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Upstream View from Dam Site (3.120)
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Seismic Prospecting
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1.

2,

3.

4.

Country

Bhutan

Domestic Organizations

RGB
MoF
NEC
MTI
DoP
GSB
SoB
CHPC

JICA
JOCvV
IBIC
IBRD
ADB
UNDP
NORAD

Technical Terms

CA
PMF
HWL

S/8
T/G
T/L
D/L
AC
DC

ABBREVIATION

The Kingdom of Bhutan

The Royal Government of Bhutan

Ministry of Finance

National Environmental Commission
Ministry of Trade & Industry

Department of Power (ex-Division of Power)
Geological Survey of Bhutan

Survey of Bhutan

Chhukha Hydro Power Corporation

International and Foreign Organizations

Japan International Cooperation Agency
Japan Overseas Cooperation Volunteers
Japan Bank for International Cooperation

International Bank for Reconstruction and Development

Asian Development Bank
United Nations Development Programme

Norwegian Agency for Development Cooperation

Catchment arca

Probable maximum flood
High water level

Low water level

Intake water level

Tailrace water level
Elevation {m) above sea level
Hydropower plant (or project)
Power station

Gauging station

Sub station

Turbine and generator
Transmission ling
Distribution ling

Alternating current

Direct current

-1-



cct Circuit

SY Switchyard

GIS Gas insulated switch gear

O&M Opcration and maintenance

Chhu River

Tsho Lake
Measurement
a) Length

mm Millimeter

cm Centimeter

m Meter

km Kilometer
b) Area

cm’ Square centimeter

m’ Square meter

ha Hectare

km® Square kilometer
¢} Volume

cm’ Cubic centimeter

| Later

ki Kiloliter

m’ Cubic meter

MCM Miliion cubic meter
d) Weight

g Gram

kg Kilogram

ton or t Metric ton

1C Carbon ton

gC Carbon gram
¢} Time '

s Second

min Minute

h Hour

d ' Day

m Month

yr Year

f) Meteorology
c Degree in centi-grade



K Degree in Kelvin-grade

mb Milibar
g) Electrical Measures
L% Volt
kv Kilovolt
A Ampere
Hz Hertz (cycle)
W Watt
kW Kilowatt
MW Mcgawatt
GwW Gigawatt
kWh Kilowatt hour
MWh Mecgawatt hour
Gwh Gigawatt hour
kVA Kilovolt ampere
h) Others
Btu British thermal unit
pm Revolutions per minute
% Percentage
Lu Lugcon

Economic Terms

GDP Gross domestic product

B/C Benefit cost ratio

B-C Net benefit (Net present value)
EIRR Economic internal rate of rcturn
FIRR Financial internal rate of retumn
DSCR Debt service coverage ratio
LLRC Loan life coverage ratio

FGC Financial generation cost

IDC Interest during construction
F/C Foreign currency

L/C Local currency

US$or$ US dollar

M.USS Million US dollar

USCorc US cent

Rs. Indian Rupee

Nu Bhutanese Ngultrum

¥ Japanese Yen






River

Reservoir

Infrastructure

Dam

Diversion Tunnel

Qutlet Equipment

PUNATSANGCHHU HYDROPOWER PROJECT

Name of River
Catchment Arca
Annual Inflow

High Water Level

Low Water Level
Available Drawdown
Sedimentation Level

Cross Storage Capacity
Effective Storage Capacity

Reservoir Area

New road (highway)
Bridge (permanent)

Type

Elevation of Dam Crest

Elevation of riverbed

Height of Dam (from foundation)

Length of Dam Crest

Volume of Dam

Design Flood

Type
Number

Inner Diameter
Length

Type

Punatsangchhu
5,796 km®
9,398 x 10° m® (298 m*/s)

1,161.50 m
1,147.00 m
14.50 m
1,142.00 m
12.49 x 10° m’
4.39 x 10° m®
0.53 km?

400 m
110 m

Comcrete Gravity Dam
1,171.00 m

1,090.00 m

141.00 m

265 m

830 x 10° m*

1,470 m¥s

Standard Horse Shoc, Pressure, Concrete Lining

Two
7.80 m
822 m/932 m

Service Jet Flow Gate
Auxiliary

High Pressurc Slide Gate



Spillway

Emergency Spillway

Intake

Intake Tunnel

Settling Basin

Headrace Tunnel

Design Flood

Type

Elevation of Overflow Crest
Width of Overflow Crest
Energy Dissipator

Type of Gate

Number of Gate

Size of Gate

Type
Number

Size of Gate

Type

Number

Elevation of Inlet Sill
Size

Type of Gate
Number of Gate

Size of Gate

Type

Number

Discharge Capacity
Inner Diameter
Total Length

Type
Number
Size

Length

Type

13,900 m’/s

Shute with Gates

1,142.00 m

84.00 m (cxcluding pier width)
Bucket Type

Radial Gate

Seven

Width 12.00 m x Height 20.00 m

Flap Gate
4

Width 12.00 m x Height 5.00 m

Horizontal

Four

1,144.00 m

Width 10.50 mxHeight 17.00 m
Roller Gate

Four

Width 5.00 mxHeight 5.00 m

Half Circle Half Rectangular, Concrete Lining

Four Lines

87.00 m*s per line x 4
500 m

1,003 m

Underground, Concrete Lining

Four

Width 20.00 m x Height 37.00 ~ 41.00 m

130.00 m

Circular, Concrete Lining



Surge Tank

Penstock

Powerhouse

Access Tunnel

Cable Tunnel

Transformer House

Tailrace Tunnel

Development Plan

Number
Max. Discharge

Inner Diameter

Length

Type
Number

Size

Type
Number

Inner Diameter

Total length

Type

Size

Stze

Type
Size

Type
Size

Type

Number

Max. Discharge
Inner Diameter
Length

Nommal Intake Water Level

Normal Tail Water Level

Two Lincs

174.00 m’/s per line x 2
7.40 m

7,023 m/6,959 m

Orifice Type, Concrete Lining
Two

Diameter 15.00mxHeight 63.00m

Steel Embedded
Four Lines
7.40~3.20m
1,037 m

Underground, Shotcrete PS anchor
Width 20.00mxHeight 38.00mxLength114.00 m

Half Circle Half Rectanguiar, Concrete Lining
Width 6.00mxHeight 6.00mxLength477m

