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PREFACE

To introduce the students with the real civil eeginng practice and to give them
confidence, ability to tackle problems related ial ®ngineering and idea of practical
working in professional field with the applicatiohtheoretical knowledge gained during
the whole four years, there is a provision of propork in the syllabus of TU.IOE on
the final semester of bachelor's degree programs phoject entitled “Pre-feasibility
Study of Hewa Khola-B small hydropower projectili® one prepared by a group of six
students in partial fulfilment of the requiremefur the Bachelor's degree in Civil
Engineering subject entitled "CIVIL ENGINEERING PRECT (EG777CE)" in Second
Semester, Fourth Year.

Hydropower engineering includes great diversifiedune of work from meteorological
analysis to geological study, civil engineeringustures, electromechanical installation,
operation etc. In order to complete this projeleg period of one semester inclusive of
the regular classes and timely assessments isdiffigult. However every effort has
been made to collect the most reliable data, gsirts and relevant design information.

From the very beginning of the project, from thedtojogical analysis to hydraulic
design and then to electro-mechanical componersigmevery attempt have been made
to cover all the parts of a hydropower plant. Tgmsject group is sure that this report will
be beneficial for the detail investigation and dasiof the Hewa Khola-B Small
Hydropower Project. The group will also be delighter any feedback and suggestion to
upgrade this report.

NOVEMBER, 2011 PROJECT GROUP
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EXECUTIVE SUMMARY

Hewa Khola-B project encompasses the Bharpa anthNAQC of Panchathar District,
Mechi Zone of Nepal. Hewa Khola is a snow fed rigad the hydropower project is a
run-off river type.The elevation of the headworkfl ive about 670m from the mean sea
level.Gravel trap will locate adjacent to the irgaléOm run from headworks, settling
basin will be constructed. After two kilometer ruoyebay pond will be made. With
65.45m gross head and 55.63m net head power halideeviocated in 605m elevation
from the mean sea level. Hewa Khola-B small hydvegroproject will have installed
capacity of3.8 MW and will produce total energy 46.08 GWh(Dry energy0.48 GWh
and Wet energy 5.6 GWh) from two Francis turbines df.9 MW capacities each.The
structure can pass flood discharge of 100 yeamsirgteriod (372 Cumecs) safely. About
2.7 Km of access road is necessary to upgrad@déaransportation facility.

The project will have base period of 3 years aagbpck period of 7.5 years. The B/C
ratio and IRR of the project will have 1.03 and 188épectively with total project cost
7,877,000 US$. With respect to the economic aralys proposed project is technically
feasible, economically viable and environmentatigeptable.
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Salient Features

The salient features of the Hewa Khola is presehezdin

SN. Description Parameters
1 Project Name Hewa Khola-B Hydropower Project
2 Location
Latitude 27° 10' 40" to 27° 09' 39"
Longitude 87° 47' 42" to 87° 46' 10"
VDC Bharpa and Nagin VDCs
District Panchathar
3 Type of power plant
Type | Snow Fed type Run off river
4 Hydrology
Catchment area at intake site 22% km
annual average flow 11.87/sm(WECS)
average minimum 1 in 2 year flow(monthly)| 2.17 ni/s (WECS)
design flood at intake (1 in 100 yrs) 3@?s (WECS)
5 Diversion weir
Type Semi-Permanent Boulder lining diversion wej
Crest level 668m
Length 16.25 m
Height 3 m above natural bed level
6 Intake
T side intake fitted with 2 numbers of
ype .
mechanised gate
Size of opening 2x1m clear opening
Intake invert level 666 m
7 Approach Canal
Type Concrete lined rectangular open channel
Length 60 m
Width 25m
Height 1.8m
Bed slope 1:750
8 Settling Basin
No of bays 2 nos
Nominal size of trapped particles 0.2 mAfdof the particle size to be settled
Length
Inlet and outlet transition .B6n, 15m
Uniform sections 66.5 m
Average depth 5m
Invert slope 1:80
Width 17.2m
Flushing channel ®H.5m
9 Forebay
Surface area 21mX15mX 4.15m (LXB X)
Depth 4m
Lining type Reinforced concrete lining
Flushing Gated flushing arrangement

Normal operating level

661.9m
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10 | Penstock
Type Surface type
Material Steel pipe
Numbers 1
Diameter 1970 mm
Thickness of pipe 8 mm thick, welded metedp
Length 133 m
Anchor blocks 4X6X3.75m
11 | Powerhouse
Type Surface
size 18mX6mX11.5m (LXBXH)
Gross head 65.45 m
Net head 55.63m
Design flow 7 8ritsec
Capacity 3.8 MW
12 | Tailrace canal
Shape Rectangular
Length ~25m
Cross-section area 1.5X2.5 m
Bed slope 1:500
13 | Turbines
Type Horizontal Francis type
Number of units 2 nos each of 1.9 MW capacit
14 | Generators
Type Synchronous
capacity 4.75 MVA
Voltage 6.6 KV
15 | Transmission line
Length ~2 Km
Voltage 132 KV (Upper Hewa)
16 | Transformer
type 3 phase, oil immersed
Rating 5 MVA
Power factor 0.8
Frequency 50 Hz
17 | Energy generation
Mean annual energy per year 16.08 GWH
Dry energy 0.48 GWH
Wet energy 15.60 GWH
18 | Access road
Availability 4 Km from the Mechi Rajmarga
Proposed road length ~800m
Type Gravel road single lane
19 | Construction period
Construction period from award of civil
contract 3 years
20 | Economic indicators

Project cost

NRs. 59,07,78,930

Cost per KW NRs. 1,55,468
Internal rate of return (IRR) 13%

B/C ratio at discounted rate of 10% 1.03
Payback period 7.5 years.
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1.0 INTRODUCTION
1.1 BACKGROUND

Hydropower is the source of renewable energy fortmgdhe movement of flowing mass of
water on the surface of the earth with the helpaditional difference. Water resource is a
major source for the economic development of thanty through the development of
hydropower and other multipurpose projects.

Nepal has 83000MW total hydropower potential ouvbfch 44000 MW is technically feasible
and about 42000MW is economically viable. The atw#rsmall hydropower development in
Nepal was Pharping Hydropower station in 1911 Bith an installed capacity of 500KW as a
first station in Nepal knowing immense importandengdropower to fulfill the energy crisis,
Nepal has established several programs relatechéoye and power under government and
private sectors such as Nepal Electricity Autho(i8EA), Water and Energy Commission
Secretariats (WECS), Ministry of Energy, DepartmehtElectricity Development (DoED),
Alternative Energy Promotion Centre (AEPC) etc.

1.2 HYDROPOWER DEVELOPMENT IN NEPAL

Nepal, being a developing country, is facing adbthallenges to raise its economic status. To
achieve the sustainable development of any couittry,necessary to use its available natural
resources. Nepal is endowed with rich hydropowsoueces which is the major source of
renewable energy. Hence the major achievementsisdcio-economic development of Nepal
could be possible through power harnessing of thiemresource.

First approach in hydropower development in Nepals whe power generation from the
construction of Pharping Hydropower station (500 KW 1911. But the progressive
development was gradual only after the Sundari@O( KW) and Panauti (2400 KW)
Hydropower Stations came into operation after liongrval of 23 and 29 years.

The completion of Dhankuta Hydropower station (BA) in 1971 was regarded as the bench
mark of small hydel development of Nepal. The d&himent of small hydel development
board in 1975 was another milestone under whickers¢small hydro schemes such as Jhupra
(345 KW), Doti (200 KW), Jumla (200 KW) etc. wereade during 1975 to 1985. Nepal
Electricity Authority (NEA), established 1985, resysible for generation, transmission and
distribution of electric power brought the revotuti in hydropower development. Many
potential sites for hydropower generation had idieadt by private consultancies and companies
in collaboration with NEA.

Prior to 1960, all the hydropower stations werestacted through grant aid from friendly
countries like the USSR (Panauti), India (Trishdgvighat, Gandak, Surajpura- Koshi) and
China (Sunkoshi). Since 1970, hydropower developroak a new turn with the availability of

bilateral and multilateral funding sources.

From 1990s, subsequent to the adoption of the yoliceconomic liberalization, hydropower

development took yet another turn with the privegetor entering the arena. After formulating
Hydropower Development Policy — 1992 by governmaintNepal, many private sectors are
involving towards power development. In order toc@npass projects of various scales
intended for domestic consumption as well as tooexpydropower, the former policy was

replaced by theédydropower Development Policy 2001to provide further impetus to active

participation of private sectors.
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Development of hydropower in Nepal is a very comphesk as it faces numerous challenges
and obstacles. Some of the factors attributed eddtv level of hydropower development are
lack of capital, high cost of technology, politicastability, and lower load factors due to lower
level of productive end-use of electricity and highhnical and non technical losses.

Legends for the Power Development in Nepal

Major Hydropower Plants

Name Capacity(MW) Name Capacity MW)
Trishuli 24.00 Gandak 15.00
Sunkoshi 10.05 Devighat 14.10
Kulekhani 1 60.00 Khulekhani- 2 32.00
Marsyandi 69.00 Upper Modi (Gitec) 14.00

Khimiti Khola (HPL) 60.00 Jhimruk (BPC) 12.30
Botekoshi (BPKC) 36.00 Kaligandaki (A) 144.00
Chilime (CPC) 20.00

Some small project plants

Name Capacity(MW) Name Capacity MW)
Tatopani, Myagdi 2.00 Panauti 2.40

Seti, Pokhara 1.50 Phewa, Pokhara 1.088
Hewa, Butwal 1.024 Chatara 3.20
Andhikhola(BPC) 5.10 Indrawati (NHPC) 7.50

Piluwa Khola(AVHP) 3.00 Sunkoshi (Sanima) 2.60
Planned & Proposed

Name Capacity(MW) Name Capacity MW)
Rawa Khola 2.30 Molung Khola 1.20
Naugargad (Darchula) 1.80 Gandigad (Doti) 1.80

Khudi (KHL) 3.50 Mailung (MPC) 5.00

Daram Khola (GHP) 5.00 Upper Khimti 4.00

Chaku Khola (A. Power) 1.50 Lower Indrawati (SH) 6@

Thoppal Khola 1.40 Mardi Khola 1.40

Lower Nayagdi (BHN) 4.50
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1.3 HYDROPOWER POTENTIAL OF NEPAL

The kingdom of Nepal, lying between India and Chagainst the impressive Himalayas,
comprises of the most diverse climatic ranges dnaipal environment in the world. From the
Gangetic plains at about 70m altitude, to the Mterést at 8,848 m altitude, there is only the
distance of about 170 km. These slopes are theestealopes in the world resulting high
hydropower potential. Because of the existencanoWsfeed perennial rivers, several tributaries
and countless streams, Nepal, is considered as\Vitréd's 29 richest country in the gross

hydropower potential.

Gross hydropower potential of Nepal is 83,000 MW a@fuvhich about 42,000 MW is assessed
to be economically feasible and 44,000 is techlyid&asible. Approximately 6000 big and
small rivers have been identified in Nepal's tersitcarrying about 174x2m3 of surface run-
off annually (0.5% of total surface run off of therld)

Hydropower Potential of Nepal (in million KVpurce: water Resources in Nepal, C. K. Sharma

1 Saptakoshi 22.35 11.40 10.48
2 Karnali 34.60 24.36 24.00
3 Gandaki 17.95 6.73 6.27
4 Mahakali 1.58 1.13 1.13
5 Others 3.07 0.98 0.98
Total 83.29 44.60 42.15

1.4 CLASSIFICATION OF HYDROPOWER PROJECTS

As per Nepal Electricity Authoricity (NEA) hydrop@w projects are catagorised as follows;

i. Micro Hydro Power Plant : Less than 100 KW
ii. Mini Hydro Power Plant : 100 KW - 1MW
iii. Small Hydro Power Plant : IMW - 10 MW
iv. Medium Hydro Power Plant : 10 MW - 300 MW
v. Large Hydro Power Plant : More than 300 MW

Based on the above classifications Hewa Khola-<8nall hydropower project since its installed
capacity is 3.2MW. A small hydropower plant is fouilm be most feasible than both the micro
hydro and large hydropower in context of Nepal. Borall hydropower project head and
discharge is easily available than the other hydectric project. Investment required for small
hydro is affordable to the countries like Nepal.

1.5 POWER SITUATION IN NEPAL

The total energy consumption in Nepal is about @®0&. Out of which about 65 % is
produced from NEA hydro power plants, about 0.2%risduced from NEA thermal power
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plants and 6% is borrowed from Indian State Eleityri Alternative sources of energy, like,
solar power is also contributing but to smallerlesc#fter the formulation of Hydropower
policy 1992, private sectors are also allowed tatigpate in the development of new
hydropower plants, 28% energy is being producednftbe private sectors. Total system
installed capacity is now 615 MW.

While analyzing regional balance of the power prtgemost of the hydropower projects are in
western region while power demand and transmidsgies are in eastern region of Nepal.

1.6 DOMESTIC POWER DEMAND AND SUPPLY

Traditional sources of energy of domestic purposeewforests, which are declining rapidly
these days to provide food and shelter for thees®ing population. On the one hand, power
demand is increasing corresponding to the populatiod industrialization and on the other
hand, traditional sources of energy are decliniag lsy day. Again availability of commercially
viable petroleum deposits or other minerals to nteeincreasing power demand are not known
yet.

So, demand of hydropower, a renewable source afygne increasingly day by day. Power
demand forecast for years to come is present itattie listed

Table: Energy Demand and Peak load forecast in INSjfagce-NEA)

Energy (GWh) Peak Demand (MW)
vear Base Case Planning Targgt Base Case Planning Target
2005 2502 2722 571 622
2010 3637 4266 831 974
2015 5185 6848 1184 1563
2020 7244 9973 1654 2277

These, days power supply in national grid has biegoroved. Private sectors have been
encouraged for hydropower generation after the @iteition of National Hydropower Policy
1992. This approach has supported NEA to avoidratbstly power generating systems like
diesel power plant etc. In year 1998, NEA purchase@10.29 GWh from India and 83.47
GWh from Butwal Power Company (BPC). It is expedieat power production from existing
project like: Puwa Khola Hydropower Project (6 MWJpdi Khola Hydropower Project (14
MW), Kali-Gandaki A Hydropower Project (144 MW), ({iime Hydropower Project (20
MW),Khimiti Hydropower Project (60 MW), Bhotekoshilydropower Project (36 MW),
Indrawati Hydropower Project (5 MW) etc. cannot btbe power demand on up coming years.

1.7 LOAD FORECAST

The load forecast for Integrated National Powert&ys(INPS) made by NEA according to the
power system master plan studies is presentedumeler table. The load has been forecasted
considering the country's macro- economic indicatand rural electrification expansion
programs. The forecast revealed that the energypaaf demand is expected to grow more
than three times between 2005 and 2020.
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Load forecast for INPS (NEA, 2003/4)
LOAD FORECAST

FPor Integrated MNepal Dower Sy stem (INI175S)

Energy {(GWh)

2005* 2565.8 556.3
2006 2600.1 1.3 593.6 8.7
2007 277768 5.8 B34 2 5.8
2008 3055.9 10.0 B97.T 10.0
2009 3317 .4 8.5 THV .4 8.5
2010 3598.9 8.5 821.7 8.5
2011 3923.6 9.0 aya.2 5.9
2012 42711 8.9 956 8.9
2013 4640 .4 8.8 1038.7 8.7
2014 5032.9 8.5 1126.5 8.5
2015 5450.3 8.3 1220 8.3
2016 5894.5 8.2 1294 6.1
2017 5367 .4 8.0 13878 8.0
2018 6842.3 7.5 1502.1 7.5
2019 F350.4 7. 1613.6 7.
2020 7894 7.4 1733 7.4
Average Growth gx=1e] T.ayY
*Actual
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1.8 ENERGY CONSUMPTION PATTERN OF NEPAL

In Nepal traditional energy sources are the biggestributors having share of 86% in the total
energy. These sources comprise of fuel wood (76a¥fjcultural residues and animal wastes
(10 %). Commercial energy sources share 13.64 %n@aest to other non conventional
sources. Electricity contributes about 1.2 % ofttital energy needs.

Anmal

Commercial residue and
Energy agricufture
sources waste sources
(1.2% 10%

hydropower)
14%

Fuel wooc
sources
76%

1.9POWER DISTRIBUTION PLAN

The need to extend distribution over the countryeftected from the fact that 85% population
of the country is not getting electricity as a s®uof energy. So, the distribution of electricity
should be done strategically. NEA has taken sydiemstudies of carrying out rural
electrification and distribution system reinforcethéDSR) feasibility on district-wise basis.
NEA intends to undertake these works with multirseufinancing. Also, Nepal Government
contributes to rural electrification scheme on anual basis with an increasing magnitude in
the year, 1999/2000, outlay being approximately ehflion US dollar. NEA and Nepal
Government are jointly working for the electrifimat of rural areas. To cope with this
objective, micro and small hydropower are the beipions in the present scenario. The total
capital investment in distribution system expansamrd reinforcement for the fiscal year
1999/2000 to 2007 is estimated at 9,349.2 millidtaN

1.10 LEGAL PROVISIONS FOR INVESTMENT

Hydropower industry is one of the major industrath wider scope in Nepal. For an industry
to prosper there should be support of governmelitiee and legal provisions. Only the
potential cannot do the development of a natiothéf policies cannot be harnessed. Clearly
defined conditions and attractive policy are alwagsential to harness the innumerous
resources. Realizing this fact, Nepal Governmeatdeveloped certain policies.

a. Why to invest in Nepal?

¢ Attractive Investment Features

% One-Window Policy

+ Repatriation of Foreign Exchange
% Income Tax Incentives

+ Fixed Royalty Payments

% Import Concessions

Page | 6



« Export Opportunities
++ No Nationalization of Projects

Policies, Act and Regulations:

% Hydropower Development Policy-1992

+¢ Industrial Policy- 1992

% Foreign Investment and One Window Policy- 1992

+» Electricity Act- 1992

% Industrial Enterprises Act-1992

+» Foreign Investment and Technology Transfer Act 2199
% Environment Conservation Act — 1996

+ National Environment Impact Assessment Guidelin&993

Legal Framework:

% Survey License issued within 30 days

+ Survey License Period up to 5 years

% Project License issued within 120 days

+ Project License period up to 50 years

s Exclusive Water Rights

+«+ Public Consultation before issuance of Project héee
% Government land available on lease

Institutional Framework for Electricity Development as "One Window

+ Issuance of Survey & Survey licenses

% Provision of tax concessions & incentives

+ Assistance in importing goods, land permits, apaloetc.
% Regulation and monitoring of projects

Incentive Income Tax

+ Generation :- 15 years tax holiday

% Transmission:- 10 years tax holiday

+ O & M Contracts:- 5 year tax holiday

s After tax holiday:- 10 percent less than periodvpiing
+ Foreign Lenders:- 50 percent capital cost allowance
% Equity Investors:- No tax on interest earned

+ No tax on dividend

Import Concessions:-

% Plant and Equipment including Construction Equiptnen
~ 1% Custom Duty
~ No import License Fee
~ No sales Tax etc

Repatriation of Foreign Exchange
% Principal and interest on debt
% Return on equity

+«» Sale of share equity

% Prevailing Market rates

Royalty Payments:

% For year from 1 to 15 year
~ On Install Capacity- NRs. 100/KW
~ On Energy Generated — 2% of Average Tariff/Kwh
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s For Year after 15 years
~ On Install Capacity- NRs. 1000/KW
~ On Energy Generated- 10% of Average Tariff/KWh

i Market:

« Domestic: Nepal Electricity Authority (NEA)
% Foreign: India

~ Under Power Exchange Agreement

~ Under Power Trade Agreement between two countries
+ Regional: Government

~ Probably under the Regional Cooperation especigligdrangle concept within
SAARC

J- Nepal Government/ NEA Policy on Purchases from SmiaProject

The private sectors should do the Power Purchaseefitgent (PPA) with NEA to sell the
energy produced. To promote the private sectonaiional level and to provide the opportunity
to invest in the hydropower sectors for the Nepale=ople, NEA has the provision to purchase
the energy of small hydropower plants with firsbpty.

k.  Export Opportunities:

+ Existing Power Trade Agreement between Nepal adidIn
% Existing Interconnection Facilities with India

« Power Deficit in India

% Oriented Projects in Nepal

Page | 8



2.0 GENERAL DESCRIPTION OF PROJECT

The proposed Hewa Khola Small Hydropower Projetbéated at Sundaradevi, Bharpa VDCs
in Panchthar District, eastern development regiodepal. It is a run off river snow fed type of
plant. Hewa khola is a tributary of the Tamor Rivdrich meets the Saptakosi River at the
Triben. The Saptakosi drains central and easterh gdaNepal. The catchment area of the
project site is found to be 221 kwith the help of topographical map drawn at 1:2566ales.
The installed capacity of the plant is 3.8MW.

2.1 OBJECTIVE OF THE PREFEASIBILITY STUDY

The objective of this study is to know the techhfeasibility, economical viability and
environmental acceptability of the project. In thiady surface geology, topography,
hydrological study and environmental and sociaaslaire collected. This report reflects the
necessacity of further study or termination.

2.2 LOCATION OF PROJECT SITE

Hewa Khola Small Hydropower project is located ihaBa and Nagani VDC in Panchthar
District, eastern development region of Neddle project area lies on the left bank of the lwa
Khola . The location and geographical co-ordinatethe project area are shown below.

P ~ © " -
N Y w7
? \ i /
e

W g

—

A Meteorological_station.shp

s/ River.shp
/\/ National boundary
Major river
Study basin
DEM
I 689 - 1010
-1331
1332 - 1652
[ ]1653-1973
[ ]1974-2294
I 2295 - 2615
I 2616 - 2936
[ 12937 -3257
[ 13258 -3579

[ ] NoData

10 0 10 20 Kilometers

Geographical co-ordinates of the project site

Description Latitude, N Longitude, E

Project area boundary 27°10'40" to 27°09'39" 8420 87°46'10"

2.3 ACCESSIBILITY
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The project is accessible partly through earthe @nd partly through Gravel ro&foject site
such as headworks and powerhouse is not accessibl¢hus requires construction of access
road. It will be about 200 m and 500 m to headwankd powerhouse respectively.

