5-6

the rainy season (June to September), in particular, traffic
routes are often out of service. It will therefore be essen-
tial to carefully program an early delivery and stocking of

major equipment and materials.,

Civil works are expected to concentrate on ﬁarroﬁ time band as
this pért of the wofks,'rivef wbrké, must be executed in the
dry season. It will therefore be'nécesséfy-to execute adequate
preliﬁinéiy works., It is important, as stated above, to draw
out and examine édequate‘plans in advance for both the prelimi-
nary and the permahent.works so that they will be free from any

frustration after entering in the execution stage.

Tentative Tmplementation Schedule

It is recommended, taking into counsideration the request from the

Gaovernment ofrBhutan.and results of our consultations with Government
repfeéentatives during our site'inveétigafion, at fhat, in view of the
scale and time schedule for the project, the project should be carried

out in two stages,

The project shall be phased as follows:

5-6-1

. Stage—-1 project : Damphu area
Dagana area
. Stage-2 project : Shemgang area {include a part of the transmission

‘and distribution lines in Dagana)
Stage—1 Project

The execution program for stage 1 shall start with the Exchange of
Note (E/N) between the govermments of Japan and Bhutan,
Subsequently,:the Department 0E ?0wer éhéii conciude é contract with
a Japanese consultant fér consulting services necesséry for the pro-
curement. of equipment and materials and for the implementation of

the project.

After the signing of such a contract, the consultant shall prepare
detailed designs and tender documents, and conduct tendering activi-

ties for the Japanese contractors on behalf of the Bhutanese
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5-6-2

Gove:nment and witness the signing of the contract. It is expected
that the period_required from the signing of E/N to that of
consttugtion contract will be approximately 5.5 wmonths while the
manufacture of hydraulic turbines and power generators and the pro-
curement, packing and sea tramsport of other equipment and materials
will take approximately 5 mouths. TInland transportation ié_expected
to ‘take about 3 wmonths. The period required for the works has been
estimated as 13-months, considering the decline of work efficiency

in the rainy season, after the signing of construction contract.

Shown in Table 5.6-1 is the time schedule for the execution of Stage

1 preject,
Stage 2 Project

The execution program of Stage 2 shall start with the signing of the
Exchange of Note (E/N) between the Governments of Japan and Bhutan.
This is expected to take place in the-fiscal_year folloﬁing the
execution of Stage 1. The period required for the contractual pro-
cedures after the signing of E/N, detailed design and tendering is
expected to take 5.5 months, similary to Stage 1. The period
required for the works has been estimated as 12 months after the
signing of construétion éontract since the amount of rainfall at the
prolect site is_smaller.than Damphu and Dagana areas, and the con-—
ditious of road for the tramsport of equipment and materials are
better. The time schedule for the execution of Stage 2 project is

shown in Table 5.6-1.
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5~7 Estimated Project Cost

In implementing this Project, the estimated cost to be borne by the

Government of Bhutan are as follows:

(1) .Conditions of estimation
(a) Time of estimation: As of February, 1989
(E) Exchange rate: .US$l = ¥133

(¢} Construction period: ., Stage—~1 13-month

« Stage-2 12-month
(2) Amount of cost to be borne by the Government of Bhutan

The amount of cost to be borne by the Government of Bhutan are as

follows;
{(Unit: Thousand Nu.)
Stage-1 Stage—2 Grand
Items Total
Damphu Dagana Total Shemgang ¢
r .
a) Acquisition 600 210 - 810 320 1,130
of lands
(@15'Nu/m2)
b) Compensation 550 840 1,390 1,800 3,190
for the clearance
of interfering
and dange trees
etc,
(@5 Nu/m?)
Total 1 1,150 1,050 2,200 2,120 4,320

= 105—
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CHAPTER 6 MAINTENANCE AND MANAGEMENT PLAN

6~1 Organization for Maintenance and Management
6-1-1 Maintenance and management system

Upon completion of this construction work, and after the test run is

successfully completed; the Department of Power will start power

supply from this power station to each area.

Eungineers from the Department of Power will periodically patrol and
check service and mainteunance; daily checks and maintenance will be

performed by residents, who are to be trained, in each area.

The daily operation and méintenance of facilities shall be performed
by the groups consisting of three local nationals each, and the
periodical patrol and inspection of facilities including ten power
generation plants constructed in the previous Phase I shall be
covered by two groups of engineers from the Department of waer, a

group comprising two persons.

For the central control of these activities, a senior engineer shall
be stationed at the Departmentof Power. Fig. 6-1 shows the organi-

zation

Technical guidance shall be provided by the contractor to the per-
sonnel in charge of the operation and maintenance during the

coustruction and test runm period.
The feollowing are considered as the subjects of technical guidance:
(1) Technology for daily operation aud maintenance

(2) Methods of coping with abnormalities including accidents, and

remedial measures

(3) Methods of facility management (including the arrangement of

records)

(4) Procedures for safe work
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6-1-2 Maintenance and management costs

The annual wmaintenance and wmanagement costs were trially computed by

assuming the following conditions since no data arve available in

Bhutan.,

(1) Repair costs

(2)

(3)

(4)

The standard costs applicable to public corporation in Japan

(2,000 kW class power géneratibn'plant) have been allowed for.
Miscellaneous cost

As for the costs for consumables, 6ommunicatibn and.transport
and traveling, the unit cost of 220 Nu/kW was adopted, assuming
increase in the fﬁture, since the areas to be covered by the
engineers of the Department of Power for the technical iuspec—
tiOn and repair are total 13 areas includiﬁg'lo areas pre-
viousiy cbﬁétructed'in Phase I, and much broader as compared

with the similar case in Japan.
Personnel costs

Daily inspection shall be performed by a group of three local
nationals per an inngllation while the patrol aﬁd_inspection
by the engineers of a total 13 areas including 10 previously
constructed in Phase T will be done by two groups with a group
consisting of two persons. In adéition,-this budget has been
appropriated for the management personnel and assistants of the

Department of Power.
Cost of lubricating oil

A percentage of the repair cost was appropriated, judging from

the practics in Japan.

The annual maintenance and maungement costs resultant from the above

assumption amount to Nu,575,185 as shown in Table 6-1. This is

equivalent to Nu.0.23/kWh in term of power available for sale.

Applying the nationally unified present ‘tariff, shown in paragraph

2-2-6 above, the total reveunue from the sale will amount to
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Nu,878;200 per year. Therefore, it will not be toéo difficult to
_ralse the above maintenance and management cost as these account for
only 65% of the total revenue from the power sale. Given below are
the annual power generat1qn and the revenue from the power sale,

which are obtainable from the completion of the plan at three areas.

. Annual power generation :
(kWh) = Qutput at power generation plant (kW) x
365 (days) x 24 (hours) x power plant uti-
lization rate x (I-loss ratio in the plant)

600 x 365 x 24 % 0.5 x {1 - 0.05)
2,496,600 (Kwh)

It

. Powver demand

Shemgang Damphu . bagaﬁa Total

Bulb (W) 139,440 174,960 205, 380 519,780
Fluorecent (W) 42,960 37,540 15,860 96, 360
‘Heater, X-Ray & 53,350 54,290 14,450 122,090
& Others (W)

Total - 235,750 266,790 235,690 738,230

Revenue from power sale

Bulb = (519,780 W > 60 W) x 5 Nu,fea./month x 12 month
= Nu.519,780 |
Fluorescent (96,680 W % 40 W) x 5 Nu./ea./month x 12 month

Nu, 144, 540

Heater, X-Ray, Refrigerator

& othes = 122,090 W x 365 day x 12h/day x 0.4 Nu./kWh
= Nu,213,900
Total Nu,878,220
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Table 6-1

Calculation of Annual O/M Expenses

Annual Expenses

Amount (in

Nu)

Remarks

‘Repair Cost’

318, 000

600 kW x 530 Nu = 318,000 Nu which
is 3,191 ¥/kW in case of a plant
with an installed capacity of
2,000 kW or less in Japan,

But, increased by 50%, considering
that the power plant is of small
scale.

(3, 191%/kW + 9%/Nu) x 1.5 %= 530 Nu/kW-

Miscellaneous
Cost

30,460

600 kW x 220 Nu x 3/13 = 30,460 Nu
Yen 1,000/kW for costs of office
supplies and stationary, com-
munication and transportation and
travelling expenses :

But if increased by 100%Z in view of
the distance to the site.

(1,000Y/kW = 9¥/Nu) x 2.0 = 220 Nu/kW

Persannel
Cost

147,225

1) Daily inspection (inhabitants)
3 persons/site x 3 sites
x 12 months = 108 man months
@450 Nu x 1.2 = 540 Nu
108 man months x 540 = 58,320 Nu

2) Periodical inspection {engineers)
by 2 groups composed of 2 tech-
nical persons each
2 persons x 2 x 12 months x 3/13
= 11 persons-months
@4,300 Nufm. x 1.3 (local salary)
= 5,590 Nu/month

J1 persons-months x
5,590 Nu/month = 61,490 Nu

3) Other staff-members of Dept. of
Power :

(1) Manager 1 man x 6,500 Nu/month
x 12 months x 3/13 = 18,000 Nu

(2) Assistants to Manager (typist,
accountant, etc.)
2 persons x 550 Nu/month x
12 months x 3/13 = 9,415 Wu

Lubricant
Cost

79,500

Estimated at 25% of
the maintenance cost.

Total

575,185
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CHAPTER 7 PROJECT EVALUATION

A characteristic feature of Bhutan is that the majority of people live in
small towns and villages in mountainous regions, except for the relatively

flat regions in Thimphu, Phuntshdling and Gaylegphug,

For this reason, supply of electricity to rural areas has depended on iso-
lated small diesel generators which is impossible to connect.supply system

of electricity in the rvespective areas.

On the other hand, Bhutan has an abundance of water resources with hydro-
potential estimated at 6,000 MW. However, sites suitable for large reser—
voir tyﬁe power generation schemes are scarce due to the steep gradient of
river and the extremely complicated geological condition. It can be
regarded, however, that steep river gradient is suitable for the develop-
ment of medium and small scale hydro-power generation project of rum—of-

river—-type.

Taking the above facts into consideration, the construction of small hydro-
electric power plants to meet the power demaud of respective regions may be

regarded as a perfectly feasible.

The direct and indirect bemefits of the projects are as follows.

7-1 Direct Benefit

(1) 1Tt can be expected that the annual power production amounts to

about 5.0 GWh.