Half Circle Half Rectangular, Concrete Lining
Width 4. 00mxHeight 4.00mxLength342m

Underground, Shotcrete « PS anchor
Width 10.00mxHcight 10.00m=Length 114.00m

Circular, Concrete Lining
Two Lines

174.00 m’/s per ling x 2
7.40m

347.m/307 m

1,154.30 m
845.00 m



Turbine

Generator

Main Transformer

Switchyard

Gross Head
Effcctive Head
Maximum Discharge
Number of Unit
Installed Capacity

Firm Peak Power

Type

Number

Max. Discharge
Turbine Output

Revolving Speed

Type

Number

Rated Output
Revolving Speed
Frequency
Voltage

Power Factor

Type

Number
Capacity
Voltage

Bus System
Bus Conductor Type
Number of Lines Connected

309.30 m

286.30 m

348,00 m*/s for 6 unils
Six

8§70 MW

859 MW

Vertical Shafi, Francis Turbine
Six

58.00 m*/s per unit

148,500 kW

300 rpm

Three phases
Alternating Current
Synchronous

Six

161,700 kVA

300 rpm

50 Hz

I5kV

0.9 lag

Indoor special three phases, Forced-oil-forced-air

Cooled type

Six(6)

161,700 kVA

(Primary) 15kV
(Secondary) 400 kV
Double Buscs with Bus Tie
ACSR

2 cct Transmission Line



Transmission Line

Annual Energy
Production

Construction Period

Project Cost

Unit Construction
Cost

Economic/Financial
Evaluation

Voltage
Conductor Type

Length

Type of Transmission Tower
Number of Circuit

Voltage

Conductor Type

Average Energy
Firm Energy

Per kW

Financial Generation Cost

Economic/Financial Evaluation
Benefit-Cost Ratio (Financial)
EIRR
FIRR

400 kV
ACSR

140 km (80 km in Bhutan, 60 km in India)
Steel lattice tower

Two(2),
400kV
1,351.5 MCM ACSR
{Martin)

(Vertical conliguration)

4,330 GWh
1,268 GWh
6 years

36.3 x 10° Nu
(813 x 10° US$)
41,754 NukW (934 US$/AW)

2.76 US cent/kWh

Aliernative thermal
1.35 1.98

13.1% 29 8%

13.1% -

Power Sale
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Fig. 1.1 Flow Chart of Study Work for Punatsangchhu Hydropower Project
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Table 2.1 Country Performance Indicators for Bhutan

Population Indicators

Latest year

Total population (thousands) 638 (1998)
Annual Population Growth Rate (% change) 3.1%
Age composition(%) 42.1%
0-14 44.0%
15-49 6.7%
50-59 7.2%
60+ 13.7
Population density 19.4 yrs
Median age _ 65.9 yrs
Life expectancy (1999) Male 66.1 yrs
Life expectancy (1999} Female

Crude Birth Rate (per ‘000 population) 399
Crude Death Rate (per ‘000 population) 9.0

Social Indicators

Total Fertility Rate (births per woman) 5.6 (1994)
Maternal mortality rate (per thousand live births) 380.0
Infant Mortality Rate {below 1 year, per thousand live births) 70.7
Adult Literacy 54% (1996)
Female Literacy _ 28%
Primary School Enrolment (% of school age population) 72%
Female _ 60%
Child Malnutrition (% children< 5 yrs) 39.1%
Population with safe access to water 58%
Population with safe access to sanitation 90%
Hospitals 28
indigenous Units 12
Training Institutes 3
Basic Health Units 145
Malaria Centers 19
Outreach Clinics 454
Universal child immunization 90%
Rural Water Supply Schemes 1768
High Schools 18
Junior High Schools 44
Primary Schools incl. Community Schools 243
Private Schools 7
Degree College 1
Other institutes 9

Source: Compiled and Verified by Central Statistical Office, Bhutan 1999




Table 2.2

Power Development Plan of DOP

Status

Project Name

District

Description

Scheme type

Under
Construction

Basochhu

Wangdue
Phodrang

Installed Capacity: 61 MW
Firm Capacity; 12 MW
Energy: 291 GWh
Completion: July, 2001

Run of River
(ROR)

Kurichhu

Mongar

Installed Capacity: 60 MW
Firm Capacity: 24 MW
Energy: 322/400 GWh
Completion: 2002

ROR

Tala

Chhukha

Installed Capacity: 1,020 MW
Firm Capacity: 168 MW
Energy: 3,962 GWh
Completion: 2006/07

ROR

Planned and
Studied

Bunakha
Reservoir

Chhukha

Installed Capacity: 180 MW
Firm Capacity: - MW
Energy: 688 GWh

Storage

Mangdechhu

Trongsa

Installed Capacity: 425 MW
Firm Capacity: - MW
Energy: 1,800 GWh

ROR

Punatsangchhu

Wangdue
Phodrang

Installed Capacity: 760 MW
Firm Capacity: 125 MW
Energy: 3,305 GWh

ROR

Source: Division of Power, 1998
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