2.3 BASIN PHYSIOGRAPHY

Watershed of Hewa khola is a tributary of the Tamrer which meets the Saptakosi River at
the Tribenithe Saptakosi drains central and eastern part paIN&he study river is a rainfed
river while the Tamor River is a snow fed river gy large drainage basin compared to the
study basin. The nearest hydrometric stations ftoenstudy basin with long published flow
records and in rain fed river is the 728 gaugiragi@h in Maikhola at Rajdwali. Hence the
reference hydrological analysis for the project waade with respect to the Maikhola River
gauging station 728. The basin lies within latitwd@7°10’40"and 27° 09’ 39” N and longitude
of 87°47° 42’ and 87°46° 10’ Ehe total catchment at the proposed intake is 284 Khe total
length of Hewa Khola uptthe confluence to Tamor Rivés about35 km. The Hewa Khola
flows with anaverage river slope of about 1 in 30 average. Hewat is about 1 in 20 in the
project corridor. It has elevation ranging from 68Qo above 3573 m.

The project area is mostly coverbyg alluvial soils. The project area is occupiedhwiocks
belonging to Kunchha Group such as bedded schigfijites and meta-sandstone with few
guartzite bands occupy the project area. No afdivkks and landslides are present in the project
area

2.4 GEOLOGY OF PROJECT SITE
Hewa Khola Project site is located in Lesser Hiiyatazone. Geology of the project site is
sound with respect to surface geological studyfagargeology of the site define the design

type, quality etc. of any structure on or below sheface of earth. For the detailed study of the
project geology of the project site should be ide.
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3.0 HYDROMETEOROLOGY

3.1 INTRODUCTION

Several activities were carried out under the higdyical and sedimentation studies to achieve
the following objectives:

» Determination of long term mean monthly dischargesilable for power generation
* Preparation of Flow Duration Curve for determinatad installed capacity

» Estimation of the magnitude of design flood andedsion flood for the design of spill
way and diversion facilities during the construntperiod

» Assessment of sediment transport load at the Weakl site of Hewa khola HPP based
on regional approach and sediment data observbe ghauging site

3.2 SCOPE OF WORK

The main works under the hydrological sedimentistudre listed below.

»  Collection of available meteorological data

»  Collection of available hydrological data

> Analyze the available data to estimate pertinenhiclv is appropriate to a
particular situation) hydrological parameters liResign flood, Diversion flood,
Flow Duration curve, and long term mean monthiyfletc.

»  Collect discharge at the dam site for checkingreiion of flow

»  Collect available sediment data and map

»  Estimate sediment load at dam site

3.3 HYDROLOGICAL INVESTIGATIONS

Hydrological investigations were carried out toledl hydrological data and to estimate the
pertinent hydrological parameters like design fldlodv, long term average flow, low flow and
flow duration curve. These parameters are basicemsdntial to complete the feasibility and
IEE study of the hydropower project. The Hydrol@gimvestigations were done based on both
primary and secondary data. The standards methodsirstruments commonly used for
hydrological data acquisition were applied to redecrors at the source. Standard analysis
techniques and software have been applied durireg study.Collection of Available
Meteorological and Hydrological Data

The Hewa khola watershed above the proposed istatgopower house sites does not have any
hydrometric stations. The nearest hydrometric@taftiom the study Hewa khola waterhed is in
the Tamor River in Majhitar with the station numib@84 which is located about 500 m
downstream after the confluence of Hewa khola wWithTamor river. DHM has published the
flow records from 1996-2006 of the gauging statibhe study watershed of Hewa khola is a
tributary of the Tamor River which meets the SapsalRiver at the Tribeni. The Saptakosi
drains central and eastern part of Nepal as shawmcation map given in Figure. The study

basin lies in Panchtahar District of Mechi Zond-astern development region.
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National boundary

Major river
Study basin

200 0 200 400 Kilometers

Location map of the Study Basin

The study river is a rain fed river while the TanR®iver is a snow fed river having large

drainage basin compared to the study basin. Theestehydrometric stations from the study
basin with long published flow records and in r&&al river is the 728 gauging station in

Maikhola at Rajdwali. Hence the reference hydratabanalysis for the project were made with
respect to the Maikhola River gauging station 7& gauging station 728 lies south east from
the Hewa study basin. The gauging station 728 hatighed flow records from 1983 to 1995

and the monthly flow records including the extremstantaneous maximum and minimum

historical flow records were collected from the DHWhe flow data of the referenced stations
were given in Data attachment section at the entdigfeport.
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3.4 HYDROLOGICAL STUDIES

The hydrological studies of the project mainly fecon the interpretation and analysis of
collected relevant primary and secondary data afafmation as described in section 3 above
by applying the standard and appropriate methodedognd procedures to determine important
hydrological parameters such as long term mean mhofiows, flood flows, dry season flows,
construction flood flows, flow duration pattern,dastage discharge relationship etc as per
requirement for completion of the feasibility des@nd IEE study of the project.

@ HewaB intake site
& HewaB powerhouse site
/N\/ Major river
River
Study basin
DEM

[ s8¢ - 1010

I 1011 -1331
o [ 1332 - 1652

[ 1653 -1973

[ ]1974 -2294
I 2295 -2615
40 Kilometers

[ 2616 -2936
[ ] 2937 -3257
[ ]3268-3579

[_]No Data

20 0 20

Hewa Khola Study basin above the intake site

Table 4.1 shows the basic basin characteristicheoktudy basin above the intake and power
house site. The basin characteristics of the neéereiver up to the hydrometric stations 728
were also extracted from the topographic map. Tdsenbcharacteristics of the referenced river
up to the hydrometric stations were listed below.

Basin characteristics of the study basins and refence river basins

Dam Site
S.N. Description unit | (low Head | Powerhouse site| Gauging Site 72
weir site)
1 Catchment Area kin| 221.35 353.62 383.55
2 Perimeter km 91.4 103.8 118
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Catchment Area <5

3 K km? 221.35 353.62 383.55
4 Er‘;mhme“t Area<3 |\ | 203.37 334.36 376.67
5 Erf]‘mhme“t Area>5 | 2 0.00 0.00 0.00
6 | Length of longest km 28.56 32.743 38.398
flow channel
7 US elevation m 3546 3546 3578
8 DS elevation m 689 565 424
g |Average slope of % 10.00 9.10 8.21
Longest flow channel
Length of flow up to
10 centroid of the CA km 13.79 20.05 19.28
11 | Maxelevation in m 3579 3579 3600
basin
12 Min elevation in basin m 689 565 424
13 tl\)/laes?rr: elevation of m 2190.62 2061.768 1715.086
14 | Elevation of basin m 1418 1265 2337
centroid

The longest flow length of the Hewa khola fromoatsgin to the proposed intake site is about
13.8 km. The drainage area of the river up to ti@kie site is 221.35 Km

Similarly the drainage area below 3000 m and 5000elsvations above the proposed
powerhouse site were reported to be 203.37 &ndl 221k respectively. These data were
directly used in the hydrological analysis for detmation of design discharge to determine
installed capacity of this Hewa B cascade HPP ptoje

3.5 METHODOLOGY

Depending upon whether a river is gauged or unghufe method available for estimating the
long term hydrological investigation as well asegiimate the low flow and flood flow can be

broadly classified into two categories — direct moet and indirect method. Direct method is
used to estimate the flow using the data availabgauged station; indirect method is used for
an ungauged station where no or very few data\aiahle in the vicinity of the project area.

3.6 METHODOLOGIES FOR UNGAUGED CATCHMENTS

Though the catchment is a gauged catchment anddhgderm flow is available. However, an
attempt has been made to use various methods cotmmmoigauged catchment so that it could
be possible to check the flow data as generatadabgforming the gauged data to the point of
interest. Followings are widely adopted methodsniaist of the ungauged catchment in Nepal
and are discussed hereunder.
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3.6.1 MEDIUM IRRIGATION PROJECT (MIP) METHOD

The Medium Irrigation Project (MIP) method presents-dimensional hydrographs of mean
monthly flows for seven different physiographicicegs of Nepal. This method is applicable to
the ungauged sites. This method is applicable ibihere are measured flow at least in the low
flow season of a year. If the measured flow isdliyeused, the MIP averages the flow for the
middle of the month and thus gives unrealistic fiodormation. It is thus necessary to adjust
flow value if measured at the beginning or endhaf inonth. The measured flow is used with
regional non-dimensional hydrograph to synthesizarsual hydrograph for the site.

3.6.2 HYDEST METHOD

The method was developed by WECS/DHM in 1990 fotewmheining the hydrological
characteristic of ungauged catchment. This methaged to determine the instantaneous flood
peak, long term and mean monthly flow by using cotapsoftware or manually. But in this
our project we have used software. For the compigtieological analysis by this approach, the
catchments area and its distribution in altitudeessential along with Monsoon Wetness Index
(MWI) of the catchments. The monsoon wetness irfdax the isoheytal map for the project
area is taken as 1500 mm. The modified hydest 9 aked to analyze the hydrological
parameters of the project.

3.6.3 MEDIUM HYDROPOWER STUDY PROJECT (MHSP) METHOD

The Medium Hydropower Study Project (MHSP) underANiIE 1997 developed a method to
predict long-term flows, flood flows and flow dui@t curves at ungauged sites through
regional regression technique. The MHSP methodbkas used to estimate mean monthly flow
series at the proposed intake site. The input bkesaare similar to those used in WECS/DHM
method. This approach uses both MWI and averageipegion of the area along with the
catchment area of the River.

3.6.4 CATCHMENT CORRELATION METHOD

This method is used when there is unavailabilithyafrological data at the headworks. Since themmis
availability of hydrological data particularly dtet headworksirea and thus an attempt was made to
correlate the flows with Station 728 located. Tiassimply because of the similarity of the
catchment in many respects with the mother catchnidre discharge of the required basin is

given by:
_[ %
Q; ( Alel

Where, Q= Known discharge of the basin 1.
@= Required discharge of the basin 2.
A= Area of the basin 1.
A, = Area of the basin 2.
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3.7 FLOW ANALYSIS
3.7.1 HIGH FLOOD ANALYSIS

Depending on whether a river is gauged or notntleéhods available for estimating the flood
discharge of rivers can be broadly classified imto categories — direct methods and indirect
methods. Direct methods are used to estimate ddéisigds for different return periods using

the flow data or precipitation data available atggd locations. Indirect methods are helpful in
estimating floods for an ungauged basin, where anoyery few, data are available in the

vicinity of the study area.

3.7.2 WECS/DHM METHOD

From WECS method long term flow is calculated bygdollowing equation:

Q ....= Cx(Total basin ared) x(Basin area beB000m +1§* x(Monsoon wetness ind&

mean™

Where, C, Al, A2, A3 are constants derived fromrgression analysis.
A is the catchment area in Km
Q is discharge in ffsec

The values of the constants for different montlesdifferent. The Monsoon Wetness Index for
the catchment area is taken as 1500. mm

The mean monthly flow using WECS/DHM is presentedppendix.
3.7.3 MEDIUM IRRIGATION PROJECT (MIP) METHOD

The MIP Method for long term flow analysis, deveddpfor the design of medium irrigation
projects in Nepal, is based on regional non-dinmradi hydrographs drawn up for seven
regional groups of Nepal.

3.7.4 REGIONAL REGRESSION METHOD

The WECS/DHM Method was developed by WECS (1989ickviestimates the hydrological
characteristics of ungauged sites in Nepal usifiggguency distribution parameter technique
that is a variation of the multiple regression tague. In this method, the independent variable
that is most significant in the regression analysishe area of the basin below the 3,000 m
elevation, i.e. the area of the basin influencedrimnsoon precipitation. This method is not
applicable to basins located entirely above 3,00@mad its results for basins with a very small
portion below the 3,000 m elevation are not paléidy reliable.

The WECS/DHM Method uses regression equations fgea2 (median flood) and 100-year
floods for both maximum daily and maximum instastaus flood peaks of the form:

Qaby = a(Asoo +1)ﬁ

where Quy is the discharge in #ts, subscript a is either a daily or an instantaedtmod peak,
subscript b is either a 2 year or a 100 year rgherod, Ao is the catchment area below 3,000
m anda andf3 are coefficients and taken from reference bookndJ¢his equation, floods of
other return periods can be calculated simply eyplotting the 2 year and 100 year floods on
log-normal probability paper, which results in eagght line. Alternatively, algebraic equation
can be used for this purpose.
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So Flood flow of 2 years and 100 years return geai@ predicated using following equations:

Qinst,z =1.876(Ayt+ 13'8783
Qinst,lOO =14.63(A,0t l?'7343

Where, Q is in m3/sec

Using the WECS/DHM Method, the daily and instantareefloods for different return periods
were calculated.

3.7.5 FLOOD FLOW USING GUMBEL'S METHOD

This extreme value distribution was introduced hyr®el (1914) and is commonly known as
Gumbel’s distribution. It is one of the most widelged probability- distribution functions for

extreme values in hydrologic and meteorologicaldietsl for prediction of flood peaks,

maximum rainfalls, maximum wind speed, etc.

Gumbel defined a flood as the largest of the 36fy dlaws and the annual series of flood flows
constitute a series of largest values of flows. gkding to his theory of extreme events, the
probability of occurrence of an event equal toasgér than a value opx

P(X2x)=1-€°"
In which y is a dimensionless variable given by
y=a(x-a)

a=x- 045005,

Thus y:—‘pl‘i—)l'282 X=X+ 0577

g

X

Where x = mean ando, = standard deviation of the variate X. In praciices the value of X for a
given P that is required and the eqn. is transpased

Y, ==In[-In(1-P)]

Noting that return period T=1/P and designating=Yhe value of y, commonly called the
reduced variate, for a given T,

fonst]

Y, = —{ 0834+ 2303loglog TLJ

So, the value of variate X with a return periodsT i
X =x+Ka,
(y; - 0577)
1.282¢

The values obtained from Gumbel's Method are fittedhe best fit line obtained from plotting
position method.

where, K =

Page | 18



3.7.6 FLOOD FLOW USING LOG —PEARSON TYPE III DISTRUTION

In this method the variant is first transformedoinibgarithmic form (baselO) and the
transformed data is then analyzed. If X is vari@mandom hydrologic series, then the series of
z variants Where,

z=logx

For z series, for any recurrence interval T

Z, = z+ K,o,
Where K = a frequency factor is function of recurrencemal T and coefficient of skewsC
o, = Standard deviation of the Z variant sample
z-7)
e J Sy
G- coefficient of skew of variant Z

N> (z-2)

(N-1(N-2)a,”

S

The variations of K=f (Cs, T) is given in table.
The corresponding value ofxantilog (z)

3.8 REFERENCE HYDROLOGY AND STREAM FLOW ANALYSIS

Looking at the physiographic conditions and proxynof the gauging stations, it would be
more appropriate to use the discharge data fronMtikhola observed at Rajdwali station 728
for deriving the discharge data at the intake gitihe Hewa Khola. Both of these rivers are rain
fed rivers and lying in eastern part of the Nepgéle station 728 is in South East of the Hewa
khola basin having comparable drainage area. Shecelevation variations in the study basin
and reference basin is in the same range and Hirage areas are in comparable, the result
obtained from the reference hydrological analysw/ige reliable and realistic data although it
may produce slightly overestimate of the flow besgaaf likelihood of having larger rainfall in
the referenced basin compared to the study basin.

3.9 REVIEW OF DRAINAGE AREA

The drainage area is an important parameter imereée hydrological study as it gives the base
for transformation of stream flow records obseraedne location to other. Long Term Average
Mean Monthly and Yearly Flow (¥s) at reference station is given below:

St'no. | Jan | Feb| Mar Apn May| Jun July Aug Sep Oqt Nov ecD Yearly

728 | 5.72| 4.83| 4.61 58¢ 10.02 2568 52,52 4981 47.30.55 10.16| 6.8 21.39
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The specific run off computed from the Maikholaeribasin was found to be 0.0677/stknt.

The specific run off depends upon many physiog@plaind use, land cover and climatic
factors. There are no different river catchmentsira perfectly similar hydrological
catchments. Primary data collected from the gaugiatjon at the dam site and powerhouse site
are important and essential for precise estimabiohydrological parameters. At the present
level of study, there is no sufficient primary datad hydrological estimations were carried out
based on secondary data observed at the referdatienshaving similar hydrological
characteristics.

3.10 LONG-TERM STREAMFLOW SERIES AT THE INTAKE SITE

Long term mean monthly flow were calculated by lging Catchment Area Ratio method

(CAR) method directly from the data observed at rigference stations 728. Beside this, the
long term mean monthly flow were also estimatedhyapg widely used regional approaches
like WECS-DHM and Hydrological Estimation in Neg&HM 2004) methods.

3.11 FLOW DURATION CURVE ANALYSIS

If a run-off-river hydropower scheme requires flogreater than the minimum stream flow for
power generation, it is useful to know the variataf flow over the year to select the most
appropriate turbine configuration. For this purgpostormation presented in the form of a flow-
duration curve is most useful.

The average flow-duration curve is an exceedenobatility-discharge curve showing the
percentage of time when a particular flow is eqdaeexceeded. The flow duration curve was
prepared from the generated mean monthly flow ftata 1983 to 1995 at the intake site from
transformation of mean daily flow data of Maikhalaserved at the 728 gauging station as
described above. The generated mean monthly flaa fitet the intake site was arranged in
descending order to find the flow correspondingdtiberent probability of exceedence. The
result of the flow duration curve has shown bel@Wwe flow duration curve analysis were also
carried out using the ready made Microsoft Excecfion “PERCENTILE ((Data array, (1-%
of time exceedence)) on the same data in spread &techecking the result. The flow duration
curve analysis was carried out using the long taverage mean monthly flow generated at the
intake site from the reference hydrology.
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Estimated FDC at the dam site of Hewa khola

These values are recommended to use for prelimidesign and analysis of the hydropower

project. It is recommended to increase the flowsueament at the intake site more frequently

to verify the results and apply necessary corrastib necessary depending upon the observed
values.

Estimated available flow (ffs) at dam site for different percentile of TimecEgdence % of a
year

Percentofime| O o e | o o o
0% 142 77.67
5% 66 36.3
10% 50 27.45
15% 44 24.12
20% 34 18.65
25% 28 15.15
30% 23 12.77
35% 17 9.38
40% 14 7.8
45% 11 5.98
50% 9 4.92
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55% 8 4.43
60% 7 3.98
65% 7 3.7
70% 6 3.38
5% 6 3.17
80% 5 2.91
85% 5 2.67
90% 4 2.43
95% 4 2.13
100% 3 173

The 40% excedence flow of the Hewa Khola-B Hydropowroject taken in the design
discharge is of 7.8 s while the flow values of 50 and 60% of time esdence were 4.92%s
and 3.98 n¥'s respectively as shown in above table.

3.12 FLOOD FLOW ESTIMATION

The objective of the flood analysis was to estinthte project inflow floods up to 1000 year
return periods. These peak flood values are regjumedetermine the spillway design flood.
Owing to the negligible storage capability of theevih Khola Hydroelectric project,
information on the shape of the flood hydrographsfiless importance.

It is emphasized that the Hewa Khola Hydroeled®ioject will have a relatively low dam so
that a potential hydrological failure would hardlguse catastrophic consequences in terms of
human life and considerable loss of property. Thia fact which was taken into consideration
when selecting the return period for spillway dadigod.

3.13 FLOOD FREQUENCY ANALYSIS OF PROJECT

The annual monsoon and storm rainfalls in the nmodtime through October cause sustained
high flow conditions and floods in the Hewa Kholaslm which generally reach their maxima
during July to September.

Prior to initiating the flood frequency analysiBetmaximum instantaneous discharges were
extracted for the intake site from the observedohisal flood data at referenced gauging

stations 728 using CAR method. Generation of theeme instantaneous maximum discharge
at the intake sites were done for both the intaleeasd power house site considering the CAR
of the whole drainage basin area lying below 3 kenagion.

Flood frequency analysis was performed using a coenpspread sheet in Microsoft Excel
program. The following types of frequency distribat functions were used in the flood
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frequency analysis on the generated annual maxiftewd series data from 1983-1995 with
reference to the 728 gauging station. These amalysre done separately for both the intake
and the Powerhouse site.

* Gumbel Extreme Value (GEV)
* Log-Pearson Type Ill (LPIII)
* Three Parameter Lognormal (LN)

Comparative study of the distribution based onfitieg of observed and computed values; the
LN distribution seems better fitted although othdigtributions are acceptable as there was very
little differences were observed between the variaistributions. The resulting flood
discharges of the Hewa Khola at the proposed intalek powerhouse sites with the return
periods are displayed.

3.14 DESIGN FLOOD

Design flood with a return period of 100 yearsdspted as 372 ffs at the intake site of Hewa
Khola B HPP.

3.15 LOW FLOW ANALYSIS

Information of low flow is needed to determine th@ximum power that a run-of-river plant
can generate during the peak of the dry season. niinenum usable flow in a stream
determines the value of reliable firm power andntfiem energy. Knowledge of minimum
stream flow is essential also for determinatiommfiimum water level that can goes down to
the river at the intake. Therefore Low flow anatys essential in the planning of hydropower
in run off river and pondage run off river modes.

The duration curve of the long-term daily inflowriee predicts the flow duration for an average
hydrological year. Individual dry and wet years \buisplay different flow duration
characteristics. For a hydroelectric plant, sustilow flows experienced in the dry years are
critical to the operation resulting in nil energgngration when the flow becomes less than the
minimum permissible flow to avoid considerable tatons.

In order to predict the likelihood of this occugira probabilistic low flow analysis was carried

out by analyzing the mean daily project inflow timeries (1983-1995) with reference to 728
gauging station) of the Hewa Khola at the intakessusing the minimum instantaneous flow

series observed at the reference stations. Thdwrnatds area transformation methods were
applied for the generation of the low flow seriemsidering the area below 5 km elevation. In
addition to the frequency analysis, regional apgihea WECS-DHM and DHM-2004 were also

applied to estimate the likely hood of the low flealues.
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3.16 RIPARIAN RELEASE

The amount of riparian release that is made availimbthe downstream of the intake site is the
most crucial factor to sustain aquatic ecosystenthef river during the operation of the
hydroelectric project. The release is more impudrta the dry season, when it would be
tendency to divert all the flow in to the power ohal. It is mandatory for the project to release
some portion of the flow to maintain aquatic enmireent to some extent at the reach between
the intake and the tailrace site. It has been exttthat roughly that 10% of the minimum
monthly average flow is required to sustain sudivities. Hence, 0.25 ffs corresponding to
about 10% of the minimum recommended mean motiithly 2.54 n¥/s in February is needed
to release downstream of the intake in Hewa khslarevironmental compensation flow during
dry seasons. The Environmental study will re-detime minimum requirement of the riparian
release based on the project impacts on aquaiatifl their nature.
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4.0 POWER OUTPUT AND ENERGY GENERATION

Some definitions

Primary or Firm power

The power which is available throughout the yeamniswn as firm power. It is the power which
is always ensured to a consumer at any time of/a dhis type of power may correspond to the
minimum flow of river and is available for all thiene.