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

follows.

Shemgang Damphu DPagana
Public TIustitution (Nos.) 30 20 21
Household (Houses) ) 346 550 565
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(3)

The operation of the existing diesel geunerators can be replaced

by that of the projéct,'which will reduce import of'fuel oil and

save foreign currency.

Estimated coSt:of fuel required for the existing and additioﬁal

diesel generators which would be equivalent to the prbjéct is as

shown below.

Damphu Dagana

Additional equiva-

Shemgang lent to Project
(80kW) (48 kW) {40 kW) (200 kW x 3)
Annual power 80KWx3g5dayysh  48kwyggsdaysh 4okwkjesdayxah  00kvx365d2yx12h
generation  x{1-0.25) x(1-0,25) x(1-0.25) x{1-0,25)
(KWh)- = 87,600 = 52,560 = 43,800 = 1,971,000
Fuel con~
sumption 0.24 0.24 0.24 0.24
(lit/kwWh)
Unit fuel : .
cost (Nu,/1ity 391 3.91 3.91 3.91
Annuél fuel
cost (Nu.) 82,204 49,322 41,102 1,849,586

(4)

7-2

(1)

It will become possible by the project to supply electric pdwer
all day long, This éan be expected to improﬁe'living_standard by
allowing use of electric lamps and heaters at any time, extending
learning time by lighting inr houses and dormitories, improving
medical services by use of various electric medical equipment
such as ¥~ray diagnostic devices and refrigerators for storing
serum, and improving public security énd order by enabling use of

electric lamps aloug streets.

Indirect Benefits

Advanced technology will be transferred froﬁ Japan to Bhutan
through this project. Also people working in the:Department of
Power will be trained and their technological capability
improved, which means development of human resources. This.will
much contribute td the future economic development plans of

Bhutan.
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(2)

(3}

(4)

Upon completion of the construction, engineers of the Department
of Power will wmake periodical patrol and check for services and
maintenanée of the system, while daily operation and maintenance

will be performed by residents, which will contribute to enhance

‘their technical skill through the said activities.

Distribution of electric heaters will reduce consumption rate of

firewood, which will prevent devastation of forests and woods,

Also small scale industrial activities will become more active,

which. will increase employﬁent opportunities,

People will be able to gather in public facilities at night,
which will promote communication among residents. Promotion of
community activities and improvement of social life can be

greatly expected,

When considering the above benefits, it may be said that this
project will 1arge1y contribute to the economic and social deve-

lopment of the Kingdom of Bhutan.
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CHAPTER 8 CONCLUSIONS AND RECOMMENDATIONS

Conclusion

 Taking into account the topographical conditions, social charac-

teristics, and demand for power in each area, and the extensive

requirements for trausmission and distribution of power, the

- Government of Bhutan has planned, as part of its electrification pro-

ject to modernize towns and villages in the country, to construct
small-scale hydro power stations at 150 sites throughout the country.
The Government considérs this to be as the most efficient and economi-

cal means for developing and modernizating the country.

The three project areas, Shemgang, Damphu and Degana selected from
among these 150 sites for the present prolect, are towns and villages
playing an important role in their respective areas containing public
facilities such as schools and hospitals. Each of the three areas has
a diesel power generating facility. But eléctricitf is either not
suppliéd or else is supplied only at night, This is the reason that

these areas have been selected.

The basic design and investigarion report has now been completed after

examining'the'resﬁlts of the field investigations in the said three

‘areas and after consultating with the Japanese government auathori-

teis. The foilowing conclusions may thus be drawn:

(1) Construction of small-scale hydro power facilities in the project
"areas will allow electrification of the areas where electricity
was once supplied but is not supplied now, or is supplied for
only a very short time each day. This would improve daily life,
education and medical services, and also raise the level of

public peace and order.

Also, small-scale industrial activities will become more active,
which will create more opportunities for employment and prowote

economic activity in each project area.

Additionally, the existing diesel power generating facilities

will be replaced by the hydro power project,which will reduce
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iﬁport of fuel oil and save foreign bﬁrrency. These satisfy the
need to improve social and economic conditions, as well as to
help the country achieve independence, which have been set up as

the goals of the Sixth 5-year plan.

(2) Rainfall in the three (3) project areas is relatively high (about
1,600 mm per;year), and river water required for small-scale
hydro pdwer generation prpject.can be secured. Also, the
topographical conditions as well as geological conditiouns are
Very.suited to construction of hydro power stations.
Additionally, the condition of the roads required to transport
equipment and machines for the construction is extremely good, as
these roads.are periodically mainﬁained'under assistance by
India. These conditions suggest that it is technologically -

possible to construct hydro power stations at the proposed sites.

Also, the actual operatiom results of the ten (10) power'stqtioné
constructed in'phaée 1 suggests that engineers in Bhuitan will be
fully capable of operating and coutrolling the new hydro power

stations once this project 1s completed.

(3 Thé costs to be borne by the Government of Bhutan include those
for acquisition of land for the project, fof_lumbering, and for
building or improving roads necessary for transporting equipment
and materials. These costs are estimated to be about 4,320

thousand ngultrums,

In view of the scale of the;nétioﬁal budget of the Kingdom of

Bhutan, the Government will be able to meet these costs.

Also, it is'estimated_that the cost required for operation and
maintenance of each power station after its completion will be
less than the revenue from the sale of the generated electricity,

and no additiomal expenditure will be required,

This project will provide many benefits For the residents in the pro-—
ject areas, and will contribute to improvement of their social life
and living standard. For this reason, it 1s worthy that this project

should be carried out by all means.
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A comprehensive consideration of foregoings leads to the judgement
that the implementation of the project is very significant and the

provision of grant by the Japanese Government is well justifiable.

8-2 Recommendations
8-2-1 Recommendations for This Project

The small scale hydro power facilities constructed in this project
will become a basis for the future economic and social development
of Bhutan, The Government of Bhutan are required to take necessary

measures regarding the following points.

(1) The engineers concerned in the Government of Bhutan shall par—
ticipate in the construction of the project throughout its
entire period and acquire the techmological skill for running
hydro electric power.generation plants from the Japanese engi-

neers and consultants.

(2) Bhutan's engineers should learn the techniques for operating
and maintaining hydro power stations from engineers from Japan,
and should establish a coucrete policy for operating and main-—
taining the hydro power stations to be constructed under this

project.

.(31 As soon as possible, the Government of Bhutan should acquire,
at its own expense, the land required for the construction of
each hydro power station; should build or improve the roads
necessary for carrying equipment and materials required for the
construction; and should remove the trees which would bleock or

interfere with the construction works.
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APPENDLX

PERTINENT DATA AND ENFORMATION

NUMBER DATA NAME

1, Key Personnel with when the Survey Team Met
2, ‘Member List of Survey Team

3. Survey Schedule

4e Minutes of Discussious

5. ‘Table and Figure

6. List of Received Data and Informatiom

7. Discharge Data

8. Hydraulic Caiculations for Open Channel






l. Xey Personmnel with when the Survey Team Met






Key Personnel with when the Survey Team Met

Full Name

Position of Title

Organization Name
& Address

His Excellency
Eijiro Noda

Mr. Masamichi Saigo
Mr. Taro Kurabayashi

Mr. Bhim Subba

Mr. Jigmi Karchung
Mr. C. Ringin
Mr. R.N. Adhikari

Mr. Dorji Namgyel
Mr. Dasho Nagchung

‘Mr. Dasho Sheral
Dorji

Mr. Sangay Dorji
Mr. Lok Pradhae

Mr. S.B. Gurung
Mr. N. Silveraji-

Mr. Y. Gurung

Ambassador Extraordinary

and plenipotertiary of
India

First Secretary
Embassy of Japan

Representative of JICA
Office in India

Director

Divisional Engineering
Officer

Assistant Engineer

Assistant Engineer

Section Officer
Dzonda Shemgang

Dzongrab (Administra-
tion), Chirang

Officiating Dzongrab
Engineer

Engineer

Accounts Officer

Head Cleak

Embassy of Japan, Plot
No. 4 & 5, 50-G,
Chanakyapuri, New Delhi,
India .

- ditto ~
- ditto -

Department of Power,

Ministry of Trade Industry

& Power, Thimphu, Bhutan
- ditto =

Rural Energy (Project),

Dept. of Power

Office of the Director,
Dept. of Power.

- ditto —
Shemgang District

Dzongkhag Administration,
Chirang

Daga Dzong
~ ditto ~

- ditto - {(Hydrology
Division)

Dzongkhég Administration,
Chimng

- ditto -







2. Member List of Survey Team






Member List of Survey Team

Name

Designation

Drganization

Kenji Nakato

Leader

Deputy Director, Coustruction
Dept., Kyushu Agricultural
Administration Officé, Ministry
of Agriculture, Forestry and
Fisheries., (MA¥F)

Hiroaki Nakagawa

Project Coordinator

Grant Aid Plauning & Survey
Department, Japan International
Cooperation Agency {JICA)

Tadao Sekizawa

Electric Power Planner
& Hydrologist

EPDC Internaticnal Limited

Keizo MNakagawa

Civil Engineer for
Electric Power

EPDC Tnternational Limited

Mitsukiyo Naito

Electric & Mechanical
Engineer

EPDC International Limited

Takanori Omori

Transmission & -
Distribution Engineer

EPDC International Limited

Hideo Sato

Civil Engineer for
Cost Estimate

EPDC International Limited







3.  Survey Schedule






Survey Schedule

No. |

Ordinall
No.
of Dayg

Date

Day
of
week

Description

10

11

Nov. 20

21

22

23

24

26

27

28

29

30

Sun.

Mon.

Tue

Wed.

Thu.

Fri.

Sat.

Sun.

"Mon.

Tue.

Wed.

Leave Narita (Tokyo) International

Airport. Arrive in Pelhi

(Stay at
Delhi)

Courtesy calls at the Embassy of Japan
and JICA office in India, briefing the
contents of an Inception Report.

Leave Delhi and arrive in Calcutta.

Leave Delhi arrive in Calcutta

Leave Calcutta and arrive in Thimphu

via Paro.

Courtesy calls at the government

agencies of Bhutan.

{Calcutta)

{Thimphu)

{Thimphu)

Discussions with the Department of Power
the final itinerary for field surveys.

Collection of data including maps aud
briefing of the guestionnaire.

Arrangement for survey instruments and
detailed discussion of field surveys.

Leave Thimphu arrive in Tongsa.

