk.2037.2
 

thousand, annual total production cost to Tk.1153.5 thousand, and
 

annual total net revenue to Tk.782.4 thousand.
 

Results
 

A discount rate of 14 percent in real terin is assulnedl-1/to
 

find present value of cost and benefit. In the analysis, cost and
 

ben'fit streams are expressed in current (May, 1983) prices.
 

1.' This is thi interest rate charged by colwmercial bank for
 
medium ter, loans. Probably this rate also reflects the
 
opportun,;:y cost to farmers of capital in Bangladesh.
 

"'I
 



.Change Examined 
NPV B/C IRR 

A. 	 DTW irrigation Using earthen chlnnelcompared to no 
irrigation 
 2118 3.97 
 68.7%
 
B. 	DTW irrigation using buried pipe
systEm compared to earthen challen 977 
 1.99 30.1%
 
C. 	DTW irrigation usinq buried pipe
system compared to no 
irrigation 3093 2.84 43.9% 

Sunnary and Conclusirn 

This paper reports an economic analysis of the investment in 
buried pipe systems fcr water conveyance. Three measures of project
 
feasibilitiEs, namely, net presenc value (NPV), benefit-cost ratio(B/C),
 
and 	the internal 
rate of return (IRR) are 
used to shed light on the
 
feasibility of investing in buried pipes instead of earthen channels.
 
Three alternative options are considered, namely (1) transformation
 
of non-i rrigated land 
to DTI4 using earthen channel conveyance; (2)
conversion of a DTiW area using ear'hen channel 
to one using buried
 
r,.ipes and; (3)transformation of non-irrigated 
Lnd into a DTW
 
irrigated area directly using buried pipes.
 

The 	preference for using one feasibility measure over another
 
for 	judging economic viability of alternai:ive options would depend
 
oi whether we regard the projects to be mutually exclusive or
 
fndependent. 
 If earthen channels ars converted by phases to become 
a buried pioe system they 
can be treated as independent; whereas if
 
construction of earthen channel preempt 
a buried pipe project, they
 
are to i.e regarded as 
mutually exclusive. Both are 
likely possibilities
 
and consequently all 
the 	three project i;easibility measures are
 

useful.
 



- 13 -

Looking at each one of the project singly, all are economically
 

viable, e.g. benefit-cost ratios are all greater than one, net
 

present benefit, are positive, and internal rate of returns are higher
 

than the likely cst of capital. The problem of selection among these 

projects depends cn whether there is capital limitation or not. In a 

situation of no budgetary constraint, all three independent projects
 

that have been found feasible can be implemented. Under the more 

normal conditions of budgetary limitations, however, use of NPV 

criterion for project selection is recommended, and the decision rule 

is to select the projects which yield the highest aggregate NPV 

within the capital constraint. Under this rule, the set of projects 

(A and B) that first proposes a transformation of non-irrigated land 

into DTW irrigated area using earthen channel conveyance and then 

suggesting its conversion to buried pipes are recommended. The 

decision rule for selecting among mutually exclusive projects in 

situations of no capital limitation is to select the nroject with 

the highest UPV, B/C or RR. Where there is capital limitation, 

however, selection would obviously have to be confined to those 

diternatives whose investment requirements fall within the capital 

constrain.. Under this rile, our three projects give conflicting 

results. If the investment dec, is ar2 based purely on the 

magnitude of the computed B/C ral o and IRR, then projct A (DTW 

irrigation using earthen channel compared to no irrigation) is the 

best alternative. lidsed on the NPV's, hovwcvui, roject C (DTW 

irrigation using buried pipe system compared to no irrigation) is 
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to be selected. One way to, resolve the conflict would be to use NPV 

as the preferred selection criterionl1
 

The analysis used in the report does not incorporate indirect
 

benefits of an intensive irrigation method such as that of a buried 

pipe 	system. For a moderniziny agriculture relying on manufactu -ing 

sectors for supply of inputs and cc,.'ii"er jtc-is,these linkages are 

likely to be substantial and can modify the results upward. Secondly, 

there might be importaht non-economic benefits of. the project which 

may jusLiry the expansion of the buried pipe systeoi. Finally, a 

reduction of the cost of asbestos pipes, which constitute a major 

portion of total project cost would make the system more profitable. 

