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Preface

Mini-hydel Project Development fail in the damain »f regional planning
in the policy of His Majesty's Govermment. In this context such an dev-
lopment is inter-related with in other regional develcpment phnl;: An
assessment cf potentisls in the regional sector is the guiding factor
in any planning and implementation aspect. This paper on Mini-Hydel
Proje>t Development assesses all regional as well as national potential
and developes the ides of how micro-hydel project could contribute in

the overall development of lhg;l.. It ig based mainly on ﬁ.ndinq-: expe-
riencs of feasibility studies, implementation work in the framework of

Small Hydel Development Program being undertaken by HMG,

This paper intends to make the readers aware of tha general

hydro-meteorological coniition >f the country - ecological situation in
the hills its conditions, potentials, constraints and present develop~
ment strategy - constraints in development of Mini-hydel Project in
remote area with harsh natural conditions - minS=hydel project general
economy, appraised of works - selection criteria - necessary toole -
alternatives anergy resources - pricing of electricity etc,

It ie hoped that with this paper the reader could objectiv-
ely assess mini-hydel projr:t development potential and suggest further
imporoverent as well as expansicn in the present infra-structure.

The auther is grateful to many mewbers of Small Hydel Dev-
olopment Board, to the SATA experts working with SHDB, to the various
organirations and suthers whose papers, books and articles have been
freely referred to and quoted during its compilation.




.Outlime of Hydrological Resources of the Coumtry.

1. Ceogra .

Nepal is a eountry with rich traditions. It ie gituated in the southern
flank of the great Himalayas and is go{gered by Incdia in the South, West
and East and by Tebetan Autonomous Region of China in the North. The
total land area is 1,41,577 square kildmeter with a population of about
12 million and population density of about 85 per square kilameter. Tt
lies between 26° 18°'-30° 30' N latitude and 80° 15' - 88° 15° E longitude.
It is about 900 km, East to West and 140 to 240 km North to Socuth, It has
4 development regions and 75 distriets.

2. C-eo_-mieal eharaeteristies,

2.1, Cb'olo__gz.
Nepal is tectonically situated .n the southern ilank of the Hima) zean
antielinorium which is bordered by the Ganges Basin to the South.
Like in other parts of the Himalayas, it inelude two important
struetural feature - the main boundary thrust and the Central Hima-
layan thrust. The main boundary thrust separates the siwalik repre-
sented by elay, shale, sand-stone, pebble and boulders of middle
Mioesene to lower pliestncenc period fram the older tertiary and Pra-
tertiary roeks., The pre-tertiary roeks mainly unfeasiliferpous
inelude phyllite, quartsit-, limestune, dolamite of later protozoie
to upper paleczoie period, The older tertiary rosks eonsisting mairly
of eozene shale and numilités of narrow basin in West Nepal,

Similariy, the Central Himalayan thrust differentiates the
higher Himalayan protozoie arystalline metamorphie roake from under-
lying pre-tertiary low to meéium grade metamorphias. The arystalline
roaks of the Hicher Himalayan Zone forma the basement for the Tethy-
sian sediment which present feasilliferrous roeks ranging in age
fram Cambrian to tertiary in Thank khola and Langu-Manang s malinorium.

From eeonamie aspeets, the tertiary basin forming the sou-
thern fringe of Nepal and higher Himalayan Tethysjan basins indieate
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€ od prospe.t for oil and gas aid als) many aress show gas and oil
seepages,

The pre-tertiary with intrusive granite and basie roeks
reveal wide oescureenses of metals like 1, P, 2n, Pe, Co, Ni, Mo,
N, Au, Age Uranium and other non-metallie minerals.

2. 2.2, Geo-morphology.
Geo-phisieally the gountry £s divided mainly in four regions:

(1) " Northern Region of high snow elad mountain
(11) Central Regions of denscly populated area and
(114) Siwalik Regions with low water retention eapasity and

(iv) Southern Regions of Terali (an extension of Gangetie Plain)
and Inner Teral,

The altitude of Northern Regions varies fram about 5880 m to 8848 m.
It constituties about 33 percent of the total area of the country
(1.e. 46,720 Sq.Km.). 'he altitude of the Central Regions varies
from about 1830m to 5880m. It covers about 36 percent of the total
area (1.e, 0,968 Sq.km.)., The Chain »f mountains in this is called
the Mahablharat Range and extends from East to West wi*h altitude
varying from 1520m %o 3660m.

It has inmmumerable number of perennial streams. The big river valleys
like Kathmardu and Pokhara are also locared here. Kathmandu is the
Capital of Nepal, The area, sltitude and population of Kathmandu
Valley is 648 Sg.km, 1400m and 500,000 ronpactinlyc

S8iwalik Regions is a small strip also running East to West and com-
prises about 8 percant of the total area (i.e. 11326 Sg.}Jm). The
altitude varies from 610 to 1830 m,

The altitude o Teral and Inner Terai running East to West are below
300ms The width varies fraom about 16 km to 48 km and comprises about
23 percent of the total area (i.e¢ 32,562.92 km),

3a Mro-llateoroloqicnl Conditions.

330 Pracipitation.

Hydro Meteorolsgically there arv: two rainy seasons. The South - Bast
monsoon br.ags more than 75 psicent of tha tot.l annual rainfall and
occurs between mid - June t» mid - October, The Winter rains and
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other scattered rains account for less than 25 percent. The amnual preci-
pitation varies from abcut 250 mm. in tha d4dry Western region and 3500mm
in the West Regions. The annual average 1is 1516 m.

3.2 'l'emfetature.

In the Southern Terai and Inner Terai, he temperature goes as high as
44° C 1in Summer and = 4.4°C lowest in Winter. The temperature in the
Himalayan Region is below 0°Cs

3.3.Climate,

4.

The West generally receives less rainfall than the East Mugu district
receives the least amount of pricipitation, less than 500 nm. Howwwer,
rain in Jumla is only one-sixth of that of Pokhara. The maximum ralnfall
occurs in Pokhara (3770 mm). The Inner Terai and Chure regions (Siw.1lik)
receive about 2000 mm to 2500mm of precipitation. The rainfall recora in
Damak and Rainbirta in the Fastesn part, East-of Koshi receive about
2000mm to 2500mm. The rainfall record in Dharan, Biratnagarx, Dhankuta
and Namche Bazar ara 2000 rm, 130°mm, 806mm and 830mm.

Rivers and River Basins,

4.1. Rivers.

4.1.1. C1‘.51f1cati°n’

The rivers in Nepal are hydrologically classified into three
types as follows:

1) The rivers with thelr sources in the snow and glaciers
in the Himalayan regione.

i11) The rivers ociginating from Mahabharat Range below
snow line and are fed by ground water including spring
and have susteined dry season flow.