Secondary or Surplus or Non-Firm Power

If the power is available intermittently for unpretdble time, the power is called the secondary
power. It is the excess power available over the fpower during the off-peak hours or
monsoon etc. In other words, it is surplus or nam fpower other than the primary one and is
useful in the interconnected system of power state grid.

Gross Head

It is the difference in WL elevation at the point @fatsion and the point of return of water
back to the river. The gross head obtained is 8.45

Net Head

It is the head obtained after the deducting thedssdetween the diversion point and axis of
turbine from gross head. The net head obtaine.B3m.

Overall Efficiency

1l =1n %17,

Where,
nu = Hydraulic efficiency =0.97
nt = Turbine efficiency =0.93
No = Overall efficiency =0.90

4.1 INSTALLED CAPACITY OF PLANT
The installed capacity of a power plant is the nmmaxn power which can be developed by the
generators at the normal head with full flow.
N =9.81x Qx H xn,
Where,
N = Installed capacity i.e. power in KW
Qq = Design discharge in cumecs
H, = Net head in m
No = Overall Unit Efficiency
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5.0 HYDRAULIC DESIGN
5.1 WEIR

A weir is a water diversion structure generally stoacted across the run off river to supply
sufficient water to the intake. There are differutes of weir and the use of each type depends
upon the topography, geology, discharge, river molqgy etc. If the major part or the entire
ponding of water is achieved by a raised crestsanaller part or nil part of it is achieved by the
shutters then it is called weir. If most of the gy is done by gates and smaller or nil part of it
is done by the raised crest, then it is called &geror River Regulator.

5.1.1 DESIGN CONSIDERATION OF DIVERSION WEIR

The design of weir includes computing the elevatibrweir crest, length of weir, computing
the forces acting on the weir and checking thetgaéé the weir from all aspects like
overturning, sliding, crushing etc. They all ar@laned in the following articles.

5.1.2 ELEVATION OF WEIR CREST

There are various factors that affect the elevatifothe crest, but in our case, diversion of water
is the purpose and the height should be suffidiemond the water at a level that can facilitate
design flow in the intake. The height of the weirgoverned by the height of intake sill, depth
of intake orifice and depth of the river at theake site.

Four other important considerations to be consttiévefixing the crest level of the weir are as
follows:

» The height of the crest affects the discharge mefit and consequently the water
head above the weir as well as the back water curve

* The elevation of the weir crest has to be fixedhstiat the design flood is safely
discharged to the downstream without severe daroathe downstream.

» The elevation of the weir determines the head @fbwer production.

* The height of the weir crest affects the shapelacation of the jump and the design
of the basin.

» The height of the weir crest affects the dischéihgé can be diverted into the canal.
The bed level of the river at the headwork is 669 he crest level of weir provided is 668 m.

5.1.3 LENGTH OF WEIR

The length of the weir depends upon the width efwaterway at the intake site. Crest length
should be taken as the average wetted width duhedlood. The upstream and downstream
should be properly examined for the protection weration.

Rise in water level on the upstream of the streduafter construction of the weir is called
afflux. Fixation of afflux depends on the topograpéind geomorphologic factors. A high afflux
shortens the length of the weir but increases st of the river training and river protection
works. Foralluvial reaches it is generally restrictedlim but formountainous region it may be

high. The water way must be sufficient to pass higlodbwith desired afflux. Generally, the

waterway is calculated by Lacey's perimeter FormBla 4.75/_Cg for alluvial channel. But for
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boulder reaches it may be taken just as 60 % ofcdulated above. Minimum waterway is
taken as actual width available between river baAkeeir with crest length smaller than the
natural river width can severely interfere the naltwegime of flow thus altering the hydraulic
as well as the sediment carrying characteristidgh®fiver.

5.1.4 FORCES ACTING ON WEIR

The main forces which are acting on the weir whenili be in operation are: Water Pressure,
Uplift Pressure, Slit Pressure and Weight of the.we

WATER PRESSURE
It is the major external force acting on the w@inis is called hydrostatic pressure force and
acts perpendicular on the surface of the weir schagnitude is given b= 0.5<yx H x
Where, y = Unit weight of water,

H = Depth of water,

b = Width of the Weir surface.

This pressure force acts on H/3 from the base.
UPLIFT PRESSURE

Water seeping through the pores, cracks and fissafethe foundation material, seeping
through the weir body itself and seepage from th#om joint between the weir and its
foundation exerts an uplift pressure on the bashefveir. The uplift pressure virtually reduces
the downward weight of the weir hence acts agdimestlam stability. The analysis of seepage is
done using Khosla's Theory. Khosla's Theory is rtieghematical solution of the Laplacian
equation and it is easy and accurate method fqagmeanalysis.

According to the USBR, the uplift pressure intensit the heal and toe should be taken equal to
their respective hydrostatic pressure and joined biraight line in between.

SILT PRESSURE

The silt gets deposited on the upstream of the aed exerts the horizontal and vertical

pressure as exerted by the water. So, flushinpefiit should be done regularly to reduce its
effect of destabilizing the weir. It is done by thge of under sluice gate. The silt pressure is
given by the relation:

P siIt: O'5xysub>< Hz X Ka'
Where,ysup = Submerged unit weight of silt

H = Depth of silt deposited and
K. = Coefficient of Active earth pressure and is gy,

(1-sing) _ L _
K, =7———%, ®=Angle of internal friction of silt
(1+ sing)
The silt pressure force also acts at a height 8ffidm the base.
But for practical consideration, Equivalent LiqudVix of silt and water
Yiguiavy = 1950kgf /m?

Yiiduia 1y =1360kgf /m3
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WEIGHT OF WEIR

The weight of weir and its foundation is the magtabilizing/ resisting force. While calculating

the weight, the cross section is splited into megla and triangle. The weight of each along with
their C.G. is determined. The resultant of all théwces will represent the total weight of dam
acting at the C.G. of dam. Simply, when the sedli@ea of each part is multiplied by unit
weight of concrete, weight of that part is obtained

5.1.5 MODE OF FAILURE AND CHECK FOR STRUCTURAL STABTY OF WEIR

OVERTURNING ABOUT THE TOE

If resultant of all the forces acting in the weasges outside, the weir shall rotate and overturn
about the toe. Practically, this condition will restse because the weir will fail much earlier by
compression. The ratio of resisting moment to thertorning moment about the toe is the
factor of safety against overturning and it shdagdgreater than 1.5.

COMPRESSION OR CRUSHING

While designing the weir section it should be seigie that the resultant should pass through
middle 3% part of the section to avoid the possible tensianthe weir section. The section

should be totally in compression. So, weir showddchecked against the failure by crushing of
its material. If the actual compressive stress myaeed the allowable stress, the dam material

may get crushed. The vertical combine stress dbdlse is given byr .., .. = Z?V(li GXEJ :
Where,e=2 - X, x:E—M,
2 zV

e = eccentricity of the resultant force from tleafre of the base.

B = Base width of the weir.
SLIDING STABILITY

Sliding will occur when the net horizontal forceoak any plane in the weir or at the base of the
weir exceed the frictional resistance developethait level. Factor of safety against the sliding

(MxXV +Bq)

is measured ahear Stability Factor (SSF) and is given by: SSF= SH

Where,u = Coefficient of friction;

g = Average shear strength of thetjoin

For safety against sliding, SSF should be gredtan 8-5. To increase the value of SSF,
attempts are always made to increase the magnaiude which is achieved by providing the
stepped foundation, ensuring the better bond betweedam base and rock foundation etc.

5.1.6 PROTECTION WORK FOR WEIR STRUCTURE

The weir should be well protected from the flowinger to avoid creep effect. For this, the
wing wall is essential to construct. It should bellvanchored into the bed. Similarly, to protect
the channel bed from being eroded, launching ajgarsed. To protect the weir body riprap is
usually placed. In the site both the banks are emalole to erosion hence special protection
structure shall be constructed. Gabion walls aesl@&s protection works for the banks which
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ultimately protect the degradation of the weir. gi@vent the seepage effect, sheet piles are
inserted at the upstream and downstream.

5.2 INTAKE STRUCTURE
5.2.1 GENERAL

The intake structure is used to tap the requireduarinof water for the specific purpose with or
without storing. An intake structure should ensgoed quality of water in proper quantity and
a control over the supply of water. For this pugaarangements of weir and intake structure
must be chosen to evacuate necessary amount af ataday regime to the channel. The peak
discharge must be safely evacuated without any dam&o achieve this, hydrological data
must be collected and evaluated and the strucin@sld be designed accordingly.

Prerequisites of the location of intake structure

» The course of the river should be relatively peremdrat the intake site, i.e. the river
should not change its course at the intake locatidhe time.

» The river should not have a large gradient atiteke site.

» As far as possible the intake should be placedetstde of rocky outcrop or large
boulders for the stability and the strength.

* The intake should be on the concave bank of thel ben good performance. This
limits sediment deposition at the intake area alsd ansures the flow availability
during the dry season.

Generally the intake is provided 2-10 m upstreanthef diversion weir and the crest of the
intake is raised 1-1.5 m bed of the diversion $tmec

The intake structure is designed for 30% more thasign discharge 5% for loss and 25% for
flushing, i.e. Qesign(intaker1.3Qiesign. The intake is designed considering free flow sulgee
condition at normal flow and gated condition abficdischarge.

5.2.2 DESIGN CONSIDERATION OF INTAKE STRUCTURES

For small hydropower projects it is general practto use 100 years return period from
probabilistic analysis of flood. A simple and maatety priced construction should be used to
minimize maintenance and repairs. For the smallept® with no automation facilities,
hydraulically controlled structures become moresitela than mechanically controlled units. In
hydraulically controlled intake structure, usuahgiice is to construct skimmer wall to restrict
the flood water entering in the canal, such th&hke structure works as free flow weir at
normal condition and as submerged orifice at hilglod conditions. The excess water is
allowed to flow in canal up to a suitable point dsiveam where it is returned back to river
using escape structures.

There must be adequate provision to remove theesdsp and bed load deposited upstream
behind the weir. This may be done using intermitfrshing using sluice gates or allowing
some water to flush it continuously. It has beeumnfbthat entry of bed load towards diverted
canal will be minimum if the intake is located jukiwnstream of concave bank of the river
bend. It not only restricts the bed load, but @ssures sufficient water depth even at low water
condition.

Topography, geology, height of bank, ratio of waleferted to that available, channel width,
routing of diversion canal, ease of diversion gériduring construction, stability of river bank
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and sides, river protection works governs the selewf the intake location and type. For
steeper gradients with straight reaches of rivétobo rack intake is more suitable. But in rocky
banks, winding river, considerable suspended lbas not desirable. The lateral side intake
functions well in such case. Intake sill with 15 In is used not to allow bed loads to enter the
canals. Trash rack is used to prevent the entryred branches, leaves and other coarse
materials in the canal. Head is extremely valuatlBydropower projects and design of trash
rack should be such that the head loss should benmm. Suitable factor of safety should be
employed to design height of intake sill, to ensauficient withdrawal capacity in the future.

5.2.3 PROTECTION WORK

The skimmer wall is constructed to protect the yeofrflood water in the canal at the time of
high flood. Trash racks are used to prevent theyesfttrash matters in the canal. To prevent
adverse effect of seepage, sheet pile is usedeitisedground below sill.

5.3 GRAVEL TRAP
5.3.1GENERAL

It is necessary to check or trap the particles nmog from the canal intake which would,
otherwise, flow in the downstream side and reduoe discharge capacity of canal and
ultimately cause the wearing and chocking of thddite unit. The trap of coarse particle
(>2mm) is achieved by means of a hydraulic streckurown as gravel trap. During the high
flood season, the river carries appreciable amafirgravel hence a gravel trap should be
provided to trap the design size of gravel entetimgugh intake.

5.3.2 DESIGN CONSIDERATIONS

Gravel trap should be located at a safe place duatase to the intake as possible or sometimes
even within the intake so that debris is not cdradong distance into the waterways. Gravel is
checked in gravel trap by allowing water to flowainvide and deep channel at a slower velocity
S0 as to reduce the capacity of water thereby ogudeposition of particles towards bed. Flow
velocity of water and settling velocity of the peles affect the settling of the particles. The
flow velocity must not exceed the upper limit sorag to allow suspended particles being
washed again. For construction easiness, dep#nisrglly limited to 3m; width is calculated to
satisfy the velocity of flow and length is calc@dtto ensure desirable efficiency of settling. As
boundary friction is predominant for short widtheteffective length may be taken only 85% of
provided length.

The flushing of settled particles should be donertsure proper working. Generally continuous
flushing is adopted for gravel trap as the sedinhead is high. Gates are used to control flow at
flushing orifice at inlet. Sufficient bed slope aombss slope is required to make the flushing
effective. Standard methods are used to desigrgitéreel trap. The concentration approach,
which is modern and rational approach, is usedteystequation to calculate efficiency is used.
Camp's formula is used to calculate the transibargt and Newton's formula is used to
calculate the settling velocity.

Continuous flushing system is used in the grawagd which works continuously in the monsoon
season and can work as intermittent flushing attithe of low flow. 10% water is used for
flushing purpose. The flushing orifice is desigmedthe basis of the head to cause flow.

5.3.3 PROTECTION WORKS
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Gates are used to control the flow across the gteame. Flushing gates are used to flush the
settled matters. The flushing orifices are congeblising the flushing gates. Flushed water and
the excess water are safely diverted to the rigarguopen channel. The side protection works
fencing etc. are carried out.

5.4 SETTLING BASIN
5.4.1 GENERAL

The suspended particles entered in a canal, iivalioto flow through penstock pipe and
turbine, cause abrasion of such units and reduogeeicy as well as durability. In addition,
problem of clogging is always present due to suatigles in turbine units. There is also the
possibility of siltation in canal. So, the finerrpeles escaped from gravel trap are to be
removed before entering into penstock.

The severity of particles depends on effective hefad/ater, hardness of particles, shape of
particles and size of pipe, valves opening andinerblades and opening. It is very difficult to
trap all the particles. So, a particular size oftipkes is selected to make a design basis for
Settling Basin. The basin design philosophy is lsinto that of gravel trap. Selection of width
and length depend on land available. For more bieliaperation, more than one chamber is
employed. It will not interrupt whole system whenigd to be stopped for maintenance. To
ensure uniform flow, transitions are provided detirand outlet. Both height and width vary
gradually inlet transition and width varies in @tttransition.

Flushing of deposited matters is essential for smoperation of settling basin. The lateral and
longitudinal slope may be provided for this purpoBeere must be control of flow in and from
settling tank. For this purpose gates can be u&ecbntinuous flushing system can operate
continuously in wet season when there is sufficiater and excessive sediments. In dry
season, when there is clear water in river andmstgare, it can work as intermittent flushing.

5.4.2 DESIGN CONSIDERATION

The settling basin is designed following standaracfices. Concentration approach is used to
design it. Trap efficiency is selected as 90% remhaf 0.2mm sized sedimentary particles.
Vetter's equation is used for efficiency calculati€amp's equation and various charts are used
to compute the transit velocity and the settlintpoity.

5.4.3 PROTECTION WORKS

Gates are used to control the flow across thersgtbiasin. Flushing gates are used to flush the
settled matters. The flushing orifices are congeblising the flushing gates. Flushed water and
the excess water are safely diverted to the rigarguopen channel. The side protection works
like fencing etc. are carried out.

5.5 FOREBAY
5.5.1 GENERAL

A forebay is a storage basin which is constructeshd of the headrace canal and beginning of
the penstock. Its main function is to temporartlyre water which is rejected by the plant due to

reduced load during off-peak hours and also to rfeetnstantaneous increased demand when
the ground profile changes form slightly slopingsteep.
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The design of forebay is similar to that of thatsettling basin, in general except that exit

portion is replaced by a trash rack and penstodiaece area. The entrance to the penstock
should fully submerge in its design. The differpatts of the forebay; entrance bay or basin,
spillway, flushing sluice, screens, valve chamlyet eonduit or penstock gate.

5.5.2 DESIGN CONSIDERATION OF FOREBAY

The forebay has been designed for storing the waftguired for running the turbine for 3
minutes. Stored water is utilized while starting tarbine. The transition canal is provided for
lowering the velocity gradually. Forebay is consted immediately before the inlet of the
penstock pipe and started at the end of the headeal.

5.5.3 PROTECTION MEASURES OF FOREBAY

The forebay is located at a flat area which hasiheed as the cultivate area. The top of the
structure is above ground level. The downhill isyaded with retaining structures to ensure its
stability. The uphill side of it is provided wittatch drain. The excess water from the forebay is
allowed to spill form the spillway structure constred on it. This water is safely discharge to
the river using an open channel constructed fopthrpose.

Gates are used at its inlet and outlet for its epfration
5.6 PENSTOCK
5.6.1 GENERAL

The potential energy of the flow at the inlet chamis converted into the kinetic energy at the
turbine of a hydropower plant via the pipe knownpasstock. Water flows under pressure in
the penstock. The penstock has to fulfill varioeivgeability requirements for safe and reliable
operation of the plant. It has to bear a very lpgkssure caused due water hammer effect at the
sudden closure of the gate by governing mechanfstimecturbine. Penstock should be smooth
enough so as to result minimum head loss while ifigwwater and it should be corrosion
resistance from durability aspect. The thicknessukh be sufficient to resist hoop stress
developed by water hammer pressure and normalyrees®t exceeding the allowable stress.
Penstock alignment must be straight to avoid head &t bents and the extra cost of anchor
block unless it is mandatory by site condition. Tpenstock may be either embedded or
exposed as per topography, location of Surge TRokierhouse and construction easiness etc.

5.6.2 DESIGN CRITERIA FOR PENSTOCK

For a particular head and discharge, there mayeberal options for the size of penstock

according to continuity equation (Q=2%/). Also head loss increases squarely with increase
2

velocity as per Darcy-Weishbach equatid)m,:ng. So, a smaller size penstock saves cost of
g

construction material but the loss of energy du$s of head takes place and vice versa. Due
to this fact, we can deduce as optimum diametechvhiinimizes the total cost and the same is
adopted for the project. Water hammer pressurexaess of normal water pressure can be

: : : V.
expressed in equivalent water column heigh as; VC><E0

Where \, = Velocity of water in penstock,
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\¢ = Velocity of wave= /& K =
p

Where, K = Bulk Modulus of water
D = Diameter of penstock

t = thickness of penstock
E = Young's Modulus of elasticity oést
p = density of water.

Also, thickness of pipet :P%d; Where, P = total pressure in pipe and Permissible hoop
o

stress of steel in pipe.

If the penstock has to feed more than one turbuajous factors govern whether use
independent pipes in number equal to the equahé¢onb. of turbine or use one pipe and
bifurcate it at turbine inlet. Length from inletarhber to powerhouse, construction feasibility,
reliability, transportation and fabrication feadilgiare some important factors to be considered
for this.

5.6.3 OPTIMIZATION

Penstock is one of the costly and important strestun hydropower plant. The larger size
incurs more cost of the structure and a smallex saves the cost of structure but is associated
with increased head loss (which is ultimately tlosver loss). So, there is always an optimum
size of penstock for which the total cost of losd ¢the material is minimum. To seek this size,
optimization technique is used. Increase in sineldeo increase the thickness, as thickness is
directly proportional to diameter but this relatismo more valid as the water hammer pressure
decreases with increase in size. The optimizat®rarried out considering these aspects.
Optimization yielded the internal diameter and khiess of the penstock pipe.

5.6.4 PROTECTION WORKS FOR PENSTOCK

Penstock is very sensitive structure and its failig of fatal nature. Exposed penstock is
susceptible to temperature stress and hence, sheytdovided with expansion joints. Anchor
blocks are used to resist vertical and horizoradds in the penstock. They prevent the yielding
of penstock. Expansion joints are provided adjadenthem. To support at intermediate
locations and prevent bending stresses, slide blaok used. The inner surface of penstock is
galvanized and the outer surface is frequently tpdirto prevent from corrosion. Frequent
checking of the penstock should be done to engsireafe operation and to foresee the faults
before failure.

5.7 ANCHOR BLOCK AND SUPPORT PIERS
5.7.1 GENERAL

An anchor block is an encasement of penstock dedig¢m restrain the pipe movement and to
fix the pipe in place during installation and opema. Anchor blocks tend to prevent the
movement of the penstocks due to steady or trandmmces including expansion and
contraction forces and water hammer pressures. preyde necessary reaction to the dynamic
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forces at the bends. To provide the necessary dagrstability to the pipe assembly, anchor
blocks find their significance. Anchor blocks armeyded at all horizontal and vertical bends of
the pipe.

Support piers are used to support the pipes atnieiate points so as to prevent excessive
bending stresses in the pipe. They resist the wefthe pipe and water and resist the lateral
movement but allow the longitudinal movement of thipe. So, these blocks are lighter in
weight than anchor blocks and save the overall @fodte support action.

5.7.2 DESIGN PHILOSOPHY

Water flowing under pressure when diverted fromigtit path exerts pressure as the bends. To
resist various forces these blocks are designed.bltcks act as the massive structures and
work as the gravity dams. Sliding, Overturning,sien and crushing are to be checked for the
blocks.

5.7.3 PROVISION FOR SUPPORT PIERS

The support engages less than the full perimetémeopenstock, generally between 90 and 180
degrees of arc, and typically 120°. These are @ntpl construct than full perimeter ring girder
supports, but generally are spaced closer togdkizar the ring girders. It is usually spaced
between 6 to 8 m between the anchor blocks. Itossitucted of concrete 1:3:6. Design
procedure is same as that of the anchor blockerdytthe combination of load is different.

