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CHAPTER - 1 
INTRODUCTION 

 

1.1 Background 
 

Kulekhani I and Kulekhani II totaling to 92 MW are the only storage hydropower plants capable 
of seasonal regulation in the 705MW capacity Integrated Nepal Power System (INPS). The rest 
are run-of-the-river (ROR) plants with limited daily regulation capacity. The existing peaking 
capacity is insufficient to meet the peaking demand in the system. This is shown by the severe 
capacity shortage during the dry season. (Currently, however, INPS is facing both the energy and 
capacity deficit). The most plants that are being implemented or committed/ planned are ROR 
types including the 456 MW Upper Tamakoshi HEP. With the addition of more ROR plants, 
there will be increasing surplus of energy during the wet season and deficit in the dry season. 
The seasonal fluctuation of water discharge in the rivers of Nepal is the main cause for this 
imbalance. The features of the stream flow and the ROR system in Nepal, the flow pattern is 
highly variable as almost 80 % of the flow passes during 4 monsoon month and rest 8 months 
remains only 20 % of the flow resulting the full capacity during wet monsoon season whereas it 
drops nearly to in 20 % capacity during the dry, winter and high peak demand season. The dry 
season flow becomes almost one tenth of flows in the wet season. During this last half decade, 
Nepal has facing acute load shedding. It has been recorded that there has been a power supply of 
around 250 MW in peak demand situation in winter where as the peak demand is almost equal to 
850 MW resulting the power deficit of around 600 MW which has to be fulfilled in peak demand 
time.  
 
As a result, INPS will continue to be a sub-optimal system in the absence of peaking plants, 
resulting in the spilling of water during the wet season and capacity deficit during the dry season. 
A storage project of sufficient capacity is an ideal remedy for such a situation. To address this 
situation, NEA is looking into implementing a storage hydropower plant to firm up the overall 
generation capacity in the INPS. 
 
In order to meet both this power and energy deficit, it has been well perceived and felt a 
desperate need of a storage project ranging of at least 500 MW to deal with the power crisis and 
balancing of the system demand and operation. It has been already a heavy economic loss of the 
economy and industry due to the power crisis and people are either heavily dependent on the 
petroleum for thermal plant or has to cut off their economic production or shut down the industry 
that consequently badly hitting the employment, productivity and hence the total economy.   
 
Owing to this, the Government of Nepal (GON) is planning to develop storage projects in the 
near future and Budhi Gandaki HEP is considered one of the best candidate project for the 
development due to its location very near to he load center and is right sized and located storage 
project which has capability to cope with this heavy load shedding and varying demand.   
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1.2 The Project 
The Budhi Gandaki Hydroelectric Project is a storage type of project located between boundary 
of Gorkha and Dhading district on the Budhi Gandaki River in Central/ Western Development 
region of Nepal. The prefeasibility study of Budhi Gandaki Hydropower Project found the 
project with the option of 600 MW with FSL 520 masl as the most promising and recommended 
for the project development. The past studies  concluded that the project is attractive due to its 
high energy potential, large storage volume, its’ location and access in Central Nepal near to the 
main load center.  

 

1.2.1 Location 
The Budhi Gandaki Hydropower Project is located on the Budhi Gandaki River, approximately 2 
km from its confluence with Trishuli River at Benighat. Benighat can be accessed by the Prithivi 
Highway linking Kathmandu and Pokhara about 80 km from Kathmandu. The Project area lies in 
the districts of Gorkha and Dhading of Western and Central Development Region of Nepal.  
 

 
 

Photo  1: Dam site around 2 km upstream of Benighat 
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Figure 1: Reservoir area of Budhi Gandaki Storage HEP 
 

1.2.2 Previous Studies  
The Government of Nepal carried out the prefeasibility study of the project in 1984. The study 
covers power simulation and evaluation of alternative project sites, geotechnics, geology, 
geophysics, seismicity, hydrology, socio -economic impact.  The selected scheme in the 
prefeasibility study consists of a 225 m high rockfill dam,  reservoir covering an area of 49.8 km2 
at the full supply level (FSL) of 520 masl and having gross storage volume of 3,320 X 106 m3 at 
FSL, a spillway of discharge capacity of 12,827 m3/s in the right abutment, a headrace tunnel of 
276 m length, and underground powerhouse  with an installed capacity of 600 MW and average 
annual energy generation of 2495 GWH , a tailrace tunnel of 1.1 km length with a surge 
chamber. The station houses four Francis turbines with a rated net head of 185 m and a rated 
discharge of 107.5 m3/s. 

1.2.3 Present Status 
NEA has carried out additional studies in fiscal year 2010/11 including identification of 
alternative locations of the project facilities/structures with a view to achieve optimum utilization 
of hydropower power potential of the project site. An alternative location of tailrace near Fisling 
around 10 km downstream of the Benighat in Trisuli river has been identified, which would 
result in additional head gain of about 35 m yielding  additional energy  generation upto 700 
GWh. About 7 km of additional tunnel needs to be constructed for this option. Survey control 
points with permanent concrete blocks (monuments) has been established around the reservoir 
periphery at around 525 masl to establish reference boundary  for household counting and further 
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reservoir mapping. Altogether 62 ssurvey monuments have been established near major villages 
and settlement areas. Additionally, household counting has been completed upto 540 masl,  
 
NEA has established three river gauge stations in Budhi Gandaki river at various locations. One 
is located at Ankhu River, a tributary of Budhigangaki  (Established by Department of 
Hydrology and Meteorology, DHM/ GoN and rehabilated by NEA), one  at Budhi Gandaki River 
downstream of proposed dam site and the other at Trisuli River at the tailrace of the proposed 
underground powerhouse. NEA intends to hire services of consultant by the end of fiscal year 
2010/11 for LiDAR mapping of the Budhi Gandaki project area covering reservoir and its 
periphery, and the procurement process is underway. 
 

1.3 Salient Features 
 
The salient features of the project according to the prefeasibility study in 1984 is mentioned in 
table1. 
 

Table 1 Salient features of Budhi Gandaki as per pre-feasibility study 1984 
 

1. Reservoir  
 Full Supply Level El.520 m 
 Minimum Operation Water Level El. 445 m 
 Flood Water Level El. 522.65 m 
 Draw Down 65 m 
 Gross Capacity (at FSWL) 3 320 Mm3 
 Effective Storage Capacity 2 755 Mm3 
 Surface Area 50 km2 
2. Hydrology  
 Catchment Area 5 370 km2 
 Long Term Average Flow 195 m3/s 
 Construction Flood 3 176 m3/s 
 Design Flood Discharge 12 827 m3/s 
 Probable Maximum Flood 15 126 m3/s 
3. Diversion System  
 Design Flood (Routed) 1 170 m3/s 
 Type Circular 
 Diameter 10 m 
 Crest Elevation of U/S Cofferdam El.365 m 
 Crest Elevation of D/S Cofferdam El.320 m 
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4. Dam  
 Type Zoned rockfill with inclined core. 
 Crest Level El.525 m 
 Maximum Height 225 m 
 Crest Length 510 m 
 Upstream and Downstream Slopes 1:2:3; 1:1.8 
 Embankment Volume  
 Core 2.25 Mm3 
 Filter and Transition 2.52 Mm3 
 Quarry Rock 17.14 Mm3 
 Total 21.91 Mm3 
5. Spillway  
 Type Ogee type with open chuteway 
 Channel width 50 m 
 Crest Level El. 502 m 
 Design Flood (Routed) 10.053 m3/s 
 Gate Type Radial 
 Gate size 18m x 12.5 m, Four gates 
6. Waterway and Powerhouse  
 Intake Shaft Type 
 Invert Level of Intake El. 428 m 
 Gate Size 4.25 m x 10m, Three gates 
 Headrace Tunnel Circular linned 
 Diameter 12.0 m 
 Length 276 m 
 Penstock  
 Length 240 m 
 Diameter 4.0 m 
 Powerhouse  
 Type Underground 
 Width, Length and Height 24 m x 120m x 43.5 m 
7. Generating Equipment  
 Turbine  
 Type Francis Type, vertical axis, 
 Net Head at Rated Water Level 185 m 
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 Rated Discharge 430 m3/s 
 Installed Capacity 4 x 150 MW 
 Turbine Rated Speed 214.3 rpm 
 Normal Taiwater level 312.0 m 
 Generator  
 Type Vertical shaft revolving 
 Capacity 4 x 166 MVA 
8. Surge Tank  
 Location  Tailrace tunnel 
 Type Simple 
 Dimension 13mx80mx34.5m 
9. Tailrace Tunnel  
 Shape D Shape 
 Dimension 13m x 13m 
 Length 1.1 km 
10. Access Tunnel  
 Shape D Shape 
 Dimension 8m x 10m 
 Length 976.0 m 

 
Three options had been studied in prefeasibility. One is Arch dam and powerhouse at toe of the 
dam and another is rockfill dam and tailrace is at Budhi Gandki River itself a little downstream 
and the final and recommended one is rock fill dam and tailrace is at Trisuli River as shown in 
the figure below:  
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Figure 2: Proposed Layout of Budhi Gandaki HEP (Prefeasibility Study, 1983) 
 

1.4  Present Study 
The following works are carried out as part of preparation of data base for feasibility study of the 
project. 

• Gauge installation for Hydrological study  
• Topographical survey 
• Survey Monumentation 
• Household counting 
• Preliminary Environmental and Social studies 
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CHAPTER - 2 

BUDHI GANDAKI DEVELOPMENT PLAN  
 
 

In Kartik, 12, 2063 (Oct. 2006). The Government of Nepal decided to develop Budhi Gandaki 
Storage HEP. In Poush 2063 (Dec. 2006), Ministry of Water Resources ((MOWR) invited 
international bidding for the development of the projects namely Budhi Gandaki (600 MW), 
Arun-III (402 MW), Upper Karnali (300MW). Besides the attractiveness of these projects, 
several companies had shown their interest but they proposed only for the development of Arun 
III and Upper Karnali but nobody proposed for development of Budhi Gandaki as it is a storage 
project though it was one of the best projects.  And later, government of Nepal according to their 
decision dated 9-Poush, 2065 has given right to Nepal Electricity Authority, to develop Budhi 
Gandaki Storage Hydropower Project. Since then from fiscal year 2066/067 NEA has taken 
initiations for further study of the Budhi Gandaki Storage HEP. And now, Ministry of Energy 
has issued the survey license of Budhi Gandaki to Nepal electricity Authority in 2011. 