12/ 	 See arguments given in methodology' section and 
additinally, National Economic Development Authority
(1977), A Guide to Project Development, Manila,. 
Philippines (pp. 135-137).
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 APPENDIX
 

Benefit-Cost Ratio
 

Present value of incremental benefit is estimated by using the 

formu !a: 

BB
 

PV = B 1 + 2 + +r40

Fi+r - ( F)40 

and the present value of incremental cost by 

C C" C
 
PC= Cl + +--------+ C40
 

(l+r) ( 22+r) r)0
 

where PV = Present value of benef'ts
 

PC = Present value of costs
 

Bi = Incremental benefit in the ith year 

Ci = Incremental cosL in the ith year 

r = rate of discount 

Benefit-cott ratio (B/C) is thus PV/PC.
 

Net Present Value 

Net present value (NPV) is PV-PC. 

Internal Rate of Return. 

Internal Rate of Return (IRR) 
is simply the rate of interest 

that equates the discounted present value of incremental benefits and 

the present value of the incremental costs. In tens of symbols used 

previously, the rate of return is the rate of interest at which the 
- Bt 

present value of incremental benefits . and the present 
t=l (1 r) T 
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value of incremental costs C. are equal, or.in other 
-C 

t=l . (1 + r)t 

words the rate of interest at which the difference between discounted

incremental benefits and costs is zero, that is,: B 

/ Bt_+ t-0t~l (1+ r)t 

IC
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TABLE I 

AREA* CULT'IVATED AND C'"OPPINC INTENSITY 

AREA (ACRES)
 
CROP W WB
WE. W---B 

a/ i c/ 

Aus (Local) 8.25 . 1.4 0 

Aus (HYV) 	 0 75 136 165 
_d/ t!/ f/ 

Aman (Local) 165 qo 2V 0 

Aman (HYV) 	 0 75 133 165
 

Boro 	 0 
 50 95 115
 
hi h/ h/l 

Wheat 	 0 13 26 32 

Potato 	 0 I0 15 18
 

Total All Crops 173.25 319.5 438.4 495
 
Net Cultivated Area 165 .(5 165 165
 
Cropping Intensity 105% 194% 265% 300%
 

W = Without irrigation, W= Wit. D'iJ irrigation and earthen channel, 
W?, - With DW irrigation and present buried pipe command area of 136 
a-,.res, WB - With DTW irrigation ar" futore buried p) -- ccr(O,nr' areaa of 
1i. acres.
 

a/ Grown before DTW ir:igacJor, In 5 percunt ol total command area 
of 165 acres (8.25 _,re-;). 

":/ Grown after D14 irrigation ia 5% of 90 ?cres (165-75)not covered 
by D14 with earthen channel (4.5 ocres). 

/ 	 Grown in 5% of 29 acres (165-L35) n't 'rc :iL], covered by DTW
 
with buried pipe system (1.4 cru ).
 
Grown in the entir2 commantl itra o~f 165 acres.
 
Grown in 90 acres (165-75).
 
Grown in 29 acres (165-136).


f Crown after DTW irrigaJoc: in 70% cf corgand area (50, 95, 115 acres). 
l: Grown after DTW irrigatJon jn 20% of co;.mand area (15, 26, 32 acres). 
:1" Grown after DTW irrigation in 10% of command area (10, 15, 18 acres). 



TABLE 2 

COST OF WATER CONVEYANCE SYSTEM AND DEEP TUBEWEELS 

Water Conveyance System jeep Tubewell Using_ 
Earthen Buried Earthen Buried 
Channel Pipe Channel Pipe 

Fixed Investment e/
 
Cost (Tk.) 98,700 1,003,156 380,000 380,00
 

Operation ,r.,d Main

tenance Cost (Tk.)
 

c/ d/
 
Maintenance Cost 3,000 2,500- - 

f/
 
Diesel 
 - 21,065 27,015
 

Lubricant Oil  - 2,950 3,765 

Repair and Spares 
 - 600 770 
i/
 

Manager's Wage 1,600 1,600  -


uperator s Wage  - 2,000 2,000
 

SUB TOTAL 
 4,600 4,100 26,615 33,550
 

Source:FAO Team working at Rgional lievelopment Academy; Bogra.
 

a/ Earthen Channel cost is calculated 0 Tk. 10/ft for a command area of
 
5 acres.
 

