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PREFACE

in résponsé.té the fgﬁﬂest of the Government of the Kingdom of Bhutan,
the Government of Japén Has'decided to conduct a Basic Design Study on the
Project for The Construction of Micro Hydro Power Facilities (Phase-II) and
entrusted the study to the Japan International Cooperation Agency (JTCA).
JICA sent to Bhutan'a_survey team headed by Mr. Kenji Nakato, Deputy
Director of the Kyﬁshﬁ Agricultural Administration Bureau of the-Mihistry
of'Agriculture,'Forestfy and Fisheries from November 20th to December 29th,

1988,

The team exchanged views on the Project with the officials concerned
of the Government of Bhutan and conducted a field survey in the project
sites; After the team returned to Japan, further studies were made and the

present report has been prepared.

I hope that this report will serve for the dévelopment of the Project
and conktribute to the promotion of friendly relations between our two

countries.,

I wish to express my sincere appreciation to the officials concerned
of the Goﬁernment of the Kingdom of Bhutan for their cleose cooperation

extended to the team.

March, 1989

Eomsnte %MW

Kensuke Yanagiya
. _ President
Japan International Cooperation Agency
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SUMMARY

The Kiﬁgddﬁ*bf Bhutanfis a mountainous country located along the southern
part of the Hiﬁalayas, immediately morth of India. The country, surrounded
on all sides by Tndia and China, has a land area of about 47,000 km?,
Bhﬁtanfs p@pulatiou_in 1988 is about 1.3 million, most of whom live in the
_ﬂIptermeﬂiatg Zone", which is the area extending from the border with India

to the areas below the elevation of 3,000 meters.

Bhutan has a rich nétural'enVironmént, thus fhe country's industry is
mainly based on agriculture, forestry and animal husbandfj. .Because, at
préseﬁt, agriculture is practiced on a self—sufficien¢y basis, income
leﬁels are éd@paratively low, with a GNP of only $160 as of 1988.
Industries other than agriculture are newly being introduced but remain

' undéveloped.

Due to the weakness of the national ecomomy, the country relies on foreign

assistance for more than half of its mational budget.

In order to be independent from this foreign assistance, the Government of
Bhutan has made its Sixth Five-Year National Development Plan (1988 -
1992), and ‘is working to develop an industrial base, improve hygienic con-

ditions and enhancé living standard for the citizens.

One of the greatest obstacles to.achieving the goals of . this Plan, however,
is the fact that most areas of the country are still without electricity.
Electrification, which is indispenmsable to the realization of the Plan's

goals, is seriously behind schedule for various reasons.

Bhutan is estimated to possess hydro resources sufficient to develop
6,000 MW. Until very recently, however, only 21 sites had been developed,
generating a total of 355 MW, or less than 6% of the estimated potential

capacity.

In August of 1988, the Chukha hydropower generation plant, built under the
assistance of India, was put into operatiom. This plant has a generating
capacity of 336 MW, or about 18 times that of the other existing generating

plants throughout the country (19 MW intotal including diesel gemeratiom).

The main purpose of the Chukha power gemeration plant, however, is to

supply electricity to India. Because Bhutan is so mountainous, construc-



tion of lines and facilities to supply Chukha electricity over a wide area
of Bhutan is difficult from technical standpoint and due to budgetary
restrlctlon. Therefore, electr1c1ty from the Chukha generation plant can

be made avallable ouly to a llmlteé area of the country._

Therefore, the Government of Bhutan has concluded that the most effective
and appropriate way to achieve rural ‘electrification is to ut111ze the
potential generatlng capablllty of the relatively small rlvers, streams,
and 1rr1gat10n channels which are available at the local s1tes.' The
Government of Bhutan has formulated plans for developing micro hydropower

f30111t1es at 150 sites.

In view of the difficulties of the limited budget and the shortage of
qualified technicians, the Government of Bhutan lmplemented under a
Japanese Grant Aid program, the construction of micro hydropower fa0111t1es

at 10 high-priority sites in 1987, These have been contrlbutlng_to the

improvement of rhe people's lives so-far.

Based on this success, the Government of Bhutan has planned the second
phase and has :eqﬁested the Government of Japan for Grant Aid'for_the
electrification based on small-scale hydro power stations_qf_three areas:
Shemgana, Damphu, and Dagana. Each of thé three sites is located in a
center of administration.for the respective areas and confaiﬂs public
facilities such as hospitals and schools, to which electricity was supplied
by diesel generators. However, operétion'of these diesel ‘generators was
suspended due to the steep rise_iﬁ fuel costs and a shortage of foreign
currency. The Government of Bhutan has resumed the partial operation of
diesel generator in $hemgang in June, 1986; presently, the diesel generator

works only at night.

The Japanese Government, after considering this request, decided to conduct
a Basic Design Study of the proposed project. The Japan International
Cooperation Agency (JICA) dispatched a Basic Design Study Team to Bhutan
from November 20 to December 29 of 1988,

The objectivs of this study were to investigate the background and content
of the request, to study the basic design of the project and to decide the

optimum scale thereof.

While in Bhutan, the study team carried out a field survey at the proposed

sites and the surrounding towns and villages; field surveys of the rivers



to-be used for power generatioh and routing of the transﬁission lines; and
held ‘discussions with the competént Bhutanese Government authorities on
matters concerning gemeérating capacities and area to which the Bhutan
Govefnﬁént wishes to supply.electricity by constructing transmission and

distribution lines.

Upon returning to Japan, the study team continued its work., Based oun the
results of its site investigations'and its further work in Japan, thé team
made a plan of the construction of micro hydro generating facilities at the
three sités-(Shemgéng, Damphu and Dagana). The basic concept to formulate
the plans for the geﬁeratiﬁg facilities conforms-to the following con-

ditions;

(1) The capactiy of generation. facilities shall be sufficient for the
consumption of the public institutions in the area. Surplus power

will be used to meet the lighting demands of private households. .

(2) Rivers and diversion sites used for power generation are chosen to
correspond t£o.the scale of demand. Power station are planmed to be

built close to their load centers.
(3) The facilities shall be safe and easy to maintain,

{4) The facilities are planned for standardization as much as practicable
so as to ensure high efficiency and rationalization of comstruction

work of the project.

Outline of Main Facilities to be Provided Under the Grant-Aid

Mo, of Conceivable

P?ojBCt Scale of Hydro'Power Plant

Sites Consumers

- Name Max. . ‘Max.  Effec— Length Length No, of No. of
No. of 1Installed Dis- tive of Trans- of Dis~  Public House~- Popula-

Site Capacity charge Head mission = tribution Insti- holds = tion
- (kW) (m3/s) {(m) Line (km) Line (km) tutious

1 Shemgang 200 0.9 39.0 18.0 5.0 30 346 3,739
2 Damphu 200 0.9 39.0 9.0 5.0 20 550 4,950
3 Dagana 200 .4 25.0  33.0 10.0 21 S65 3,982
Total 600 e —— 60.0 20.0 - ——— -———




" As indicated above, the three power plants, all have similar design con-

ditions. Aund cross—flow turbines, which are the best suited to these
heads, will be applied. Thus the specifications for the facilities in all
of the sites will be standardized so as to permit simple operation and

maintenance.

For the implementation of this project under the Japanese grant aid, the

Government of Bhutan will be responsible for the following: 1} acquisition
and provision of the land needed for the facilities and construction, 2)
preparation or reinforcement of access roadways needed for bringing in the
necessary materials. The expenses borne by Bhutan for the said work are

estimated at about 4,320 thousand ngultrums.

Bhutan will also be respoubible for the operation and maintenance of the
completed facilities. The yearly costs for these activities are estimated

at about 575 thousand ngultrums.

The work undertaken by the Japanese party will be separated iato two phases
in accordance with the accounting system.in force in Japan. The first

phase will cover the work at Damphu and Dagava, and is expected to require
20 months after the Exchange of Notes (E/N). The second period will cover

the work at Shemgang, and is expected to require 19 months after the E/N.

The Department of Power in:Bhufan‘s Ministry of Trade, industry and Power
will be the resﬁonsiblé'agehcy-for the implementétion of the project.

Yhile the Depaifment of Power will conduct pefiodic patrolling, local resi-
dents will play an active role in the daily waintenance and iaspection of
the completéd facilities, so as to provide adequate maintenance and opera-

tion.

Income from the sale of the generated electricity toc users will be suf-~

ficient to cover all necessary operating and maintenance costs.

The direct and indirect benefits arising from the implementation of this

project, are expected to be as follows:



(1) Direct Benefits

D

2)

3)

4)

Annual possible power generation is expected to amount to about

“5.0 GWh.

Electrification to be realized by the project in each area is as

follows,

Shemgang Dampu o Dagana
Public Institutiom ‘ 30 20 21
Household | 346 550 565

Regular use of the existing power facilities based on a diesel
generator will no louger be required, and fuel 0il imports cau be

reduced, which will in turn save foreign currency.

Power will be available all day long in the project areas when the
planned ﬁower facilities are constructed. This will bring about
many benéfits to residents, such as: iméfdﬁémentjof daily life by
use of electric.lamps and heaters; improﬁémeht of education by
prolonged time for learping; impfovemeht.of medical services
through use of such medical equipment as a X*réﬁ diagnosiic devi-
ces;_boilihg sterilizers, and other electric devices; and improve-

ment in public peace and order by installation of street lighting.

(2) “Indirect benefits_

1)

2)

Affer completion of the power facilities now planned, engineers
from the Department of Power will make periodic patrol'and check
for service and maintenance. Also residents, who are receivers of
the benefits, will perform the daily work necessary for operéting
and ﬁaintaining the Eacilities, which will contribute to enhance

their technical skill through the said activities,

Use of more electric heaters will reduce consumption rate of
firewood used in the project areas; this will prevent devastation

of woods and forests, and contribute to resources preservaltion,



Also small-scale industrial activities will become more active,

which will creaté more opportunities for employment.

3) it will become possible for people to gather in public facilitiés
at night, which w111 promote communication among residents. in the

project areas, activate communlty life, and 1mprove cultural life.

For the above reasons, the implementatibn of this projeckt promiSES'tO.haVe
a profound effect on Bhutan's erﬁomic development policy. Therefore the

project is justifiable for grant aid by the Japanese Government.

It is imporfant, of course, that the Bhutanese Government will rapidly take
measures for acquisition of the land necessary for the projecf construction,
to provide the roads for'hauliﬁg equipment, and to érrange the formalities
necessary for prompt unloading and custom clearance of imported materials
and the budgeting for required expenses (other than expenses covered by the

grant aid),

It is also recommended for the promotidﬁ of micro hydro projects that
Bhutan should collect data on hydro éources, compile topographical maps,

and bring up personnel required for operation and maintenance.
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CHAPTER 1 INTRODUCTION

Starting from 1961, Bhﬁtanese Government has been carring out a series of
National Economic Development Plans. These plans aiming at the greater
independence are designed_to.maintain and promote domestic economic groﬁth
and social development. The first plan was launched in 1961; the Sixth

Five-Year National Development Plan shall be in force from 1988 to 1992.

These Plans have been aimed at achieving a variety of importént and basic
objectives: the forging of an economic and social infrastructure, the
building~up of human capital, the impreovement of administrative capacities,
and the betterment of social welfare. Under these Plans, roads, hospitals
and clinics and schools have been constructed, and electrification works

have been undertaken in some municipalities.

Nevertheless, the majority of villages and towns, which are dispersed
throughout the country; remain unelectrified. This is a great impediment
td developing social infrastructure and to enhancing education, health
care and hygiene, communication, etc. The Goveraument of Bhutan therefore

considers the electrification of villages and towns an urgent coucern,

Because the country relies on foreign aid for about 60% of its national
budget, electrification by means of diesel generator plants, which require
the use of imported oil, is inappropriate. Meanwhile the use of large-
scale hydropower stations is also inappropriate, as the costs of
transmission lines to the scattered remote villages would be extremely

high because of very mountainous topographical condition.

On the contrary, the steep and rugged terrain is very well suited to the
use of small-scale hydropower statious, as each village and town has access
to a river with ample hydro-potential head suitable for hydro power genera—
tion. The Government of Bhutan therefore selected 150 sites as candidares
for such hydro-power generation, and requested Japanese grant aid to imple-
ment 10 of these sites. Electrification of these sites was completed in

1987,

This electrification has brought great bemefit to the residents in these
towns and villages. FEducation was enhanced because the lighting of schools

and dormitories enabled the hours speant on education to extend. Health and



hygiene were enhanced because electrification enabled hospitals and cli-~

nics to utilize X-ray diaguosis, sterilizing wmachinery and refrigerators
for storing blood sera. Animal husbandry was enhanced because refrigera-

tion of animal sperm became possibile.

As for utilization factor at each of the above 10 sites, ratio of the maxi-
wom {peak) load to the maximum capacity of the power facility in the area
is 100% in Tongsa, and is between 40% and 70% at the other sites.
Considering that operation of the facilities was started just before, it
can be considered that the rumning condition is good. If power is supplied
to more houses and small-scale industrial activities, the factor would

become highér because more electric devices would be made available.

Bhutan wishes to continue this success by electrifying three new districts
(Shemgang, Damphu and Dagana) with a 200 k¥ hydropower plant at each
district together with the transmission and distribution lines nécessary to
supply'the electricity to the demand areas. The Government of Bhutan has
therefore requestéd to the Government of Japan the grant aid for construc=-
tion of the necessary generating facilities, as well as the supply of

materials.