1144) The rivers originating from Siwalik Range. They have
either very luw or no discharge during ¢ry season,

4.2« River Basins.

Nepal consists of three main river basins. They are Sapta Kosi,
Gandak and Karnali basins. The other important river basins are
Mahakali, West Rapti, Bagnati, Kankai Main river basins,

There are about 6000 rivers in Nepals About 1000 rivers have lengths
about 11 Jm each and about 100 rivers have lengths about 160 Xkm.

The “~otal lengths of ali cirean: and rivulets exceads 45,000 kn,
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Thus tha dre .nage density expres;ing clogs*ners f spacine of chznnels
is approximately 0.3 km per square kilameter.

Records.

~he average minimum Specific run-off of 38 rivers with catchment areas
faerying fram 4 to 42, 000 km and which have been gauged reqularly since the
past 14 years in 3.7 l/s/km with a standard deviation of 2.6 1/s/km

The average maximum specific run-off of the same rivers amounts -
to 1.5 m /s/km with a standard deviation of + 1.4 m /s/km

The carrelation between the specific run-off and the catchment
of the Nepalese rivers show similar tendencies as has been found by statis-
tical analysis of rivers from countries with lenger hydrological records,
i.e, the minimum specific run-off increases with the size of the catchment
area whereas the maximum specific run-off decreases with increasine size
»f the catchment.

CGeneral Back Ground,

6.1. Demography.

0f the tot. . population nearly >0 percent live in hills. Around 30-
percent of them are agrarion. Shopping supplies are rcached through
small townshipe or shopping centres. The average distance for each
household for shopping is about 5-7 km. legving ou* the small busimess
community. rest of the entire population live mostly . ‘attered. Most
families own on an o’erage about 0.2 to '8 hectres of land, 4=5 heads

of cattle. pigs, norses, fowls,

The demographic preerure is increasing at the rate of about
2 peicent. Besides, there are approximately 7-8 million animals 1in
the hills., In lack of campatible economic activities, most people
depond on agriculture procuction which is gradually, decreasing. Fuel
requirement are met through fire wood from nearby forget. The cattles
and other animalsg are second important source of econamy. They supdly
milk; meat; leather and manures. Subsequently the recuiments for gra-
sing pasture land are increasing. Refer to attached map on populatirn

density.

6.2+ Micration,

when the local rescurces et scarcer, game younq men start to move ot

in search ~f work, Same migrate from one place to another within the
country and same emigrate to neighbouring countriaea,
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The Terai plains being ferti.e the family m.gration towards Terai
is very high Random settlement of such familieg in the Terai plainsg caused
devastation to many forest armas. The Gowvt, had tc initiate ~ontimuous reha-

ilitation procram.

’3 Forest.

o4

)

N

The fast deforestation of the hills in Nepal eive an impression of the extent

of the prevailing energy deficit in the country and ot the urgency of the
supPly of alternative enerey resourcss.

In some localities fire is use to open up now land, Where the
newly claimed soil is not fertile encugh, dried sods, woods are collected,
bushes are ~ to burn them for good ash. This would give a very good po~
tate drop b, iifting. Cowherds hunters and children also light fires to
jungles scmetimes. Like this jungles are enchroashed. According to climate
and local building styles, 50-70 cubic metres of wood is logged per house.
Timber and firewood extraction, forest burnt down for cultivation.,grazing,
lopping for fedder and burning of the under-grewth, in conjuction with
timber utilisation for constrotion are causing a seneral degradation of
the fopests by thinning, overaging and loca)l des:ruction.

Fodder & Livertock,

Fodder in the junble 1is disappearing ver: rapidly. The livestocks(cattles)
ars fed meee and more and more on paddy and wheat straw. The prospect of
having more animals arc eettinhg deemer.

Farming.

While the good farmers who have encu¢h cattle and dc very intensive culti-
vation can stil) increase their yields, in most cases farmars are getting

lescer yield even with the some effort put in about 10 - 15 years before.

The rair. washes away the most fertile top seil every yeev,

Demand increase because of populatior growth whereas avaialbility
decreases. People have less and less fuel and fodder, they cannot claim
any more land,

Puel.

About 85X of the total energy consuumption is contributed by fire-wcod.
The per capita consumption of fire-wnod is 600 kg/year while the regerera-
tich is only 80 kg/year. As a ragult 1,20,000 acres of forest are depleted
every yJsar. The Govrt. is earmest in uccelerating re- jlentation program,
reach alternative enargy expetitiocusly and effective management o forest

uses,
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6.7. Traditional Incustries in the Hills,

The typical cottage industries are weavineg with cotton or wonol, iron

or good) amith leather tannine ané shoes making, tailorine,earthen
pottery} wood metal craft in kranze, brass or copper, producing lac,
carpentry, making bamboo products, rope or string, running water wheel
clate mininq; 1im3 making, tiles or bricks or terra-cotta,handicrafts, .
Nepali paper; bee keeping etc.

These activities are carried out seasonally or in liesure
tire free from aericulture works, Further these activities are tra-
ditionally limited to certain ethnic aroupe of peorle, @enerally comine
fram poor social backerounds or poor bill communitles. They comprise
about 1S percent of the population.

6 08 . Medicinal Plants.

Nepai has always been a previleged country as far as collection and
expart of medicira} plants is concerned. These are used in the Hindu
culture as well as in those of Tebetans and Chinese. The local heaters
of the different ethnic groups make quite a lot of vse of these plants,
They are widely used in the preparation of all traditional pharmacocia,

Twere are more several hundred medicinal plante known in
Nepal., All of them can be developed and exported. At present these
comprise about 3% of the to%al experts.

The Govi. 18 promiting its development at all levels,

6.9, Horticulture Potentials,

Nepal hills have ereat potential for fruit growine. .iowever,the problem
of intensive fruit production in the hills is the remoteness of the
areas which are favourable for horficullars Lone-~access routeg make it
impossible to transport fresh frult economically to market areas. Same
sort of processing would be needed. It is hoped rural electrification
can play an important role in supplying energy for fruit processins.
Thus openineg opening a new pos-ibiliCy of cash generation in remote

areas,

Alingwith this Processing activities like fruit processing - -
making jam, jelly, cocentrates, julces, dehydration products, milk pro-
ceseing-making ehee, cheeae) nost processing - salted dry meat,canned
meat, wool processing of carpet making and allied products,hide proce-
ssing -~ makins ahoea; bags, coats, Podder industries can be built up
from the bye - products of fruit processing and milk procegsing, Sub-
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Subgidiary industries oz pasving T ¢ ai- £ wm foreet products like
planks an4 bemboc can be atorted. Immense oossinilities te enhance hill
econamy, therefore, 6xistss

Tourisne

Tourism iz a recent phenomenz in tiiis Couatrye. Handicrafis wild like,
postage stampe, coins and a host of obther tourist subside ap w=2ll as

the farous Himalayar and favourzbles climate, it is beliaved, house
attracted tourista; Besides somne natural scientists, natiuire lovers and
hogt of other foreigners alsc came, Thus £ar, this incustry has played

on efiective role towards the development of the national econamy., How-
ever, tourisr has its dark sice also. In order to keep the tourist ind-
ystry thriving for econcmic return and internatlonal brother wood, proper
balance betwesn the tourism promotion and fracilo mountain ecology from
deterioration wculd ba needed.