b/ Buried pipe cost refers to the total command area of 165 acres.
 

c/ For channel widening, removing grass and soils, and repplishing leaks. 
d/ For repairing damages in pipes, fixtures, and jvi.'vr tanks and repla

cement of parts. 
e/ 	 Cost is measured as of May 1983 assuming DTW Is 200 feet deep, have
 

submergible turbine pump, 21.5 hp. diesel engine and rated discharge
 
of 2 cusec. Cost includes expenditures on pump, engine, materials and
 
accessories, drilling and instillation.
 

f/ @ .7 gallon/hour and Tk. 34/gallon. 
.&/ @ 2 gallon/72 hour and Tik. 1 2 0/gallon. 
h/ 	 For 885 hours annual operation with earthen channel and 1130 hours 

annual operation with buried pipe system. Working life of DTW pump 
and engine are assumed tj be arouad 1E,000 hours. 

1/ 4 ;nontha at monthly rate of Th. -00/ .,fItL,. 
J./ 4 months at monthly rate of 1k. 500/month. 
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TABLE 3
 

BURIED PIPE IRRIGATION PROJECT
 
(ANNUAL GROSS BENEFIT (MAY 1983 PRICES)
 

PRICE GROSS PRODUCTION(1)_) GROSS VALUE ('000 TK 
ITEM (TK. /MD.) 4 NL1 NB WB '4 WB WB
 

Aus Local 125 54
99 17 0 12.4 6.8 2.1 0
 

Aus HYV 120 - 2190 4080 4950 - 262.8 489.6 594.0
 

4mnan Local 140 
 3300 1800 580 0 462.0 252.0 81.2 0
 

Aman 1LV 110 
 - 2920 5440 6600 0 321.2 598.4 726.0 

Boro IIYV 130 - 2272 4284 5198 - 295.3 557.0 675.7
 

Wheat 130 .- 870
480 1056 
 - 62.4 113.1 137.3
 

Potato 
 90 1200 2176 2640 - 108.0 195.8 237.6
 

TOTAL GROSS VALUE: 
 474.4 1308.5 2037.2 23-70.6
 

W - Without irrigation WE = With DTW irrigation and earthen channel, 
WB - With DTW irrigation and present buried pipe command area of 136 
acres, _-T With DIV irrigation and future buried pipe command area of 
165 acres.
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TABLE 4 

BURIED PIPE IRRIGATION PROJECT 
CBOI' INPUT REQUIREMENTS PER ACRE 

Aus Aus Aman Aman 
 Price 
Item Local HIYV Local 1lYV Boro Wheat Potato Way 19 3 k__. 

1/
Seed (Md.) 1 .4 4 .4 .5 1.5 30 280/mi.

2/ 3/

Fertilizer(Md.) .1 
 2.7 .3 3.5 4 3 5.5 140/md.
 

Manure(rnd.) 30 100 
 100 150 150. 125 150 2/md.
 

Pesticide 
 ' 11.0 50 110 1101, 0 70
 
Cost (Tk.)
 

Animal Power! 12 14 12 14 14 12 12 25/9-d
 
a-d
 

4/ 
Hired Labor / 

m-d 25 40 33 40 48 30 66 20/m-d
 

Total Cost 1129 1710 1364 2162 2420 7260
2040 


Yield (Md.) 12 30 
 20 40 45 32 145
 

Source: FAO survey data of region.
 
Authorb int erview of farmers.
 

I/ Price of Potato seed is Tk. 150/maund, and Tk. 200/maund for wheat.
 

2/ Includes urea, T.S.P and MP.
 

3/ oji',hted average price.
 

4/ Hired labor only.
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TABLE 5 

BURIED PIPE IRRICATION PROJECT
 
ANNUAL CROP PROIUCT1ON COSTS
 

QUANTITY USED PRODUCT[ON COST ('000)

