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BURIED PIPE IRrUCATION Fl)[{ COmlANLl Al{EA llEVELOPHENT 

AN ECUNOmc: ANALYSIS 

Banglauesh is in Illwrt supply of foud, and ne\~ agricul tural 

strategies are bling eX·Jlored. (;overnment policiel;; aim til uevise: Iwt:le>r 

techniques for il·.creasing agricultural prouuction. Slu.l1.es illdtcat8 i.il.Jt 

irrigation is one of the 1II0St illlport.:Jl,t constraints on a~:riculturl!l 
Jj 

production. Agriculture can be made more productive either tlal."ough an 

expansion of irrigateu area or by un iIllpruvement in water efficier.cy 

within existing command areas. 

The Government of Bangladesh anu a number of donor agencies an' 

concentrating tlwir efforts on removing the irrigation constralnt. ,',n 

experimental undcrgro'Jnu 10\~ pressure pipe system de'/eloped by FAO ~::'J.\J 

USAID assistance at Narhattll village of lJogra Llistt-ict is aimed aL 

evaluating procising techniqueo of .... 'ater conveyance and .11strihutL:n. 

Concern regarding futur~ availability of ground water for irrigation 

is one of the reasons for devc loping this sys tcm. 1\ ': preE;cn t, the 

country's existing irrigation faciliticB, utilizing earthen chanil3]~ 
'jj 

for water conveyance are inefficient anu it was felt highly necessary 

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

well (DTW) area previounly using earthen channel was sclecte,l for 

conducting experiments relatinu to buried pipe adoption. 

}) See Report of lOA l'reoilient: Heport No. P-2709-!lD, 
World !lank, WaE'hln~toll, FebL-Ual'Y, 19HO. 

~./ Deep tubewe.1.l utilization is limited to ~O-60 acres 
coopared to the potential of 165-170 ncren. Losses 
arc due to seepage, percolation and evaporation. 

'V '-\ 
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The new buried pipe system ~ive5 a very high conveyance and 

distribution efficiency be:lides yielding other economic and non-economic 
3/ 

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

requires a large additional investment. All a!;S~t;sment of the compara-

t,ive cost lind 'lenefits ft"om earchen chanl\~l and buried pipe &ystem is 

eEHlentlal to determine the d'~5lrability of these additional invesements. 

DESCRIPTION OF PROJECT 
General ----

The project area l!j located in Iladlatta ::orca, Kallalu Thana of 

llogrll District and is about tl miles from Ilogra. The area has had 11 deep 

tubewell sjnce 1977 with a COlllllland area of 70-75 acres. Rice is the 

principal crop grQl.:tl in the area and aver.::.ge size of farms is around 

0.3 aC1C6. ~As with other areas of I.Iillll;lac.le:..h, the project has three 

I)laln season?: the lI1on600n from J"Jne tel October, du~ing which about 80% 

of annual r~infall is recorded; the c.lr; season from November to Febru-

£Iry which hus VC1"y lit.tlc rainfall and the lUlwst tehlperatures and 

humiditie~, anc.l the p,re-11l0nSOOn [rom Hardl to ~1;lY, I~hich has the highest 

~emreratur~fl anc.l eVcljJPration l"ates with occasional heavy rain storms. 

The proposed engine<:!ring layout of the underground system 

(Figure 1) COntJ1sts of two closed loops which arc each connected by a 

muin line with the heac.lcl" tank and two additional lines. Elich loop has 

Six outlets, each Serving iJiocks of between I"' .:\ 13 acres, and the 

additional lines each have Olle outlet which together scrve Oil 18 acre 

-----------------------" --------------------------------------
1/ Irrigation efficiencj .13 ll .. ~asured by proportion of pumpec.l water 

reaching farmers fielc.ls fOl luried pipe system is calculated to 
be 80 - 85 pe rcent, while [oJ' (';1 :"then channel it iii, 40 - 50 per­
cent (source FAO Heport. llDG/uu/uvl FAO !logro). 

( 
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Sketch of Pipe Lnyouts: Buried Pipe Irrigation Project at Narhatta. Bogra. 
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block. The loops are '1040 feet (loep 1) and 4070 feet (loop II). the 

main lines 90 feet (main 1) and 1200 feet (main II), and the additional 

lines 300 feet (line I) and the ,50 feet (line 1I), respectively. Two 

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

with asb,estos pipes. The buried asbesto:-: 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 froUl about 60 to 80 feet above sea level. This 

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

sandy<:lay type and rice grows well if EloilfJ have adcquatenoisti.lre. 

f<ain wate r is used to g row rice in the we t season. howeve r. irriga tion 

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

canals make shallow and Jeep tubel{ells the only alternatives for 

irrigation. The ground water table is at ii reatlOnable level and the 

area is a flat plain making it suitable topographically for channel 

and low IJressure pipe distribut10n. 