542+ POLICY & PROGRAM.

6.

6e

2,10 Water Resources,

No sien’ficant success is achieved for econamic exploration of cil
resources., Coa = m.ras are rot vat located within the country. Use
of solar energy is made fcr dryine crope, Fodders, cercals etc.

in the traditional way., Assessment of necessary technoloqy for
development cf wind power is nut yet begun Forests recources are
depleting fust,

If Nepali is endowed with any natnral resource, it is water,
at of the total annual run—off of 17 DIllion cubic metres 148 X
109 cubmic meters are formed within the country, The will be equi~
valent tea water deptch of 1.1 meters over the whole are of the
country. Added to this, the favourable topoeraphical faaturen lends
Nepal to immence hydro-power potential of sbout 90 million kilo~-
watts, This gives a cadestral distribution of approximately 607 Xw

per square kilometer.

Until now enly 0,07 percent of the abcve potential is deve-
loped and only about 4.5 percent of population are peing secrved.

2.2, Develapment Straregy.

Basides camplenting other uses, Nepal's Water resoirces is is plen-
ned to e developed in thre : main categori #. Laree scale project
like Karnali (3600 MW) are rrimarily aimed dnr expert to neigh-
bouring countrins. Medium usized projects upto 160 MW size are
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meant for internal consunption .n reletivels develcpad reafom 1ilke ot
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Cenral Regions and Terai. The third catagories of projects are the

micro-hydel projects primarily are considered tc be useful to the Hills
\

6¢2.3. Rural Electrification.

i.2.4o

66245,

Govt. Poclicy keing implsmented thrcuen the I'ifth Development Plan (2031/3
2036/37) envisages ¢o more evenliy distribute the benifitg of economic and
social development tc the pooreg: remote regians o: the country. The in-
tegrated projram places a hieh priority in bringing rural electrification:
te the hills region where lives the greatest part of the agrarian popula-
tion, There arezs have no supoly of electricity and due to their isolated
mountainous locations, for many years will have no prospzct of being sup-
plied from future larce hydro-electric¢ projects,

Choice.

Having considered the alzernative of small diese) eenerating plants,‘he
Govt, has determined that only p-actical approach to clectrifyine these
is0lated rural regicas is by utilising the locaily abundent water flow fo:
micro=hydel schemesg Because such evhames require a relatively small
amount f:capita;. indigenecus resourcas, and a short imolentation time
schedule. They can effectively respond to the immediary of the develop-
ment problems in the outlyina communities. ?urthermo'e, they are small
projects simple is desien which can be implomented by mcoilising a maxi-
mum of level talent, labour and materials prcviding, thus. a more direct
participation of the people in the development of their own area.

Iri view of the imense possibilities of development of the small
gcale agro-based industries in the Hills,the supoly of electric enerey
is part of the necessary infra-structure for stimuliting economic acti-
vity aad erowth. His Majesty's Govt.'s on-gqoing rural electrification
proeram is part of its integrated development approsch and a deciding
contributing factor in attaining three of FMG's major dovolopmert ob jec-
tiwe - (a) Create oppurtunity for rural econenic growth. (b) reduce
out-migration of the Hills population and (c¢) dominish depletion of

forestz.

Project Appraisal and Selection,

As ressurces in Nepal bcth in skilled manpower and in material a. e
scarce, special attention bas to b given to the selection of projects
inorder to makes sure, that the 1imi+t=d rescurces are employed in a most

profitable way.

Small hydel nrojectn can and should be appraised on different




[

i2vel3 and bac=2c. Thx a amals ™~ 21 myadast A .8 annmesiead rou.M
P ~ RS -~ ~ -~

.- Tale cuhly
Trom tha followine viewpoint-,

4

natimnal aid regicnal dovelopwant planrang and svelorpment aims,

MIAGT oLy o wnT mIow Yrs oataa L gk ad

cification of the zountry.

\
.

or ttre prolfece level.
addationally according to sofer prevai ling practices in Nepal,small
hydel projects are “eing apgraisaed depending on the anotional attach-

znt of sGs decislicmmakera te a particular project.

ne different viewpointa.

Tt ie clzar thut ths above menticied vicwpoints are strongly intedepen-
dent end projlct aporsiszl Nas Lo considear all the aapecteQ Independently
from th? viwpoint from which the projacts are appraised; thera always
oxist basizally twy differant approachee which shall ba outlined below:

l'aticnal and r=fionz: dev-~lopwint planning and development aima,

“rcmgw ——— e e - -

one poesible and sctualirr trudit’cnal approacn would bo; to selsct pro-
jecke which pruwtica the heal ~etur , of the costs . a the shorted period of
time, Tids would ai0a othar require the project to be:

- within easy ra2uin of o wlendpotiaticn Fuocllity (ruad, STOL airstrip)

~ ir an arm? Wity a food prlential for economic qrowth and where already
scmz ecwcmie rocivitlicg axis s,

» somevhire vher? a minisrn infrastructure already oxists.