The Government of Japan, based on its initial imvestigation of this
request, decided to carry out a Basic Design Study of the Project. This

study was entrusted to the Japan International Cooperation Agency (JICA),

JICA then dispatched a team to Bhutan to carry out this study. The team,
headed by Mr. Kenji Nakato {Deputy Director Gonstructiom Dept., Kyushu
Agricultural Administration Office, the Ministry of Agriculture and
Forestry & Fisheries) performed the study and investigation in Bhutan for

40 days from November 20 to December 29 of 1988.

The team conducted diSCQSSions with relevant Bhutanese Government authori—
ties regarding the content of the request, and carried out site surveys at
each of the three sites, The team visited the rivers which could be used
for generatioun, aud performed field investigations of power-line routes.,
The team also conducted interviews to clarify the sctual status of power
conditions. As a result of the discussions and the field survey, basic
agreements are recorded in the minutes of these discussiouns which were

signed by represeantatives of both governments and exchanged those ou Dec.
1, 1988.



The appendixes attached to this report provide details about the member
list of the Japanese team, the itinerary of the investigatious, the places
visited and the persons interviewed, the minutes of discussions and a list

of the data collected in Bhutan,

After returning to Japan; the team continued its work or study on the pro-
posed power scheme, the basic design, the selection of materials, the cost
estimate, and operation and maintenance plans. This repoft incorporating
the information, data and the study results too, proposes the most adequate
plaus satisfactory for the request of Bhutan and appropriate for the imple-

mentation of the project.
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CHAPTER 2 BACKGROUND OF THE PROJECT

2-1 WNational Economic Development Plan

2-1-1

Circumstances

The gqvernﬁent of Bhutan, with the goals of realizing social and
economic improvements,.androf achieving ecoﬁomic independence, has,
from I961;_1auﬁchcd_a series of 5-year economic development plans,
These plans have focused on improving roadé, communication, educa-
tion, hygiene, and medical conditions. Fiﬁe such plans have been
completed, and the Sixth Five-Year Economic Development Plan is pre-

sently in effect,

These plans have been subject to limiﬁs based on Bhutan's fiscal
difficulties, its shortages of skilled workers and of labor, and its
underdeveloped infrastructﬁre, under which tfansport and com—
munication are at times difficult, Still, the country has invested

the greater part of the national budget to its development plans,

‘and through 1987, had built 2,165 km of roads (1,703 km.of paved

roads),‘électrified 115 towns and villages, constructed 348.9 km of
irrigation canals and repaired or renovated 394.8 km, and

established 94 clinics and hospitals, and 177 schools.

Under the First Plan (from 1962), 59% of the country's total
national budget was allocated.to_public works, with particular focus
oﬁ road"constfﬁction; 9% was allocated to education. The Second
Plan:continued its emphasis on public worksg edﬁcation remained the
second priority, and agriculture became the third major concern,

The PO?tiQH of plan budgets dedicated to public works declined
beginning with the Third Plan; under the Fifth Plan, 16.9% of the
budget was devoted to public.wbrks; 11.2% to education; 9.0% to

agriculture 7.3% to electrification; 7% to mining and manufacturing;

-and 5,1% to health,

Most of the funds for the First to Fifth five~-year plans were
supplied by the Government of India. Also, the ratio of financial
assistance from international organizations such as UNDP has been

increasing, from 3% in the Third plan up to 20% in the Fifth plan.



2-1-2

Bhutau's Natiounal Planning Commission was eétablishgd in 1971,

during the implementation of the Third Five-Year Plan, and priori-

ties started to be given to individual projects. Startihg with the
Fourth Plan, regional authdrities were brought into the invéstiga“

tion and ptamning of product contents. Specifically, the District

Development and Planning Committee was established regionally. The
Committee drafrs projects and ptoposes them to the relevant organi-
zations, and each Ministry then works in collaboration w1th the

National Planming Commission in 1nvest1gat10n and planning these

projects.
The sixth national economic development plan (1981 - 1992)

Over the long term, the Government of Bhutan is aiming to maintain
and expand its rich national culture; to establish independence in
the funding of public services; to achieve self-sufficiency in food
productién, and particularly in the production of graims; and to
develop, within its own population, the technical_and-speéialized
skills needed to achieve its developmental goals. In Cthe period
before these aims are achigved, the Government is working to
increase the proportioun of developmental efforts which are Funded
from within, and is in the process of studying a range of initiati-
ves, such as the introduction of intermediate organizétions to work
between the ceantral goverument and the local administrative unlts,
the establishment of a National Urban Development Corporation to
administer urban infrastructural development, and the setting up of
Daevelopunent Service Centers to conduct comprehensive services and to
generalize regional institutions related to local education,
hygiene, agricultufal and livestock raising, mail, and radio. The
Sixth Five-Year Plan shall move ahead based on the results of the

Fifth Plan.

Nonetheless, because alwmost 60% of yearly expenditures are covered
by foreign assistance, the plan contents are subject to large
external influences. The result is that each plan is subject to

investigation and change, and to continued variability.

Under these circumstances, formal ianformation detailing a full view

of the Sixth Five-Year Plan has not been made public. According to



the outline the Plan published by the National Plamming Commiséion
in its Annual StétistiCal‘Report {(December,; 1987), the value of the
‘Sixth Plan should be about double that of the Fifth Plan, with 29.1%
of the funds going.to commerce and industry (including electric
power); 27.2% going to social services; 15.6% going to Agriculture;

and 7.7% to public finance.

9-2 Power Supply Facilities
2-2—1 The Department of Power, and the Chukha Power Statiom

The Department of Power, which is under Bhutan's Ministry of Trade,
Industry, and Power, is in charge of electric power operation,
transmission, and distribution throughout all of Bhutan. There are

no other public corporations overseeing electric power.

Appendix 5.5 provides a description of the organization of the Dept.

"of Power.

Generating and transforming facilities are also owned and operated
independently, however, by the Chukha Hydropower Project Authority,
Peden Cemeut, the Gedu Wood Manufacturing Cerp., Bhutan Carbide &

' Chemicals, Ltd., and other companies.

Among the .independently operated facilities, the Chukha Generating
Station, which was built under the Chukha Hydropower Project
Authority, and which will be taken over by the Department of Power,

is a special case.

The Chukha Prdject was-undertaken to relleve the power shortage in
the western region of Bhutan and in eastern districts of India. The
station, located in Chukha, generates 336,000 kW, utilizing the
power of the Wang-chu River. The power is supplied to Bhutan's
western region, and also, through the Birpara Station, into the
power grid for the eastern districts of India. Goals also call for
supplying auy excess power to west Bengal, Sikkim, Bihar, and

Orissa.

The Chukha Station was built under the aid of India; accordingly,
the Chukha Hydropower Project Authority was set up as a joint ven-

ture between the Government of India and Bhutan.



Bhutan is a long and thin country; narrow from worth to south, and

loug from east to west. The only relatively flat area in the
by the border with India; northward

country is at the southern tip, _
6,000

from this point, mountains rise steeply, until they reach the
to 7,000 meter heights of the Himalayan Range along the bordex with
China. The rising mountains form deep valleys running north to

éonth, s0 that the country is divided, east-to-vest, into numerous

sections.

Because .of this topography, the Chukha Generating Station is only
able to sﬁpply electricity, in Bhutan, to the areas around the
transmission lines built along the Wang~chu {and along roadways).

In other words, lavge-scale exﬁension of the lines, from east to
west, is not economically possible. The Chukha Station is therefore
unable to supply the unelectrified towns and villages scattered in

many regions throughout the country.

In addition, less than 5% of the power generated at the Chukha
Station is supplied to customers in Bhutan; the remainder is
supplied to India., WMo large change in this proportion is antici-

pated in the future.

As shown in Table 2.2-1 and Table 2.2-2, which indicate the power
supply situation throughout the country in Jumne of 1988, total power
generation capacity by both.hydro and diesel power'statioﬁs is
269,505 kW; of this 9,309 kW (3% of the total) is provided by Faci-

lities belonging to the Department of Power.

On the other hand, total electric energy generated in the country
from April, 1987 until June, 1988, is 1,476.388 GWh, while total
electric energy generated by facilities belonging to the Department
of Power is 5.693 GWh (0.4%), and the role played by the Departument
of Powér_is very low, Chukha Power Station is to be transferred in
Aupust, 1989, to the control by the Depariment of Power, at which
time the above values will greatly change. However, it.should be
noted that wost of the power generated.by the Chukha Power Station

is sent to India.
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Table 2.2-1 Capacities of Bhutan's Generating Facilities as of
June 30, 1988 (in kW)

Hydro Diegel - Totals

Department of Power 4,460 4;849 9,309

Chukha HydrOpower | - | :

brooct Aathovity 252,000 1,696 | 253,696

Others D 6,500 6,500

Totals ' 256,460 13,045 269, 505

Table 2.2-2 Amount of Electric Power Generatéd in Bhutan from
April 1, 1987 through June 30, 1988 (in GWh)

Hydro Diesel : Totals

nepar;menf of Power 5.380 0.313 5.693

Chukha Hydropower 1,470.466 .~ 0.009 1,470,475
Project Authority

- Others - : 0.220 2.220

Totals ' 1,475,846 0.542 1,476,338

. Present situation of power demand and supply

The presént power line distribution system in Bhutan is described in

Appendix 5.6,

As previously described, much of Bhutan's population live in deep
valleys which generally run north-to-south, and are divided by lines

of very steep mountains. The land can therefore be considered as

“being divided, east-to-west, into a number of areas. The

transmission line systems that exist in Bhutan are likewise
separated, with a separate system ruunning north-to-south along the
valleys (and along roads). These systems are generally independent

and are not- interconnected.

Tn the western part of the Kingdom of Bhutan, power generated in
Chukha Power Station is transmitted_thfough_the two 200-kV lines

running from the power station in Birpara Power Station in India,



through a transmission line running southward in parallel with the
above lines to Phuntshollng, and through 'a line running northvard
along the Wangchu to Haa in the western district, to Thimphu, the
capital of the Klngdom, and to Wangd1 -phodrang, in the central
district. The power transmitted ‘from Chukha Power Station to these

areas is distributed to users via schstatious coutrolled by the

Department of Power.

As described in rhe previous section, however, it is impossible to
send power generated in the western district to the eastern areas
under stable conditions by constructing a long transmission line
connecting both districts, We believe that the only effective
method ig to construct iundividual én& independent power

transmissionfdistribution systems in each area.

The Klngdom of Bhutan purchases electrlcxty generated by the Assam
State Electriecity Board and supplles it to users in the Gaylegph,"
Samdrup~Jongkhar, and Daipham areas, which are near the border with
India. Also, the Kingdom purchases electric powér from the West
Bengal State Electricity Board and supplies it to users in the
Samchi and Sibsoo areas. The power transmission and distribution
sysftems in rhese areas are linked with those in india, and we con-
sider that power is supplied under more stable cbnditidnsithan in "~
the areas ﬁﬁére'only independent pbwer transmission/distribution

systems are available.

For the period April 1987 to June 1988, the maximum power supply was
16,5 MW, whiéh represents a 21% rise over the érevfous year. Iu the
same period, the amount of power cbﬁsumed (i.e;,'soid by Department
of Power) amounted to 60.7 GWh, for a 282% rise over the previous
year. This growth resulted from the coming on-line of the Chukha
power station, which is meeting the previously latent demand in the

western region,

Table 2.2-3 shows figures related to the sales of electric power for
Bhutan's fiscal years of 1983 (a 12-month period) and 1987 (a 15-
month period, from April 1987 to June 1988), The Table

shows that, in fiscal 1983, about one-half of the needed power was

imported from India. This impoitation dropped dramatically'when the



Chukha plant came on line in September of 1986 (for #1, #2 and #3
operation start in March, 1988; #4 operation start in August, 1988).
Activation of this plant allowed the large-consuming areas in the
westetﬁ region, which were within the supply system, to be ‘switched

to domestically generated power.

The total amount of powér supplied in Bhutan in the sum of pbwer
transmitted from all transmitting stations (excluding that send from
Chukhé PowérHStatioﬁ'to India: sum of total power by all power sta-
tions in Bbutan and that purchased from.India, as Appendix 5.7) was
76.2 GWh. ‘On the other hand, the transmission loss was 15.5 GWh or
20.4% of the total supply. But the value in 1983 was 27.4%, and it
may be said that the situation has been largely improved. The load
factor was 33.5%, which indicates that demand for power during
daytime and at midnight is far lower as compared to that at peak

time,

As mentioned above, Bhutan's gross sales (i.e., final consumption)
of electric power in fiscal 1987 (which was a fifteen-mouth period)
was 60.7 GWh. This counsumption can be broken down as follows:
industrial consumption, 63.8%; general household consumption, 16.8%;
. commercial consumptibn and consumption for public use, 14.6%Z. The
‘western region, which is located in the south western part of the
countfy,'accounted for 70% of the counﬁry's total demand. The

" Samchi district, which is home to a large paper plant, accounted for

61% of the western region's demand.