Leave Tongsa arrive in Shemgang.

(Tongsa)

{Shemgang)

Arrangement for filed study with a
Dzongdag of Shemgang Dzongkhang

Survey for Wangdi riveer site (Shemgang

area) :

Group A (Mr. K. Nakato,
Mr. H. Nakagawa,
Mr. T. Sekizawa)

(Stay at
Tongsa)

Leave Shemgang
arrive in Tongsa

Leave Tongsa (Thimphu)

arrive in Thimphu
Discussion with  (Thimphu)
the Department
of Power

{Shemgang)

Group B (Mr. K. Nakagawa,
Mr. T. Omori, Mr. M. Naito

Survey for Wangdi (Shemgang)
river site, line
routes and demand

~ ditto -~ (Shemgang )

It rained. {Shemgang )
Arrangement of data




No. 2

Ordinall "Day _
No. Date af Description
of Days week '

12 Dec. 01 ] Thu. | Signing of the (Stay at | Survey for Wangdi. (Stay at
Minutes of Dis— Thimphu)} river site, line  Shemgang
cussion routes and demand
(Mr. K. Nakato,

Mr. H. Nakagawa)
Leave Thimphu
arrive in Tongsa
(Mr. T. Sekizawa)

13 02 | Fri. | Leave Thimphu (Calcutt) - ditto - (Shemgang )
arrive in Calcutta
-via Paro (Mr. K. Nakato,

Mr. H. Nakagawa) :

Leave Tongsa . (Shemgang)| - ditto - - {Shemgang
arrive in Shemgang

(Mr., T. Sekizawa)

14 03 | Sat. |} Leave Calcutta (Bangkok ) Survey for ~ (Shemgang
arrive in Bangkok. Burumda site, line
{(Mr. K. Nakato, routes and demand.
 Mr. H. Nakagawa) _ '

Mr. T. Sekizawa joined
into Group B
15 04 | Sun. | Leave Bankgkok - ditto - {Shemgang
: arrive in Narita (Tokyo)
Mr. K. Nakato,
Mr. Nakagawa
16 05 | Mon. | Survey for Burumda river site (Tintibi {Shemgang)
area)
Discussion with a Dzongdag about the
results of field survey.
17 06 1 Tue. Leave Shemgang arrvive in Gaylegphug - {Gaylegphug }
18 07 | Wed. | Leavey Gaylegphug arrive in Damphu (Damphu)
Courtesy calls on second Dzongday of
Chiran Dzongkhang . '
Survey for Chang river site (Damphu area)
19 08 | Thu. Survey -for Chang rivee site, line routes {Damphu)

and demands




No. 3_

Ordinal] Day
No. Date | of Description
of Days week
20 Dec. 09| Fri. Survey for Chang river site, line routes (8tay at
' and demands Damphu)
21 10 Sat. Survey for Chang river site _ (Damphuj
Discussion with second Dzongdag about
results of field survey
22 11 ] Sun. | Leave Damphu arrive in Dagana (bagana)
Discussion of field survey with a
secretary of Dzongdag
23 12 | Mon. Survye for Dara river site (Dagana area)  (Dagana)
24 13 [ Tue. | Survey for Dara chu site (Dagana area), (Dagana)
line routes and demand :
25 14 | Wed. ~ ditto — {(Dagana)
26 15| Thu. | "Survey for Dara river site. (Dagana)
Piscussion with Dzongdag of Dagana
Dzongkhang about the result of field survey
27 16 { Fri. { Leave Dagana arrive in Damphu {Damphu )
28 17} Sat. | Leave Damphu arrive in Thimphu (Thimphu)
29 181 Sun. | Arrangement of data (Thimphu)
30 19 { Mon. ! Discusison with D.0.P. about the results  {Thimphu)
of the Ffield survey.
Collection data
31 20 | Tue. | Making of field report _ (Thimphu)
Collection and arrangement of data
32 21 | Wed. - ditto - (Thimphu)
33 221 Thu. Collection and arrangement of data (Thimphu)
' Discussion and confirmation for
field report with D.O.P.
34 23| Fri. Leave Thimphu arrive in Phuntsholing (Phuntsholing

Inspection of Chukha generation plant
on the way to Phuntsholing




No. 4

;
Ordinal Day
No. Date | of Description
of DayH week

35 NDec. 24 ] Sat. Market Survey _ (Stay,at

: Inspection of Phutsheling Substation Phuntsholing)

36 - 25§ Sun. Leave Phuntsholing arrive in Thimphu (Thimphu)

37 26 | Mon. | Leave Thimphu arrive in Delhi via Pavo (Delhi)

38 27 | Tue. Explain to the Embassy of Japan and JICA (Delhi)

in India, the results of the field study.
39 28 | Wed. Arrangeument of collection data {Delhi)
40 291 Thu. Leave Delhi arrive in Narita {Tokyo)
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MINUTES OF DISCUSSIONS
" ON
THE ESTABLISHMENT PROJECT FOR
THE MICRO HYDROPOWER FACILITIES
(PHASE-I1)
IN

THE KINGDOM OF BHUTAN

_‘lh:rcSponse_to"the request of the Government of the Kingdom of
Bhutan, the Government of Japan decided to conduct a Basic Design

Study on the Establishment Project for  micro hydropower
facilities (Phase-II}, in . the Kingdom of Bhutan ({(hereinafter
referred te as "the Project') and entrusted the study to the

Japan International Cooperation Agency, (hereinafter referred to
as "JICA").JICA sent Lo the Kingdom of Bhutan a Study Team headed
by Mr. Kenji Nakato from November 20 to December 29, 1988.

The Japanese study team- had a series of discussions and
exchanged views with the concerned authorities of the Government
of the Kingdom of Bhutan and conducted a field survey in the
proposed project areas. o

As a result of the study and discussions, both parties

mutually agreed to recommend to thelr respective Governments that
the major points of understanding reached belween them, attached
herewith, should be examined toward the realization of the
Project. '

WP

KENJI NAKATO
Leader .
JICA Basic Design Study Tean

Mipistry of Trade & Industry,
Royal Government of Bhutan.

o
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ATTACHMENT

Objective of the Project
The objective of - the projéct, is.-to establish ~micro
hydropower facilities on the sites where the people around
the area need supply of electric power urgently for'their
living. s - : o .

The propdsed sites of the Project are located in the ‘three
{(3) towns which are the headguarters of the respective
Dzongkhags (district) as shown Fig.1l. : '

The project components requested by the Bhutanese side are
shown in Annex 1. : : . :

The basic-concept of the project  implementation plan shall
be described in the field report which will be submitted
to the Bhutanese side at. the end of this field survey.

The Bhutanese side has understood that the Japanese grant
aid system, explained by the team, includes the principle
‘of use of a Japanese consulting firm and Japanese general
contractors for the implementation of'the_Projectd

The Government of the Kingdom of Bhutan will take
necessary measures as listed in Annex II on condition: that
grant aid by the Government of Japan would be extended to
the Project. : ’

The Government of the Kingdom of Bhutan has agreed to
provide. the necessary budget and personnel for operation
and maintenance of the micro hydro power facilities after
completion of the Preject.

Final Report ( 10 copies, in Eﬁgiish) will be submitted to
the Bhutanese side before the end of March, 1889.

N
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The contents and scope of the cooperation for the Project will be
dec%ded after technlical and financial viability study. Requested
facilitles and equipment are as follows:

i~ : The

following sites are requested by the Government of the

Kingdom - of Bhutan to be established with micro-hydro
facilities :~

Name of Site Name of Disktrlet
(1} Shemgang : Shemgang
(2) Damphu : Chirang
{3) Dagana : Dagana

The following items are requested by the Government of the

Kingdom of Bhutan as grant aid assistance.

(1}

Micro hydropower equipment for the fhfee (3) sites

Turbine, Generator

Control Panel

Penstock and Gates

Transmission line (high voltage), distribution line

{low voltage), Electric poles, Step-up and Step-down

transformers.

{(2) Civil and building works for all the micro hydropower

(3)
{4)
(5)

facilities for the three {3) project sltes are listed
below:

Intake dam and sedimentation basin

Conduit water way

HHead tank and related facilities

Foundation of penstock, turbine & generator

. Foundation of transmission line (high voltage},

distribution line {low voltage), electric poles

and transformers.

Power house building and related facilities

Other necessary structures for the micro hydro power
facilities

Transportation and installation of all equipments
Transportation eguipment for maintenance

Measuring instruments and eguipment for mwaintenance

Ny
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ANNEX -11

To "acquire land  and right of way (The legal right,
established by  usage, of a person or persoins to pass and
repass through grounds or property belonging to another)
required for the - Project implementation. )

To ensure land and right of way necessary for construction of
the temporary access roads from existing rural footpaths to
the proposed construction sites.

To. ensure speedy unloading, tax exemption, customs
clearance at a port of disembarkation in the Republic of
India and the  Kingdoem of the Bhutan, of the prodicts
purchased under the grant aid. '

To allow transportation of vehicles, machinery and
construction equipment on the ‘existing national and rural
roads.’ ' :

To ‘exempt from dimport duties and -incidental expenses and
to take ‘necessary mcasures for customs clearance of the
materials, equipment and spare parts brought into Bhutan
for the implementation of the Project. These exemption shall
be subject to  the existing .Bhutanese rules  and
regulations which are applicable to similar grant ald
pPrograms.

To assume -~ the following commissions on the Japanese
foreign exchange bank for banking services based on the
banking arrangenment: ' )

{1) Advising commission of authorization to pay
(2) Payment commission
To accord Japanese nationals ahd bther "nationals wlose

services may be reguired in connecltion with the supply of
the products and the services under the wverified .contract
such facilities as may be necessary for their entry into the
Kingdom of the Bhutan and stay threrein for the performance
of their works. :

To exempt the Japanese and other nationals involved in the
project from any customs duties, internal taxes, and other
fiscal levies which may be imposed in Bhutan with respect to
the supply of the product and services under the verified

contract.
| Vo
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10,
. facilities constructed and equipment purchased under the

11.
12,
13.

14.

To .bear all expenses, other than those to be borne by the
grant.
Te - maintain  and use properly and effectively the

grant.

To provide service connections from the distribution lines

and internal wirlng in the houses and other facilities.

To - provide=disposa1 places for excavated material during
construction of the civil works.

To provide necessary data and information . for detailed
design.

To take hecessary actions to expedite approval by the

. Government of the Klngdom of Bhutan for the execution of this

Project.

