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ECUT23 S ',T-\RY 

Thre havo been imjor alterations in the project since it as approved
in 1979. T,,cy have had the aect of increasnc costs while simultaneousl.v 
r cc-dL _ii I 'beni Xs or(2al designed the cost of 35 dlams was an es-:matccl$9,052,6C0. [he revised cost estimate for just 12 of those dzams is now nlaced 
at SIC", •. As noted elcw, the ,Tiount of water stored, -o,-therwith
the -- ,--,-tial en.ficiaries, has dirinished more or less in 7rn:ortion. 

A 01 'JNTAINS.,.AA '-RRI3-CURCSOJLJ"' AS ChI,,C"..sALILY! iiiT7 ;7ITH- ...... S'IT &ATIO"N 

A. Original B. Present C. B as a 

Nuber of Dams .... 35 12 34 
Total Qost......... 9,052,600 S18,933,020 209
 
Average Cost,,'am .. 258,6416 1,577,752 610

Total Stora,,e Camacitv 1,1,6,40m 61S, 0CIM 3 40
 
Total ;v atr :ruc.
 

over 20-v22:-Dericd 16,634, 000m3 10, 7 87,637m3 65 
Average Tot: 1 Cost 7er n3 

over 20-von:' 2cried . S 0.65 $ 1.76 270

XMi.zer eo 3er'Ki:es 102,coo 28 993 28

C),; e :-c:rca . 17.43 $ 652.91 603
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NAVRL\ NICU'.,TAINS WATER RECURCES PPOJECT 
531-0012 

Economic Ana Ivs is 

I. Incrcducti31n 

Major a.ltcrations have occur-red in the project since it was approved in 
1979. Lsnotable :Lmong them, from an 2cnprmist's TDespectve, is a yer 
s1i 1t2C:Llt u:creasc in costs coupled dth an equally significant decrease in 
'ernecis .- s oriinailv desioned tne cost of 35 dams5 ,-' Il estima e' 

-0,0S2. The ..... cost ostimate for just 12 *tose dams I's newolaced 
at 30iC. As n"otcd In T'able I, the am,;ut of water stored, together with 
the ni-ninix oL potential beneficiaries, has diminished more or less in proportiel 

'fe magnitude of the changes is so great that it has prompted the follow
rigZ. .n : : .- ' viabilitv. The analysis will demonstrat,-xsuth- i" -, economic 
that th.2 .-s no reasonable basis for asstuning that the project will have an 
acceutabil rate o return. 

TULE I 
A CCaPAIQISCN', OF 7E >LXM k2AN:CTrAINS '=A3R URCES 

LAX AS i>~Y' DfT T1' 3UATION -" 

A. Original B. Present C. B as a
 

Nt,,be,r of DP',..S 35 12 34
 
Total Cos .. .. .. . 9,052,600 $ 13,933,020 2091
 

-0 Lu Dr , S 253 ,-5 1,57'71752 510
C :::i).o .: ;ts::ge ,.,i l1 546), 4 GCtom 61 5,)Ch 3 4040 
-0 	 1 )CO--1,1 78 ,6 ,m 

over 20',cr 22er cd 	 . . 16,634,00mu 10,787,642m 3 65 

-, , 6 S 1.76 270 
J2, (2: " 1"1C 000 23,998 28 

Co _. aer" Bc,,a i.ci_ v . $107.43 $ 652.91 608. 

T.BLE II' ' 'A4. a- iC "2:.u( "ii'.~C .,,LiNE D,,. 

Cam D",271 	 ,o."of Cost/ Cost,MhConstru,.c- j-
lion Costs c1.7 '...... ______,_4ie :.,n, Rarv -- JiJ'0TT 

19 dt,,i 	 2,055 4S0 1.15 
2. 	 5, 201 .S.1 

-'C~ 529 
"" . .3 1 3 - 25 	66 .2 , , 0 1 ,T6 1 36 5 
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107 	 1,690 38,000 3,992 423 1.46 
125 545 $4,400 ,37S 290 	 .50 

.72
128 	 1,135 2S,400 1,174 967 

1.03
132 751 36,400 2,289 328 

235 1,248 70,600 4,990 250 .88 

141 745 29,400 1,174 653 1.27 

Total 	 10.434 615,000 23,999 429.50 .93 

Source: Engineering reuerts by Louis Berger Company. 

1 .Llr CC-' 1 Q SC!3DULE 

iAssunin- that construction may start at beginning 
of 1933, the following implementation schedule 
may be formulated (note that each "x" represents 
one month). 