Table 2.2-3 Sales of Emergy (in GWh}

Gross Generatioun
Auxiliary ConsumpLion
Amount Imported from India
Amount Exported to India
Gross Energy Available
Energy Losses

Gross Energy Sold

Energy ConSumption in
Area of Chukha Hydro

Project Authority

Net Energy Sold

R

1987

1983 _ﬁlé:EQEEB—EEFiOd)
92,622 | 1476.388
0.63 5.913
23.145 4,272
— 1386. 657
45.137 88.090
7.642 16.725
37.495 71.365
0 10.712
37.495 60.653

Generating facilities

Bhutan's generating facilities are as

shown in Table 2.2-4. At the

end of June, 1988, the country had 20 hydropower genmerating plants

(with a total output of 256,460 kW), and ten (10) diesel geuerating

plants {with a total output of 13,045 kW). The total output of both

hydro and diesel generation was therefore 269,505 kW.

In August of 1988, the 84,000 kW No, 4 generator at the Chukha power

station was started for operation; the following mouth, the Nos. 1-3

generators (500 kW each) at the Gyetcha power station were also

started for operation. The current total generating capacity'of

Bhutan's power statiomns is therefore now at 355,005 kW.

The total power generation capacity of the small-scale power facili-

ties at the 10 sites constructed under financial assistance from the

Government of Japan (Phase-1, The service operation was started in

1987) is 380 kW. The utilization factor at the 10 sites in

December, 1988, is as shown below.

—~j2—

Considering that service opera-



tion of the facilities was started just before, it may be said that

the situation is generally good. .

Installed Power generation

capacity {actual)

(KW} (XKw)
1) Tamjhin Power Station 30 20
2) 'Punakha P§wer Station 30 ) 18
3)  Surey Power Station 70 17
4) kekhar Power Station 20 7
5) Bubja Power Station 30 i
6) Tongsa Péwer.étation_ 50 50
7) Tangsibji Power Stationm 30 15
8) Rukubji Power Statiom 40 10 .
§) Ura Power Station 50 ' 21
10) Yadi Power Station 30 17



Table 2.2-4 Power Generating Capacity

f14‘

) (1988.6)
Unit No. Installed Commissioning
Generating Station z Capacity Capacity Year
Hydroelectric Generating
Thimphu & x 90 kW 360 kW 1967
Cidakom 5 x 250 kW 1,250 kW 1973
Waugdiphodrang 3 x 100 kW 300 kW 1972
Tashigang 3 x 250 kW 750 kW 1972
Mongar 1 % 130. kW 390 kW ‘1976
Paro 4 x 100 kW 400 kW 1970
Nagu 1x 10 kW 10 kW 1985
Lhuntshi 1 x 20 kW 20 kW 1986
Khaling 3 x 200 kW 600 kW 1987
Chukha 3 x 84,000 kW 252,000 kW 1988, 88
Micro Hydels (Phase-1) 1 x 20 ki
. 5% 30 kW
Taotal 10 power stations 1 x 40 kW . 380 kW 1987
2 x 50 kW
1l x 70 kW
Sub-Total 256,460 kW
{954)
Diesel Generating Stations
Phuntsholing 2 x 128 kW 256 kW 1966
2 x 248 kW 496 kW 1976
Samchi 1 x 135 kW 135 kW - 1982
Paro 1 x 400 kW 500 kW 1986
1 x -88 ky 88 kW 1977
Thimphu 1 x 500 kW 500 kW 16878
2 x 225 WV 450 ki 1980
2 x 150 kW 300 kW 1982
I x 1000 kW 1,000 kW 1984
1 % 1000 kW 1,000 kW 1985
Damphu 1 x 48 kW 48 kW 1969
Tongsa L x 56 kW 56 KW 1976
Shemgang 1 x 80 kW 80 kW 1983
Dogana 1 x 40 k¥ 40 kW 1983
Chukha 3 x 400 kW 1,200 kW
2 x 248 ¥W 486 kW
Qthers ~ 6,500 kW
Sub~Total 13,045 kW
(5%)
Total 269,505 kW
(100Z)
Note: Chukha #4 1 x 84,000 kW 1988.8 (operation start)
Gyetcha #1 - 3 3 x 500 kv 1988.9 ( -~ ditto )




2-2~4 Transmission and distribution facilities

Apﬁendix 5.6 shows outlines the routes of the existing power lines
'within Bhutan, Table 2.2-5 shows total line lengths for.
transwmission and distribution lines, classified accerding to line
voltage, Table 2.2-6 indicates total line lengths, for secondary
transmission lines and for distribution lines, classified according

to regions.

The highest trahsmission line capacity presently in ﬁlace is 220 kv,

the maximum voltage presently being used, however, is only 66 kv.

Bhutan's power grid is centered around the Chukha Hydro Power Plant,
and covers only the western region. The central and eastern regions
are served only by ‘independent systems, or by regional systems which

receive their power from nearby India.
The distribution lines used are 415 V, 3-phase, 4-~wire. Supply to

individual consumers is single—-phase, 240 V.

Table 2.2-5 Transmission/Distfibutidn Lines (Charged) (Within Bhuntan)
(Line Lengths in K.M.)

SL,
No. Sector ' 220V 66kV 33V 11kV 6.6kV LT
1. CHP-Birpara 40.0 (D/C) - - - - -
2. CHP-Singeygaon 35,0% 5.0 460.067 21.16 408,320
(for whole country)
3. CHP-P'ling - . 35.0 - - - -
4., P'ling~Pasakha : - 8.4 - - - -
5. P'ling-Gomtu - 27.0 - - - -
6. CHP-Confluence . - 39.0 - - - -
7. Confluence-Simtokha - 20.0 - - - -
" 8, Confluence~Haa ' - 33.5 - - - -
9. Conflueace-Paro - 27.0 - - - -
10. Simtokha-Wangdi - 27.0 - - - -
Total 75.0 216.9 5.0 460.067 21.16 408.320

* charged at 66 kV

CHP: Chukha Hydel Project
D/C: Double Circuit

- 15—



Table 2.2-6 EXISTING SUBﬂTRANSHISSION & DISTRIBUTION LINES
AS ON 30.6.88 IN KM (upto 33 kV)

System 33 kV 0.H, 1l kV 0.H. L.T. Line

Uppef Western Region

Thimphu 13.833% 97.863 96,037

Paro 24.030% 61.934 45,755

W/Phodrang 0.000 33,900 44.300
Total Upper Western 17.863 193,767 186.092
Region :

Lower Western Regiom

Phuutsholing 0. 000 65.800 40, 900
Samchi 0.000 48,020 35.200
Sibsoo 0.000 11,400 20.000

Total Lower Western

: 0.000 125,220 96.100
Region .

Central & South Central Region

Gaylegphug 0. 000 43,750 54,580
Damphu 0. 000 3.200 5.550
Tougsa 0.000 . 0.000 - 4.348
Shemgang _ 0.000 0.000 0.500
Total Centr§l & South 0.000 6.950 54.979
Central Region
Fastern Region
§/Jongkhar 0,000 13.900 15.850
Diafam ~0.000 4.200 7,800
Tashigang . 0.000 52.500 30.000
Mongar 0.000 23,500 17.500
Total Eastern Region 0.000 94, 100 71. 150
Grand Total 37.863 . 460,067 408.320

% charged at 1] kV
0.H: Qver head Line
L.T: Low Teusion Line

~ 16~
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Substations

The substations belongiﬁg to Bhutan‘s Department of Power are as
summarized in Table 2.2~7. Primary substations are located at 17
sitésithrbughout the countty;-énd 37 trénsformets'(including-both

step-up and step-down transformers), with a total capacity of

.18,885 kVA, are installed at these substations.

In addition, 160 distributional traunsformers are also installed,

with a total capacity of 21,886 kV.

AlL of the transformers were manufactured in India, and are managed

and operated under the supervision of Indian engineers.
Energy tariff and energy sales revenue

The Department of Power's tariff schedule is as shown in Table
2.2-8., In 1982, unit prices were differentiated according to
regious and categories, The pricing system was revised, however,
and priqing'is now. uniform on a national basis, with ! kWh priced at

0.4 Nu. (Approx. ¥4). Pricing is also cousistent for households not

‘equipped with watt-hour meters: these households are charged 5 Nu.

{(Approx. ¥45) per month per 1ight. For electric heaters, households

are charged 15 Nu. (Approx. ¥135) per mounth per "point."

However, for inland areaé supplied by diesel'generation, and thpsé
supplied‘bj Phases 1 micro hydropower stations, the charge is calecu-
lated in order to enable the covering of operating and maintenance '
costs. Households in areas supplied with diesel-generated electri-
city are charge 4:Nu. (Approx. ¥36) per month per light; households
linked to electricity from micro hydropower stations are charged 2

Nu. (Approx. ¥18) per month per light.

On a national basis, electricity prices in 1988 had dropped to about

one~half their 1982 levels.

Table 2.2-9 shows the sales revenue of the Department of Power for
the fiscal years 1979 to 1987. Revenue over this period increased,

at an average annual rate of 25 perceat.



Table 2,2-7

Number of Sub@Statioﬁs, Transformers & Their Aggregate Capacity
as of 1988.6 {Department of Power) ' _ ;
' . (1/2)

Area

Distribution Sub-Stations

~ Stgp.UpiSten, Doy Main

- Transfomer Total : Transformer Total
Ro. - Size No/ Capacity { No Size No/ Capacity
Capacity (kva) (kVA) Capacity (kVA) (kVA)

Thimphu

Paro

W/Phodrong

Phuntsholing

Samchi

Sibsoo

3 2x1600 ' 9x 500 -
- 2x800 ' 1x135
5x315 . 6,750 55 14250
3Ix125 3x160 : 10,596
1x125
8x100
7x63
6x50
5%25
1%i0

1 3x125 375 27 2x315
2x250 -
1x200
4x125
1x100 2,757
4x63
10x50
3x25

1 2x125 250 13 1x250
3x100 1,039
3xb3 '
6x50

.3 1x315 14 1x500
1x500 1x315
1x1000 2,315 6x250 2,742
1x500 . Ix125
4x63
1x50

2 - 1x315 ' 1,315 7 1x250
2x500 2x125 739

1x50 :
3x63

- - - 3 ©1xi25
1x63 213
1x25




(2/2)

Step Up/Step Down Main -
Main Sub-Stations

Distributipn_Sub~Stations'

Area Transfomer Total Transformer Total
No., Size Wo/ Capacity | No. | . 8ize No/ Capacity
Capacity (kVA) . (kVA) Capacity (kVA) (kVA)
Gaylagphug i 2x1500 - 3,000 18 1x500
' S 1x250 S
8x100 1,952
4x63
2x50
2x25
S/Jonkhar 1 2x250 500 8 1%125
. ' 4x100
1x200 813
1x63
1x25
Diafam 1 1%50 50 1 1x250 250
Tashigang 1 2x315 630 9 1x125 401
' 2x63
6x25
Mongar 1 2x100 200 5 1x125
3x63 364
1x50
Khaling 1 2x500 1,000
Gyetsha 1 2x1250 2,500
Total 17 37 18,885 | 160 160 21,866

— lgﬂ
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2-3 Electric Power Development Plans

2-3~-1 Power demand forecast

ﬁpply of electric power

~

The Depéitmeﬁt of Power has estimated the s
and the ﬁower_coﬁsumptioh'baéed on the economic development program
of each sectors for the sixth S5-year national development program e
which is scheduled for completion by.1991 to_1992, by dividing the

country of Bhutan into the following five regions:

1) Northwest region «.veeesss Thimphu, Paro, Ha, Wangdiphodrang,
_ Punakha,
2) Southwest region ....s.... Phuntsholiung, Penden, Samchi Pana,
- Gedu,
3) South of central region . Gaylegphug, Damﬁhu, Dagana, Shemgang
4) Central region ........... Tongsa, Biyakar

5) Eastern region .e......s,. Tashigang, Mongar, Samdrup Jonkhar

Power consumption in the above regions has been estimated on the

basis of the following sectors, and the results have been for final

computation:

1) General ..veee... (including general stores, government offices,
schools, hoepitals and other publie facili~
‘ties)

2) Industries ...... (Large and small industries, both existing and
under planning stage)

3) Tourism «so...... (Department of Tourism and all hotels)

4} Agriculture ..... (Irrigation pump aud others)

5) Miscellaneous ... (All other than those mentiomned above)

The method used for the demand forecast is based on the following

assumptions:

1) General sector: Since the-power has not been fully supplied
until now, past consumption records reflect usage only for
limited areas. Therefore; if power could be made avajlable.
at a reesonable price, the demand for power would inerease.with
the increased electricity use in the kitchens of pfivate houses,

or for heating purpose.
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. The government is planning to switch from the traditional usage
of forest resource to cheap electricity, for fuel/emergy. IC is
planuned, for ‘this purpose, to electrify private houses up to a

level of 40% by the end of .the sixth development program.

2). industry: “1t is plannedrto actiVely supply much more powér
for the smaLl.industries by connecting the power distribution
line with other lir__lés° Based on this plan, the power required
by small industries and’ the consumption by that sector are com-

puted for forecast.

The major power consuming industries are the large industries
such as the industries manufacturing calcium, carbide, cement,
and caustic soda. The power supply to these consumers is cal-

culated the basis of ammual plans,

~ According to a forecast long-term demand for power, which has been

made using the:above assumptions, the supply of power will increase

by 2.8 times and thé'pgwe; consumptiqn by 3,2 times by 1991-92 when
taking 1987-88 as 1. The forecasted increase in demand in terms of

the annual average will be 28,9% and 33.8%, respectively.

Power facilities improvement and expansion plan

The topography and the abundant precipitation in Bhutan indicate a

high potential for hydraulic power generation, and the utilization
of water power resources of the country as a whole is estimated to

yield 6,000 MW,

However, the resources developed at 21 locatioms to date total
355 MW, (as already described in Paragraph 2-2-3), being no more

than 6% of the total water power resources.

