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NARHATTA UNDERGROUND LOV PRISLURS PIPE
SYSTEM FOR TIRRIGATION WATER DISTRIBUTICN

Introduction

Irrigation, with an adequate water Bupply, puitable soil and good
managomont, should ensure sustuined high yields of crops per unit area
of land, Hhen‘the water supply is less than adequate or coetly, the
aim must be to obtain the best possible yields per unit of water in
oombination with carefully selected agronomio and managoerial practices,
The success of an irrigation project in meeting these requirements
depends, to a large exteut, on tho proper funotioning of itn water
conveyanoe and disiribution system., Proper funtioning is esseatially
identified with correot oporation of the system, so that equ’table
and relisble arrangemont of water amonget users and the conveyanoe of
water with mirimum losses cuan be ocnsured; its effeotivences is bugie
cally derendent on a well plannod, designed and constructed natwork
from the source of watar gsupply down to the faimer's field.

Boocause of the importance of irrigation to the Bangladesh deve-
lopment plan and oconoern regarding the future availability of adequate
ground water for irrigation, a nuries of sludios are being made of
how to best utilize fully tho resources already available,

In 1982 RDA assisted by FAO/UNDP in conjunction with aend funded
by USAID installed an underground Low Prossure Pipe System on a
Command Area in the District of Bogra, Bungladesh and, with the firet
harvent results now rocordud, a report on the planning, installation,
implementation and economio viability is presented, _]/

Pla.nnim

In mid-1980 during tho preparation stage for project BGD 80/001,
a start was made with the development of an underground low Dressurs
pipe syeter icr irrigation water distribution, Due to conflioting

_1/ Sco attached Buried Pipe Irrigation for Command Area Davolopment
An Yoonomio Analysis preparaed by USAID,



opinions regarding the installation ocosts of such systems, a desk
exercise was undertaken to compare the oonstruction costs of pipe
systoms and brick lined channel systoms on two command areas in the
Bogra Distriot. This included design of alterrnato layouts for both
types of systems; hydraulic ocalculations to find pipe diameters and
channel cross seotions; estimates of materizls required and total
oosts, Also, some of tho advantages of tho pipe systom wore olabo-
rated on; an estimate of tho land area takon up by chaunelas and a
oonstruotion workplan with an indication of ilie construotion manday
roquiremont were developed,

For this exeroise two DIW areas in the Bogra Distriot were
selooted from the topographical and other data whioch were available,
Gordaha in Gabtali Thana and Narhatta in Kahalu Thana, For both
systoms, layouts wore dosigunod assuming a minimum dischargoe of the
pump at 2 ousey, Because of the configuration tnius resulted in a
two opur system for Gordahu areca whilst for Narhatta. a oyotem was
chosen with loopo plus an additional straight lino wupply.

VWhon thio is complated, between 15 and 20 UMW commard areas were
vigited and evaluatod with the aa'siutanco of BADC and IRDP (BRDB) to
solect a suitable area for the first of th-2se installations. Criteria

roquirements for selostion of tho demonstration area were:

8¢  Accousibility even in relatively adverse olimatio conditions,

be  The area should be reasonably developued and show good possibi-

lities for expausion.

Os  Availability of a reasonably well maintained pumping plant
having a discharge of at least 2 cuscc.

de  Ocourrence of problems with the distribution of irrigation
water due to topogrephioal and or soil oonditions,

6. lixistonce of an orgunized irrigation group willing to ocooperate,

f, Potential to cover not less than 100 aores.



Suocessful irrigation ultimately depends to a large extent on
the rezponse of the farmors and thervfore, the irrigation fucililiey
mado available to him musi he Jdesignoed and muintained with a view to
woeting his requirements cud aptitude, lhenever pouuible, furmers
and tho stelf oporating the irrigation network should be ancouragod

to partioipate at all relcvant stagoe particularly during planning.

krom thess investigations it coon became oleoar that the command
aroa of IW C-272 in Narhatta, which hud been selected for the desk

exeroise, was the moot cuitable area.

Disousoions wo*ovheld @ith the farmers onvolved in the already
existing Deop Tubewel) Orgiunzation and, with th¢ farmers, who,
through expansion of the irriguble area, would alao bacomo involved,
Both parties showod pooit. vely their wish to join in the experiment,

In the original discunsion tho Warhatta U Scheme Managomont
Comnitteo was involved, ‘this commit'oo was disbanded and a new
ocontrolling body viz. Narhatta Buried Pipe System (NBPS) Hanagement
Comni ttee was formed, with au incrsase in the nunber of dircectors
from soven to nino. Thin allowed additlonal furmers who were joining

the scheme, to elect their own represcntatives,

he implemontation procedure reoommended to tho NEPS Mauagoment
Committeo was that as suggosted in the Manual, Irrigation Management
Programme (CAD Section) and the papor, 'Reocmmeadation for the Operas
tion of a Closed Pipe Syotom at Narhatta DIV Arca'(fnnex 1).

Cheoking of the topography of the araa and the discharge of the
pump were the first activities undertaken aftor the area wag seleocted
B0 as 1o agoertain whothor design changes would have to be made. The
topography proved to be correct and no changes in tihe layout were
necessary, but the assumption thail the IW gave e standard disoharge



of 2 cusec wag incorrect. HMeusurements showed that the DIV gave a
discharge of a little over 3 cusoccu making new hydraulic calcuiations
nocessary in order to find vhe corrcot pipe diameter. In the suame
way os in the dosk study (using friction loss data provided by the
manutacturor ), the friction lousou wnd pipe diwncter which should be

used if tho system was tu bo made of asbostos pipes, wore calculaterd,

At the wame time, othor matorials such wu reinforcod concrote
and PVC pipe were studiod with rospoct to quality, availability and
costs,  ‘The spun .C.C. pipou woro unsuitable VUecoause of tho quality
difference from pipe to pipe. ‘lhere wag aleo uncertainty as to
wiother the pipos could be manufactured in large quantities in time

once the decision was made to construct tho cystem,

The manufaoturing cupacity of PVC pipes, which would have boen
preforred bucause of hanlling characteristics mnd ease of joinirg, is
inadequate in Bungladesh and the mwiufaoturors do not havu the capacit,
to bu able te absorb axtra ordoru wil produce: only diuwnctoers up *o

4 inches,

Importation of PVC pipes from India was contemplated and quoti
ticny of 3 manufucturers wero studied, but orders were not placed ac
taxes and transport cout would mudy the pipeoo much more exponsive
han the avbozton cument pipos mude in Bangladosh. The deoivsion wau
wade te woe aspeston cemont for toth pipus and aocussories which oould

be wado lccally in the diwmotors requirsd.
For the dinchurge vulves, modolu of alfalfu valves from Ladia
wera obtainced and adapted to fit the risers. ‘Ihe valves were then

made in Bangladesh.

Dugifm ani Layout of the System

The layout of the syutem consistu of two olosod loopu which are

each connected by a main line with the header tank and twe adilitional
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lines sorving an area of 18 aoros, and soparated from the body of tue
comnund area by a natural drain. tach liop has pix outlets, vaoh oute
lot serving blocks of betweon 12 wnd 13 acres whilst the additional
lines cach huvo one outlet which toguther sorvu tho goparate 18 acres
tlock,

The di~charge from the tubewell is divided in tho ovt rhoarl y
pressure tank into two streams, euch of approxematoly 1.5 cusno, and :
delivored into one discharge point at a time in ea.éh loop o2r line.