Te grant permission for import of skilled labour as reguired
for the implementation of the Project and to make unskilled
labour available as regquired for the Project.

;‘.AZQ_
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THE BASIC DESICH STUDY

CN

ESTABLISIMENT FROJLCT POR
MICRO HYDROPOWER FACILITIES

( POASE -IT )

IN

THE KINCDQ! OF BRUIAN

FIELD REF(RT

DECEMBiR 22, 1988

JAPAN THTERNATICNAL COOFERATICN ACHNCY

{ JICA )
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T

1ntroduotion

This revort is prepared by the basic design SﬁUdy_teLW

( hereinafter referred to as "'teum ") based on the [leld
survey and Lhorouyh ngCUSSlOH% Wlth the subliorities
concerned of the Governwent of Bhutan. '

This report describes thg_preliminﬁry technicul tindings
obtuines through bhe field survey of Lhe establishment
project for micro hydfopower Tucililies ( hereinafler
referred to as "the Project“).

This report ilso includes some items to be confirmed
between hoth parties during the field survey.

The final report will be prepared bssed on tuls {ield rep-
ort s well ss data and information collected during the
{ield survey, in consultation with Japunesc authorities
concerned.

The report will consist of the following items:

~ Urgency, pfppriety.and effects of the Project

- Busic design

-  Operation a-nd maintenznce plan

- Erogosal for undertakings and necessary meusures by
thz amuthorities concerned of the CGovernment of Bhutan

for the Project.

Sunmary of Scope for Basic Desiegn Study

Seope of the busic deszipgn study is summarized as follows 2

(1) To perform the basic design for the estublislirent
Froject for micro hydropow:r facilitiés,

(2) To estimate the project cost in the foreign wnd local
pertion.

(3) To prepsre the most effective plan for the Progect im-
plementation,

(4) laintenance and operation plan.

A-—20



3.1

(1}

2)

" Present Situation of the Project Site

Genebal Situation of the Project Site

The prwpooed 81tes of tlie Project belong Lo the centrdl and
uoutharn districts of Bhuban and have major towns &bt the
centre = of their distriets. These towns are also collecting :ind
ul%trubhtlng centres for agricultursal producLs in the .istrict.
They have publlc 1nst1tut10ns, such as schools, hOSDlta By
vet rinary cllnlos, dlSjenburleSJDObb off'ices, etc. The intusb-
itents of Lhese towns are déslrous of being supplied with ele-
ctricity ws soon as posu1ble. In these towns and the surrou-
nding areas, most of the inhabitunts are independent furmers.

1f electricity 1s provided to these wreus, the inhaubitents will

be relieved of the dsily routine of collecting firewood as fuel.
and instead will be in a position to undertuke nore productive

works
Present situations of the ProjeoL site
Project locutions
The project sites are locuted at the following three pluces:
a): Dagana -~ 633 Km from.Thimphu and
-~ 210 Km from Gaylegnbug
b) Shemgang - 293 Km from Thimphu and 130 Km from Cuylegphug
c) 'Damphu. - 523 Km frow Thimphu and 100 Km from Gaylegpuug

5hemgang

Shemgang in Central Bhutan has a population of k4,516 mosily
located off the Gaylegphug ~Tongsa highwsy which traverses thisg
D"onfkhqg. Shemgang town ss Lhe drongkhsag hesdquarter haus schools,
hOSDltul and other fuCllitleS vefitting its status. In addition,
in the Sl}th flve year National Econouice Development Flan
(1957-1992), the Bhut:nese Government has plunned to establish

a Rural Development Genter at Tintibi. Electric demand for
Shemgang Dzongkhag ares will be forecasted to incresse in the

negar future. Main agricultural production consiist if rice and

maize. A-21



The projéct_siteffor'micro hydro power station was considored
on bhe Wangdi river and the Burumda river.

At preSent,'Shgmgdng town receiwes electricity Lrowm a 100 KVA
diesel Eeneratlng set whlch lS operuted betwmen 5:0C Fn end
J-BO M. ' : ' '

In tefms of project 1ocatién frow thO-tbwﬁ;'this'scheme is
sirilar to the one at Dagana with the power station at the
bottom of the hill on_whichfthqmpgpng;sﬁnnds.'The £ransmissi0n
line distance to the town will be around 10 Km although'tho
roud distance is about 30 Km. |

(3) Damphu

J(mohu, the hefuqudrtar of Chirang dzonghhag ig located in Lhe
aOLth central foothllls of the country. The pOPUlathD density
in thig region is one of the hlghest in the country. Fertile
fields snd suituble climate for Gash crops such as oranges &nd
cardamen contribute to thé'concentrationlof people. Statistics
for 1955 indicautes a population of‘IIOEy g07-

Dzmphu presently bhas a well equlpped hospital, hlgh school

bank and other service facilities. A planned town,shll at the
existlng site and the completion of the internal highway from
Thimphu via Wangdiphordrung is likely to increase the importa-

nce. of Damphu.

The proposed site for the micro hydro for Damphn is 15 Kri

below the Lown on Chqnche] riVer and the transmission line
distance will be about § Km. A 50 KVA diesel gencrating set
was in operation between 5:00 and 9:00 Pm until March 1986.

(4) Dagana

Dagana dZOﬂgkhdF with & populat:on of 28 3)2 ls gltLaLﬂd in
south central Bhutan. The d/;onbkhag is relatlvely backward
and comprises a number of villages ss = Yyet unconnbcted by
motorable rosds. Dagana, the heddquerter of thls dzongkhdg was
itgelf till recently unapproachoble by motor vehicles. Perman-
ent roadworks are still belng undertuken. '
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Present facilities at Dagana inciude a Junior ngh schiool,
Wireless Stabion , Basic Lealth UnlL Yool Corporstion out-
let, etc. The proposed projeck slte for the Micro liydro
power station is on the Ddrachu river which 1is 10 K via
motorubbe road from the Dagana town. A 50 KVA diesel
generating st was in dperation betWQen 5 pm and 9 pm uwntil
'Barch 1966

Figld supvey in the Project Sites

As a result of field survey of the project sites endd data
obtained tlrough this survey, outline of schemes for the
micro hydropower facilities are supposed to‘be as follows:

Shemgang site

" The gangdi'rivérrruns at a river gradlent about 1/10-1/i5

and many large stones are deposited. In particular, many

land slips are canspicuous on the left benk and very steep
gradient zre continous on the right bank i There-fore, there
is technically no suituble Site for constructien of micro
hydro power stabion on Wangdi river.

On the ohbher hand, the Burwida river'runs at a river gradient
aboub 1/15 and land slips are not observed on botn the banks.
It isrconsidered'apprépriate that the Project site be sele-

cted on the Burumda river.

At the time, the daily discharge recorc of the Burumda river
ig not awailsble. It 1s recommended t!at the ddlly dlscharge
of the Buruuda river ngar the proposed be taken with lume-
diate effect.

A suitable location for the power house ig approximately 600
meters upstream of the right bank from the road along the
Burumis river. Access to this site scems to be sasily made
for the transportahUn of materials and eguipment therefor .

Thus, it is believed appropriate that the route of the water
way bealong the river on the right side of ’

the Burumda river and that the capal, about 700 meters long,

be consbructed to obtain a head of 4O meters, amd_an installed
capacity of 200 KW, Survey result of power demand, transmission
line,distribution line and transformers will be consider as

ver attached sheets (Table -1 Fig- 1) -
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Damphu site

The Chandﬁép river runs at a river'grudient of about 1/15
and is found qultable for the constructlon of a run- of-river
type hydro. power pldnt.

A sulteble locution for the power house is appfoximétely
500 weters downsbtream <. ' -2 of the Dampliu chu and
Chanche] river COnflUQHQG on - the rigbt'bank; Aﬁ_this Lime
the duily discharge record of the Chanchew river is not

‘wvailuble. It dis recommended that the dully disclinrge of

of the Chunchegn river on the site be measured with immedia-
te. nfféct 1t is considered that the intuke be located
ApprOhlnetely 200 mwebers up stream of the Dawphu river -
hanche; rlver LOniluence In the nelphbourhood of the
proposeu intzake, there is & great deal of gravel and

large stones.

Acevss to this itﬂ scems to be easlily mgde for transnorta-
~tion of mwat:rials and equipment along the left bunk from
the lapcheybotay village. lLiowever, it 1s considered that
the transportation from the left bank to the right bank be

Gone utilizing a  simple ropeway.

The proposed waterway route is along the gently sloped

rice fields on the righﬁ:bank of the river. &4 canaié around

700 melers long, will be able to obtain & head of 3> meters

£NG ail instailed capacity of 290 KW.Survey result of power

demand,'tranSmiSSion line, distribution line angd trensformers
2

will be considered as per the attached sheets ( Table —ely

Dagana site

The Darszchu river ruhs at a river gradient of about 1/15 and
is found suitabls for construction of a run - off - river
type hydro power plant on it . ' ' |

A suitable'location for the poweér Liouse is approximately 100
neters downstream from the exdsting rozd bridre on the right
bank. ﬁt is consiﬁered that the intske be located approxim-

cteljzﬁﬁg metprc Uﬂstredn of the gduplnc station where
viose stream {low abocrvat.ons are

A —-24
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bamL conducted by the Repartmont of Pove

The river bed is Ioirly narroy and out crops of roek o,lst
on beth banks. :

The I"j. ;"l‘it hank of the stream, a/ofaj " the waterwgy I“)Uté,
is very Stable, and uccess to the site seems to be nob so
difficult thus facilitsting in the transportation of meter-
-.w2ls angd equipment.

Thus, it is considered appropriate that the route of the
welter way be along the right bank of bars Chu river, and
that = cang%, about 600 mwebters long, be constructed to cbtain
g hoad of 38 meters end an installed capscity of 200 Kw.

wuevey result of power demand, trensmission line, ¢istribution
line and tren:forwmers will be considered as per astbached shects
( Table-2, Fig -3).

Cenceptual Flan for the Project

Tenﬁative vlan for the micro hydro power blsnt

. shempeng
(1) Kave of ﬂiver_ Burumds
(2) . Catchment Aren (KIZ) 60
(3) Gross Head (M) 35 hg 23
(%) Aviilable Dizcharge (H/8) 1.2 1.0 Ao(ZO)
(5) Installed capucity (Kw) 200 200 m@.(:»;az?)
(6) Transmission line (Em) 2518 Y 16
(7) Distrivution line (kn) 5 5 5

Spare parts supply.

