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Pref ace 

Mini-hydel Project DevelOjAMlt fail in t.he dCl'Min of repenal plannin• 

in the poller of KiJI M8jeaty'• OcWexnuent. In thl• context suah an dfw
lopnent i• inter-related with 1n other ntional developnent plw~: ~ 
aaseamnent cf potenilala in the regional sector is the ~din• f aetor 
in any plannin9 and implementation aspect. 'Ibis paper on Mini-~el 
Proj~ Dnelopnent •-••• all refjional •• well u natienal potential 
and developea the idea of how mic:ro-hydel project could oantrib\lte in 
the overall denlopftent of Repel. It 1a hued mainly on findinga; a;• 
riencs of feasibility atudie.-; impl'81Mntat.1on work in the fran.work o! 
S-ll Rydel Dlwcalopnent Prograin bei~ undertaken by llG. 

Thi• paper intend• to make the reader• aware of the ...-ral 

hydro.eteorolo9ical caMit.ica ~ the country - ec:ol•cal aiblaUan in 
the hill• ite conditiaM, potential•, c:onatraint.a and present dtlnlap
ment atraten - oonetraint• in develop•u!nt of Mini•hl'd•l Proj~ iD 
reMOt• area with harah natural oondit.ione - tnin&-bydel proj-* ~n.1 
econontr1 appraiaed of worb - •elect.ion cr.iteria - neaeaaary toole -
altemativea enern reaourcea - pric1~ of eleatrid.ty etc. 

It i• hoped that with thio paper the reader could objecUT
ely a••••• mlni-hydel proj,~t de'Yelopnent. potenUal and 8U<Ne•t ~~ 
imporov.-nent. aa well aa expanaiea in- the preaen~ infra-•tEUet.Ure. 

'?'he aut.her i• tr•teful to raany rttelber• of S..11 ff!dsl nn
olcp;1nt aoat-d·;· to the SA'l'A expert.• vorkint with ma, t.o the •ariou 
or••niraticna and auther• whee• paper.-; booka ant! art.tel• hne been 
freely referred to and quoted durint it• COllPllat.ion. 
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.outl1me of Hy\!rol~ical Reacarees of the Colatry. 

l. C-eograf!ly. 

Nepal .is a couatry with rich tratitime. rt ifl eitil•t9 in the southern 
flank of t~ great Hima.layas an4 1• ~of!iere• by I?Klia in the South,weat. 

,,,, «-• 
and Sast all4I by Tebet.an AUtonanoua Region of China in the North. 'ftle 

total lan4i aAa 1a 1,tl,577 square kildWeter with a population of about 
12 million anti population •er1sity of about 85 per square ldlaneter. :r:t 
lies between 26° 18'-30° 30' N latituc!e and so0 15' - 88° 15' £ longitu4e. 
It 1• about. 900 Jan. East to West and 140 to 240 Jan North to South. It has 
4 deYelopnent regions and 75 distrirts. 

2. c-eo-piyeieal ehara~erist.1 ... 

2.1. Geology. 

-· Nepal is te~tonieally situate4 -n the southern .tlank of the Kimu~~·., 
antiellnorium whiczh ie bo:r•t!red by the Ganges Basin to the South. 

Like in other parts of the Himalayas, it in.lude tW\l important 

atru9tural feature - the rnain bound?iry t.ht:Ust and the Central Hima

layan thn~t. 'Die main boundary thnlst separates the siwalilt repre

sent~ by •lay. shale, sand-etone, pebble and boulders of mitMle 
M109ttne to lower plletrJCJenc periOli fran the older tertiary ana Pr~ 
tertiary reeks. '!be pre-~ertiary romlas ma.inly unfeasiliferaous 
inel\l41e phyllite, quartait.""·, limeftt~e, 4olanite of later prot~oi• 
to upper paleozoi• peri~. '!he olier tertiary roeka consisting ~ir.!~ 
of e01ene shale and nwnilit6s of narrow basin in West Nepal. 

Similarly, the central Himalayan thru.!St •1fferentiatee the 

highe:c Himalayan protozoi• e1rystalline metamorphic rOCIU fra11 under
lying pr-tertiary low to me'i\R gratle metamorphicaa. The e1ryetalline 
roab of the nigher Himalayan Zone f orma the basement f..,r the Tethy

sian ae•imen~ Whi~h present ·f easillif errows roeka ranging ib ave 

-~ ... 

frCD Cani>rian to tertiary in Thank I<hola and Lan911-Manan9 •)nCllinoriwn~ 

Pran eeonani• aspet1ta, the tertiary baain for1r~n9 t.he aou
them frin;e of Nepal and higher Himalayan TethyeJan baain. 1Mi•1tt.e 
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~ ~ proep!'- t for oil and 9aa m,• al•'> many &re4 show qu 8M oil 
eeepagee. 

The pre-tertiary with intnasiYe granite an• bui• roeka 
reveal wiM oeeureeneee of metala like °'• Pb,. Zn. .. • Co,. 111,. Mo, 
w, Au, Ao. Uranium arul other n~talli• rninerala. 

2. 2. 2. Oeo::!ftorpbology. 

CJeo-i:ftisieally the •ountry ia •1v1•e• 11\ainly in four region•' 

(1) Northern Region of high 11naw •ll!d mountain 

(ii) Central Regiona of denag!y populaUtd ·area an4I 

(ill) Shalik Regiona with low water retenticn ••PMity ad 

(iv) Scathern RefJicm of Terai (an extension of GangeUe Plain) 
and Intler Terai. 

The altitude of Northam Regiana varies fran about 5880 11 to 8848 m. 
It constitutiea about 33 percent of the total area of the a~try 

(i.e. 46, 771J Sq.JQn.). The altitude of the Central Regicna •arie• 
from about 1830m to S880m. It. c:anra ~ 36 percent of the total 
~rea Ci~e. :-;,0,968 sq.km~l. Tb4' ~'h3in ,, "'OU"t•~n8 in~· is eAlled 
the Mahal*arat Range and axtende fra1 East to ll!•t wi•.h altitude 
varying from 152Qft to 3660m. 

It ha• innuaerable ntnber of perennial atre ... The b.19 ri•wr •alleys 
like Xa~hmar.dU and Pokhara are also locat-.ed here~ Kathnanda ia the 

capital of Nepal. the area,: altitude and poptlaticn of ltttllnandu 
·- --Valley ie 648 Sq.Jan, 1400m and 500,000 reepectively; 

Siwalik Re01on• 1• a small atrip al•o running Satlt to "8at and c~ 
priaee aboUt 8 perc.ant. of the total area (i.-•• - 11326 Scf.laa). 'ftle 

altJ.tude varie• f raa 610 to 1830 •• 

'nle altitude o= Terai and Inner Terai runnin9 Eaet t.o 1feet. an below 
300.e 'n. width variee frcn about 16 >cm t.o '8 laft and eawpri••• ~ 
23 percent. of the tot.al area c1 ••• ; 32,562.92 Jcrft). 

3 .. HJdro-Met.eorolOCJ,ical Ccnditiona. 

3.l. Prtteipitation. 

Hydro Meteorol~ioally there aru two rai117 •e.uona. 'ftMt lou{:b - But 

MOn•O<m br;...,1i;s more than 15 J:Ml1. ..:ent of ~t. tot.:...\ annual rdnfa.ll 111\d 

occur• between mid - J'Une t." mid - o::st.ober. The Winter rain• and 

_._ ... 
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other scattered rains account for less than 25 perCP.nt. '!'be amual ~i
pltation varies from abGut. 250 ttm. in th."11? dry Meetern rec)ion ~ 3500nrn 

in t.he Meet Regiona. 'ftle annual average ia 1516 •·· 

3.2 Tanperature. 

In tbe Southern Twtra1 and Inner Ter-a.t., 1:he temperature goes ma hie#l aa 
44° c in S1Mrner and - 4.4°C lowest in W;Lnter. '1be temperature in the 

H:laalayan Re¢on is below o0 cit 

3. 3. Clinlate.1--

Tbe West generally receives lees rainfall than the East MUtu cliat_rict 
receive• the leut mncNnt of pric1p1tat1ca, leee than 500 nm. Haw.wer, 
rain in JWnla 1a only one-sixth of thut of Pokhara. ,,.. max1nul ra.\nfall 
OCCNr• in PoJc:hara (3770 nwn). 'nae I~ner Tera1 and Chure regicne (Siw,,llk) 
receive about 2000 nwn to 2500nm of procipltaticn. The rainf.Ul recara in 
Demak and Rainbirta in the F.aste...-n part, East-of 1'.oah! receive a.bout 

2~n to 250Qtln. The rainfall record in Il'ielr211, Biratna9ar, Il'lanJNta 
and Nemche Bazar are 2000 nm, 130°nm. 806nm and 83Qmn. 

4. Rivera and River Basin•. 

4.1. Rivera. 

4.1.1. Claasifieation, 

The river• in Nepal are hydrologically claasified J.nt.o three 

types as followe: 

1) The river• with the!r sources in the snow and glaciers 
in the Him~layan region. 

ii) 'Ibe rivers or1ginatin9 frci'ft Mahabharat Ranve below 
snow li!le and are fed by ground water includint aprinCJ 
and have 8Ut>t«!ined dry •ea.son flow. 