By dosigning the pystem in this way the nocessary .prosﬂsurc—hoad that
is neoded to provide the driving force tor the wator in the pipes,
could be kept to 10 feot, The woximum available pressureo—head ig
deteruined by the total dynamioc head of the Pwipe.  Normally the Diig
bave a total dyranic head of about 60 feot and With & maximum draw
down of about 40 foot. 'Tho maxirmun availeble presosuro hoad is in
the order of 20 foet,

dith the valve for the proussure hoad ot and the length of the
systou known, it was pogoibls to oalculute the pipe diameters using
graphy giving friction lousuy for different pipo eizes at a speciflio
ddecharge. Asswaing there wers no groains in the pressure head, asm
he comrend arsa is almost flat, the calculasions showed that 8 inches
diamotor pipos for tho loops and 10 inchos Aiumoter pipes for tha
main and additicnal lines, the total friotion losmes ian each part of
the eyntem wore legs than the total available pressure head, A
salely factor of more than 10 porcent hid been incorporated in the
oalculations in the form of extira length of the system. The lcopou
are 4040' (Loop I) and 4070' (Loop {I), the main lines 907 (Main I)
and 1200' (Main II) and the additional lines 3000 (Line I) and
750" (Line II) respootively.
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Dasign and Construction of the Header Tank

The header tank has been depigned as a monolith reinforced
oonoroto structure with a freec floating foundation. . The tank, which

is pupported by four columng, has throe main functions:

- 1o provide a pressure hoad for the water in the system
- to divide the DIW discharge into two stroams of about 1.5 cusecs

= to prevent entry of sand into the pipe system,

To achieve those aim: the tank has been divided into three
compartments i.o, into the firot one the MW pumped water is dig-
oharging tl;\rou{;h & pipo over tho top of 1he bank wall. I'vom thore
the water runs at a volocity ovoer a nolid batf'fle into the sacond
compartuwent which is sopuratod from the dischargo area in wiich the
otand pipes are fittod by o plato with two half 90°V~no tch woiro to
divide tho discharge equally. This area iz again divided into smaller

arean around cach gtandpoint which are yopurate by a joint ovorflow,

Proviusion for Gate Valves

For standpipes, two 14" diumeter M.S. steel housing pipes have
beon used, cach at the lower ond fitted with a horizontally fittod
pioce of the sams pipe which again was provided on oach side with a
reducer $7 bring dewn the diameter from 14" to 10", Flanges were
welded onto the reducers so as to be able to bolt on the stecl
connection pipes. The comnection pipes Wore made in two pieces for

tWo roagons, viz:
= to fit them intc the aubostoy cement pipes

= for furthor insertion of hand operated gute valves to olose

off one part of the syntem in cage of damuga,

The tank and inspectjon wally around tho conncctions between

standpipes and asbestog pipes were built by a construotion firm from



Bogra, whilst tho welding on standpipos connection pipes and extonsion
of thae discharge pipe wus dono by a metal workshop also in Bopra. 'The
construoticn of the tank, including the gsotting of tho weir plate and
standpipes took 4 wecks and, inspection wells and setting of the first
asbestos cement pipes, which were done at tho time of pipe laying,
.took about 10 days,

The option of closing off any part of the system with
gato valves from tho rest of the system created a number of axira
problems, 'Firutly, the conneotion nocessitated” the construotion of
M.S. steel pipes with bends as the standpipes and asbestos coment
‘pipes could not be brought into lino, Secondly, the steel pipes
had to be made in two pieces for ease of installation and to replace
ons pieco P{lth the gate valvos when they booame available., The
construotion and installation of thewo pipesn delayed the tuusting of
the system oonsiderably, as extra care had to be taken to onsure the
oonnections did not leak, Vhenever leaks wore detectod after testing,
the water in part of the systom had to be removod and the metal pipes
takon out {¢ be adupted, replaced and tested again, To prevent any
movement of the motal pipe and further damage to the asboutos ooment
pipes, the whole comnection pluﬁ part of both pipus was cast in a

block on ooncrete,

For future pipe systems, a direct conscction between asbestos
oemont pipe and standpipo would be proforably in casoe the oame tank
dowign is used., This can be realized by providing the standpoints
with a piece thut has the vamo outor dimmeter as tho acbestos ocment
pipe and can bo fitted with a standard rubber scaling ring into the

socket of the ashestos cement plpee.

Another possibility would be to do~ign anl construot a hoador
tank more or less alonz the lines of the typo wsed in India, The
tank for this system would conuist of throe cells with concrote wallg



built up to the desirad height. ‘Uhe middle cell would receive the
dischargu of the DN simply Ly extonding the diccharge pipe through
tho wall and it could function al tho same timo as o vand trap. 'Thoe
outer cnos would be tho standpipes wmul reoccive wator over weirs or
orifices in the soparation wullsc with tho middlc cell, so as to

divide the discharge into two equal streamo.

Construction ul' the Systeir of Irripation Pipa Dolivery

Tho construction of the system, more than six months after the
tank was ocomploted, startud with the digring of the treunches for tho
loops and lines. Because the top of tho pipes had to have a soil
cover of at least 2,5 foet, the tronch had to bo diig to about 3.5 foat
below field level. The trunch digring prooceded according to schedule
notwithotanding tho fact that the cluy subsoil was wery sticky and hard
to dig out.s On average, ovor a hundrod men were involved in this h
tranch digring every day.

During the digging one problem was apparcent, the heavy clay soil
removed from the trench and nececsary to backfill the trench again
after the pipe laying, booame stone~hard under the drying influence
of oun aid wind and was unsuitable for bedding and backfilling around
the pipese As the bringing in of sand for budding purposes was too
costly, a solution was found by uwwing top soil from fields near the
trench.

Ton days after the sommencemant of trench digging, the trenches
for Main I, Loop I, Main II and part of Loop II were finished and the
pipe laying commenced. Asuistance was given for this work by ARAMIT
who made a technician available,

Initially, the pipes wore laid with the sockots pointing down
siream, as this would, according to information received from the
wanufacturer, faoilitate the joining of tho pipes and have no influsnce



on the sealing of tho joint. Joining the pipes in this way is relatively
easy, and damago, ewpacially to the pockotn, can bo provented as the
open—cnd can be correctly positionod in front of the sockut oponing
bafore and during the joining of tha pipes., If the pipes are jeined
with the socket facing uputrpam the chuncos of damage to the sockot

aro greater and also correot joining is more difficult,

During a viuit of the USAID engincer (USAID through the counter—
part agoncy RLA was funding the projeot), a disounsion devoloped
regarding the positioning of the pipeo in tho lina, wmainly rouspaoct to
tho opening botween the pipos and rubber ring functioning as an air
trap, and the affeot of this on tho tightnose of tho seal, It was
thorefore decided to construct part of the syptem with the pipe socket
pointing upotroam. This waa pubsequently dono on the additional Lines
I and II,

Joining of tho pipes posed no problems but ocaro had to be taken
to obtain a good pealing offeot of tho rubber ring and to provoent
damago to the gocket. Sovoral groups of village people mastered these
8ldlls quickly and workod during the ront of the construction as pipe

laying teams,

Pipeo were cut to longth with a handsaw aftor indication of the
required length,

Spooial care had to be taken when Joining pipes of asbestos ocement
and metal accessories, also the agbestog fittings are liable to
damage booause they are of hand moulded conotruotion and fhoir
strongth is pomowhat lower than that of tho pipes, When joining
pipes aftor bends, extra precuutions Ware nooeusary to koep the bends
in place and prevent damage to oockoto,

Ono foature of the hand meulded accopoories that caused concern

wag tho deviation in the diamoter ‘of the sockots from the exast value,
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more gpocifically a greater diamcter, ospecially at point where changes
in direction wore ncaessary s after—bends, dividers and in—risers.
Sealing of the rubber rings was insufficient and grouting with e 1:1

ovmeni-sand mortar had to be applied to get a complete seal,

At peveral points in tho syotem reductions in diameter were
nooessary for which iwo methods were applied. (a) One made use of
local metal reducer pieces produced from M.S. cheet, with one end
having an outside dianctor equal to that of tho 10" and the other
equal to the outoide diamotor of tho 8" pipe, These reducors were
fitted in the same way with rubber ringo as the pipes. (b) The other

ﬁmtl;udl-tfook advmltagc’?f‘fhu"'faoﬁ'thg‘t the inside diameter of tha. 10t
" pipe was the pamo ag tho inside diamctor’ of tho mooket from the 8%

‘ pipe. The roeduction was a.clu'.évod by pushing an 8" dismober pipe with
. 4 ring over a length of 4" to 5" into tho 10" diametor pipe.