The items ang yuantipies of spare parts for stock will be
determined in the (inal report in accordance with study resuits
of the ficld survey and spare parts requirement list prepored

. e 1Al i Jonines aut: ities
by DOP, subject to confirmation with Japinese authorit .
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5.3 Transportuiion equijment aﬂd méésufing instruments fror
maintenance. The itews and quantities of above eyuipment
snid ingtruuents for maintamnaiwill be déﬁerminea in the
final report in accordanceé with study results of the field
survey and requirenent List prepared by DOP, subject to
confirﬁatioﬁ with_Japuneserauthoritiés.'

6. ITtems to be prepared by ths Departiient of Power (DOP)
6.1 Tter to be done immediately. .

1) Gaaging station.
At thig time the duily digcharge record of the Chanchay rive
end the Barurda river, at the Danphu site ani bthe Shemgang
site, ure not available. Since the discharge of river data
and the precipitation r&eord'arc'most importint for the
Basic design of thls vrojects, it is recommended that the
daily dischurge'and thne rvrecipitation data.on the Chonchey
river snd the Burumda river be recorucd immedictely.

6.2 Items for the Projebt Implementation -
Bised on Lhe minutes of diécﬁssions sgreed between both -
parties on Decemwber 1 A558,DOF shall arrange or undertske
the necessary acltions to'the egch itews menticned in the

annex-I1T of the minutes of discussions.

~J

Tentative Implementation Scheuule

The project may be execubed in accordsnce with the attuched
(Table -3 ) tentutive implewentaﬁion schedule, subjiect to

confirmation with Japanese authorities concerned.
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Tel. -2506

DEPARTMENT OF POWER
Office of the Director

TASHICHHODZONG : P, BOX 106
THIMPHU : BHUTAN

Cable -Bhutanpowe

- |

e

L

ot

REC/II-Phase/88~89/ 2ao . | Dated 3 /12/

-t

Mr.¥X. Nakato,

JICA team leader,
Micro Hydro IXI-Fhase
Baslc Design Team.

Sub @ Sppré'pafte and maintenance equipment for I-~-Phase
and II-Phase.

Sir,

Plesse find attached herewith the following spare parte
and maintenance squipment that the Department of Power
would like to reguest the Government of Japan to supply

under Grant Aid.

1. Spare parts for first phase,

2, Maintanance equipmant/apare parts for second phase.
The final requirement of spare parte and malntenance

equipment for Il-Phase may kindly be determined by the

Japanese authoritlies concerned.

Thanking you,

Yours fa$ﬁhfully,
!

A — 34
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'Spare Parts - First Phase

14 Electromechanicél

a) Electrical

module card for governor
AVR

AC/DC Converter

Aux relay 84X/86% .
Magnetic contactor - 88F
Voltage sensor 84
Over Voltage relay 59
Over Current relay - 51

MCCBL/MCCBG 4P 100 AF/?SAT F: hiBV '

4P 50 AF/S0 AT F: 415V
" 4P 1Q0AF/100AT F: 415V
4P 225AF/150AT F: LISV

Over speed relay 12
Thermostat for dummy load

Wirlng materials (assorted) for
control panel

b)MechaniCal

Gear coupling
Runner
Rearings

« Gear oil for increaser ( Ura )
- (Greasge

2. Transhiséioh/Distfibution/House Wiring

a) Transmlssion

1ightning arrester

cutout switch

6.6 KV straln insulator with
bracket

6.6 KV pin type insulator with
bracket

h) Distribution

shackle insulators with accessorles
photosensors for street lights

};'Miécellaneoug

- chains for englne chain saw supplied
for maintenance of Transmission line

L Nos.

5 Nos.

5 NOS&

5 Nos.

2 Nos.

5 Nos.

1 No.

1 No.

2 Fach

1 Bach

1 Each

1 Each

% Nos, _

10 {onefor
ench site)

10 colls

10 (one for
sach site)
O(”)_
20 (two for
~ each slte)
100 1tis.

" 4O kgs.

50
100

400
50

7_(0 Nos.



Maintenance Bquipments - II Phase

1. Double cabin, BWD, diessl pick-up
2. Double cabln, %-Tonner truck

2., Copy machine :

4. Portable electric typewriter

5. Computer or electric typewriter
6. Ele¢tr1c chaln saw '

7. Engine (gasoline) chaln saw

8. Aggregate/sand crusher

9. Flectric circular saw, table mounted,
12 inc¢h dizmeter i

10. Electric rouster with assorted bits 1

11. Electric hammer drill with concrete drill
bits, 500 W, 13 mm diameter

12. Cable fault locator with search coil

13, Socket wrench sets

14. LN key set .

15, Long range commuhhcation system (portable)

sets

16, Video camera
17. Video cassette recorder
18. Color television (video adaptable}

Spare parts - 11 Phase

Spare parts for all the equipments to be brought for the
project and the maintenance equipuwents listed above may
kindly be decided by the Japanese authorlities concerned.

For the purpose of further transmisslon line extensions
to be carried out by the Department of Power, three (3)
Nos. 6.6KV/11KV step-up transformers may be supplled as

spare part.
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5. Table and Figure Lists

5.1 Qutlays of Development plauns, First Plan to Fifth Plan

5,2 Outlays of Development Percentage by Category, First Plan to Fifth
Plan '

5.3 Summary of Budgetary Opérations, 1981/82 to 1986/8i

5.4 Proposed Outiays by Sector, Sixth Plan (1976 - 1992}

5.5 Organizationn of the Depavtment of Power

5.6 Bhutan Transmission Line |

5.7 Energy Sold and Peak Load (1987.4 -1988.6)

5.8 Dbetails of Generation (1987.4 - 1988.6).

5.9 Details of Purchase of Energy by DOP (1987.4 - 1988.6)

5.10  Detai1é of.Salés of Energy (1987.4 ~ 1988.6)

5.11 Areawise and Regionwise Sales of Energy During 1987.4 - 1988.6
5.12 Load Forecast -Dzongkagwise

5.13 Qutline of Diesel Power Station

5.14 List 6f Consumer of Shemgang, Damphu, Dagana Power Plant

5.15 T}pidal Consumption (kW)

5.16 Survey Results of Numbers of Household and Public Facilities
5.17 Demand Forecast of Shemgang Site

5.18 Demand Forecast of Damphu Site

5.19 Demand Forecast of Danaga Site

5.20 Location of Gauging Station

5.9]1 Estimation of Monthly Average Discharge (Daily Average.Discharge)
5.22 Eatimation of Monthly Average Discharge {Daily Minimum Dischérge)
5,23 Flow Duration Curve at Mandge Rivex

5.24 Flow Duration Curve at Dagana River
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5.25

5.26
5.27
5.28

5.29

5.30

Characteristics of Turbines (for small hydroelectric power
generators) ' '

Selectlon Flgure of Water Turbine Type
Typical Single Line Diagram for Transmission
Calculation Results of Cable Sag

Supporting.Stracturé Arrangemént of Transmissilon and Distribution
Line (1/2)

Supporting Stracture Arrangemeht of Transmiselon and Distribution
Line {(2/2)

Structure of Government
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5,1 QUTLAYS OF DEVELOPMENT PLANS, FIRST PLAN TO FIFTH PLAN

(Nu. in millions)

First Second Third Fourth Fifth
Sector Plan Plan Plan Plan Plan (a)
{aectual) (actual) (actual) <(actual) ({(revised)
Agriculture. _ 1.9 21.6 58.3 259.0. 419.4
Food Corporation of Bhutan - - - : - 135.5
Animal Husbandry 1.5 5.6 24,2 61.5 162.4
Forestry 3.2 . 6.9 28.4 110.3 229.9°
. Power . 1.5 9.1 30.1 50.5 340.5
_I;dust;y and Mlnes_(lncluding 1.1 1.0 5.9 175.0 32%.5
rade dand Commerce) - _

 Public Works Department 62.9 70.5 B4.6 128.3 787.5
Road Transport/Aviation 7.5 12.0 9.5 - 26.3
Post & Telegraph 0.5 5.9 11.4 16.9 65.0
Telecommunications - - 14.8 37.3 33,7
Tourism - - 14,1 12,5 29.1
Education - 9.4 5.7 90.0 134.6 519.1
Health 3.1 16,7 38.1 54.6 237.5
Information and Publicity 0.1 1.4 4.0 11.0 36.1
Urban Development - - -~ - 187.3
General Development - - - e ©1,114.9

Other 14,4 15.6 42.5 54.7 -
Total Outlays 107.2 202.2 475.2 1,106.2 4,646.3

(a) For the Fifth Plan the figures are revised allocations as presented in the

Interim Review of the Fifth Plan.

(Fifth Plan Outlay Nu. 2,430 million).

Source: Fifth Plan documents prdduced by Planning Commission.

A — 3%

Figures exclude Chhukha Hydel Project



5.2

OUTLAYS OF DEVELOPMENTS PERCENTAGE BY CATEGORY, FIRST PLAN TO FIFTH PLAN

" (per cent)

First Second . Third Fourth Fifth
Sector Plan Plan Plan Plan Plan (a)
Agriculture 1.8 10,7 12.3 23.4 9.0
Food Corporation of Bhutan - - - - . 2.9
Animal Husbandry 1.4 2.9 5.1 5.6 3.5
Forestry 3.0 3.4 6.0 10.0 4.9
Power _ _ 1.4 4.5 6.3 4.6 7.3
Industry and Mines (including 1.0 0.5 5.3 15.8 7.0
Tradé and Commerce)-

Public Works Department 58.7 3495 17.8 11.6 16.9
Road Transport/Aviation 7.0 5.9 - 2.0 - 0.6
Post & Telegraph 0.5 2.9 2.4 1.5 1.4
Telecommunications - - 3.1 3.4 0.7
Tourism - - 3.0 1.1 0.6
Education 8.8 17.7 18.9 12.2 11,2
Health 2.9 8.3 8.0 4.9 5.1
Information and Publicity 0.1 0.7 0.8 1.0 0.8
Urban Development - - - - 4.0
General Development - - - - 24,0
Other 13.4 7.7 8.9 4,9 -
Total Outlays 100.0 100.0 100.0 100.0 100.0

{a) See footnotes to Table 5.