Item W WE 
 WB 	 WB I WE 'B WIB 

Seed (Md) 74.2 385.5 660.2 785.5 20.9 107.9 184.3 219.9 

Fertilizer (Md) 50.3 793 1396.9 1684.1 7.0 11.0 195.6 235.8 

Manure 	(M4) 16,748 32,37> 56871 65352 33.5 77.7 113.7 130.8 

Peaticidq Cost 
 - - - - D.3 27.3 42.9 50.3 

Animal 	power
 
(a-d) 2,409 6012 60.2 150.3
4248 6851 106.2 171.3
 

Hired Labor
 
(m-d) 6,806 12179 18248 
 20937 	136.1 243.5 364.9 418.7
 

Total Cost 
 266.0 	 729.4 1153.5 1349.6
 

TOTAL GROSS VALUE 
 474.4 	 1308.5 2037.2 2370.6
 

NET PRODUCT 
 20.4 523.3 782.4 898.2
 

W - Without irrigation. 
WE - With DTV irrigation and earthen channel. 
,W13 - WiLh DTW irr.gatLon and present buried pipe command area of 136 acres. 
91 = With DTW irrigation and future buried pipe command area of 165 acres. 



Table 7: COST AND BENEFIT STREAM FOR DTW IRRIGATION USING EARTHEN CHANNELS AND BURIED PIP1 SYSTEM 

Cost 
With DTW 

(000 Tk) 
With DTW 

Benefit (000 Tk) 
With DTW C1/With DTWd/ DTT 

ihcremental Cont (000 T) InrPrnta Bpnpfit (000 TO' 
Earthen DTW Buried DTW Buried DTW Earthen DTW Buried DIW Buried 

Irriga- Irriga- a Irriga- Irriga- Channel Pipe Comp- Pipe Comp- Channel Pipe System Pipe System 

tion and tion and Without tion and tion and Compared to ared to ared to Compared Compared to Compared to 

Earthen Buried Pipe Irriga- Earthen Buried Pipe to No Earthen No Irriga- to No Irri- Earthen No Irriga-

Year Channel System tion Channel System Irriwation Channel tion gation Channel tion 

0 478,7 1383.2 208.4 208.4 208.4 478.7 904.5 1383.2 0 0 0 
1 31.2 37.7 208.4 523.3 782.4 31.2 6.5 31.7 314.9 259.1 574.0 

2 31.2 34.6 208.4 557.8 862.2 31.2 6.5 34.6 349.4 304.4 653.8 

3 31.2 37.7 208.4 628.0 898.2 31.2 6.5 37.7 419.6 270.2 689.8 

4-12 230.8 339.3 1875.6 5652.0 8083.8 280.8 58.5 339.3 3776.4 2431.8 6208.2 
- - (25.4) - - - - (25.4) (25.4) - - -

13 31.2 164.4 208.4 628.0 898.2 31.2 133.2 164.4 419.6 270.2 689.8 
14-15 62.4 75.4 416.8 1256.0 1796.4 62.4 13.0 75.4 239.2 540.4 1379.6 

- :25.4) - - - (25.4) -(25.4) - - -

16 '58.2 37.7 208.4 628.0 898.2 158.2 -120.5 37.7 419.6 270.2 629.8 
17-20 

-
_24.8
19.8) 

150.8 
(19.8) 

832.6 
....-

2512.0 3592.8 124.8 
(19.2) 

26.0 
-

150.C 
(19.8) 

1678.4 
-

10S0.8 
-

2759.2 
-

21 130.2 103.1 208.4 628.0 192.2 130.2 -27.1 103.1 419.6 270.2 659.E 
22-24 93.6 113.1 625.2 1P84.0 2694.6 93.6 19.5 113.1 1250.C 810.6 2069.4 

- - (25.4) - - - - (25.4) (25.4) - - -

25 31.2 164.6 208.4 623.0 P98.2 31.2 133.4 164.6 419.6 270.2 689.F 

26-30 156.0 188.5 1042.0 3140.0 4491.0 156.0 32.5 12.5 2D98.0 1351.0 3449.0 
- (25.4) - - - - (25.4) -(25.4) - - -

31 153.2 37.7 209.4 62S.0 • 98.2 158.2 -120.5 37.7 419.6 270.2 689.8 
32-36 156.0 188.5 1042.0 3140.0 4491.0 156.0 32.5 !pF.5 2098.0 1351.0 3449.0 

- - (25.4) - - - - (25.4) (25.4) - - -

37 31.2 164.4 208.4 620.0 899.2 31.2 133.2 164.4 419.6 270.2 689.0 
38-40 93.6 114.6 625.2 1384.3 2694.6 93.6 21.0 114.6 1258.- 210.6 2069.4 

- (41.9) (83.8) - - - (41.9) 41.9 (83.8) - -

a/ Benefit is in net terms, e.g. gross henefit minus cost. 
/ Calculated for the total comand area of 165 acres. 

cl Includes loss of production (equivalent to 2 acres) due to channel constructicn on the 75 acre ccand area (proportion to crop 
production). 

d/ Buried pipe comand area is assumed to increases to 150 acre in second year and to 165 acre in third year and thereafter. 