11.1) 'Ibe ri.e~• originating fran Siwalik Range. 'ftl8y have 
either very luw or no d:iaeharqe during dry Muon. 

4.2. River suina. 

Nepal cc:11Biete of three main river basin•• They are SaPt• Xo8i, 
oantak and JCamalJ. baaina. 'Ibe other .t.mport~t ri.er buiDI er. 
Mahakali, West a.apt.J., Bapat.1, ICankai Main river baaina. 
There dre about 6000 river• in lfepal. About. lOOO river• hn• lengtha 
&bolt 11 'km each and about 100 river• have lenQthll about 160 Jaa. 
"lhe ~otal lenqt.ha of alJ. ::;1,r1J,ar:1:: aru1 rivulet• e.ic.oeed• 45,000 Jan. 

==---
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Thue tha dr~.naQe den~ity expre6>int closene~s f spacin• of ch~nnels 

is approximately o.3 l<m per !:quar~ kilaneter. 

s. R~orda .. 
':'ha average minimum specific 

2 
'farying fran 4 to 42,000 Jan 

past 14 years in 3-7 l/s/km
2 

run-olf of 38 rivers with catcanent areas 
and which have been gauqeC. re!'Jlarly since the 

with a standard d~1at.iai of 2.6 l/s/km2• 

nie average maximum specific run-off of the same rivers amounts 

to 1.5 m3/s/lan2 wit.ha •tandard deviat.ioo 1:>f + 1.4 m
3
/s/km

2
• 

The correlation between the tspecific run-off ~nd the catcnnent 

of the Nepalese rivers shciw sirr J.lar tendencieis as h~s been found by statis
tical analysis of rivers £ran cointries with longer hydrological recorde1 
i.e. the mininun specific run-off increases with the size of the catchment 

area whereas the maxiJm.rn specific run-off decreases wit.h increasin! size 

~f the catchment. 

>. c.eneral Back Ground. 

6.1. Demoqraphy. 

of the tot., • population nearly .>O percent live in hills. Around JO

percent of them are a~r~riono Shoppinq euppl1es are reac~ throu4§?1 

small townshipe or shoppinq centres. The average distance fer each 

household for shoppinCJ is about 5-7 kme t.ecvin~ OU ... the small ousi"cs;, 
ccmnunity. re5t of the entire populat1<-m live rr.08tly u ~attered. Meet 

families own on an t.Jera~ about o.2 to '8 hectres of land, 4-5 heads 

of cattle. pigs, r.orsee, fowle. 

':"he dem~raphie pret:rure is increasing at the r~te of a bout 

2 per.cent. Besides. there are approximately 7-8 million an1Male in 
... 

t~~ hille. In la~k of canpatible economic ?r:tiviUes. rrost people 

depend on agriculture production Which is gradually, decreaein9. Fuel 
!'€quirement ere met throu~ fire wood from ne~rby f or9et. Th~ cattles 

and other animals are second import.ant source of econany. They eupnly 

milk, rT'eat, leather and manuJ:es. SUbsequently the requ.imente fo:- qr~

sin, pat.ture land are increuin~. Refer to att11ched map on poµilatir·n · 

deneity. 

6.2. Mi<;:ration. 

When the local resourcee rret scarcer, a~ yoon! men start to move ot1.t 

in search ,..f work. Sane miqrat~ frcm one place to another within the 

coun·~~; and SaTle ~·it"." ~~e to neic_thbourj nq countri.~e. 

I 
' I 

J 
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'11W Tarai pla.ins beint ferti :e thf! family ~gratlon towards Tera.1 

is very hith RandOIR settl~nt of such f .mille• in the Ter&i plain• cauaed 
devastation to raany torfiSt ariitaa. 'nle C-cwt.. had 'tc initiate ~ontinu~ reha
bilitation pr~mn. 

3 Forest • . --
The fast deforestatic::i'l of the hJlla in Nepal ~ive an i.Jftpreeeion of t.he extent 

of the prevailint ener9Y deficit in the country and ot the ~ency of the 

supply o'- alternatiTe enerty resourcea. 

In ea. localitie~ fire 1• use to ~pen up now land. Where the 

nevly ola.imed •oil is not fertile erlou9h, dried -aod•, wood• are collected, 

buehee are -~ to burn them for 9ood 1'\.8h. 'Thi• would 91.ve a very •ood po-

tate drop b... .liftin1. ~rd• hunter• and children elao 11¢\t firee to 

jun,le• •aMt.1.nwa. Like thU jun9lee are enahroa•hed. A.ccordin9 to cU.JMt• 

and loc:.l bdldin• atylea, S0-70 cubic metres of wood is l~CJed per houae .. 

Timber md firewood &"Ctr action, foreet burnt dawn for cultiYation.,qrazint, 

loppinf for :fedder and burnint of the under-trowth, in cmjuction with 

tineer utillaation for conatrction are causint a .-neral d•trfadi:ition of 

the f0C2eata by thinnin•• overatint and loca-'~ de•::.ruction. 

, 4 Fodde: & Live!: tock. 

Fodder in the junble 1a diaappearin9 Yflrf rapidly. '!he llv•tocks(eattles) 

ar.1? fed mon and more and more on paddy &nd wheat etraw. 'ftle prospect of 

hnint more animale ~ro 9!tt1b4) deetrter • 

• 5 l"armint•;. 

While the tood t·a.rmera who haYe enouth cattle and de.• very intensi•• culti

vation 1:an •tilJ increase their yielde, in moet casea f&rlft9ra are ~ttin9 

leaser ~rield e-nan with the eane effort. pat in ab~t 10 - 15 year• before. 

The rair.: washes away the l'ft09t fertile top sail every ye,.~. 

Demand :lncreaae because of populatior qrowth whereaa avaialbility 

decre~ae•. People have lees and leae fuel and fodder, they cmlnot ola.J.m 

any more land • 

• 6 Fuel. 

About 15" of the total enern con8UUmption 1a contributed by fire-wood. 

The per capita oonat.mtption of fire-wr.>Od i• 600 >c.;year while the re~!'..era

tion u only eo kw/,,.._. Aa a reault t,20,000 acre• o! for••t are depleted 

every ~u. The "°'"'• 1a earne•t in uecelerati~ re- ~ntation pr~rllft, 
reach alt.e1nAtiV9 enorty cxpetit!.ou.aly and effectiYe rM.na98fttnt • forest 
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6.7. T~aditional Incustries in the Hill•. 

The typical cottatJe ind~tries are weavin! with cotton or wool. iron 

or good, 3mi.th lf>ather tannin~ and sh~s makin~. tailorin~,earthen 

pottery, wood metal craft in branze, brass or copper, producin~ lac, 
carpentry, making bani>oo products, rope or strin4J, i.unnint water wheel 

... 
£late m1nin9, lim3 ma.kin,, tiles or bricks or terra-cotta,handicrafta, • 

Nepali paper. bee keeping etc. 

These activit14!e are carried out: seasonrilly or in liesurf! 

tir..e fre~ frcm a!X'iculture worlc:8. Furtl:er these act1vit1~s are tra
ditionally limited to certain ethnic group! of people, ~nerally conun~ 

fran poor social back~rounds or poor bill cam"IUnitles. They CaTl'prise 

ti.bout 15 percent of the population. 

6.8. Medi~inal Plante. 

Nepal has always been a pr~1ileged country as far a• collection and 

~rt of medicir-.al plants is concerned. Thesf! are used in the Hindu 

culture a~ well ae in those of Tebetmis and Chinese. TI'M! local heatere 

of the different ethnic groupg make quite a lot of ~~e of these plants. 
They are w.idely used in the preparation of all traditional pharmacocia. 

T~ier~ are more several hundred rn-!dicinal plants known in 

Nepal. All of t'!'x!m can be developed and exported. At pre8ent these 

canpriee abCAit 3" of the to.<;al experts. 

The Govt. ill pranitJng it• developnent at &11 leYela. 

6.9. Horticulture Potentials. 

Nepal hills h<Jve ~eat potential for fruit grO"#in~ .. towev~r,the Jroblem 
of intensive fruit production in the hills is thft 1ernotene8a of the 

area.a Which are favour'3ble for horficullare Lon.-access routes ma>ce it 

im~ei.ble to transport fresh fruit econc::mically to market areas. sane 
sort of proceasinti would be needed. It is ho~ rural electrification 

can play an import.ant role in eupplyin• ener~ for fruit. processin~. 
'n"lus openin' openin~ a new posr:ibj.li~~y of cash qeneration in remote 

areas. 