Source: TFifth Plan documents broduced by Planning Commission.
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5.% SUMMAR¥ OF BUDGETARY OPERATIONS, 1981/82 TO 1986/87

(Nu. in millions)

. Item 1981/82 1982/83 1983/84 1984/85 1985/86 1986/87
(revised) (actual) (actual) (actual) (actual) (revised)

Revenue
Tax revenue . 65.1 - 15.7 113.7 133.7 135.9 172.2
Non-tax revenue 23.7 52.2 63.2 116.2 87.3 140.9
Other : 30.8 9.8 i9.1 26.3 24.8 22,1
" Total revenue 119.6 137.7 186.0 276.,2  258.0 335.2
Grants . _
India ' _ 195.3 259.7 °  256.2 355.6 339.1 611.6
Others. ' 104.9 100.6 222.1 156.5 170.0 223.9
Total grants 300.,2 360.3 478.3 512.1 509.1 835.5

Total revenue and grants 419.8 498,0 674.3 788.3 767.1 1,170.7

Expenditue
Current X 169.7 213.1 223.2  304.0 339.2 363.0
Development 267.1 214.7 476.0 4544 562.5 1,064.3
Total expenditure 436.8 487.8 699.2 758.4 901.7 1,427.3
OVERALL SURPLUS/DEFICIT (17.0) 10.2 (24.9) 29.9 (134.6) (256.6)

Source : Ministry of Finance

5, 4 PROPOSED OUTLAYS BY SECTOR, SIXTH PLAN (1987 - 1992)
(Nu. in millions)
%z of
Sector ' Current Capital Total Total
) Qutlay
Ministries : .
Agriculture ' 760.9 717.7 1,478.6 15.6
Communication and Tourism 155.5 344.1 499.5 5.3
Trade and Industry - 87.4 2,672.4 2,759.8 29.1
Social Services _ : 1,064.7 1,519.1 2,583.8 27.2
Finance . 487.1 240.2 727.3 1.7
Forelgn affalrs 200.9 - 9.7 216.6 2.2
Home Affairs ' 383.3 90.4 473.7 5.0
Non Ministrial Organizations : _
Special Commission 43.4 16.2 59.6 0.6
Central Monastic Affairs 83.2 C 5.4 88.6 0.9
Others : 231.8 372.0 603.8 6.4
All Sectors o 3,498.2 5,987.2 . 9,485.3 100.00

Source : Planning Commission
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5.7

ENERGY SOLD AND PEAK LOAD (1987.4 - 1988.6}

*3

*4

268 ¥ 457% % Peak Load

lnclude GHP's Energy product

A —45

570 = 3660 + 300 + 31D + 30"

(Excl. local areas under CHP)
Gross Auxili~ *] *h Ret Total % of *3
G?neraﬂ ary con— Export Import . energy enexgy Lossea loas on  Peak X of
tion sumption if any iE any available seld - avail- Load load
in GMhL in GWh  in GWh _ in GWh in GWh in GWh in GWh ability factor
UPPER WESTERR REGIOR
Thimphu 3.056 . 0,125 - 2.19 17.929  18.667  11.523%  7.14&  38:271  4.000  26.27
- Paro 0.007 0.000 0.000 2.190 2.197 1.983 0,214 9,741 . 500 36.16
W/Phodrang 0. 707 0.025 0.000 0,000 G.681 0.634 0. 047 6.902 Q. 208 27.79
TOTAL  UPPER REGION 3.768 0.152 2.190 20.119 21.545 14. 140 7.405 4,370 4. 708 21.38
LOWER WESTERN REGION
Phuntsholing 0.033 ¢.003 0.000 . 18.807 16.498 ~ 16.498 2.309 12.277 ' 6
Samchi 0.072 0,005  0.000 30.670° 30.737 25.80f ~ 4,936 15.059  0-736 19.60
" Sibsoo 0.000- 0. 000 ¢. 000 0.0%6 0.096 0. 109 ~0.013 -13.54% 0.200 5.97
REGION 0.105 0.0308 S0.000 A49.3543 49,640 42,408 7.232 k4. 569 9. 916 38.91
CENTRAL & SOUTH CENTRAL REGION
Gaylegphug 0.000 © 0.02F - 0.000  1.976  1.955 1,572  0.383  19.591  0.873 . 16.42
Dawphu ¢.000 0,000 0.000 0.000 0.000 0.000 .009 0.000 0.000 -
Tongsa 0.235 0.000 0. 000 0.000 0.235 0.235 0.000 0.000G 0.200 10.71
Shemgang 0.044 0.000 0.000 0.000 0.044 0.044 0.000 0.000 0. 000 -
CENTRAL REGION 0.279 ¢.021 0.000 1.976 2,234 1.851 0.383 0. 000 1.073 15,73
EASTERH REGION
§/Jongkhar 0.000  0.000  0.000 5190 1,190 1.323  -0.133%2-01.176.  0.350 34,46
Digfam 0.000 G, 000 0.000 0.113 0.113 0.087 0.026 23.00% 0.050 15.86
Tashigang 1.056 0.043 0.000 0.000 1.013 0.526 0.487. - 48.075 0.250 19.08
Hongart - 0.48B5 0.044% 0.000 0. 000 0.441 0.318 0.123 27.891 0.133 2t.80
ﬁECION 1. 541 0.087 0.000 1.303 2,757 2.2%4 0.503 18. 244 0.783 26,25
GRAND TOTAL - 5.593 0.268 2,190 72.941 76. 176 60.653 15.523 20.378 16. 500 33.52
*] Export Lo paro
%2 . Defective Metering :
So0ld
Load Facator (%) Total Enecgy Se x 100




5.8 DETAILS OF GENERATION (1987.4 — 1988.6)

Name of Peak Energy Auxiliary "Fuel con- Fuel per
Generating Generation | Generation { consumption | sumption’ KWH
Stations (in MW) (MWh) (Muh) in. (k.Ltrs) { {(In Ltrs
HYDRO
1. Gidakom 1.200 2,485 0.033 - -
2. Thimphu 0.520 0.412 - 0.037 - -
3. W/Phodrang 0.238 0.707 0.026 - -
4. Paro 0.000 0.000 0.000 - -
5. Tashigang 0.230 1.056 0.043 - -
6. Mongar - 0.133 (0.485) 0.044 - -
7. Nagu 0.000 0.000 0.000 - -
B. Micros 0.000 0.235 0.000 - -
Total Hydro 2.321 5.280 0.183 - -
DIESEL .
l. Phuntsholing 1.967 0.033 0.003 14.583 0.442
2. Samchi 0.441 0.072 0.005 31.562 0.438
3. Paro 0.000 0.007 0.000 2.343 0.331:
4, Thimphu 2.600 0.157 0.056 63.931 0.407
5. Damphu 0.000 0.000 0.000- 0.000 0.000
7+ Shemgang 0.000 0.044 0.000 0.000 0.600
Total Diesel 5.008 0.313 0.0064 112.419 1.618
Grand Total 7.329 5.693 0.247 112.419 1.618
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5.9 DETAILS OF PURCHASE OF ENERGY BY DOP (1987.4 - 1988.6)

Maximum Deand Energ Purchased
Purchased from Receiving Point in (MW) - in MWh
1. Through WBSEB Samchi - 11 kV 0.480 0.744
from India Sibsoo =~ 11 kV 0.081 - 0.098
Total 0.561 0.842
2. Through ASEB Gayiégphug 33 kv 0.873 " 1.803
from India s/Jongkhar 11 kV 0.350. 0.909
Diafam 11 kv 0.050 0.113
Total 1.273 2,825
3. CHUKHA DYDEL Phuntsholing *17.900 *18.775
PROJECT Samchi - 25.250
Simtokha 4,000 17.929
Total _ 21.900 61.954
Total Purchase. of

. 734 65.621

Power by D.0O.P. 23

* Include local areas under CHP

S5.10 DETAILS OF SALES OF ENERGY (1987.4 — 1988.6) (BY DOP)*

Category of Consumers Energy sold GWh Percentage of total sales
Domestic 10.211 16.84
Comm. & Govt Offices 8.882 14.64
‘Industrial | 38,720 63.839
Bulk Supply 2,70 4.45
Public Lighitng _ 0.14 0.23
Total Sales 60.653 100.00

* Exclude local sales by CHP
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B .11 areA WISE AND REGION WISE SALES OF ENERGY DURIRG 1987.4 - 1988.6

(GWh)
Commevcinl Bulk Public¢
Domestic  and Govt, Industrial Supply Lighting Total
: Offices . ) :
UPPER WESTERR REGIOH
Thimphu 4.291 24, 755 0.452 2,457 0.068 11,523
(1 of Total) 37.239 36.926 3.923 21,323 0. 590 100 000
Paro 0.485 1.385 0.109 0.004 1.983
(% of Total) 24.458 69.844 5,497 0.000 0.202 100.000
W/Phodrang 0.215 0.362 0,057 0,534
(X of Total) 33,912 57.098 8,941 0.000 - 0.000 100.000
Total fer Upper ) o .
Western Region A: 7 4.991 6.002 0.618 2.457 0.072 14,140
(X of Total) © 35,297 42,447 4.371 17.376 0. 509 100.000
LOWER WESTERN REGIOH
Phuntsheling 2,928 1.523 12, 147 0.000 0.000 16.498
(X of Total) - . 17.141 9.231 13.627 0.000 0. 000 100.000
samchi 0,435 0.055  35.311 0.000 © 0,000  25.801
(¥ of Total) 1.586 6.213 96.101 0.000 0.000 100. 000
Siksoo - 0.065 0. 041 0.003 .0.000 0.000 ‘0. 109
{Z of Total) 59.633 17.615 2.752 0. 000 0.000 100. 00G
Total For Lower . : .
Western Region B: 3.328 1.619 37.462 0.000 0.000 42.408
(% of Total) 7.848 3.817 88.1315 0.000 0.000 100.000
CENTRAL & SOUTH CEWTRAL REGION
Gaylegphug 0.615 0.648 0.498 0.000 0.011 1.572
{X of Total) 39.122 28.499 31.679 0.000 0.700 106,000
Damphu 0.000 5,000 0.000 0.000 . 0.000 0.000
(X of Total) 0.000 0. 000 . 000 0.000 0.000 0.000
Tongsa 0.235 0.000 0.000 0.000 0. 000 0.235
(% of Total) 0. 000 0.000 0.000 0.0600 0.000 0.000
Shemgang 0.044 0.000 0.000 0.000 0. 000 0. 044
(% of Total) 0.000  0.009 0.000 . 0.000 0.000 0. 000
Total Eor Central _
& South Genktral D: 0.894 0. 448 0.498 0. 000 0.011 1,851
{% of Total) 48.298 24.203 ° 26.904 0.000 0.594 100. 000
EASTERN REGIOHN
$/Jongkhat 0.758 0.443  0.099 0.000 0.023 1.323
{X of Total) 57,294 33.485 7.483 0.000 1738 100.000
Piafam 0.025 0.032 0.022 0.000 0.000 0.087 -
(X of Total) © 28.736 36.782 25.287 0.000 9.195  100.000 .
Tashigang $.129 9.139 0.004 0.243 0,011 0.526
(X of Total) 24.52% 26.426 0.760 46,198 2.091 100.000
Hongat 0.086 0.199 0.018 0.000 0.015 0.318
(2 of Total) 27.044 62.579 5.660 0.000 4,717 100.000
Toral for Eastern . : .
Region E: 0.998 0.813 ¢. 143 0.243 0.057 2,254 .
(X of Total) 44,217 36,069 6,364 10.781 2.529 100.000
Sub-Total F=D+E  1.892 1.261  0.661 0.243 6.068 4.105
Grand Total
(Sub-Total C+F} 10.211 8.882 28.720 2.700 0. 140 60.653
(% of Total) 16.835 14. 644 63.839 4.451 0.231