(1983) (19S.) (1985) (1986) (1987) 
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the r's-rv-:irs u'iu-, 2 he so1e cf water inhabitmts -of'-,', source for the 

- :. ,I
:)lIC~I]i J oil WaEt"I ircseonts rIh.ILS::O:Cti: '0 tJ; T)I-OCIUCd eoP 

1) b C vale:,.,.a2>i sno.be . Lssi. ed is the marginal,
 
or ,,t ?icw:na2 Lli t o: water. This chanes
 

. " I:! t D z L; r,01ve.. oe arm More isol, ted than
 
oLL!I " 7r i r - Io-" a!a than others, and some cost iore to
sorag .-

-.J v:. , ,nature........ , the das represent very "lunpy" 
t. . "...nt hat it Is not ooss'le to cCrPstract a to-a0n 
""-- .,._ o,, .... rr then Tc~L . it so t:, c hold t..o, then 

1 S" -:3 r2cc3eiv ,,,t woLai be rcqure in order to.. 
....... a c . . adci ona. cubic meter o- ;,,ater DOQoduce h,..
 

' ei.f0n, 22,,Pz2ePI C tncticiic. Of a Jam resLIl ts i the storage or a

,,:':,,: ,,.:,.1 , . ;ater t,..f can be consumed, as is the casa wih the nresent
 

O'uti:eu',--.. cost of Oroducing one additional oubic meter approaches 

Cu~ing; to such, uoblems of de-Hrd ticn and measurement, the following

Isstm t ,I Is :-,ado in a .. . a .alue to te Water produced by the pro-ct.
 

:,, ".here ;.: .o a, or, to Ilee t.t the constrdction of sn'.cl daA'?sen 
as :± wTh ci Kr ,. . .' iSu:et to Sa.L_.rJicat" economues or liseconomices 

,'z >ca: , 2. ,.o> s'.. eac auc,:I:ona cubic mett:!r o ,,,ater can be pro
..... cob.... . the cdng onu. 1 average total
 
Cu cc ...... tfe Ct, then the
JV 3roC 

cuic 12a. .. S . a! to the average 
!0'i .,..cos- or _., useable Water over the eccnic.c 

......... nto tetotal co p c.,cing it 
,-.cr M This is te ':,au that has 

"'A"(." ", c ' "r' L I "I 

. 10 2.- , ofLvq.iter, 

.inuu. C 21

." a ru:sc;. .... . .... .. ,. . . . . . . . ' . . . . . - ... . c. . a7 

If, . .... * , '* .' . ,.;2 . - .. - " .' ' . .. .........
 

... .. . ThN . I "1 > ' "O "I "b l ..'.. . .., .. ... .,I. - ,: - : , ,O .. ,-, ." .. . , , .. .. 



sele tie :-uile in- of lJi-itiig public tano water 
Wasteame, ano o O eccq tle tnIS flom vanI is. In several 

..(.mc.S Of !C 'Wu ,r-i 's Pot been ' I 'lad py tl
 

:montil , tax .ic:.'.as t, se used to 'h.el, opcrae-- and mintai1i
 
tner lca ;'tcMs c w'as rinanl;,~orsa~v Iurh7ro0,2 

cal ", ve- costly ac - uvs-aliv almost imossibe to maintain 

mint jL the '.ic stxn2osts beca use o flu,c,t acts of 
taps, .. :ences,dranage 

so on. sa result, a wareas the uublic standnosts were
 
conv.:rtcu to ,.ater vencor coerarOs in whch a licensed
 
,cdco-r is paid a sub"sidized rate for the metered stanpo. t
 
water mnd sells it by the container (debe) at a fee slightly
 

II1"Cr Mhn ho )vs. iedifference between the kiosk ouera
tor's bLI'in onc. selling orice does not have to be large
 

vaLMc1alism on s , facilides, protective and 

because most of the rural kiosks are operated by the wife or 
chilren of the vendor, and their opportunity cost is low. Th1e 
result of the switc-h to kiosks is that vandai.sm has been 
grlat ed'. :d (the tap nstd meter -re locked up ,..;hen not in 
use) , i small TTnount of revenue has been generatect, and the rate 
at '.,hich eoplo have acolied for house connecticns has increased. 
(SoCIe oCCle presumably feel th-t, if they are going to have to 
pa,', cor water, it miht as well be ccnvenient water). A draw
ack to tie system, however, is the inabilit, of some kiosk
 

revenues collecteda'etain f. any of timeo..oraz. rs to period the 
:mi;ater sales, the y forcing the authority to collect its 

eve S cailyL , th. onorators, a-- Salrevenuesue ti fro" , ' kiosK cp" :ather costlyosr i. 

ai ternative ." 