This vame toohnique wus also used when joining- v di ameber-pipes
to olose the loops and at pointo whoro aftor laying of the pipogs, due
to damage, a pipe hal to be roplacod. Ior this purpose a piece of 10"
diameter pipe about a foot 'long was out anl one 8" diamotor pipe
fitted with a rubber over which tho 10" pipe cocko¢ was pushed till
the end of the pipe and socket wore flush; the other pipe was then
provided with a rubbor ring and the 10" pipo pockot pushed baok until
it oovered both pipe ends to the same extont and bridged the. oponing
betwoon the pipe onda,

Outlets were mude at woleoted locations along the line by
" ingerting a T-piece and coupling a riser pipe long enough to be
. 6" ovor field level, The cast iron alfalfa valves were then rlaced
over the pipo and a platform with side walls and stilling pool wasg
oonstruwoted from lightly reinforced concrete.

Surge relief struotures were provided at the rdd~point of the
. loops and at the end of tho longest addi%ional line the same
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procedure of joining to the pipe was used excopt that the risep pipe

wags in excess of 6' and on top of wlich a 2" diameter galvanized iron
pipe was fitted, In this way tho total hoight of the preassure reljef
structure was made the same ag the maximum pressure head th~t can he

£ slied to tho gtandpipe,

A% ground level, a concrete slab wai, made on top of of whioch g
brick wall was constructed around the riger to protect the agbestos
coment pipe and to six the metal part of the riser firmly. The opening
botween the pipe and the wall wag filled with ocacrete,

Backfilling started ag 8051 as posuible after a oonsidsrable
part of the line was luid. Tho trench was not completely filled,. the
eroa around the sockots being kopt freo to observe then during testing,
48 stated previously, the goil coming out of the tronch wug unsuitable
for buckfilling and rieble top wvoil from nsarby fields which were
already harvested had to bo useds ™5 so0il waw brought in in carrying
baskets to tho tremchus and opread in thin layers alonside the pipe,
whers it was then compucted with wmall wooden rammors; whon a soil
cover of more than 4" wug reached, other 0oil was used for backfilling,
and compacting was then able to De done with heavier concrete hand

TWCT S,

Becawse of oxtra work in transporting the poil uzeeded for backe-
fill and the laborious process of compacting the s0il, more mandays
were required than originally estimated,

Through visual inspnction prior to tenting, cracks were detected
in the sockets of throo pipoo. "hose wepro dug out and the mocicot sawn
off; two short pleces, ono vith a sooket on one side, the other with
o open ends, with a total lenzth of about ¥ to 1 lesy than the
original pipe, were then joined to the remaining pipe line parts in
the normal way with tho uge of 10" diamater pipo oocket, ‘Hhen the
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pipo line is £illed vith wator this procedure pan only be used after
pumping out all the watep from that nart of tho system ot the lowest
placed outlet,

Another posuiblity is to ropair the oracked pipo by tightening
galvanized wirs hetting around the damage part of the pipe and packing
this in a strong mortar mix op oonoriate, When a socket ig oracked,
the joint may be groutad and packed in concrete to prevunt leakage ”
and further damage,

Two epeoial .features have beon provided in the Sarhatta system
(a) firet is a roinforoed conorate culvort built to proteot the pipes
whore they cross the natural drain ang (b) the second in the set of
extra tapping points, onv in each of the additional lines, From
Lore he cystem could bo extondoed to inslude the area to the north of
the Bogra ~ Santaher road which belongs mainly to the same group of
Pammers, This ig only poasible when the farmors in the existing
oommand area are irrigating officiontly and with the roarranging and
increaging of tiia existing blocks to make a T day rotation on the
cxtonded area possible,

Tosting the System

Togiing of the tystom proved u laborious and {ime consuming
operation, for each tjmo dafects appoarod the teot had to bo broken
off and tho defect rapaired before the testing could be continued,
Mriang the £illing of the sywtem; it becams &pparent that the conneotion
votween the standpipes and the agtestos pipes will always be a weak
point in this eystan ung an improved method of oonnsoting the system

to the standpipes should be used in future,

Waen these problems Wworo ractified; pressure tosting was able to
rocomrence under full presoure, The gseotion of the system where the
pipes wore laid with sockots pointing upstroan performed 8lightly
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better than the rest of the system where the pipes Were revergsed. In
Main II and loop II particularly, there were several joints showing
leaks, This was partly due to tho oscape of the air trapped through
the inside oonfiguration of the socket botween the walls and the v
rubber ring, caused partly by minor irregulerities in the walls of

the socket,

Construotion Costs

ihen analyzing the construotion cost, it should be kept in mind
that +this is the first system of its kind in Bangiadesh and that
oortain safeoty factors were applied o ensure trouble free operation,
These extra provisionn providoed, increased the cost of this irstallation,
but tha cost of future projects of this type is cxpected to be reduced
by 204,

4 breakdown of the coots undor major headings is as follows:

Haader tank and weir plute 37,050
Standpipes and roducory 24,400
Inspection wollp 23,700

Aooéuuoriou: gtandpipes connoctions and
discharge pipe, pipe, acessories
1y . . 1 >
and tranport {104 of material 731,200

chst)

Woir, notting, ccucnt, sand, bricks ete 21,500
Alfalfa vulves 4,550
Labour cost (estimuted) 75,000
Total BTK 939,950

1US § = 22,50 BTK us$ 41,776
Cost per acre BTK 5696.66 say 5697
Command area 165 acres US 253.19 say 253

Yrom the above oaloulation it can be soan that the cost of

conntruotion i high. Howevor, with an improved connection between
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gtandpipes and asbestos pipos, which would do wway with the inspootion
wells and most of tho aodcewsorios neceasary for this conneotion, it

vould save around Tk, 35,000,

In all phases of dwsign and construction, safety factors were
applicd and as a result, coertain costs did increasc. IMuritoermore,
a coot incrsase was inourrod due to the faot that the header tank and
the rust of the uyniem, including inspoction wells, could not be

conytruoted in one operation,

The labour cputs aro highor than estimatod bocause of unforesean
oroulems in trench digging and backfilling, pipe laying eto. Many
tionye could only be learncd the hard way as there was no previous
s¢aoariency in developing un underground low prossure pipe system for
wator distribution. Lubour cosis of approximately half those paid

me more realistioc.

“n diseusgion with ARAMI'T, Bangladesh Asbostos Cement Industries
i iy, *hoy indicated that in future when a greater nunber of systeums
nory being built, prices of pipos and accoussories would be rsduced
by 107 to 20 Mo vould male o big difference in the total cost
of thu systew mn thouo itoms make up about 75 percent of the costis,
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S5EASON CROPPING PLAN

Land Propuration

The land proparation for irrigation for the 1933 Boro Season
commonoed on the 4th Fubruary 1983, using as a basis tho blook system
ag proposed in the oriyginul designe True rotuiion was not always
followed, but a system oonvuniant to the irrigating partioipants
through disoussiongdid emergo. Theso changes from the planned rotation
were more evident during the early crop establishment period and were
tho result of the furmuru‘wiuhau, gome of whioh were au follownt
Optimum plenting dateu, scudling availability, advance payment of watoer

chargeo, ooupletion of harvest of wheat and poiatoos,

Crop Planting
The first Boro rioe was planted on the 12th February 1983 and 55Vha.
were completed on the 20th Maroh 1983,

The prinoipal rice varietiovs used during this Doro season were BR4,

China/Purbach, Kalembong (improved lacal varioty).

Harvest Resulto

The Boro harveut oommunoed on the 20 May and was completed on
25 Juio 1983, for a result average of 4,140 kg. paddy per heotare,-

Gunural Faoctors

1, Cropped area inorease for Boro over 1982: 25 heotaroe

" 2, Per hwotare yield inaroase: ovor 1982: . - 370 kg.
3, Land preparation irrigation for' Aus rice cropping: 10 hcotare.
4« Roduotion of farmer contlict through improved

control in water distribution

5. Managoment improvement hzs been mado but much more assistence
io needed to improve tho book-keoping aspects and avoid oonfliot
over paymonts, The introducticn of receipts for water payments

did aspist in this matter.
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Conolusions
Sl osslong

The Underground Low Pressure Pipe System for irrigation waier

distribution shows great potential for Bangladesgh:

1,

2,

3.