100. 000
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5.14 List of Consumers of Shemgang, Damphu, Dagana

Power Plan

L

Shemgang Damphu Dagana
Name of Counsumer. Light Power Light Power Light Power
Point Point Point Point Poiant Point
1.] Hospital 10 200%2
Z2.| Dispensary 22 1 0 il
3. Animal Husbandry
4. Primary School 0
5. Junior High School 96 10
6. High School ' 24
7.] Boys Dormitory 131 . :IZOO*2
8.} Giris Dormitory 83 -
9. Administration 131 3 200
Office
10.} Agriculture Dept, -
Office
il.| Wireless Station 8 -
12.[ Post Office 36 2 —-150
13.] Police Office 24 .
14, Forest Office 4
15.] Food Corporation .
' of Bhutan
16.]-Guest House 71 7 - 43
‘17 011 Gorporation 6 .
18.3 Monk 24 50
19.] Tourist Leodge 13wl
'20.] Bank of Bhutan i5
21, Justice
22.| DOP Office
Private House 167 12 1780 100
Total 1431 45 2580 -~ 178 -

*] Situated in Tong Village
*2 include staff quarters




5.15 Typical Consumption (kW)

'Shemgahg © Damphu . Dagang -
. Year. Month ' :

1988.12 o 1986.2 ‘Bo Data
Hour s :
17H - 18H 59 - ditto-
188 - 19H 66 | 35 : ditto
19 -~ 20H 69 : 31 | ditto
200 ~ 218 67 32 ditto
21H - 22H - o 31 ditto
220 - 23H - ' - 31 - ditto
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5.17  Demand Forecast of Shemgang Site

(14)

. (1/3)
. ‘ Unit No. Ingtalled
No. Consumer Kind of Load Capacity of Capacity
. (Power Facility) {W) ‘Unit (W)
1. [Public Houses of .
Shemgang Town]
(» Dispensary' Fluorescent Lamp 40 8 320
Lamp 60 4 240
Room Heater 5,000 2 10,000
Water Heater 3,600 1 3,600
Refrigerator 200 1 200
_ Germicidal Lamp 20 1 20
(2) [ Animal Husbandry Fluorescent Lamp 40 3 120
- e Lamp 60 3 180
(3) | Primary School FluorescentILamp 40 24 960
Public Address Systen 100 1 100
(4) | High School Fluorescent Lamp 40 275 11,000
Lamp 60 14 840
Public Address Systen . 100 1 160
Video & Television 140 i 140
{(5) { Dormitory of High | Fluorescent Lamp 40 140 5,600
School Lamp 60 12 720
(6) | Administration Fluorescent Lamp 40 40 1,600
Office Lamp 200 10 2,000
(7) § Wireless Station Lamp © 60 8 480
: ' Power Supply 1,000 1 1,000
Equipment
(8) | Post Office Fluorescent Lamp 40 18 720
Lamp 60 18 1,080
“(9) | Police Office Fluorescent Lamp 40 6 240
Lamp 60 8 480
(10) | Forest Office Fluorescent 40 2 80
' Lamp 60 2 120
(11) | Food Corporation Fluorescent Lamp 40 1 40
o -of Bhutan Lamp 60 1 60
: .(12) Guest House Fluorescent Lamb 40 12 480
Lamp 60 58 3,480
(13) }{ 0il Corporation Lamp 60 6 360
Monk Fluorescent Lamp 40 81 3,240
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{in the future)

5.17 Demand Forcast of Shemgang Site
(2/3)
' Unit No. Installed
No. Consumer Kind of Load Capacity of Capacity
(Pover Facility) (W) Unit W)
(15) | Bank of Bhutan Fluorescent Lamp 40 - 10 400
Lamp 60 10 600
(16) | D.,0.P. Office Fluorescent Lamp 40 4 160
Lamp 60 4 240
(17) | Street Light Fluorescent Lamp 40 150 6,000
2. | [Public Houses of
Tong Village]
(1) Lodging Office Fluorescent Lamp 40 3 120
: Lamp 60 10 600
(2) Street Light Fluorescent Lump 40 20 800
3. [Public House of
Dakpai Village]
(1) | Agriculture Dept. Fluorescent Lamp 40 2 80
| office
‘(2) Post Office Fluoresecent Lamp 40 2 80
{3} | Monk Fluorescent Lamp 40 8 320
Lamp 60 8 480
(4) | Street Light Fluorescent Lamp 40 20 800
4. [Public Houses of
Tintibi Village]
(1) | Primary School Fluorescent Lamp 40 24 - 960
(in the future) Public Address Systern] 100 1 100
(2) | Dormitory of Fluorescent Lawmp 4Q 20 800
Primary School Lamp 60 10 600
(in the future) :
(3) | Agriculture Dept. | Fluorescent Lamp 40 2 80
Cffice )
(in the future)
(4) | Wireless Station Fluorescent Lamp . 4o 2 ] 80
{(in the future) Power Supply 1,000 1 1,000
Equipment ' : '
(5) | Post Office Fluorescent Laup 40 2 80
(6) | Forest Office Fluorescent Lamp 40 2 80
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53.17 Demand Forcast of Shemgang Site

(3/3)
_ Unit No. Installed
No. Consumer Kind of Load - Capacity of Capacity
(Power Facility) (W) Unit (W)
(7) Guest House Fluorescent Lamp 40 12 480
Laup 60 6 360
(8) | sub-District Fluorescent Lamp 40 2 80
Administration
(9) | Hydro met DIV Fluorescent Lamp 40 2 80
(10) | Power Station Lamp 60 2 120
(11} } Street Light Fluorescent Lamp 40 100 4,000
5. [Public Houses of
Yebilapcha Village]
(1) Hospital Fluorescent Lamp 40 57 2,280
: Operation Lamp 200 6 1,200
Lamp _ 60 9 540
Room Heater 5,000 6 30,000
Water Heater 3,600 1 3,600
Refrigerator 200 2 400
Germicidal Lamp 20 4 80
Vacuum Pump 750 1 750
(2) Street Light Fluorescent Lamp 40 20 800
6. [Private Houses])
Shemgang Town 62 | Lamp 60 6x346 | 124,560
Tong Village 57 | Radio 10 1x346 3,460
Dakpai " 27
Tintibi " 34
Yebilapcha " 30
Pam " 43
Birthey " 14
Goling " 32
Ishanghajong" 17
Tali " 30
Total : 346
7. Total Fluorescent Lamp 42,960
Lamp 139,440
Heater 47,200
Power 6,150
Total
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Calculation of Maximum Demand Forecast of Shemgéng Site

1.1

139,440 L
P> ( .1’3*0 + 43’360 ) x 0,75 x 775 )
47,200 6,150~ . 1.1
+ 3 3 . , »
Cooxi,0 ~ * 0.8z0.8 ) X 02 x 75

= 132,784 + 28,405 = 161,189 (VA) -
Then, Required Power Plants Outbut is as Tollows;
P, =P x K =16l x 1.2 = 193.2 = 200 (kVA)

where, k is Transmission & Distribution Loss Factor
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5.18 Demand Forecast of Damphu Site

Lawmp

L (1/2)
, _ : Unit No. -Installed
No. Consuwer Kind of Load Capacity of Capacity
’ (Power Facility) (") Unit (W)
1. [Public Houses of
Damphu Town)
(1) | Hospital Fluoresceunt Lawp 40 27 1,080
Lawp ' 60 23 1,380
Operation Lamp 200 12 2,400
Room Heater 5,000 2 10,000
Water Heater 3,600 i 3,600
Refrigerator 200 2 400
Germicidal Lamp 20 4 80
Vacuum Pump 750 1 750
X-Ray 25,000 1 25,000
(2} !'Animal Husbandry Fluorescent Lamp 40 12 480
(3) | Primary School Fluorescent Lamp 40 133 5,320
Public Address Syste 100 1 100
(4) | Junior High School | Fluorescent Lamp 40 246 9,840
Lamp 60 28 1,680
Public Address Systen 100 1 too
‘Video & Television 140 1 140
(5) | Dormitory of - Fluorescent Lamp 40 165 6,600
Junior High School | Lamp 60 25 1,500
(6) | Administration Fluorescent Lamp 40 30 1,200
Office Laump 60 2 120
(7) | Agriculture Dept. | Fluorescent Lamp 40 7 280
Office Lamp 60 11 660
{8) | Wireless Station Fluorescent Lamp 40 3 120
(9) | Post Office Fluorescent Lamp 40 5 200
Lamp 60 y 120
(10) | Police Station Fluorescent Lamp 40 5 200
Lamp 60 2 120
(11) | Forest Office Fluorescent Lamp 40 2 80
(12) | Food Corporation Lamp 60 4 240
of Bhutan
{13) | Royal Guest House | Fluorescent Lamp 40 6 240
60 10 600
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- 5,18 Demand Forecast of Damphu Site

‘ - (2/2)
R Unit " No. Installed
No. -Consumer " Kind of Load - Capacity of “Capacity
* (Power Facility) (W) _ Unit (W)
(14) | Guest House Fluorescent'Lamp 40 6 240
Lamp : 60 - 1¢ 600
{15) | Bank of Bhutan Fluorescent Lamp 40 12 480
(16) | Justice Fluorescent Lamp 40 4 160
(17) | Street Light Fluorescent Lamp 40 200 8,000
2. [Public Houses of
Lapsibhete Village]
(1) | Dispensary Fluorescent Lamp 40. 8 320
Lauwp 60 2 120
Room Heater 5,000 1 5,000
Water Heater 3,600 | 3,600
Refrigerator 2G0 i 200
Germicidal Lamp . .20 1 20
(2) | Goseling Primary Fluorescent Lamp 40 31 1,240
’ School Public Address Systen 100 1 100
(3} | Agriculture Center | Fluorescent Lamp 40 2 80
{4) | Power Station Lamp 60 2 120
3. [Public House of
Salami Village]
(1) | Primary School ‘Fluorescent Lamp 40 32 1,280
Lamp - 60 5 300
4, [Private Houses]
Damphu Town 500 | Lamp . 60 5x550 | 165,000
(include Radio 10 1550 5,500
Lapsibhote) .
Salami 501
Total 550 .
5. Total Fluorescent Lamp 37,540
Lamp 174,960
Heater 22,200
Power 7,090
(25,000}
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Calculation of Marimum Demand Forecast of Damphu Site

P> ( 174,960 + 37,540 ) x 0.75 x 1.1 )
: T 1.0 0.8 1.