2.1 Power crisis and the current situation  
 
Since, the prefeasibility study of Budhi Gandaki HEP had been done in 1983-84 around 27 years 
ago, and found quite feasible during that time, but in this long time elapsed, many scenarios have 
been changed.  It has been changed the socio economic and political status and consensus of the 
people and the societies. The stakeholders and role player for the power development has been 
also significantly changed and the principle and practices of the development process has been 
changed too. The role of government agencies and public utilities had been underestimated in 
last decade and the private sector involvement and participation in development effort has been 
greatly emphasized and encouraged.  But, with the nature of developing countries and unstable 
economy, poor subsistence economy, imperfect and fragile market system, the role of the 
government and public utilities in Nepal has been now comes into the arena specially in the 
infrastructure development and the power sector development is one of that.  
 
As already stated the current power crisis and the unbalanced system demand and supply, it has 
been widely accepted the need of a storage project of size more than 500 MW.  

2.2 Budhi Gandaki Development Plan  
 
Along with the project decision for implementation the development strategies has been in 
discussion and accordingly the financing strategies are the part of the development strategies.   
 
With the countries desperate needs of solving the power crisis and well understanding of the 
need of storage project a long term strategic plan has been formulated such as the Water 
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Resource Strategy (2002), Water Resource Plan (2005) and later also the Bidhyut Sankat 
Nirupan Action Plan (2008), Ten Year Electricity Development Plan (2065) and later Twenty 
Year Hydropower Development Plan (2066).   

2.2.1 Bidhut Sankat Nirupan Action Plan 2065  
 
Bidhut Sankat Nirupan Action Plan 2065 (The Electricity Crisis Mitigation Action Plan 2065) 
with realization of a need of the storage project for the power supply demand fulfill and system 
balance it has been mentioned 37 points action plan categorizing immediate action plan, short 
term action plan and long term action plan and  in Plan no 22, (Immediate Action Plan category), 
has given the full authority by the government to NEA to promote Budhi Gandaki with seeking 
suitable model and partner.  

2.2.2 Ten years Electricity Development Plan 2065  
 
In the Ten years Hydropower Development Plan, to develop the 10000 MW in 10 years, besides 
the other projects, it has been recommended the development of Runoff River and Storage 
project in 70: 30 ratio to meet the demand and system balance. Budhi Gandaki HEP development 
has been prioritized for the internal consumption and plan to be completed in 2018 in operation 
i.e. if arrangement has to be made in the earliest manners and construction activities has to be 
started within the couples of year.  

2.2.3 Twenty Years Hydropower Development Plan (2066) 
 
The Twenty Year Hydropower Development Plan (2066) has planned to dvelop the 25000 MW 
with in the 20 years. As before, Budhi gandaki Hydroelectric Project has been considered as a 
potential storage project to develop for the supply and balance of power system for the domestic 
use. This plan has listed the Budhi Gandaki HEP to be competed in 2019 with the subsidiary 
company of Nepal Electricity Authority.  

2.3 The Budhi Gandaki Hep After  FY 2066/067 
 
After 26 – 27 years in hibernation, Budhi Gandaki Storage HEP has been reactivated for the 
further study and implementation. It has been started from fiscal year 2066-067.  The previous 
study has recommended in-depth study for the development; Nepal Electricity Authority has 
planned further study since 2066-067. From fiscal year 2066-067 topographical survey, 
hydrological study, preliminary environmental study and river gauging had been started and 
planned to the feasibility study onwards. In 2067-068 NEA has completed the demarcation 
survey of the reservoir area around the periphery of the reservoir. Additionally in situ household 
counting has been competed upto 540 masl, which is 20m above the full supply level at 520 
masl. NEA has planned to complete detail feasibility study along with detail design and tender 
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document preparation to complete in mid of Fy 2071/72. It is planned to initiate construction 
works in Fy 2071/72 and complete the project construction in Fy 2077/78. NEA is now being 
engaged in the updating technical, economic, social and environmental data of Budhi Gandaki 
HEP with initiating various studies through Engineering Services, Project Development 
Department. At this stage of the study some data base for the feasibility study are prepared. The 
works initiated include topographical mapping, hydrological measurement and studies, 
household counting and preliminary environmental and social studies, etc.  
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CHAPTER - 3 

TOPOGRAPHICAL SURVEY  
 

3.1 Topographical Survey  
 

Topographical survey and topographical map of project areas in the location of the major 
structures of the project has been partially completed. Permanent benchmarks, traversing and 
control points have been marked and established.  
 

3.2 Survey Point Monumentation 
 
For the reference survey point for household counting and further reservoir mapping survey 
control point monumentation has been carried out around the reservoir periphery at aroud 525 
masl. A total of 62 monumentations have been established wherever needed near major villages 
and settlement areas. The purpose of this work is to ease the household counting and collect 
information on infrastructure, cultural heritage as a reference point and other is to aware people 
of the project and reservoir area.  
 
The monumentation at Gorkha district have been designated by BGG ( 21 nos )  and for Dhading 
district ( 41 nos) are designated by  BGD. The numbers have been increasingly allocated from 
dam site to the upstream of the river. The location and D card of the monumentations are listed 
below:  
 

 

Photo  2:  Traversing for control point fixation 
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Photo  3:  Monument at Arughat Bazar near NEA Small Hydro Plant 
 

Table 2: Description of Monumentation in Gorkha District 
 

SN Station Northing Easting 
Elevati
on 

VDC Owner Type Location 

1 BGG-1 3083413.40 573299.09 520.85 Darbung-7 Tok Bahadur B.K. Cultivated Shikh Dada 

2 BGG-2 3085102.30 572984.62 520.34 Phujel-1 Kaji Pande Forest Patgairi 

3 BGG-3 3087447.08 571946.89 521.37 Phujel-1 Shiv Shijapati Cultivated Belkharak 

4 BGG-4 3088733.28 571922.36 520.835 Phujel-5 
Megh Nath 
Neupane 

Cultivated Maghigau 

5 BGG-5 3090386.07 571910.08 524.415 Namjung-1 Kamal B.K. Cultivated Devitar 

6 BGG-6 3091375.93 572280.91 524.824 Namjung-1 Shiv Prasad Khanal Cultivated Maghitar 

7 BGG-7 3094418.09 570980.56 524.565 Bunkot-9 Akraj Bhatta Cultivated Dhodeni 

8 BGG-8 3095353.97 570378.83 524.607 Asran-5 
Shiv Bahadur 
Thapa 

Cultivated Thapatar 

9 BGG-9 3092610.73 572541.59 523.563 Borlan-8 Resham Kumal Cultivated Kyamuntar 

10 BGG-10 3094778.94 574866.19 525.051 Borlan-7 
Bharat  Bahadur 
Kumal 

Cultivated Mahadevtar 

11 BGG-11 3095351.34 575869.58 524.286 Borlan-7 Gopal Darai Cultivated Mahadevtar 

12 BGG-12 3097064.43 576949.00 525.037 Borlan-7 
Lok Bahadur 
Banjara 

Cultivated 
Jogidada(Ghatb
esi) 

13 BGG-13 3098822.53 579501.09 524.750 Dhawa-8 
Bhagawati 
Lamichhane 

Cultivated Baluwatar 

14 BGG-14 3100671.39 579663.81 524.926 Dhawa-9 
Jib Nath 
Lamichhane 

Cultivated Simlephat 
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15 BGG-15 3102737.28 579827.09 525.530 
Aru 
Chanaute-2 

Community Forest  Forest Gardum Pakha 

16 BGG-16 3103349.32 580154.86 525.464 
Aru 
Chanaute-1 

Chitra Kumar 
Shrestha 

Cultivated Arughat Bajar 

17 BGG-17 3104701.91 580768.82 524.710 
Aru 
Chanaute-3 

Ishwar Shrestha Cultivated Chapani 

18 BGG-18 3105795.56 581197.78 538.484 
Aru 
Chanaute-5 

Khad Nand 
Adhikari 

Cultivated Mangaltar 

19 BGG-19 3106541.91 581483.23 524.975 
Aru 
Chanaute-5 

Hari Bhatta Cultivated Shital Bajar 

20 BGG-20 3107517.29 581866.55 526.73 Arban-9 Government Barren Shanti Bajar 

21 BGG-21 3107636.21 581855.47 529.82 Arban-9 Government Barren Shanti Bajar 

 

Table 3: Description of Monumentation in Dhading District 
 

SN Station Northing Easting 
Elevati
on 

VDC Owner Type Location 

1 BGD-1 3082093.78 576167.13 520.556 Salan-2 Government Barren land Kuwa Pani 

2 BGD-2 3082840.56 576811.48 520.478 Salan-1 Dhan  BD Magar Cultivated Jharlanditar 

3 BGD-3 3083121.81 575616.02 519.928 Maidi-9 
Krishan Bahadur 
Kumal 

Cultivated Rate Mate 

4 BGD-4 3085091.39 574189.45 520.874 Maidi-9 Government 
Community 
Forest 

Jogitar 

5 BGD-5 3086532.80 573857.90 520.571 Maidi-8 Government 
Community 
Forest 

Didada 

6 BGD-6 3087536.27 573129.34 520.434 Khari-9 Government 
Community 
Forest 

Pipaltar 

7 BGD-7 3089599.12 572924.00 521.508 Khari-1 Government 
Community 
Forest 

Pachwa 

8 BGD-8 3090710.88 573030.63 524.616 Khari-1 
Krishan Bahadur 
Shrestha 

Cultivated Kumaltari 

9 BGD-9 3092677.88 574858.61 524.810 Khari-6 
Yadu Prasad 
Pathak 

Cultivated Khumtar 

10 BGD-10 3092801.17 573898.45 524.309 Chainpur-1 
Dhan Kumari 
Upreti 

Cultivated Tallo Rampur 

11 BGD-11 3093565.24 574402.82 524.886 Chainpur-1 Yub Raj Eatani Cultivated  Rampur 

12 BGD-12 3093991.60 575109.88 524.174 Chainpur-1 Bishanu Sarki Cultivated Dodhani 

13 BGD-13 3094749.02 576893.01 524.763 Chainpur-2 Ganga Eatani Cultivated Dodhani 

14 BGD-13(A) 3095088.91 578295.86 525.458 Chainpur-3 
Dhan Shyam 
Lohani 

Cultivated Lumogau 

15 BGD-14 3095312.86 579492.95 524.233 Chainpur-4 Papate Pariyar Cultivated Devithan 

16 BGD-14(A) 3096278.18 580644.79 524.706 Jamrun-6 Dutta Raj Patak Cultivated Thulobesi 

17 BGD-15 3096966.78 581454.85 525.304 Jamrun-6 Kedar Nath Patak Cultivated Toribesi 

18 BGD-15(A) 3097344.55 581781.11 524.920 Jamrun-3 Government Barren 
Toribesi(Brid
ge) 

19 BGD-16 3097163.70 585031.16 524.123 Jamrun-4 Tilak Basnet Cultivated Sherabesi 
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20 BGD-16(A) 3097270.16 587227.05 525.342 Jamrun-4 
Ram Saran 
Lamichhane 