Table 2.3-1 shows the pbwer generation, substation and transmission
projects for which the budget has been appropriated in the sixth

Sfjear program.

The Government of Bhutan has examined various power facility impro-
vement and expansion projects, Because users are scattered over an

extremely mountainous topography, and demand per location is low, it



is not economically feasible to construct a large power plant, and

long transmission llnes, to service this demand Large power-plant

generatlon, however, is’ appropllate for generatxng power for export,

and for supplying limited high-demand areas.

A reasonable way to intrpducé'eléctricity to the many areas not yet
electrified is to construct small«scale-pbwer facilities, in each

area, with capacity sufficient to meet local demand. ~ The facilities

should be constructed along rivers with large heads. For this
reason, the Govermment of Bhutan selected 150 sites for such deve-
lopment, and started construction of such facilities underx

assistaunce from foreign countries including Japan.

Table 2. 3-1 shows the power generation, substatiom, and transmission

-projects which have been budgeted under the Sixth 5"year Project.
Presently under way are the counstruction of micro hydropower facili-
ties at Shemgang, Damphu, and Dagana (the obJectlve of the present
project), and the Kur1 chu power generation project, to be

cohstructed at Gyopshing, in the Mongar area.

The feasibility study for the Ruri-chu project, which has a plauned
capacity of 45 MW, has just been completed. When the project is
finished, the power can be suppl;ed to the cement factory (Dangsu
Cement Authority) with a production cépacity of.I,SOO ﬁégatons,
which is planned to be cons;ructed'at Manglam, and'also.to
Pemagashel, Dothong, S/Tongkhar along the tranSmiésion line con-

necting with India. Surplus power shall be transmitted to India.



Table 2,3~1 Power Development Plan (1987 -~ 1992)

: Capacity/Volt, Estimated Cost
Project Name Length during the
. Sixth Plan
* .
‘Gyetcha Hydro Project 1.5 MW 3 Million Nu.
Generation Kurichu Hydro Project 45 My 560 Million Nu.
Hk .
Shemgang Hydro Project 200 KW 5 Million Nu,
DO ‘
Damphu Hydro Project 200 KW 6 Million Nu,
ik -
Degana Hydel Project 200 Xw 5 Million Nu.
Micro Hydro 50 kW x 5 40 Million Nu.
Substation ' 132 kV/66 kV A
Nanglam 10 MVA x 2 30 Million Nu.
_ 66 kV/11 kV R
?emagatshel T MVA x 2 10 Mll}lon Nu,
- 66 kV/33 kv/11 kv .
Deothan 5 MUA x 2 13 Million Nu.
Transmission Kuriéhu—Nanglém_ 132 k¥, 60 km 48 Million Nu.
Nanglam-Pemagatshel 55 KV, 70 km 35 Million Nu.

~Daothang

* Service operation started in September, 1988
%% Grant aid from the Government of Japan

2-4 Contents of Request

‘2-4-1

Background of request

As stated in the introduction, the Government of Bhutan has been

executing its sixth 5-year national economic development program.




As a specific goal, the program aims at improving the quality of

life.

As 4 means of achieving this goal, the governemnt 18 plannlng_to

construct and expand public facilities for education, medical care,

communication, etc. in the regional towns and -villages scattered

over the whole of the country, and to have them play a central

role in each regiom,

‘However, the majority of these towns ahd villages are deprived of
electric light, The power supply is indispensable for achieving

this goal.

It is claimed, that the power supply is particularly esseatial to -
the school dormitories, for'diagnoéis and treatment equipment and
the refrigerators for preserving serum of hospitals, refrigerators
in the veterinary clinics for the preservation of seed sperm for

livestock breeding, etc.

In order to redress this situation, a plan was devised calling for
the construction of micro hydropower generating facilities at 150
sites across the country. The power plants would make use of small

and wmedium size rivers.

As the first step toward this goal, generating facilities were

constructed, under Japahesé grant—-in-aid, at 10 of the 150 sites. .

Each of the three sites selected: for the present project from the
150 sites is a proviﬁcial capital with public facilities such as a
hospitél and a schoél, but power supply By diesel génefators in
these areas was stopped in march, 1986, because of the rise in fuel
cost and shortage of foreign currency. (Note that the Governmenf of
Bhutan allowed diesel generation to resume, only in Shemagang, in
June of 1986; power is supplied there oniy at night.) But the
people living in these areas ouce received electricity generated by
diegel generators there and experienced comfort realized by electri-
city.' so the Government of Bhutan wants to resume use of the X-ray
photographing device;_Boiling sterilizer, and dental equipment,
which are currently not used, in the hospital there, ahd”aisb hopes

to install advanced devices and facilities including refrigerators
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for storing serum and sperms used by veterinarians for husbandry, to

raise living standards in the areas.

Following the success of the previoué projects, the Government of
Bhutan requested grant aid'ftom:Japan for procurement of equipmeht

required for electrification iun these three areas.
Details of theirequest for Gooperation

The Government of Bhutan have requested to construct 200 kW
hydroelectriq power gengrating facility each.at threé pfoﬁincial
capitals of Shemgaﬁg, Damﬁhu and Dagaha of the.prbvinces of
Shemgang, Chifang and Dagana, together with the power transmission
énd distributi0n facilities for the purpose of éupplying stable

power to respective provincial capitals and towns and villages in

‘their vicinity..

Shoun below are the_details of the request for each site:

Shemgang Damphu ‘Dagana

Location ' Shemgaﬁg Prov, -Chiraﬁg Prov. Dagana Prov.
Shemgsng - ° Damphu Dagana

Power geuneration Run—-off-river Run-off-river Run-off-river

type - : type type type

Generator capacity 100 x 2 100 x 2 100 x.2

{kW x unit)

Water flow (m3/s) - 1.0 0.86 1.3

Head (m) 35.0 35.0 25.0
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CHAPTER 3 OUTLINE OF THE PROJECT

Loéétion_aﬁd,tdpbgraphy

Shemgang;ptﬁjeCt'site

Shemgang is the capital of Shemgang Province (pop. 44,516), and is
located, roughly in the cenfer of Bhutan's populated zone, at Long.
90'40'R, Lat. 27'13'N. o

Public facilities, which are in the pﬁoximity of the government offi-

ces and private houses, are concentrated on.a. narrow strip of hill

which runs east~to-west at an altitude of 1600 - 2200 meters. The

province's second largest community, Tintibi, is located on a slightly

open'hilij zone, at an altitude of 600 ~ 800 meters, about 8 km south

(in ‘a straight line) of Shemgang.

Thé afeé‘s”main rivers are the Mangde chu, and its two tributaries,
the Wéﬁgdiichu7éﬁd'the Burumda chu;, which fiow from its left bénk.

fhe altitude;:at‘é site where a bridge crosses the Wangdi chﬁ, is
about 800 w. Upstream of this site, the river banks are steep, with
considerable outcropping of rocks, and signs of landslides at a number
of placgs.'_Tﬁe'weéf bank of the Burumda chu, in Cdntrast, has many

gentle sloﬁes, and “stabilized vegetation, The altiﬁude;'af a bridge

site near the confluence of the Burumda chu and Mangde chu, is about

600 m, which is relatively very low for the Shémgang region,

Although thé:straight—line distance from Shemgang to nation's capital
of Thimphu (Long. 89'40'E, Lat. 27'29'N) is about 100 km, the road
disténbe.is 315 km, The'réad runs north.from Shemgang to Tongsa, then
west, meandering through the mountains, The road ruaning from

Shemgang to Gay}egphhg, which is on the sourthern border with India,

_is_rbughly 130-km long. These roads, which are maintained and managed

by ﬁhe.lndian army, are in fairly good condition.

Damphu project site

Damphu (Long. 90'08'E. Lat. 27'13'N), the capital of Chiran Province
(pop,_lOS,BO?),_is located close to the Indian border. The area is
open, and the altitude ranges from 1090 - 1600 meters, The number of

houses, and the émouht of cultivated land, are greater here than in

729__



either Shemgang or Dagana. Public facilities, and a shopping
district, are presently expanding around a core of goverament offices.

Active tradlng is carried out, center1ng on the area's market,

~

The Chache chu runs, through the center of this area, 301n1ng ‘the
Sankosh chu, Upstream of the river's" confluence w1th 1ts trlbutaty,

the Damphu, are signs of scattered and fairly v101ent landslides. The

downstream banks, however, appear relatively stable, though there are
outcropplngs of rocks, as well as signs of smaller Iandsl;deb..'A
100-km ‘road connects Damphu thh Gaylegphug, at the border; the road,
.-maintained and managed-by. the Indlan army, i$ 1in falrly good con=
dition. The road from Damphu to Thimphu, which runs via Gaylegphug,
Shemgang, and Tongsa, is about.SAS'km in lehgth, and two-days’arg

required ‘to drive over this length.

Dagana project site _

Dagana (Long. 89i54’E, Lét. 27'04'N) is the capital of ﬁagaharProvince
(pop. 28,352), .PUblié faéilities,'sefving goﬁernment.bffices and pri-
vate houses, are scattered over a nartow, mountain-ridged are at an
altltude of approximately 1600 m. In Gosi, 24 km further south by
road, fhe.slop of the land is much more gentle, and there are maay
privéte houses and wuch cultivation, The ﬁublic facilities in Gosi

are similar those in Danaga.

The Dara_cﬁu £lows through this region. Both banks are steep, and
there are many outcroppings of rack. At the site selected for the
Dara chu power facility, where 2 bridge'crosses the river, the élti-
tude is approximately 1000 m, or about 600 m 1owef_than Bagana and

Gosi, which are to be electrified.

- The road connecting Damphu and Dagana, which terminates at Dagana, is
about 100 km in length. About 30 km of this road —-the portion bet-—
ween the Sankosh chu bridge and the Dara chu bridge —-— crosses thrdﬁgh
é landslide zone; the road surface had collapsed in a number of area,
and the road is in poorer conditioﬁ than most others. During the
Juiy-September rainy seééon, vehicular traff1c is often paralyzed
Repair and rehabilition of this road area sometimes cause the oad to
be closed for five_ot”six months out of the year, The road is méin_

tained and managed by the Goverumeut of Bhatan, To drive From Dagana



to Thimphu, a considerable detour mist be taken; the trip, via Damphu,

‘Galegphug, Shemgang, Tongsa, and'Wangdiphodrang, is 645 km in length.

3-2
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Because most of the road meanders through the mountains, its takes

three days to cover this distance.

Locations ‘and voad ‘networks described above are shown on the project

location maps attached at the beginning of this report.,

Power Demand Forecast of Proposed Site

Present situation of power and supply

The three areas of Shemgang, Damphu and Dagana selected this fime
~under the project are towns and viiléges representing qualifying.
Careas. They:eithér have public facilities such as the schobis;

hospitals, veterinary ¢linic, drug dispensériés and post Offices,.

or are scheduled to have them in the near future,

* These three-areas'were‘Supplied with electricity from diesel power
generatéré until March 1986. tater, however, the use of diesel
generators has been-susﬁended due to the high fuel cost, to save
foreign ekchange,.and for other reagons, Under special Qkémption,
the Shemgang area alone has been receiving power during tﬁe limited
time 20nel(5:30pm to 9:00pm) since June 1986.'7The two other areas,

'however, have since been deprived of electric lighting.

Thé'Shemgang area has a power supplying facility with a c¢apacity of
100 KVA (SOIRW with”powér factor of 0.8), which can supply power to
a very limited aréé_centering afound the gqvefnmeqt quafteys and is
conpletely inadequate qu suppiying ﬁower to therneighboring towns

and villages.,

The Dawphu and Dagana areas have fa;ilitiés for power generation,
transmission and distribution. However, aé they have been left
unattended since the suspension of the use of §ower generators, they
will require some major repair work, if they are to be used again,
In éafticular, the power transmission and distribution lines are

appareatly unserviceable for the practical use.



. ' . . . been.
As described above, most of the project areds have nol bee

electrified, or if electrified, the facilities for power supply aré

insufficient,

Under the circumstances, residents ia the areas strongly expect that

electricity will be supplieﬁ to public facilities there, such as

schools and hospitals, as well as to general houses for lighting.

Especially, improvement of medical services by using 3180tflc-m§dl“
cal equipmeat such as an X-ray photographing device, a boiling
steriliger, or a refrigerator is indispensable for ralsing ‘living

standards of people in these areas.

At present, in the Shemgang area, electricity is generated by a 100
KVA (80 kW) diésel.generatOr, and supplied to about 120 houses and

16 public facilities, including those in the. adjacent village of Tong.

In the present projeét, diesel generators will be switched to small-
scale hydro power facilities (200 kW) to enhance the capacity to
supply power to 346 houses, including those in neighbor villages
such as Dakphei, Tintibi, and Pam, aund to 30 public facilities in

the arveas.

In Damphu, electricity genefateq by a 60 KVA (48 kW) diesel genera-
tor was sﬁpplied to 13 public faéilities, including the building for

the local government, as well as to only 60 houses for lighting.

The pfésént'project aims to sunply power, geﬁerated_by small-scale
hydro power facilities (200 kW), to 550 houses throughout the Damphu
area and in the adjacent Sarami area. Power would also be supplfed

to 20 public facilities in the aveas,

In Dégana; electricity was generated by a 50 KVA (40 kW) diééei
generator and was supplied to 5 public facilities as well as to only
about 20 houses in the adjacent area. The present project aims to
genegating power with small-scale hydro power facilities (200. kW),
and to supplying it to 20 public facilities and 565 houses,

including those in the adjacent areas such as Tashigan and Gosi.