5.7.4 PROVISION OF EXPANSION JOINTS

Mechanical joints either expansion joint or bolséeleve type coupling is used in both exposed
and buried penstocks to accommodate the longitudimmewement caused by the temperature
changes and to facilitate the construction. Thentgoishall allow for movement where
differential settlement or deflections are antitgua

Expansion joint permit only the longitudinal movartge The joints are used primarily with
aboveground installations and are located betweesupports at the points where the penstock
deflections are of equal magnitude and directiohesk joints divide the barrel shell into
separate units, which are watertight, but strudijudiscontinuous. It should be provided just
below the anchor block. Length of the expansiontfF aAtL

5.7.5 CONSTRUCTION

Anchor blocks are the support of the penstock aaccanstructed to meet this purpose. As the
penstock is circular, the anchor blocks are mad#t thhe curve surface. Saddle supports are
used in it and a sufficient cover is provided abtheepipe for adequate fixity.

5.7.6 MODE OF FAILURE AND SAFETY AGAINST THEM

Anchor blocks are designed similar to the graviynd The blocks are to be designed to resist

overturning, sliding, crushing and tension failukefirm foundation is required for the blocks.
The blocks should be prevented from gulley erosioa to rain water.
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5.8 POWER HOUSE
5.8.1 GENERAL

Power house is one of the major components of ydeopower project. It is used to house the
electro-mechanical components. The switch gearfr@omoom, engineer's room, reception
room operator's accommodation are generally prowdéh it. Basically, there are two types of
powerhouse i.e. surface and underground powerh@iséace power house is cost effective
and is best suited when the power house is far dvway flood plane. On other hand, the
underground powerhouse is located inside the roaksnwhich makes it more stable against
flood effects and other external forces. Due toaugbund construction and high technological
methods, the underground powerhouse is highlyieogian surface ones. Some powerhouses
are located as semi-underground structures beinly pa surface and partly underground.

5.8.2 COMPONENTS OF POWERHOUSE

)  MACHINE HALL

It is a room in which the generating sets are ugw@atanged in a single line, the orientation of
which will be determined according to the arrangetrd@ the intake or penstock and of the
tailrace

I) AN UNLOADING AND ERECTION BAY
It is the bay in which the plant can subsequenglylismantled or reassembled.

) ANNEXES OF THE EXTENSION TO THE MACHINE HALL TO THE ELECTRICAL
EQUIPMENT HOUSE.

IV) PASSAGE OF DUCTS FOR CABLES AND BUS BARS AND PIPES.
V) WORKSHOP WITH BASIC MACHINE TOOLS

5.8.3 POWER HOUSE SIZE

Power house size mainly depends on the dischaegel, ltype of turbine and generator, number
of units and the general arrangement in the powasé The size of the power house should be
sufficient to house all the components. Sufficieetar space should be available for installation
of various components and for maintenance purpose.

5.8.3.1 HEIGHT OF POWER HOUSE

Height of power house is fixed by the dimensionsowafer turbine block and its superstructure.
Height of the lower turbine block from the foundaetito the floor of the machine hall is to be
determined by the thickness of foundation plateyatisions of the turbine. The height of the
power house should be sufficient for the instadlatof turbine, generator and shaft and gear
mechanism. There should be sufficient space forovein and overhaul of any of the
components without disturbing other componentsfiSet clear space is also provided for
crane operation etc.
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5.9 TAILRACE
5.9.1 GENERAL

Tailrace is the final civil structure that convetpe design flow from powerhouse back to the
river where it is disposed off. Open channels grepican be as tailrace structure. Often
adequate attention is not given to the design andtouction of the tailrace, probably because it
does not affect power production seriously. Howgeweich a practice can result inadequate
depth of the tailrace of the tailrace pit or erosid slopes which could threaten the power house
structure.

5.9.2 DESIGN CRITERIA

Design of the tailrace channel is similar to ththeadrace channel. Since head loss does not
need to be minimized a higher velocity can be atidwn tailrace channel. Note that at higher
velocities higher grade of concrete is requiredrdsist erosion. Reinforced concrete may
become economical for a steep channel. The dovamstend of tailrace must be protected so
that there is no danger of erosion either by therror by the flow from the tailrace. Ideally the
discharge should be disposed off over rock or ldrgelders. If erodible slopes exist in the
vicinity if the exit, a stilling basin may be reged to dissipate energy.
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6.0 COST ESTIMATION
6.1 GENERAL

This section of the report describes the methodolsgd for derivation of the project cost. The
estimate is the final and shall be considered whffe from the cost estimates as used in the
optimization study.

The costing of the project has been carried outhenbasis of feasibility study carried out by
consultants and experienced gained in this fieléreter possible. Current costs of equipment
and material have been acquired from manufactamssuppliers where possible. Where these
have not been available, costs have been takemedvesis of past projects carried out as well as
unit rate analysis appropriate for hydropower tge

The cost estimation has been carried out in paradln construction planning approach as
discussed in construction planning section as thesectivities are envisioned complementary
to each other.

All prices and cost data are calculated in US$ @rd/ersion rate is taken as NRs 75 per US$.
To arrive at the total project cost, the quantifyvarious items is estimated for each work
separately in accordance with the related drawings.

6.1.1 UNIT RATE ANALYSIS

Unit rate analysis for the various jobs has beeamiezh out as per the norms published by
Ministry of Physical Planning and Works, GovernmefitNepal. The rates of the locally
available materials such as sand, boulders, agg®gsoftwood and labors are taken from the
approved district rates by District Rate Fixatiomn@nittee for the running fiscal year.
Regarding electromechanical equipment costs, faiessmanufactures/suppliers is sought.

ASSUMPTIONS
The following criteria and assumptions are the $asthe cost estimate:

» The cost estimate and financial analysis have basad on the US dollar.
» The exchange rate used for cost estimate is US BIRs 75
* Price level of 2011,

The cost estimate has been made at the pricedéa€11. All costs have

been first estimated on unit cost basis for eacthefcomponents. These
have been added to obtain the entire project dastnp sum costs have been
allocated for components where a detailed breakdmvzosts is not available

or worthwhile.

. Material price and labour cost
Material costs reflect real costs incurred at otkjects of similar size or
having similar scope of works. The prices havenbesculated for 2011. It
is assumed that the bulk of the construction maltean be obtained in the

local market whereas some of the steel items draf #ie electromechanical
equipment need to be imported.

Semi-skilled, unskilled and some skilled manpowaer be available locally.
Indirect cost
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6.1.2 ENGINEERING AND MANAGEMENT FEES

The engineering and management fees have beemtallioas 15% of the total construction
cost that may be required for additional studidisgdetailed design and construction phase
management of the project to be carried out. T will cover the following activities:

» Further site investigation such as, topographigalesy of access road, and
transmission line.

* Preparation of tender stage design and documentaiio detailed engineering design.

« Contract and tendering.
* Management of procurement and project administatio

» Reviewing and approval of contractor submittal.
» Associated cost of owner for project management.

6.1.3 CONTINGENCY SUMS

The contingencies shall cover any unforeseen ¢wdtdould incur during detailed design
phase of the project as well as construction plofske project. The more information on
underground works and foundations beyond the lohthe investigations made during the
feasibility study shall be accounted for. The cogéncy rate for the project has been
allocated as 15% of the total cost.

6.1.4 VAT/TAXES AND DUTIES

The amount of VAT payable has been considered #sdf3he total project costs which
exclude equipment to be imported from outside agunt

Custom/duty, taxes and godown charge is lumpedhegand taken as 2.6% of the
estimated cost of the plant and equipment.

6.1.5 PROJECT COST ESTIMATE

The detail cost estimation of the project is présem Appendix. The total cost of the

project is represented below: 1 US$ = NRs 75
S.N Description Total Amount (US$)
1 Civil Works 2 ,832,397.16
2 Access road (LS) 150,000.00
3 Hydro mechanical cost (pipe and gates) 566,479.43
4 Land purchase 100,000.00
5 Electromechanical cost 1,500,000,
6 Transmission line cost 100,000
7 Project development cost 568.43
Sub Total 5,248,876.59
Engineering and Management cost(15% of Sub Total 787,331.49
Sub Total 6,036,208.08
Contingency (15% of Sub total) 905,431.21
Sub Total 6,941,639.29
VAT and Tax (13% of Sub Total) 902,413.11
Total Cost 7,844,052.39
Total cost of the project 7,8B2(3B9
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7.0 ECONOMIC AND FINANCIAL ANALYSIS

7.1 GENERAL

Economic and financial evaluation of the projeatasried out in order to determine viability of
the project. The financial analysis will evaluake tacceptability of investments made in the
HKHP as a source of energy supply from the viewpof developers. The technical feasibility
of the scheme has been established through studgdcaut on the technical aspect. Apart from
the technical, environmental and socio-economispket of the project, the financial analysis
provides the most important indicators for the atakility of the HKHP for investment. The
economical and financial evaluation is aimed atingjvpotential investors in the project an
overview of the risks and benefits associated Vii@ncing the project.

Financial evaluation uses the real term monetalyegaof the cost and benefits and is inclusive
of taxes transfers, duties and escalation. Thefiahevaluation concerns with the developer of
the project and its impact on its accounts. Hefroe) the perspective of a private developer,
financial evaluation is the most important aspddhe project to determine whether to finance
it or not.

The financial analysis consists of a cash flow miyrihe project life, a financial evaluation,
which suggests the payback period, benefit/cogi eaid the internal rate of return (IRR) of the
project. The economical analysis of the project besn carried out on the basis of 50 years
plant life.

7.2 PROJECT EVALUATION
7.2.1 ASSUMPTIONS

A financial analysis has been carried out for tasebcase on the basis of the following
assumptions:

« Project completion period: 3 years from commenciogstruction,

s Economic life of the project is 50 years.

+ Salvage value of the project at the end of the eoa life is zero.

% Annual operation and maintenance cost is estinZ#eaf the capital cost.

« Energy selling price is assumed to be NRs 8.404a8@ per kWh for dry energy and

wet energy respectively.
% Exchange rate of 1 US$ = NRs 75

7.2.2 PROJECT BENEFITS

For the financial analysis, the principal projeenbfits are revenues, which can be derived from
the operation of the project. In the analysis thnggortant economic indicators such as:
% Payback Period
+ Benefit Cost (B/C) ratio and
% Internal Rate of Return (IRR).
The result of the financial analysis has beendistetable below:

7.3 ECONOMIC ANALYSIS

Total cost of the project = NRs.59,07,78,930

Annual &M = 3% of capital cost
=NRs.1,77,23,370
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Annual income = NRs.7,89,16,765

1. Calculation of PayBack Period
PayBack Period = TotalCost ~ _ 590778330 _

Annualincome 78916765
[l1PayBack Period = 7.5 yrs

yrs

2. Calculation of IRR
Using the net present worth NPW =0

(i+1*°-1
59,07,78,930=7,89,16,78%5~———-—
ii +1)
0i=013
LUIRR=13%
3. Calculation of B/C ratio
Assuming MARR = 10%

Modified B/C ratio =2(B)~ ééo &M)

A (B) = NRs. 7,89,16,765
A (O&M) = NRs. 1,77,23,370
CR = Capital Recovery
0.1x (0.1+1)*
(01+D)>* -1
= NRs.59,58,545
78916765—- 17723370 _

Modified B/C ratio = =103>1
5958545

Hence the project is feasible.

=59,07,78,9

The detailed cash flow diagram is shown in Appendix
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8.0 PROJECT PLANNING AND SCHEDULING
8.1 GENERAL

Project generates itself from ideas, which mustdmhnically feasible, economically viable,
politically suitable and socially acceptable. Wilie increasing complexity of larger projects,
necessity for better planning and scheduling ise@sing. For the success of any project it is
necessary that the objectives and time schedutadcsbe defined with reference to attainable
targets, taking into account all the problems aificdlties which may be existing at the time
of drawing up of the plan or during the course ongtruction period. The proper planning of
any project is essential to achieve the real goal.

8.2 PLANNING

Planning in general is the process of establisiirgect goals and the ways of achieving the
goals. It is a predetermined course of action ttaken in future. Project planning is a decision
planning must be systematic, flexible enough todkarunique activities. Comprehensive
project planning covers the following areas:

» Planning the project work

* Planning the human resources and organization
* Planning the financial resources

* Planning the information system

Planning aims at achieving the project completimaking the most effective use of time and
resources. Project planning requires both the dpea and strategic thinking and decision
making. It is characterized by creativity, innoeati and ability to think rationally and
prospectively.

Project planning is a multi stage process and enatexd as:
» Establishment of objectives
* Identify the key factors of the project
* Identification of key elements of projects
» Establishing the logical sequencing of activities.
+ Identification of time and resources
* Assignment of responsibilities
» Finalize project plan.

For the successful run of the project, certain tgreent such as access road, temporary
camps, facilities for drinking water, light sholdd provided on the project site before the actual
construction starts. The construction work sho@dtarted after enough operations are lined up
and definite commitments are made for arrival ofarial and equipments.

8.2.1 PHASE OF CONSTRUCTION

In the hydropower construction, the hydropower planstruction only is not solely a project
work. Before the construction of the power planfrastructure required for the project such as
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access road, bridge, temporary camps for workssketuld be developed. These all works
should be scheduled and proceed on phase wise.

General phase of project construction can be suimethas:
» Access road construction
» Construction of camp
» Construction of all civil works

* Electromechanical works
8.3 PROJECT SCHEDULING

The project scheduling is done immediately aftemplng work is completed, approved, the
budget estimate is prepared and the detailed detggdering and the master plan is more or
less finalized. The schedule of the constructiomk&as a very important aspect of the project
as it ensures not only the timely completion of {m®ject to comply with the energy
requirements of the nation but also to have a teetadea on the cash flow patterns of the
project. The management of finance as well as attsvurces like equipments, material, and
manpower for the project implementation largelyetegs on the schedule of construction.

While scheduling the project, the project actiatare identified and their proper technological
sequences and the anticipated time duration fdr ehthe activities are estimated.

Due to the innumerable activities interdependentinather in the project, it is necessary to
make the schedule in a systematic way for easyrataiwling and reference. The widely used
techniques are; a) Bar Chart b) Network Analysis

8.3.1 PROJECT SCHEDULE OF HEWA PROJECT

This section of the report describes the anticgbatenstruction technology that could be
applied to undertake different construction sitéhat possible shortest span of the construction
time. As it is envisioned that the constructiortlod project could be completed within 2 years
time but it will depend on the commencement ofdbestruction. If the construction is schedule
on season, it is possible to complete the construdah two years period, otherwise off season
start delay for another six months. It is therefen@isioned that the construction of the project
will be completed within or maximum of two and hedvyears. Construction schedule has been
prepared accordingly for the major constructionvéets and where possible minor activities
areas are also taken into account. Critical acwias well as milestone have been identified.
The construction schedule of the project is shawAppendix.
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9.0 CONCLUSION AND RECOMMENDATION

The project is located at BharpaVDC of Panchathatriot. All project components lie on
right bank of the Hewa Khola and spread withinkh¥stretches. The Hewa Khola is a snow
fed river originates from Higher Himalayan.

The high flood at intake site for 100 years refpeniod is estimated as 372/sec while the
design discharge for 40 percentile is estimatefl&srt/sec. the total power generated is 3.8
MW and total energy of 16.08 GWh.

The project is expected to be completed at codtR$.59,07,78,930 and will be completed
within 3 years time. Based on the financial analydithe project, the project is found to be
attractive in economic terms for a minimum sellipgce of 8.40 NRs/kWh and 4.80

NRs/kWh for dry and wet energy respectively. Thghaak period of the project is found to

be 7.5 yrs and B/C ratio and IRR of the projedbisnd as 1.03 and 13% respectively.

The project is found technically attractive, finedly sound and environmental friendly.
The following recommendations are made as:

I.  The analysis of various types of hydraulic struesusuch as weir, intake, gravel trap,

settling basin, forebay, penstock should be cdsefidne.

ii.  Detail investigation of construction material wifstematic sampling and estimation
of quantities of impervious core, sand and coagsgegate are recommended.

iii.  The in situ and laboratory test of rock and soiafious site are recommended to get
further geo-technical properties of rock and soitietail.

iv. Itis recommended to carry out detail investigatidrilood hazards around proposed
project site.
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Station number  : Terathum Latitude| 2708
Index No. 1314 Longitude| 8733
Estd date Elevation| 1633
District Terathum Zone
Monthly and Annual Precipitation
Y ear Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. [ Annual | Monsoon
1997 20.80 4.80 13.20 118.80 | 156.90 | 155.90 | 137.70 | 319.20 | 261.9 19.60 0.00 61.60 | 1270.40 | 874.70
1998 0.00 7.60 72.80 102.00 | 115.20 | 309.40 | 217.20 | 328.90 173.80 3.00 25.40 0.00 1355.30 | 1029.30
1999 0.00 0.00 2.90 14.40 170.00 | 354.80 | 307.90 | 195.30 48.80 97.20 0.00 10.60 | 1201.90 | 906.80
2000 0.00 45.80 4.80 90.70 0.00 128.60 88.20 196.90 61.40 3.00 2.20 0.00 621.60 475.10
2001 100.20 0.00 0.00 124.20 | 204.60 83.60 165.80 | 190.90 175.30 | 126.70 | 0.00 0.00 1171.30 | 615.60
2002 14250 | 250 | 3200 | 69.70 | 108.80 | 175.40 | 297.20 | 207.20 | 49.50 0.00 0.00 0.00 | 1084.80 | 729.30
2003 14.60 6.30 37.60 87.30 85.10 313.00 | 278.40 | 165.10 117.50 | 69.50 0.00 39.80 | 1214.20 | 874.00
2004 14.60 6.30 | 37.60 | 87.30 85.10 | 313.00 | 278.40 | 165.10 | 117.50 | 69.50 | 0.00 | 39.80 | 1214.20 | 874.00
2005 0.00 0.00 5.20 33.20 | 135.60 | 107.70 | 209.00 | 194.60 | 34.40 0.00 0.00 0.00 | 719.70 | 545.70
2006 0.00 0.00 24.80 185.00 | 130.80 | 204.00 | 283.80 | 278.70 | 283.30 7.40 0.00 12.20 | 1410.00 | 1049.80
Mean 29.27 733 | 2309 | 91.26 | 119.21 | 21454 | 226.36 | 224.19 | 132.34 | 3959 | 2.76 | 16.40 | 1126.34 | 797.43
M ax 14250 | 45.80 | 72.80 | 185.00 | 204.60 | 354.80 | 307.90 | 328.90 | 283.30 | 126.70 | 25.40 | 61.60 | 1410.00 | 1049.80
Min 0.00 0.00 0.00 14.40 0.00 83.60 88.20 | 165.10 | 34.40 0.00 0.00 0.00 | 621.60 | 475.10
Station number  : Legang Latitude| 2644
Index No. 1326 Longitude| 8730
Estd date Elevation| 250
District Morang Zone
Monthly and Annual Precipitation
Y ear Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. [ Annual | Monsoon
2001 0.00 0.00 7.40 80.70 207.20 | 356.40 | 655.90 | 442.40 | 519.8 367.40 | 1.80 0.00 2639.00 | 1974.50
2002 48.30 260 | 29.20 | 64.10 | 181.10 | 189.60 | 1154.00( 331.30 | 203.50 | 95.70 | 0.00 0.10 | 2299.50 | 1878.40
2003 31.50 37.30 | 49.60 89.30 88.70 476.10 | 914.20 | 319.10 | 257.70 | 192.30 | 11.30 | 34.50 | 2501.60 | 1967.10
2004 30.00 0.00 19.70 207.10 81.70 316.20 | 958.20 | 246.50 | 476.70 | 276.00 | 0.00 0.00 2612.10 | 1997.60
2005 26.60 6.00 | 5560 | 69.90 | 100.70 | 355.70 | 398.90 | 766.50 | 158.70 | 92.30 | 0.00 0.00 | 2030.90 | 1679.80
2006 0.00 3.00 5.50 80.30 160.80 | 327.50 | 373.20 | 273.30 | 472.60 | 232.50 | 1.00 0.00 1929.70 | 1446.60
Mean 22.73 815 | 27.83 | 9857 | 136.70 | 336.92 | 74240 | 396.52 | 348.17 | 209.37 | 2.35 5.77 | 2335.47 | 1824.00
M ax 48.30 | 37.30 | 55.60 | 207.10 | 207.20 | 476.10 | 1154.00( 766.50 | 519.80 | 367.40 | 11.30 | 34.50 | 2639.00 | 1997.60
Min 0.00 0.00 5.50 64.10 81.70 | 189.60 | 373.20 | 246.50 | 158.70 | 92.30 | 0.00 0.00 | 1929.70 | 1446.60