Agricultural Production and Cropping Patter 

i \ Bas1c data on agricultural p~oduction and crcpping pattern 

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

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

transplanted local aman was the main crop in the project area. The 

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

the crop during the ~ainy Besson in Junc/July. Afto~ .~~ hnrvcst of 

aman in October/November, the land remained mostly fallow during the 
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winter month~. Again ~.'ith the ~tart of L'arly raill~J in N.1rch/A jHll. :' 

few farmers (around 5 percent) gre\~ .Lo('al aus \~.lth '.n L:Velilge )'J.:-1." r F 

12 maunds per acre. Ninety-five percent of LIlt:. limd i:cliall1'ld L~1.Jo)\~ 

during the period. The cropping intcllsfty WiW only lOS p!r:cc:,i.., 

IHth the introduction of the [),11~ uti1.:i::ing earth,'11 rh,-'n',:,l 1', ~il 

area previou~ly unirrigated productioll and CL'oH,i:lg p,]ttel'!U shuI,· 11 

remarkable change in the cOlJunand area of: 75 acre:.;. Trapspl[1ntnJ'il':V 

aman, with average yields of 40 mallnds, repJa::8d ::11,' local veriety. 

HYV boro, wheat and potatoes began to be cultiv,tted in 1:11(' 'Lr:nd previou::.,I . .' 

remaining fallow. Local aus gave Wily to JlI'V ;Jus'durinr the m~'nt')3 of 

~!arch/ April tc. June/July. The cropping intensity rose tu 194%. 

In I'!arch 1983, the area began to be irr.1/'.;lted by buri>:!d pipe,;, 

The data on crop yield, command area alld cropping LltC'lsity a .... c av~·U;:·le 

for the f1rst year (table 1.). ('0 DlIJI a IICI arei! has increa:>ed frem 75 :,r.:'i;.'; 

to 136 acres 1n the first year. It is assumed to rise to 156 nere:; ::'11 

till' sel:ond year and to 165 acres in tlw yearn hercaft.:!r. Inch ell 

aSE'lred and lmiform discharge of water c.ve·L· :;.n increaf;eci r:fc.l:Jnrl ':u?:1 

uf 90 acres, 11.~gher gross production end ~.ncollIe shuuld result. "(IV 

vat leties of aUB and aman have replace:d their local Coulltl.!i:'pa!:'t3 nll!l 

lal';er acrear;e~ of boro, pOtilto and wlwat will be c.altlvated durihr ::he 
y 

cOD'tng dry sea:.1un in the project aren. Tlw cropping intensity ill the 

fil; ·;t year is ,.'65% and is expected to rise to 300% in the third :re~~' 

i/ This is the first year of buri8d p.tpe project ane: the 
farmer's intention were known ~y i~tervi!w. 

I' '., 
/J 
U 
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and years ti>ereafter. Tl:e project l.iould also pliminat!! crop area losses 
~j 

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

relate to (a) less proulems of right of l.iay, land acquisition, and com-

penR~tion, (b) solution of problems urising from topographic variation 

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

close control of the prescribeu rotational schedules, etc. 

Hcthodology of Analysis_ 

r'e met:llOd of economic ;lI1alys.l!l used here is a comparison of costs 

and benefits that result overtime with: (a) DTI'; irrigation using earthen 

ch-:;nnd compared to no prior irrigation, (b) DTH irrigation using buried 

fipe system compared La earthen channel, and (c) DTH irrigation using 

buried pipe 3ystem compared to no prior irrigation. 

llJe measurement of costs relate to expen,'ltures on construction for 

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

DTW under each of the above systems" The mcafaU-el1lent of benefits require 

calculation 0.'. 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 OIeasure6 of prv.lect floll1:dbilttl ... :; are utled, the net present 

value (NPV), benpfit-cosl r.1tjon (n/c) and the internal rate of retun} 

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

value calculated ('ver the project life, the second by dividing the dis-

counted value of net benefit by the discounted va] lI'~ of coots calculated 

5/ The ar';!D loot over a command area of 165 acreo for '1 

channel of 5 feet width is cnlculated to be 4 acres. 

t\ 
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over project lift~ and the la~t is ,I cal':lI';'ated I-ale of c()(npi.)lIIlJ lnt,~rt:';t lh;lt just 

makes thi! net presfnt work 1,1 the "";\1 11tJ~! (!Cjllal to ::el"tI, TIt!" fd~-III"l. lJsed lor 

their calculCltLln ;lre sh,)wlI 111 i1ppl'l1di~ tubll'. The first js an ,;)!;(~lllte mC!asurt! 

and est ilUate,c proj ect I s net pI • .':;ent wortlt. The sl'cond lB ,I j"pl ill. I'll' rnL'i1SlI.-e ,lnd 

co:npares uenefits per unIt 01 cost. The thit-d i:; also;1 reJati'J'" IIICilsure and In 

a sense repres..,nts the ;lVet'age earning powet' of the 11\(l1H'y 1I:;..,d In the ;lI'oject ove. 

tho.! project life. lJuject f..,;!:;1bllities are judged Ly IJhether the benefit-.:ost 

ratio is greater than one, and/or. the net present villul's j!3 gre,lter than zero and/ 

or the internal rate of return (IRI<) is highet' than the cost of r.lOney/capital. The 

three me1l8urcs have their relative advantages and dU;ut!vilntilgeH. The ,Jifficulty 

with wI th benef it -cos t ra t i05 and Ne t Present Value5 if. t ha t t l1e:y rerlllire dete~'-

minot ion of a suitable di!iCUllllt rate, generall.y the opportunity ":O!it of capital, 

which is often difficult to pruperly determine. furtherillore, lIw vDlue of u/e 

rutio changes depending un I~herl! the meeting out ill tl\<.~ C'J~t and benefit strt!(Jms 

'occur. Though the internal rate of return does not requin~ the U8e of discount 

rate neverthell!!w the determination of opportunity CObt of capital is rE'quired 

to use as a cut-off rate. 
~~ ~ 6/ 

In calle of ffilltually exclusive alternatives there are some ad',,"ntll,:;ell of usIng 
7/ 

NI'V criteria compared to the B/e rotio and 11m: '.Ie NPV givr::s correct ranking 

of projects so thllt alternativf' with highest NI'V discounted at opportunity cor.t 

of capital should be: used. ThIs is accounted by the fact that Nl'v i8 an <'l)solute 

measure und since In mutually excluuive alternatives only one project cun be done, 

it makes sense to go with the O.le promisinl; the greatest absolute net benefits. 