After the completion of small-scale hydro poﬁer facilities uﬁder
this Project,'present diesel generators installed in the avoﬁe men-
tioned three (3) areas will be kept as the emargency power |

generating fasilities.



3-2~2 . Power demand forecast

(1) Method of Estimating Demand

(2)

Since the prbject_sites are towns and villages without light
ekcept for the Shemgang area, the demand for electricity has

been éstimated,‘taking into consideration the present con-

difioﬁs of tEE'public faciiities, the number of households,

‘population and the regional industries as well as the plans

the

for

the_fﬁture'developmént of these selected areas.

.Result of Estimating the Demand for Electricity

The demand has here been estimated by the following method:

1)

2)

3)

The'demandrariSing in the Shemgang area,'an area that has
already been electrified has been closely examined to ser-
ves a reference case in estimating demand. in general for

areas currently without electric lighting.

With réspect to the areas without electric lightihg, field

-inﬁeétigatioﬁs_Were'conducted jointly with the staff of the

Department of Power to establish the present conditions in
terms df.the number of hoUseholdé; the size of the popula-
tion, the existing publlc facllltles in the selected pro-
3ect areas ‘and the presence of future development plans.
Information has also been collected by word—of-mouth

inquiries from local government agencies.

Based on the results of the foregoing investigations, the
demand has been aggregated for the places under con-
sideration, and the peak demand estimated by taking -into
account the demand factors associafed:with the particular
loads and the spread factor. The basic calculation formula

used for estimating the maximum demand is as follows:

Where

x d x ——) + (__E;QE;__ x d x ——) {kVA)

P : Maximum demand
L P& Sum total electric lighting load



T Pm: Sum total motive power load . - '
f: Average efficiency of wmotive power_}oad.(O.B)_.
Cos Ot Average power factor (fluorescent lighting strip 0.8,
incandescent bull 1,0, motive power 0.8) 5
d : Demand factor (electric lighting load 0.75, motive
power load 0.5)
Ky s Spread (diversity) fact
‘motive power load 1.1) o _
Ky : Spread (diversity) factor for combining elgcttlc 1amp
_and motive power loads (L. 1) ‘
Figures in parentheses { ) ‘are the vatues used for this

particular case.

or'(eieCtric lamp load 1.2,

The capaﬁity of faéilities as used for estimating the demand of each

points is rounghly as follows:

(1)

(ii) .

(iii)

(iv)

(v)

For public facilities, hospitals,_échools, Village offices,
agricﬁltural education centers, veterinary clinics, forestry

centers and cooperative's offices have been considered.

Lighting fixtures for hospitals, and- schools have been taken
as fluorescent 1ightihg strips and those for other pubLic

facilities and private houses incandescent bulbs.

Lighting fixtures for public facilities have been taken as 3
to 5 bulbs per room and those for private houses about 6

lamps. per house.

Refrigerators, heaters, and sterilization lamps, have been

considered as the electricity users in hospitals and veteri-
nary clinics, and X-ray units have been allowed for if their

presence is kunown,

For areas with plans for the construction of publie facili-
ties, such plans have been taken into consideration for esti-

mating power demand.

_Shoﬁﬁ in the next table are the results of the total esti-

mated demand:
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Estimated demand {K¥va)

Shemgang o 200
Damphu ' 220
Dagana : 200

3-3 Hydrological Analysis
3-3-1 Hydrological and meteorological data

The.projéct siféé_éfe lécated in Shemgang in the central mountainous
regions and in Damphu and Dagana in the central and southern moun-
tain regions with altitudes ranging from 700 to.1,600 m. These
regions have reiatively large rainfall levels in Bhutan;.Shemgang
and Dagana have annual rainfalls of 1,580 mm {two fear average) and

1,620 mm (three year average), respectively.

The obsérvatorieé:in'GaYIEgphug (Aie river) and Dobani (Sankosh
river) are'lpéated at low altitude in the vicinity and their records
show annual rainfalls of 4,550 mm (five-year average) and 1,427 sm

(two~year average), respectively.

"The taihy season proper in these areas usually lasts from June to

September, and the period of light rain is from May to October.

Air temperaturé data show that the lowest temperature of 3°C
(January) and the highest of 30°C (August) are rééqrded at.the
weather'obéérvatories of'Shemgang and Dagana. It has been noticed,
however, that the metebrological (réinfall; air température, humidi-
ty) and hydrological (river flow) data collected by observatories
tﬁroughout Bhutan frequently have.periods without observatioﬁ 20
that no complete recdrds are available. Therefore, records essen-
tial for working out a power generation plau, that is, records
covering a sufficiently long period of time (more than ten years)
with continuous observation, are practically non-existent.
Consequently, records of continuous observations for over one year
for relatively recent year had to be resorted from data as

many observatories as practicably possible.
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3-3-3

Flow data of project site
As for the data showing the flow in the project sites, thé'oply

available records are those covering a three-year P?f;Od (1985 to
1988) at Dagana. Wo measurements have been made at_Shemgang and

Damphu as there are no observatories in these areas.

Due to the lack of river flow data, the amount of flow.at the pro-

ject sites has been estimated from proportional flow.dataﬁtaken from

the flow data covering nearby area of the sawe river basin.

The caleulations for Shemgang have been made from the flow data of

the Refe Observatovy at Mangde river 1n the same r1ver b331n, and

similarly for Damphu from the £low data of the Dagana Obse1vatory in

the same river basin.

Monthly average discharge and specific discharge

As described in fhe preceding paragréph, 3-3~1, the flow data kept
by observatories have gaps (no-data periods) when no records of
measurement covering a long duratlon are available, so that the
monthly lowest flow at each water 1ntake point (dally average lowest
flow ...J) has been calculated by u51ng flow data from observator1es
with continuous coverage for relatively recent years. Shown in
Appendix 5.21 and 5.22 ave the results of such calculat1ons.
According to these, the lowest daily average flows for rhe respec-

tive water intake points (minimum flow) are as follows:

Shemgang point _ 1.0 mi/s
Damphu point 1.0 md/s
Dagana point 4.3 m3/s

The catchment areas of the reSpective'project sites and obser-—
vatories used for the calculation of the proportional flow are as

liested below:
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Catchment area (km3)

Shemgang intake dam

108

‘Damphu intake dam 53

" Dagana intake dam 230
RefejObsérvatory (Sankosh chu) 1,266
Dagana Observatory (Dara chu) 255

3-3-4 Flow-duration curve

3-3=5 -

by the field investigations.

The flow-duration curves in the minimum flow year (1986) of Sankosh
chu (Refe Observaidry) and Dara chu (Dagana Observatory), used for
the calculation of flow at each water intake point, are shown in the

Appendix 5.23 and 5.24.
Examination of design-flood discharge

Observatory data for the flow of the project sites covering a long

- period of time are not available and records of rainfall arve scarce,

as stated above.

It is not approniate, therefore, to examine the flood discharge

with the probability technique due to the presence of many uncertain

" factors.

Counsequently, it has. been decided to calculate the flood discharge
for the project from the evidence of past flooding patterns verified

Table 3.3-1 shows the flood level and

‘the [lood discharge of respective points.

Table 3.3-1 Flood discharge of project sites

Shemgang Damphu Dagana
Past flood water level (EL)Y  793.0 887.0 1,033.0
Flood discharge (m3/s) 430.0 390.0 520.0 -
Catchment area {(km3) 108.0 53.0 225.0

Enumerated below are the daily maximum flow data on a yearly basis

obtained from the flow data collected by the investigation team.



Refe (Mangde river)  Dagana (Dara river)

(n3/s) (m3/s)
1983 392.6 -
1984 _ ~209.9 : S
1985 344.3 -
1986 308.5 52
1987 | 307.2 . 283.6

1988 - - 160.3

3-4 Results Reconnaissance of the Project Site

3-4-1 Results of examination on development scale for the project sites

The development scale of the facilities for each ptoject site was

examined by paying attention to the following points and by taking

into account the results of field investigations by the investiga-

tion team and consultations with the government agencies concerned:

(1

(2)

(3)

Examination of maximum turbine discharge

In the examination of the maximum turbine discharge to be used,
a survey has beeu conducted on the existing irrigation facili-
ties and the presence of irrigation plans so as to ensure the

absence of impediments to these facilities and plans.

Efforts have been madé'to faise the facility's utilization fac-
tor since the facilities to be constructed at project sites in
this context can not expect to receive electricity from other
facilities and the power supply ﬁust be assured independentiy.
Lo other words, the plaus has been drawn up so as to ensure
that the maximum turbine discharge used will not exceed the

annual minimum flow.

Maximum turbine discharge used and annual minimum flow of pro-

ject sites

The maximum turbine discharge levels to be used by each project
site have been calculated by applying the following formula,
based on the electricity required for each site from'thé_esti-
mated power- demand for towns and villages in the projéct sites

and the available head as verified by field investigations:



P=%.g.Qq.H (ki

7 {»ghTQﬁm-(m3/sec)

Where P :  Generator power (kW)
Combined efficiency of water turbine,
generator and speed increaser (60%)
g : Acceleration of graviéy (9.8 m/sec?)

Q : Amount of water used (m3/sec)

Further, a comparison has been made of the anmual minimum flow
estimated for each project site on the past flow data, the
maximum turbine discharge obtained from the above forﬁula and
the results of field measurements by the invesfigétion team,
which is shown in Table 3.4-~1. This table reveals that the
caléulated maximum turbine discharge used by the majority of -
power generatiou plants are less than the values estimated from
the past flow data so that the facility's utilization factor
becomes neafly 100%. The maximum turbine dishcarge to be used,

therefore, would appear almost appropriate.

Table 3.4—1 Estimated Annual Minimum Flow and Maximum
: Turbine Discharge Used

Name Minimum flow Measured value WMaximum " "Maximum Effec~

of estimated by field turbine ouktput tive Remarks
Project from past investigation  discharge “head
‘data (m3/s) (m3/s) nsed (m3/s) (kW) (m)
Shemgang 1.0 - 1.5 0.9 200 39
Damphu 1.0 1.1 0.9 200 39

Dagana 4.3 8.5 1.4 200 25

(4) - Results of examinatidp'of development scale

The development scale for each site was planned, based on the
estimaﬁed demand for power as described in Paragfaph 3-3,
results of exémination for flow discharge in.each respective
fiver, topographical and geographical conditions, in each

project area. 'The results are shown in Table 3.4~2,



Table 4,4~2 Future of Development Scale

Ltem Unit Shemgang . Damphu Dagana
1. Powver House Site - Shemgang Damphu_i Dagaqa
(Name of River) (Burumda river) {(Chanche river) (Dara-river)
2, Catchment Area km? 108 53 225
3. Max. Discharge m3/s 0.9 0.9 1.4
4. Power Generating Plan
- Intake water level w 790 884 1,029
- Head tank water m 789 : 882 1,028
level = : :
- T/G center ‘m - 749 842 1,002
- Gross head m 40 40 26
- Effective head g . 39 39 25

Max. discharge ' m3/s 0.9 0.9 1.4

3~4-2

Selection of power generatiom facilities locations and intake dam

site

The survey team selected locations for the power genmeration facili-
ties and water intakes after collecting the data and couducting the

field investigatious necessary for the planning aud design,

Easy access from the public roads presently in use has been assumed

on the primary condition appiicable to all sites,
Described below are the reasons for the selection for each site:
(1) Shemgang project site

Reconnaissance was made of the project éite along the basiun of
the Wangde river and the Burumda river, tributaries of tﬁe
Mangde river. As for the Wangde river, the reconnaissance was
made of the vicinity of the road bridge crossing the river, as
the projéct site. However the topograpﬁy”of the vicinity is
generally steeple, with the entire left bank marked with the

signs of Iargé landslide, the topography and geological con-

-_40_




(2)

dition are not suited for the construction site of power
generation facilities, As for the Burumda river basin
adjoining the Wangde river basin, the reconnaissance was con-

ducted by selecting an area approximately 4 km upstream from

“the confluence with the Mangde river as the project site.

- Unlike.the Wangde river basin, the topography of this area is

made up of a gentle slope and free from the signs of landslide,
with the outcrop of rockbed seen in the vicinity and easy
acc¢SS'to'the existing ?oad. "The area was selected as the site
of project sinbé'it'is suited for the comstruction of power
geﬁératioh'fécilities in terms of topographic feature, geologi~
cal ;ondiﬁibn and. the ease of maintenance and management after
completion. Further, the site of intake dam was selected at a

location within the project site where the river width is rela-

tively narrow and the slopes of both banks are stabilized.

Démphu project site

The project site is located in rhe vicinity of confluence bet—
ween the midstream section of the Chanche river basin and its
tributary, the Damphu viver. The area upstream of the |
confluence are marked with the sigﬂs of landslide om both
banks, and both tﬁe topography and_geological condifion are not
suited for'tﬁe construction of powef generation facilities. As
for the areé downstream of the confluence, the left bank side
is unsuitable for the construction of power generation facili-
ties as this side is marked with scattered signs of 1andélide
similarly with the upstream area, although the site should be
selected when considering the construction of access road and
the transport of materials and equipment since the existing
road is on this side. To the contrary, the majority of the
right bank side consist of cultivated land, and both of
topographic and geological conditions are stabilized so that
the side was chosén as the project site. Further, the site of
intake dam was selected at a location within the project site
where the river width is relatively narrow and the slopes of

both banks are stabilized.