A!vngwith thia Processin~ activities like fruit procesgin• - • 

maJd.nt jam• jelly, cocentrates, j .de~, dehydratioo producta, millt pro

cesein!~akinCJ ~e, cheese, :nost proce~ain• - salted dry meat,canned 

meat, wool proceseintJ of carpcat male.int and allied producte,r.ide pt'CC(l

ssin• - maJd.nfJ shoes. b11.'81 coats, Fodder industriea can be built up 

frat1. the bye - products of fruit. processin• and milk prooeasint• a·Jb-
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Sl.U>•.ldiary 1ndustrt~s f.v:. jj>a~':·.~t ~ -r ""~ ·· f ~ ~oreE-t p:r.oduct:a like 

plank8 .ani1 ha."l\.""x>o c311 be ttt<!rt.ed. Irr~ns~ p.oasib.iJ .i.t1~ ~ t.c ~n.~ance hill 

econcmy, therefore, exiets• 

Touriui 1o a reCP.r.t phen~nli ln t~U.e COUc.,try. Handicraft• '117.ild lik~, 

posta~ at&npe, coin• &nd ~ ~t of other tourist aubsidti aa 'ti·~)_: as 

the famous H.inalayat! anf faY0\4rabu3 c).1mate, it ..i..s be li-aved, ho'..154! . . 
attracted tourists. Beeides saie natural scienti~ta, nature lovers and 
hoat c.">f oth!!r forei~era al~o cane. "nN8 far, thi11 iooust-ry has played 

on ef1 ective role tow8rds the dEvelopmE>nt of the nati Ol'lftl econcmy. How

ever, taur1s~ hae its dark side aleo. In order to keep the touriet lnd
utry thrivin41 for econaftic ret:urn and international brC"'·ther w~, pF,per 

balane~ hf'ltweiom the tourism prelftOtion and f racilo moa.mt~in ecolQi!Y fr....in 

deterioration would bG needed. 

h 2 • POLICY & PROGRAM. 

6.2.1. Water Reeources. 

No ei~ ficant aucces8 .ig a~i~ed for econc-inie exploration of oil 

resoorcea. Coa - m..:.re25 a:"'"~ ,..~ y~t loc-"lt•~ . .,ithin the country. Use 

of !!Olar energy is made !::'."." dryin~ crepe, Fodders. ceu·ale etc. 

in the traaitiC%"1al way. Assessment of ne-~svary ~echnolo~ for 
developnent of wind pawer is n0t yet begun Fore5tB re~ources are 

depletin• f 3st. 

If Nepal .-t.& endowe(j with any nat"ral resource,, 1t i• Wl!ter ~ 

out of the total annual run-off of 17 b!llicn cubic ~t~ee 148 x 

109 cuhrnio meters a~ formed within t~ CCA.111t.ry. The will be ~
Talent t~a w~ter depth of 1.1 meter.8 aver the whole a~e of the 

country. Added to thia, the favourable to~raphical featuren lends 

Nepal to inmence hydro-power potential of "bOlit 90 m.11 lion kilo

wat t8. 'n1ie •lve• a c~deetral di9tributi0fl of approximately 60C:· lcll 

per equar• kilant!!ter. 

Until now fmlf 0.01 percent of the ab<-ve pot-ential ie dwe
loped dnd only about -'• 5 percent of po)All-'t1~ are oeint e~rved. 

6.2.2. Devel,.,pnent Straten. 

Boeide~ can..:>lentin~ other usea, Nepal'e Water reeoJJ.rcee ia in p1Mi

n9d to i.'9 developed .ln thr~ : m.ain CAte'°ri 11.. L.ar~ ac::ale project 

like K.arnnli ( 3600 Mtl) are n;- im."J.rJly aimed d'>r fllxpert to nF-1th

bou.r1n• 1.::ount.ri11a. Me~lum CJ1zr." prr:ij~cta upto 100 M;.i siz., "-re 



meant for internal consu:.,,.,...tion ...n 1 · 1 ~ "~ :-e @t_:l.Ve ..- •l€'V~!c~rl roa<,,_ 1~'-- ~L-.- - --=i--•• ,._._I'\.,;:: LJ1C 

~en-:: ral R~ions and Terai. T..,e third c.it~itories ot project!2 are the 

micro-hydel .Proj~cto prirnari:y are consid~red to be useful to the Hills. 
'I 

6.2.3. Rural Electrification. -
Govto Policy b2infj irr1plenented throu~;, "th!! r'if+:.h :!)evelopnent Plan c203 l/J. 

2036/37) envisa~es to mo~~ evenly dist=ibute the benifita of ~conanic and 
socJ~l developr.ent to the pooree~ r~mote re~oos o:.: the country. The in

te~rated pro~ram places a hi~ priority in brin~in9 rural ~lcctrification~ 
to the hills relJ!on where live~ the ~-eate~t ~~ of the i "... ~... agrar an populn-
t.ion. 'Ibere are~s hava no supply of electticlty and due to t:he!r isolated 
mountaincus locations, for many years will hav~ no pros~ct of being sup
plied from future lar~ hyrlro-electric Pl'.'Ojects. 

Havin• considered the al-ternativct of small diesel ~neratin~ plc:mts, •:he 

Govt. h~s determined that anly p:~actical approach to clectrifyin~ t~ese 

isol"lted rural rl!'~ic.1s is by \:ot1lisin~ the locally abundent water flow fo-.: 

micro-hydel sehemes;. Because 3UCh echemea r:-equ.ire a relatively ~all 

amoU!'.t c;' capital, indiqeneoue reaource3, and 3 ahort ~lentation time 

schedule. They can ef fcct.:'.vel~1 =cspond to the i'l'l'!'lediary of the develop

ment proble!ro Jn ~ outlyinf'f ccmr.'mi -:.1es. ::'urthermo:-:-e, they ar11 mnall 

projects simple is deait;n which can bt? implom=nted ~Y mc~~lisin~ a m~
mum of level talent, labour ~n1 mnt~rials pra;iding, thu~; a more direct 

participation of the people in the development of their own area. 

·Ir'i ·view of the ~se possibilities of develo~nt of the small 

scale agro-based indu...,,tries in tht Hil lD, the supply of electric ener!Y 

ie part of the necassary infra-structure fo.:- stlmUl-3.tin~ economic act.1-

vi ty a.id ~r<Nth. Hie Majesty's Go¥t. • s on-tJoing rural f!!lectrification 

pro~~ ifl part of its integrated developnent apprO!!C~ aril a decidintJ 

contributin~ fact".>r in att~ininq tl)re'3 of HMO'~ major d~eloin9r:.t objec
ti~ - (a) Cre~te oppurtunity for rural ~cono:nic growth, (h) reduce 

out-miqration ~f the Hills po?llation ~d (c) daniniah depletion of 

:'ore~:;;-'..::::. 

6.2.S. Projf!Ct Apprai~al and selection. 

Aa re8ources in 

scarce, special 

inorder to m~ 

profitable way. 

Nepal beth in okil led m.:mpower and in materi~l lL ~ 

attention h~s to hr! qiven to the selectioa of project8 

surf'!, th.>it tho limit·~d re!Jourcca are employed in a most 

~ J n. rr:>~e~tn can ~nd ~houl<1 be appnii:Jr~d on different 
Sl'fl~ll hy, ... e . J 

• 

j 

I 
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~ ~..r~l.J ai.-:d ba::. ~c . 1~"'\U.:!1 ~ 11m<:l ·• 

':r,-:-m t~1a .EolJ.c-;·!ir.~ 71WJ~:>oi...,t-• • 

,-.d:i.Ltion~l 1.y c!~~corjfn<J tQ sofa~ !Jrevd lin~ practices in Ne?al,emall 

hy.Jel project& a::e ·::ie1n1g ap}:raiaoo dependinf on the emotional attach
.,.:nt of ROrr~ ~~oiaic-nnakera tc a particular project. 

2. · ... ~1e .:l_if :C,,rent v1ewpointa .. 

:r:t !c cl~a= thi.<.. t...-i~ a;.:xwe ment:..c.---it.>d vi~wpointa are stron•lY intedePf"fl. 

Cl~nt ~nd pr.oj..~c~ l\P:QreJ~c-::. ~lctt> t0 conaiu~r all the a•pects. Indepen~ently 

~ran tm Yiwpotnt ir~ whic~ tn~ projact6 iu-e appraised, ther'! always 

cti:Jt basically tH:-1 d!..ff~r~n~ appro~ch'!t.. whi~~ ~hall oo oUtlined ~lO\.U 

-----------~--------- ...__ ..... __________________ _ 
... 

·-')n~ pee sib).~ ~C: ,~_ctUC'\V.::7 t.zt.di. t; cncll ap~ro~c'ia would bo, to sel1;ct pro-

ject!: which Pit...:'dL\J t:ht-. b~"lc rct•.ir .• of the ~OBte . '1 th~ shorted i)E-.riod of 

t..11Tt0~ 'r ... '1.~ wcr...ilc c.r,;o·~'J ot!~~r c~qld.re th., project:. to bei 

ir • .._,, !trc~. w..1.. t·i ;! ~o~ ~ tential for t1(.'0n~a ~rowth and \there alr~at1y 

sccno eC")\"!CAl\1"'1 (,c\:.!,•i t~.C:u .-,~:is.:. 