~ in an aren vrere tho populrtien density prcmises & §ool respons to
=he new omtont. 1

This approsch tovard a eiraliht forwvard income maximisation,which in

turn cculd lead to ~ ¢ neentratlon of investment in favour of the Dla-

cap and e v rh Ehe hiehest productive votential to the determent

oZ the, cthzars, I Wlth Thic appronch} b-oing e selsczion of small hydel

projects pirais cor tho raee oI vay off in terms of net socio-economic

benefita; 1e98 renl2ing arad oonad to boean sntirely neglected. Kee-

plaa in nfrd Tz ouoen ar o) e vrendcing arean; guck an a>»proach

thus would T Ho-iaily vaistt crnd even politidally unwise.

e Fli scady 0l ncenctwle Yenmfit cost &ndl']ﬂil prcee--
sures which weaié "°nd 0 such »n :2proach are nc jastifiablie fo:- small
nwiel orojects, (Zac aloe 2.7, 0e A sensitivity analysis, gqiving infor-



2.2,

information about the tolerance of rising cost benefit ratios within
which a project still could be justified: scems much more appropriate
in thie context, /2

The other approach on this level of project aporaisal is to
select projects or projects areas with the aim to spread investment as
widely as possible with only a secondary concern about the economic pay
off of the project. This wnuld mean that the main criteria for selec-
tion of a small hydel project would be the grads to which the most de=~
favourised people in the country are reached by the project as well as
to number of people profitting fram the project. Stating that the social
consequences of neglect in remote rucal areas far outweigh the risks
of limited econamic success, the typically best area for a small hydel
project would thus be a densely populated: remote area, far from any
transport or other facilities with sofar not much developmn t activity,
Still a sensitivity analysis would have to show how far one could go
with this approach;

- B o o R ] -
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/1 VIKAS , "A/journal for development" (National Planniag Commission)
Vol. 2, No. 2. p 17/ ff

/2 CEDA,  Regional Development Study, PART I, Chapter IV E

HMG sofar has tried to rather follow as far as justificable the approach
of spreadine investment as widely as possibla.

M sterplan for the step by step electrification of the country.

Sofar no detailed masterplan for the electrification of Nepal exists.
Different agencies and projects however work jointly toward the aim

of establishing such a plan. Even without masterplan, the aligmment

of soma major HT-transmission lines is already fixed an? some tohers
are in a planning stage. It seems logical that the backbone of a future
grid wil' follow the most densely populated areas of the country(see
attached map) and first supply chese areas., Not just by chance, the
major oneoing and future road projects actually follow roughly these
population concertration areas as well.

Even thoush no electrification masterplan is readily available, two
distinctly different approaches to select small hi-lel projects from
the viewpoint of & national electrification masterplan can be imagined.

One posaible approach would rather follow a policy of spreading
investment as widely as possible as mentioned under 2414 Projects thus
selected wiuld rather lay outside the densely populated areas of the
commtry, which sooner or later are likely to bes served by a HT-line.
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This approach at least in a short .erm to medium erm planring teada

+o make best possible use of the §CArca resources to rea.ise rurai eiec-
trification by not investine in relatively costiy small scale electrifi-
cation in an area which could be slectrified later with iittle incre-
mentai costs, rag rding the toz%e f{c the FT=t. ansmission line as suanx<
costs.

The other approach woild be to reqard the smalil hydel schemes
as a means to build up a power market ir a rural area »nc thus "prepare’
for a further investment in a connection fran a future grid line. An
already existing powermirket could in future more easily justify a costly
sub-station. The costs for buildirng a small hydel plant ané for the alter-
native extension of or connection to an existing or planned garidline
should however he canprred c:refully. The small hydel station become ob-
solete through the construction of a HT-transmission line, could then te
reinstalled in another pr-ject in a remote area, provided +hat a matciing
site can be found.

The decision whether to adopt ane apurcach rathar than the
other largely depends upor, the time factor: if a HT-transmission line
already exist~ or is going to be ~onstructed witrin the next ten years
fram the momant of decision, in most cisas cne wodld rather relay op the
electrification through connection from the qrid them building a new
powsrplant, provided, that the cost comparision favourises the connect.cn.

In the case of a HT-line to be built in farer future (within
the net 50 years), a small hydel plant could bridge the time gap untill
electriaity would be available from the grid and at the same time build
up a market for electricity, so that a future connection would have a
good econamic return in a short period of time.

To adopt one® or the other approach deperxis on the distance
of the HT-transmiss.on and with it on the transmission voltage as well,
It i8 evident that bullding a substation for a 500 kV line for a load
centys with an expected peak load of 100 XW only or for an area where
sofar no market for electricity exists would be moere difficult to fusti-
fy sconomically than a substation from a 132 or 44 KV line,

Choice on the project level.

Sofar sbout 40 different possible sites for small hydel plants have been
identified in Nepal and about 150 are actually under investigation the
foliowing tries to outline some pousnihble procedures to select among pro—
jecte which would have the same ranking from viewpoints 2.1. and 2.2,
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Hera agair twc different approaches exist and can even be dis-
cernad irn the sctusl profect identificaticn practice in Nepal. Cae approach
would tend to satisfy by any means the damestic demand in a lcad centre.

As cooking by electricity directly produced ffom small hydel plants sofar v
can be ruled out, this domestic demand is limited to lighting mainly.

Oftern, due to selection of inappropriate sites or non availability of '
batter sites within a reasonable distgnce, the capacity of the small hydel
plant is limited., Thie approach now tends o supply electricity to the
domestic consumers in firet priority. The demand fror domesti@ consumers
however,cue to excessive use of electric bulbs as an expression of social
standard very often exceeds the foresecable demand which would just satis-

fy the basic needs of lighting., This approach roushly would tend to sisme

a project mainly on the bagse of damestic load forecast, supplying ouly

surplus energy tc productive users.

“he other approach in this context would rather try to first
satisfy all the demands from productive user categories and supply only
surplus energy for domestic lighting demand. The sizing of the project
thus would rather consider productive uses in tirst priorityf

It is8 clear, that the choice seldom 15 dome fully in favour of one or the
other appreach. The fo.lowing points ghould however be kept in mind when
comparing equaily ranxing projects:

Though as stated before, full scale benefit coat analysis proce-
dure is mot justified for selecting small hydel plants, on this level of
comparision a rough estimate of the internal economic rate of return(IER)
mighi be helpful, A low IER apart from showing that the investment in que-
stion 1s inofficient, misht indicate a low demand for productive uses.
Thus among two projects the one with the higher IER is naturally given
priority, Or put in another way two projecte could simpply be compared on
the bases of the lovel of demands for productive useg. Where there is a
otrong demand for productive uses a rough benefit-cost estimation wili he
sufficient to justify a project, where on the other hand, the demand for
pcoductive uses is now: tustification will be aifficult, /3

Other points on this level of comparision definitely play a role
of similar significance. As for example thea purely technicesl features and
feasibility, A project with a sjort canal compared to the head should for
example be given priority over 2 projects with a low head to canal length
rat.o. As resources in Nepal are scarce, the project which involves as
much as possible local know how and local material makes certainly best
use »f the available resources and hence should be given priority as well
over 2 projects using lots of imported goods siach as cement and steel,
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3. Chalce of prc’c .8 ¢ 5> wh.ch dec’!.:i nmikare are »m “iocnally atached,