4e

S

To

8.

9

10,

1",

Through its high distribution efficienoy a muoh larger area oan
be irrigated with the same amount of water discharge rate,

Sproad the bonefits of irrigated agriculture over the total oommand
area by ensuring a uniform discharge at all points,

Problems rogarding right of way, land aoquisition and compensation
are minimized,

Topographio variations which pouo problems fo oconventional systems
can be overcomo and oomnand arcas with incorreotly situated DTis

can be puccesofully developed,

Permits olose oontrol of the preacribed rotational schedules and
it prevents water pilforage confliot.,

livossrary to inveotigato the state of the pump and engine,

To perform a topographical survey to seoure coaperation of the

farmers,

Improved hoader tank along the lines of the standard Indian design
is requirod,

Joining asbestos cemunt pipes with the sookets pointing in an

upotroom direction gives leaos problems,

Bedding of A/C pipon to bo supported along their wholo length to

avoid fracturing,

The skills necessary to construoct the pipelines are not very
diffioult to learn wnd tho village people mastered these quickly and
adoptod the twohniqueu freely as and when neocasary during the
oonstruotion,

The oost of the systom may appoer high, espeoially when compared
with the prowsent built farmer systems) or even with the improved
sarthen ohunnel uyutomu,but preliminary caloulations on g disoounting

bavis indicate that coutg for pipe systems aro in the sane order
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as those for concrets ixned channel syctoms.
13, CAD managerial aspocts require improvement.

14, Toohnical 1inputs through Thanu Officers roquire strengthing.

Racommendations

For tho development of underground low proegsure pipe sysvems for

irrigation water distribution,i* is recommenacc. that:

~ A topographiocal purvey is oarried out to find the optimal design
and situation of outlets at tha highoot points in the blocka,

- A design for the header tank is used whioh io simple and will
avoid oonstruction of additional works and accessorios that may

later on causo operutional wil maintenanoe problemus

~ \hen laying the pipv., thoy ore positioned with thu socket pointing
in un upstream diroction so aa to avoid conutruction of air traps
betwoen socket, pipe and rubber ring, which may incroase loakage
problems,

- Tho usu of too many accessoried (bends, dividers) following each other
ghould bu avoidudy duc to the doviations in dimensions which tend
to cause leakagus eud uluo, bucause the strength is lower than

that of the pipes as thoy aro hand moulded.

— ihoen diveruvions in flow huve to bo made, thon where poocible, equal
900 toes are uped as tho bends arc not required, this gives less
joining problems.

- Proper care is exerciced in bedding the pipes to ensure support
along the full longth and an excevation for the sooket ic made to
prevent any damage.

— bor baokfilling, the wsoil iu carcfully ohosen to get full support
for the pipos on all pides aml that compaction is carried out in

guch & way that no pipes will be damagoude

-~ At points where the dirvotion of thu pipe lino ohanges or where

thore are bifurcutions, thuse bends anl bifurcationn are ‘tmpp‘ortod.
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with blooks of cuncrete to provent movement. The pame applies

for end-otops in wagc provicions ure made for extension of tho

oystom.

Instrustion of the users should take place to help them utilize

the system to the maxdium extont, Atteution should be paid to

managewent and operation, with ths view to2 reduco field water
loses; iacrouse in oropping intonsity and produwotion by introduotion
of improved varieties and new crops;j reduction of production costsj

supply of inpute aud marketing of produce; and poot harvest
aotiv.tiou.

The exporaimental systems to be ptudied and fmonitored to find
guituble polutions that help the gountry to increase the agricul-

tural production in order to feed its population,

Thorough economic anulyses are made of tho costs and benefits

of the different distribution systems.
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RECOMMENDALTONS FOR TH OPERATION OF A
CLOSHD PIPE SYSTEM AL NARHATTA DI AREA

I. Dusic Information

1, 'he Command Arcu

- Area purved by loop A = = = — == 29.92 hectares
w Aroa uerved by Loop B = = = = == 30.32 hootures
— Avon surved by Loop C = = = = = = 71,06 hectares

Potal: 67,30 heotares

2, The Block Pormation

It is wmportant Lo huvo a.utrong._ﬂlochﬁrgani.z&ﬁ.on_ja._—

opurate e vystem affectively.
The followilg block formation io recommended:

loop h — = === = 6 Dlocks
Loop B = == === 6 Dlocks

Loopy € = = = = = = 1 Block e e oo

11, Vork Twpleneabiction

In order to aaminister the planned improvement systematically,

the following uteps were rceoommonded

Step 1o Thane CAD Counittes

Mo Thuna Cooperative GEricer Kahalu should work with
tha ’l‘PO/U[LDd tuhalu and the 'I'EO/DAES Kuhalu to discuss how
the thro: officers will cooperate in piving advice regarding
the operalion of the buried pipe sputem at Narhatta |

Munual pagus 7,3,9

Stup 2. Ruorrwi zation of’ the Jrripation Hanarement Committeo

Thoe exiaoting I-iar_mgcmont Comnittee was reorganized in
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Step 4.

Siep 5.

St P 6.

StUp 70
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ordor to cope with thu expundod urea of the command area.

The CAD served approx.matoly 30.36 hectares before the pipe
syotem booamo operative. On completion of the buried pipe
systouw, it is expected to be expanded to 67.20 heowares for

wintoer crops.

Furction of the Wxdotins Irrigation Managoment Commitilee

Bofore tho new Manggement Committoe cume into being
and assumod the operation, the exigting management comnittee

continuod to function and implement the work,

Formution of Blocly

Ag the block syotom is new to the Narhatta farmers, it
iv important they understand that the formation of blooks is
the lkoy to the buried pipo syetem. Tho Thana Officors
concornad will asuist the prsuvont Munagoment Committes to
orga izo the blocks according to the INP manua.llpage 96°& 97..

Klee’ .on of the Block Leaderas

_After the constituonts of the blocks are identified

thon 1 leador will be electoed or welected — IMP manuzl p 39.

Orgranization of a Uew Trripation Manazemont Committes

Aftor the oloction of block loaders, a new irrigation
manyremunt comnd tluw will be organized. lollow the

puggestion as recommendod in the INP manual page 81,

Pranvfor of Buginoon from tho Exioting: INC to New IMC

ilhen the now Irrigation Management Committee is properly
organized, the 'hana Cooperative Officer, in cooperation
with the TFO/TCCA, will assiot in the smooth transfor of

business inoluding books. and records, asuetu & liabilities.
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Step 8¢ New Trrigation Manggzumont Comwitteo

Aftor its ofricial inauguration, the Irrigation
Nunagemont Committoo will not lose any time in rerforming
its funotiony = IMP munuwl pages 81 - 37, 96 - 148,

Step 9. Docide the Croppine Plun

Firotly, it hus to bo decided which crops to grow and
how to make improvements yoar by year — IMP manual pages: 46
57y 72 = 15 and purticularly page 99,

Step 10, Ducido tho Uutor Distribution Plen

Thero arv two plans to be made, viz:
- Blook Distribution Plan - INP manual page 137 = 138
= Within the Ylock Diustribution Plap — IMP manual page 98,

The manugement coumittee will took an active role in
coordinating el dociding tho above two plans and have
each mombur corrvctly informed through their Blook Leader,

Stop 11, Dooido the Water late

The water charge must be commonly disoussed and decided
upon, baued on the actual roquirement, refor IMP manual
pages 102, 105, 153 and 158,

Stup 12, Docide the Operation Budseot

The operation budget includes:
=~ Plan of income

~ Plan of expenditure
Refer INP manual page 102 - 104



Step 13, llold Members! Goneral Assombly (HGA)

Tre wmemburs are kupt well informed regarding the plan
and operution of tho entire irrigation scheme. There are
tye LC‘e “. Y. buld Lor caoch orop D0asOn. One betore the
woanor. avd t  uther one after the soason.