(even though the unit-for-unit eff!cienq.' l'epresented by B/e ratio ilnd 1M arc 

gccLter for orher alternatives). Furthermore, since the two relative measures., 

e.g. B/e ratio and IRR fail to take! iOltu accollnt the scull! effect, they mily leud 

6/ Hutually exclusive alternatives are competing projects of which only one cun 
be implemented. 

7/ J. Price Gittinger (lSlUl), Economic.; Analysis of Agricultural ProjectR, rBRD, 
Wushington (Revitled Edition). 



to erroneous investment choice. D/e ratio '::lId lHil have inherent biils against 

~/ 
large projects vlth relatively high gro~ ; rct~rns ilnd Clut. 

In the allalysi'J, all of the three IlWilSlIrc:S 'If [lH.je~t ff'.1s1h!llty are calcu-

luted and estimated. The currelH: markct P':~l:l'!; r"ll' tlw l'rojer:t 'mel fartner's 

input and output art:! assumed to remain COIlSt,\llt: thr0111\I'Olll' ~he project life. The 

aoswnption is conflistcnt lviti! any rate (li:L1il:1tir)[1 O'Jet" th.: I'I'oJeet life flO 

long the relativp. prices of input a Ill! outJlut relllain r:on:;Lant:. Indirect costs 

and benefits uf the infrastructurt, invesli ... :l)l H'I! ',rJC (::1115 luereu. 

Various componentD of invl'stmenl, opera!. inn iI[;,.1 1!,aineVII:1nCe costs of earthen 

channel and burleu pipe systi.!1ll In:rc iJI;ntl"ll'li. c,,~;!. of cO'lstruction for earthen 

ch:1nnel van calcul:1Led by ll!ilng FAO [urn !:;I'O:'I~ .I.It:' u. T:'"l.()/reeL for a total 
'I i 

commanu area of 75 acrc!; for a dl.!;char!:l' It' !. ~:lI!O,'r.. CO:'.!":rucl: !un cost of buried 

pipc syscem was obt:1ined [roil' FAO Le,lIo WI)I'I'.'ne II: l':l:~~~lll'di IJe'leJopnll'lIt Academy 

of Bogra. Cost figures are ~lto~1Il ill tabl .. 2. i,t1l'1.,".d plpl' systelll!; require a 

repair cost o[ Tk.2,500 [or cOlTectillg pr:1babLc d:lIl,agC's ill pif'CS alld fixtures, 

and earthen dHlIlIH!ls are assuilled to reqlltr'~ il CllSt: 'If TI:.1,OOO per illlnuam mainly 

for channel videning, removing grass :1!l,1 ~;iJts, .ll,d ~('I'..lJr illg leaks alld weak points 
10/ 

The salary or opportunity cost of t:hf~ rnilll[J~;f!l' 1.', ~ t:ll~ .,;lIn(' COl' both systems. The 

buried pipe system is assumed to have a \"orL1n2 1 i fe Ol LI') ye[lrS and has no 

salvage villut:!. The liar then channels, anllual 'y lOain::i.dr,(:(; :1.111 repaired, are assumed 

to have an infinite life span. But for th::'!:> 2.1al.v :i<;, a L,O year project life 

is aS6u:ned for both the burled pipe and Op!l1 r.:hanlel !;y~;ter.!s. 

~/ See tkKe:m, R.:~., "EffIciency In C;ov·_'rlll'lcn~ tlll")"i.;) ~"!;U~1I1!; Analysis with 
Elllph<1sis on Water itesources lleveloj1!l:cnt. ;;"1.' Yn"k" \H.cr:),. 1958 (pp 107-116') 
for uiucussion of the point vith iLLL·stral.J.vc :::.;:\1,:lle. 

9/ Length of earthen channel [lVCl' tile elll:'..'£! ,:Oldmill:'.; ;Ir(';) of r) acres i9 
c:11clllated to be 9,870 feet. 

10/ l1anagf!l' basically performs the [unction of ;1 I:locl: 1/1:::1. Ilis uwk is to 
schetlule lind routin!: vater delivery for ew:h hlc:r:k iii 11 day. 
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Cost of Installation and ~)eration of OT~ with E~r~hen Channel and 

Buried Pipe System (Table 2) 

The i nves trnent cos ts of the DTl~ for the t\~O \'iiJ tet' conveyance 

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

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

ma i ntena nce cos t of OTW under the two \~a ter conveyance s ys tellls were 

different. The difference arose because the On! engine lia:; had to 

work for extra hour; to C,)VPt' I f:C ::':;J;,n~crl corn:::.:!~:! :Ire'! ur.:!:!~ thp 

buried pipe system. The 0 & rot cost inclJd(~ri expenditures on diesel. 