B. Lmroved Ealth and Labor Productivii 

42 percent of all children in the .. ccordia% to .'e .,V, st.... 


a -et ,• _".Caoao_ of . Impure -rin(inL ,ater is
 
ctsi/e'-_. to be.. .nt~ributing to the high infant orLityan. hmortatt actor 

cmv mat a zactencoat diarrhca is etmtdat 37 
,,e 

", D' the source of the diarraa in godc"a necentct 


JS- -, th aooin4norvot-.iseaSO 
s,'"' ;:. .... the ar. e intosal" -" "tL--4.2J. as ",, t in .. area: ,,alaria, and
 

'.r:air': :a.uzst"asovu.Ct q , 3RCnOCOrc~as~s, nZinea wor., (fracon-iasis)
 

S ,~, ' ""tor SuonL', M). 17.1-175.~. n1Y 

e
 
________- ~ ao IaT~7' S -asoin 

~ ~ '"1 ! " ,,_.-. ~ ~ ".1 SU " _ ", 
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...... e cent the incorporated thieK~ fo". :rcm thlat measurcs in 
nro ccl :'. in "- !, re rifL...,l;.... ha V\ h1d 1 1;1J'es: " :.'•s '" 

c- In dr -I w ator r l is iic 
...... u ',"o,'cc 2. -'u'" reasoriaD-o to ,_...... that positv" Pc 

2YU . : 2 . ,VL -- I.i"r n ui 1,3 t .:1 is s : anl tor , ... 
. Va, LC E SdCI e es 1" ii,2Ic U " D 1" . I ... ie I1; d i.C " 


._a*2:is . L: ... ...0.o krncwing which diseac ss w.,ll ce ... ,' r:
 

D""ns':-t . -II soon" becCme cijar, however the .na 'sis 

w,- to -o.n-aI ,enlstnh and labor benefits v.,hich ;,'11 resuit, 
..... o moicc: as possible. As a consequence, it ,,as -ritra

1:'' %erceari value 
'f oer At '-,one

c e 1 of health benefits would be equal to 
'.)or r k orci'ct aene-fits ccmbined. this love such 
tCO..,cunt o oxi , -, OG000 rur ly, or seven dollars per person 

C. Increas A and Livestock Prcducticn.J 'ricutural 

The increased )roduction of agircultural cou;iodities and livestock 
§a]cn rral:s a!consistent LL, water project evaluations. Indeed, it is 

.cc, Iangie, .asibly cuanat.fi.A benefit of such projects. 
-1: =~', r;:.lc, to ,-rat the present :rojeoc. wAll be no except.on. 

-...-,". s,-" that potatoes Irish potatoes, 

10y 


n indicates sweet and 

,
S.-' ........."v..l1in the few relatively weli-,'atered places in the taret
 

_r ,c -7, r 1 ltivat.-ors with cash inc n s that are far in access
 
">,FvY frcm ,s" other av.lable al - ernatves.14 Inasmuch as they 

'-nr ith L acuse:o.d en.r., a exaunsion of small ve..a' 

'a-r.. c,, ed .necialy catt! also mmear":a, ivestock, 
u benefits -cfIe increased availability of water. 3 Unfortunatoly, 

<e tc. "''1 v-)e potential inraein azricultural 3"l iive
' inc to s terrain, 

-s 17 ~''"~iT s , a d scu '7-:f, to e stTLa 
. 2:er,-eare ly :mn, di"erenc in sol', 

. -'... tha: w.ill £o-.. ..... .......... - be ....in a.. "u 

o~ ~c~us~oJ ' avecrmn of1i-net 
n"." (D' ' - ann-ual cashall ;.........C.cl a"CUS how.....old-
rIO" 

.,D Ci ""ouldrIu I: trto rit it 

oac ris'..,- have rlcuenti. o 

,. l rn .r1. ' ~'o c .,Ln 'uc .,:rc 

"'.it.
.......... 


fI -1 

. . . . I..- - - - - - - .. .-. .W "C-.- Ol L" ' '" 


T, ... ... . ' -.... ...............
 