—— e

Due to the lack of » mas-erplan rfor rural slectrificaricon it may napideli,
that small hydel prcojects are selec:ed Jor nriciitary implementation on
the base of a simple demand from a person wio is somehow emct-iocnally
attached to the projuct which b zske for. it may as weli hapren, htat
on® somehow instinctively feele. that :his particulsr project micht or
might not deserve the prior!+y vhich iz actually attached to it. The time
has come however for Nepal as wrll not %o base decieions for project imp-
lementation on "instinct® but on scientific tools as ocutlined .n this
paper. The elaboration of a masterplan for rural electrification could
further help to refine thase tools. The aim is to reach a certain standard
of project evaluation which would allow to classify all small hydel pro-
Jects according to a ceortain key: based on criterias as outlined and acc-
epted by all decisionmakers. I+ mieht then well be that certzin projects
which are proposed on the bass of an emotional attachment are identical
with the projects as selected according to such a standarised procedure,
Where there would be some discrepances however, one could with the help
of such a tool ciassify that particuiar project in the order of its pri-
ority and could «ive £irm advice on the bases of a wicely accepted proce-
dure.,

B ey e Eanad - ——
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. /3 “Rural Electrification®, a World Bank paper; october 1975

Frograms,

Under the policy quidance outlined, HMG has liberally expanded ite program
for rural electrification; Out of total 75 distric~s, all Terai Adistricts
have been electrified through extension of Indian (rids or by installing
dissel plante. Urban area like Kathmandu, Pokhara sad the areas where
existing Kydel projects are located have received electric supsly. Remai-
ning about 45 districts in the hills have no electricity so far.

The firat micro-hydel station at Dhankuta was (2x120 kW) com-
pleted by 2025 B.S. in Eastern Development Reqion. The second one 18 the
Surkhet (3x115 kW, in the far Western Development Region. The consumption

sttern of electricity enerey in these areas have prowided certian basis
for further progrunf

Real efforts -‘were put in only since B.S, 2033, whereby number
of projects were taken up for construction. Two projects viz Dot -o.-
Narche were started by P/Y 2033/34. Additionai 5 projecgs viz Jumla,Jamsom,
Phidim, Baglung and Saller’ were s.arted by P/Y 2034/35, Ry B8, 2035/36
other 5 projects Taplejunq; Xhandbard, Bhojpur, OGkhaldhunga and «amechhap
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projects.

Besidzs the construction proeram, continuous investigaticn
programs #ere initiated by ®/Y 2033-34, Pro-feasibility study for a project
in 18 different districts were completed, Subsequently other districts
were studfed and guitable load centres and eeneration sites were selected,
The 1list of projects with salicnt features are shown in Table NOc..eceec..
(B.Se Btancs for Bikram Samkai, the national calendar. The year of the
national calender starte on 14th of April of the accidantal calender.

the year B.,S, 2036 stands for 1979/80).

8cnd specific Problems.

7ele Survay and Design,

Everybody, working on developrent in Nepal certainly already felt
drastically the lack of gcod upto data maps in adequate scales of @
any particular area of the kindam., The existing mape in a nommatrid
scale are in most cases Bt correct in the roush topographical
features of the area but out-dated and even incorrect in some cases
with recard to mapped details, This first of all makes it impossi-
ble to make useful preliminary selection of eood sites for eenera-
ting power from map atudy only. Very often, sites selected on the
base of the existineg maps, prove not feasible on the spot and
through pover and time consiming procedure on other sites has to

be looked for in the field, sometimes even in another river,

If this lack is felt for small scale maps, it is even

present in cace of large scale mapping, Larege scale maps of Pancha-

yats or smaller areas like wards cr 80 are virtually non=existent

in Nepal. This makes it necessaru to have a survey town to be sent



to the selectel gites to make an accurate ce.asled maprping of the area,

There another problers arises: Tt is difficult 1f not almost
impossible to eet skillnd: anll trzl.ed eurvevers with sufficient expe-
rience to make a large scal® man of a conctruction site, which could
meet the requirements of the detail desien. Skilled and emperienced
surveyers are mostly engacec in the important task to compile the so
much needed survey datdas from within thre survey derartment, Thus the
maps arriving in the Central Cffice though looking nice very often:are
of not much use for the detail desien. It happened in one particular
project under construction; that for example the penstock alignment be
designed in the Central Office had to be changed thrice: due to inaccu-
racies of the submitted mape,

This again calls the problems of the lack cof gocd canvmunica-
tion and transport facilities between the Central Office and the some
times very remote construction sites, An inaccuracy in the site map or
lack of details shown. On it, may necezsitate one cr several journeys
between the Central Office, where the design is done and the construc-
tion site which 1s a very time an. consumine anc in the end unproduc-
tive notivity, The problem of lack cf connunication facilities between
the construction sites and the SHDB Central office; however, are going
to be seasoned by the instellation of wireless set connections betwaen
the head cffice and the sitas,

At the fact, that plan:s to remote places in lNepal are usual-
ly booked out months in advance and seats ars often not available cn
short notice as it is requiraed for the above mentioned movemonts betwaen
Kathmandu and the sites, will probably not improve in the near future,
or.¢ has socmahow +to cope with.

One possibility to overcame all the above mentioned praoblams
would be to decentralize the design works, 1.0, make the desien
for each project directly on the site 1in the field. Por this kind of
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work the s-andard of the so far submitted maping could even meet the

reciirements. as addit: i mail measniromonta ~an ho +akan ¢ ases wlioemese—e—
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and wherever needed,

This approach,however, generated another problem: the problem !
of lack of skilled manpower. At present 4 civil engineers in the centrai
office man:ze the civil desien work for € or 7 en-going projects,

The proposed alternstive apprach with the desien work Leing
done at the site would there-fore r=quire one civil engineexr on each
of the seven on-¢oing sites, This could be schieved by replacing the
present electrical or mechanical engineer site-in-char€e by civil engl-
neer site-in-charge, or by givine more decisive power and instruction
to the civil staff, already on place. There however arises the reqruit-
ment problem for =ivil engineer staff who iz rady to stay two yeara in
an average in the same place as th:® site-in-charege,

At present the mentioned short-caning is tried to be overcome
by aasigning the detail desien work to local consultant firms. The ex
perts rates for fieldwork however are not available to send them ohe
month or more to the site for detail desien, not the authors of the
detail desien -- {8 available from time to time for site visits
during the conctmuction period.

Construction.

Nepal s a country which has almost infinite resourcese and local xnow-
how of water engqineer. Trekking throush the country side, it is amazine
to see how skillfully local peop'e build diversion dams even in big ri-
vers and canala: moamderirg alona the slopes, crossing rivulete with
log-superpassages and clustered to steep rock wells in the most artis-
cal way. Thus diverted water is used either for irrigation or to drive
local water-mills (Ghattas).