':'hi• appn>ech tCN'-J!'{'! a !!·;ra.1.i.~':. ioru.u.~d :lnco"M maximi.aat.ton,which in 

turn ccul~ le<"o to .•, . nc~r.tr1-..:'1:..t:m of !.1:1veetment. in favour of tht'! pl·1-· 

C'JR a,-,(J ~'r.-:--·.l~J:i \ ·~ ':·.h ~:""") h:'. Fh·~et pr.odi:~h~ ~tmti~l to the d@ter nent 

o~ th(, c..tt-:::-:" •) : h'.1. ':'.'\ ··:i1ic:. .:rr.:Pl'.'">'"'~L, b :ning ~·be sel°':ctton of •rnall h-,r1el 

p:r.ojectf-: p·1r,~.i:r er tt;! r 1...:1! _-,,;: "P'~Y 0f.~ in tftrms of n~t nocio-~on~c 

ht-:nef!'eu .. lC'JG 1r.''~.~- .. ~~n~, <::.:"•1-!:!1 .:-.~~ t0 o~c.Yn ~ntlrely netl'3Cted. Kee

~1L1~ in 01.rr) ·::.:::. •:: ···-~-~ G~ ~;·(~!'l :.r:f1~ ~:xnrt~in~ area,,, 11uch e,n a_:proacli 

th'L!~ ,. 'lt.ll~ >c: .,,;~:·.~,~ :.;;- l'.-•/·~-:t .~ r:.d ev.~. poJ.l•cJ..j ally unwiee. 

r-t:mctl h'.l}. ~"."J.3 . ., c•.,'."!:i.o ,~~cnc.r.J.c ':-t..nef:\t coet &nd.lyaia prcee-~ 

~ur~e •.,.'h.1.ch \of(,:.l:~ ~ .,rid -;:J Auch rn op'l".'01tch art! nc j'1~tif1abl• fo::- mT1al] 

·,:,...:h~l ~roj~cta., ~~11 c ,,:_c.c' 7.. !,, : • h ui~neltiv~_ty ~nalyaia., ~ivin• infor-
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information ~out the tol~rance of risin! cost benefit ratioe within 
which a project. still could be justified, eeeme much more appropriate 
in thiE contexto /Z 

The other approach on this level of project a~aisal is to 

.CJeleet projects or projects are~s with the aim to spread investment. as 

widely ae po.ssible with only a secondary concern about the e~nanio pay 
off of the project. This W>'JUld ~an that the main criteria for selec
tion of a small hydel project would be the 9X'ad~ to which the most de-
f avourised people in the country are reached by the project as well a8 

to number of people profittin! frcm the project. Stat1n9 that the social 
consequence~ of neglect in remote l'U~al areas f &r outweigh the risks 

of limit~d econanic euccess, the typically best area for a small hydel 
.... .. 

project would th\18 be a densely populated, =emote area, far fra'ft an? 
transport or other facilities with aofar not much develoi;:m:n t activity. 
Still a sen~itivity analysis would have to ehow how far one could to 
with thie approach. 

/1 VIKAS , •A/journal for developnent• (National Plannin~ Cam\1.ssion) 
V~l. 2. No. 2. p 17/ ff 

... ·- .... 
/2 CP:DA, Regional Developnent Study,. PART I., Chapter tv E 

HMO sofar has triecl to rather follow a~ far ae justificable the &pproach 

of spreadin! investment as widely "18 poesibl"!. 

2.2. ~\aterplan for the etep by step electrification of the country. -
Sofar no detailed maaterplan for the electrification of Nepal exiats. 

Different a9enciea and projecte however work jointly toward the aiJn 

of establlshin~ such a plan. Even without maeterplan, the ali!!'ll'ftl!nt 
of some .. jor HT-transmission lines ie already fixed ~ Selfte tohers 
are in a plannin~ stage. It seems lO!ical that the backbone of a future 
grid wil, .follow the rnoet densely populated areas of the country(see 
attached map) and first supply ~hese areas. Not just by chance, the 
major on~n! and future road projects actually follmir routhly these 

population concertration area~ as well. 

Even thout'h no electrification masterplan is readily available,, two • 

di•tinctly different apprOl!.chee to select small hj~el projects from 
the viewpoint of e national electrification maaterplan can be ima~ined. 1 

~e po!!sible approaah would r~ther follow a policy of epreadin9 

investment as widely as posBible as ~ntioned under 2.1. Projects thU.e 
selected w'"ld rath~r lay ~tside the densely populated areas of the 
adllltry, which sooner or later are likely to be eexved by a HT-line. 

j 

I 

J 
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'!'hi• approach .st leaet in a short ~em to ~dil.Sn erm planr in~ tl!.1d3 

ta ma.Jc@ beet poseibl~ u~e of tr-,,.,, scarc-3 resources 't.O r~& ... ise ru-:::-al e-~~c

trification by not invf!~tin~ in :~l~tively costly ana.il scale electr1~i~ 

cation in an are~ ~11Ch could ~ electrified leter ~ith little incr~

~1ent~J. c~ts, r~q r-01.ng t.!~ ~o-=te f.c the ET-t .. :an:v.nis.sion line a~ inn.><: 

C0.'3t8 • 

The other approach wo1ld be to re"ard the emall hydel sc·'"le~~ 

a" a means to build up a po~r market ir; a rural area <>nC'· thus ""p:"€'p.'r(;~ 

for a further invest'l'lent in a connection fron a hti.re ~rid line. An 

already gxistint pawet'mdrlcet c~1ld in future P.iore f!asn..y justifT a c~tl7 

sab-station. '!'he cost• for buildir,~ a 9mall hydf!l plant and fo'!'.' the alter

native extension of or connection to an existin• o= plann@d gridline 

Ahould howe'V9C be ccrnp,,._.ceo c~refully. 'I1lt! small hydel st..,tl.21n become ob

sol~te throu~ the construction of a HT-lE~nr.tdssion line, could th~n be 
rei~talled in another pr~ject in a remote area, provided ~hat a m~tc~t.l.r.! 

,.ite can be found. 

The deciaion whethf'!lr to adopt one apT;rcaCh rath-~r than the 

other largely de~n~• upo~ the time factors if a HT-tr3nsmission line 

already exist• or ie !Oin! to be ,....')118tructed witrtn the next ten yenra 

frcm the ~t of decision, in f"'->6t C..ii:i·!~ .:~1c: WO?tl,:1 rath1?.<: :-elay on the 

electrification throu~ connection f ran the ~id tl'l9ft build.int a new 
powerplant, provided, +..hat the eost compari•ion f avourides the connect~on. 

In the c~se of a HT-line to be built Jn f~rer futurf! (wit~in 

the net 50 yeare), a small hydel plant. could bridqe the time ~ap untlll 

electriaity would be ava:llable from the !rid and at the scnte time build 

up a market for elect~~city, •o th~t a future oonnectiCXl would have a 

~ood econcmic return in a short period of time. 

To aclopt one or the oth~r approach depend• on the distance 

of the HT-transmiee::..on and with it on the tr.'!nemission voltate a.e well. 

It is evident that buildin~ a sub•tation for 11 500 lcV line for a load 

centn wit.h an expect(l!(l peak load of 100 kW only or for an "rea where 

~ofar no market for electri~ity exists would be moere difficult to justi

fy econanically than a substatlon fr".JTI e 132 or 4-' ~ line. 

'.1.3. ChoJ.~ on the 12roject level. 

Sof ar ebout 40 different poe~ihle sites for small hydel planta have been 

identified in Nepal and about. 150 are actually under investiqation the 

foll°"int triea to outline seine pusnihle proc*'!<'hl.Lfla t.o s@lect mnont prc:r 

j~cte which would have the emne ra.nkint from viewpointo 2.1. ~ 2.2. 

J 



Her~ ~gair. twc different approaches exist and can eYen be dis-

wou!d tenc.1 to satisfy by any me~ms the danestic demand in a load centre. 
,,,. cookin! by el~ctricity ~1rectly produced from small hydel plants eofar 
can be rul~ out, thie domeAUc: demand is limited to li~tin~ mainly. 

Oftern, due to selection of in~ppropriat~ sitee or non availability of 
better sitee within a rea~onable d.ist~e, the c~pacity of the emall hydel 

plant 11 limite0. '!hill apProach now tends to supply electricity to the 

domestic consumers i.n fire.t priority. The deimand frcrr. danestic consumers 
however,due to excessive use of electric bulbs as an expression of social 
standard very often exceed• the fores~able demand which would just satis
fy the baaic needs cf li9htint. This approach roU!)1ly ~ould tend to •iae 
a project mainly on the base of danestic load forecast, supplyint ouly 
•urplus ener~ to productive users. 

:be other approach in this context would rather try to first 
satisfy all the demande frOfTI productive user c~tegorie8 ~nd supply only 

surplus ener-nr for daneetio lightin! deJnand. The aizint of the project 
·• thWI would rather consider productive usee in tirst prior.ity• 

It 1• clear, that t~e choice seldom is done fully in favour of one or the 

other appreach. The fo4lr.JWin1 points should however be Jcept in mind when 
comparint equaJ.ly rarud.n4J projects: 

... 
'nlouth ae etated before, full seal~ benefit coet analyeie p~ 

dure is not justified for .electint 811\811 hydel planta. on th1• level ot 
compari•ion a routh eatimat~ of the J.nternal econc:rnio rate of return(ZER) 
mi~'\:. be helpful. A low :rlR apart £ran •howint that the investment in que

l!ltion 18 inefficient~ rrii~ht indic=ate a low demand for product! ve usee. 
Thua amc>nt two projects the one with the hiqher I~ 1• naturally given 

priority. or :?-tt in another way two projecte could eimpply be Ca'l\')ared on 
the baaee of the lovel of d4!1tlanda for productive uses. Mhere there is a 
at:ron• demand for productive usee a routh benefit-cost estimation wil~ be 

' ' 

sufficient to justify a project, where on the other hand, the dern~nd fot 
productive uses ia now, justification will be difficult. /3 

Other pointe on th.1• l~vel of comparia1on definitely play a role 
of sJ.milar sitnificl'll1Ce. AIJ for example the purely technic1.tl feat.u.ret and 
feasibility. A project ~1th ~ ajort canal cornpar~ to the head •hould for 
example be .p.ven priority <:Ner 2 project.a with a 10tit head t.o oanal length 

rat~o. A8 resources in Nepal are scarce, tlJe project which involves aa 

much •• po11sible lcx::al know how and local mat.eri11l makes certainly beat 
uae ,,f. the available reeourceo and hen~• ehould be tJ.ven pricrity a• well 
over 2 projecte ue in9 lots of ir:'lpor~~ goods •UCh aa cer-ient and •teel. 