"....
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Under such circn, .... stances, the 15 percent increase in cash incomes appears to
 
be :10o-..nly os u -: -,as , bit , cb,isi. Thi: is especial.v, true
 
'4S one ,:cnr 0eo L ,,,ei:n LLeio
s that . ousehold prcciuc 

,myweli be Consel:- oil .7,,1 than sold.
:hc rather 

D. Ot er Potential 3one:ts 

There are a number of other benefits whdich have been identified as 
,tavi.ng posi.,ti- effects ,-,cn other rural water proj ects elsewhere. As note 
previously, thuSe- ifactors " rcucina rate of-oulLi .s 
grow tll, sic;.,. do,.n -r-. to urban drift and enhancing the arca's long ru 
abil.1 tv to0 V o co',- ,!cilaid industrially. It is inro.slble to predict 

thany .. r certaint ..hether or not the present proje-t will oroduce 
sum oeueiits, It ,,oulci also be ex-tre,,ely dlZ ... i O 17/ '-o quantz-', them"if-,,l 'otyt
unn~vte 

if tfJey were found to exist. For these reasons the analysis has asst.ned that 
the )rojeccL' will net result in any such benefits. 

V. Results
 

Based uron the asstu.,,tions made for costs and benefits in the preceding 
sec.,ic.ns, it . now possib-1 c to calculate the project's internal rate or return, 
or Pi. 1he of economic by AID andrR' is the measure efficiency preferred 
m._-,: otner uoLior aencies. It has the distinct advantage of being the only 
meas,-re of the ratet does not eu re the selection of a discolot 
r .e tS",his .:.: some sense arbitrary. CalclationL, ( I~T,- of theL..internal rate of-:its.. 

recrLnccs. oThIn_ -:ore zhan subs'tracting _,nn-ul costs from atal benetits 
for each Year ?I_tne nro"ctis ife. The resuaLdt:g1 net 'benefit stream is thien 

.
sc rate a net:isco. ... ..... ....,...h results in resont worth of tie 
bn...... str oi hat is ,cual to zero i-,t[e int~rl rate retUrn. 

T.able cnas and ca."cuatins based urn te
 
ssa,.,tons .. o ro':: ot's-/' rocaD'Wct.. ate, ,,v are Out " d C'.Iw
Li. ,, " 


Costs
 

-he ,u....: h:rons inl the Drice level ill a'erage 15 nercent. 
Th C0 :ranc. oxc..r.ge rate.is--vis the U.S. dollar .diill remain 
a -. S , ; = C 5 .0. returns cus33- it to 

c2a,.r: sv ll increase. 
s _a. 1..,_be co:mpleted ca time md i, thin 

Euen tai :::iic 


:.11
a,:d . -_ .. r ",d: :"tint:ai ::a, on dai' 'basis. 
- " ;i.e 11" Sv!1 iU 

• .i,, - 4,... . .' , " ,'' ': ¢ ' :' '. P :it, 'S ... ; - .. - . D t,r , ... . , *?.r - "''. Ln t' -,J,'2 ha 

- :it:" : ' :, .>. .: :':.C I. . 3.:il tat,_i,e' :",_ ;_ '.>,,,"o.nt c u t 

http:sec.,ic.ns
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............ ......... agewillnot exceed 35 percent
ni sep 

or total auat;l 3 ,l'i¢Capacityi.
 

- .. .. - -_ ... ',g'.. . bic met.e of water under rh. 
poj...... ....... .. total ccst per - o:eof 32.20. 

- lalA oei:':s .re ,euivalent to 20 7erc.nt j:2all oL]'er bt :f-its 

Increased a-cul' ad livestock Wi"l raisea~li' oreductinT 
m :,_:'. iincome 15y orav,-'ae ,-,-:'s per houselto.Ld'-. percent , o 

CrFuF 13 SO.", 
- D:Ais %'i..11-Ve a Luseful economic life of 20 years with no scrap 

Unce,- thi: set o'§ assumtins the interna, rate o' return cannot be 
calculated. ',ie re'son rs that the strem of net bene is is negative :or all 
rossible discout;i rtcs. Fence, there is no -IRthat can equate the present
value of the prospective benefits with the additional costs for water resLIlu'

m 'e project. It should be kept in rlL'Dd that every effort was made to 
assiT. tae ,!ost realistIc aessible values to ,the various costs and benefIts 
tna: the data emtted. ;',hen data did not Dermit a precise value to be as

a value was assu=cd that appeared to be both reasonable, and, at the 
..........., U.O:.e to the project.
 

.\s 9, fom of: 5ens ._vit testing, the analysis nosed the qiestion ofr ,o. 

orec:iSely :IO muchl O;oul... iave to be increased in order to arrive at
 
.r r'tu a,-- ercent. our assumptions,
of Given preceding one 

can then,. cas ery ',,," r .r no 't is likely at:hathis :inim, rate c-t return 
established by .\ D ii" be i cr-Lc i g These appear in Thole IV. 