Cultivated Adhikarigau 

21 BGD-17 3097854.46 587820.37 524.769 
Tripureshw
ar-6 

Ram Sapkota Cultivated Achane 

22 BGD-17(A) 3097650.47 587475.05 524.885 
Tripureshw
ar-3 

Badri  Gharen Cultivated Sheraphat 

23 BGD-18 3097708.02 585931.88 524.253 
Tripureshw
ar-2 

Purna Bahadur 
Aale 

Cultivated Sukaura 

24 BGD-18(A) 3097908.76 585346.39 524.510 
Tripureshw
ar-1 

Ram Krishan 
Shrestha 

Cultivated Sukaura 

25 BGD-19 3098156.20 584065.43 524.325 Aginchok-1 Sita Thapaliya Cultivated Ganeshthan 

26 BGD-19(A) 3098164.82 583008.79 525.428 Aginchok-1 
Chin Bahadur 
Pande 

Cultivated 
Kutuwa 
Katahar 

27 BGD-20 3097978.56 581747.75 524.301 Salyantar-5 Government Barren 
Hyapine 
Khola 

28 BGD-20(A) 3096879.17 580755.19 524.406 Salyantar-3 Government Barren Panghara 

29 BGD-20(B) 3095979.87 578626.51 522.804 Salyantar-3 Government Barren Arghauta 

30 BGD-20(C) 3095722.58 577498.05 534.333 Salyantar-3 Government 
Community 
Forest 

Jyamiredil 

31 BGD-21 3096087.99 577557.20 525.043 Salyantar-3 Dilu Giri Cultivated Butar 

32 BGD-22 3097586.09 578561.38 524.774 Salyantar-4 Government Barren Dadagau 

33 BGD-23 3099078.05 580600.33 525.295 Salyantar-6 Government 
Community 
Forest 

Belgau 

34 BGD-24 3100451.29 580261.87 524.891 Salyantar-7 Government 
Community 
Forest 

Porke Ghari 

35 BGD-25 3102247.55 580283.81 525.107 Salyantar-8 
Budhi Prasad 
Shresth 

Cultivated Bishal Bajar 

36 BGD-26 3102594.64 580255.93 525.564 Salyantar-8 
Kamal Prasad 
Shresth 

Cultivated Bishal Bajar 

37 BGD-27 3102929.47 580307.71 525.140 Salyantar-9 
Ganesh Man 
Shresth 

Cultivated Bishal Bajar 

38 BGD-28 3104133.13 580863.51 524.912 Mulpani-9 Kaji Adhikari Cultivated Thulobesi 

39 BGD-29 3105554.10 581346.77 524.880 
Budhathum
-3 

Gagan Shingh 
Basnet 

Cultivated 
Manpang 
Besi 

40 BGD-30 3106753.44 581674.72 556.701 
Budhathum
-6 

Dil Bahadur 
Amatya 

Cultivated Sukaura 

41 BGD-31 3107795.03 581992.31 530.237 
Budhathum
-6 

Government Barren Shanti Bajar 

 
A traversing has been carried out from the dam site bench mark (BM) to establish the 
monumentation location and elevation. The details of traversing, the D-card of the 
monumentation point, general positioning and location of monumentation points in topo map 
sheet are presented in separate volume.  
 



15 
 

CHAPTER - 4 
DIGITIZATION OF MAP OF PREFEASIBILITY STUDY REPORT  

 
Drawings and maps of prefeasibility report are digitized. Altogether 32 Drawings and maps have 
been digitized which can be further utilized in feasibility updates and design modification and 
review works. The following maps were in now digital formats. 

Table 4: Digitised map of Prefeasibility Study 1983 
S. No. Descriptions Drawings No. 

1 Project Location Map Plate -1 
2 Site Exploration Location Map  Plate -2 
3 Triangulation Map  Plate -3 
4 Structural  Belt of Himalayan (Nepal )  Figure 3-1 
5 Evolution of Himalaya Vertical Tectonic Model  Figure 3-3 
6 Regional Geological Section along Budhi Gandaki Valley Figure 3-4 
7 Stratigraphic Column of the Region  Figure 3-5 
8 Geological Section of Budhi Gandaki Site  Figure 3-6 
9 Earthquake Epicenters Figure 3-7 

10 Available Mapping  Plate -4 
11 Site Geology  Plate -5 
12 Geological Section along Dam Axis Plate -6 
13 Geological Section along Diversion Tunnel  Plate -7 
14 Geological Section along Spillway  Plate -8 
15 Geological Section along Power System  Plate -9 
16 Reservoir Geomorphology  Plate -10 A 
17 Reservoir Geomorphology  Plate -10 B 
18 Reservoir Geomorphology  Plate -10 C 
19 Reservoir Geomorphology  Plate -10 D 
20 Reservoir Geomorphology  Plate -10 E 
21 Flood Impact Map Plate -11 
22 Road, Camps and Borrow Areas Plate – 12 
23 Layouts of Different Alternatives Plate -13 
24 Layout of Selected Alternatives Plate -14 
25 Gravity Arch Dam Plan and Section  Plate -15 
26 Dam and Cofferdam  Plate -16 
27 Spillway Plan and Section  Plate -17 
28 Diversion Tunnel Plan and Section  Plate -18 
29 Power System Plan and Sections Plate -19 
30 Powerhouse Plan and Sections Plate -20 
31 Penstock, Manifold and Surge Chamber  Plate -21 
32 Electrical Layouts Single Line Diagram  Plate -22 
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CHAPTER - 5 

HYDROLOGICAL AND SEDIMENTATION STUDY 
 

5.1 General 
 

Hydrology and river sediment study is one of the major studies to be carried out for the 

development of Budhi Gandaki Storage Hydroelectric Project. The long term river flow, flood 

hydrology and  draught hydrology are the key hydrological parameters to determine the reservoir 

simulation, design floods(Diversion flood and spillway flood) and capacity optimization. On the 

other hand, the river sediment study helps to estimate the sediment yield, life of the reservoir and 

energy depletion of storage project due to sediment encroachment of live storage volume.  

 

Budhi Gandaki is a major tributary of Sapta Gandaki river basin and a gauged river. Department 

of Hydrology and Metrology (DHM) has established the hydrometric station on Budhi Gandaki 

River about 40 km upstream of dam site. Similarly, the other gauging station available is on the 

Ankhu Khola, the major tributaries of Budhi Gandaki river. Both of these gauging stations are 

operated by DHM. The details of these gauging stations are shown in Table 5:  

 

Table 5: DHM hydrological gauging station in Budhi Gandaki River Basin 

S.No.  Gauge 

Station  

Type of 

Station 

River  Location  Operator Comments  

1 445 Cable way 

Water level 

and Rain 

gauge  

Budhi 

Gandaki River 

Arughat about 40 

km upstream of 

Dam site  

DHM  Established in 

1964  

2 445.3 Water 

Level 

gauge and 

Cable way  

Ankhu Khola 

( tributary of 

Budhi of 

Gandaki )  

D/S of 445 Gauge 

station and U/S of 

Proposed Dam 

Site  

DHM  Data not 

processed  
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5.2 Recommendation of Pre feasibility study 
 

As per the pre-feasibility study followings are the recommendation of further study: 

 

• The existing gauging station in Arughat has to be well maintained. 

• Installation of new gauging stations in Ankhu Khola and Trisuli River at the powerhouse 

site.  

• Installation of automatic gauge station on Budhi Gandaki at the dam site. 

• Installation of meteorological station equipped with pan evaporation, temperature, 

humidity and wind velocity measuring instruments at Arughat Bazar and near the dam 

site.  

• Installation of Sediment sampling facility at dam site. 

 

5.3 Establishment of gauging stations 
 

Recently, Nepal Electricity Authority (NEA) has established the hydrometric station at different 

location of the project. The details of these stations are tabulated in Table 6. The photographs of 

established gauge station are shown in Photo 4 and 5. 

 

Table 6: New Gauging Station Established by NEA 

Gauge 

Station 

Type of 

Station 
River Location Operator Comments 

1 

Staff Gauge 

(water level 

recording) 

Budhi 

Gandaki 

River 

D/S of dam site, Siurenitar 

VDC near suspension bridge. 
NEA 

Established in 

2010  

2 

Staff Gauge 

(water level 

recording) 

Ankhu 

Khola 

Right bank of Ankhu Khola,  

U/S of Dam Site, Tripureswor 

VDC  

NEA 
Established in 

2011 

3 

Staff Gauge 

(water level 

recording) 

Trisuli 

River 

At tailrace of proposed 

powerhouse 
NEA 

Established in 

2011 
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Photo  4:  Installation of Staff Gauge at Ankhu Khola 

 

 
 

Photo 5:  Installation of Staff Gauge at Ankhu Khola at right bank 

 

5.4 Discharge Measurements 

 
Since the establishment of gauging stations, a water level reading are recorded on all these gauge 

site. Three gauge readers have been recruited to read the water level three times daily at 8:00 
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hour, 12:00 hour and 16:00 hour. These water levels shall be converted during the hydrological 

study of the project. Apart from these data, NEA has carried out the discharge measurements in 

these gauge sites. One of the photographs at the time of discharge measurements are shown in 

Photo 6. 