- ... -

•• 

' 

• 

• 
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3. Ch~_c_~--o~_;>rc~·-c.• 1 l wt~ch d~! .. ;i nmiJr:arE sre .~ tion<tlly a•·tach~ • 
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D.ie to thl lack of 11. '.'Me':t:rµ.:'..an ior rural ~lectrificat.\.on it may happen, 

that 8'md 11 hydel pro Ject:::; 'lre e,~ lee ~ed .:or prioi. i tary impletnf!nta t.!.on on 

the base of a eimple det1and from a pen;qi ·~~o 18 sortll!~· emotionall:1 
attached to t:.h(J prop~ct which b.tt 3~k!.. for. J:t may as well hap-pen, htat 

one eomehaw insU~ictively f~elE.r that ,::.~is particular project mi~ht or 

m.i«!ht not des~·rvo the prtor!.~y l/hich 18 actually attached to it. The til"!Y" 

has cane however for !fepal as ~ll not to bas~ decisions for proj~ct. imp

lementation on "instinct• but on acientlfic toole as outlined ..1.n this 
paper. 'Ihe elaboration of 3 masterplan for rurfll electrificaticn could 
further help 'to refine these toola. 'lhe aim is to reach a certain stan(lard 
of project evalu~tion which -,,ould allow to classify all small hydel pro

ject• accordin~ to a c 0 rt'!.in key, based on criteriae ae ou~linl!'d and ace~ 
ept~ by all decisionmakers. It mi~ht then well be th~t certain projects 

which are proPol!ed on the baee of an emotional attachnent are identiesl 
,...ith the project• as eel~cted aocot.'dinq to such a. atandariged procedure, 

WhP.re there would be seine discrl.!pancea howgyer~· o.1')9 could with the help 

of euCh a tool claseify that particu~ar project in the order of ite pri
ority and could ~ive ~inn adYice on the bases of a widely accepte~ proce
dure. 

--~---------.·-~-----------...._- . - .,.._......._, --~----- ----,..~-..._.--~--~------~---------
/3 •Rural Electrifica~ion•, a W1.."rld Bank Paper, october 1975 

2. 5. i"r~r_.. 

U'n<'Ier the policy !\lidance outlineJ, HMG has liberally eXpanded ite proqr~."' 
for rural electrificat.ioo•· out. of total 75 distric--.a, all Terai dietricte 

have be~n electrifiet1 throu~h exten•ion of Indian crid11 or by 1Mtall1ntJ 

di.seel plant•. Urban area 11Jce Jtathmandu, Pokhara l:t11Cl t.he ar~ae w">iere 

existint ltydel projecte are located have receiv~d electric aup~ly. R~ai
nint about 45 district• in the hill• have no elect.ricit:y so far. 

'l'1le first rnicro-hydel ett11Uon at ~ankuta was (2x120 kW) CC"Yn

pletoo by 2025 a.s. in EMtern nevelopnent. Region. The ~econd one is t.he 

SUrkhet (3xl15 )c:Wj in the far Western De'Velopnent R99ion. 'lb• cunswnpt.:lon 

p~ttem of electricity enerfJY in theae areas hn• prcwid~ certian baa!e 
for t\.i:-t".her program; 

Real efforta.:~ p.it in only since B.s. 203}, whereby number 
of proJecta \-fere taken up for conetruction. T-.o projects viz Dot..1 ~.:.~ 

Mnft'Ohe were etarted by P/Y 2033/34. Additionbl 5 projecga Yiz .J'Um.la 1Jan.eom. 

Phidim# Batl~ and S.lled W'f'!re llU!lrt.ed by P/Y 2l.34/35. Ry B.5. 2035/3f. 
.. .. 

ot.he!" 5 projecta Taplejun9# Jlhandbl'lri# Bhojpur, Olcha.ldhun9a and t<amechha.p 
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I' -
.LO.L ~alien't features . ' -

.~ u, .... of ~hese 

projects. 

Sesid:os the con!ltni-=:tion proqram, continuous investi~atiun 

pro!rams Aer~ initiat~ by ~/Y 2033-34, Pro-feasibility study for a proj4!Ct 

in 1e different dietricts were completed. SUbeequently other districts 

were studf,ed and suitabl~ load centres and !E!neration sites were selected. 

'nle liBt of project:.e with salicn~ features are shown in 1'8ble No ••••••••• 

(B.s. stance for B!Jcram Sa!T'.ba~,, the !'U!tiooal calendar. 'Ibe year of the 

national calender st4rte on 14th of April of the accidental calender. 

the year B.s. 2036 atande for 1979,l!O). 

7. Scene specific Problems. 

7.1. Survey and Deeitn. 

EVerY"°Jody, wor1dn! on developr.ent in Nepal certainly already felt 

drastically thP- lack of ~od uPto data mape in adequate scale• o~ • 

any parUC"..Uar area of the kindorn. The existint mape in a nonmatrid 

scale ar~ in most casea Jt.et correct in the rou~ to~aphical 

features of the area but:. out-dated and even incorrect in acme oue• 

with re~~rd to ~~pped detai!8. 'lhi• firet of all makes it irnpo86i

ble to make useful prel1m1.nary selection of ~od •!tee for tenera

t1nt power frdn map '!tudy only. Very often, aitee eeleoted on the 

base of the ex.1at1n~ mape, prove not feasible on the spo~ and 

throuf}h potter and Ume aona11min~ procedure on ot.her aJ. tea ha• to 

be look~d for in the field 0 scmetime• even in another river• 

I 

If this lack 18 felt for sMall scale oaps, it ia even ' 

present in co~e of lar9e acale mappiny~ Lar4)e .cale mapa of Panoha

yatE oc em~ller area• like warda ~c so are Yirtually non-existent 

in Nepal. '1111a makea it nec~ssaru to haYe a survey town to be sent 



I 

• 
There another prob:er·.~ arj sess !t ia <lifficult if not almost ... 

im~sible to ~t e'k~.ll'-'<l, ~~1 J tr-: L·.~ ~urv~~rs with !lUfficient expe-

rir-::nce to rn.!lt~ • lar~ seal~ mt!!=' cf a conr:tn<<:tio."'1 site, which coul~ 

meet the requir~nts of th~ detail desi~. Slcilled and emperienced 
surveyer• are mostly engaged in the if1')0rtant t.aak to compile t.h4! so 
much needed suryey dat.u frcrn w1 thin t~.e survey department~'. ThU'-1 the 

maps arrivin• in the Cen~ral Cffi~e though lookin! nice V6ry often.;are 
of not ITIUch W1e for the detail deai~. It happened in one partlcular 
project under construction, ~;at for example the penatoclt ali~nt bi;! 

des14J11ed in the Central office had to be ch~~ thrice, due to inaccu
raci~e of the eubmitbld rna~. 

·rtiis ac;ain call8 the problems of t.~ ~ck of 4Jocd oamiunica
tion and tranaport fac~l1tie8 between tht!! Cent.ral Office and t.he s~ 

t!mea v~ry remote conetruction site~. An ina~ncy in the site map or 
lack of detai~ shown. en it, may nece~sitate one er several journ~ya 
between the Ctantral Off ice, where the design is done and the oon•truc

tion site ~ich is a very t.ir'e ani coneumin• ant in the end unproduc

tive nativity. The problem of lack cf connunication facilitiee b~tlreen .. .. 
the oonstruotion eitea and th~ SHDB Central Office, however, are CJQin~1 

to be eeaeon~d by the inet~llation of wireless set connections betweer1 

the hefld off .ice ~n~ t"rie sit~•• 

~t the fact, that plan~e to remote places in Neµi\l are '..lsual
ly book~d out months in advance and seats are often not avail~ble en 

short notice a• it :Ls r~quir~~ for the above mentione'1 movem~ts between 
Kathmandu and the sites, will probably not ~nprove in the near future, 
or.6 h~s aanahow to cope with. 

one poesib.i.lity to overcome all the above mentioned probL.!TM 

would be to decentralize the ~esi~ worka, i.e. ~6 the desitn 
~or each project directly on th~ site in the fiel~. Por this kind of 
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work the s".:andard of the so far "3Uhni. tted mapinCJ could .ven meet the 

Jnf:lo..:i:":~l"'!"''°n'tt"~P'"l+-a ,-.:an ho +~ro,., 3 .. aane ~a- ..... -------- -- ---- .......... -- -- .. -- ---.-...-· -- ---- ............. ,.... ... c. 

and wherever needed. 