Lafre sio icason MGA = - = IHP manual pages99-105 &

137 = 139
»uur ol voason NGA = = = IMP manual pages 161162,

Stop 14e Traiuiy; of waber Unors and Leaders

M, TMaosa Officors assist the Manegement Committee

L. sondw t the btrajning of the LTollowings:
o Egnoes! 0wl iy - INP manual pagos 91, 110 = 123,

- Lloadert ' an’  orkess! training - IHP manual pages 92, 139-144.

Mop Ve Madatouucs i Do ttoupingg

- The irtigat: n puap and irrigation channol will be properly

naeintainsd P manual pages 106 - 111,

— Booke and - .cord will be corrosctly kept = INP manual p 140-145.

Stup 16, Construcbion 2 Trripgation Channeln

Mough we did not huve to build tho maif’oha.nnel o8
it is sorved by the buried pipes, we still neod to construct
chamols within the blocks for the water f£low from the
outletl -~ IMP munual pages 37 = 44.

Swep T .E\Iﬁlu'd.tiull

Thu oporation of the sohemo should be evaluated ecoh
geagon su an to make continuous improvement - IMP mahual

pagaen 149y = 160,
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BURIED PIPE IRRIGATION FOR COMMAND AREA DEVELOPMENT

AN_ECONOMIC ANALYSIS

Bangladesh 1is in short supply of food, and new agricultural
strategles are b:ing ex)lored. Covernment policles alm to devisc better
techniques for ircreasing agricultural production. Studies indicate ihat
irrigation 18 one of the most important constraints on agricultural

1/
production. Agriculture can be made more productive either through an
expansion of irrigated area or by an lmprovement 1in water efficiency
within existing command areas.

The Government of Bangladesh and a number of donor agencles are
concentrating their efforts on removing the irrigation constraint., (n
experimental underground low pressure plpe system developed by FAQ viitl
USAID assistance at Narhatta village of Bogra District is aimed at
evaluating procising techniques of water conveyance and distribucion,
Concern regarding future availability of ground water for irrigation
ls one of the reasons for developing thls system. A* present, the
country's existing {rvigation facilitiey, utilizing earthen chanuale

2
for water conveyance are 1nefficienEj and 1t was felt highly necessary
to study ways to increasc thelr efficlency. The Narhatta deep tube-

well (DTW) area previously using earthen channel was selecte! for

conducting experiments relatiny to buried pipe adoption.

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

2/ Deep tubewell utilizatlon is limited to 50-G0 acres
conpared to the potentlal of 165-170 acres. Losses
are due to seepage, percolation and evaporation.



The new buried pipe system pives a very high conveyance and
distributi?n efficlency besides yielding other economic and noun-economic
3 .
advantageET However a conversion {rom carthen channel to buried pipe
requires a large additional {uvestment. An assessment of the compara-

tive cost and henefits from earchen channel and buried pipe system is

esgentlal to determine the dostrability of these addltional invesements.

DESCRIPTION OF PROJECT

General

The project area 1s Jlocated in Wachatta 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 1s the
principal crop grown iu the area and average slze of farms 1s around
9.3 acires., "As with other areas of Bangladesh, the project has three
waln season3: the monsoon frow June tu October, dufing which about 807
of annual rainfall is recorded; the dr, scason from November to Febru-
ary which has very little rainfall and the lowest teuperatures and
humidities, and the pre-monsoon from March to May, which has the highest
Femperatures and evappration rates with occasional heavy rain storms.

The proposed englneering lay out of the underground system
(Flgure 1) consists qf two closed loops which are each connected by a
main line with the header tank and two additional lines. Each loop has
81x outlets, each serving bLlocks of between 1¥ -4 13 acres, and the

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

3/ Irrigation efficiency Jas meoasured by proportion of pumped water
reaching farmers fields foi luried pipe system is calculated to
be 80 - 85 percent, while for earthen channel it is5 40 - 50 per-
cent (source FAO Report, BDG/bu/uul FAO Bogra). :

T~
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block. The loops are 4040 feet (locp 1) and 4070 feet (loop II), the
main lines 90 feet (main I) and 1200 feet (main I1), and the additi&nal
lines 300 feet (line I) and the 750 feet (line 11), respectively. Two
14 inches mild steel stand pipes are used to connect the header tank
with asbestos plpes. The buried asbestus 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. Thig
1s a flood free area with 80-90 inches annual rainfall. Soils are of
sandyclay type and rice grows well 1f soils have adcquate nolsture.
kain water is used to grow rice in the wet season, however, irrigation
18 needed for dry season rice production. The absence of rivers and
canals make shallow and deep tubewells the only alternatives for
irrigation. The ground water table is at & reasonable level and the
area 18 a flat plain making it suitable topographically for channel
and low pressure pipe distribution.

Agricultural Production and Cropping Patter

P Basic data on agricultural pfbductinn and crcpping pattern
observed in the project area as well as some assumptions on future
cropping pattern are set forth in‘table 1. Before DIW irrigation,
transplanted local aman was the main crop in the project area. The
average yleld was around 20 maunds per acre and nearly all farmers grew
the crop during the rainy sezson in June/July. Afto¥ phe harvest of

aman in October/November, the land remained mostly fallow during the



winter months, Again with the start of carly rains in March/April. =
few farmers (around 5 bercent) grew local aus with in average yuyola of
12 maunds per acre. Ninety-five percent of ihe land remailned €ellow
during the pariod. fThe cropping intensity was oniy 105 perccud.

With the introduction of the DIy utilizing carcthen chrnanal v La
area previously unirrigated production und crogpdag patterns show a
remarkable change in the command area of 75 acrey, Transplanted WVV
aman, with average yields of 40 maunds, repiacad she local verlcty.,
HYV boro, wheat and potatoes began to be cultlvuted in the Tand previoust s
remaining fallow. Local aus gave way to HYV aus during the mat'ys of
March/April tc June/July. The cropping intensity rose to 194%.

la March 1983, the area began to be irripated by buried plpes.
The data on crop yield, command area aad cropping iatensity ace av-ll:ile
for the first year (table 1). Command arez has increased frem 75 aerey
to 136 acres in the first year. It is assumed to rise to 156 acres iy
the second year and to 165 acres in the years hercafter. With op
ascsured and uniform discharge of water cvey =n inereased cowamd acea
of:90 acres, hlgher gross production and income should result. 7V
va;Leties of aus and aman have replaced their local counterparts and
lalier acreages of boro, potato and wheat will be cualtivared during the

4

coring dry sea)un in the project areﬁ{ The cropping intensity in the

fivst year is '65% and 1s expected to rise to 300% in the third yenr

4/ This is the first year of buried pipe project anc the
farmer's intention were known by latervi:w, ‘



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

arislng from construction of earthen channels. Tt's other advantages

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

pensatlion, (b) solution of problems arlsing from topographic variation

and poor siting of pumps In conventional systems, (c) permission of

close control of the prescribed rotational schedules, etc.

Methodology of Analysis

The mechod of economic analysis used here is a comparison of costs
and benefits that result overtime with: (a) DIW irrigation using earthen
chinnel compared to no prior irrigation, (b) DTW irrigation using buried
[ipe system compared Lo earthen channel, and (c) DIW irrigation using
buried pipe system compared to no prior lrrigation.

The wmeasurement of costs relate to expendltures on construction for
earthen channels and burled pipe systems as well as for operation of the
DIW under each of the above systems. The wmeasurement of benefits require
calculation of increased production in the project area due to higher
yield, increased cropping intensity, aud expanded command area under
earthen channel and burled pipe system.