Station number  : Lungthung Latitude| 2733
Index No. 1403 Longitude| 8747
Estd date Elevation| 1780
District Taplejung Zone
Monthly and Annual Precipitation
Y ear Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. [ Annual | Monsoon
1997 23.70 21.00 95.50 161.40 55.30 246.00 | 546.10 | 492.20 | 478.6 60.80 | 22.10 | 63.20 | 2265.90 | 1762.90
1998 0.00 28.40 65.30 80.20 155.10 | 382.20 | 559.00 | 572.20 | 346.80 | 289.00 | 25.80 2.20 2506.20 | 1860.20
1999 9.80 3.00 38.80 122.50 | 365.80 | 402.40 | 654.80 | 527.40 | 457.10 | 198.70 | 9.10 2.00 2791.40 | 2041.70
2000 12.50 18.00 63.60 89.70 268.10 | 375.10 | 736.50 | 714.80 | 322.60 | 49.00 | 11.80 0.00 2661.70 | 2149.00
2001 3.70 68.30 59.50 216.70 | 246.30 | 347.90 | 425.90 | 616.60 | 444.60 | 192.80 | 9.10 4.00 2635.40 | 1835.00
2002 20.70 8.40 95.60 186.50 | 178.60 | 362.30 | 622.70 | 586.90 | 229.30 | 54.20 1.10 4.90 2351.20 | 1801.20
2003 27.20 90.20 | 124.60 | 125.20 | 159.10 | 265.60 | 806.60 | 660.90 | 556.90 | 151.50 | 32.50 0.80 3001.10 | 2290.00
2004 28.50 8.90 27.20 97.20 241.90 | 300.10 | 543.00 | 664.70 | 402.80 | 321.90| 4.00 2.30 2642.50 | 1910.60
2005 33.90 42.80 61.40 55.70 187.70 | 254.10 | 57490 | 678.70 | 283.80 | 77.30 1.00 0.00 2251.30 | 1791.50
2006 0.00 31.60 77.20 59.30 190.80 | 356.50 | 376.10 | 390.60 | 282.50 | 69.10 | 13.50 | 14.20 | 1861.40 | 1405.70
Mean 16.00 | 32.06 | 70.87 | 119.44 | 204.87 | 329.22 | 584.56 | 590.50 | 380.50 | 146.43 | 13.00 | 9.36 | 2496.81 | 1884.78
M ax 33.90 | 90.20 | 124.60 | 216.70 | 365.80 | 402.40 | 806.60 | 714.80 | 556.90 | 321.90 | 32.50 | 63.20 | 3001.10 | 2290.00
Min 0.00 3.00 | 27.20 | 55.70 55.30 | 246.00 | 376.10 | 390.60 | 229.30 | 49.00 | 1.00 0.00 | 1861.40 | 1405.70
Station number  : Taplethok Latitude| 2721
Index No. 1404 Longitude| 8740
Estd date Elevation| 1732
Digtrict Taplejung Zone
Monthly and Annual Precipitation
Y ear Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. | Annual | Monsoon
1997 25.50 51.20 | 41.00 222.70 | 183.10 | 427.90 | 503.70 | 677.10 | 620.2 35.90 | 10.30 | 66.80 | 2865.40 [ 2228.90
1998 28.2 126.9 114.8 225.8 469.8 623.3 779.2 385.8 185.1 111 0| 2950.00 | 2258.10
1999 8.00 0.00 29.50 138.20 | 425.70 | 413.50 | 808.60 | 686.30 | 450.40 | 209.10 | 10.70 | 15.50 | 3195.50 | 2358.80
2000 9.20 15.70 66.80 197.80 | 287.10 | 381.20 | 679.80 | 897.10 | 325.50 | 74.40 | 10.30 0.00 2944.90 | 2283.60
2001 5.80 36.80 56.30 256.30 | 335.40 | 418.10 | 419.10 | 535.90 | 496.30 | 160.70 | 26.10 | 12.40 | 2759.20 | 1869.40
2002 21.10 9.60 94.50 121.00 87.40 207.70 | 528.20 | 458.00 90.90 23.30 0.00 0.00 1641.70 | 1284.80
Mean 11.60 | 2358 | 69.17 | 175.13 | 257.42 | 386.37 | 593.78 | 672.27 | 394.85 | 114.75 | 11.42 | 15.78 | 2726.12 | 2047.27
M ax 2550 | 51.20 | 126.90 | 256.30 | 425.70 | 469.80 | 808.60 | 897.10 | 620.20 | 209.10 | 26.10 | 66.80 | 3195.50 | 2358.80
Min 0.00 0.00 | 2950 | 114.80 | 87.40 | 207.70 | 419.10 | 458.00 | 90.90 | 23.30 | 0.00 0.00 | 1641.70 | 1284.80




Station number  : Himaligaun Latitude| 2653
Index No. 11410 Longitude| 8802
Estd date Elevation| 1654
District : llam Zone
Monthly and Annual Precipitation
Y ear Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. [ Annual | Monsoon
1997 0.00 5.00 44.00 106.60 | 151.50 | 415.70 | 593.20 | 375.80 | 516.5 25.30 3.00 10.50 | 2247.10 | 1901.20
1998 0.00 4.30 144.50 | 197.50 | 119.10 | 355.50 | 909.20 | 626.20 | 278.80 | 85.10 | 14.20 0.00 2734.40 | 2169.70
1999 4.20 0.00 2.00 51.60 222.60 | 506.30 | 701.30 | 751.10 | 329.50 | 143.20| 0.00 8.00 2719.80 | 2288.20
2000 0.00 18.70 0.00 104.10 | 370.70 | 395.30 | 580.40 | 513.10 | 268.30 | 23.00 6.50 0.00 2280.10 | 1757.10
2001 0.00 13.00 6.50 62.20 290.00 | 358.20 | 400.00 | 347.40 | 368.20 | 366.10 | 0.00 0.00 2211.60 | 1473.80
2002 36.80 0.00 39.20 77.50 114.00 | 369.30 | 919.90 | 467.90 | 287.90 7.30 2.10 0.00 2321.90 | 2045.00
2003 18.30 39.50 65.40 75.90 106.30 | 717.50 | 963.90 | 429.60 | 236.90 | 118.50 | 8.80 39.00 | 2819.60 | 2347.90
2004 26.00 0.00 41.00 129.20 | 199.20 | 559.90 | 627.00 | 156.50 | 241.40 | 58.70 0.00 0.00 2038.90 | 1584.80
2005 17.30 8.50 25.40 98.30 40.00 397.60 | 487.00 | 678.70 100.90 | 112.40 | 0.00 0.00 1966.10 | 1664.20
2006 0.00 5.00 44.00 106.60 | 151.50 | 415.70 | 593.20 | 375.80 | 516.50 | 25.30 3.00 10.50 | 2247.10 | 1901.20
Mean 10.26 940 | 41.20 | 100.95 | 176.49 | 449.10 | 677.51 | 47221 | 31449 | 96.49 | 3.76 6.80 | 2358.66 | 1913.31
M ax 36.80 | 39.50 | 144.50 | 197.50 | 370.70 | 717.50 | 963.90 | 751.10 | 516.50 | 366.10 | 14.20 | 39.00 | 2819.60 | 2347.90
Min 0.00 0.00 0.00 51.60 40.00 | 355.50 | 400.00 | 156.50 | 100.90 [ 7.30 0.00 0.00 | 1966.10 | 1473.80
Station number  : Sanischare Latitude| 2641
Index No. : 1415 Longitude| 8758
Estd date Elevation 168
Digtrict : Jhapa Zone
Monthly and Annual Precipitation
Y ear Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. [ Annual | Monsoon
1997 0.00 0.00 7.60 33.80 194.00 | 354.20 | 689.70 | 356.60 | 364.2 246.60 | 4.80 5.00 2256.50 | 1764.70
1998 0.00 1.20 122.40 | 107.20 83.20 756.60 | 1052.00 | 872.40 | 342.40 | 88.20 0.00 0.00 3425.60 | 3023.40
1999 0.00 0.00 7.00 66.00 140.20 | 439.30 | 661.00 | 1005.00 | 384.00 | 162.60 | 34.50 0.00 2899.60 | 2489.30
2000 0.00 16.60 0.00 166.70 | 431.20 | 627.60 | 825.40 | 762.90 177.00 | 73.60 | 23.20 0.00 3104.20 | 2392.90
2001 0.00 12.60 9.00 60.60 258.40 | 372.40 | 555.40 | 424.10 | 535.20 | 518.90 | 109.60 | 0.00 2856.20 | 1887.10
2002 49.80 0.00 32.80 83.00 184.00 | 415.40 | 1135.70 | 314.80 | 226.60 | 129.00 | 0.00 0.00 2571.10 | 2092.50
2003 10.00 53.50 30.20 46.40 62.60 545.20 | 1221.20| 515.00 | 408.60 | 244.70 | 0.00 0.00 3137.40 | 2690.00
2004 22.60 0.00 13.40 130.60 | 112.80 | 492.40 | 986.00 | 392.10 | 330.30 | 252.40 | 0.00 6.60 2739.20 | 2200.80
2005 34.20 8.60 43.30 74.00 99.00 231.20 | 458.80 | 639.80 110.20 | 92.40 0.00 6.60 1798.10 | 1440.00
2006 0.00 0.00 7.60 33.80 194.00 | 354.20 | 689.70 | 356.60 | 364.20 | 246.60 | 4.80 5.00 2256.50 | 1764.70




Mean 11.66 925 | 27.33 | 80.21 | 175.94 | 458.85 | 827.49 | 563.93 | 324.27 | 205.50 | 17.69 | 2.32 | 2704.44 | 2174.54
M ax 49.80 | 53.50 | 122.40 | 166.70 | 431.20 | 756.60 | 1221.20 | 1005.00 | 535.20 | 518.90 | 109.60 | 6.60 | 3425.60 | 3023.40
Min 0.00 0.00 0.00 33.80 62.60 | 231.20 | 458.80 | 314.80 | 110.20 | 73.60 | 0.00 0.00 | 1798.10 | 1440.00
Station number  : Memeng jagat Latitude| 2712
Index No. 1406  Representative station Longitude| 8756
Estd date Elevation| 1830
District : Panchthar Zone
Monthly and Annual Precipitation
Y ear Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. | Annual | Monsoon
1997 19.10 34.70 26.10 112.00 | 169.00 | 421.90 | 369.50 | 348.80 | 437.7 36.00 2.30 | 138.50 | 2115.60 | 1577.90
1998 2.50 6.80 83.70 179.30 | 232.50 | 381.80 | 519.90 | 617.20 | 281.60 | 43.70 | 13.20 0.40 2362.60 | 1800.50
1999 9.60 0.00 6.40 47.30 307.80 | 291.80 | 366.40 | 489.30 | 214.90 | 194.50 | 9.60 26.70 | 1964.30 | 1362.40
2000 34.80 0.30 16.80 101.70 | 368.50 | 290.20 | 377.90 | 591.70 | 207.80 | 79.70 | 14.60 0.00 2084.00 | 1467.60
2001 0.00 27.10 23.50 164.70 | 403.20 | 201.90 | 200.70 | 387.30 | 304.00 | 148.80 | 11.50 1.70 1874.40 | 1093.90
2002 59.70 6.80 97.60 221.40 | 333.30 | 268.80 | 721.40 | 362.10 198.00 | 37.10 7.30 14.50 | 2328.00 | 1550.30
2003 65.60 77.20 60.70 134.00 | 106.20 | 652.80 | 583.80 | 521.70 | 385.10 | 71.40 0.00 38.20 | 2696.70 | 2143.40
2004 41.90 16.20 33.40 310.90 | 191.40 | 312.50 | 422.80 | 276.70 | 356.90 | 130.00 | 10.00 0.00 2102.70 | 1368.90
2005 1.10 48.00 | 105.30 80.10 170.50 | 243.50 | 403.10 | 500.30 142.40 | 129.00 | 1.20 0.00 1824.50 | 1289.30
2006 0.00 12.50 21.70 142.80 | 201.80 | 336.00 | 359.50 | 439.80 | 383.20 | 70.50 9.00 29.50 | 2006.30 | 1518.50
Mean 2343 | 2296 | 4752 | 149.42 | 24842 | 340.12 | 43250 | 45349 | 291.16 | 94.07 | 7.87 | 2495 | 213591 | 1517.27
M ax 65.60 | 77.20 | 105.30 | 310.90 | 403.20 | 652.80 | 721.40 | 617.20 | 437.70 | 194.50 | 14.60 | 138.50 | 2696.70 | 2143.40
Min 0.00 0.00 6.40 47.30 | 106.20 | 201.90 | 200.70 | 276.70 | 142.40 | 36.00 | 0.00 0.00 | 1824.50 | 1093.90
Station number  : Damak Latitude| 2640
Index No. 1408 Longitude| 8742
Estd date Elevation 163
Digtrict : Jhapa Zone
Monthly and Annual Precipitation
Y ear Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. | Annual | Monsoon
1997 0.00 10.80 18.00 66.90 133.40 | 369.80 | 428.30 | 266.30 | 690.6 2.00 0.00 58.50 | 2044.60 | 1755.00
1998 94.20 5.40 85.50 122.10 | 151.30 | 522.80 | 919.40 | 834.20 153.00 | 148.10 | 22.90 0.00 3058.90 | 2429.40
1999 0.00 0.00 0.00 12.80 243.60 | 372.00 | 843.90 | 798.30 | 372.00 | 81.30 | 16.90 0.00 2740.80 | 2386.20
2000 21.00 17.70 0.00 122.50 | 349.80 | 740.60 | 600.30 | 888.50 | 228.00 | 61.30 | 30.50 0.00 3060.20 | 2457.40
2001 0.00 0.00 16.30 79.00 174.60 | 179.10 | 282.00 | 437.00 | 582.00 | 462.00 | 13.60 0.00 2225.60 | 1480.10
2002 64.20 3.10 35.20 125.30 | 137.30 | 313.00 | 931.70 94.60 124.60 | 49.20 0.00 0.00 1878.20 | 1463.90
2003 10.30 34.80 28.90 49.90 113.30 | 364.30 | 791.70 | 244.50 | 240.10 | 102.50 | 0.00 69.50 | 2049.80 | 1640.60




2004 32.00 0.00 12.50 112.60 | 198.70 | 329.90 | 766.90 | 220.40 | 437.30 | 199.20 | 1.80 0.00 2311.30 | 1754.50
2005 9.70 7.60 80.90 54.30 76.40 214.30 | 273.30 | 748.10 113.90 | 77.10 0.00 0.00 1655.60 | 1349.60
2006 0.00 16.30 7.40 105.80 | 160.90 | 383.10 | 426.10 | 173.30 | 354.60 | 115.50 | 19.50 0.00 1762.50 | 1337.10
Mean 23.14 957 | 2847 | 8512 | 173.93 | 378.89 | 626.36 | 470.52 | 329.61 | 129.82 | 10.52 | 12.80 | 2278.75 | 1805.38
M ax 94.20 | 34.80 | 8550 | 125.30 | 349.80 | 740.60 | 931.70 | 888.50 | 690.60 | 462.00 | 30.50 | 69.50 | 3060.20 | 2457.40
Min 0.00 0.00 0.00 12.80 76.40 | 179.10 | 273.30 | 94.60 | 113.90 | 2.00 0.00 0.00 | 1655.60 | 1337.10
Station number  : Kanyam tea state Latitude| 2652
Index No. 11416 Longitude| 8804
Estd date Elevation| 1678
District s llam Zone
Monthly and Annual Precipitation
Y ear Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. [ Annual | Monsoon
1972 0.00 0.00 0.00 0.00 168.70 | 427.20 | 780.50 | 671.00 | 569.5 80.00 | 15.00 0.00 2711.90 | 2448.20
1973 18.50 25.00 10.00 13.00 304.50 | 731.00 | 504.00 | 543.50 | 373.50 | 504.00 | 45.00 2.00 3074.00 | 2152.00
1974 29.00 0.00 34.00 100.00 | 215.00 | 417.00 | 1314.00| 708.00 | 404.00 | 88.00 0.00 12.50 | 3321.50 | 2843.00
1975 10.00 9.50 3.00 62.50 246.00 | 1006.50 | 1096.00 | 333.00 | 669.00 | 140.50 | 0.00 1.00 3577.00 | 3104.50
1976 54.50 66.00 0.00 79.50 167.00 | 502.00 | 493.50 | 1014.50 | 452.50 | 30.50 4.00 0.00 2864.00 | 2462.50
1977 7.00 9.00 53.50 153.90 | 243.40 | 279.60 | 720.20 | 615.50 | 373.50 | 238.40 | 66.20 | 57.00 | 2817.20 | 1988.80
1978 11.00 15.50 91.80 65.50 270.40 | 675.50 | 851.40 | 576.40 | 407.10 | 46.60 | 28.60 1.70 3041.50 | 2510.40
1979 5.10 72.40 1.50 130.80 | 212.00 | 357.70 | 1054.20 | 524.20 | 258.10 | 179.00 | 22.40 | 196.50 | 3013.90 | 2194.20
1980 5.70 25.10 | 43.40 14.60 240.80 | 489.00 | 896.30 | 686.50 | 396.10 | 178.20 | 0.00 0.00 2975.70 | 2467.90
1981 30.80 13.60 | 101.30 | 169.60 | 415.10 | 374.90 | 1003.30| 616.60 | 317.00 0.50 8.60 0.00 3051.30 | 2311.80
1982 0.00 18.60 | 44.50 180.40 71.50 555.00 | 532.30 | 259.00 | 414.60 | 138.40 | 22.10 0.00 2236.40 | 1760.90
1983 24.50 36.70 12.60 51.10 266.10 | 584.10 | 1283.30| 356.60 | 557.00 | 60.40 0.00 17.40 | 3249.80 | 2781.00
1984 32.90 29.00 3.60 204.30 | 233.20 | 899.80 | 925.60 | 441.50 | 813.00 | 79.20 0.00 0.70 3662.80 | 3079.90
1985 0.00 26.30 36.90 51.50 139.50 | 305.80 | 1151.30| 430.90 | 411.50 | 586.20 | 7.80 41.40 | 3189.10 | 2299.50
1986 0.70 1.10 8.60 163.20 | 192.80 | 521.70 | 526.00 | 587.90 | 839.70 | 94.20 | 21.00 5.50 2962.40 | 2475.30
1987 3.90 38.60 94.00 89.60 170.10 | 409.50 | 1152.50 | 1356.50 | 622.70 | 325.90 | 0.70 19.70 | 4283.70 | 3541.20
1988 6.80 32.20 77.60 62.80 253.80 | 451.50 | 1115.20 | 1229.10 | 339.50 9.40 0.00 3.80 3581.70 | 3135.30
1989 56.40 52.50 | 47.90 17.50 644.00 | 852.60 | 779.30 | 495.10 | 909.10 | 98.90 | 38.10 | 18.20 | 4009.60 | 3036.10
1990 1.00 84.60 96.20 113.90 | 360.50 | 549.50 | 809.30 | 600.50 | 732.60 | 137.90 | 0.00 0.00 3486.00 | 2691.90
1991 69.00 0.00 57.40 35.30 145.50 | 919.10 | 578.20 | 554.30 | 983.60 6.60 0.00 37.60 | 3386.60 [ 3035.20
1992 15.90 42.30 0.00 79.10 120.20 | 584.20 | 901.60 | 517.60 | 321.50 | 130.80 | 0.00 6.10 2719.30 | 2324.90
1993 24.70 590 | 44.00 | 5250 | 317.30 | 504.90 | 663.20 | 678.80 | 481.10 | 78.00 | 36.60 | 0.00 | 2887.00 | 2328.00
1994 60.20 | 29.90 | 27.80 | 26.20 | 128.10 | 645.40 | 507.90 | 488.30 | 350.30 | 0.00 0.00 0.20 | 2264.30 | 1991.90
1995 1210 | 23.80 | 43.20 | 27.60 | 11520 | 870.30 [ 996.60 | 583.20 | 833.70 | 24.90 | 319.90| 20.20 | 3870.70 | 3283.80
1996 52.70 6.60 6.80 49.20 | 183.80 | 663.30 | 1214.60| 780.90 | 251.00 | 227.80 [ 0.00 0.00 | 3436.70 | 2909.80




1997 5.00 16.00 [ 19.00 | 139.20 | 149.90 | 446.00 | 556.50 | 830.50 | 862.60 [ 2.60 | 127.20| 81.40 | 3235.90 | 2695.60
1998 0.00 0.60 | 201.70 | 243.10 | 158.60 | 578.20 | 1226.60| 736.10 | 352.20 | 57.30 | 24.60 | 14.60 | 3593.60 | 2893.10
1999 0.00 0.00 0.00 112.20 | 444.00 | 660.70 | 521.50 0.00 0.00 0.00 0.00 0.00 | 1738.40 | 1182.20
2000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 13.40 | 29.20 | 14.60 | 0.00 57.20 13.40
2001 0.00 28.60 | 6.40 74.20 | 301.20 | 624.10 | 421.20 | 383.00 | 338.40 | 286.40| 0.00 0.00 | 2463.50 | 1766.70
2002 31.60 200 | 47.20 | 111.00 | 147.00 | 685.60 | 1152.40( 385.10 | 182.40 | 75.40 | 0.00 0.00 | 2819.70 | 2405.50
2003 12.00 8.70 49.20 67.40 167.60 0.00 0.00 602.90 | 332.30 | 212.20 | 0.80 27.80 | 1480.90 | 935.20
2004 28.00 040 | 30.20 | 129.00 | 207.60 | 622.00 | 713.30 | 282.90 | 296.20 | 119.40| 0.00 0.00 | 2429.00 | 1914.40
2005 19.00 | 12.00 | 53,50 | 59.10 80.40 | 425.60 | 668.20 | 738.10 | 134.40 | 145.00| 0.00 0.00 | 2335.30 | 1966.30
2006 0.00 5.20 22.60 117.30 | 200.80 | 430.60 | 688.00 | 604.40 | 723.00 | 21.00 3.80 23.80 | 2840.50 | 2446.00
Mean 1794 | 21.08 | 39.13 | 87.03 | 21947 | 544.28 | 794.23 | 577.50 | 466.17 | 126.65 | 23.06 | 16.83 | 2933.37 | 2382.18
M ax 69.00 | 84.60 | 201.70 | 243.10 | 644.00 | 1006.50 | 1314.00 | 1356.50 | 983.60 | 586.20 | 319.90 | 196.50 | 4283.70 | 3541.20
Min 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 57.20 13.40
Station number  : Phidim(Panchthar) Latitude| 2709
Index No. 1419 Longitude| 8745
Estd date Elevation| 1205
District : Panchther Zone
Monthly and Annual Precipitation
Y ear Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. | Annual | Monsoon
1982 0.00 13.80 27.70 114.10 78.40 168.60 | 330.20 | 199.90 131.9 38.50 | 43.20 0.00 1146.30 | 830.60
1983 15.40 6.50 11.60 89.80 153.80 | 147.90 | 407.80 | 229.40 198.90 | 54.00 0.00 36.60 | 1351.70 | 984.00
1984 11.60 12.70 15.20 124.00 | 216.70 | 223.60 | 332.70 | 184.00 | 331.20 4.20 0.00 1.70 1457.60 | 1071.50
1985 8.40 12.50 4.00 46.50 193.70 | 136.10 | 422.00 | 179.90 | 213.80 | 92.30 | 20.80 | 28.30 | 1358.30 | 951.80
1986 0.00 10.20 22.50 128.10 | 122.90 87.70 377.60 | 269.90 | 211.90 | 71.70 9.80 12.40 | 1324.70 | 947.10
1987 0.00 25.90 94.40 107.20 97.70 157.30 | 289.60 | 311.70 | 298.50 | 179.80 | 0.00 7.00 1569.10 | 1057.10
1988 0.00 21.00 73.80 64.30 118.10 96.30 281.80 | 449.40 113.80 | 14.10 9.00 17.30 | 1258.90 | 941.30
1989 79.20 52.90 74.90 14.70 192.80 | 253.70 | 446.40 | 189.60 | 236.60 3.70 3.40 0.00 1547.90 | 1126.30
1990 0.00 74.00 84.30 81.40 265.40 | 257.50 | 339.20 | 299.10 | 225.80 | 18.20 0.00 0.00 1644.90 | 1121.60
1991 39.60 0.00 49.20 60.90 243.50 | 346.60 | 255.70 | 435.00 | 339.50 0.00 0.00 6.30 1776.30 | 1376.80
1992 0.00 14.70 0.00 45.80 81.80 228.70 | 341.50 | 239.30 171.70 | 50.40 0.00 37.10 | 1211.00 | 981.20
1993 26.60 8.70 24.50 122.40 | 132.80 | 129.00 | 235.40 | 370.00 175.10 | 52.10 9.00 0.00 1285.60 | 909.50
1994 38.00 32.50 38.00 67.30 60.50 185.50 | 201.00 | 207.50 150.70 0.00 20.50 0.00 1001.50 | 744.70
1995 10.80 28.90 25.70 48.20 64.90 227.20 | 469.20 | 230.20 111.50 | 14.50 | 127.50| 13.50 | 1372.10 | 1038.10
1996 35.50 8.00 31.50 26.70 239.20 | 230.80 | 347.20 | 303.20 167.20 | 40.50 0.00 0.00 1429.80 | 1048.40
1997 21.00 4.70 17.80 94.20 148.50 | 115.80 | 248.70 | 397.40 | 235.90 | 25.80 3.80 52.80 | 1366.40 | 997.80
1998 5.00 66.80 | 127.50 | 127.50 | 178.80 | 182.10 | 407.50 | 352.20 180.90 | 18.50 | 15.50 0.00 1662.30 | 1122.70
1999 0.00 0.00 4.50 32.50 151.80 | 283.70 | 394.70 | 308.20 | 210.00 | 66.00 0.00 7.00 1458.40 | 1196.60