(3)

Dagana project site

The .project site is located in the vicinity of the road bridge

near the Dagana district government office building on the
upstream of the Dara river basin. With the outcrops of rockbed
seen on both banks, the vicinity is formed of steeple
topography. However, the right bank side on the downstream of
the road bridge is formed of a little open gentle slope and is
suited for the site of the power gemeration plant (including
the penstock and the outlet) so that the place was selected as
the project site. The site of intake dam was selected at a
place where thé coffering and diversion of the river will be
relatively easy with a broad rlver width and stable riverbed
since the flow of the Dara river is greater than the above two
sites, the topography is steeple and the banks of either side
close in. The open slope in the vicinity of the road bridge
could be effectively utilized as the storage of construction
materials and equipment in an anticipation of interruption of

vehicular traffic during the rainy seasom.
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CHAPTER 4 BASIC DESIGN |

4~1 Basic Design Concept and Design Condition

4-~1-1 Basic design concept

The design for the project will be promoted under the following

conditions.,

(1}

(2)

(3)

(4}

Examination of plan

The development scale of power generation facilities will be
planned on the assumption that no power will be supplied from

other systems to the three presently selected sites.

The development scale for each site will be planned by taking

into consideration the river flow observed in the field

Ainvestigation, other flow data topographic condition, and the

estimated power demand.

‘Reliability of facilities

Because the power generation and transmission facilities will

"be " the only facilities servicing their respective sites, they

shall be designed to sufficiently withstand natural conditions.

For the power distribution facilities for Shemgang area, atten-
tion shall be given to achieving coordination with existing

facilities.
Ease of maintenance and operation

Care shall be exercised to ensure ease of maintenance, and

safety mechanical units will be kept simple.
Economical design

Economical desigus shall be adopted, taking (2) and (3) above
into consideration, and paying due regard to the standard of
Bhutan. Where such standards are unavailable, the standard

specifications and the design techniques of Japan shall be



adopted in so far as practically possible., However, adequate

consideration shall be also given to the exchangeablllty of the
facilities with Indian products, since the Department of quer

presently uses many Indian products.
(5) Application of stghdardizatidn

Standard products shall be used, so far as possible, for the

power generating facilities and for related equipment

.

o}

T

including, for example, for pole~mounted transformers. Us
standard products will lower products costs, and ease the dif-

ficulties of parts replacemént.
(6) Restriction of voltage regulation

The voltage regulation on the end of users shall in principle

be restricted to be within +10%.
4~1-2 Design conditions

(1) Design conditions set by the study team from the collected data

and the result of field investigation

Shemgéng Damphu Dagana
1) Altitude _
i)  Site of power gemeration plant 747 m 840 m 1,002 m
ii) Azea to be electrified 2,000 m 1,600 m 1,600 m
2) Climatic conditions
1y Ailr temperatufe (Max imum) - 30°C - 32°C
{Minimum) 3°¢ - 3°C
i1) Wind velocity ' 30 mfs. - a0/ms
iii) Rainfall (amnual) 1,580 wm - 1,620 mm
3) Name of river Burumda ¢hu  Chanche chu  Dara chu

tributary : tributary ¢ tributary

of Mangde of Sankosh of Sankosh
chu : chu’ chu
4) Catchment area 108 kmZ - 53 km? 225 km?

ﬁ‘l(s_



5)
. 6)
»

8)

9)

.Daily average flow (Méximum) 34 m3/g 65 m3/s 277 w3/s
(1986) = . (Minimum) 1.0 m3/s 1.0 m3/s 4:3 /s
Facility capacity - 100kWx2 sets 100kWx2 sets 100kWx2 sets
Maximum turbine discharge . 0.9 m3/s 0.9 mn3/s 1.4 m3/s
Extension of power - 18 km 9 km 33 km

tranSmissién_line
Extension of power 5 km 5 km 16 km

distribution line

(2} Structural design standards used by the department of public

works

1) Compressive strength of concrete: 628

§28

i

210 kg/em? (1:2:4)
265 kg/em? (1:1.5:3)

2) Tensile stfength of steel

49.5 kg/mm? (Yield
point strength)

reinforcing bar: Gu

3) Seismic intensity (Seismic coefficient): Horizontal 0.1 G

Vertical 0.05 G

4-1-3 Applicable standards

b4=2

In designing the project, the following Japanese standards shall be
used in principle. Consideration shall be given, however, ensure
that use of these standards will not cause inexchangeability with

Indian products.

Jaban'lnduétrial Stﬁndard'(JIS) _

Standard specification of Japan Electrical Standard Investigation
society (JEGC)

Standard specification of Japan-EIectric Industry Association (JEM)
Standard specification of Japan Cable Industry Society

Technical standards concerning electrical facilities

Civil Structures

The three project sites will have the same generating power, and tur-
bine discharge used will be similar. Efforts were therefore made to
standardize the structures, in order to facilitate maintenance and

management.



h~2~1

Intake dam and sedimentation basin

(1

(23

Intake dam

It was determzned that lntake dams would be constructed on—-

relatively stable points of the viver beds. Intake dams shall

be of overflow-type concrete structures, and the heel sections

on the downstream side will be covered with wire cylinders to

protect against scourig.

Intake will be through an opening provided at right bank to the
dam, and intake discharge will be controlled by a gate
installeﬂ at underneathof entrance. To prevent the accqmula—

tion of sediment in front of the intake, inflow of sediment

- into the intake, a sediment dlscharge gate will be prov1ded

with in the body of the dam, below the intake. The gate will

- be opened at flood times to discharge accumulated sediments.

"Sedimentation basin-

During flooding season, water mixed with sediment 18 occa-
sionally introduced into the dam. A sedimentation basin will
therefore be constructed close by the intake dam, but where it

will be unaffected by flooding.

The sedimentation basin is designed that the sediment will
settle down due to the deceleration of the water. The precipi-
tated sediment can be removed using the sediment discharging

facility provided at the end of the sedimentation basin.

The length required for the sedimentation basin was calculated

as follows:

L : Minimum required length for sedimentatiom basin (m)

h : Water depth of sedimentatioun basin (m).

V : Average flow velocity inside sedimentation basln(m/sec)
Vg: Marginal settling velocity of fine particles (m/sec)

Assuming an average sand particle diameter of 0.5 to 1 mm, the

marginal settlement velocity, Vg, will be 0.07 m/sec bj the



following figure, The average flow velocity inside the grit

chamber. is assumed to be 0.2 m/sec.
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Relations between average diametre of fine sand particles

- "d" and critlcal settling velocity "Vg".

4~2-2 Headrace channel

The structural of the headrace channel was determined as follows by

giving careful consideration to the flow discharge, inclination, loss

of head, geological coundition, execution, period of work, etec.

W)

(2)

(3)

The structure shall be of rectangular open channel and culvert
made of reinforced concrete. The open channel shall be covered

with precast concrete 1lid,

Rectangular culverts shall be used for the section below the
flood water level on the downstream side of the intake to pre-

vent the intrusion of muddy water.

The fiéw velocity inside the.headraéé channel shall be of such
range_that_tﬁe internal face of the headrace éhannel will not be
efroded. The velocity for the projéct shall be reguléted to
approximately 1 m/sec. The permissible velocity in the range
not to errode the internal.face of the headrace are as given

below: -



Flow rate m/sec

Type Flow rate mfsec _Type
Sandy soil’ 0.45 Thick concrete 3.00
Sandy loam 0.60 Thin coictete 1. 50
Loam 0.70 . Asphalt. 1:00
Viscous loam 0.90 . Cobble stone dry masonry 1.50
~ (achor below 30 cm)

Clay 1.00 Cobble stone dry masonry 9.00

' (achor over 30 cm) -
Clay mixed Cobble stome wet masounry 2.50

. 1.20 ‘
with sand : .
Soft rock 2.00 Precast concrete .2.50 ¢
Rock with ) 50 Pipe 5.00
medium hardness : : o
Hard rock 3.00 Steel pipe 5.00

(4) The inclination of headrace shall be set at 1/1,000, taking into

(5)

(6)

(1N

consideration the loss of head between the intake and the head
tank, abrasion of intermal face of headrace with velocity,

settlement of sediment, generation of algae and the safety for

the operation and maintenance after the completion of headrace.

Hydraulic_calculatibn of the flow discharge shall be made by
employing Manning formulae, and a section which will give the
largest hydraulic mean radius shall be selected from cross-

sections having the capacity of passing the same flow discharge.

A uniform width (1.2 w) and varﬁing height of 1 w and 1.5 m were
adopted for the shape of cross-section, considering the flow
discharge at various points are just about the'samé

(0.9 cu.m/sec and 1.4 cu.m/sec), and the benefit of standar-

dization of design and execution.

The water level inside the headrace channel neéar the head tank

will go up by the suépension_of power generatiom. The depth of
headrace channel, thetefore; shall consist of the value obtained
from hydraulic calculation, the additional height equivalent to

the rise in water level and an allowance.



4~2-~3 -Head tank

Th=2-4

The head ténk shall be constructed at the entrance of the penstock.

To avold the mixing of air into the water admlssxon side of the

penstock adequate depth is allowed for to cover the pipe diameter,

plus some. allowance.

To handle the {low1ng when power generatlon is interrupted, a free
overflow type splllway shall be constructed on the side of the head
taunk. 1In addltlon, a sediment discharge gate shall be installed for

the discharge of sediments entrained into the tank.

" The spillway shall ‘be constructed of concrete. A head tank shall be

construdted'oﬁ‘the downstream end thereof. This is to reduce the

flow of water before being discharged into the river.

-Penstock

Ordinary flanged steel pipes have been adopted for the penstock,
because welding of pipe joint cannot be well done in the site. Same
diameters shall bhe adopted for ease of producing and etc., since

turbine discharges are similar.

The inclination of the penstock shall be made uniform. BEvery unit

length of pipe shall ‘be supported with saddle and an anchor block

.. shall be installed'at_the end of inclined penstock.

4-2-5

Power house building

The structure of the power house building, the outlet, and the
léyout of equipment and instruments are .as shown in the attached
dréwings. The space of the power house shall be made wide enough to
allow the iﬁspection and disassembling of equipment with safety and

ease, All floor surfaces shall be covered with concret.

—_The draft pit shall be designed so that ome pit can be shared by two

water tufbines by arranging them face to face. Consideration shall
alsc be given to the provision of means to eliminate the possibility
of whirlpools, in the water running down from the water turbine, so

as to maintain a constant water level.



4-3'

4-3-]

The building of the power house shall be constructed by wood aund
concrete blocks. However, the section of the wall from the foun-
datlon to a helght 1.5 m shall be constructed of concrete to prevent
the carry"over of 3011 into the power house from outSLde and also to

protect the plant from damage by boulders ‘running down.

Electric Equipments and Facilities

Selection of electric system

In the selection of the electric systems for electric equipments and
facilities, consideration should be given to the economic aspects
and the level of technology required for maintenance and coor-

dination using the existing facilities,

The following électric systems shall be used for power transmission

and distributipn lines operatiom in Bhutan at present:
. Transmission ﬁoltagé: 6.6 #v, 11.kv, 33 KV, 65 KV, 220 kV
. Distribution system: 400/230 V¥, 3 phase 4 liﬁe
. Frequency: 50 Hz

The type of water turbiné and the eleciric system for the power
generating facilities, transmission and distribution lines for the

project have been planned based on the follbwing concepts:
(1) Selection of the type of water turbine

The type of water turbire to be- used at each site will be
decided according to the effective head and quantity of used

water.

Types of turbines, and their features and constructions, are
described in Appendix 5.25. A selection of a turbine type
according to head and quantity of used water is presented in

Appendix 5.26.



As seen from data, the Francis turbine and the cross-flow tur-

bine are suited for a medium head,

However, the Francis turbine has a complicated construction and
is expensive. Given the same flow rate and the compact size,
it will be difficult'to-manUEadtufe Ehis turbine, and its price
will therefore seriously increase. As it hés a small size,
repalr work Wlll become difficult if cav1tatlon and other

problems should accur after the commencement of . operation.

By compariéoﬁ, however, the cross—flow turbine has a simple
cOnstrﬁction-and a relatively low price so that it is
‘favorable for medium heads and small amounts of water. This
fype'dfltﬁrbine'shall therefore be adopted for the present

project.

Turﬁine'cohtrél.is generally accomplished by adjusting the
water volume and speed to the existing demand (actual load)

through the 1nstallat10n of a guide-vane servo~motor.

Given that in the present case the cutput is around [00kV, the
use of this serve motor would complicate the mechanism thereby
rendering maintenance more difficult ahd economically unten-—

able. Therefore, the type described below shall be adopted:

1) Adjustment of water volume:
The guide vane shall be manually adjusted vhenever the need
arises to meet demand as much as possible within the range

allowable  in terms of the inflow rate.
This‘adjustment shall be done once a day at most.

2) Adjustment of speed:
_The speed shall be controlled by providing a phantom load
in the taiirace to keep the rofational speed. constant in

accordance with Increases and decreases in demand.

3) Entrénce valve:
A hand-operated gate valve shall be installed. No water
intake gate shall be installed on the top of the water

tank.