Three measures of projeet Ffanslbllit!les gre used, the net present
value (NPV), benefit~cost ration (B/C) and the internal rate of return
(IRR). The first is arvived at by subtracting present cost from present
value calculated rver the project life, the second by dividing the dis-

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

éi The area lost over a command area of 165 acres for =
channel of 5 feet width i{s calculated to be 4 acres.
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over project life and the last s a caleaiated rate of compound Lnterest that just
makes the net present work ! the esh tlow equal to zeru.  The Fformile used 1or
their calculatisn are shown in appendix table. The tlrsc is an _osclute measure
and estlmate: project's net present wortht,  The second is a relative measuce and
compares benefits per unlt of cost. The third ls also a relative measure and In
a sense represents the average eirning power of the money used in the srojeet over
the project life. Project fevaslbllities 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 (IRK) 1s higher than the cost of mwoney/capital. The
three measures have their relacive advantages and disadvantages. The difiiculty
with with benefit-cost ratios and Net Present Values 1s that they reauire detes-
wination of a suitable discount rate, generally the opportunity cost of capital,
which 18 often difficult to properly determine. Furthermove, the volue of B/C
ratio changes depending on where the wmeeting out in the cost and benefit streams
‘occur.  Though the internal rate of return'docs not requice the use of discount
rate nevertheless the determinacion of opportunity cost of capital is required
to use as a cut-off rate.
. 6/ ,
In case of mutually exclusive alternatives there are some advantales of using
1/ .
NPV criteria compared to the B/C ratio and TRR: “ae NPV gives correct ranking
of projects so that alternative with highest NPV discounted at opportunity cost
of capital should be used. Thls Is accounted by the fact that NPV {5 an absolute
measure and oince {n mutually exclusive alternatives only one project can be done,
it makes sense to go wifh the oac promising the gréatest absolute net benefits,
(even though the unit-f{or-unic cfficiency represented by B/C ratio and IRR are

greiter for other alternatives). Furthermore, since the two relative measures,

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

é/ Mutually exclusive alternatives are competing projects of which only one can
be implemented.

7/ 3. Price Cittinger (1981), FEconomic Analysis of Agricultural Projects, IBRD,
Washington (Revisved Edition).

NN
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to erroneous investment choice. B/C ratio cnd 1R have inherent bias against
8/
large projects with relatively high gros: returns and cost.

In the analysis, all of the three measures of project feasibility are calcu~
lated and estimated. The current market pirices For the project and farmer's
input and output are assumed to remain constant throuehout rthe project life. The
assumptiaon is consistent with any rate of {aflation over th: project life so
long the relative prices of input and output remain constant. JTndirect costs

and benefits of the funfrastructure investuwent are -.ob considered.

Cost of Comstruction for Earthen Channel ‘*ULJPULQEL.E!RPNSYEEEE

Varlous components of investment, operation acd wafncoenance costs of earthen
channel and burdied pipe system were ldentifled. Cost of cunstruetion for earthen
channel was calculated by using FAO furnished Jots o) Th.o10/feet for a total

9/

command arca of 75 acres for a dlscharge (1 2 cusec. Construction cost of burled
plpe sysctem was cobtalned [rom FAO team working r Rezlopal Development Academy
of Bogra. Cost figures are shown {n table 2. furied plpe systems require a
repalr cost of Tk.2,500 for correctiny prabable damages in plpes and fixtures,
and earthen channels are assumed to require a cost of Tk.3,000 per annuam mainly
for channel widening, removing grass and silts, .and repalcing leaks and weak points

19/
The salary or opportunity cost of the manacer w. ~ th= same for both systems. The
buried pipe system 1s assumed to have a worling l1ife of 4 years and has no
salvage value.The sarthen channels, annual’y maintudred aad repalred, are assumed

to have an Infinite life span. But for this eaalv:is, a 40 year project life

is assumed for both the buried pipe and op:n chaniel systems.

B/ See McKean, R.N., "Efflciency in Governmene throw i U'stems Analysis with
Emphasis on Water Resources Development. liew Yook, Wiiey, 1958 (pp 107-116)
for discussion of the polnt with illustratlve ceianle.

9/ Length of carthen channel over the entlce coumand nves of 75 acres is
calculated to be 9,870 feet.

10/ Manager busically performs the function of a elock mnn. lils task is to

schedule and routing water delivery for each hlecl in a day.
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Cost of Installation and Operation of DTW 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.280 thousand. This includes the cost of
pump, engine, well components and drflling. The operation and
maintenance cost of DTW under the two water conveyance systems were
different. The difference arose because the DTW engine has had to
work for extra hoursi to cover the ovupanded comnand area upnder the
buried pipe system. The 0 & M cost incuded expenditures on diesel,
Tubricant oil, repair and spare parts and operator's wage. Annual
O&M cost for DTW with earthen channel and buried pive 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
charged as project costs whereas salvage values were credited against
project cods, '

Benefit Estimates

Benefits were measured at net revenues to the farmers, e.y.
after deducting total farm costs from farmer's gross revenue. The
cost ipcurred by the farmer were differgnt 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 innut
requirements and farmer's cost per acre are shown in table 4. Finally
table 5 shows net product from farming both before and after DTHW

irrigation.



Benefit Before Irrigation (table 3-5)

Local aman grown on the entire project araa cf 1565 acres and
local aus grown on 5% of the area (8.25 acres) were the two crops
existing before irrigation. Ouring this time cropping intensity was
105 (tab]qzl). 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.

Benefit with DIW Irrigation and Earthen Channel (table 3-5)

With DTW irrigation, local varieties of aman and wus have given
wés to HYV varieties in 75 acres of the command aica, while local
vi~ieties convinued to be grown in the residual project area of 90
ac-es, HYV %ro, wheat and potatoes were qrown during winter months
iﬁJSO, 15 arﬁ\]O acres respetively of the command area which
pyoviously ﬂﬂﬂained fallow. Cropping intensity incrcased from 105%
to-194% (tad\} 1). Anntial gross value of production in the ent1;é
pri-ject arez imounted ti Tk.1308.5 thousand; annual totalcproduction
coéts to Tk,f§9.4 thousi nd, and annual total net revenue to Tk.523.3
thiusand.

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

The conversion of earthen channel to buried pipes is expected
t¢ result in an increased command area of 90 acres. Conmand area

development 1s assumed to be phascd over 3 years iu the following

ranner



Year 0 1 2 3-40
Acre 0 136 150 165
Benefit as Percent-
age of Ful' Benefit O 82 91 100
With DTW irrigation using buried pipes acreages alloted to
HYV aus, aman and boro as well as those for wheat and potato did
either increase or are expected to increase in the entire command
area. Cropping intensity is estimated to rise from 265% in the first
year to 300% 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.1153.3 thousand, and
annual total net revenue to Tk.782.4 thousand.
Results
A discount rate of 14 percent in real term is assumedll/to
find present value of cdst and benefit. In the analysis, cost and

benifit streams are expressed in current (May, 1983) prices.

—
4

=L

This is the interest rate charged by commercial bank for
medium tesmt loans. Prohahly this rate also reflects the
opportuniiy cost to farmers of capital in Bangladesh.

it
,«



Change Examined NeY B/C IR

A. DTH irrigation Using earthen channel
compared to no irrigation 2118 3.97 08.7%

B. DOTW irrigation using buried pipe
system compared to earthen chailen 977 1.99 30.1%

C. DTW irrigation using buried pipe
system compared to no irrigation 3093 2.34 43,9%

Summary and Conclusian

This paper reports an econonic analysis of the investment in
buried pipe systems fcr water convevance. Three measures of project
feasibilities, namely, ret presenc value (NPV), benefit-cost ratio(B/C),
and the internal rate of return (IRR) are used to shed Tight on the
feasibility of investing in buried pipes instead of carthen channels,
Three alternative options are considered, namely (1) transformatian
of non-irrigated land to OTW using carthen charnel conveyance; (2)
conversion of a DTW area using earthen channel to one using buried
Gipes and; (3) transformation of non-irrigated land into a DTW
frrigated‘area directly using buried pipes.

The preference for using one feasihility meaasure over another
for judging economic viatility of alternative options would depend
0a whether we regard the projects to be mutually exclusive or
Tndependent, If earthen channels arc converted by phases to become
@ buried pipe system they can be treated as independent; whereas if
construction of earthen channel preempt a buried pipe project, they
are to hLe regarded as mutually exclusive. Both are likely possibilities
and consequently all the three project veasibility measures are

useful.