.- at t r ..... a-e-t iad in the present analvss> 

,,e:. Z-~ L.3. in ' 'L7. ~l- or o ' "-c:i ....an 1,-)- ra 3r-~~~~ ~ -' ~ s .s eveis 

. I Ln'-n' ,rt-c S 'c ITncrcase n t.in . ' -i 4")'1'.r' 'neolt, r, . as a result o: the 

.. ,,..,rin o...r'a'! aer projects elso,..here, 

, ... . to t .eI.... .... . . r,-. . he" will do . reach e 

C ' Crma i C'IY S .ISS', D
PrO:...."iF 11i 

.. ) -" . "-,015 . 

barer . ,he pobabii proect having a nosizive 
'rat7'e I5 i:e::u, _'2_'; th r ...ctud5 nerce:t rata: return, a:ToCars to 

,-.=.,._ .e-.... a rse ase Agen(cy' or'.s -cdci;.s not .- o eit-her Cave
..en.. " .." ... ..,-". . . 

"- ..c ' " 2r '' , '', ', a - tLe n '- Of,r I ,C 

r
"v .. .. o' 0'o ..." ;1 i .......o at:..c trJ . , 
.,X a ~O ltt.V O~C:3oCK~ 

http:houselto.Ld
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The present project was based upon the asstunption that dtere were, in 
effcct, virtually -.o practical alternatives to the dams. The assumption 
was based uron a L'\DP sponsored study which cohcludcd that given the geologic 
characteristics of t4e M.Lardara Mountains, wells alone cmnot provide sufficient 
water for those ,,,ho live dhere. 

'E-e eni e rn fir.Ti that contracted to do the detailed design ,f the 
dan sites a;t JSubz uson the conclusions reached by the UNDP study. In con
versatiois witi,. the ISAID Li.eer, the firm has stated that an appr:opriatea ss a a- i 10o 0oographs il penit the location of nLrTerous potential 

we1l sites. In view oC the average cos of a dam of $1,577,752, it goes without 
saying that a nunbber of dcep wells - possibly as many as 20 - with solar powered 
pILRDII Ca be couszrcted and m:aintained at less cost. Less sophisticated andi 
less ,-,expsive " 4lsi d wind may possible. the% or hand punns also be Given 
&isappoin rgo imce of the dams, this alternative merits further 
inves tigation. 
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1;79 
Plpy2 

1980 
PY3 

1981 
Py4 

1981 

pyP 

1983 

py6 

1984 

pT 7 

1985 

FY 8 

19C6 

P¥ 9 
24 

1987 2002 

T 25 

2003 

rY 26 

2004 

rY 27 

005 

PY 28 

2006 

1. -':.r 
3. 

3.-

>. - -

-

-

175,525 

61,650 

37,435 

210,882 

71,100 

56,396 

235,987 

115,200 

70,237 

316403 

148,500 

96,982 

7,531,515 

2,470,05.r 

2,000,313 

436,828 

209,610 

129,288 

256,072 

200,160 

91,246 

135,567 

166,660 

64,4t,5 

90,378 

113,7(o 

f.O,,'; 

-it s 4 666 0 

224.610 

00 -799, 0 0 -2,370.964 -3 1 3 7 o5 

338,37 4),2 

5 

51,21889 12,001,87 

4.533,52 4 

775,726 

379,051 

57,478 

240,955 

38,67z 

146,696 

2'.. z6 

103,44 7 

.- ji-er'l Rate of Return 00.00 



TABLE IV 

.TREAM OF NET BENEFITS REQUIRED TO PRODUCE AN IRR OF 15 PERCENT 

PY PY PY P PY Py Py py P 24 PY 25 P', 26 FY 27 I?" 2 

1979 1980 1981 1982 1983 1984 1985 1986 1987-2002 2003 2004 2005 ?D06 

[lotzl C-sts 347,000 666,000 799,000 2.370,964 3,362,315 3,474,547 3,133,351 1,765,624 7,468,350 396,675 306.523 236.976 !41,5 

. 7z: . s - - 660,618 995.229 1,239,482 1,711,438 35,299,641 2;281,547 1,610,229 1,137,271 1720,4 

112. : £ec:1its -347,003 -666,000 -799,000 -2,370,964 -2,701,697 2,479,618 -1,893,861 - 54,186 27.831,291 1,884,872 1.303,706 900,295 5;6s
 

Irtcrjta Raze of Return 15.0 Percent
 