As a matter of fact this existing local technoloey is not
enough made use of by consultante for engineers as far. Upto now the
design for cCanals ic mostly done in a way to eet straieht alismment
sections connected with exactly radial curves. It is trve that such a
design works pleasant on a map, in the field however, the stmzaight
alignments cause very often deep cuttings on the hill slopes, thus while
constructed, destroyilne ble surfaces or valuable vegetation cover
thus creating bie erosion hazards Jduring monsoon _ains, The alternative
and more apprepriate approach as practigsed by local peopie,destrcys the
ecologic balance as little as possible Dy following the contour lines
to the maximum posgsible extent,



The ¢2sien for diversicn ‘tructur®2s and eadecrks as pra~-

and blagting naterials is very cften the crucial point for tae implemen-
tation of project. Sometimes no cement is availacle at all or then the pro- '
ject 4s in such a remote place, that the transport of the cement along

ticed actually,usually uses & 1ot of cer.out. e avedlabldlaty ot cement |

would require more tire and cost then was gclheduled for the cor structicn

neriod of the projects Moreover hydroloeical and eeocloeical “datam ar: -rery
scarce and there is very little experience in constructins hydrziic struce- |
tureas in the Himzlayan-Foothilles, Thus even a heavy reinforced cement i
concrete structure is subject to being destroyed by a hydrological cr ge- i
oloaical event which was not prodictable on the basis of the available l
datas,

sed exactly and therefore adequate measures to encounter those forces
carnot be found, the most appropriate tecnic is not to offer any resis-
tance to these force. This is actuali!y the approach used by local prople:
buildine s mp.e structures with loceal material oniy, accedting that they
will be washed away annually by heavy menscon raims . The same approach
couid be used for construction of small hydro power stations. As labour
cuate for repair and rebuilding the damaged structuv-e is comparatively
low in conzrast to impo-ted goods i1ike ste-l and cement, this approach

|
|
1
In such caseg, where *he force »f the nature annot be assses- v |

would prove more econamical even on the long run then the so called
scientific methods with lots of crnent.

tn¢ has howevelr to be aware that this local or appropriate
bears with it some prcblems as weli, The best felt problem with this ap-
proach certainly 15; that all the technical decisions which were at the
base for the desien of a structue are not reperformable 3o there are no
formules for it. Thus this approach needs much more experience and a
good deal of comnon sense as well as a better fooling for the force and
the flow behaviour of the water; then the “scientific approach®™ using
formulas for the design of every sinqgle structure would require,

\

|

\
This lack of reperformability is the crucial point which

makes it difficult to comply normally with and regulationst according

to the rules and requlationa; a detailed cost estimate hes to be submi-

tted for each project along with detaiied plans and cross-sactions for

all structures. As with the above descried appropriate apprnach all

the structures slowly developed under the eyes of the supervising engi-

neer by some kind of trial and error met:od, taking into account &ll

local topoeraph.cal, geolosical and nydrolosical fe¢ itures, it might

prove difficult if not impossible to nroduce an accurate design fcr
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for each stiiucture beforehsnd. However., with +he inaccuracies of thse
survey datas iactually at head, even a rcugh desien and cost estimate
is probably more accurate when it is done on the siie directly using
an appropria:te approach; then the present cost 2atimates which are
based on moetly unsatisfying survey datae and done from the degk in
the Kathmnandu Zen-ral Cffice,

The suggested aporopriate construction method by trizl and
error hcsever, collideg als. with the contractor system commonly is
usc for construction of such plants, As with this nethod no accurate
and final plan can be handed over to the *onsultanto It requires a big
deal more suparvision fram the c ontractine agenc-y, than the common
“Sehintific approach” where the contractar just has to stick to the
plane with no regard tc prevailing geoloqicalj topographical hydrolo-
gical of scil conditions.

This however apain generates th® problem of the availabilic-
of sufiicient skilled and experienced psrsonnel,
8,

8. Project Econcmics.

8.1. Raten & Unit Prices.

leogal rates for labour material and tranaportation were collected for
diflicrant cltea, The aocurces of data were:

1) officlal rates gives by Chief district Officer.
i1} <Current Rates ised for caonstruction works in the locality.
114} Random collections on verbal informaticn,

iv) PRrates applicable to similar other projacts.

Where diffarant sourceas would apply priority i: €lven in the above men-
tioned order, From there, as well as other relavant data,averages labour
rates and unit pricer for various works have bean computed, The rates
and wni¢ prices vary fraom site to site. The unit rates include labour,
material, tools, statutory taxes and contractor's profit. They are
depiected in table 4,

All major cost items are specifiec in the cost estimates,
S8maller items are included in miscellaneous works. The percentage for
miec-llanecus items ‘re usually vary betwsen 5 o 10 parcents

Engineering, supervision, aiministration and contingencies
are included with percentages varying between 5 and 10 percent,
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Al. rates orices uced ir the cos’ estim>tmz “r> reviewo? ir

the begining of esch fissal wvea

8.2, Construction Cos<.

8§.2.1,

v2.2.

Fa2.3,

0

8;.2.50

partly on quotation.

Preliminary works,

The Prsliminary works wili mainir 2onsist of adrits ynal survey o'
the project site; raview of the power market study fcr‘¥lanninq Als-
tribution not works and final ~nginearing designs. Also improvarnapc
or access to sites; buildine temporary and permanent bridge etc.
These costs items are partly included ip the Enginecr.n€ costs and
partly in the Migceilaneous wcrks,

The permanent. bulldings fcr the opevation ~f the power
plants, storage and accamodation for pr.ject stafi,.

Transportation.

For imported material from overseas th2 transport cost upto Nepal/
Indian Border 1is estimated at Rs, 4000 per ten, The cost due to pro-
vision of translt stores at the border {s added t> the transport cost.
From the border, the materiale are transported Jirectly by Helicopter/
Twin Otterx 3kyvan in same caslz; at others tt y are transport:d as
Zar as possible by trucks amd thereafter by air transport or porter,
The cost of ihe halicopter »ner hour is 5000/- for small and m;ll;OOO/—
for Puma and varles from RS, 4000/~ “o 6000/= par ton by piane/Costs
are showm in Table 5,

Civil wWork:e.

The cost of civil engineerirg worke is calculated on the basin of the
locali rates and unit prices. The house buildineg costs are based on a

price per mz. Cost of use of land 1is 8. 500-20CY/= per ropani, (i.e.
1/5 of an acre).

Electro-mechanical Equipments.