Looking at each one of the project singly, all are cconomically
viable, e.g. benefit-cost ratios are all greater than one, nct
present benefitc are positive, and internal rate of returns are higher
than the Tikely cost of capital. The problem of selection among these
projects depends ¢n whether there is capital Timitation or not. In a
situation of no budgetary constraint, all three independent projects
that have been found feasible can be implenented. Under the more
normal conditions of budgetary limitations, however, use of NPV
criteribn 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 LiPV, B/C or [RR. Vhere there is capital limitation,
however, selectinon would obviousiy have to be confined to those
dlternatives whose investment requirements fall within the capital
constrain;. Under this rule, our three projects give conflicting
results. If the invectment dec. s ar2 based purely on the
magnitude of the computed B/C rat:o and IRR, then projct A (DTW
irrigation using earthen channel comnared to no irrigation) is the
best alternative. Based on the NPV's, however, project C (DT

irrigation using buried pipe system compared to no irrigation) is
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to be selected, One way tu resolve the conflict would be to use NPV
as the preferred selection criterionl?/

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 modernizing agriculture relying on manufacturing
sectors for supply of inputs and concuwer ;cems,thesé 1inkages are
likely to be substantial and can modify the results upward. Secondly,
there might be importabt non-economic benefits of the project which
may jusiiry the expansion of the buried pipe system. 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 Author1ty
(1977), A Guide toProject Development, Manila,-
Philippines (pp. 135-137).
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Benefit-Cost Ratio

Present value of incremental benerit is estimated by using the

formula:

B
pv = By + 2+ Bso

(7)™ (2 REDEY

PC = Cl 4 Co T + Cao _
(1+r)’ (14r)? (1r) ¥
where PV = Present value of benefis
PC = Present value of costs
Bi = Incremental benefit in the ith year
éi = Incremental cosi 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 pPv-PC.

[nternal Rete 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 terms of symbols used

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

N t
present value of incremental benefits /. ——- and the present
t=1 (1 +r)t



value of incremental costs ‘(’“ c are equal, or. in other
A t

t=1 (1 + r)t

words the rate of interest at which the difference between discountedj

incremental benefits and costs is z2ro, that is,
B, -C
.{_—__——_.t t = 0
=1 (1+ 1)t

)

\
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TABLE L

AREA’ CULTIVATED AND CROPPING INTENSLTY

AREA (ACRES)

CROP W WE WG . WB
a/ b/ e/
Aus (Local) 8,25 4.5 1.4 0
Aus (HYV) 0 75 136 165
Y, o/ £/
Aman (Local) 165 90 29 0
Aman (HYV) 0 75 135 165
ol . o/ &/
Boro 0 50 95 115
b/ ¥, b/
Wheat 0 15 26 32
i/ il i/
. Potato 0 1 15 18
Total All Crops 173.25 319.5 438.4 495
Net Cultivated Area 165 1h5 165 165
Cropping Intensity 1057 1947 205% 3007

W = Without irrlgation, WL = Witk DTJ irrigation and earthen channel,
Wi = With DIW dirrigation and present burtied pipe command area of 136

~atres, WB = With DIW irrigation arc future burledpl-e cormnand area of
1454 acres.

gf Grown before DIW ir-igaiJon In 5 percent ol total compand area

. of 165 acres (8.25 . :res).

"/ Grown after DIW {rrigatinon La 5% of 90 acres (165-75)not covered

‘ by DIW with earthen chaunel (4,5 acres). .

j/ Grown 1in 5% of 29 acres (1€5-125) not prescatly  covered by DIW
with buried pipe system (l.4 ancrez).

Grown 1n the entire coumand arca of 165 acres.

’ [

<

N Grown in 90 acres (165-75).

I Grown 1in 29 acres (165-130).

4 Grown after DIV I[rrigation in 70% ¢f coemand area (50, 95, 115 acres).
If Grown after DIW lrrilgation sn 20% of ccasmand area (15, 26, 32 acres),
g Grown after DIW Jdrrigatlon in 107 of command area (10, 15, 18 acres).
i
i}f
&
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TABLE 2

COST OF WATER CONVEYANCE SYSTEM AND DEEP TUBEWEELS

Water Conveyance System Neep Tubewell Using
Earthen Buriad Earthen Buried
Channel Pipe Channel Pipe
Fixed Investment <! o/ e/
Cost (Tk.) 98, 700 1,003,156 380,000 ° 380,000

Operation #.d Main-
tenance Cost (Tk.)

c/ d/
Maintenance Cost 3,000 2,500 - -
biesel - - 21,065 27,015
Lubricant Oifi/ - - : 2,956' 3,765
Repair and Spareé_H - - 600 e 770
Manager's Wagt/ 1,600 1,600 - -
vperator's wuégl/ - - 2,000 2,000
SUB TOTAL 4,600 4,100 2¢,615 33,550

A%ource:FAO Team working at Pwpional ilevelopment Academy, Bogra.

£/
h/

1/
1/

Earcthen Channel cost 1s calculated @ Tk. 10/fc for a command area of
75 acres.
Buried pipe cost refers to the total command area of 165 acres.

)
For channel widening, removing grass and solls, and repplishing leaks,
For repalring damages in pipes, fixtures, and |ex'er tanks and repla-
cement of pearts.
Cost 1s measured as of May 1983 assuming DTW is 200 feet deep, have
submergible turbine pump, 21.5 hp. diesei engine and rated discharge
of 2 cusec. Cost includes expenditures on pump, engine, materials and
accessories, drllling and instlllation.
@ .7 gallon/hour and Tk. 34/gallon.
@ 2 gallon/72 hour and Tk. 120/gallon.
For B85 hours anrual operation with earthen channel and 1130 hours
annunl eoperation with buried pipe system. Working 1life of DTW pump
and engine are assumed tv be arouad 13,000 hours.
4 months at monthly rate of Th., 400/ ~wnih,
4 months at monthly rate of Tk. 500/month.
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TABLE 3

BURIED PIPE IRRIGATION PROJECT

(ANNUAL GROSS BENEFIT (MAY 1983 PRICES)

PRICE GROSS PRODUCTION(MD) GROSS VALUE ('000 TK)
ITEM (TK./MD.) W Wi WB  WB W ' WB WB
Aus Local 125 99 54 17 0 12.4 6.8 2.1 0
Aus HYV 120 - 2190 4080 4950 - 262.8 489.6 594.0
Aman Local 140 3300 1800 580 0 4%2.0 252.0 81.2 0
Aman 1V 110 - 2920 5440 6600 0 321.2 598.4 726.0
Boro HYV 130 - 2272 4284 5198 - 295.3 557.0 675.7
Wheat 130 - 480 870 1056 - 62.4 113.1 137.3
Potato 90 - 1200 2176 2640 - 108.0 195.8 237.6
TOTAL GROSS VALUE: 474 2037.2 2370.6

.4 1308.3

W = Without irrigation
WB = With DIW irrigation

165 acres.

WE = With DIW irrigation and earthen channel,

and present buried pipe command area of 136
acreg, ¥~ = Yith DIW irrigation and future buried pipe command area of

A4

N\
\

}/
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TABLE 4

BURIED PIPE IRRIGATION PROJECT _
CROI' TNPUT REQUIREMENTS PER ACRE

Aus Aus Aman Aman T Price
Item Local HYV  Local Hyv Boro_ _Wheat Potate  May 19563(Tk,)
1/
Seed (Md.) 1 o4 vh o4 .5 1.5 30 289/ud.
2/ 3/
Fertilizer(Md.) .1 2.7 .3 3.5 4 3 5.5 140/ud.
Manure {ind.) 30 106G 100 150 150 . 125 150 2/md.
Pesticide U 110 50 110 110 -~ 0 70 . -
Cost (Tk.)
Animal Powar/ 12 14 12 14 14 12 12 25/a~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 2040 7260

Yield (Md.) 12 30 20 40 45 2 145

Source: FAD survey data of region.
Authors intérview of farmers.

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

2/ Includes urea, T.S5.P and MP.
[

3/ ‘ninhted average price.