When the servoless governor has been decided, the design shall

be prepared in such a manner as to eliminate the risk of mecha-

nical ddmage even when the runaway speed is reached after the

ocecuring of troubles in the governot.
(2) Electric System of Power Generating Facilities

Basically, unmanned control system shall be used for the
control of power generatlon plan 31nce the plant will be un-
. attended at night dlthough operators will attend the plant

during daytime.

1} Genetator voltage:

AC 400 v, con51der1ng the economic advantages

2) Control system:
Equlvaleut to unmanned power generatlou plant under inter-
mittent survelllance control._ The generatoi voltage shall
be:automatiéally controlled'by'the automatic voltage regu-

lator (AVR).
Selection of power generation facilities

1t has been decided, taking into account the £ollowing circumstan=-
ces, that the power facilities for the above 3 project sites shall
each be 200 kW,

. Result of our investigation at the 3 project sites indicates that

demand for power at all of the sites is around 200 kW.

. Result of investigation on effective head and stream flow in each
respective river indicates that a 200 kW power station.can be

constructed at each of the three project areas.

. 1f all the three sites had the same scale, the same specificatious
could be used for the power generator and penstock for greater

" economy.



The following ocutlines the design:

(1) Outline of equipments and facilities

1) Water Turbine

2)

3)

Model:  Cross—-flow type water turbine (flow through

water turbine)

Governor: A stationary-type electromic servoless

governor shall be adopted, with an electronic
circuit to control the current of the phantom

load so as to keep the rotational speed constant
In let valve: Manually operated gate valve
Rating: as shown in Table 4.3-1
Power Génerator_

Model: j-phase alternating current synchronous power

generator
Frequency: 50 Hz

Wiring:  3~phase 4 line type

Rating: As shown in Table 4.3-1

Switch Board
Model: Upright front door type

Control protecting unit: One full set consisting of gages,
protective relay, AVR and
governor control unit,

electromagnetic switch, etc.

'The.speed accelerator shall be installed on the connection

of the turbine generator to make the generator as compact

as possible by increasing the rotational speed for better

economy .



The maximum comprehensive efficiency of the turbine generator

of 60% shall be attained by ensuring the appropriate efﬁiciency
levels-of individual units, i.e., 78% for the water turbine,

97% for the speed accélerator and 80% for the gemerator.

Table 4.3-1 Summary of Power Plant

Item Design. Shemgang Damphu .Dagﬂ“a

No. §f unit 2 2 2

Effective Head (m) 39 39 25
Turbine Maximum Discharge {(m3/s) 0.9 0.9 1.4
Maximum Outpqt (ij 131 x 2 BE 13_1. x 2 131 x 2

" Revolving Speed (?pm) 635 635 510

No. of unit 2 2 2
Rated.CapaciF?_(KYA) 125 x 2 125 x 2 125 x 2

Generator Rated Voltage (V) 400 400 400
Power Factor (Lag) 0.8 0;8_ 0.8
Revolving Speed (rpm) 1060 1000 1000 |

Normal Power House 0utput (kW) 200 200 200

— 54,_.




.(2) Outline of power house building

The plan for the power house building to house the generator at
“each'facility, the following points were takemn into con-

sideration..

. Protection of machinery from falling objects(stones) and

for cattle and horses on the surrounding grazing areas.

. Allowing for operation and maintenance under inclemrent

weather conditions
. Safekeeping of spares and consumables
. Protection of equipment and devices from bees and ants.

‘In view of the above considerations, the foundation of the
building shall be constructed of concrete and the wall shall
be COnétruCted of concrete blocks. Adequate care shall be
taken to ensure proper air veuntilation by installing venfila*

tion ports (vents) with imsect screens,

A small shed shall be constructed in the power house building.

This shall accommodate the office of maintenance crews.
4-3-3 Power transmission and distribution lines

Appendix 5.27 is a typical diagram of power transmission and

distribution lines.

The transmission line shall run from the boos;er transfprmer,
adjoining'the power generation plant, to the step-~down transformer,
instalied by the center of the user's area. Power shall be

transmitted at high or extra-high voltage.

The distribution line shall run from the step—doﬁn transformer to
the power box (with knife switch and fuse) installed on light poles
erected near théLpublic facilities and general users. For the areas
covered by the existing low voltage distribution lines, the power
shall be distributed to the connecting points near the existing

distribution line,



The basic design shall be:prepared on the assumption that the ser-
vice cable from the pUbllC faCLlltles and general users to the: power
box, the terminal of distribution line and the connection of line
from the existing low voltage'dlstrlbutlou line to the counecting

point shall be the respeousibility of Bhutan.

(1) Line lemgth of transmission and distribution lines and

selection of route

Length of the transmission/distribution lines in the each pro-
ject site is as shown in the table below. Also, routes of the
transmission/distribution lines in the each site as shown in

Figures 4,3-2, 4.3-3, and 4.3-4.

(Unit: kmj
Transmission line Distribﬁtioﬁ liﬁg
Shemgéng i8.0 | | 5.0
Damphu 9.0 ' - 5.0
Dagana 33.0 10.0 .
Total 60,0 20.0
B .

The transmission line from the step-down transformer tfo the
center of the use area shall consist of one 1ine. The
distribution line, however, shall be consist of on or two

lines, depending on the capacity of user's areas.

The summary of route of the transmisison and distribution lines
by sites are as Follows:
1) Shemgang area

The transmission line shall supply power from the power
‘generation plant to be constructed on the right bank of
the Burumda river to three areas of users. The following

three routes shall be constructed:



Fig. 4.3-2 Transmission and Distribution 'Li'nes_.(Shemgang Site)
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Fig. 4.3-3 Transmission and DistrlbuiioWLine' (Damphu Site)
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Power house — Connecting point 5.5 km '
T-joint Salami 2.0 km
T-joint Jr. high school area 1.5 km
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Distribution lines fotal length 5.0 kilo meters .
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(i) Power genefation_plant - Tintibi aTea

The transmissjon line shall be constructed from the
power generation plaut to the center of Tintibi area
along the relatively even road with a line length of
approximately 6.0 km. V

In its route, the line will have to Cross the Mande
river (span length approximately 200 m) ahead of the

center of Tintibi area.

The low-voltage distribution line from the step-down
transformer at the center of Tintibi area to the

users shall be apprdximately 1.5 km long.
{(ii) Power generation plant - Shemgang area

The transmissioﬁ line shall be approximately 10km
long from the power generation plant to the con-—
necting poinf adjoining the existing diesel power
generation plant at Shemgang. These line will have
to traverse mountainous regions with considerable

differences in elevation.

The distribution line from the connecting point at
Shemgang area to Dankhar area and Kersapey area_shall'

be approximately 3.5 km long.
(iii) Power generation plant - Dakphey area

The transmission line shall traverse mountain forests
over a distance of about 2.0 km from the T-branching
out point bétween_the power generation plant and

Shemgang area to Dakphey area.
Daﬁphu area

Transmission lines with a total extension of about 9.0 km
shall be comstructed, about 5.5 km from the power genera-
tion plant to be constructed on the right bank of the

Chanche river to the connecting point near the existing
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diesel power generation plant in Damphu, about 2.0 km to
Salami branching out en route by dbout 1.5 km to the school
zone. ~All shgll be laid across the terraced farms to reach

the users's areas.

The distribution lines will be constructed to connect from
the step-down transformer to be installed at the end of the

transmission line to the users.

¥or the benefit of users scattered along the transmission

line, the step-down transformer shall be installed on the

way of the transmission line route and the distribution

line shall be constructed from there to the users.

The distribution lines to be erected shall total approxima-

tely 5.0 km,
Dagana area

Two transmission limes shall be laid from the power genera-—
tion plant to be constructed on the right bank of the Dara
chu, one to Dagur and Same on the north and the other to

Thalgan and Gosi oun the south.
(i) Power generation plant - Dagur and Same .

A transmission line with a approximate leungth of

8.5 km shall be laid from the power generation plant
to Dagur Dzong along the road and from there to Same
-aiong“a.mountain path. For the benefit of the users
in Dagur Dzong and Same, low-voltage distributioun
lines shall be.laid from the step~down transformers
to be installed on the way of the transmission line.
The total line leungth of the distributiom line shall

be approximately 3.0 km,
(ii}) Power general plant - Thalgan and Gosi area

This transmission line shall be erected over a
distance of 7.5 km form the power generation plant to

Thaigan via Nidgang and Kanakha along the road,



(2)

except for a mountainous séction (about 1.0 km) where

the line sill be routed along the mountain path.

For the benefit of the users in Niﬁdugang, Kanakha

and Thalgan, Low—voltage'&istribution lines shall be
laid from the step-down transformers to be installed
on the way of the transmission line. The total line
length of the distribution lines ghall be approxima-

tely 2.0 km..

The fransmissiqn'line ffom Thalgan to Gqsi shall also
be laid albng the road. The line length shall be

approximately 17 kn. The line length of distribution
lines to the users in the above two points just shall

be approzimately 5.0 Km.

Design of transmission and distribution lines

1) Electric system of transmission and distribution lines

(i)

Transmission voltage

Two voltage classes are conceivable for the

‘transmission lines: 6.6 kV as used for the existing

small hydraulic power generating facility and 11.0 kV
a8 standard for Bhutan. If the Voltagé_drop is to be
kept below 5%, the use of 6.6 kV will ensure economi-
cally acceptable coustruction costs. However, it
will be necessary to consider the use of the 11.0 kV
voltage class for the transmission line with a line
length exceeding 30 km as it becomes difficult to

keep voltage losses below 5%.

Results of examinations of the voltage drop and power

losses are given below:



Voltage drop of transmission line by voltage class and distance

(Unit: %)

Voltage S 6.6 kV 11.0 kv
5. 0km lﬁ.Okm 20.0km = 30, Okm 5,0km 10.0km 20.0km 30. Ok
ACSR~OF
25 mm2 101 2-2 4-5 6.7 0.4 0-8 1-6 2-4

Annual power loss of transmission line by voltage class and distance

(Unit: kWh)
6.6 kV
5.0 km 10.0 km 70.0 km 30.0 km
ACSR-OFE 4,818 9,636 18,790 28,426
25 mmZ
11.0 kv
5.0 km 10.0 km  20.0 km 30.0 km
ACSR-OE 3,854 7,709 15,418 23,126
- 25 mm?

(ii}

Electric System of Distribution Line

The voltage of the distribution lines shall be the

same as that of the existing facility after allowing

for the ease of maintenance and the full utilization

of available spares.-

1t was decided as follows:

Nominal voltage and distribution system

415 V. (3 phase 4 line type), 240 V (single phase)



2) Determination of safety factor and wind pressure load

_The safety factor and wind pressure load to be used in the

design of transmission and distribution lines, based on

" the standard .adapted in Chukha project are determined as

follows:
(i} Safety factor

Particulars Design parameter
Pale 2.5
Conductors 2.0
Tnsulators B . _ 2.5
Stay wires, ground wires ete. 2.5

Wind pressure

(ii)
Particulars ' Design parameter
Tole . 200 (kg/m3)
Conductor ' 50 (kg/m3)

3) Selection of type of cable

(i)

Use of insulated cable

All cables used for the power transmission and
distribution lines shall be insulated. The reasons

are as given below:

To prevent electric aécidénts due to coutact and/or
access between cables and trees and vegetationm,
seeing that the anticipated routes pass through moun-—
tainous zome and hills. To prevent electric shock to
the inhabitants of the region on careless contact or

approach.
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(il) Use of steel reinforced aluminum cable

Considefing'the long'iine length required for power
trahsmission in the entire project area, steel-
reinforced alumlnum cables shall be used as this is
more ecounomical than the use of copper cables. The
_former also have a superior mechanical strength
(tensile strength) and are capable of meeting the
electrical requirements (resistance). Any particular-
considerations not will be required for likely.
problems (such as electrolytic corrosion) when con-
necting with the existing aluminum cable distribution

linés.

The use of steel-reinforced aluminum cables has thus

been decided for the above reasons,

(iii) The type of cable to be used for the transmission and

distribution lines shall be as shown below:

Classification Type and size of cable

Transmission line | ACSR-OE 25 mmZ
(Steel reinforced conductlve aluminum cable
insulated with polyethylene for outdoor use)

Distribution line ACSR-OW 25 mm2 - 58 mm?
' (Steel reinforced conductive aluminum cable
insulated with vinyl for outdoor use)

4) Determination of type of support and standard span

(i)  Spliced steel pipe pole shall be used for the

following reasons:

The construction sité of the transmission lines is
ot totally located along the road. Coéstruction in
mountainous regions, however, will require handling
by carrying on the shoulders. Steel pipe offer the
advantage that they are lighter in weight and, at the

sametime, meet the mechanical stremgth requirements.
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(ii) Selection of standard span

The following shall be the criteria for determining

the standard span:
. Safety factor of cable

The maximum usabie_tensile force shall be léss than
50% of the minimum tensile load under the worst
‘conditions (lowest temperature), and less than 20%

under normal conditions.
. Loéd condition of cable

The load conditions to be used in the calculation
of the cable's safety factor shall be as shown in

the table below:

Loading direction Wind pressure
Alr temperature Vertical Horizontal kg/my:
High-temperature Deadwéight'of 50 kg/m2 for pro- .
- 40°C cable . jected area of cable 50 kg/m?
Low-temperature | Deadweight. of 50 Kg/m2 for pro-
-10°¢C cable + ice and. | jected area of cable

snow with 3 mm covered with 3 mm 50 kg/m?

thickness and thick

specific gravity

of 0.9 '
Normal time Cable deadweigh | None 0 kg/m?
(average) 15°C

. Height of cable

The height of the overhead cables above the ground
surface and the road shall be more than the values

shown below:



‘Ground surface 5.0 m

Road 6,0 m

. Minimum spacing between overhead cables and other

objects

Building _ 2.0 m
Telephone line L 1.0 m
Low and high voltage lines -~ 1.0 m

. Galculation of cable sag.