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

O&M cost for Dnl with earthen channel lind buried pioe system were 

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

The pump and engi nt! are assumed to havc a useful 1 ife of 15 and 12 

years under earthen channel and buried pipc respectively while well 

components have 20 years in both systems. Reolacement costs are 

c~drged as project costs whereas salvage values were credited against 

pr::lject co~. 

Benefit Estimates 

Benefits were measured at net revenues to the farmers. e.y. 

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

costiJlcurred by the farmer I'/ere di fferent from those of the project 

cost and included co~ts 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 

hefore and after OTW irrigation appear in table 1. Crop innut 

requirements and farmer's cost per acre are shovm in tabl':! 4. Finally 

tab 1 e 5 shows net produc t from fa rllIi nq bo th before and after Dn! 

irrigation. 
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Benefit Before Irrigation (table 3-5) 

Local alllilll urOl/n on the entire project areJ cr 165 acrp.s and 

local aus grown (In 5% of the area (8.25 ileres) 11el'p. tile two crops 

existing before irrigation. Durio'l this time croppiWI btensity was 

105% (tablE; 1). Annual gross value of production 011 the entire 

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

cost.s were Tk.2L6.0 thousand; and annual total net tevenue vlere 

Tk.20B.4 thciu5dnd. 

!!..e:nefit ~JiU\, DTW IrriCJation and Eart.hen Channel ((aule 3-5) 

~Iith DTW irriyatioll, local varieties of all"-:'!l ilJld iJUS have given 

W<'/ to IIYV vilrieties in 75 Jcres of the cOIll/lland urea, I/hile local 

v~.~ietles cOII";inued to be yrown in the residuil1 p:"'lject area of 90 

ac·es. HYV ~»ro, wheat and potatoes were grown during \~inter months 

iI" 50, 15 ar,~' 10 acres res[lctively of the COll1lllillld ilrca ~llrlch 

pr :'v i ous 1 y {":Ia i ned fa]l 01'/. Cropp i ny i ntens i ty i ncrca sed from 105% 
'. 

to:194% (tab!! 1). Arlnl.'3l gross value of productioli iiI the entire 

pr"Ject arei'. illlounted til Tk.130S.5 thousilnd; annual ~ota1.~production 

co:,ts to Tk. '.:9.4 thOUSi'ld, and annual total net J'(;veliue to Tk.523.3 
f ',I 

tl;:usand. 

Brnefit with.DTW Irrig&tion and Buried Pipe Systell, (table 3-5) 
-I 

The conversion of earthen channel to buried OiP8S is expected 

t( resu1 t in an increased cOlllmand area of 90 acre:;. Co,,,nand area 

development is assumed to bu phosl:d over 3 yours i/l tilO following 

!""ann(~r : 



Year o 2 3-40 

Acre o 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 ~Iell as those for ':lheat L!rlc! potL!to did 

either increase or Jre expected to increase in thc! enUre c01lvnand 

area. Cropping intensity is estimated to rise fl'Oln 265% in tile first 

year to 300% in the third and final year (table 1). f'.nnual gross 

value of praduction in the entire project area amount~d to Tk.2037.2 

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

annual total net revenue to Tk.782.~ thousand. 

Results. 

A discount rate of 14 percent in real term is a::;sumedllJto 

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

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

This is th,! interest rate charged by cOilunercia1 bank for 
medium tf',"r,l loans. Probably this rate also reflects the 
opportun i ;:y cost to farmers of capital in Bangladesh . 

. ," 
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Change Exalllined NPIJ B/C IRR 

A. DTW irrigation ~sing earthen ctnnne 1 
compared to no irrigation 2118 3.91 G8.7% 

[3. DTW irriqation using buried pipe 
systEm compared to earthen challrn 977 1.99 30.1 X 

C. DTW irrigation using buried pipe 
SystEIII compared to no in'i9ation 3093 2.1J4 43.9% 

Sun~ary and Conclus!~n 

This papet' "eports an econordic analysis of th(~ investment in 

buried pipe systems fer water conveyance. Three' measures of project 

fedsibilities, namely, net presenc value (NPV), benefit-cost ratio(B/C). 

and the ~nternal rate of return (IRR) are used to shed light on the 

feasibility of investing in buried pipes instead of earthen channels. 

Three alternative options ar(! considered. namely (1) transformation 

of non-irrigated land to om using carthen char.nel conveyance; (2) 

conversion of a DTW area using earthen chDnnel to one using buried 

r;ipes and; (3) transformation of non-irrigated hnd into a DTW 

~rrigated area ~ir~ctlj using buried pipes. 