TABLE 6
 

COST STREAM FOR WATER CONVEYANCE SYSTEM AND DEEP TUBEWtU
 
COST: WAT . CONVEYANCE SYSTEH (' -.-0)E! CllANNEL COST: DEEP 7BEtET- (000 TK.)BrEUI -D FIFE SYSTLM 7.AR1EN C NELInves tmanz O&U Total Invest-_a.- L -: PI i SYSTkxO&M Total Investment 

-

Year Cost Cost Cost Cost Cost 
O&M Total Investment O&M / TOTALCost Cost 
 Cost Ccst 
 Cost Cost Cost
 

0 98.7 0 
 98.7 1003.2 0 1003.2 
 380.0 
 0 320.0 380.0
1 A 4.6 4.6 0 0 380.04.1 4.1
2 0 / 0 26.6 26.6 .4.6 4.6 0 27.6 27.6
4.1 4.1
3 0 26.6 26.6
0 4.6 4.6 0 0 30.5 30.5
4.1 4.1 
 0 25.6 26.6
4-12 9 41.4 41.4 0 33.6 33.6
0 36.9 36.9 
 0 239.4 23P.4 
 0 I/ 302.4 302.4 h/
-
 -13 ) 4.6 4.6 0 - (-5°4*) 4.1 4.1 (25..)
14-15 C 9.2 9.2 0 
0 26.6 26.6 1'27.0 V 33.6 160.5 i/8.2 8.2 
 0 a/ 53.2 53.2 a/ 
 0 67.2 67.2
-
 -
 - (25.4)
16 0 4.6 4.6 - (25.4) - 0 4.1 4.1 127.0-/ 26.6 153.6 b/ 

17-20 1 0 33.618.4 18.4 0 33.6
16.4 16.4 
 0 
 106.4 106.4-
"" 0 134.4 134.4
- (19.8)c/ -21 0 4.6 4.6 0 (19 .8)c/ (19.8)c/ 4.1 4.1 99.07 (19 .8)c/
22-24 26.6 125.6d/ 99.Od_/
0 13.8 13.8 0 12.3 12.3 33.6 99.0d/0 79.8 79.8-
 0 100.8 100.8
-
 _ _25 0 _
4.6 4.6 0 4.1 4.1 0 26.6 - (25.4)1/ - (25.4)h/26-30 23.0 23.0 26.6 127.0k/ 33.6 160.5k7
0 20.5 20.5 
 0 133.0 133.0 
 0 168.0 168.0
- - - (2 2
31 5.4)e/ n 4.6 4.6 ( 5.4)e/ 
32-36 0 

0 4.1 4.i 127.0f/ 26.6 153.6 0 
- 

23.0 23.0 33.6 33.6
0 '20.5 20.5 
 0 133.0 133.0 
 0 168.0 168.0
- _ 
 - _
37 0 _
4.6 4.6 0 4.1 - - - (25.4)1/
4.1 0 26.6 26.6 2 - (25.4)1/
38-40 1 1 7.Om/ 33.6
13.8 13.8 160.5m/
- 12.3 12.3 
 0 79.8 79.8
- - 4 0 100.8 100.8- ( 1.9)g/ 4 

a/ 20% 3alvage value for pump and engine after 15 years. 
- ( 1.9),g/ (83.8)n/ - (

8 
3.8)n/

b/ Replacement cost ofcomponents after 20 years. pump and engine. c! 20% salvage value of welld/ Replacement cost of well components.
f/ Replacum°n-nt cost of pump and engine. R/ 33% 
e/ 20% salvage value of pump and engine after 30 years.
salv-ge value of pump and engine, h/ 20% salvage value12 years. i/ Replacement cost of for pump and eagine after 

cost i 
pump and engine. 1/ 20% salvage value for pump and engine after 24 years.
of pump and engine. 1/ 20% salvage value for pump and engine after 36 years. k/ Replacement


m/ Replacement cost of pump and engi
n/ 66% salvage value of pump and engine.
 