2000 0.00 28.20 1.50 71.20 164.60 | 163.00 | 370.90 | 243.90 121.70 | 135.00 | 20.00 | 49.50 | 1369.50 | 899.50
2001 0.00 33.40 6.60 0.00 135.70 | 174.80 | 128.30 | 307.40 197.20 | 108.10 | 0.00 0.00 1091.50 | 807.70
2002 43.10 5.40 64.50 79.20 141.40 | 146.50 | 425.50 | 390.70 49.00 12.10 0.00 0.00 1357.40 | 1011.70
2003 22.30 | 51.70 | 86.20 | 85.00 90.20 | 379.60 | 346.60 | 271.00 | 192,50 | 88.30 | 0.00 | 22.60 | 1636.00 | 1189.70
2004 16.30 9.30 | 3240 | 66.80 | 159.00 | 219.80 | 292.40 | 124.60 | 82.00 | 32.10 | 2.80 0.00 | 1037.50 | 718.80
2005 20.50 6.50 | 40.80 | 53.10 | 142.00 | 125.10 | 287.00 | 438.80 | 77.60 | 43.40 | 0.00 0.00 | 1234.80 | 928.50
2006 0.00 520 | 15.10 | 104.80 | 118.40 | 144.80 | 284.90 | 320.80 | 241.00 | 61.80 | 4.20 9.70 | 1310.70 | 991.50
2007 0.00 95.40 | 29.50 | 155.80 | 112.40 | 178.40 | 406.60 | 191.00 | 209.60 | 56.80 [ 2.00 0.00 | 1437.50 | 985.60
2008 4.60 0.00 | 40.30 | 53.10 | 132.20 | 243.60 | 305.50 | 378.90 | 69.70 | 47.90 | 0.00 0.60 | 1276.40 | 997.70
Mean 14.74 | 2329 | 38.67 | 76.47 | 14582 | 193.84 | 33244 | 289.74 | 183.16 | 49.25 | 10.80 | 11.20 | 1369.41 [ 999.18
M ax 79.20 | 95.40 | 127.50 | 155.80 | 265.40 | 379.60 | 469.20 | 449.40 | 339.50 | 179.80 | 127.50 | 52.80 | 1776.30 | 1376.80
Min 0.00 0.00 0.00 0.00 60.50 87.70 | 128.30 | 124.60 | 49.00 0.00 0.00 0.00 | 1001.50 | 718.80
Station number TAPLEJUNG Latitude| 2721
Index No. 1405 Longitude| 8740
Estd date Elevation| 1732
District Zone
Monthly and Annual Precipitation
Y ear Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. | Annual | Monsoon
1997 31.00 52.60 22.20 178.00 | 168.90 | 434.40 | 388.10 | 402.50 | 309.6 46.60 4.50 56.00 | 2094.40 | 1534.60
1998 8.40 13.10 | 118.50 | 189.60 | 204.70 | 296.60 | 357.90 | 543.00 | 244.50 | 102.40 | 22.30 0.00 2101.00 | 1442.00
1999 9.50 0.00 18.20 77.80 252.50 | 274.80 | 485.20 | 321.90 | 295.90 | 243.70| 3.30 0.90 1983.70 | 1377.80
2000 11.80 34.20 30.00 131.40 | 256.00 | 150.30 | 495.30 | 514.60 190.40 | 52.20 6.40 1.50 1874.10 | 1350.60
2001 0.90 26.60 | 45.80 187.60 | 215.10 | 231.00 | 335.60 | 469.70 | 21590 | 172.40| 9.10 2.70 1912.40 | 1252.20
2002 50.00 6.30 90.30 159.00 | 232.50 | 231.80 | 606.10 | 523.60 | 246.20 | 27.00 0.00 0.00 2172.80 | 1607.70
2003 34.80 | 103.10| 69.80 207.70 | 199.30 | 558.20 | 595.50 | 324.20 | 281.00 | 86.70 0.00 44.70 | 2505.00 | 1758.90
2004 21.00 13.20 30.50 228.40 | 222.40 | 253.80 | 344.70 | 305.70 | 224.40 | 86.20 | 15.00 1.00 1746.30 | 1128.60
2005 69.00 0.00 57.40 35.30 145.50 | 919.10 | 578.20 | 554.30 | 983.60 6.60 0.00 37.60 | 3386.60 [ 3035.20
2006 0.00 7.50 35.00 114.40 | 205.30 | 380.30 | 255.30 | 693.90 | 351.00 | 75.90 | 12.80 | 15.40 | 2146.80 | 1680.50
2007 0.00 118.40 | 39.00 153.60 | 133.40 | 255.90 | 515.60 | 323.30 | 346.90 | 155.50 | 13.00 0.40 2055.00 | 1441.70
Mean 2149 | 34.09 | 50.61 | 151.16 | 203.24 | 362.38 | 450.68 | 452.43 | 33540 | 9593 | 7.85 | 14.56 | 2179.83 | 1600.89
M ax 69.00 | 118.40| 118.50 | 228.40 | 256.00 | 919.10 | 606.10 | 693.90 | 983.60 | 243.70 | 22.30 | 56.00 | 3386.60 | 3035.20
Min 0.00 0.00 | 18.20 | 35.30 | 133.40 | 150.30 | 255.30 | 305.70 | 190.40 [ 6.60 0.00 0.00 | 1746.30 | 1128.60




METHODOLOGIES FOR ESTIMATING
HYDROLOGIC CHARACTERISTICS

OF

UNGAUGED LOCATIONS IN NEPAL

by The Water and Energy Commission Secretariat and
The Department of Hydrology and Meteorology

INPUT DATA:
Note: Enter the data in the green box provided

1. Physiographic Data:

RIVER NAME : |Hewa Khola

LOCATION : [Intake |

DRAINAGE BASIN AREA : 221|km?

AREA OF BASIN BELOW 5000 m ELEVATION : 221|km?
AREA OF BASIN BELOW 3000 m ELEVATION : 204.1|km?

2. Climatologic Data:

MONSOON WETNESS INDEX AT BASIN CENTROID : 1500 |mm




[:: OUTPUT:
Hewa Khola River at Intake

LOW FLOW STATISTICS

kkkkkkkkkhkkkhkkkhkkhkkkhkkkhkkkhkkkhkkkhkkkx

Low Flow Discharge
Return Period (yrs) Duration (m?/s)

1 - day 1.65

5 7 - days 1.74
30 - days 2.03

Monthly 2.17

1 - day 1.03

10 7 - days 1.15
30 - days 1.44

Monthly 1.58

1 - day 0.87

20 7 - days 1.03
30 - days 1.32

Monthly 1.45




Hewa Khola River at Intake

FLOOD FLOW STATISTICS

kkkkkkhkkkhkkkhkkkhkkhkhkkkhkkkhkkkhkkkhkkkhkkkhkkkx

Return Period (yrs)

Flood Discharge (m?/s)

Daily lInstantaneous
2 130 201
5 190 321
10 232 409
20 273 500
50 329 627
100 372 729
200 417 837
500 477 989
1000 525 1112
5000 644 1427
10000 698 1575




Hewa Khola River at Intake

LONG TERM AVERAGE DISCHARGES

kkkkkkhkkkhkkkhkkkhkkkhkkkhkhkhkkhkhkkhkkkhkkkhkhkhkkhkhkkhkkkhkkkhkkkhkkkk

Long Term

Average

Discharge

Month (m®/s)

January 2.80
February 2.38
March 2.16
April 2.24
May 3.04
June 10.17
July 31.37
August 37.67
September 28.85
October 12.67
November 5.48
December 3.57
Annual 11.87

FLOW DURATION CURVE

kkkkkkhkkkhkkkhkkkhkkhkkkhkkkhkkkhkkkhkkkhkkkkk

Probability Discharge
of (m?/s)
Exceedance
(%)
0 72.04
5 42.82
20 22.00
40 6.33
60 3.07
80 2.13
95 1.42
100 1.24




Discharge (m3/s)
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Flow Duration Curve of Hewa Khola River at Intake
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Low Flow Frequency Curves of Hewa Khola River at Intake
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NOTE:

Blue color:Input data|

Study type

Catchment or River name
Catchment or River location
Basin Area

Basin area below 5000 m elevation level
Basin area below 3000 m elevation level

Average Basin Elevation
Annual Wetness Index

1. Low flow Estimation

Prefeasibility study v

Return Period . Low flow Discharge
Duration 3

years m°/s
1 day 2.03

> 7 days 2.16
30 days 2.47

Monthly 2.62

1 day 1.37

10 7 days 1.45
30 days 1.74

Monthly 1.87

1 day 1.24

7 days 1.31

20 30 days 1.60
Monthly 1.73

3. Mean monthl

flow Estimation

Average discharge

Month 3

m’/s

January 5.08
February 4.29
[march 3.02
[lapril 2.98
May 4.09
June 16.21
July 40.68
August 59.13
September 41.23
October 19.18
November 8.95
[[December 6.16
[[Annual 17.58

Hewa Khola
Intake
221 km?
221 km?
204.1 km?
2300 masl
1500 mm

See monsoon index map

2. Instantaneous flood flow Estimation

This calculation is based on WECS/Department of
Hydrology and Meteorology (DHM) method
developed by The Department of Hydrology and
Meteorology, Nepal; and is applicable only for
prefeasibility or Reconnaisance study.

Return Period Daily flood discharge Instantaneous flood discharge
years m®/s m3/s
2 130 222
5 190 376
10 232 496
20 273 622
50 329 804
100 372 953
200 417 1114
500 477 1347
1000 525 1538
5000 644 2038
10000 698 2280
4. Flow duration Calculation
Probability of Exceedance Discharge
% m®/s
0% 85
5% 58
20% 32
40% 11
60% 6
80% 4
95% 3
100% 1
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Equation used to determine Low flow;
Q= [Cq,1* Fa,7x SAM(Acs)[*2

Equation used for flood flow estimations;

Two year instantaneous flood; Q, = 2.29(A<3k)0'86

Two year daily flood; Q, = 0.8154(A.g, + 1)0'9527

100 year instantaneous flood; Q199 = 20.7(A<3k)0'72

100 year daily flood; Q1o = 4.144(Ag)”244®

Instantaneous and daily flood at other return
periods, Q= exp(InQ; + s0)

o= |n(Q100/Q2)/2326

Equation used for mean monthly flow;

QuFaaasonD = Exp(const + coeff. Of avg elv * InAg, y + coeff. Of Ann

Ptn * Annual wetness index + coeff. of Az * Basin
area below 3000m elevation)

Qma = [const + coeff. of A5, * sqrt(basin area below 5000 m
elevation)]"2

Flow duration Calculaiton

Available discharge for 0% of time; Q [const + coeff. Of Ann Ptn *
sqrt(Annual wetness index) +

coeff. of Acsk * sqrt(basin area
below 5000 m elevation)]*2

Available discharge for 10% to 80% of time; Q1080 = Exp(const + coeff. Of avg elv *
InAg, v + coeff. Of Ann Ptn *
Annual wetness index + coeff. of
Ac3i * Basin area below 3000m
elevation)

Available discharge for 100% of time; Qg = [CONSt + coeff. Of Ann Ptn *
sqrt(Annual wetness index) +

coeff. of Acsk * sqrt(basin area
below 5000 m elevation)]*2

where;
Acsi = Basin area below 5000 m elevation level
A3k = Basin area below 3000 m elevation level
Cq.1= aconstant

Fq4,1 = Coefficient

where;
J = January
F = February
A = August
S = September
O = October

N = November

D = December
m = March, May
a = April

AgLv = Average basin Elevation



MONSOON WETNESS INDEX
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Figure 15 Monsoon Weightness Index in Nepal
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Fig. 5. Spatial distribution of long-term average annual total precipitation across Nepal (after Chalise et al. (1996); the ischyetal method was
used to map areal rainfall).




Calculation of flood by using Gumbel's Distributi(ffrequency Analysis)

Year Q (m3/s) OUTPUT OF FREQUENCY ANALYSIS
1983 11.81
1984 13.28 Return Period Discharge(Cumeds)
1985 | 1105 | Yo =~ IN(IN( 7)) X, 11.25196356
1986 10.83 Xs 14.81824219
1987 16.47 R 0507 X10 17.17942896
1989 10.30 " 0.9971 Xo0 19.444336
1990 15.89 Xso 22.37602584
1991 12.85 X100 24.57291482
1992 6.41 X 1000 31.83212234
1993 8.05




Flow Data of station 728

Latitude: 26 52 45
Longitude: 875545 d-m-s

d-m-s

Given discharge in cumecs

Location: Rajdwali

River: Mai khola

Y ear Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year
1983 5.64 4.48 3.60 3.18 7.08 17.90 90.60 44.40 46.40 19.90 9.74 6.32 21.61
1984 5.35 4.17 3.43 454 7.20 27.70 80.70 43.20 74.80 19.80 12.20 8.19 24.28
1985 6.09 5.86 4.46 4.65 8.51 17.30 46.40 43.90 45.70 35.50 15.10 8.90 20.20
1986 5.89 4.24 3.71 6.02 9.00 16.20 48.80 37.00 65.40 23.70 10.80 6.72 19.79
1987 4.66 3.89 4.35 5.05 7.09 14.50 66.60 142.00 58.60 32.30 14.00 8.31 30.12
1988 5.91 4.92 5.63 5.07 29.60 34.00 61.30 16.90 6.83 6.55
1989 6.05 521 5.10 3.88 9.65 31.50 42.50 34.50 48.50 21.90 9.85 7.28 18.83
1990 5.48 5.54 8.03 14.10 27.60 73.60 67.80 61.60 45.30 25.20 7.75 6.63 29.06
1991 8.18 6.58 6.35 6.89 8.29 31.40 70.20 61.60 55.80 13.00 8.13 5.46 23.49
1992 4.44 4.23 3.28 4.64 10.10 10.70 31.10 25.50 20.50 13.20 7.62 5.42 11.73
1993 5.13 4.00 3.42 7.12 7.96 16.00 30.70 41.80 25.80 16.80 10.60 7.25 14.72
1994 25.20 26.90 20.50 13.00 7.90 6.15
1995 5.81 4.79 3.96 514 7.71 51.10 15.90 11.50 6.26
Average 5.72 4.83 4.61 5.86 10.02 25.68 52.52 49.81 47.39 20.55 10.16 6.88 21.39
Discharge of Hewa Khola
Catchment area of station 728 = 404 Km?
Catchment area of project = 221 Km?
Y ear Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Y ear
1983 3.08 2.45 1.96 1.73 3.87 9.79 49.56 24.28 25.38 10.88 5.32 3.45 11.81
1984 2.92 2.28 1.87 2.48 3.93 15.15 4414 23.63 40.91 10.83 6.67 4.48 13.28
1985 3.33 3.20 2.43 2.54 4.65 9.46 25.38 24.01 24.99 19.41 8.26 4.86 11.05
1986 3.22 2.31 2.02 3.29 4.92 8.86 26.69 20.24 35.77 12.96 5.90 3.67 10.83
1987 2.54 2.12 2.37 2.76 3.87 7.93 36.43 77.67 32.05 17.66 7.65 4.54 16.47
1988 3.23 2.69 3.07 2.77 - - 16.19 18.59 33.53 9.24 3.73 3.58 -
1989 3.30 2.85 2.78 2.12 5.27 17.23 23.24 18.87 26.53 11.97 5.38 3.98 10.30
1990 2.99 3.03 4.39 7.71 15.09 40.26 37.08 33.69 24.78 13.78 4.23 3.62 15.89
1991 4.47 3.59 3.47 3.76 4.53 17.17 38.40 33.69 30.52 7.11 4.44 2.98 12.85
1992 242 2.31 1.79 2.53 5.52 5.85 17.01 13.94 11.21 7.22 4.16 2.96 6.41
1993 2.80 2.18 1.87 3.89 4.35 8.75 16.79 22.86 14.11 9.19 5.79 3.96 8.05
1994 - - - - - - 13.78 14.71 11.21 7.11 4.32 3.36 -
1995 3.17 2.62 2.16 2.81 4.21 - - 27.95 - 8.69 6.29 3.42 -
Average 3.13 2.64 2.52 3.20 5.48 14.05 28.73 27.25 25.92 11.24 5.55 3.76 11.70




PREPARATION OF RATING CURVE

Slope
N Manning's N 0.023
Depth (M) | Area (nf) Wetted Hydraulic | Velocity Discharge (1#/s) Remarks
(Above bed perimeter(m)| radius(m)| (m/s) through when when
level) undersluce undersluce| undersluce
(1.7*0.9*L*H~1| through | and intakes| and intakes
.5) intake are closed| are open
0.1 2.0277 20.7 0.099 2.4 0.146 Less than 2 years flood
0.2 4.0727 21.2 0.193 3.74 0.411 Less than 2 years flood
0.3 6.135 21.7 0.283 4.83 0.755 Less than 2 years flood
0.4 8.2146 22.2 0.371 5.79 1.162 Less than 2 years flood
0.5 10.3116 22.7 0.455 6.64 1.623 Less than 2 years flood
0.6 12.4258 23.2 0.536 7.4 2.134 Less than 2 years flood
0.7 14.557. 23.7 0.61¢ 8.11 2.68¢ Less than 2 years flo
0.8 16.7063 24.2 0.691 8.77 3.285 Less than 2 years flood
0.9 18.8725 24.7 0.765 9.39 3.92 Less than 2 years flood
1 21.0561 25.2 0.836 9.96 4.59 Less than 2 years flood
1.1 23.2569 25.7 0.906 10.51 5.296 Less than 2 years flood
1.2 25.4751 26.2 0.973 11.02 6.034 Less than 2 years flood
1.3 27.7106 26.7 1.039 11.51 6.804 Less than 2 years flood
1.4 29.9635 27.2 1.103 11.9§ 7.604 Less than 2 years flood
1.5 32.2336 27.7 1.165 12.42 8.433 Less than 2 years flood
1.6 34.5211 28.2 1.225 12.84 9.29 1.009 Less than 2 flears
1.7 36.8259 28.7 1.284 13.24 10.174 1.664 Less than 2 flead
1.8 39.148 29.2 1.342 13.64 11.085 2.33 Less than 2 flears
1.9 41.4874 29.7 1.398 14.03 12.022 3.026 Less than 2 flead
2 43.8442 30.2 1.453 14.4 12.983 3.759 Less than 2 yiead f
2.1 46.2182 30.7 1.506 14.74 13.969 4.119 Less than 2 flead
2.2 48.6096 31.2 1.559 15.09 14.978 4.449 Less than 2 flead
2.3 51.0183 31.7 1.61 15.42 16.011 4.755 Less than 2 fleacs
2.4 53.4444 32.2 1.661 15.74 17.066 5.043 Less than 2 flead
2.5 55.8877 32.7 1.71 16.01 18.144 5.316 Less than 2 fleacs
2.6 58.3484 33.2 1.759 16.34 19.243 5.574 Less than 2 flead




2.7 60.8264 33.7 1.806 16.64 20.364 5.823 Less than 2 flead

2.8 63.3217 34.2 1.853 16.93 21.506 6.061 Less than 2 flead

2.9 65.8343 34.7 1.898 17.2 22.668 6.29 Less than 2 fleacs

3 68.3643 35.2 1.943 17.48 23.851 6.51 Less than 2 yiear f

3.2 73.4762 36.2 2.031 18 26.275 6.931 Less than 2 yiead f

3.4 78.6573 37.2 2.116 18.5 28.777 7.3271 Less than 2 fleacs

3.6 83.9077 38.2 2.198 18.97 31.353 7.703 Less than 2 flead

3.8 89.2275 39.2 2.277 19.42 34.001 8.064 Less than 2 flead

4 94.6165 40.2 2.355 19.87 36.72 8.405 Less than 2 yiead f

4.2 100.0747 41.2 2.43 20.29 47.304 8.734 Less than 2 flead

4.4 105.6023 42.2 2.504 20.7 49.407 9.054 Less than 2 flead

4.6 111.1991 43.2 2.575 21.09 51.425 9.35¢ 2345.19 2284.4G6eater than 1000 years flood

4.8 116.8653 44.2 2.645 21.4Y 53.366 9.65¢€ 25091 2446.078eat& than 1000 years flood
5 122.6007 45.2 2.714 21.84 55.239 9.945 2677.6 2612.416 at@réhan 1000 years flood
6 152.317 50.2 3.035 23.53 63.785 11.276 3584.02 3508.959%at&rthan 1000 years flood
7 183.7653 55.2 3.33 25.03 71.313 12.466 4599.65 4515.471eat&rthan 1000 years flood
8 216.9457 60.2 3.605 26.34 78.12 13.55p 5725.p 5633.928 at@rihan 1000 years flood
9 251.8581 65.2 3.864 27.64 84.379 14.55f 6961.86 6862.424eat€ than 1000 years flood
10 288.5026 70.2 4.111 28.8 90.205 15.49 8308.88 8203.178at& than 1000 years flood
11 326.8791 75.2 4.348 29.9 95.677 16.38B 9773.69 9661.p3 eat&rthan 1000 years flood
12 366.9877 80.2 4.577 30.94 100.852 17.224 11354.6 11286|%5reater than 1000 years flood
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Rating Curve intake (Single Opening)