The pl'eference for using one fcc:sihility 1n2ilSUre over another 

for judging economic viatJllity of d1"i:ernai:i','c options Ylould depend 

o~ whether we regard the projects to be mutuully exclusive or 

independent. If earthen channels arc: converted uy phases to become 

a buried pipe system they can be treated as independent; whereas if 

construction of earthen challAel pl'E~ernpt a buried pipe project, they 

are to he regarded as mutually exclusive. Both are likely possibilities 

and consequently all the three project -ieasibllity measures are 

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

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

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

than the likel'y ;:0st of capital. The problelJl or selectioll among these 

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

situation of no budgetaY-y constraint, all three independent projects 

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

normal conditions of budgetary limitations, hm-/ever, use of NPV 

criterion for project selection is recommended, and the decision rule 

is to select the projects which yield the highest aggre9ate NPV 

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

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

into OTW irrigated area using earthen channel conveyance and then 

suggesting its conversion to buried pipes are recommended. The 

decision rule for selecting among mutuall'y exclusive projects in 

situation5 uf no capital limitation is to select the nroject with 

the 1!i!Jbe~t rwv, B/C or {RH. ~Jhp.re there is capital limitation, 

however, selectir)r1 ~/Ould obviousiy have to be confined to those 

dlternatives whose investment requirements fall \~itllin the capital 

constrain~. Under' this rille, our three projects give conflicting 

results. If the investment dec, IS a r~ based purely on the 

magnitude of the comput(~d B/C rill '(j and rrm, then projct A (OTW 

irrigation using earthen channel compared to no irrigation) is the 

best alternative. [lased Oil tile NPV's, hm.'(.v~I, "roject C (onl 

irrigtltion using buried pipe system compared to no irrigation) is 

·I~ ) 



11. -

to be selected. One \~ay t\! resolve the confl iet would be to use NPV 

as .the preferred selection r."iterionill 

The analysis used in the report does not incorporate indirect 

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

pipe sj'~tem. For a lIlodet'niziny aqriculture relying on manufactu"'ing 

sectors for supply of inputs and CO'l.'ll':er ftCI1S ,these 1 inkages are 

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

there might be importilDt non-econo:;lic benefits of the project which 

lIlay justify the expansion of the buried pipe Syste.ll. Finally, a 

redur;tiOIl of the cost of asbestos pipes, which constitute a major 

portion of total project cost h'ould make the system more profitable. 

12/ See arguments given in methodology' section anti 
ad~itinally, National Economic Development Authority 
(1977), A Guide to Project Development, Manila" 
Philippines (pp. 135-137). 
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Present value of incremental benel'it is estililated by u5ing the 

formu!a: 

+ [340 
1ftr)"4V' 

and the present value of incremental cost by 

PC 
.. C~ + ______ + C40 __ ~L___ _ __ ~_ 

(1+r)4.0 

where PV = Present value of benr.f;ts 

PC = Present value of costs 

Bi = Incremental benefit in the i th yea t' 

C' = Incremental cos L in the i th year 
1 

r = ra te of d~scount 

BE.'nefi t-cott ratio (El/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 

t,lat equates the discounted present value of increlilental benefits and 

the present value of tile increlll2ntal costs. In tenns of symuols used 

previously. the rat(~ of return 'i5 the I'ate uf interest at which the 
, Elt, 
\ . 

present value of illcreJaental benefits 1-_, ---::It" and the present 
t= 1 (1 + r) 
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value of incremen:al costs ~~ ., C
t L----=---

are equal, o~ in other 

t=l .(1 + r)t 

words the rate of interest at which the difference between discounted-

incremental benefits and costs is z~ro, that i5,~ 13 _ c 
L t t = 0 

t=l (1 + r)t 



J 7 

TAllLE 1 ----

AREA' CULTIVATED AND C'WI'I' ING INTENS tTy 

AREA (t.CP.ES) 
CROP H HE IW I~B -----

E/ ~I ~/ 
Auti (Local) 8.25 !#. :; 1.', 0 

Aus (HYV) 0 i5 l36 165 
!:ll ~I .rj 

Arnan (Local) 165 CJO ZlJ 0 

Arnan (HYV) 0 7" .J 130 165 
r;,1 "I r/ 

Boro 0 ~.o 95 115 
!.!,I .~I !.!,I 

Wheat 0 15 26 32 
}.) i/ j) 

Potato 0 Jll 15 18 

Total All Crops 173.25 Jl:.l.5 IdB.I, q95 
~et Cultivated Area 
Cropping Intensity 

165 
105% 

11;5 
1.9";. 

165 165 
2(,5% 300% 

-------

H Without irrLga~1.oll, Hi: c IHtL DliJ irri~atlon and earthen channel, 
W:; '" Inth DTW irrir,atlon and p;:-e~cllt buried pipe C:OnlllHmd area of 136 
a.:res, WB '" {Hth DTH irrigation al'(, futdre buried ,,:I"'! C(""''''l:I[,,! ar,2il of 
1~~'1 acres. 

a/ 

( , 
f' 

f 
J' .. . 
¥ 

Grown before DTH ir:i.gai:),)r. in 5 rercl!nt 01 total coru.nand area 
of 165 acres (8.25 .. :re,;:l. 
Grown after D'n~ irrigilllnn L.I 5% of ':10 I'cre~ (165-75)not covered 
by Dn~ with ear' then eltal,"el (:,.5 ;1cces). 
Grown in 5% of 29 acrc~; (ltJ-L:'S) n'lt l'nJt:lt1~' covered by DTW 
with buried pipe system (i,4 ~~~e2). 
Grown in the chtir:.! COI.lmanJ dr,.a (,f 1(,5 ncr-es. 
Grown in 90 acres (165-75). 
Grown in 29 acres (165-U(i). 
Crown after DHllrrigaUO\: in 7Ul, (f cO'I'~\;]nd area (50, 95, 115 acres). 
Grown after DTW lrrlgatj or: J n 20% uf c();,.llIand area (15, 26, 32 acres). 
Grown after DTW lrrigatlon in 10/; of comm.lnu area (10, 15, 18 acres) • 
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TAIlLE 2 

COST OF I.JATER CONVEYANCE SYSTEH AND DEEP TUBEHEELS 

Water_ Conveyance' Systelll l~~r~ Tubewell Using 
Earthen Duri~d Earthen Buried 
Channel ~_ Cha~nel Pipe 

Fixed Investment 
Cost (Tk.) 

