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Country Profile
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• Land Area : 38,394 Sq. 
km

• Forest Cover :  72%
• Population (2017) :  

727,145
• Per Capita GDP (2016) : 

$2,879
• Per Capita Electricity 

Consumption (2017):  
~3,000 kWh

• Electricity Contribution 
to GDP (2017): 12%
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Water Resources  & Hydropower in Bhutan
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Current hydropower generation 
capacity – 2326 MW
Export ~ 70%
Under Construction
• PHPA I – 1200 MW
• PHPA II – 1020 MW
• Nikachhu – 118MW
Pre-construction stage
• Kholongchhu – 600MW
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Project details

Funding: Austrian Development Agency (ADA)
Implementing Agency: NECS
Expected Result: 

- Guidelines Development,
- Minimum E-Flow standard established; and
- Capacity development

Project duration: October 1, 2014 to March, 2018
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E-Flow Guideline of Bhutan
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NEC is mandated to ensure minimal environmental impact from 
development activities.
Establishing Minimum environmental flow as required under the 
National Environment Protection Act 2007 and the Water Act of 
Bhutan 2011. 
The environmental flow has been assessed in at least 4 river 
basins. 
26 officials from universities, relevant Ministries and the National 
Environment Commission have been trained on assessment and 
determination of e-flow; 13 of them have also been trained at site 
for field sampling and data collection.
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E-Flow Sites
The 4 pilot reaches are representing 4 different river types regarding 
hydropower development

Phochhu, representing a river which will not be developed for 
hydropower use 
Paro Chhu, representing a river where hydropower development is 
planed in the future
Punatsangchhu, representing where hydropower development is 
under way and construction has started
Wangchhu, where hydropower development is already 
implemented and HPPs are operating. 
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Punatsangchhu Pilot Study Reach

N27° 17.109' E90° 00.106' 
N27° 16.941' E90° 00.264' 
Average altitude=690 masl



www.e-c-o.at

Punatsangchhu catchment and pilot study reach
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Punatsangchhu Field Measurements

 Main focus : terrestrial and bathymetric 
survey with the total station as well as the 
bathymetric survey of the deep and fast 
sections with the Echosounder (CeeScope) 
mounted on a Kayak. 

 Beside cross sections (CS), water lines 
(WL) were measured with the total 
station. 

 The ground control points (GCPs) for UAV 
based survey, were measured. 

 Discharge was measured with the ADCP 
(RiverSurveyor) mounted on the 
hydroboard .

 The UAV (unmanned aerial vehicle) was 
used in addition to get additional 
terrestrial data.

Echo Sounder on kayakmount in the Punatsangchhu

ACDP on hydroboard in the Punatsangchhu
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Punatsangchhu Hydrological Analysis 
Daily data at Wangdi Rapids Hydrological Station on the Punatsangchhu (2005-2016)

Flow Summary for Selected Year on Punatsangchhu (2007)

Date  

Wangdi 
Rapids gauge 

(m³/s) 
PHP 2 dam site 

(m3/s) 
PHP 2 pilot study 

reach (m3/s) 
PHP 2 TRT site 

(m3/s) 

MAF 291.06 317.23 320.67 329.86 

MALF( Jan, Feb, Mar, 
Dec) 89.76 97.83 98.89 101.72 

30% of MALF( Jan, 
Feb, Mar, Dec) 26.93 29.35 29.67 30.52 

Specific Flow (l/s km2) 46.41 46.41 46.41 46.41 
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Hydrodynamic model development

Model runs for a series of flows
xx flows modeled
5.0 m3/s – 200.0 m3/s

Water depths

5.0 m3/s

59 m3/s

59 m3/s 200 m3/s

Flow velocity
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Electrofishing in Kamichhu
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Fish catches and suitability fuzzy sets, snow trout 
(Schizothorax richardsonii) medium size

The sets define
ranges of velocity, 
depth and 
substratum that
are good, 
indifferent and bad
in terms of habitat
quality .

 beneficial for
data scarce
situations
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habitat suitability 
index 

CASiMiR
results
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Habitat suitability, modeling results
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E-Flow

Releases at 
the dam site
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Socio-economic and cultural assessment

Summary
Screening and assessment reveals no potential impacts
Dispersed settlements are located along the Wangdue-Tsirang highway but have 
no clear links to the river

Settlements
Kamechu (7 households): Roadside shops and restaurant, next to river, no use of 
river
Pinsa (7 households): Agricultural settlement, 4km away, no use of river

Requirements
No significant links between the socio-cultural and socio-economic uses and the 
river
No aspects need to be considered for the E-Flow determination.
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Energy generation
CASiMiR hydropower model:

2 scenarios
baseline with 2.5 m3/s constant E-flow release
E-flow release at dam for full required flow in pilot study reach

PHP 2 as described
Simplified analysis with constant head
Constant efficiency of 85% including all losses

Comparison of annual energy generation based on E-flow scenarios

Impact Annual energy 
generation [MWh]

Annual revenue        
[Mio USD]

Relative to scenario 0    
[%]

Scenario 0 4 216 579 210.8 100

Scenario 1 3 922 625 196.1 93.0
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Indicator species and fish protection category

Golden Mahseer
complex life cycle and specific habitat requirements
Adult fish arrive by mid-February and stay in main stream (holding)
Migrate up into spawning streams by May/June
Spawning site selection and spawning from July through September followed by
downstream migraton
Hatchlings appear in October/November in  tributaries
Swim-up fry in November-December
Downstream migration starts January through April
Migration up  to 200 km
Migration and holding habitats between February and May/June

Snow trout
spawn between late winter and July – October, spawning and rearing habitat
required

Chocolate mahseer