4/ Hired labor only.

i
4,

x-\:‘_‘,\



- 21 -

TABLE 5

BURIED PIPE TRRIGATION PROJECT
ANNUAL CROP PRODUCTION COSTS

QUANTITY USED PRODUCTION COST ('000)

Item W WE Wi WB ] WE [ WB
Seed (Md) . 74.2  385.5 660.2 785.5 20.9 1067.9 184.3 219.9
Fertilizer (Md)  50.3 793 1396.9 1684.1 7.0 111.0 195.6 235.8
Manure (Md) 16,748 35,374 56871 653%2 33,5 77,7 113.7 130.8
Pesticidg Cost - - - - 6.3  27.3 42,9 50,3
animal Power ‘-

(a-d) 2,409 4248 6012 6851 60.2 106.2 150.3 171.3
Hired LABor

(n-d) 6,806 12179 18248 20937 136.1 243.5 364.9 418.7
Toutal Cost 266.0 729.4 1153.5 1349.5
TOTAL GROSS VALUE 474.4 1308.5 2037.2 2370.6
NET PRODUCT 20,4  523.3  782.4  898.2

WE =
W =
W =

Without irrigation.

With DIW irrigation and earthen channel,

With DIW irra.gation and present buried plpe command area of 136 acres.
With DTW irrigation and future buried pipe coumand area of 16% acres,

L

T



Table 7: COST AND BENEFIT STREAM FOR DTW TRRIGATION USING EARTHEN CHANNELS AND BURIED PIP? SYSTEM

Cest (000 Tk) Benefir (000 Tk) Incremental Cost (000 Tk) Increvental Benefir (000 Tk)
With DTW  With DTW With DTWCS/ With DTWA/ DTV Earthen DIW Buried DTW Buried DTW Earthen DIW Buried DIW Buried
Irriga- Irriga- a,b/ Irriga- Irriga- Channel Pipe Comp- Pipe Comp- Channel Pipe System Pipe System
tion and tion and Without tion and tion and Ccopared to ared to ared to Compared Compared to Compared to
Earthen Buried Pipe Irriga~ Earthen Buried Pipe to No Earthen No Irxrriga- to No Irri- Earthen No Irriga-
Year  Channel Svstem tion Channel System Irrigation Channel tion gation Channel tien
0 478.7 383.2 208.4 208.4 208.4 478.7 904.5 1383.2 o 0 o
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 33%.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 £98.2 31.2 133.2 164 .4 419.6 270.2 689.8
14-35 £2.4 75.4 416,8 | 1256.0 1796.4 62.4 13.0 75.4 £39.2 540.4 1379.6
- 725.4) : - ' - - - (25.4) -(25.4) - - - =
16 58,2 37.7 208,64 6528.0 §98.2 158.,2 -120.5 37.7 41°2.6 270.2 €89.8
17-29 L24.8 150.8 832.6 2512.0 3592.8 124.8 26.0 150.8 1€78.4 1080,8 2759.2
- {19.8) (19.8) - - - (19.¢2 - (19.8) - - -
21 130.2 103.1 208.4 628.0 98.2 130.2 -27.1 103, 419.6 270.2 559.8
22-24 93.5 113.1 625.2 1884.0 2694 € 93.6 " 19.5 113.1 1252.¢2 81C.6 2069.4
- - (25.4) - - - - (25.4) (25.4) - - -
25 31.2 164.6 208.4 £28.0 198.2 31.2 133.4 164 .6 419 .6 270.2 589.¢8
2£-30  156.0 186.5 1042.C 3140.0 4491.0 15¢.¢ - 2.5 1e8.5 2098 .0 1351.0 3449.0
- (25.4) - - - - (25.4) -(25.4) - - - -
31 158.2 37.7 208.4 62%.0 - £98.2 158.2 -120.5 37.7 419.6 270.2 683.8
32-35 156.0 188.5 1042.0 3140.90 4491.0 156.0 32.5 188.5 2098.¢C 1351.0 3449.0
- - (25.4) - - - - (25.4) (25.4) - - n
37 31.2 164.4 2084 £28.0 BGE.2 31.2 133.2 164.4 419.6 270.2 €89.8
38-40 93.6 114.6 625.2 1884.5 2694.6 93.6 21.¢ 1146 1258.8 g1C.6 2069.4
- (41.9) (63.8) - - - (41.9) 41.9 (83.9) - - -

a/ Benz2fit 1s in net terms, e.g. grcss henafit minus cost.
b/ Calculated for the total ccmmand area of 165 acras.

[/ Includes loss of production (equivalent to 2 acres) due to channel constructicn on the 75 acre ceommaad area (p;opcrtion to crop
production).

d/ Buried pipe command area 1s assumed tc increases to 150 acre in second year and to 165 acre in third year and thereafter.
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TABLE 6

COST STREAM FOR WATER CONVEYANCE SYSTEM AND DEEP TUBEWELL

£/

o/

components after 20 years. _g/ Replacercent cost of well
Replacem2nt cost of pump aad engine. g/ 33% salvsge
12 years. 1/ Replacement coct of pump and engine.
costj of pump and engine. 1/ 20X salvage value for pump and engine after
66% salvage value of pump and engine.

value of pump and engine.

36 years.

COST: WATIR CONVEYANCE SYSTEY (')r0 T':.) COST: DECP TJBEWELL (00O TK.}
E{ - . CHANNEL BULIYD FIPE SVSTFM FARTHEN CHANNEL . ToLion PICS SYSTEM
Investment 0&M Total . Investzcne 0&M Total Investreat 0&M Total Investzent O&M /7 TOTAL

Year Cost Cost Cost Cost Cost Cost Cos* Cost Cest Cost Cost Ceost

0 98.7 ¢ 98.7 1003.2 0 1203.2 380.0 0 3€0.0 325.0 0 380.0

1 n 4.6 4.6 0 4.1 4.1 /0 26.6 7 26.6 &) 27.6 - 27.

2 ) 4.6 4.6 0 4.1 4.1 " 26.6 26.6 ‘0 3C.5 30.5

3 0 4.6 4.6 0 4.1 4.1 0 25.6 26.6 0 33.6 33.6
4-12 8 41.4 41.4 0 36.9 36.9 0 239.4 230.4 0L/ 302.4 302.4 b/
- - - - - . - - - .- - (25,47 - (25.4)
13 ) 4.6 4.6 0 4.1 4.1 0 26.6 26.6 127.0 1/ 336 160.5 i/
14-15 C 9.2 9.2 0 8.2 8.2 0 a/ 53.2 53.2 a/ 0 67.2 67.2

- - - - - - - (25.4) - (25.4)" - - -
16 0- 4.6 4.6 0 4.1 4.1 127.0b/ 25.6 153.6 b/ o 33.6 33.5
17-20 g 18.4 18.4 0 6.4 16.4 . 0 106.4 106.4 0 134.4 134.4

- - - - - - - (19.3)c/ - (19.8)c/ (19.8)c/ - (19.8)¢/
21 0 4.6 4.6 0 4.1 4.1 99.0d/ 26.6 125.6d47 99.0d/  33.6 99.0d/
22-24 0 13.8 - 13.8 0 12.3 12.3 0 79.8 79.8 0~ 100.8 ° 100.8
- - - - -~ - - - - - (25.4)3/ - (25.4)n/
25 0 4.6 4.6 0 4, .1 0 26.6 26.6 127.0k 33.6 160.5%/
26-30 L 23.0 23.0 0 20.5 20.5 0 133.0 133.0 0~ " 168.0 168.0
- - - - - - - (25.4)e/ - {25.4)e/ - - -
31 n 4.6 4.6 0 4.1 4.1 127.0£7 26.6 153.6 0 33.6 33.6
32-36 0 23.0 23.0 0 +20.5 20.5 0 133.0 133.0 0 168.0 168.0
- - - - - - - - - - (25.6)1/ - (25.4)1/
37 0 4.6 4.6 0 4.1 4.1 0 26.6 25.6 127.0a/ 33.6 160.5m/
38-40 ! 13.8 13.8 - 12.3 12.3 0 79.8 79.8 0 100.8 100.8
- - - - - - - (41.9)g/ - (61.9)g/  (83.8)n/ - (83.8)a/
a/ 20Z salvage value for pump and engine after 15 years. b/ Replacement cost of puzp and engine. ¢’/ 20X salvage value of well

compscents. e/ 20X salvage value of pump and eagine after 30 years.

d b/ 207 salvage value for puzp and eagine after
1/ 207 salvage value for puzp and engioe after 24 years.
@/ Replacement cost

k/ Replacenment
of pump and engi