Operation p·.,d Hnin­
tenance Cost (Tk.) 

Maintenance Cost 
p 

Diesel 
E/ 

Lubricant Oil 
V. 

Repair and Spares-
i/ 

Manager's Wage 
1/ 

vperator!1l l.JaiC" 

SUB TOTAL 

cl 
3,000 

1,600 

'1,600 

1,003,156 

dl 
2,500-

1,600 

r) 
380,000 . 

21,065 

2,950 

600 

2,000 

.~ource: f.',O Team working at ~.I~r.iona 1 j:evelopment Academy; Bogra. 

el 
380,060 

27,015 

3,765 

770 

2,000 

33,550 

!!/ Earthen Channel cost is· calculated @ Tk. 10/ft for 11 command area of 
i5 acres. 

k/ Buried pipe cost re~ers to the total command area of 165 acres. 
I 

c/ For channel widening, removing grass and soils, and repplishing leaks. 
"""§/ For repairing dum,lges in pille!l, fixtureu, and 11<·:::"r tanks and repla­

cement of p~rts. 

~/ Cost is measured as o[ Hay 19R3 assuming DTW is 200 feet deep, have 
submergible turbine pump, 21. 5 11p. diesel engine and rated discharge 
of 2 cusec. Cost includes expenditures on pump, engine, materials and 
accessories, drilling and instIllation. 

ft @. 7 gallon/hour and Tk. 311/p,Dllon. 
""iJ @ 2 gallon/72 hour and TIL 120/gallon. 
}l/ For 885 hours anr.ual operation Idth earthen channel and 1130 hours 

annuol operation with buried pipe system. Working life of IlTW pllmp 
.lIld engine are ilssullled t" be: ... rOI .. \(\ 1 j ,000 hours. 

i/ 'I ;nl1nlhs at monthly rnto.:; of T\;. ,,001 :.{"1l~" 

J/ "months at monthly rate of 1~. sOO/month. 

~\ 
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TABLE 3 

BURIED PIPE IRRIGATION PROJECT 
(ANImAL GROSS BENEFIT (HAY 1983 PRICES) 

PRICE GROSS PHODLJCTION (ND) GROSS VALUE ('000 TKL 
ITEt-! (TK./ND.) I~ I~l:. 1m Wll I~ I . ~~ WB WB 

Aus Local 125 99 54 17 0 12,11 6.8 2.1 0 

Aus lIYV 120 21':10 4000 1,950 262.8 489.6 594.0 

I\man Local 140 3300 1800 ~JHO 0 1162.0 252.0 81.2 0 

Aman !UV 110 2920 5/1/10 6600 0 321.2 598./1 726.0 

lloro HYV 130 2272 4284 5198 295 .• ) 557.0 675.7 

Wheat 130 400 870 1056 62,1, 113.1 137.3 

Potato 90 1200 :H76 2640 1.08.0 195.8 237.6 

TOTAL GROSS VALUE: 474.4 1)08.5 2037.2 23-70.6 

W .. Without irrigfltion I~E = With DTW irrigation nnd earthen channel, 
WB" With DTh' irrigation and present buried pipe command area of 136 , 
acres, ~ ... With DTW irrigation and future buried pipe command area of 
165 acres. 

\,\/ 
u~ 

\ 
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TAIlLE 4 

BURI~D PIPE IRRIGATION PROJECT 
CRO!' WI'UT REQUIREHENTS PER ACRE 

AU6 Aus Aman Aman Price 
Item Locnl IIYV Local IlYY Boro Wheat Potato HLlY 19f13J'Ik'L 

1/ 
Seed (Nd.) 1 ·4 .4 .4 .5 1.5 30 2807nI1. 

]) 3/ 
Fertilizer(Md. ) .1 2.7 .3 3.5 Ij 3 5.5 I/jO/Dld. 

Nunure (l~d.) 30 100 100 150 150. 125 150 2/md. 

Pes::icide '..I 110 SO 110 110 " 0 70 
Cost (Tk.) 

Animal Pow,~rl 12 lli 12 14 14 12 12 25/~-d 

a-d 
y 

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

Total Coot 1129 1710 1364 2162 2420 2040 7260 

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

Source: FACl survey ,lata of reRion. 
Authors int"erview of farmers. 

)) Price of Potato seed is Tk. ISO/maund, and Tk. 200/maund for wheat. 

~/ Includes urea. 1'.5.1' and MP. 