TI-116 appr~ach,however, ~nernted another problem: the problem 1 

of lack of Bkilled manpower. At presen~ 4 civil engineers in the centra~ 

office man·0:.;;e the civil desi~ work for 6 or 7 on-qoin• projects. 

Tte proposed alternative appr~ch with tht'! desi~ work bein~ 

done at the site would there-fore r~quire one c1Til engineer on each 

of the seven on-~oin~ sitee. 'l'1is coulc be achieved by replaein• ~ 
present electrical or mechanical engineer site-in-char!e by civil en~i
neer site-in-char!e, or by ~ivin! more decisive power and instructi<X'l 

to the civil etaff, already on place. There however arieee the reqruit

ment problem for ~ivil en~ineer staff w~ it. rady to etay two yeara in 

an average in the same place as th~ s1te-in-char~e. 

At present the ment~ ot.~d short-can.in-. is tried to be overaane 
by aasignin4 the detail desi!J1 wor~ to local consultant firms. 'Ihe ex
perts rates for fieldwork hO'AfevFr are not available to send them one 

month or more to the ~ite for detail de~i!'M, not the authors of the 

detail deei!n ---- ie available fran tirr.e to time for site visits 

durln~ the coostwction :t:.eriod. 

7.2. Construction. 

Nepal .:.! a count.ry which has almost infinite !."'esourcese and local know

how of Wdter enCJineer. Trekkin~ throu!h the country side, it ie amazin! 

to see how skillfully local people build diversion dam. even in bi! ri
vere and canals .. moaajerir.1CJ alon~ the slopes, crossinCJ rivulete with 

104-superpaesa!'!S and cluntered to ~teep rock wells in the moet art.ie

oal way. 'Ihus diverted watEr is used eith~r for irri!atiat or to drive 

locel water-mills ( Ghattas) ,, 

/A,a a matter of far~t tn1.s existing local technolo~ is not 

enou~h made use of by consult~nte for enqtneers as far. Upto now the 

design for canal~ is matStly d1xie in a way to 4!et strai!ht all!fWn8nt 

sections connected with exactly radial ~urvcs. It is trl'e that euch a 
desi!fl wor~ pleasant on a map, in the field however, the etaaitht 

aliqnmentg cause very often d~ep cutting.15 oo the hill elopee, thus while 

conatriJcted, destroyin~ bi~ surfaces or valuable veqetation cc:J'ler 

thus creatin'J bi CJ erosicm hazard a c1urin~ monaoon -·ainG. 'nle alt.ern"tive 

and more apprepriate approach ~s practised by local people,destrcye the 

ecologic balance as 11 tt.lf' as post=;ible ';yy followin9 the contoor linea 

to the rsa.x1mum po•Dible extent. 
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':'he r' ~ei~ for diver-rd en 'tr.ictur~i;; and t<?<:!•:n~k~ as pr~~-

t:.ce~ P.ctually,i:.sually usee a .l.ot Jf ..;tr . .:,~t ... ~ c:1.Vdl.~1Jl~ity C\t ~err.ent 

,!nd blastir.~ material• is ver:i oft.eo t~ crucial pci,"'lt for t~te impl.eMen

tc>ti ::m of projec~. Saftet.1.mel'J no cef!ll~nt ~-" ..-s1lable ~t dLI. or 1"..hen the pro

ject i~ in such a remote place, that the transp0rt of thP cerien~ a.lonq 

~ould requ.irl"' more tir.-e anci cost t"1en ~as echedul@d for- the car st..-ucticn 

~r.1..od of the prcject. MoreoYer hyrjrolo~ical and ~ol~ical rl"tafl! dr= ·~ary 

!!Carce and there is very little experience in cnnstruct:tn' h~rallc stn...'C

t·..irea in the Him~l.ayan-Foothill!'.. Thua even a heavy re..:..nforr::<.~ c~11t 

eoncr~te l!tructure is eubjec-t to bein~ destrO'f'Wd by a hydrol~cal c-~ ge

oloqieal event Which vae not prodictabl4! on the ha.sis of thr. available 

dat.as. 

In such cas~e, where th~ fore~ ~f the n~ture annot be ~~sen

sed exactly and therefore adequat~ measured to "'ncounter thoae forcee 

c~r.not be found• lhe most appropric-.te tecnic is not to <~f fer any reisie

tance to these force. 'nlis 1~ ~ctual:y th~ apPro~~h used by loc~l pPoples 

buildir1" a.:.mp:e etructuree ';lfith loc~l aat.erial only . acce?t.1n9 that. th4!y 

,,:-ill be washed away annually by heavy monsoon ns.ire. ~ scwne approach 

cou~d he used for ~onstr:uctinn of sm~ll h~ro power stations. AB labour 

coete for re~ir and rehuil~in! the 1am2ged etructu-e is C(l'l'1'P8rat1vely 

low in con'.::rast to il"lpo.rted geode like !lt~···l cln<l ce!nent, this approach 

wo'l.lld prave more Pconcmical e~n on the lon~ run then the so called 

scientific methods with lots of c(·nient. 

On<-' has however to be a·~i'\re that thie local vr appropriai:t! 

bears with it sane problems as ,,.. ... 11. Th~ best felt problem ""ith thie ap

proach certair,ly is, that all th~ tech .. '1ic11l deciaiont~ which were at t..he 

base for thEi deai~ of a atructue are not rep!rformable ~o there are no 

f ormuleis for it. 'Ihua this approach neede mueh more experi~nce and a 
~ood deal of camion sen~e ae wiell al' ~ better foolin9 for the force and 

the flow behavicur of the water. then the •scientific approach• usin~ 

formula• for the dee!~ of eYery f\ingle ~tructure would require. 

Thia lack of reperformability is the c:rucial point which 

make• it difficult to ccrnply nonn~lly with and requlntionsa accordin• 

to the rulee and rec;rulatione, a detailed coot eetimate has to be suhmi

t t~ for each project aloo• with deta.il~ plan£ and croes-sect.ione for 

all structures. A.8 vith the above descri >ed appropriate apprr,ach all 

the et ructuree a lowly developed Wld~·r the eyee of the aupervJ.ain9 engi

nP.er by •aMt 1<ind of trial and error root>od. tak.in• into account ~11 

local to~raph..cal. 9eol~ical and nydrol()4J.ica.l ft 1turef!t, it might 

pro•• diffiC'Ult. if not. impoeaible t::o produce an acct,rate deElign fer 
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for each st.n1C't.Ure h4!!for€h&nd. HoweYer~ with thfl in;,ccur11cie!'! of t~ 

s1.1rvey datas ~ctually at he.3.d,. 1!·-~n a rcugh desit!J!1 -3.!ld cost estim~te 

is probably more ac~\:tr~te when it is dooe on the !!ite directly usin~ 

mt aPpropria te appro~ichr then the prest!nt cost 3~ti~taa whic:-i ar" 

hosed or. mof'tly '.L"'\satisfyi:ig survey da~aaa and done frcm the ~eak in 

the Ka\:hmandu ~cn·-ral Cffice. 

The: ~u~qested ap~ropriatg constructiCI'\ met~od by tri.~l und 

error hc-.1C·ll'er, collldea dl$v with the contractor sy!Stem carrnonly is 

U!IO for coostru~tion of sueh pl~nts. AB with thi• method no accurate 

and final plan can be han3ed ovt!r t.o the ~onsul tanti It requires a b19 

deal ~rt; supervi~ion £rem the c ontr.actin~ agency~· than the corm10n 

•sehintific app~oach" where the contractor just has to etick to tha 
·-· 

plane with "'° reqard to prevailin~ geolooical, topographical hydrolo-

tical o( soil condit~one. 

Thia how~..rer apa.in ~ener.::\tes th~ problem of the availabilit: 

of aufxici~nt skillP.d and ~xperien:::ed ~r•onnel. 

8.1. Rdten &. Unit Price3. 

Leg.3l rotes for la.boor mate::-i '.ll and tran:iportatian wen~ collected for 

dif::.:c!r~nt ~~-~e~ The :Jourcel! of d~t~ were: 

1) Official rates gives by Chief district Officer. 

ii) Cl.trrf!nt Rates 'Jsed for construction works in the locality. 

iii) Random collections on verbal information. 

iv) ~a~& .::ipPlicable to similar ot:her pro.1?.cte. 

Where diff'!r~nt aourcea would apply· priority i~ ¢ven in the Abo'Ve w.en
tioned order. Fran there, a8 ·A'ell as other relf!Tant data,-!VeraCJe labour 

r"!tatJ and unit pr.ioe[; for various wor.k• 'h"'ve been canJ:""ted. 'M'le ratea 

and t'nit pr.i~~!!l 7ary fran eit~ to site. The unit rates include labour, 
.. . 

material. tool~, st~tutory t~s and cc~tr~cto~•s profit. 11iey are 

dcpiccted in t..i>le 4. 

All major COBt items 3re spec.ifiec in the coat estimate~. 

sntall~r iterne are incl1..t0ed in m.iec!ellaneooe work!I. TtV't perct'lnta~e for 

miec"':llanerus itf!fM "re usually vary bet~n 5 to 10 percent• 

Engineertn9, auperi.risioin. adm1n1etrJl\tlon .ind oontinqenciae 

are inolud~ with percentaqea Vdryint betwe~n 5 and 10 percent. 