Depth (m)| h| Area (nf) [Discharge[ Remarks
m’) Rating Curve of Intake
0.1 0.2 0.112
0.2 0.4 0.316
0.3 0.6 0.582
0.4 0.8 0.896
0.5 1 1.252
0.6 1.2 1.646
0.7 1.4 2.075
0.8 1.6 2.535
0.9 1.8 3.025
1 2 3.543
1.1 |06 2 4.117 T
12 |07 2 4.447 s
13 |08 2 4.754 g
1.4 |09 2 5.042
1.5 1 2 5.315
16 |11 2 5.574
1.7 |12 2 5.822
18 |13 2 6.06
1.9 |14 2 6.289
2 1.5 2 6.509
21 |16 2 6.723
22 |17 2 6.93
23 |18 2 7.131
24 |19 2 7.326 4 6 8 10 12 14
2.5 2 2 7517 Discharge (Cumecs)
26 |21 2 7.702
27 |22 2 7.883
28 |23 2 8.061
29 |24 2 8.234
3 2.5 2 8.404
4 35 2 9.944
5 4E 2 11.27F
6 55 2 12.465




Rating Curve for Flood Wall

Depth (M) | Area(m?) | Wetted | Hydraulic | Velocity | Discharge Remarks
(Above perimeter| radius(m) (m/s) (m*)
weir) (m)
0.1 2.0277 20.7 0.099 24 4.87 |Lessthan 2 yearsflood
0.2 4.0727 21.2 0.193 3.74 15.24 |Lessthan 2 yearsflood
0.3 6.135 21.7 0.283 4.83 29.64 |Lessthan 2 yearsflood
0.4 8.2146 22.2 0.371 5.79 4757 |Lessthan 2 yearsflood
0.5 10.3116 22.7 0.455 6.64 68.47 |Lessthan 2 yearsflood
0.6 12.4258 23.2 0.536 7.4 91.96 ([Lessthan 2 yearsflood
0.7 14.5574 23.7 0.615 8.11 118.07 |[Lessthan 2 yearsflood
0.8 16.7063 24.2 0.691 8.77 146.52 |Greater than 2 years flood
0.9 18.8725 24.7 0.765 9.39 177.22 |Greater than 2 years flood
1 21.0561 25.2 0.836 9.96 209.72 |Greater than 5 yeras flood
11 23.2569 25.7 0.906 10.51 244.44 |Greater than 10 years flood
12 25.4751 26.2 0.973 11.02 | 280.74 |Greater than 20 years flood
13 27.7106 26.7 1.039 1151 318.95 |[Greater than 20 years flood
14 29.9635 27.2 1.103 11.98 | 358.97 |Greater than 50 years flood
15 32.2336 21.7 1.165 12.42 400.35 |Greater than 100 years flood
1.6 34,5211 28.2 1.225 12.85 443.6 |Greater than 100 years flood
17 36.8259 28.7 1.284 13.26 488.32 |Greater than 100 years flood
1.8 39.148 29.2 1.342 13.65 | 534.38 |Greater than 1000 years flood
19 41.4874 29.7 1.398 14.03 582.07 |[Greater than 1000 years flood
2 43.8442 30.2 1.453 14.4 631.36 |Greater than 1000 years flood
2.1 46.2182 30.7 1.506 14.74 681.26 |Greater than 1000 years flood
2.2 48.6096 31.2 1.559 15.09 | 733.52 |Greater than 1000 years flood
2.3 51.0183 3.7 1.61 15.42 786.71 |Greater than 1000 years flood
2.4 53.4444 322 1.661 15.74 | 841.22 |Greater than 1000 years flood
25 55.8877 32.7 171 16.05 897  |Greater than 1000 years flood
2.6 58.3484 33.2 1.759 16.35 954  |Greater than 1000 years flood
2.7 60.8264 33.7 1.806 16.64 | 1012.16 |Greater than 1000 years flood
2.8 63.3217 34.2 1.853 16.93 | 1072.04 |Greater than 1000 years flood
29 65.8343 34.7 1.898 17.2 1132.35 |Greater than 1000 years flood
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Rating Curve at Welir

Depth (M) [ Area (m?) Wetted Remarks
perimeter | Hydraulic | Velocity |Discharge(
(m) | radius(m) | (nvs) m°)
0.1 1.64 33.06 | 16.49| 16.57 0.099 24 3.94 |Lessthan 2 yearsflood
0.2 33 336 [16.72| 16.88 0.196 3.78 12.48 (Lessthan 2 yearsflood
0.3 49 34.15 | 16.96| 17.19 0.286 4.87 23.87 |Lessthan 2 yearsflood
04 6.69 347 (17.19] 1751 0.383 5.92 39.61 |Lessthan 2 yearsflood
05 8.42 35.24 | 17.42| 17.82 0.473 6.81 57.35 |Lessthan 2 yearsflood
0.6 10.17 | 35.79 [ 17.66( 18.13 0.561 7.63 77.6 |Lessthan 2 yearsflood
0.7 11.95 36.34 | 17.89| 18.45 0.648 8.4 100.38 |Lessthan 2 years flood
0.8 13.75 36.88 | 18.12| 18.76 0.733 9.12 125.4 [Lessthan 2 yearsflood
0.9 15.58 37.43 | 18.35| 19.08 0.817 9.81 152.84 |Greater than 2 years flood
1 17.42 37.98 | 1859 19.39 0.899 10.45 182.04 |Greater than 2 years flood
2 19.33 | 41.98 | 20.08| 21.9 0.883 10.33 199.68 |Greater than 5 yeras flood
3 20.91 | 46.35 | 21.75| 24.6 0.85 10.07 210.57 |Greater than 5 yeras flood
4 22.78 51.3 | 23.82| 27.48 0.829 9.9 22553 |Greater than 5 yeras flood
5 34.13 79.46 | 37.68| 41.78 0.817 9.81 334.82 |Greater than 50 years flood
6 39.16 85.99 | 40.63| 45.36 0.864 10.18 398.65 |Greater than 100 years flood
7 42.26 92.2 (43.34| 48.86 0.865 10.19 430.63 |Greater than 100 years flood
8 4489 | 99.01 | 46.44| 5257 0.854 10.1 453.39 |Greater than 100 years flood
9 47.86 105.3 | 49.27| 56.03 0.855 10.11 483.87 |Greater than 100 years flood
10 50.62 |111.41(51.98| 59.43 0.852 10.08 510.25 |Greater than 100 years flood
11 53.35 | 11756 54.72| 62.84 0.849 10.06 536.71 |Greater than 1000 years flood
12 56.07 | 123.65(57.42| 66.23 0.847 10.04 562.95 |Greater than 1000 years flood
13 58.79 129.8 | 60.15| 69.65 0.845 10.03 589.67 |Greater than 1000 years flood
14 61.51 1359 | 62.87| 73.03 0.843 10.01 615.72 |Greater than 1000 years flood
15 64.32 |142.34| 65.76| 76.58 0.84 9.99 642.56 |Greater than 1000 years flood
16 68.37 |153.13| 70.98| 82.15 0.833 9.93 678.92 |Greater than 1000 years flood
17 73.87 |165.06|76.77| 88.29 0.837 9.97 736.49 |Greater than 1000 years flood
18 78.79 |173.63|80.81| 92.82 0.849 10.06 792.63 |Greater than 1000 years flood
19 82.24 180 | 83.68( 96.32 0.854 10.1 830.63 |Greater than 1000 years flood
20 84.83 |18545(85.99| 99.46 0.853 10.09 855.94 |Greater than 1000 years flood
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HYDRAULIC DESIGN



DESIGN OF WEIR

Description

Output

Reference

Design discharge(@y) = 372.00 nisec

Return periods = 100 years

R.L of river bed level = 665.00 m

R.L of crest level = 665.00 + 3.00 = 668.00 m
Q=C,*L*H?®?

or, 372= 16 *1625* H*?— H = 5.90 m (head over the crest)
R.L of HFL = 665.00 + 5.90+3.00 = 673.90 m

Length =16.25 m

Discharge intensity,

q= Q- 372 _ 55 89 risec
L 162t

Normal scour depth,
1 1
2\3 2 \3
R=1339|" =139 229 1’ _ 10.1 m=~ 10m
f 125

Regime velocity of flow,

\Y =9 - 2289 = 2.29 m/sec
R 10
Velocity head
2 2
=t =289 _597m
2g 2x981

Total energy level,
U/S HFL = 673.90 m
U/STEL=U/SHFL +h
=673.90 + 0.27
=674.17m
HFL at D/S of weir = crest level - head over thestr
=668.00 - 5.90
=662.10m
Width of weir = 4m (assume)

Irrigation Engineering
and Hydraulic
Structures

By: S.K. Garg

(Page No. 525,934)




CHECKING FOR THE STABILITY OF THE WEIR

SN | Symbol Description F\? rces(KN/rrg alr_riv(er;) MI\(/;oments(KMN ??
1 w Wt. of weir
w1 %x 15x3x 24 540 39 21060
W2 4x35x%x24 288 32 9216
W3 %x30x3x 24 1080 20 21600
2 U Uplift pressure
%x49x3>< 081 -721.04 35.333| 23556.38
3 P U/Swater pressure
P1 5.9x15%x 981 868.185 41.5 35946.89
P2 %x15x3x 981 220.73 44 9712.12
P3 %x 981x 892 388.53 2.96 1150.05
4 S U/S Silt pressure
%x18*033*32 26.76 | 1.167 28.73
SUM 2273.875 | 415.28 24733.16 97535.01
1. Safety against diding
FOS = ux g:_/' = 0.6&%225: 3.56> 10K
2. Safety against overturning
FOS :gmg - = 394> 15 OK
3. Check for tension
Distance of resultant from Toe
X = >M _ 7280185 _ 3202 m

TSV 2273875

Eccentricity, e =§ - X

= 4?9 - 3201= 75Im

% =817>e OK

*|&



4. Safety against Principle Stress

21
B B

2273875 6x 751
= x| 1+
49 49

= 89.08KN/ri< 2500 KN/nf Safe OK
Jmin = Z_V(l_G_ej
B B

_2273875 (6 751
49 49

=3.73 KN/mi Safe. OK



DESIGN OF INTAKE

Description Output Reference
Q,=78m’/s
Increasing discharge by 30%
Qe =13*78=1014 m’s
Adopt velocity through orifice intake regulator, \2=m/s
A= Q/V =10.14/2 = 5.07 fn
Assume two openings;
Area of each opening =5.07/2 =2.54 m B=5.25m
Assume; H=1m, B=2m H=1m
Q=C,AJ2gH =1*2*/2*981*15 = 6.51rVs }I*;i)%ht of
Total discharge = 2*6.51= 13 %8s > 7.8ni/s ok wall=5.5m

Losses in intakes :

Trashrack losses : HL=¢Kt/b)***sinp*(v?/2*g)

where: Kk = head loss factor (=2.42 assuming rectangulas)bar,
t= thickness of bars (mm) (=50mm, assumed)
b= clear bar spacing (mm) (=150mm, assumed)
B=angle of inclination to horizontal (degree) (= /&8Ssumed)
v =approach velocity (m/s)= 0.5%¥ m/s

=.05*7.80.2 =0.75 m/s (for trash rack tha arannualy
cleaned, v should not exceed 1m/s)

Therefore; H=2.42*(50/150§*sin(75)*(0.75/2*9.81) =
0.0113m

Form losses =0.3*(7/2*g) = 0.3*(Z/2*9.81)= 0.061mTotal
losses=0.0113+0.0621= 0.073m ~ 0.1m

Now crest level of diversion weir = sill height €ight intake
orifice + total losses

=1+1+0.1
=2.1m (at normal operation level)

Assuming FB as 0.9m ,total height of diversion wei.1+ 0.9=
3m

Now discharge passing through each orifice withsaering
total loss, H=1.5-0.1=1.4m

Q.= Q= Cd*A* \/2gH
= 0.6*2*1*,/2*981* (L4/2) m’/s = 4.45 Vs
Therefore; Total discharge Q= 2*4.45= 8.9 m3/s&mi’/s ok




DESIGN OF GRAVEL TRAP

Description

Output

Reference

1.Given
Discharge (Q) =7.8m°/s
Design discharge},) = 1.3x 7.8 = 1014m°/s

Partical size = 2mm

2.Settling velocity v =| 2 x 32 9*(S71)
3 C,

For Reynold’s no.R = 1000 to 10000
C, =065
S=265

v = \/ 4 981x 0002x (265-1)
° 065

=0.257694 m/s

Now,

R = V. xd _ 026x 0002 _
MU 132x107°
393.98400
where | is the kinetic viscosity of water for

R=400,that is betweeh&nd 1000

we have,

C, = 2—; +i +034=0.4075

JR
After iteration we get
V, = 0287m/s
3. Transit velocity = a (8

a=36 for 2mm patrtical

V, =36x~/2 = 5091cm/s= 0509m/s

4, X-section area (A)g‘i=19.92m2
Vf
assume height of gravel trap(H) = 3m
weadth( B) =A/d = 6.64®8.7m

5.  Length of gravel trap Assume settling time(T%VE=10.453ec

S

Settling velocity
=0.287m/s




Length of gravel trapV xT =5.32m~ 5.5m
Height = 3m, width = 6.7m, length = 5.5m

6. Transition design

Outlet length =222

2xtanl5
=7.84~8m
Overall length = 8+5.5=13.5m

. Flushing discharge = 10% of Q
Q, =01x78=078m/s
Assume 0.5m*0.5 m sized flushed canal andbed slope is
1lin 40

2
Velocity =V = 2xR3 xS [R=—2H — 0167]
n B+2H

V =3.2m/s
8.Tractive shear stress
7, = ¥, X RxS= 40.95N/nf

7. = 0056x% y, xd x(S—1) =9.06N/nf =(critical shear stress)

d=10cm
10. Opening for flushing canal
Head over the orifice = 3+0.2=3.2m
Q=0.65*a*(2gh{->
a=b*h
b=0.5m,
h=0.38m
Design of Approach canal from Gravel trap to settling basin:
Manning's coefficient = 0.015
Q intake = 7.8*1.1= 8.58 m3/s Q)

Assume bed slope =1 in 750
assume width of canal (B) = 2.5m

1 2 1 BxH 2
= -x AXR3xS2=="xBxH x 3x4/S
Q= n Gvon’

Hence Dby trial and error value of height (H) =4h#1.8m

2
v =1xR x/S ~2m/s
n

Hence, width(B) = 2.5m, Height(H) = 1.8m

Height = 3m
Width = 6.7m
Length = 5.5m




DESIGN OF SETTLING BASIN

SN

Description

Output

Reference

1.

Known parameters
Discharge(D) = 7.8 ffsec
Increasing 10% discharge for flushing
Design discharge(§) = 1.1x 7.8 = 858m°/s
Limiting diameter of the silt

it = 0.2 mm
Viscosity, v = 1.31x10° m?/sec

Specific gravity of particles = 2.65
Flow velocity,V =ax./d, .
=44x+/02

=19.68 cm/sec
~ 0.2 m/sec

Fall velocity

_1 9/ _ 2
w=sox (o, - p)xd

1 981

= —X—(265_1)x (O.2x10_3)2

18 1.31x1C°°

=0.0275 m/sec

Reynold's number (Re) wxd
%

0.0275x107° x 0.2

1.31x107°
=4.19>0.1

Using graph of dia. Vs velocity for tem.10°.C
w=0.0179 m/s

For 90% removal of particle
n - 1_e-WAS/Q

or, As =1103.7 m
L
Taking, — =
g B

B=1175m
L=9397 m
Provide two chambers

As = 551.85 M

Width =8.31= 8.50 m
Length = 66.50 m
Provide baffle wall of 0.2 m thickness

Flow velocity
= 0.2 m/sec
CWGL page 70

Not Ok

Camp formula

Stoke's law

Vetter's
Equation




Total width of settling basin 85x2+02=172 m

Now,
Settling basin depth:
Q =BxH xV

H -_ 898 =252=26m

~ 2x85x%0.2
Inlet profile:

Provide slope of 1in5

Length of the inlet transition
_(17.2-2.5
=X x5

=36.5m
Outlet profile:
Provided slope of 1 in 2

Length of the outlet transition
_(17.2-25 %2

2
=14.7m=15m
Total length = 66.5+36.5+15 =118 m

Sedimentation storage volume:
Let, C =2.3 kg/m
Sediment density, dshsiy= 2600 kg/m
Flushing frequency = 24 hrs
Provide factor of safety,:Rio—= 2
Sediment load = Q x t xC
Sioad 8.85%x24x60x60%2.3

= 1758672 kg

Volumeof storage(Vs) = Stos_ P

density

actor

1758672
= x 2
260(

=1352.821353 1

Storage depth:

v _\Vs _ 1353
strage™ A T 11027
=1.225m1.3m

Total depth of basin = Free board + H go¥ge
=0.5+2.6 + £84~5m

D=5m
L=118 m

Total width =
17.2m

Length = 66.5 m
Depth=2.6 m

CWGL for
micro
hydropower
page 72




10.

B =8.5m

Flushing canal:

Assuming 15% extra flow for flushing

Qscour= 1.15¢7.8 = 8.97 ni¥sec

From design guidelines, for particle size of 0.2 mm
Scour velocity Meour= 2.4 m/sec

897
24%x85x%x2

=0.2m

Scour depth Your=

2 1

v=1xRexs?
n
1 PR
24= x 0193 x(S)2
0.01¢

S=1in80

Hill Irrigation
Engineering




DESIGN OF FOREBAY

SN Description Output Reference
1. | Discharge Q = 7.8 fsec SK. Garg
Velocity V = 2.56 m/sec
2 2
Submergence head; H 15XV = 15% 256
29 2x 981
=0.50m
According to design guidelines, the value shauld
not be less than one times hence we assumed to
increase by 2.75 times
s=2.75x 0.50 =1.38 m
total depth = submergence head + diameter of
penstock + storagadepth below penstock
Free board
=138+197+0.3+0.5
=414 m
=4.20m
2. | Storage period T = 30 sec (minimum of 15 seq)
Size of fore bay \Iﬁ_ngth_—Zlm
idth =15 m
VolumeV=Qx T Depth = 4.15 m
V =7.8 30=234m '
Area A== 23416957 07
hs 1.38
Width =15 m
3 16957

Length L = 15 =1130= 1150 m
Design of transition length:

Assume transition angle = 35°

Transition length =(15_—204) =9.259.5m
2xtar35

Total length of forebay = 11.50+9.5=21m

SPILLWAY IN A FOREBAY
Qspillway = CuxL xH

3

spillway overtop 2

Qspi||way = 7.8 rﬁ/S

Ch=16
Hovertop= 1m
Now,
3
78=16%L x1?
U Lginey = 488=5 m hence adopted length is 5m




SELECTION OF TURBINE

SN Description Output Reference
1. | We have, Francis
Net head = 55.63 m Turbine
Design discharge = 7.8fsec selection
No. of turbine = 2
Hence, Q= 7.8/2= 3.91fsec
So,
Power =9.84QxH xn
= 9.8439% 5563%x 0.9
=1915.51 KW
For the following criteria,
Head
Select Francis Turbine.
DESIGN OF FRANCIS TURBINE:
SN Description Output Reference
Design discharge Q = 3.9°fsec
Effective head H = 55.63 m
1 Power P =191551 KW = 2554.01 HP
- 2400 _ 2400
2. | Specific speed\, = = =32178
°* JH /5563
RPM
>
3. N exH4
Synchronous speed = ————
JP
3
_ 321.78x 5563*
/255401
=96735 RPM
4,
Number of poles P 420x 1 _ 120_x S0
N 967.35
62, adopt P=8
5.
Corrected synchronous spedd = 1205: 50
=750 RPM
Corrected specific speel' = 750x ‘2555 401
5 55.634
' 249.48 RPM
Calculation of diameter of Francis Turbine:
Specific speed A= 750x '2555 401 _
55.634

249.48RPM




2
@=0.019"Ngs +0.0275
2

= 0.0197x 24948° + 0.0275
=08
846x gx/H
N
_846x 0808x /5563

75C
=0.68m

Setting of turbine:
Hg=H,-H,—~oxH
Hs= Turbine Setting in m
Ha = Atmospheric Pressure in (@10.3m assumed
Hyv = Vapour Pressure in (80.2m assumed)
o = Cavitation Coefficient

H = Net Effective Head in m

2 2
o =0.0318x Ns = 0.0318X(249'48j
100 100

Diameter D =

=0.198
Hs = 10.3-0.2-0.198X55.63 = 0.91

Hence, The turbine should be set 0.91 m below

Diameter =0.68 m

the water level at tailrace.

DIME

NSIONING OF POWERHOUSE

SN

Description

Output

Reference

Machine hall

c/c spacing between two turbinesb + 2.5
=5x 0.68+25
=5.90~6.00 m

Total length = no. unit*(5D+2.5) + (6/2) + (6/2
= 2*6.00 +3.00 +3.00 = 18.00m
Width of hall B =5D + 25

= 5X0.68+2.5= 6.00 m
Height of superstructure =4.5 (D + 1)

=45 (068)
=78&.6m
Height of intermediate structure = (2 to 2.5) m
2.5m (approximately)
Height of substructure = 1.5 m
Total height=75+25+15=11.5m

Size of loading bay = 9m 6 m= 54.00m

Length=18.00 m
Width =6.00 m
Height =11.5m

M.M. Dandekar
and K.N. Sharma|




DESIGN OF TAILRACE CANAL:

S.N Description Output Reference

Design discharge Q = 7.8fsec
Assume; slope 1 in 500

n=0.015
widh (B) = 2.5m
1 w1 BxH .2
= xAXR3xS2="xBxH x 3x4/8
Qi =7 . (o) Js
Depth(H) =1.385m=1.5m Civil works for
Calculation of Canal Slope guidelines in
1 2 1 Eﬂgro- _
V :Ex R3 x S2 Dgpth —15m Nyeprz(;lpower in
2 1 Width =2.5m
=1 068 x(1/500? Slope = 1 in
0.01¢ 500
=2.31m/s




DESIGN OF ANCHOR BLOCK

SN

Calculations

Output

Reference

Design parameters:
Total head (Bta) = hsurge +hgross
=(97.35 + 65.45) m

Specific weight of soilysei) = 20 KN/nf
Specific weight of concreterdon) = 22KN/nf
Specific weight of steelyfee) = 77 KN/nt
Consider the block shown in figure (?)
Weight of block(W) =89.51 x 22

= 1969.22 KN
Weight of pipe (W):

= 314x(d +t)xtx y oy

= 3.14 x(1.97+ 0.008) x 0.008 x 77

= 3.83 KN/m
Weight of water (W):

2
=MNx ><yvvater

4

2
1.97 x9 .81

=3.14 x
=29.9 KN/m

W,+W,, =33.73 KN/m
Calculation of the relevant forces
Fu =W, +W, )x1,, xcosa

=33.73x 6xcos18
=160.4KN

Fo =W, +W, )x1,4 xcosp

=25%6xc0S25

=183.42KN
Frictional force per support pier:
=f x(Wp+ Ww)XxI2ux cosax
=0.25% 3373%x7%xCc0S25

= 5614KN

Since there are five support piers between t
anchor

Blocks so,

WO

F1 is the component of
weight of pipe and water
perpendicular to the pipe.