 

 
Photo 6: Discharge measurement of Ankhu Khola from Suspension Bridge 

 

5.5 Sediment Sampling and Analysis 
 

Sediment measurement is basically very important during pre monsoon, monsoon and post 

monsoon period rather that in dry and lean seasons, however it is also equally important if 

flooding and debris flow occur in the river even in dry season.  

 

Bucket samplings were carried out near the dam site of the Budhi Gandaki in year 2010. they are 

being processed in Soil, Rock and Concrete Laboratory (SRCL) in NEA and a separate report is 

prepared.  

It is recommended to carry out the depth integrated sediment sampling to estimate the sediemt 

yield from the river. 
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5.6 Installation of Meteorological Station 
 

However, DHM has established the number of meteorological and climatological stations in the 

country, non of these stations are located at the project site. Therefore, it is an urgent need to 

establish these stations for measurement of evaporation, wind velocity, temperature, humidity 

and etc.  
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CHAPTER - 6 
ENVIRONMENTAL AND SOCIAL STUDY  

 
It has been widely perceived the socio-environmental impact of the storage project is rather large 
in scale and more complicated than the run of river project. In Budhi Gandaki Storage HEP, even 
during the prefeasibility study times in 1983 to 1984 era, the displacement of people and 
inundation was around 10,000. The proposed reservoir area touches 12 VDC of Gorkha districts 
and 11 VDC of Dhading districts.  During this time of 27-28 years, the increase of population 
and development of infrastructures in the reservoir area has been assessed with the preliminary 
environmental study in 2010 and household counting in the reservoir area in 2011. 
 
The preliminary environmental study (2010), had been based on the sampling method and 
estimation based on certain subjective and objective and some technological tools and programs. 
This study had been carried out by Department of Environment and Social Study Department 
(ESSD) of Nepal Electricity Authority.  It has also made preliminary assessment of the possible 
land inundation and preliminary cost estimate of compensation and resettlement.  
 
In order to get the more realistic data on people to be resettled and to be displaced than given by 
the preliminary environmental study, the household counting in reservoir areas (2011) has been 
carried out by in-house manpower of Project Development Department and in-situ counting of 
people and household in the reservoir area.  
 

6.1 Preliminary Environmental Study 2009/2010 
 
Preliminary environmental and social study has been conducted by Environmental and Social 
Study Department (ESSD) of NEA and it final report had been received in Project Development 
Department in March 2011 which is part of the this report. In ESSD study report, it has been 
assessed the area of inundation and land use pattern to will be affected, population to be 
resettled,  infrastructure that will be inundated due to the project in different sizing i.e. in the 
reservoir level of 480 masl, 500 masl and 520 masl. A preliminary assessment has been made in 
impact on physical, social and biological environments. Based on that a preliminary direct cost 
and mitigation cost including resettlement and relocation cost, environment management cost, 
mitigation cost etc. have been roughly estimated in the three different reservoir levels. The major 
impacts indicated in the report are presented in table 7:  
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Table 7: Preliminary Environmental Impact at different levels of reservoirs 
(As per preliminary study in 2009/10) 

 

Reservoir level and its cost 
S.No. Particulars 

480 masl 480 masl 520 masl 
1 Cultivated land (ha) 1,682.00 2,115.88 2,592.21 

2 Forest land (ha) 1,147.00 1,525.00 1,903.00 

3 Loss of Agricultural production (MT) 5,197.38 6,538.06 8,009.92 

4 Number of residential structure owners  
( no of HH relocatees) 3,242.00 3,322.00 3,483.00 

5 Total number of relocatees ( av. HH size 
7.6) = A 24,639.00 25,247.00 26,470.00 

6 Number of land owners population ( land 
holding 0.1 ha ) = B 16,820.00 21,158.00 25,922.00 

7 Number of affected community structures  
( main structures)  67.00 87.00 107.00 

8 Number of people resettlement ( A+B) 41,459.00 46,405.00 52,392.00 
 

Based on the above impact a preliminary environmental cost has been estimated and presented in 
table 8. However, the basis of estimation was not so realistic, it may reflect a certain degree of 
reliability and for this a realistic approaches and methodologies are recommended for the cost 
estimation such as compensation may vary to places to places according to their location, 
business center, other infrastructure development and economic potential.  Also, it has not been 
assessed the environmental and social mitigation programs such as the infrastructural 
development programs for the new relocates and new settlements to be developed etc.   
 

Table 8: Preliminary Environmental cost at different levels of reservoirs 
(As per preliminary study in 2009/10) 

 

Reservoir level and its cost  (NRs.) 
S.No. Particulars 

480 masl 500 masl 520 masl 
1 Cost of private land ( cultivated )    7,197,598,074.00   9,951,366,797.00  12,046,483,277.00 

2 Cost of house to be relocated    4,968,500,000.00   5,008,500,000.00   5,049,000,000.00 

3 
Cost estimation for agricultural production 
equivalent to one year production 

177,793,700.17  223,656,114.00   274,005,986.00 

4 
Transfer allowances to relocatees owners 
other than affected residential structure 
owners ( Considering USD 2000 per person)  

  
6,218,850,000.00 

   
6,960,750,000.00  

  
7,858,800,000.00 

5 Cost of community infrastructures 1,027,600,000.00 6,682,200,000.00  7,211,900,000.00 

6 Cost of forest resources  703,741,350.00  930,136,350.00  1,156,531,350.00 

7 Cost of fisheries mitigation  150,000,000.00 150,000,000.00  150,000,000.00 

 Grand total 20,444,083,124.17 29,906,609,261.00 33,746,720,613.00 
Grand total in USD (1 USD =75 NRs.) 272,587,774.99 398,754,790.15 449,956,274.84 
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It is seen in table 10,the environmental cost of the project option in 480 masl is comparatively 
low having USD 272.5 million as compared to 520 masl with USD 449.9 million.  
 
But with the household counting in the reservoir area, the number of household and population 
likely displaced has been significantly changed which is given in the separate topic below in the 
additional works under additional budgeting.  

6.2 Household counting in Reservoir Area  
 
The preliminary environmental study of the project area gave a tentative schedule of no of 
affected population and house holds. To increase the reliability on the data particularly the data 
on household, people and public infrastructure, a more reliable household and population has 
been counted elevation wise upto 540 masl with the help of GPS, topo map and reference from 
the survey monumentation control point. .   
 

 
 

Photo 7:  Public hearing at Arughat Bazar at VDC building 
 
The field work has been concluded along with the demarcation survey control point 
monumentation around the reservoir area. Extensive public hearing and discussion have been 
made during the field visit at each of the settlement and issues raised by the people and their 
concerns have been answered from the employer point of view during the discussion and 
hearing. Compilation of data sheets and the details of the data is prepared in Nepali language in 
separate volume.  
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Photo 8:  Gathering information at field during household couting 
 

 
 

Photo 9:  Public hearing at Ghatbesi Gorkha 
 

 
From the field survey conducted, the obtained data has been presented in the following elevation 
zone in 4 catagories as data from 540 -521, 520 -5 11, 510 - 495 and below 495 masl.  
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Table 9: Summary of Household and Population in Reservoir Area 
 

Total Population House Type 
D
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Dhading 540~521 480 2845 1435 1410 32 310 150 434 212 

 520~511 273 1548 761 787 66 152 64 156 130 

 510~496 206 1134 588 546 20 127 71 171 87 

 495~below 674 3051 1564 1487 87 416 169 448 264 

Total 1633 8578 4348 4230 205 1005 454 1209 693 

 

Gorkha 540~521 313 1628 870 756 94 131 80 158 134 

 520~511 315 1827 934 893 124 121 38 89 130 

 510~496 118 731 368 363 11 81 22 104 69 

 495~below 1041 6526 3279 3247 50 782 327 898 504 

Total 1787 10712 5451 5259 279 1115 467 1249 837 

 
Gorkha + 
Dhading 

540~521 793 4473 2305 2166 126 441 230 592 346 

 520~511 588 3375 1695 1680 190 273 102 245 260 

 510~496 324 1865 956 909 31 208 93 275 156 

 495~below 1715 9577 4843 4734 137 1198 496 1346 768 

Grand Total 3420 19290 9799 9489 484 2120 921 2458 1530 

 
The result of the HH and population counting is quite encouraging as that of last year the 
preliminary environmental survey indicated a little exhausted data of resettlement. 
 
As seen in the table, the total no. of households to be relocated at FSL 520 and adding 20 m 
transition area where settlement will not  be permitted totals to 3420. Once the dam height is 
decreased by 15 m and mountain FSL at 510 m, the households totals to 2627,thereby decreasing 
the household number by 793. Similarly further decrease by 15 m decreases the household 
number by 588.Trace off between number of households to be relocated and the corresponding 
decrease in the energy benefit will have to be studied during Feasibility study of the project.   
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Photo 10:   Project Coordinator with local people 
 
Significant differences have been observed in theses two study Preliminary Environmental Study 
(2010) and House Hold Counting in Reservoir Area (2011) in people and household to be 
displaced and resettled. The later is realistic data and field based population survey but a little 
discrepancy could happen in elevation range in some areas whereas the previous in 2010 was 
based on sample survey and GIS used in Finn Maps of 1990 era.  However, exact on exact 
number of household and land in inundation has to be carried out. Use of Light detection and 
Ranging (LIDAR) technology to map the project and reservoir area could be useful for the 
reservoir mapping and fixing the total household to be displaced.  
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CHAPTER - 7 

DESIGN REVIEW AND ALTERNATIVE THOUGHTS 
 

7.1 Natural Settings 
 
At the confluence of Budhi Gandaki river with Trishuli Ganga, the source river together with 
Trishuli Ganga river forms a small loop at Benighat. This small loop is used in the prefeasibility 
project configuration and hence the powerhouse site is planned accordingly. The Dam site is 
proposed on the narrow V-gorge having fan shaped wide valley for storage of billions cubic 
meter of water at the upstream of the dam site. This is the best and the ideal site for the storage 
dam. The spillway located on the right bank of Budhi Gandaki river disposes spill water into the 
Trishuli Ganga river. 
 