··~ 

' 

,. 
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,\.l _ r"!t~~ or~c~~ u~-~d ir: ::he cc<>' est .i....11., t··~ 

the be~nin·r of each f:s~.:\l ·w•c>. 

~.2. Const!."Uction Cos~~ ---
8.2ol• Pr~liminary works. 

The Prelimind~J works wj 11 mainJ..~,. ~vnsl~t of ddr""li U Jr-:a4 survey o( 

the project 3ite, :--~vi~ of t ~ !JOW"t:r m'irket study fer ~lmn1n~ rlie

tribution not workt• and final r:nqi.r.et?.C.1ng designs. Al~o 1.!":prov"!l'":eJ"'c 

or acce!!~ to site:;, bu.il.Jin~ tempo1 ary and per!"lanent b:· tdqe etc. 

Th~se coste it.ems dre partly incl:.ided if' the En<;ine~r.i..n~ cost~ and 

partly in the Miscellaneous works. 

The permanent:. buildin~3 fer the oper. ~t ion nf the power 

plant11, etor<'lge and acccrnodati:Tl for pr ~-ject staff • 

• 2. 2. Transportati-:m. 

For !rnporte1 m~terial fram over~eas tr··~ traneptJrt cost upto ~pal/ 

Indian Border is e~timated at ~s. 4000 ~r ten. 'Mie ,~ost. due to pro

vision of transit stores at the border is •dded t:) the tranoport cost. 

Fran the border, the ma~eri~l~ 3r~ tr~~~po~t~d Jir~tly by H~licopter/ 

Twin Otter, 3kyvan in same cast J# at other• tr y are transport·~d as 

~ar as possible by tt"Ucks and thereafter by air tr~n~port or porter. . .. 

The c05t of d1e helJcopter ~r hour 18 5000/- for sm-:lll and R!.~1,000/-

for PumA and var..les frdll RS• 4000/- ":o 6000/- ~r ten by pl"ne/Co.'3ts 

are ~ha.om iri ""r\bl~ 5 .. 

F.2.3. Civil Work~. 

The cost of civil engJneeri.r.q works 1Ei calculat~ on the basin of tM 
local rates and unit pr.ice~. Tl°'e house builjin~ co~t~ ~re hased al a 

pricf! per n 2 • Cogt nf use of :!.clnrl is~ .. 500-20C');'- ~r ropani, (i.~. 

1/5 of an acre) .. 

:'. 2.. r.. !:lectro-mechJtnic~l Equi~~nu. 

The cost of these equlpnentv ~r~ ha8e~ on FOB pric~s for equipment• 

of overseas manutac~ures derived ~rom prelL~inary quot~tiona and 

partly on earlier tendP-t£ • 

t-;. 2. s. Transmiasion Linea. 
'rhe prices for conductors, i~auletors trAnaformera and hardwares are 

imported an the prices are par ly checkf'!d by , u--lier tenders and 

j>~~~.!1-~ _guo_tat.ia'l. The coats of pole~ etre derived locally. -1'he ave-

• 



.verage cost per km of 11 KY linee and distribution networks are eati-
.. 

mated a.a Rs. eo~mn/- .~ ~n<i R~ = !O:::'tOO/- /kn'!.; 

P'orei.-i cost canponents are c~culated on the followinq ba•iei 

For ciTil works only cement and reinf or~ent steel are a~sumed to be 

imported. l"orei~ co!!t canp:mi!nt for cement will be Rs. 1200/- per Ton 
and Steel ie Rs. 4,000/- per ton plus 70% for tranaport. All coets dUe 

to electro-mechanical equipnenta includin~ transport to site 1• the 

foreitn cost component. A!l imported line materials are foreJ.tn cost 
c~nt. 

8. 2. 7 Operation Coe t~ r 

'!be followinq staf Ein~ pat'::ern ia adopted r 

Supply a 1. Senior electrical/Mech. ""7erseas 1 

2. Account/Administration clerk - 1 

3. Line-ft'en - 2 

s. s~a~onal labours - 3 

Power -
Stations Oper'itora 

W~tchman 

e.2.e Econcmic Conaideratior.a. 

Gemral App::-oach. 

- 2 

- 2 

- 3 

Micro-hydel scheme a ~r4!! -wie·11i1ed in thEs context of benefit. BCC'ruin~ for 

HMG in savinfJ of forei!l'l exchango for import:l';Jd rliesel, 'kerosene oil• 

and dry colla fc~ transiater radio a~ well as increased independance 

frc.m ~orei9fl euppliea. 

s~ • broad assumptiaie for evaluatin~ the expected econanio ra~ of 
retum area 

1. The ne~aq~ maximum aelllnt price of ener~ to CIJl'lsvnera RI,. o. 7S/JOfH. 1 

2. Monthly dorneetic coneumption/conaumer 'lar.ies from 15 to 24 l<WJVfttanth 
within 15 year• p-. riod. 

3. Gestatic..--n ~riod for the plant lS year•. 

°'• '11le ner•9e domeetic conaumption per month durin9 the 15-Y'&r period 
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is ass~' at 22 K>'tH/mont.h. 

About 75% of ti'lis uso.ge is 3.~ributed t0 li<;~':"i.nl! tle~Jds and 25" to 

hedtin~ and cookin! !ie~•" 

3. Over the 15 year period SCI.( of tc":.al ener~ sal!!e ~re estimated 

for all consumption other t:1en do-nE:stic with 40% of such usage bein~ 

attributed to liCJhtinfj needs anG c,;c% to motive .?QWllr and heatin~ 

needs. 

-t. Thi! implemc"'t1tion ~rioa for the project is 2.s to 3 year!! 

S. '!he opportunity cost of the ~apital is 12%. 

6. The avera~ cost of one litre of kerosene in the project area is 
Rs. 6/- and it takes iliout 2 litees of 'kerosene to produce/KWh of 

light. 

,.2.9o Coet Break-down. 

Cost break down tor each scheme fo~ a major cateqory of works (clvil, 

electro-mechanical.transmission) is given in Table •••••••••.•.•••••• 

'The total cost of these three catego~ies of works in increased by 20% 

to provide for enaineerin9 and supervision {13%) and contin9~ncies(7%). 

j, ?ossirle Altern~tive Energy ~esource. 

'.fhile e~ak.int] of altern"tive energy resources ir. N~pal, fl.-e understand 

e~er-nr alternativ~~ tor 

a) Fuel like would., .3traw, cowdun9, ::: "''W('lust, hay etc. 

b) Oil products like kerosene, petrol, diesel oil etco 

For the line being, practical expe:-.!.ence i,.;i ili alternative energy products 

ir. very limited. our practical under~tanding of the term "alternatJ.ve -

energy resources" can be riefine as followss 

MTI"le natur~l enerqy resources vi7. wnt~r, sun 1 ~ind and qaa shoul~ 
be transformed by a simpl~ technical device into a frcrn wh.icli would be allow 

tt1e inhabitants of thiB coun~ry to uae these energies. And such energy eou-

rPc~e should prove econanical in the lon4!1 run than the traditional f'."nerqy 

sources without further deterioratir.g the ecologi~al h~lan~e." 

HMG. h<16 been work.in! on this line for quite sane time. In view 

of the ever increasirt international oil cf i~~s i'\nd acute n•1ti0ni1l fuel 

cri61E adoed to ~he growing ecologic?l damages. HMG. hae ~·rlrn~stly initia

ted the developnent of the alterna.tive er;'!rTJ r~~ourr.en in the followin~ 

line of priority to begin with. 

j 
I 
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(a) Hini-hyc~l plante. 

(b) Gnbar Gas pl.~nta. 

(c) Solar energy and 

(d) Wir!rl .POW"T.'"• 

:::n order to transform such natural energy certain techni

cal dev:i.~eo, howf'!ver, are requir@d. 

9.1. Mini-H~el Plantti. 

Vertical axie watet -..:hef'!ls have beer. in use for many decades in Nep~ .• 

'Ibey are uaed ma1nl~ ~o drive simple traditional flour mill•·· ~ir low 
efiiciency and l.united size make them adequa~e for this ~pose only. 

Be.laju Yantri. Shala t'Vt. Lt'1.:, Furwal Techn.i~llll Institute 

and few oth~r workshops have already are on manufacture of suit~lft 

d~vice6. 

With c po--."er output of maxirman ten houee-power ,manuf acured 

by Balaju Y.intra Shala and Butwal lngir.eerintJ wor'k1;~· theae turbine• are 
drivin' various mill• in ma.J'\y district and have provide<l a reliable ll'Ub

~titute for diesel plenta. 

>. turbioe-IAJmP manufac~uret1 by B~ ( 30 H.P."> is planned to 

b~ ir..atalle~ at Bhol~tar pump Irriqati<11 sche~ in !..amjun9 diatric~. 

A 5 KW size Balaju made turbine is 1nstall~d at one loca

lity .1.n tho district of MUBt~n9. 

9. 2e Gl)bu.r "1 er. -
Wh~ the fire-wood ~re in short supply, the faJllOUB are uain~ cow-dunt 
other dung~ as fuel in the form of dried caket. with drawin9 from their 

fielda ~he much ne~ed fertiliaess. 