1./ .,~ i '~htp.cJ average price. 

y Hired labor only. 
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TABLE 5 -----

llURIEll PIPE II\RIGAT!ON PROJECT 
ANNIJAL CROP PRODUCTION COSTS -----

QUANTITY USED I'RO!lUCT[ON COST ( 'OOQl 
I::em W I-JE Wll l.Jll \01 HE 1 III Wll -----,-

Seed (Md) 7'1.2 ]1l5.5 660.2 785.5 20.9 1.(j7.':! 184.3 219.9 

Fertilizer (Hd) 50.J 7')) 1]96. ') 1684. ] 7.0 111.0 ]95.6 2]5.8 

Manure (NLI) 16.7M3 3,; • :11,'~ 561171 65392 33.5 77.7 113.7 130.8 

Pesticidg Cost I, C.3 27.3 112. 'J 50.3 

Animal rOWer 
(a-d) 2,409 424fl 6012 6851 GO.2 lU6.2 150.3 171.3 

Hired tabor 
(rn-d) 6,806 12179 182/.8 20937 136.1 1./13.5 36/1.9 418.7 

Total Cost 2[,6.1) 729./1 1153.5 1349.::; 

TOTAL GROSS VALUE 474.4 1308.5 2037.2 2370.6 

NET PRODUCT 20J.4 523.3 782.4 898.2 

W Without irrigdtlon. 
WE - With DTW irrigation and earthen chnnnd. 
MIl with DTW irr ... gation and pretlent buried pipe com:nand aren of 136 acres. 
WB ~ With DTW irrigation nnd future buried pipe coulIJond area of 16.5 ncres. 



Table 7: COST AND BENEFIT STREAM FOR DTW IRRIGATION USING EARTHEN CHANNELS AND BURIED PIP"! SYSTEM 

Year 

o 
1 
2 
3 

4-12 

13 
14-l.5 

16 
17-20 

21 
22-24 

25 
2~-30 

31 
32-35 

37 
38-40 

Cost (000 Tk) 
~ith D~ With DTW 
Irriga- Irriga-
cion and tion and 
Earthen Buried Pipe 
Channel Svstem 

478,7 
31.2 
31.2 
31. 2 

.? 30.8 

31.2 
E2.4 

:25.4) 
·Sg.2 
,-24.8 
:19.5) 
L30.2 
93.5 

31.2 
156.0 
(25.4) 
158.2 
156.0 

31.2 
93.6 

(41.9) 

1383.2 
37.7 
34.6 
37.7 

339.3 
(25.4) 
164.4 

75.4 

37.7 
150.8 
(19.n 
103.1 
113.1 
(25.4) 
164.6 
lEW.5 

37.7 
188.5 
(25.4) 
164.4 
114.6 
(83.8) 

Benefit (000 Ik) 
With DTW~r\olith DTW.4.l 

~ Irriga- Irriga-
Without tion and tion and 
Irriga- Earthen Buried Pipe 
tion Channel System 

208.4 
208.4 
208.4 
208.4 

1875.6 

208.4 
416.8 

208.4 
832.6 

2G8.4 
625.2 

208.4 
1042.0 

208.4 
1042.0 

208.4 
625.2 

208.4 
523.3 
557.8 
628.0 

5652.0 

628.0 
1256.0 

528.0 
2512.0 

628.0 
1884.0 

.-
6211.0 

314G.O 

62g.0 
3140.J 

628.0 
lSBf, J'. 

208.4 
782.4 
862.2 
898.2 

8083.8 

1:'98.2 
1796.4 

898.2 
3592.8 

~1ge. 2 
2694.£ 

~9[\.2 

4491.0 

n98.2 
4491.0 

e9B.2 
2694.6 

al Benefit is in net teros, e.g. gress hen~fit minus cost. 
bl Calculated for the total co=.and 3rea af 165 acres. 

Incremental Cost (000 Ik) Incremental Benefit (000 Ik) 
Dr; Earthen DTW Buried DTW Buried DTW Earthen DTW Buried DTW Buried 
Chtinne1 Pipe Comp- Pipe Comp- Channel Pipe System Pipe System 
Co~ared to ared to ared to Cocpnred Cocpared to Compared to 
to No Earthen No Irriga- to No Irri- Earthen No Irriga-
Irrh:ation Channel tion gation Channel ~.t.::.ie;;..;n;;;..... __ _ 

478.7 
31. 2 
31.2 
31.2 

280.8 

31.2 
62.4 

(25.4) 
158.2 
~24.!3 

(19.8) 
130.2 
93.6 

31.2 
156.0 
(25.4) 
158.2 
15fi.n 

31. 2 
93.6 

(41. 9) 

904.5 
6.5 
6.5 
6.5 

58.5 
(25.4) 
133.2 
13.0 

-(25.4) 
-1.20.5 

26.0 

-27.1 
19.5 

(25.4) 
133.4 

32.5 
-(25.4) 
-120.5 

32.5 
{25.4) 
133.2 

21.C 
41.9 

1383.2 
31. 7 
34.6 
37.7 

339.3 
(25.4) 
164.4 

75 J, 

37.7 
150.8 
(19.8) 
103.1 
113.1 
(25.4) 
164.fi 
1~(1.5 

37.7 
:1'0..5 
(25.4) 
164.4 
114.6 
(83.9.) 

o 
314.9 
349.4 
419.6 

3776.4 

419.6 
839.2 

419.6 
1C 7~. 4 

U9.6 
125f1.!:' 

419.6 
209F.Q 

41.9.6 
2098.0 

419.6 
125R.f3 

o 
259.1 
304.4 
270.2 

2431.8 

270.2 
540.4 

270.2 
101l0.8 

270.2 
810.6 

270.2 
1351.0 

270.2 
1351.0 

270.2 
810.6 

o 
574.0 
653.8 
689.8 

6208.2 

689.8 
1379.6 

689.8 
2759.2 

559.£ 
2069.4 

689.E' 
3449.0 

68'}.8 
3449.0 

689.8 
2069.4 

£1 Includes loss of production (equivalent to 2 acres) GuP. to channel conscructicn on the 75 acro cC~3d area (propertien to crop 
production). 