At the downstream of the powerhouse site planned in the prefeasibility study, the Budhi Gandaki 
river together with Trishuli Ganga river forms a big loop which ends at Fishling village located 
at the bank of the river.  The curve length is around 10 km; however a short distance of about 7 
km joins Budhi Gandaki with Trishuli Ganga at Fishling. This loop can be utilized to increase 
head by 40 m by shifting the tailrace outlet at about 10 km downstream nearby Fishiling from the 
present location. The powerhouse site can be shifted at suitable location from geological and 
geotechnical consideration .This shifting of tailrace outlet together with Powerhouse shifting 
requires construction of about 7 km long tunnel as a total of headrace and tailrace. It result to  
gain an additional head of 40 m and about 700 GWh annual energy, possibly without affecting 
the construction schedule. It is envisaged that construction of Headrace Tunnel can be completed 
before the Dam constructions as it is not in the critical path. 
 

7.2 Dam and Spillway 
 
The Dam site of Budhi Gandaki Hydroelectric Project is located on the Budhi Gandaki River  
approximately 1.5 km upstream of its confluence with the Trisulganga River at Benighat.The 
dam site is proposed on the V-gorge,which is an ideal and the best site for the dam. The pre-
feasibility study suggested to provide Spillway on Right bank of Budhi Gandaki river. Right 
bank is very steep. So, the construction of spillway is more costly. The topographical conditions 
of the site shows the Left Bank can also be the better option for the spillway. Construction of 
Spillway can be more easier than that proposed on the Right bank. But,further investigations is 
required to confirm the suitability of the geological conditions of the Spillway on the Left Bank.  
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7.3 Alternative Powerhouse Site  
 
The previous study has designed to utilize the head due to damming and a small loop (turning) of 
Budhi Gandaki near Benighat. Three different options were studied. (Refer Prefeasibility study, 
1984). One option is power house at dam toe another is powerhouse a liilte downstreamut still in 
Budhi Gandaki river  and the third option is underground power house with tailrace to Trisuli 
river with about 1.5 km tunnels and shaft to utilize the small loop near Benighat.  
 
However, with the optimum utilization of the power potential and gaining extra head there is a 
alternative location of Powerhouse near Fisling around 10 km downstream of the Benighat in 
Trisuli river. If we can utilize the extra head the huge reservoir and 100 % utilization of water of 
Budhi Gandaki will generate additional upto 700 GWh energy with only additional around 7 km 
tunnels. So, to optimally utilize the potential this option has been proposed to compare with other 
options in feasibility study and the most attractive site will be studied in the detail design.  
.  
The possible alternative of gaining extra head with shifting the intake near Darbug Phant and 
powerhouse site near Phisling around 10 km downstream than the preliminarily proposed 
powerhouse site ( which is just 1.5 km downstream of the confluence with Trisuli river) .  
 

7.4 Alternative Site for Inatke 
 
With the change of Intake in Darbung Phant and Powerhouse site near Phisling, there will be 
additional around 40 m head gain with around 8.5 km tunnel.  
 

7.5 Reservoir Simulation 
 
Initial Resevoir and power Simulation has been done based on the integrated operation of Budhi 
Gandaki within INPS using the computer programme “BURSIM”.  Various full supply levels 
had been considered during optimization 480, 500, 520 and 540.The reservoir simulation of the 
project should be done on detail based on the demand and load of the Nepal Power system. If 
operation of Powerhouse is limited to 6 hours daily for the peak demand, the installed capacity  
increases upto 1140 MW. 
 
The reservoir simulation is needed to study the benefit of the shifting of powerhouse towards 
Fishling. This alternative site of powerhouse increase the 40 m head with huge reservoir volume. 
Initial study shows that it can generate 700 GWh annual extra energy.  
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CHAPTER - 8 

RESERVOIR SIMULATION 
 
8.1 Introduction 
 

The reservoir simulations were carried out to estimate the power and energy generation for the 

Budhi Gandaki Storage Project (600 MW). The computer model used was the HEC-3 program 

that requires the mean monthly flow sequences and the power plant characteristics. The Budhi 

Gandaki has single purpose reservoir, that is, it does not have any flood control, water supply 

and irrigation benefit beside the power benefit. Since the powerhouse is located at the Trisuli 

River   2 km downstream of the confluence of  Trisuli River and Budhi Gandaki River, 

downstream release are targeted to 3.1 m3/s from the Budhi Gandaki Stoprage Project.  

 

During the optimization studies, the energy reduction due to live storage depletion were not 

considered. The optimized FSL and  MOL are  520 and 445 m respectively. Most of the time, 

after prolong operation of reservoir, the sediment partly encroaches the live storage as well as 

dead storage. 

 

As per the present study, the installed capacity can be increase to 1140 MW based on the 6 hour 

peaking. The firm output from the plant is 285 MW. That is, 600 MW gives 11.4 hour peaking a 

day. 

 

8.2 Objectives 
 

The objective of the reservoir simulation is to quantify the performance capability of a storage 

project. Performance is defined in terms of power (capacity) and energy. The resulting 

performance capability can be required for one or more of the following: 

 

- for power generation and planning. 

- for hydro power project design  

- for hydro project operation 
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8.3 Volume-Area Elevation Curve 
 

Volume-Area elevation curves are the main important parameter in the storage scheme. This is 

taken from Gandaki Basin JICA Master plan study. In actual practice the storage elevation are 

prepared by the topographic survey of area or by the cross section survey. The area-elevation 

curve and the volume-elevation curve are shown in Figure 3.  

 
Table 10: Area-Volume-Elevation Curve measured from the JICA Report 

Contour 
Level(m) From Cross Section (sq. km) Volume (Mm3) Cumulative Volume 

320 0   0 
340 0.62 4.13 6.2 
360 2.01 24.98 32.5 
380 5.34 70.84 106.0 
400 8.12 133.63 240.0 
420 12.11 200.98 442.0 
440 16.62 286.11 730.0 
460 23.86 402.62 1135.0 
480 31.29 549.82 1686.0 
500 40.08 711.89 2400.0 
520 52.63 924.26 3327.0 
550 74 1890.37 5300.0 

 

 

Figure 3: Area-Volume-Elevation Curve
from Gandaki Basin Master Plan, JICA Report 
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8.4 Hydrology 
 

The most important hydrological data are the mean monthly sequences. Maximums of 43 year’s 

data are available on Budhi Gandaki river at Arughat from 1964 to 2006. The monthly mean 

flows data generated at dam site of Budhi Gandaki Storage project are shown in the Table 11. 

The long-term average flow at the intake site has been estimated as 167.2  m3/s. The monthly 

inflow hydrograph is shown in the Figure 4. 

Table 11: Generated monthly flow data at dam site 

YEAR JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC ANNUAL 
1964 35.4 27.9 28.4 49.9 52.5 188 426 446 344 175 84.7 49.7 159
1965 34 26.3 26.4 71.8 139 247 390 454 282 124 84.7 52.6 161
1966 39 35.5 35.2 55.3 105 203 402 520 298 124 67.1 41.1 160.4
1967 28.4 23.5 23.8 43.8 50 142 387 360 240 123 58.5 37.2 126.4
1968 29.1 24.2 35.6 51.7 89.5 230 426 330 270 128 69.3 47.4 144.2
1969 38.5 31.8 35.8 51.5 89.7 181 340 330 270 128 69.3 47.4 134.4
1970 35.1 29.8 31.7 64.4 92.4 192 364 370 272 176 101 73.8 150.2
1971 39.4 32.5 34.5 68 91 302 359 359 251 162 96 55.8 154.2
1972 37.6 28.2 46.8 55.9 132 184 336 395 265 161 114 74.3 152.5
1973 46.6 39.3 53.2 95.1 125 305 367 407 317 258 105 53.9 181
1974 39.5 32.5 31.8 58.5 75.6 175 361 450 283 170 92.9 53.3 151.9
1975 45.1 38.6 46.2 82 135 249 413 373 359 223 107 57.8 177.4
1976 37.3 32.2 35.9 57.3 120 219 345 400 275 153 94.8 51.9 151.8
1977 32.2 29.8 30.8 43.4 91.1 192 468 464 308 143 105 55.6 163.6
1978 39.1 33.3 40.7 76.8 162 262 408 442 301 204 95.8 57.1 176.8
1979 39.6 30.9 32.4 70.4 114 218 406 420 255 147 83.2 51.6 155.7
1980 33.1 28.5 38 63.8 114 234 483 473 336 158 89.1 59.4 175.8
1981 43.1 40.6 40.7 80.9 119 262 457 447 302 168 82.2 51.5 174.5
1982 37.9 35.5 49.9 96.7 122 267 385 380 311 132 76.4 49.8 161.9
1983 37.8 30.8 35.7 45.9 108 177 320 388 358 215 98.6 55.9 155.9
1984 40.8 32.7 39.2 50.5 121 248 415 358 379 193 71.1 44.9 166.1
1985 32.7 31.4 40.2 48.6 64.2 152 391 338 330 209 104 55.9 149.8
1986 39.3 31.3 33.7 56.7 66.1 247 407 346 295 140 78.9 47.3 149
1987 35.4 31.8 33.3 55.8 77.7 193 429 432 288 136 84.2 46.6 153.6
1988 32.1 27.4 30.4 63.7 115 203 453 484 279 125 67.8 48.4 160.7
1989 46.1 38.5 46.3 64 138 221 366 409 438 188 76.9 48.1 173.3
1990 36.8 30.9 34.5 63.9 112 260 470 425 344 152 76.3 46.7 171
1991 34.2 28.4 34.4 49.8 116 236 378 515 362 132 64.9 42.4 166.1
1992 31.8 26.5 33.2 50.4 69.7 154 291 483 308 131 68.1 42.4 140.8
1993 32.5 30.1 27.3 52.9 112 201 368 496 365 166 76.9 45.4 164.4
1994 32.2 27.9 35.4 38 88.5 245 385 422 304 115 58.2 39.7 149.2
1995 31.1 29 37.8 62.7 189 344 420 490 299 126 77.7 47.5 179.5
1996 35.1 33.4 43.5 55.3 120 244 436 508 345 134 74.7 48.2 173.1
1997 35.2 30.1 36.4 44 72.6 189 418 374 276 91.6 54.1 48 139.1
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1998 48.3 43 47.9 76 156 264 477 570 315 152 60.6 37.2 187.3
1999 26 21.2 23.2 46.8 90.4 258 570 597 413 204 97.1 51.7 199.9
2000 26 21.2 23.2 46.8 90.4 258 570 597 413 204 97.1 51.7 199.9
2001 26 21.2 23.2 46.8 90.4 258 570 597 413 204 97.1 51.7 199.9
2002 26 21.2 23.2 46.8 90.4 258 570 597 413 204 97.1 51.7 199.9
2003 26 21.2 23.2 46.8 90.4 258 570 597 413 204 97.1 51.7 199.9
2004 26 21.2 23.2 46.8 90.4 258 570 597 413 204 97.1 51.7 199.9
2005 26 21.2 23.2 46.8 90.4 258 570 597 413 204 97.1 51.7 199.9
2006 26 21.2 23.2 46.8 90.4 258 570 597 413 204 97.1 51.7 199.9
MAX. 48.3 43 53.2 96.7 189 344 570 597 438 258 114 74.3 199.9
AVE. 34.9 29.6 34.2 57.9 103.9 230.1 430.4 456.6 328.6 165 84.8 50.7 167.2
MIN. 26 21.2 23.2 38 50 142 291 330 240 91.6 54.1 37.2 126.4