ThUB df!'V~lopin9 a plant to gain methane gas from animal~ . . .. 
dun~ woulc be econanically viable in mo6t cases, where kerosene, wood 
and other ftlele are becomin« limited. Further these plants will be use

ful in view of the distribution of the housinv pattern in tba hilla. 
Plant• for individual family could be built at lees coat where tranem1-
b~~ on li~s foI' isolated houain' beccine co~tly~ With co~t effective 

mea~ures for ~dS chmnber•, tha coet of each plant works ~t to be around 
Rs. 4,.coo/- per plant o~ im3 aize. Fur~r most of tlle works could bl 

acc-;mpllshed locally. More than 200 plants h<iVe been built ao far. '111u 
0 

"Mst. worlr.J.n~ temperature for these plants would be 28-32 c. 

i 
I 
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9.3. Solar Enerc;yo 

Sir::e long Nepa.lese are u~in9 sol."r ener~ fer dryin! crops, car~eale, 

ha)s, clothes. Recently the solar '-'ate:: heaters a=~ b-ecaning more preva

lP.nt. 1'1e '!'lore cannon tYt:es of mod·;m technical cevices and its compe
t1tiver,e~:.::. of develo_µnent "...s ~ot ~t establ..:i..shed. 

9.4 0 Wlrl~ Ener9)'• 

'" J~e of wind energy may be best suited for drivin! a pumpinti eet;~i11g 

~ater for irrication or drinkin~ purpose. 

10. Generatin9 and Construction F.qui~nte and Toole. 

io.1. ~neration EquipnPnts. 

io.1.1. Hydro-mechanicalJ 

Cross-f la.-l turbines upto 60 kW size operatin~ under a head upto 

6<>m could now be manufactured locally by Balaju Yantra Shala ana 

Butwal EngineerintJ \'I or ks. 'Ille Penst.ock until now are f rem steel 

and are f abricatcd locally also by the above Engineerin, workshops. 

nie coet per KW ie about 1800 - 2200/- ann co1't ~r ton of peina-

tock 20,000/-. 

10. 'o'2. Generating Equipnents. 

AJ.ternat1vee, switch board panels, power cables and all accessori4!!S 

until now ia import~. The cost per kW is aboUt ~. 3000 - 6t:JOO/-a-

10.1.~. Transmiss1::11 & dictribution line Material~. 

ExceptinC! the wooder. poles all the m.'1teriels are imported. 'Ibe 

cost per km. varies from Rs. so,ooo/- - eo,coo/-.-

11. Constiuction Equipnent~, Tool• & Instrument•· 

11.1.Jo Construction F.qU.ienen~J 

only construct on equipnente r~ired aret 

1. Portable Drilling m0chi~ with attacl"rnent of ·•·•••· 2 Nos• 

2. Concr~te Mixer 
1 No .. 

3. Vibrati<m needle 
2 Nol!• 

4. PUmp 3-~i H. f·. 
2 N0 s. 

1 No. 
s. Radi~set 

I 
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ll.2.2. Construction Tool•. 

1. Pick - • 
10 dozeru1 

2. Hard Shavel 10 dozena 

3. Spade 10 doaen. 

... Crowbar - 10 dozerui 

s. Ropei!J 1000 meter•• 

6. Winches - 2 noa. 

7. Erection Tools - 1 set. 

11.2.3. survey Meuu=ementa. 

1. Theodelite 1 no. 

2. Levellin9 1 no. 

3. L!svel!.J.nt Staf fea 4 nos. 

... ll'~a•urint Tapes 4 nos. 

•. 
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""'anlcuta Kl.<:ro-ttyoe~ ~oJ~c~ , op1u •~.J.ua ->\.tt~ ... •~.&.'-1•1, 

r .. ~alled C..pecit:y • 2.tO kw. 

i. Piscal Teer '029/?0JO 2030/2031 2031/201! 2032/:?0~3 2033/20]' 

2 • ""x.iMm d91'11and 7S 98 110 120 147 

3. Enercw a.nerat!c&( '°'ff) 7&6'0 112624 1 !.·"80!°> 180161 309~•9 

4. Inor·af'e in enerw 61309 90099 1''''5 1 ~'-4)5'7 175127 

.-neration 00 - 46.9!1 37.45 16.18 

~. Energy ..-1--s '~) 

o. Lo-td fp:rt~r (~) 12 13" 16'' 1~ 24.0 

7. sy~ tcr1 lnf' '·' ?('JY 20% 2°" l 5"" , 1-' 

a. No. of .::ona\.imer (l~!tl) 245 307 412 Sll S64 

a) D~s~i" 2~4 306 ~tl :ito S59 

b) Yndu•tri"'l l 1 1 1 4 

o> ot~r - - • 
9. t:nor~ <-el • cl:1tl"eifio~t:.lf'lft 

( t ~.:t ) in KM 61309 90099 172755 152957 27137.7 

a) ~Rtla '4S'771 7C994 tnt349 t4o:no ~31011 

b) tnctust:rial 15~38 1510$ 13507 J2~7 ]O~Sf, 

a) other• - - •Pft99 - -
10. snaro CorJl~pt..t.cm 

i-r caplia (KttH) 250 293 ?.98 '" "4RA 

1 ! • Op:tr.i:it.J."9 .std ~int.e-
r{8. 1 Mna9 O>et (It. 18500.no 77500.00 196103.00 92663.00 3350')0.oo 

12. ~evenue (N. ~~.) '1 416.0::> 31112.0 - - 972')7.-

13 • Ne. of -.pl<:J119C8 I 35 

14. Population 1 •258 

1s. Ratio of canaumer• to 
populatioa (") ! s. • 

16. snerer om.rat.loft per 
Qapit.a ,.,.,_ 313.0 367.o 3'76.0 "s" ~" ~-·· ,..., .. 

• - -
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bt.imat"os of Oroen l'Mmntl~ PrC'>jf!Ct of *Pill 

A~ ~ Mr~ pricee 

( R1' mi lli~M • -·- . ._ -~ ................ - ·-- ~ - .-.~ - ... ._. ________ _ 
s.Mo • sect.or 

• 
Yt1tnr • 1 (}(>C./65 '•W6''66/67 '67/68 • '69/&9 '69/f/lf70n•'71111112'71113n1r14n117~~~ • • • • • • • -.,- • • • l 

-· • - - •I •-c• .._._ ...... •• -- ..... _ - I •raWS A ----· ..... • .......... _,.,...__~ ............. _ __.... 

• ~1.~eV6l;6$/66;M/6"1;•1~:68/.f>9:691J:0;101J1•111J.2•12ftJj7¥1.t:7.~L!~-~Li-

1 I A'3r1aul~ure I 3654 • 47941 4292: 4'883: 5~57: 5921: 603,t 710(! ~519' A!51t 9949 1 970!~ • 

~ • Mirdft9 • ~= ryina • 1 • 2• 1 ~ 1. s• 4• l' 2 I 3• 3• ":i • :J • 

' • "-"'f ~urlneJ • 03 • •• 1"4 • 137' 712. lQI' ?.1 s• 281' ~12 1 J'~'' 46'3 1 ~3'7 • 
4 • C<1ftrtruct:1on • 1 :>l I 111• 1 lft. 134 1 , ... 192' 1151 14t' , 53' 1 t>3 1 171 1 1~ ~ • 

i • ,. r &n ~~rt 5r ·.:!aft8. • 91 • 93• 102 • l ?.O' 141' 1921 ; 3•' 2s~· '.'(7' 4?2' 4S~' 69) • 

6 •"' ~ t.!tQll Indus try • :365 • -479. 429 1 .tAA • 536' 592' 603 1 711' 6SQ 1 MS' ')95 1 911 • 
1.• Plnaec.i•l I0<'u•tlliA..,. f)' • 90' 82' !6' '16 1 1:18' 1~9· 141' J~~· 1~~1 • ~01~. 2~5 • 

• • A---C\nh.lp t1wr. ll i .... • ,~. • 66?' 683' 6~R' 7 ~ ". ~29' 745• 7•2' 1'14 1 7i::•• ~l ~~. n:n • 
' . PUb. ...-""". 5r l . ~ f O'ftC. • P2 • 101 1 1~~· 1~1· 1->6 • 17'7' n~· L '.11) I ?JP. 250 1 33•~. :'.'1~1 • 

10 ' ~:1~· ~ioity • 4 • !>. e• l (). 16' 18. 20• 2]' ~· ?8. ~4· ~C) • 
11 • .·!hole8 a le ~ retail ~...-

• ... r.ade • J. '& • J()()' 245' ~~9· ) :;:;; . :"61 1 318' 339' ]3ti 1 3?4a ., 31' /!!H~ • 
11 • -~-~"'Yia-~. • 170 • 17W• 204• 21~· '.>35. "156• 279' 312• 'H2• 456' 54 ... 74~ ' ... •-oe~---. m .__.___..._.....__. ....... ,........_ ... -- ....-.--.-- ·-----..... - _..,.......____...,....,_. ...... -- ...... .......,.., ....... ...._.__..._ .. __ .. .-.,......_.._.... 
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DISTRICT WISE POPULATION DENSITY MAP OF NEPAL 

DENSITY IN INHABITANTS I HECTARS 
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