]

( 22,200+ 7,090 + 25,000) x 0.5 x 1.1
1.0%1.0 0.8x0.8

+

152,546 + 29,139 = 181,685 (VA)

:Then, Requifed Power Plants Output is as follows;

1

P, = PxK = 181.7 x 1.2 = 218.04 = 220 (kVA)

where, K is Transmission & Distribution Loss Factor
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5.19 Demand Foreacast of Dagana Site

- A{1/2)
‘ . ~ Unit - No. Installed
No. Consumer . Kind of load Capacity of . Capacity .
{Power Facility) (W) Unit (W
[Public Houses of
Dagana Town )
(1) Dispensary Fluorescent Lamp 40 13 520
Lamp 60 6 " 360
Room Heater 5,000 1 5,000
Water Heater 3,600 1 3,600
Refrigerator 200 1 200
Germicidal Lamp 20 1 20
(2) | Animal Husbandry Fluorescent Lamp 40 6 240
(3) | Same Primary School| Fluorescent Lamp 40 2 80
Lamp 60 2 120
(4) | Junior High School Fluorescent Lamp 40 87 3,480
Lamp . . 60 3 180
Public Address. Systen 100 1 100
(5) Dormitory of Fluorescent Lamp 40 43 1,720
’ Junior High School | Lamp 60 14 840
(6). Administration Fluorescent Lamp 40 192 7,680
(7). | Wireless Office Fluorescent Lamp 40 1 40
Lamp 60 4 240
{8) | Post Qffice .Flourescent Lamp 40 4 160
(9) | Police Office Fluoresceat Lamp 40 10 400
(10) | Forest Office Fluorescenf Lamp 40 6 240
(11} | Food Corporation Fluorescent Lamp 40 4 160
Lamp 60 1 60
(12) { Street Light Fluorescent Lamp 40 20 800
(13) | Power House Lamp 60 2 120
2, [Public House]
(1) | Lhaling Primary Fluorescent Lamp 40 8 320
School Lamp &0 1 60
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5,19 Demand Forecast of Dagana Site

(2/2)

- Unit . No, Installed
No, Consumer ~ Kind of Load Capacity of Capacity
: (Power Facility) W) Unit (W)
3. [Private Houses] Lamp 60 6x565 203,400
' Radio 10 1x565 5,650
Dagana Town 75
Nindugang
Village etc, 160
"Goshi 330
Total 565
4, Total Fluorescent Lamp 15,860
Lanp 205,380
Heater 8,600
Power 5,950
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Calculation of Maximum Demand Forecast of Dagana Site

P = (205,380 + 15,860 ) x 0.75 x 1.1 )

1.0 0.8 1.2

+ (8600 '+ 5,950 ) x 0.5 1.1 )
1.0x1.0 0.8x0.8 1.1

= 154,828 + 8,948 = 163,776 (VA)

Then, Required Power Plants Output is as follows;.

P, = PxK = 163.8 x 1.2 = 196.6 = 200 (kVA)

where, K is Transmission & Distribution Loss Factor
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5.26 Sslection Figure of Water Turbine Type
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5.28 Calculation Reﬁults of Cable Sag  (1/2)
Conductor (ACSR-0E 25 )
Tmax=300kg h%G(m)
Span  (m) 40 60 " 1‘00
Tension & Dip(Sas) | T(e) | D@ | T | .00 | TGe) | D) | TG | D@
f0c, S0ke/mt | M9 | 072 | 164 | L48 | 172 | 25 | 177 | 3.80
0.9 3nnlce - | _
~10%,  50ke/ 300 | .57 | 300 | L29 | 300 | 2929 300 | 357
15T Mo wind 9% 1033 | 69| Lot | 6 | 20| 5 | 3.2
Conductor (ACSR-0E 25 )
Tmax= 300ke _
Span () 0 h=2m | 60 h=20n | 80 h=30n | 100 h=30n
Tension & Dip(Sag) | Tke) | 0() |TG@) | D) |TCw) | D@ | T0) | D)
40T, 50kg./m’ 175 | 217 | 169 | 162 | 179 | 2.81 {183 | 411
0.9 3umloe _
—10T, S0ke/m', | 307 | 197 | 306 | 142 | 309 | 2.60 | 309 | 3.89
15C  No wind 63 | L6 | 6 | 118 61 | 244 | 60 | 3.74
Conductor (ACSR-0E 25 )
Tmax= 400kg h==() (m)
Span (m) 40 60 80 100
Tension & Dip Tl -] D | T(e) | B | T0e) | Do) |TGhe) | Do)
§0C, 50ke/m 206 | 052 220 | L1 | 20 | 188 237 | 2.86
0.9 Jmmloe
~10%, 50ke o 101 | 0.43 | 400 | 0.97 | 402 | 172 | 403 | 2.68
15T Mo wind 28 | 014 | 156 | 045 | ng | n | 94 | 208

A —13



Calculation Results of Cable Sag (2/2)

Conductor (ACSR-0F 25 )

Tmax= 400kg
Span (o) 40 h=15 | 60 h=20n | 80 h=30n | 100  h=30n
Tension & Dip(Sag) | T(ke) B(m) _T(kg) O@) | Tke) i 0@ | Tke) .D(m)
40°C, ket 211 | 059 | 226 | Lot | @3 | 211 | 241 | 3.1
0.9 9mnfoe .
~10°C, S0ke/r 405 | 0.49 | 406 | 107 | 409 | 195 | 409 | 2.0
15T Mo wind o6 | 017 | w7 | 053] s | L] 93 | 2%
Conductor (ACSR-OW 58 )
| Tmax= 400ke
Sean (@) i 60 80 100
fension & DinSae) | Thke) | D@ |16 | D@ |16 | D@ [Tk | D@
A0, S0k 81 | 0.r | o2e | 47| 233 | 240 | 214 | .57
0.9' 3mmloe ) : o -
— 10T, S0ke/ 400 | 0.50 | 400 | 115 | 400 | 2.05 | 406 | 3.20
15T No wind 123 | 050 | 122 | L1 | 122 | 204 | 1210 | 319
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6. List of Received Data and Information






6, List of Received Data and Information

No. . Title Note

1 Annual Report 1987

2 Statistical Yearbook of Bhutan 1987

3 Revised Series on Gross Domestic Product of
Bhutan 1980 to 1987

4 Department of Power Ministry of Trade &
Industry Royal Govi. of Bhutan
Sixth Five Year Plan (1987 - 1992)

5 Kuri chu Hydro electric Project, Bhutan,
Detailed Project Report Volume-T1 Engineering
Part-1)

6 Subtransmission and Distribution System for
Thimphu and Pare Final Report Sep. 1984

7 Bhutan Schedule of Rates 1987, P.W.D. 3ea.
(Thimphu. Gayleghug. Phuntsholing)

8 Application for Enlistment as Class A
Contractors

9 Application for Enlistment as Class B
Contractors

16 . Rainfall & Temperature in Shemgang 1987

11 Rainfall & Temperature in Dagana 1987

12 Organization of Department of Power

13 Map took from Landsat (Second Edition Ag' 87)
3ea.

14 Specifications for Building & Road Works

15 Statistical Handbook of Bhutan (1985)

i6 Statistical Handbook of Bhutan (1986)

17 Hydrology data

18 Micro Hydro Projects in the Kingdom of Bhutan

19 Topgraphic Maps (1/50,000) Il sheets
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7. Discharge Data
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Meteorological and Hydrological Data Lists

Catchment

Code Name of Name of Elevation of Observation
No. G. Station River Area (kmz) G. Station (m) Record
1 Dubani Sankosh 10,452 300 1982-1987
2 Tangsebi Nanganie - 1984;1986
3 Tangsebi Chendebji 444 2,319 1981-1987
4 | Refe Mangde 1,266 1,200 1983~1989
5 Chumey Donkhar 60 2,850 (Non)
6 Luntshi Gangzoot 9 1,300 1984-1986
; Luntshi Ruri (s) 1,518 1,300 Sumpa river
1984-1987
8 Luntshi Khoma 703 1,300 1984-1987
9 | Xurizampa Kuri (M) 3,089 470 Mangar rived]
'1983-1987
9t | Autsho Kuri (A) 1,979 Autsho rivet
1987
10 | Pemagatshel Uri 58 1,300 1982-1987
11 | Tashiyangtshi | Kholong 994 2,300 1983-1987
12 | Tashiyangtshi | Birzam - 2,300 1982-1986
13 Kaling Jiri 30 2,100 1980~-1985
14 | Nanglam Kirang 30 600 1982-1987
15 Bangtar Baranadi 1,112 300 1982-1987
16 Gaylegphug Aie 898 350 1985-1987
17 Thimphu - - 2,200 Meteorologi-
cal st.
Non
18 Dagana Dara - 230 1,006 1986-1988
19 | Chukha Wong 3,746, - Chukha dam
. CoAu=6,851§
1977-1985
20 Gyetsa ‘Khargang 60 - 1981-1986
21 Shemgang - - 1,900 Metebroldgi-
’ . Cal .Sto
19871988
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8. Hydraulic Calculation for Open Channel
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