~I Buried pipe co~d area is assumed co increases to 150 acre in second year and to 165 acre in third year and thereafter. 



N 
N 

TABLE Ii 

COST STREA.'1 FOR WATER CONVEYANCE SYSTEM AND DEEP TUB~""ELL 

_--,=--,=C_OS~:: T-lt'.T:?. CO:,jVEYANCE SYSTE:r ("X'O T:.;.;:'-<..) __ _ 
-:=-_F_.l - 'CIIhNNEL BUIJSD FIPE SYSTE}f 
InvcstmC:lt O&H Tot21 , Invest----::r.t: O&H To~al 

COST: DED' TIBEHELL (OeD '!'K~.~~ _____ _ 
P.AR'l':>EN CH}l"iEL c,';;,:C,::' ?r-'::: SYST~ 

Invc.,tU:i::lt O&M Total Invest:::J.2nt OliM I TOT~ 

Year Cost C03t C·x;t CODt Cost C:..;:o.:;cs.:;ct __ _ 

o 
1 
2 
3 

4-12 

13 
14-15 

16 
17-20 

21 
22-24 

25 
26-30 

31 
32-36 

37 
38-40 

98.7 
(\ 

o 
o 
9 

J 
( 

a . 
') 

o 
o 

(l 

t. 

" o 

o 
') 

(\ 

4.6 
4.6 
4.6 

41.4 

4.6 
9.2 

4.6 
IB.4 

4.6 
13.B 

4.6 
23.0 

4.6 
23.0 

4.6 
13.8 

9B.7 
4.6 
4.5 
4.6 

41. 4 

4.6 
9.2 

4.6 
IB.4 

4.6 
13.8 

4.6 
23.0 

4.6 
23.0 

4.6 
13.8 

1003.2 
o 
o 
o 
o 

o 
o 

o 
o 

o 
o 

o 
o 

o 
o 

o 

o 
4.1 
1 •• 1 
4.1 

36.9 

4.1 
B.2 

4.1 
16.4 

4.1 
12.3 

4.1 
20.5 

... 1 
'20.5 

4.1 
12.3 

1J03.i 
4.1 
4.1 
4.1 

36.9 

4.1 
8.2 

4.1 
16.4 

1..1 
12.3 

4.1 
20.5 

4.l. 
20.5 

4.1 
12.3 

/ 

330.0 
/0 

/ II 

o 
o 

o 
o a/ 

(25.4) 
127 .O~J 

o 
(19.3)c/ 
99.0d7 

0-

o 
o 

(25.4)e/ 
127.0.%...1 

o 

o 
26.6 
26.6 
25.6 

239.4 

26.6 
53.2 

2.i.6 
106.4 

26.6 
79.B 

26.6 
133.0 

26.6 
133.0 

3EO.0 
::'6.6 
26.6 
26.6 

23!'.1. 

26.6 
53.2 a/ 

(25.4)-
153.6 b/ 
106.4 -
(19.8)c/ 
125.6d7 

79.8-

26.6 
133.0 
(25.4) e/ 
153.6 -
133.0 

3~G.0 
{I 

'0 
o 
o ll/ 

( ~~ 4) ,.- , I 
127.0 i., 

o 

(j 

o 
(l9.8)c/ 
99.0d7 

0-

(25.4)1/ 
127.0k! 

o 

o 
27.6 
3C.5 
33.6 
302.~ 

33.6 
67.2 

33.6 
114.4 

33.6 
100.8 

33.6 
16B.0 

380.0 
27.6 
30.5 
33.6 

302.4 h/ 
(25.1.)-
160.5 i/ 
67.2 

33.5 
134.4 
(19.8) c/ 
99.0d7 

100.8-
(25.4)h/ 
160.5'!:.7 
168.0 

o 33.6 33.6 
o 16B.0 168.0 

(25.4)1/ (25.4)1/ 
o 26.6 25.6 127.~7 33.6 160.5m/ 
o 79.B 79.8 0 100.8 100.8-

!!../ 

(41.9)gl (41.9)gl (83.B)n/ (B3.B)~1 
20% ,3alvage value for ptmlp and engine after 15 years. "E../ R2p13cement cost of pu=? and engine. E.' 20:::: sa1vLlge value of .. ell 
components after 20 years. ~/ Rep1Llcecent cost of ~ell ~o~por.c~ts. ~/ 20% salvage value of p~p and engine after 30 years. 
ReplacFm~nt cost of pump atid engine. £/ 33% salv~~e value of p~p and engin~. ~/ 207. sLllva~e value fo~ p~p and eugine aft~r 
12 years. .!.I Replacement co~t of p~p and engine. i/ 20% salvage value for pucp and engine after 24 years. ~ Rcplaceccot 
cost'! of pUI:lP and engine. J:./ 20% salvage value for pump and engine after 36 years. EY Rep1acC!:Iellt cost of pu:r.p a:d cngi 

~/ 66% salvage value of pump and engioe. 