 
 
 
 
 
 
 
 

 
 
 
The mean monthly pan evaporation data for the reservoir are taken from the Climatological 

Station 0815 at Khairenitar. The data are available from 1977 to 1984. This station is located at 

 Figure 4: Mean monthly flow at dam site
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about 100 km west of Budhi Gandaki Storage HEP site at an elevation 500 m. The long term 

mean monthly evaporation have been used in the reservoir simulation. The multiplying factor of 

0.7 (pan to Lake Ratio) was used to get the mean monthly reservoir evaporation. The detail pan 

evaporation data are shown in Table 12. 

 

Table 12: Monthly Evaporation Data at Index No 0815 

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1977 N.A. N.A. N.A. 3.5 5.8 7.1 5.7 6.2 4.7 3.5 2.6 1.3
1978 1.6 2.1 4.8 3.7 6.2 5 5.9 4.7 3.9 3.2 2.3 1.6
1979 1.7 2.8 4.7 5.6 6 6.6 3.9 4.5 3.9 3.4 2.4 1.6
1980 1.4 2.7 4.4 5.9 5.3 5.1 4.8 4.6 4.4 3.4 2.3 1.9
1981 2.2 2.5 4.5 5.2 6.1 5.6 4.9 4.4 4.7 3.4 2.4 1.8
1982 2.3 2.5 3.8 6.9 5.6 6 5.3 5.1 3.9 2.9 2.1 1.7
1983 1.9 2.5 4.2 4.1 5.6 6.8 6.2 5.3 5.9 3.5 2.4 1.5
1984 1.6 2.8 5.3 5.8 4.8 5 5.5 5.7 4.6 3 2 1.3

Days 31 28 31 30 31 30 31 31 30 31 30 31
Average 1.81 2.56 4.53 5.09 5.68 5.90 5.28 5.06 4.50 3.29 2.31 1.59
Evaporation 56 72 140 153 176 177 164 157 135 102 69 49

Mm/month      
Reservoir      
Evaporation 39 50 98 107 123 124 114 110 95 71 49 34
Mm/month      
 

8.5 Reservoir and Energy Simulation  
 

The installed capacity of Budhi Gandaki Storage HEP is 285 MW at 95 % confidence limit. The 

installed capacity is 600 MW at 11.4 hours peaking. The optimized installed capacity can be 

fixed to 1140 MW at 6 hour peaking. The installed capacity of the plant are generally based on 

the operation model or the system requirement.  

 

Reservoir Characteristic 
 

Full Supply Level (FSL)   = 520 m 

Minimum Operating Level (MOL)  = 445 m 

Live storage at the beginning of the year  = 2490 Mm3 

Dead storage     = 830.0 Mm3 
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Note: Dead storage are based on the Minimum Operating Level, the data 565 Mm3 given in 

the Pre-feasibility study is not correct.  

 

Reservoir Area at FSL   = 50 km2 

Reservoir Area at MOL   = 13 km2 

Downstream Release    = 3.1 m3/s 

 

Since the power and energy are the ultimate product, in simulation, it is intended to keep the live 

storage as maximum as possible and maximize the plant power output. Therefore, the minimum 

operating level (MOL) was fixed to 445 m based on the optimum live storage criteria. Similarly, 

the power plant characteristics for simulation are given below: 

 

Power Plant 

 

Optimized Installed Capacity   = 600 MW 

Mean tail water level    = 278 m (after deduction of loss) 

over all plant efficiency   = 0.88 

Failure to meet the firm demand  = 5 % 

 

8.6 Simulation Results 
 

The simulation was carried out using a uniform firm power demand throughout the year. The 

demand were varied until the one which produced shortage during 5 % of the total simulation 

period, that is, 26 months out of 43 years, was reached. 

 

The result shows that this can be attained with an equivalent continuous generation demand of 

285 MW, which represents 2496.6 GWh per year. The average energy corresponds to a 

continuous output at 305.3 MW or 2674 GWh per year. The secondary energy, therefore, 

amounts to 178.6 GWh per year, which is the difference between the average and firm energy. 
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From the INPS system demand view point, the energy generated at the wet season (June, July, 

August, September and October) are secondary energy and apart from these months,  the energy 

generated are firm energy. These energy definitions are dealt in NEA system Planning. With this 

definition, the dry season energy is 1424 GWh and that of wet season energy is 1342 GWh. 

 

The monthly generation, in continuos MW, is shown in Table 13 and the power duration curve is 

shown in Figure 5. 

 

Table 13: Monthly power generation (MW), firm demand 285 MW, 24 hours 

YEAR JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC ANNUAL 
1964 285 285 285 285 285 285 285 437 600 361.9 285 285 330.3
1965 285 285 285 285 285 285 285 341.5 584.2 285 285 285 314.6
1966 285 285 285 285 285 285 285 308.8 600 285 285 285 313.2
1967 285 285 285 285 285 285 285 285 285 285 285 285 285
1968 285 285 179.7 73.3 127.8 285 285 285 285 285 285 285 245.5
1969 285 285 169.6 73 128.1 259.5 285 285 285 285 285 285 242.5
1970 285 72.3 44.7 91.6 132 275.4 285 285 285 285 285 285 217.6
1971 285 285 233.4 96.8 129.9 285 285 285 285 285 285 285 252.1
1972 285 285 285 176.2 189.1 263.9 285 285 285 285 285 285 266.2
1973 285 285 248.8 135.9 179 285 285 285 285 285 285 285 260.7
1974 285 285 285 285 285 285 285 285 285 285 285 285 285
1975 285 285 285 285 285 285 285 285 404 462.2 285 285 309.7
1976 285 285 285 285 285 285 285 285 403.3 315.9 285 285 297.4
1977 285 285 285 285 285 285 285 285 600 295 285 285 312.1
1978 285 285 285 285 285 285 285 600 600 422.5 285 285 349
1979 285 285 285 285 285 285 285 285 521.1 303.4 285 285 306.2
1980 285 285 285 285 285 285 285 505.8 600 326.4 285 285 333.1
1981 285 285 285 285 285 285 285 600 600 347.3 285 285 342.7
1982 285 285 285 285 285 285 285 337 600 285 285 285 315.6
1983 285 285 285 285 285 285 285 285 285 337.3 285 285 289.4
1984 285 285 285 285 285 285 285 285 600 399.5 285 285 320.8
1985 285 285 285 285 285 285 285 285 285 285 285 285 285
1986 285 285 285 285 285 285 285 285 285 285 285 285 285
1987 285 285 285 285 285 285 285 285 285 285 285 285 285
1988 285 285 285 285 285 285 285 285 290.9 285 285 285 285.5
1989 285 285 285 285 285 285 285 285 600 389 285 285 319.9
1990 285 285 285 285 285 285 285 410.8 600 313.8 285 285 324.1
1991 285 285 285 285 285 285 285 300.8 600 285 285 285 312.6
1992 285 285 285 285 285 285 285 285 285 285 285 285 285
1993 285 285 285 285 285 285 285 285 285 285 285 285 285
1994 285 285 285 285 258.5 285 285 285 285 285 285 285 282.8
1995 285 285 285 122.4 271.2 285 285 285 285 285 285 285 270.3
1996 285 285 285 285 285 285 285 325.2 600 285 285 285 314.6
1997 285 285 285 285 285 285 285 285 285 285 285 285 285
1998 285 285 285 285 285 285 285 473.2 600 313.8 285 285 329.3
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1999 285 285 285 285 285 285 285 600 600 422.5 285 285 349
2000 285 285 285 285 285 285 285 600 600 422.5 285 285 349
2001 285 285 285 285 285 285 285 600 600 422.5 285 285 349
2002 285 285 285 285 285 285 285 600 600 422.5 285 285 349
2003 285 285 285 285 285 285 285 600 600 422.5 285 285 349
2004 285 285 285 285 285 285 285 600 600 422.5 285 285 349
2005 285 285 285 285 285 285 285 600 600 422.5 285 285 349
2006 285 285 285 285 285 285 285 600 600 422.5 285 285 349
MAX. 285 285 285 285 285 285 285 600 600 462.2 285 285 349
AVE. 285 280.1 272.2 256.5 264.9 283.7 285 378.6 456.9 331.1 285 285 305.3
MIN. 285 72.3 44.7 73 127.8 259.5 285 285 285 285 285 285 217.6

 

 

 
 

The spillage from the reservoir are basically in the months August and in September and shown 

in the Table 14. The average yearly spillage from the reservoir is 4.8 m3/s out of 167.2 m3/s. The 

water utilization in Budhi Gandaki Storage Project is 97 %. The monthly flow, spillage and 

turbine flow from Budhi Gandaki Storage project is shown in Figure 6. 