The cost of these squipments are based on FOB prices for equipments
of overseas manufaciures derived Zrom preliminary quotations and

partly on earlier tendere .

Transmission Lineg,

The prices for conductora; jngulators transformers and hardwares are

imported an the prices are par ly checked by ¢ ww~lier tenders and
The costs of poles are derived locally. 1he ave-
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8.247

8.2.8

average cost per km of 11 KV lines and distribution networks are esti-

Local and Foreign Componets.

Foreign cost camponentsg are calculated on the following basis;:

For civil works only cement and reinforcement steel are assumed ¢o be
imported, Foreign cost camponant for cement will be Rs, 1200/= per Ton
and 3teel is Rs, 4,000/-= per ton plus 70% for transport. All costs due
to electro-mechanical equipments including transport to site is the
foreign cost component, All imported line materials are foreign cosat
component.

Operation Costse:

The following staffing patzern is adopted:

8upply: 1, Senior electrical/Mech. Overseas - 1

2. Account/Administration clerk -1
3. Line-ren - - 2
4, Watchman - - 2
5. Seasonal labours - -3
Power -~
8tation: Operators - - -2
Watchman - - -2
Seascnal lubours - -3

Economic Considarations.

Genaral Approach.

Micro-hydel schemeg ere wiewed in the context of benefit accruine for
HMG in saving of foreien exchango for imported diesel %erosene oils

and 4ry colls fcr transiater radio as well as increased independance

frum foreien suppliesn,

Sc @ broad assumptions for evaluatineg the expected econamiac rate of
return ares

1. The ave. age maximum selling price of energy to consvmers &, 0.75,'KifH,’

2, Monthly domestic consumption/consumer varies from 15 to 24 KWH/month
within 15 years period.

3, Gestaticn perio? for the plant 15 years.

4, The average demestic consumption per month during the 15-year period
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is assume’ at 22 KwH,/month.

About 75% of this usage is atributed ts lich+ine neads ancé 23% %o
heating and cooking neads.

3. Over the 15 year period 50X of tc~al eneray sales were estimated
' for all consumpt*ion other then domestic with 40% of such usage being
attributed to lighting needs anc 0% to motive power and heating

neads,
4. The implemention parioa for the project is 25 to 2 years
S. The opportunity cost of the capital is 12%.

6. The average cost of one litre of kerosene in the project area is
Rs., 6/= and it takes ibout 2 litees of kerosene to produce/KWh of

lighte

8, 2099 COGt Bmak—dm.
Cost break down tor each scheme for a ma jor category ot worksg (civil,

electro-mechanical:transmission) is given in Tabl@ ceccccccccarcceces
The total cost of these three categories of works in increased by 20%
to provide for engineering and supervicion (13%) and contingancies(7%).

35, Pogsirle Alternative Energy Resource.

While speaking of alternative energy resources in NopaI; we understand

eneroy alternatives tor
a) Fuel like would, straw, cowdung, sawiust, hay etc.

b) 0il products like kerosene, petrol, diesel oll etc.

For the line beirg, practical experience wiiin alternative enerqgy products
i6 very limited. Our practical underatanding of the term “alternative -
energy resources" can be define as follows:

“The natural energy resources viz water, sun, wind and qas should
he transformed by a simple technical device into a fram whicl would be allow
the inhebitants of this country to use these energies. And such energy sou-
reces should prove economical in the long run than the traditional energy
. sources without further deteriotating the ecologi=al halance."

HMG. has been working on this line for quite same time. In view
of the ever increasire international oll cflsis and acute natinnal fuel
crisie adéed to +he growing ecologicsl damages. HMG. has carnestly initia-
ted the development of the alternative er.rgy resources in the following

line of pricrity to begin with.
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(a) Mini-hydei plants,

(x) Grkar Gas plants.
(c) Sclar energy and

(d) wind power,

in order to transform such natural energy certain techni-

cal Gevices, however, are required,

Mini-Hx?el Plants,

Vertical axls water whenlg have been in use for many decades in Neps...
They are used mainly %o drive simple traditional flour mills, Their low
efriciency and limited size make them adequate for thie purpose only.

Belaju Yantra Shala Pvt. Ltdé, Purwal Technical Institute
and few other workshopé have already are on mamufacture of suitable
devices,.

With ¢ power ocutput of maximumm ten house-power,manufacured
by Balaju Yantra Shala and Butwal Engineerine works: these turbines are
drivine verious milis in many district and have provided a reliable sub-
atitute for dleszel plents.

A turbipe-pump manufactured by BY2 (30 H,p,) 18 planned to
be installed at Bholatar pump Irriqation scheme in ZLamjung district.

A 5 XW size Balaju made turbine is installed at one loca-
11ty in the district of Mustang.

Gobar “ 85 e

When the fire-vwood are in short supply, the famous are using cow=-dung
other dunce as fuel in the form of dried caker with drawing from thelr
fields *he much needed fertilisess.

Thus develcping a plant to gain methane gas from animal‘:
dung wculé be economically viable in most casea, whare keroaene, wood

and other fuels are becoming Jlimited. Further these plants will be use- .

ful in view of the distributicn of the housing pattern in ths hills.
Plants for individual family could be built at less cost where transmi- ,
s52ion lines for isoclated housine become costly, With cost effective
meapures for gas chambers, the cost of each plant works out to be around
R8s, 4;000/- per plant of 1m3 size. Further most of the works could bes
acc~mplished locally. More than 200 plants have been built so far. The
'bcaf working temperature for these planta would pa 28-32°C.



9.3, Solar Energy.

Sircg long Nepalese are using sola2r energy fcr dryin€ crops, carceals,
hays, clothes. Recently the solar water heaters are becoming more preva-
lert., The more common tyres of mod:ern technical cevices and its compe-
titiveres: of develomment s rot yet established.

S.4, Winda Energy.

';e8 of wind energy may be best suited for driving a pumping set:pumping
water for irrieation or drinking purpose,

-

c. Generating and Construstion Equipments and Tools.

10,1, S=neration Equipments.

1C.1.1., Hydro-mechanical.

Cross~flow turbines upto 60 kW size operating under a head upto
60m could now be manufactured locally by Balaju Yantra Shala ana
Butwal Engineering Works. The Penstock until now are froam steel
and are fabricated locally also by the above Engineering workshops.
The cost per KW is about 1800 - 2200/~ and cost per ton of pens-
tock 20,000/=.