A parabolic appfoximation formula shall be used

for calculating cable sag.

The standard span, assuming the above design conditions and
support heights (up to the wire supporting point) of 8.5 m
for transmission line and 7.0 m for distribution line, is

as shown below.

| Transmission line Mountainous area 60 m
Flat area 80 m
Distribution line - 60 m

5)

Slackness in each case, assuming the above design cou-

ditions, is as shown in Appendix 5.28.

Type of insulator

The insulator types to be used for the transmission lines
shall be.the high voltage pin insulator (JIS G3821) and the
high voltége tension resisting insulator (JISjCBSZG),'or
equiVéient insulators of identical or better pefformance.
These shall have a dielectric strength such as to exclude
electrical break tﬁrough'over an altitude of 2,000 m. The
mechaniéal'berfomance required of the insulators retaining

the cable (tension resisting insulator) shall be such as to

- e'fu



6)

withstand a load equivalent to I.5 times the horizontal

loads, and for other types of lnsulators: such as to

‘withstand the estimated load excludlng the hOleO“tal

].OadS.

The insulator tybe to be used for the distribution lines,

shall be the low voltage pin.insulator (J1S ©3844) and the

low voltage retalnlng insulator (JIS C3845), or those

hav1ng the same or better performance.

Mechdnical devices

(1)

(i)

Transformer

Thé booster. transformer shall be installed at ;he
outgoing end of the power generation plant, suiting
with the output of the generator, and rhe step-down
transformer with capac1ty suitable for the users
shall be installed on the transmission line.
{(Switches and overcurrent circuit breakers shall be
installed on the prlmary side of the transformer at
the same time). The charglng section of the trans—
former shall not be exposed. Adequate'grounding work

shall also be executed.

Switch

. The switch shall be installed on the branch-out point

of the transmission line or other suitably selected

points. The reasons are as described below:

. To operate and control the electric devices and

cable circuits safely and accurately.

. 1t is necessary to_suSpend transmission of electri-
city in a specific zone when service work on
eleéfric devices and cable circuits is performed.
For.this_purpose,'the cable circuits are divided
into several zoneé? and switchs are installed at

borders between the zones.



7)

(iii) Overcurrent circuit breakers

The overcurrent civcuit breakers shall be installed
where required: for the protection of the transformer,
switch and cable on the electric circuit of the

transmission and distribution lines.
(iv) Ground falt protecting device

A'grouﬁd falt proteciton device.shall be installed on
the transmission and distribution lines in order to

automatically open the circuit when grounded.
(v) Lightning arresting device
. Lightning arrester

The lightning arrester shall be installed on the
outgoing end of the transmission line, the end of
the electric circuits, s&itch, installation point
of switch and transformer, etc. for the protection

of electric devices, instruments and circuits,

The number of days with thunderstorm per annum in
Bhutan is assumed to be 60 days/year based ou the

world standard of IKL {Isokeraunic level)
-» Overhead ground line

The overhead ground line shall be installed on the

transmission line.
Qutfitting transmission and distributiom line poles

Typical ontfitting for transmission and distribution lines

is as shown in the basic design drawings No. 10, il, and 12

in Paragraph 4~4.



4~4 Basic Design Drawings

Basic design drawings of civil structures and electrical equipment

and facilities designed in accordance with the requirements mentioned

hereinbefore in this Chapter 4 are as follows:

Drawing No. 1  Shemgang - Miéro iydro Power Plant
Intake Dam o .

Drawing No. 2  Shemgang — Micro Hydro Power Plant
Headrace Channel
Sediméﬁtation Basin
Head Tank -__ ) o

Drawing No. 3  Shemgang - Micro Hydrb Power Plant
Penétock, Power House

Drawing No. & Damphu - Micro Hydro Power Plant
Intake Dam

Drawing No. 5 Damphu - Micro Hydro Power Plant
.Headrace Channel
Sedimentation Basin
Head Tank . _ 7

Drawing No. 6  Damphu ~ Micro Hydro Power Plant
Penstock, ?Qwer House

Drawing No. 7 Dagana — Micro Hydro Power Plant
Intake Dam _

Drawing No. 8 Dagana — Micro Hydro Power Plant
Headrace Chaﬁnel
Sedimentation Basin
Head Tank

Drawing No. 9 Dagana - Micro Hydro Power Plant
Penstock, Power House

Drawing No.10 6.6 kV Transmission Line Post Arrangement (2-1)

Drawing No.ll - Ditto - {2-2)

Drawing No.12 400 V Distribution Line Post Arrangement
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CHAPTER 5' PROJECT IMPLEMENTATION PROGRAM

5~1 System for Implementation
5-1-1 - System for grant aid
When the project are implemented on a grant furnished.by the govern-—
ment of Japan, the general organization of the system is as shown in
Fig. 5.1-1. '
Fig. 5.1~1 Project Implementation System
e u
GOVERNMENT OF JAPAN B/N GOVERNMENT OF BHUTAN
MINISTRY OF FOREIGN AFFAIRS | MINISTRY OF FOREIGHN AFFAIRS
and JICA a and :
' MINISTRY OF TRADE INDUSTRY &
POWER (DEPARTMENT OF POWER)
(1) Approval of
Detailed Design Consultauncy
Study and Tender Services
Documertt s Contract Construction
' Contract
(2} Report(s) on

Progress of
Work

y
JAPANESE CONSULTING FIRM

Ground Survey.
Detailed Design,

1

JAPANESE CONTRACTOR

Preparation of Tender Consgtruction
Documents, Supervision
Tendering Services.

Construction Supervision

Manufacture of Materials
and Equipment,
Transportation of Materials
and Equipment,

Civil Works,

Ingtallation and Erection
Works.

Field tests for Takingover.

Bilateral negotiatiom and applications required for this project are to

be performed by the Ministry of Foreign Affairs and Ministry of Trade,

Industry and Power of Bhutan, while design and installatiom of equip-

meut, and other such work, will be performed by the Department of Power

in the Ministry of Trade, Industry and Power. The organizations of the

government of Bhutan and the Department of Power are shown in Appendix

5.30 and Appendix 5.5.




5-2 Scope of Works

The scope of works to be performed for the project by the Governments

of Japan and Bhutan is as follows:

5-2~1 Scope of work to be performed by Japanese Governmeut

{1

(2)

(3)

(4)

(5)

(6)

Provision of equipment and materials as listed in paragraph 4-2

and 4-3, on a grant basis

Sea and -land tramsportation of the above equipment and

materials to the project site.
Whole of the related civil works

Whole of the power transmission and distribution line comnstruc—

tion works

1) Power transmission line from power generation plants to the
transformers for step down voltage at the power receiving

end in the power consumption center.

2) Power distribution lines from the step down transformer at
the end of the power transmission line to the low-voltage
power box installed in the vicinity of public facilities

and general consumers.

Installation, adjustment and test run of power generating

equipment.

Consulting services related with detailed design, tendering and

construction supervision.

.5-2-2 Scope of work to be performed by Bhﬁtanese Government

(1)

(2)

(3)

Acquisition of land for sites
Cutting down timbers in work sites, and compensation

Construction and maintenance of road for bringing in equipment

and materials



As stated in the minutes of the discussion meeting,

of Bhutan shall take necessary measures for

the Goverument

the customs clearance

and tax exemption of equipment and materials at the port of their

landing,

Service cable from the power box to the usar shall be the respon=~

sibility of user,

5-3 Plan for Detailed Design and Construction Supervision

Upen cbnclqsion of a consultant agreement between a consulting company

in Japan and the Kingdom of Bhutaun, the consulting company shall start

work for designing the systems and for menagement of construction at

each site.

5-3-1 Detailed design and tendering

(1

()

(3)

Site survey

Based on the details determined in the basic design and
investigation, a detailed topographical survey shall be per-
formed of the sites selected for the construction of c¢ivil

engineering structures, and the route survey shall be conducted

for the power transmission and distribution lines.

Detailed design and preparation of tender documents

Based on the results of detailed investigationé performed in
paragraph (1) above, the detailed design and tender documents
(draft) shall be prepared and consultation shall be held with

the Bhutanese organizations concerned.

Tender and conclusion of coutract for determination of

contractor

The consultant shall advertise for tendering, receive the invi-
tation for participation in tendering, hold orientation for
tendering and issue the tender documents. After a lapse of a
certain tendering period, the consultant shall evaluate the

tenders as soon as he receives them. Then, the executing



agency of Bhutan will conclude the contract on behalf of the

Government of Bhutan.
5-3-2 Construction supervision
(1) Construction supervision in Japan

Upon conclusiaon of the agreement, the consultant shall perform
work required for authorizatiou of drawings and documents
related to fabrication of equipment presented by sub-

contractors or for witness tests of the fabricated equipment. .
(2) Construction supervisiou at site

The consultant shallldiéﬁatch ﬁis.persoﬁnéi to the site at cri-
tical points of time, such as the'discussions before the com-
mencement of the works, transport-of equipment to the site,
installation and adjustment, test runs and completion tests for
providing guidance to the contractor and his supervision with a
view of securely complete the services within the period spe-

cified in the Exchange of Note.
5-4 Procurement Plan

The sources of procurement of equipment and matérials to be used in
the project were decided by comprehensiveiy taking into cousideragtion
the result of domeétic market survey of Bhutan, price and quality of
products manufactured in India and problemétical points for construc—
tion supervision. The sources of prbcurement.shall in principle be as

follows:

(1) Domestic products of Bhutan shall be fully utilized, subject to

availability.

(2) Steel materials and minor items manufactured in India, but easily

available in the domestic market of Bhutan shall be utilized.

(3) Japanese products shall be used for major equipment and materials

other than those listed above.

The specific sources of procurement of equipment and materials are as

shown in Table 5.4-1,



(4) Concrete aggregates shall be obtained from the river bed, The

states at sites are given below.

1)

2)

3)

Shemgang site

The concrete aggregate appears to be available, as the
required quantity of gravel can be obtained and screened from
the accumulated layer on the river bed of the Burumda river

in the vicinity of the project site. However, its sand con-

tent is small.

The required quantity of sand will have to be obtained from

the accumulated layer on the river bed near the confluence

with_the Mangde river (approximately 6 km downstream of the

project site).

Damphu site

As for the concrete aggregates, about half of the required
quantity of gravel can be obtained from the accumulated layer
at the river bed of the Chanche river near the project site,
However, its sand content is small. The shortage in sand and

the gravel will have to be made up from the accumulated layer

“on the river bed near the confluence with the Sankosh river

(approximately 20 km by road distance), As the sand

available here has a high content of fine particles, these

fines will have to be removed,
Dagana site

As to the concrete aggregates, the acquisition of both gravel
and sand will be impossible from the vicinity of the project
site. The required quantity, however, will be cbtainable

from the accumulated layer om the river bed of the Sankosh

 river approximately 90 km downstream (road distance).



Table 5.4~1 Source of Procurement of Equipment and Materials

Name of Materials, Source of Procurement :
Remarks

Equipment , atc. Bhutan t Tndia | Japan
Construction Materials

Cement 0
Steel bar _ 0
Steel pipe with small
aperture

Shape steel

Nail

Corrugated Iron Plate
Galvanized Wire Mesh
Materials for House 0

cooo ©

Materials for Form 0
Penstock
Gate
Screen

[ B B o]

Generating Equipment

Inlet Valve
‘Turbine
Generator
Control Board
Cable

[eNeNeNeNel

Materials for Transmission
Distribution Lines

Tubular Steel Pole
Line Conductor
Insulator and Fittings
for Stringing

Log for Kicking Block 0
Pole Transformer 0
Switehing Gear 0.
Lighting Apparatus 0 B.S5. standardized
goods

0 - do -

oo

Réceptacle
(plug socket)

—100—



5~5 Construction Plan

5-5-1

5~5-2

Construction contract system

The construction work of the project shall be executed under a

general contract system, based on the contract to be concluded bet-

_ween the Government of Bhutan and the Japanese Jur1d1ca1 person con-

cerned? The contractor shall be selected through tendering and

tender evaluatiOn procedures. The construction contract signed bet-

'_ween the Department of Power and the Japanese contractor as afore-

mentioned will take effect upon its approval by the Government of

Japan.
Outline of execution of works
(1) Preliminary works

The control points shall be established in the vicinity of each
structure, and surveys shall be carried out for establishing
the reference points necessary for the works. The works shall
be started after the establishment of such reference points.
Since the construction period is extremely limited, it shall be
necessary to carefully work out the ptan for the preliminary
works for ensuring a Smooth progress of the permanent works and

to execute the works in the shortest possible period.

For the routing of power transmission lines, a route survey
shail_be conducted before the commencement of the work to
determine the positions where the towers are to be erected. It
will be necessary, therefore, to execute these preliminary
works in a short period of time immediately after the approval

of the contract.
(2) New construction of power generation plant

The work sﬁall be started after careful examination of the
timing of bringing in the equipment and materials, and the
completion of detailed construction plan as the work sites are
scattered, Climatic conditions and other factor shall be taken

into consideration when working out the construction plan. In

- 101
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