 

Figure 5: Power Duration Curve (MW)
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Table 14: Monthly flow, turbine flow and Spillage from the reservoir of Budhi Gandaki 

Storage HEP(m3/s) 

  Monthly Turbine Spillage 
  Flow Flow from Dam 

Months m3/s m3/s m3/s 
Jan 34.9 147.90 0 
Feb 29.6 149.90 0 
Mar 34.2 151 0 
Apr 57.9 147 0 
May 103.9 158 0 
Jun 230.1 171 0 
Jul 430.4 160 0 
Aug 456.6 193.20 22.2 
Sep 328.6 223.40 34.9 
Oct 165 161.8 0 
Nov 84.8 140.8 0 
Dec 50.7 143.7 0 
Mean 167.2 162.3 4.8 

 

 

 

 
 

Figure 6: Flow comparision after Storage Project 
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8.7 Remarks  
 

Since the report is studied to pre-feasibility study, following remarks are made for the feasibility 

study. 

 

1. The installed capacity of the project can be increased to 1140 MW based on the 6 hour 

peaking. (Given condition of Pre-feasibility study) 

2. The dead storage estimate given in the pre-feasibility study is incorrect and corrected to 

830 Mm3 . 

3.  The full supply level can be increase from 520 m to 540 m or 560 m based on the dry 

season energy requirements. This has to be fixed in consultation with NEA system 

planning. 

4.  Reservoir area survey is to be carried out immediately to know the storage capacity of the 

project. 

5. PMFs are to be studied. Hydrograph, flood routing, spillway and diversion flood 

6. Sediment simulations are to be done to estimate the energy depletion from the sediment 

deposit inside the reservoir. 

 7. Detail dam height optimization are not done, this has to be carried out in the feasibility 

study. 

8. The house hold inundation and effected are to be estimated. The land inundations are to 

be estimated. 
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CHAPTER - 9 
THE NEED OF FURTHER STUDY 

 

9.1 Topographic Survey  
 
Detailed Topographical Survey and Mapping including checking/establishment of survey control 
point. detailed mapping of the dam site including foundation area, intake area, powerhouse area, 
surge tank area, tunnel alignment strip, and topographical mapping of project alternative is 
required to be carried out. Several cross sections along the headworks and along the Budhi 
Gandaki  and Trisuli Rivers may be required for the flood and sediment simulation and analysis. 
Bathymetric survey  of the entire stretch of Budhi Gandaki  and Trishuli River is needed. Route 
alignment and detailed survey of transmission line(s) is also to be carried out. 
 
On the other hand the topographical survey of reservoir area has another socio economic 
dimension to be analyzed and addressed. Around 50 km2 reservoir areas and likely affected area 
could be around 80 km2 so, topographical mapping by traditional way is quite complex, time 
consuming and probably more costly. So, for the reservoir mapping it has been planned to use 
the LIDAR technology (Light Detection and Ranging) for the purpose of reservoir topographical 
mapping. Since there is no in-house capability in Nepal to do such a job, international consulting 
and contracting may be essential for the work to be done. From this survey not only the 
topographical mapping is possible but also the socio economic parameters like type and area of 
inundation, no. of household and other infrastructure can be accurately identified and could be 
verified in field too.  
 

9.2 Hydrology and Sediment Study 
 
A considerable effort had been made in hydrological study of the project during the previous 
study however, due to the climatic change and further more data updates are needed. So, revisit 
on data collection, interpretation and analysis have to be made for the further study.  
 
As per the recommendation of prefeasibility study, and for the reliable hydrological estimation 
for the design and safe operation of the reservoir and project structures, further establishment and 
reliable operation of the hydro meteorological stations at different location of the project area 
have been planned and highly recommended. With the coordination with Department of 
Hydrology and Metrology (DHM), strengthening of river gauging system in Arughat, 
establishment of gauging station at Ankhu river, gauging station at tailrace in Trisuli Ganga and 
Automatic river gauging system in dam site and a hydro meteorological station in reservoir area 
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is planned to be completed in the next fiscal year 2068/69.The river flow gauging and sediment 
sampling and analysis and collection of reliable hydro meteorological data are for the design is 
prime objective of the works. Since, this is the reservoir type of project, metrological stations and 
data of the site will be very useful for the seepage and evaporation estimation. The data such as 
wind velocity, temperature, humidity, precipitation etc. are needed for reliable estimation of 
above concerned parameter. So, establishment of metrological station is essential. The 
meteorological data of surrounding and reference stations is also equally important for regional 
analysis.  
 
Along with the discharge measurement, gauging river, sediment measurement is equally 
necessary for the more reliable estimation of the sediment yield of the catchment and to estimate 
the useful life of reservoir and dead and effective storage. Regular sampling of sediment and 
sediment lab testing and analysis is needed for the purpose.  
 
In previous study thorough hydrological analysis has been made but in the long time afterwards 
of around 30 years hydrological parameters and data may seeks re analysis on flood, design 
discharge probable maximum flood (PMF) etc. Further, Glacier Lake Outbrust Flood (GLOF) 
analysis may be required as there may have been the risk of GLOF which has not been studied in 
this project before.  
 
A rigorous reservoir simulation is also required for the plant capacity optimization and safe and 
reliable reservoir operation and accordingly the estimation of energy and power too. Brief 
programs recommended for further study in hydrological and sediment studies are:   

 
• Establishment of hydro meteorological Stations 
• Establishment of River and Sediment Gauging Station  
• Bathymetric survey for river discharge measurement.  
• Hydrological Data Collection, Analysis and GLOF Study 
• Reservoir Simulation 
• Dam break Analysis  
• Assessment and estimation of sediment inflow to the Budhi Gandaki reservoir, etc.  

 
It is also require to examine possible impact of climate change on hydrological characteristics 
using different scenarios (without climate change, low climate change and high climate change) 
drawing from existing literature and data, 
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9.3 Geological and Geotechnical Investigation  
 
At the previous level study, there had been a substantial geological investigation however, due to 
the technological and methodological change during the last couple of decade in geological and 
geo-technical investigation and lack of availability of data sources, a comprehensive review of 
the previous geological and geotechnical study is recommended. Some new investigation may be 
required such as test adits, core drilling, geo-physical survey, reservoir area permeability test, 
bearing capacity test, in-situ stress test etc may be required. Construction material survey, 
verification and its evaluation, slope stability analysis in the major structural area and reservoir 
area, seismic study and their consideration in design are also recommended.  
 
Budhi Gandaki Storage HEP is a high dam with big reservoir. It has 225 m high and massive big 
rock fill dam and around 3320 million cubic meter reservoir capacity. Thus the reservoir induced 
seismicity and other natural micro seismic activities in the project area before the project and 
after the project is thus very important for the safety and reliability of the project structures for 
the safe design and operation. Thus seismic data is very important. So, establishment of seismic 
network is required to be initiated. Further the above mentioned seismic network establishment 
and data acquisition and reliable interpretation and incorporation in design is important in 
feasibility and design phase.  
 
However, briefly the following works in geological and geotechnical investigation may be  
required:  
 

• Core Drilling and Logging in rock/overburden at dam site, powerhouse site, surge 
tank site and other areas totaling to about 2 km 

•  Excavation of test adit at project sites e.g.  dam site, powerhouse site,  etc. totaling 
to about half a kilometer.  

• Necessary rock mechanical tests including hydro fracturing, block shear, plate 
bearing, and so on. 

• Permeability and Lugen Test  
• Seismic Network Establishment 
• Test Adit and in-situ Stress Test  
• Laboratory test, Load Bearing Test and In-situ Test  
• Construction material Survey  
• Investigation related to availability and suitability of construction materials including 

but not limited to confirmation of previously identified  and identification of new 
borrow areas for construction materials for dam construction (for e.g,. clay for the 
core, material for filter and rockfill etc), concrete aggregates, determination of their 
physical, chemical properties, strength etc. :   
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9.4 Environmental and Social study  
 
The main influencing factor in the cost this project observed according to the environmental 
study is now the social and environmental cost which is almost in the range of 30 % of the total 
project cost at 520 masl. This parameter is not only challenging but also seeks the detail 
investigation and evaluation. The issues of resettlement, relocation, acquisition, compensation 
and as well as the environmental effect and mitigation, management issues has to be addressed 
adequately.  
 
So, the present level environmental study itself had not only recommended the further evaluation 
and investigation and should not be undermined. Then only after that the realistic picture of the 
concerned issues, the impact and management of the remedial actions, policy and programs can 
be proposed and implemented.  
 
Also the present study team concluded that, further investigation and supplementary EIA study is 
required in certain domains to decide the reservoir levels. A systematic and unbiased analysis 
and investigation is required to integrate environmental, social and economic factors in to the 
mainstream of the decision making for the project implementation.  The adequately funded 
environmental and social management activities and plans environmental and social impacts of 
the project can be minimized to the acceptable levels.  
 
Additionally EIA is required for the transmission line corridor for the evacuation and 
transmission of produced power.  
 