10. o2« Generating Equipments,

Ajternatives, switch board panels, power cables and all accessories

until now is imported. The cost per XW is about Rs. 3000 = 6000/=g

10.1.%. Trangmission & diectribution line Materials,

Excepting the wooder poles all the materials are imported. The
cost per km. varies from Rs. 50,000/= = 80,000/=,

11. Constiuction Equipments, Tools & Instruments.

11.1.1. Construction Equipments.

only construct on ecquipments recuired aret

1. Portable Drilling machine with attactment of ...es.. Z NoSe

2. Concrete Mixer - - 1 Noe.
3, Vibration needle - - 2 Ngps.
4., Pump 3~5 H.F. - - 2 Ngs.

- 1 No.

5. Radin-set -
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11.242, Construction Tools.

l. Pick - 10 dozens
2, Hard Shavel - 10 dozens
3. Spade - 10 dozens
4. Crowbar - 10 dozens
5. Ropes - 1000 meters,
6. Winches - 2 nos.

7. Erection Tools - 1 set,

11.2.3. Survey Measgurements.

1. Theodelite - 1 no.
2. Llevelling - 1 no.
4 nos.

3, lavelling Staffes -~

4, Measuring Tapes - 4 nos.
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Mankuta MiCro~Hydel rIoOjJ=Ce (UPWI4XiUR JLATABLAGE g

(mstalled Capacity = 240 kv,

le Piscal Year 2029/2030 2030/2031 203172032 2032/2033 2033/2034
2. Maxiraam demand 73 98 110 120 147
3. Energy Generatiom(inwH) 78640 102624 1.48ChH 180167 309449
4. Inaor -are in energy 61309 90099 122785 152957 278327
generation (%) - 46.9% 37.45 16,38
5S¢ Energy al~s TWH)
6e L@ Ea2tor (%) 12 13% 16% 13% 24.0
7. Syrtcm loes oo¥ 20% 20% 15 11
3e No. of Consumer (total) 249 307 412 511 564
a) Dxmestin 244 306 411 510 559
b) Industrial 1 1 1 1 4
a) Other - - v - -
9. Enor <al 8 clynsification
(t>tal) in K™ 51309 90099 1727558 152957 2783277
a) Domestie 45771 74954 111249 140270 231011
b) Industrial 15538 15105 13507 12517 30556
a) Others - - ‘899 - -
17, Energy Corsumption
per capdta (KXwH) 250 293 298 299 ARS8
11, Opar~tim and mainte-
nanoe Cnst (N, s,) 78500,00 77500,00 86103,00 92663,00 335070,00
12, Freverme (N, Rn,) 21416,00 31112,0 - - 872°7.-
13, Nc of emplopecs : 35
14, Population & 4258
15, Ratio of Consumers to
populatiom (X): 5.6
16. Energy Oemeration per
Capita {JO/R) 313.0 357.0 376.0 ase. A n o
] e
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Estimatas of Grosn Lamostio Projeat of Mopal
At aurrent market pricee

(Rs milliona)

e o

s.lo: 8ectorx Yecr '1%4./65'6../6('66/67 67/68 63/69'69/’)’70)'7!{'"'7"72]‘73’73’7'}’?4’7[{75}"7‘{%6
’ ’1964£g§'6§£66'66£67’6 /e8° (69'69 *70 1'7;[7?'72/73'73£74'1d/75‘ 75 £ZL.!

1 ! Agriculture ‘ 654 4794 42°2' 4883' 5’157° =927° 6034° 710¢ ' ¢578° 9851’ 9949' 9704
2 ' Mining & Quarryine . 1 ° 2’ ) 1 8¢ 4° 1 2 3¢ 3 2 3
3 * Manufacturing ¢ gy 98 174* 137° 212° 19%° 215° 285°' 312° J07*' 4620 737
4 ' Conrtruction ¢ 123 0 111°' 118°' 124" g4° 192" 135% 149* 153' 143% 177° 104 °
$ ' Transpart & Came, ¢ 9y 93° 102°' 120° 141’ 192%' .34° 288 2L7Y  492% 459 693 ¢
$.” Cottace Industry 365 O 4T9'  429' 4BRB°*  536° 592* 603* T1Y' 650° @g8s5' 995 971 °

7. rinanciel Ynrustwidond 9 * 80° 82° 86° 1d6' 128° 139 148' 3142* 173* 30n° 285 °
8 ' ~veraship Dwcllings ' 654 * 663' 683° 67°98°% 7+4' 829 T45° T82' 779 76 A1 * 831 ¢
® ' Pub, M, & I'ofonce £2 ' 101°* 1427 147" 156° 17T 215 270t 020 250°' 23! LS B

10 ' “lec iicitry ¢ 4 ° 5° : A 10 16 18° 20°* 23! 20 28 19 ¢
11 * “Nholesale %« retall esad

' +rade ' 38 ' 300 245°' Ca0*' 353'  163° 318" 339 236 374 138! 1

12 ¢ lervic s ' 170 ' 1TE' 204%  219' 035 058° 279" 3720 WH2Y 456 S44° 749 °

' 5802 ' ¢909' 6411° 7173 T945° 87¢8° B9IB*10369° 9969’17906%&802' 15130 .

* Provisional
Sewrces National Planning Bomiision Sneretariat.




Eetimetat-s of Cross Demsstie Preduct of Wepal
( At eurrent and constamt prices )

(Ir: millions ~f Rupees;

yoar § At Chrt‘at max ket pd.ooo va o At cons‘.t (“M)_prlom

— AMMMWWMM
1964-65(2021-27) * 3654 1948 5602 3654 1948 5812
65-68(2022-23) °* 4794 2118 ¢ e9509 ’ 082 ’ 1714 . $0)e
66=4T7( 023=24) ! 4292 2119 ' a1} ¢ 3914 ¢ 19088 . $902
67-68(2724~-25) °* 4883 2290 ' 7123 ’ 1028 ’ 2007 ’ 5042
8 -69{2025~2¢) ' 5357 427 ' T798% ’ 4053 . 7194 ¢ &7
09-70(2026-27) * 5922 2846 * 878 . 4191 ’ 217¢ : 6317
T0-71(2027-.28) °* 6034 2904 ¢ sowm . 4273 . 2068 ’ 6201
72=73{2029=30) °* 5578 3391 * 269 ’ 4718 ' 2238 : 6456
73-74(2>30-31) e8s1 318y ¢ 12808 ’ 4455 ¢ . 430 ' eBiS

74-78( 031=32) °* 7949 4353 ' 14802 ' 4530 ’ 2438 ' 695! -

75=76(-032-3>) * 9709 5471 ' 135180 ' {705 ’ 2 62 . 6947 s
" e | D g T USRS 3R —

¢ prwisional.




DISTRICT WISE POPULATION DENSITY MAP OF HNEPAL

DENSITY IN INHABITANTS/ HECTARS
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