The activities regarding the environmental impact and safeguard studies include but not limited 
to the followings: 

a) Prepare the Terms of Reference (ToR) and Scoping documents as per the Environment 
Protection Act-1996 and Environment Protection Rules-1997. Before proceeding with the 
EIA, the ToR and Scoping documents need to be approved by the Ministry of 
Environment, GoN. 

b) Carry out the  base line survey in the entire project area.  

c) Conduct a detailed qualitative and quantitative analysis of the anticipated changes to the 
baseline to determine the direct, indirect, induced and cumulative impacts of the project  
in construction, operation and maintenance phases.  

d) Conduct Social Impact Assessment (SIA) of the project with reference to the norms and 
standards acceptable to this industry. 

e) Prepare the following Environmental and Social Management Plans: 



43 
 

f) Assess the capacity of the executing and implementing agencies to plan, manage, 
implement, finance, and monitor, and prepare capacity-building measures and training 
workshops for stakeholders. 

g) Organize public hearings (at least two) in project affected area to discuss all the 
assessment done and mitigation measures suggested 

 

9.5  Study of Alternative Layout and position of Powerhouse  
 
The previous study has been designed only to utilize the head due to damming and a small loop 
(turning) of Budhi Gandaki near Benighat. Three different options had been studied. (Refer 
Prefeasibility study, 1984). One option is power house at dam toe another is powerhouse a little 
downstream  in Budhi Gandaki river  and the third option is underground power house with 
tailrace to Trisuli river with about 1.5 km tunnels and shaft to utilize the small loop near 
Benighat.  
 

 
 

Photo  11: Budhi Gandaki Storage HEP project sites in Google map and Optional Alignments 
 
  
 

Additional option 

Present Option 
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The possible alternative of gaining extra head with shifting the intake near Darbug Phant and 
powerhouse site near Fishling around 10 km downstream of the prefeasibility powerhouse site is 
required to be studied for utilization of the site potential. 
 
Thus, the design concept of the project established in the pre-feasibility study is to be reviewed 
and compared with NEA identified alternative which involves shifting of the powerhouse to 
determine the optimum design so as to maximize the power and energy benefits. It is also 
required to carryout optimization studies including  optimization of project capacity, dam height, 
tunnel and penstock diameter etc and the number and size of the turbine units. 

 

9.6 Optimization  Study 
 
Since during these time after prefeasibility study, considerable social and environmental changes 
has been observed in the site specially, the land use pattern, land value and population increase, 
infrastructural development, public awareness, public participation in project design and 
implementation, act and policy changes etc. especially this social and environmental 
consequences and cost is now the vital importance for the project decision. 
 
On the other hand this project as designed before was partially for domestic use and partially for 
export to India but now, due to increase in system installed capacity, system demand, dry season 
energy deficit, expansion of industries and economic condition of country, the system facing 
acute load shedding etc. , this project is now considered for the domestic use and system balance.  
These parameters too have to be considered for the optimization.  
 
Also, accordingly the project layout, implementation plan, structural features has to be assessed 
for the optimization of the dam height, reservoir level and the installed capacity and reservoir 
operation.     
 
Also, the present social and environmental study   may not be sufficient for the whole project 
optimization however it can give an indicative figure about the project. So further study options 
may be required and recommended with respect to reservoir level, dam height and reservoir 
regulation and simulation and installed capacity to have a more realistic picture.   
 
So, it can be recommended integrated approaches optimization of: 

• Additional layout optimization  
• Project structure type optimization  
• Reservoir level optimization,  
• Reservoir simulation 
• Power simulation 
• Dam height and type optimization  
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• Related conveyance system optimization  
• Transmission system study and power evacuation study 
• Implementation Schedule 
• Downstream energy and flood ( if any ) benefits  
• Economic benefit of the project in terms of capacity benefits, energy benefits, fishery 

industry, navigation benefits, tourism industry, downstream benefit and likely 
livelihood option    

• Stage wise development to meet the future demand and to balance the system in 
future  

• Energy and capacity optimization 
• Risk analysis, sensitivity analysis  
• Others  

 
After the optimization of the reservoir levels, dam height and other different components 
mentioned above, it can be concluded with one option as a final output of the study.  
 

9.7 Assessment of Impact of Flow Regulation on Downstream Facilities 
A detail assessment of impact of flow regulation due to construction of Budhi Gandaki dam on 
the existing and planned downstream facilities including assessment of benefits due to flow 
augmentation in the dry season on existing Gandak Hydropower Plant, and other planned power 
stations, existing irrigation facilities at Gandak Barrage etc is required to be carried out.  

9.8  Some Additional Issues to be addressed 
Some issues to be addressed in designing and study of this project are: 

• The size, location and both power and energy potential of this project is very attractive for 

the present power crisis solution, system balance and problem of load shedding.   

• The project is of both equally economically and financially important and strategic in nature 

for further hydropower development. 

• If the economic benefit specially the down stream power benefit (other two  to three 

hydropower projects has been observed in downstream), fishery benefit and tourism benefit 

and other economic benefit can be materialized within the project benefit then the project 

benefit scenarios could be exceptionally turned into very attractive. 

• The whole power and energy of this project now can be consumed in internal domestic use 

and no need of further effort such as power trade and export.  For example, some export 
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oriented project is delayed and lead to unsolved and lingering consequences while dealing 

with neighboring country. 

• There could be several alternative lively hood options for the displaced/ relocated/resettled 

people specially in employment in construction industry, involvement in fishery industry in 

the large lake that will be formed by impounding reservoir, involvement in tourism industry 

in lake as it is very near to capital city and in midway to Pokhara and this project site could 

open the untouched tourist areas in Manasalu region..   

 
9.9 Development Model for Project Implementation 
 
To address the severe load shadding in the country, it is required to prepare a realistic and 
practical construction and equipment procurement plan   showing the sequence in which 
construction activities are to be performed, their interdependencies, constraints and the critical 
path of the execution of the work, and so on. The further study is required to analyze demand, 
supply, and economic viability, and assess tariff pricing including financial viability and 
financing structuring of the project. 

 
Due to the size of the project and nature of the project financing strategies is a one of the major 
for the financial closure and easiness for the project implementation. NEA as a public utility and 
a major stakeholder for the power development of the country in one hand and in other side, it is 
in weak financial position external funding is an utmost important for the project development. 
In the same context the peak energy and dry energy demand and need in INPS has greatly 
realized to develop a storage project. Also, as Budhi Gandaki is a storage type of the project and 
has resettlement and relocation issues, government and public participation and their 
involvement in decision making is essential to effective deal with the concerned problems of 
social and environmental issues. To address the issues both of financial and socio- environmental 
concerns there could be several financing modalities that should to tailor-made for this project.  
 
 
 



47 
 

 
CHAPTER - 10 

CONCLUSIONS AND RECOMMENDATIONS 
 
The proposed Budhi Gandaki Storage Project is one of the most attractive projects in the mid-
western Development Region of Nepal. The region being laden with all the major industries of 
Nepal including the load center Kathmandu valley, it is considered as one of the most energy 
hungry part of Nepal. Unfortunately, only two storage project having 92 MW installed capacity 
have been constructed by Nepal Electricity Authority. All other projects constructed by either 
Independent Power Producers ( IPP) or Nepal Electricity Authority are Run of River ( ROR) 
type scheme. 
 
Being Run of River ( RoR) type hydropower projects, the generation of these power plants 
reaches the full capacity during the monsoon season but at the same time Nepal Power system 
has less demand of electricity. As the start of winter season, the discharge of river decreases and 
generation of power plants decreased by more than 40 %. At the same time demand of electricity 
increases rapidly and reaches the peak demand leading to the daily load shedding of even 14 hrs. 
Therefore, the eradication of the load shedding, high flood and peak discharge of the monsoon 
season should be stored for the winter season by constructing the storage project. So, 
implementation of the Budhi Gandaki Storage Project is the best solution of the load shedding 
being closely located with the load center. 

 
Power and energy calculations in the prefeasibility study indicate that the Budhi Gandaki Storage 
project will have an installed capacity of 600 MW and will generate 2500 GWh with a net head 
of 185 m at 11.5 hours peaking. If the reservoir simulation is done based on system requirement 
with 6 hours peaking, the installed capacity increases up to 1140 MW. Another alternative of 
shifting of Powerhouse near Fishling will gain additional head of 40 m without any increment in 
dam height with around 8.5 to 9 km tunnel. This shifting of powerhouse will generate 700 GWh 
annual energy. If the reservoir simulation can be done based on the system requirement and 
including all possible options with the latest technology, installed capacity and energy can be 
increased further more.  
 
Some people argue about the environmental and social issues as a big matter for the storage 
project like Budhi Gandaki having reservoir area of 50 sq.km.. But country like ours, where 80% 
source of energy is based on the forest, we are going to preserve the forest by constructing 
hydropower and replacing the energy source. It is within the perception that the total no. of 
households to be relocated at FSL 520 and adding 20 m transition area where settlement will not  
be permitted totals to 3420.Once the dam height is decreased by 15 m and mountain FSL at 510 
m, the households totals to 2627,thereby decreasing the household number by 793.Similarly 
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further decrease by 15 m decreases the household number by 588.While doing further 
optimization on Feasibility study, no of households to be relocated can be minimized by shifting 
powerhouse further downstream by 10 km.   
 
There isn’t any existing Sub-station (S\S) near the Budhi Gandaki Stogare Project. The nearest 
substation in the Budhi Gandaki Stogare Project area is Marsyangdi S\S. The proposed  220 kV 
Marsyangdi Kathmandu Transmission line passes nearby the Budhi Gandaki Stogare Project. 
Hence for evacuation of 600 MW power from Budhi Gandaki Storage Project has three probable 
connection points, connecting Syuchatar S\S, Bharatpur S\S and Marsyangdi S\S. The length of 
Transmission line from Budhi Gandaki Powerhouse to Kathmandu is only 79 Km. Construction 
cost of Transmission line is also less compared to the other hydropower projects based on 
installed capacity.  

To meet the growing energy demand per year and system requirement, construction of Budhi 
Gandaki Storage Project is much more essential. Feasibility study and detail engineering design 
of the project can be done consequently within the 3 years. After this the construction of project 
can be completed within the 6 years. 

As the project is technically and financially viable the project is recommend for the 
implementation. Hence, there is a urgent need to prepare the project for implementation from the 
current status of pre-feasibility study. It should be aimed to hire consulting service to carryout 
necessary field investigation and  upgrade the existing pre-feasibility study of Budhi Gandaki 
Hydropower Project to a feasibility level, prepare a detailed design and tender documents and 
tender drawings, and prepare Environmental Impact Assessment, Social Impact Assessment, 
Environmental Management Plan and Construction Plan to meet the NEA, GoN and leading 
multilateral agencies requirements for construction of the project . 

 
 