Applies to both support
piers and anchor block.

Civil
Works
Guidelines




Fou=118.19 x 5
=280.7 KN

F.q =0, since expansion joint is located
immediately

d/s of the anchor block.

F3:154thmxd2xsmgggﬂl

(25-18)
2

=15.4x162.8x1.97xsin

=593.99KN
Fau = Wp X5 lgy x simu
= 3.83 x 5x30x sin 19
=177.53 KN
F4q = negligible
Fe=100 x d
=100 x 1.97
=197 KN
F7u= 31 X Rota X (d+t) X t
=31 x 162.8 x (1.97+0.008) x 0.008
=79.86 KN
Frq=79.89 KN

2 _
F = 2.5><Q—2><sinM
d 2

=2.3% negligible
Fo =0, since pip& does not change.

w, +W, )

Fio = Ve *h?cOsixK, XT

2
= % x c0S25%x 0387x% 2

=22.73 KN

F, is the frictional force
due to the pipe sliding o
the supports piers.

F3 is the hydrostatic forc
on bends that acts along
the bisector of the bend.

F4 is the component of
pipe weight acting
parallel to pipe.

Fs is the frictional force
in the expansion joint.
The K is felt because
joint will resist sliding.

F; is the hydrostatic forc
on exposed ends of pipe
within expansion joint.

Fs is the dynamic force g
a bend due to change in
direction of moving
water. Velocities are
usually low in penstocks
so this force is small.

Fo is the force due to
reduction in pipe
diamenter from glyto

dsmall-

Fiois the force due to so

D

D

—~+

pressure u/s of block.




Resolution of For ces:

Forces (KN) X —Component (KN) - + y —component(KN) | +
F1u =-F, sina = +F, xcosa
=- 4956 =+15255
Fid = -hgq % Si = Fq % cOSP
=-77.52 =166.24
Fau =+F,, xcosa =+F, xsing
= +26€.96 =+86.74
_r anBta __ B+a
. =F;sin > =-F Cos—2 ~552 66
=217.7 = -552.6¢
= Ry cosu =F, Sino.
Fau = 168.84 =54.86
(cosa - cosp) = +F,(sing - sina)

Fe 82 = +22.38
Fu =F, cost =F, sino.
= 75.97 = 24.68
= = -F4 cOoSp =-Fqsinf

=-72.4 =-33.76

Fio = RoCOS i =hosini
=20.6 =9.6
W,y =0.0 =1969.27




Table 7.2 Forces on anchor and slide blocks

FORCE (kN) DIRECTION OF POTENTIAL MOVEMENT OF COMMENTS
ANCHOR BLOCK OR SUPPORT PIER SYMBOLS ARE DEFINED AT THE END OF
THIS TABLE
F, Uphill portion Downhill portion F, is the component of weight of pipe
F, = combination of F,_andF and water perpendicular to the pipe.
1 u 1
F,=(W+W)L, cosa == "‘EE_
F,= (W +W)L, cosp Applies to both support piers and
If pipe is straight, Fi Fie anchor blocks

F =W+ W)L, +1)cosa

Fi

B, = f(wp+ WL, cosa
F,=f (W,+ WL, cos o

Expansion: anchor
below and expansion
joint above

Contraction: anchor below
and expansion joint above

F, is the frictional forcg due to the pipe
sliding on the support piers.

Applies to support piers and anchor
blocks. The force acting at an anchor
block is the sum of forces acting on the
support blocks between the anchor
block and expansion joints, but

F, is the component of pipe weight

F, Uphill portion Downhill portion
F, = combination of F, and F,, dr— acting parallel to pipe.
F,=WwW,L, s'm o Fu .~ - )
F,=W,L, sin B W Applies to anchor blocks only.
F Calculate only if the angles (o or 3) are

. “ larger than 20°.

A Y . .
F, Uphill portion Downhill portion F,is tl'.le thermally induced »forc.e
F,=1000Ea TII(d +t)t restrained by the anchor block in the
See Table 6.2 in Chapter 6 for Feq absence of an expansion joint.
values of Eand a -~ \

Applies to anchor blocks only.

Calculate only if expansion joints are
not installed between anchor blocks.

F, directions as F,

F, is the frictional force in the
expansion joint. The F force is felt
because the joint will resist sliding.

Applies to anchor blocks only.

7

F7 = ywnltr h(ota.l n (d + t) t
=31h,,d+ 0t
Usually insignificant

F

Uphill portion \szhﬂl portion
~~o
\ ~
~
~

Fr

F, is the hydrostatic force on exposed
ends of pipe within expansion joint

Applies to anchor blocks only.

Fa
F,= (ﬁ;)sin (BZ_ (x)

F, directions as F,

F, is the dynamic force at a bend due to
change in direction of moving water.
Velocities are usually low in penstocks

so this force is small.
=25 ( %zz ) sin (B 2— OL) Applies to anchor blocks only.
Usually insignificant
F F, is the force due to reduction in pipe

F9=7 h xﬂ(dmz—d 2)
9 ‘water total 4 i small

=77 hmnl (d'higz - d:mnllz)

diameter fromd, tod,

Applies to anchor blocks only.

= Yl
-—-‘“2—c051x1(uxw

F,, is the force due to soil pressure
upstream of the block.

Applies to both anchor blocks and
support piers

Calculate F,  if (h, — h,) is more than
1 m. The force acts at 1/3 of the height
(h,) from the base of the block.




COST ESTIMATION



COST ESTIMATION

Quantity Estimation of Civil Works

SN. Item Description Unit Rate Quantity Amount(USS)
(US$H) Uss$ NRs

1 General items
Contractual reguirements
Insurances LS 10,000 750,000
Mobilization LS 15,000 1,125,000
Demobilization LS 8,000 600,000
Sub total 33,000 2,475,000

2 River diversion structure (1.5% of total cost 41,858 3,139,356

3 Headworks
Weir
Earth excavation m° 3.875 1,248.00 4,836 362,700
Earth excavation on boulder mixed soil m° 4.425 1,170.00 5,177 388,294
Back Filling m° 2.675 212.2 568 42573
Clay Blanket m° 20.85 825 17,201 1,290,094
Filter m° 64.275 1,200.00 77,130 5,784,750
Concrete work
C25 m 206.15 756 155,849 11,688,705
C35 m° 245.975 100.8 24,794 1,859,571
Reinforcement bars tons 2350.55 26 61,114 4,583,573
1.5 m Boulder lining m? 202.5 1,540.00 311,850 23,388,750
1 mdiaBoulder (U/S of weir) m? 168.75 907.5 153,141 11,485,547
Form work (upto 4 m high) m? 7.375 364 2,685 201,338
Expansion/Construction Joints
Sealant m 16.5 165.6 2,732 204,930
Water bars m 415 165.6 6,872 515,430
Bank protection LS 7,000 525,000
Grouting 2 54.55 120 6,546 490,950
Sub total 837,496 62,812,203
Intake
Earth excavation m® 3.875 50.4 3,780 283,500
Earth excavation on boulder mixed soil me 4.425 75.6 5,670 425,250
Backfilling m 2.675 47 3,525 264,375
Concrete work
C25 m° 206.15 42.3 3,173 237,938
Reinforcement bars tons 2350.55 11.3 26,561 1,992,091
Form work (upto 4 m high) m? 7.375 1394 1,028 77,106
Sub total 43,737 3,280,259
Gravel trap
Earth excavation m 3.875 124 481 36,038
Earth excavation on boulder mixed soil m° 4.425 96 425 31,860
Back Filling m® 2.675 52 139 10,433
Concrete work
C25 m 206.15 185 3,814 286,033




Quantity Estimation of Civil Works

COST ESTIMATION

SN. Item Description Unit Rate Quantity Amount(USS)
(Us$) uss NRs

C35 m 245.975 13.6 3,345 250,895
Reinforcement bars tons 2350.55 1 2,351 176,291
Form work (upto 4 m high) m? 7.375 102 752 56,419
Hard Stone Lining m° 253.125 19.1 4,835 362,602
Expansion/Construction Joints
Sealant m 16.5 12.8 211 15,840
Water bars m 415 12.8 212 15,900
Sub total 16,564 1,242,309
Approach Cannel to Settling basin
Earth excavation m’ 3.875 187.2 725.4 54,405
Earth excavation on boulder mixed soil m? 4.425 124.8 552.24 41,418
Back Filling m? 2.675 60 160.5 12,038
Concrete work
C25 m’ 206.15 19.8 4081.77 306,133
C35 m* 245.975 15 3689.625 276,722
Reinforcement bars tons 2350.55 0.87 2044.9785 153,373
Form work (upto 4 m high) m? 7.375 132 9735 73,013
Expansion/Construction Joints
Sealant m 16.5 20.6 339.9 25,493
Water bars m 415 20.6 854.9 64,118
Sub total 13,423 1,006,711
Settling Basin
Earth excavation m° 3.875 3,648.00 14136 1,060,200
Earth excavation boulder mixed soil m 4.425 2,432.00 10761.6 807,120
Back Filling m* 2.675 1,641.60 4391.28 329,346
Concrete work
C35 m’ 245.975 602.4 148175.34 11,113,151
Reinforcement bars tons 2350.55 23.6 55472.98 4,160,474
Form work (upto 4 m high) m° 7.375 2,509.80 18509.775 1,388,233
Stone masonry m 136.025 170.7 23,219 1,741,460
12.5 mm thick 1:4 cement sand plastering m? 5.45 283.3 1,544 115,799
1:1 Cement sand punning m? 8.725 283.3 2,472 185,384
Expansion/Construction Joints
Sealant m 16.5 299 4,934 370,013
Water bars m 415 299 12,409 930,638
Side wall batten support
C35 (Structura concrete) m 245.975 128.2 31,534 2,365,050
Form work (4 to 5 m high) m? 7.375 328.4 2,422 181,646
Steel reinforcement work tons 2350.55 35 8,227 617,019
Screeding ( 100 mm) m? 15.05 500 7,525 564,375
500 mm dia. & 6mm thick perforated pipe rm 52.85 250 13,213 990,938
25 mm dia. pebbles drainage filter m’ 64.25 300 19,275 1,445,625
Sidedrain LS 8,000 600,000




COST ESTIMATION

Quantity Estimation of Civil Works

SN. Item Description Unit Rate Quantity Amount(USS)
(US$) Uss$ NRs
Sub total 386,220 28,966,469
River protection
Gabion wall protection m 140.325 600 84,195 6,314,625
Sub total 84,195 6,314,625
4 Waterways
Pressure pipe
Penstock length m 5,500
Earth excavation m® 3.875 10,136.30 39,278 2,945,862
Earth excavationin boulder mixed soil m 4.425 8,784.80 38,873 2,915,456
Back Filling with selected fill m’ 2.675 5,432.30 14,531 1,089,855
Back Filling with regular fill m 5.175 1,696.80 8,781 658,571
Dry stone packing m* 168.75 2,100.80 354,510 26,588,250
Sidedrain LS 13,000 975,000
Sub total 468,973 35,172,993
Anchor blocks
Earth excavation m 3.875 44.8 174 13,020
C15 plum concrete m° 156.625 194.3 30,432 2,282,418
C25 concrete m 206.15 87.7 18,079 1,355,952
Reinforcement bars tons 2350.55 17 3,996 299,695
Form work m? 7.375 76.8 566 42,480
Sub total 53,248 3,993,565
Support piers
Earth excavation m 3.875 972 3,767 282,488
C15 concrete m° 4.425 48.6 215 16,129
C25 concrete m 156.625 97.2 15,224 1,141,796
Reinforcement bars tons 2350.55 14 3,291 246,808
Form work m? 7.375 259.2 1,912 143,370
Stone masonry work in 1c/s mortar 123.55 972 120,091 9,006,795
Sub total 144,498 10,837,386
Earth excavation m 3.875 2,609.30 10,111 758,328
Earthwork excavation in boulder mixed soil m® 4.425 1,739.60 7,698 577,330
Back Filling m 2.675 1114 298 22,350
C25 Concrete work m® 206.15 3714 76,564 5,742,308
Form work upto 4 m high m? 7.375 282 2,080 155,981
Reinforcement bars tons 2350.55 3.8 8,932 669,907
Gabion wall protection downstream face m® 140.325 720 101,034 7,577,550
Stone riprap upstream face m 168.75 540 91,125 6,834,375
Sub total 297,842 22,338,128
5 Powerhouse
Earthwork Excavation
Earth excavation m° 3.875 2,340.00 9,068 680,063
Excavation in boulder mixed soil m 4.425 1,560.00 6,903 517,725
Brick work in 1:4 Cement mortar m® 145.9 184.2 26,875 2,015,609




COST ESTIMATION

Quantity Estimation of Civil Works

SN. Item Description Unit Rate Quantity Amount(USS)
(US$) Uss$ NRs
Concrete work
C35 m 245.975 407 100,112 7,508,387
Reinforcement bars tons 2350.55 5 11,753 881,456
Form work (4 to 5 m high) m? 7.375 3,257.30 24,023 1,801,694
12.5 mm thick 1:3 Cement sand Plastering
Walls, floor m? 6.075 1,040.90 6,323 474,260
1:1 Cement sand punning m? 8.5 360.6 3,065 229,883
Wood works for frame m 64.5 134.9 8,701 652,579
Door shutters m? 64.5 12 774 58,050
Window shutters m? 64.5 72 4,644 348,300
Rolling Shutters m? 63.725 12 765 57,353
Roof truss kg 4.075 12,133.00 49,442 3,708,148
C.G.l. Sheetsin roof m? 39.975 441.6 17,653 1,323,972
G.l. Ridging rm 23.95 38.5 922 69,156
White washing 2 coats on wall m? 0.35 1,102.00 386 28,928
Protection works
Stone Masonry (1:3 cement sand mortar) m? 123.55 346.2 42,773 3,207,976
Filter clothes m’ 77.125 360.6 27,811 2,085,846
Gravel rm 30 216.4 6,492 486,900
75 mm dia PV C pipe for weep holes @ 2m c/c LS 10.85 200 2,170 162,750
Drainage facilities 10,000 750,000
Sub total 360,654 27,049,032
Sanitary fittings @7.5% 27,049 2,028,677
Total 387,703 29,077,709
6 Tailrace
Earth excavation m 3.875 1,200.00 4,650 348,750
Back Filling m® 2.675 100 268 20,063
Concrete work
C25 m 206.15 8l 16,698 1,252,361
Filter material m’ 77.125 285 2,198 164,855
Reinforcement bars tons 2350.55 11 2,586 193,920
Form work m? 7.375 390 2,876 215,719
Boulder riprap m® 168.75 100 16,875 1,265,625
Gabion Works m 140.325 32 4,490 336,780
Bank protection work LS 6000 450,000
Sub total 56,641 4,248,073
Total civil cost without river diversion 2,790,539 209,290,430
Grand total civil cost 2,832,397 212,429,787




PENSTOCK OPTIMIZATION

HEWA KHOLA SMALL HYDROPOWER PROJECT

Revenuelossin Energy generation due to head loss:

Head (m): 65.450
Design flow at (40%) Q (m3/sec): 7.8m%s
Overall effency : 0.9
Dry season outage % : 5
Wet season outage % : 10
Dry season energy (NRs/kwh) : 8.400
Wet season energy (NRs/kwh) : 4.800
Length (m): 133
kid = 0.000030
Fricition factor 'f' = 0.0105 (From Moody Chart)
Diameter 'D'inm = 1.500
Energy calcutaton
River flow Design flow | Discharge for Velocity | Head loss (m)[ Inlet+Bent loss| Total head los§ Power loss Energy loss KW-hr Actual energy loss KW-hr Revenue loss in NRs (,000)
Month Days m¥sec m3/sec energy gaeneratior (m/s) (m) (m) (KW)
(mfe) wet dry wet dry wet dry
Jan 31 3.130 7.8 3.13 1.77 0.15 0.12 0.27 7.47 0 5559.27 0 5281.31 0 44363.00
Feb 28 2.640 7.8 2.64 1.49 0.11 0.09 0.19 4.48 0 3012.96 0 2862.31 0 24043.41
Mar 31 2.520 7.8 2.52 1.43 0.10 0.08 0.18 3.90 0 2901.26 0 2756.20 0 23152.05
Apr 15 3.200 7.8 3.2 1.81 0.16 0.13 0.28 7.98 0 2874.51 0 2730.79 0 22938.63
Apr 15 3.200 7.8 3.2 1.81 0.16 0.13 0.28 7.98 2874.51 0 2587.06 0.00 12417.90 0.00
May 31 5.480 7.8 5.48 3.10 0.46 0.37 0.83 40.10 29835.04 0 26851.54 0.00 128887.39 0.00
Jun 30 14.050 7.8 7.8 441 0.92 0.75 1.68 115.64 83258.46 0 74932.61 0.00 359676.54 0.00
Jul 31 28.730 7.8 7.8 441 0.92 0.75 1.68 115.64 86033.74 0 77430.37 0.00 371665.75 0.00
Aug 31 27.250 7.8 7.8 441 0.92 0.75 1.68 115.64 86033.74 0 77430.37 0.00 371665.75 0.00
Sep 30 25.920 7.8 7.8 441 0.92 0.75 1.68 115.64 83258.46 0 74932.61 0.00 359676.54 0.00
Oct 31 11.240 7.8 7.8 441 0.92 0.75 1.68 115.64 86033.74 0 77430.37 0.00 371665.75 0.00
Nov 30 5.550 7.8 5.55 3.14 0.47 0.38 0.85 41.66 29993.25 0 26993.92 0.00 129570.83 0.00
Dec (1-15) 15 3.760 7.8 3.76 2.13 0.21 0.18 0.39 12.95 4663.14 0 4196.82 0.00 20144.75 0.00
Dec (15-31) | 16 3.760 7.8 3.76 2.13 0.21 0.18 0.39 12.95 0.00 4974.01 0 4725.31 0 39692.61
Total wet season energy = 442785.67 2125371.204
Total dry seson energy = 18355.92 154189.70
| | Total revenue loss 2279560.90




Diameter 'D' = 1.600 m.
k/id = 0.000028
Fricition factor 'f' = 0.0106 (From Moody Chart)
Energy calcutaton
River flow Design flow Discharge for Velocity Head loss (m)| Inlet+Bent loss| Total head losq§ Power loss Energy loss KW-hr Actual energy loss KW-hr Revenue loss in NRs (,000)
Month Days m¥sec m3/sec energy g;zneratlor (m/s) (m) (m) (KW)
(ms) wet dry wet dry wet dry
Jan 31 3.130 7.8 3.13 1.56 0.11 0.09 0.20 5.60 0 4167.75 0 3959.36 0 33258.61
Feb 28 2.640 7.8 2.64 1.31 0.08 0.07 0.14 3.36 0 2258.79 0 2145.85 0 18025.16
Mar 31 2.520 7.8 2.52 1.25 0.07 0.06 0.13 2.92 0 2175.05 0 2066.30 0 17356.92
Apr 15 3.200 7.8 3.2 1.59 0.11 0.10 0.21 5.99 0 2155.00 0 2047.25 0 17196.91
Apr 15 3.200 7.8 3.2 1.59 0.11 0.10 0.21 5.99 2155.00 0 1939.50 0.00 9309.61 0.00
May 31 5.480 7.8 5.48 2.73 0.33 0.29 0.62 30.06 22367.11 0 20130.40 0.00 96625.90 0.00
Jun 30 14.050 7.8 7.8 3.88 0.68 0.58 1.26 86.69 62418.24 0 56176.42 0.00 269646.80 0.00
Jul 31 28.730 7.8 7.8 3.88 0.68 0.58 1.26 86.69 64498.85 0 58048.96 0.00 278635.02 0.00
Aug 31 27.250 7.8 7.8 3.88 0.68 0.58 1.26 86.69 64498.85 0 58048.96 0.00 278635.02 0.00
Sep 30 25.920 7.8 7.8 3.88 0.68 0.58 1.26 86.69 62418.24 0 56176.42 0.00 269646.80 0.00
Oct 31 11.240 7.8 7.8 3.88 0.68 0.58 1.26 86.69 64498.85 0 58048.96 0.00 278635.02 0.00
Nov 30 5.550 7.8 5.55 2.76 0.34 0.30 0.64 31.23 22485.71 0 20237.14 0.00 97138.28 0.00
Dec (1-15) 15 3.760 7.8 3.76 1.87 0.16 0.14 0.29 9.71 3495.92 0 3146.33 0.00 15102.37 0.00
Dec (15-31) 16 3.760 7.8 3.76 1.87 0.16 0.14 0.29 9.71 0.00 3728.98 0 3542.53 0 29757.25
Total wet seson energy = 331953.09 1593374.826
Total dry seson energy = 13761.29 115594.86
| [Total revenue loss 1708969.68




Diameter 'D' = 1.700 m.
kid = 0.000026
Fricition factor 'f' = 0.0106 (From Moody Chart)
Energy calcutaton
River flow Design flow Discharge for Velocity Head loss (m)| Inlet+Bent loss| Total head los§ Power loss Energy loss KW-hr Actual energy loss KW-hr Revenue loss in NRs (,000)
Month Days m¥sec m3/sec energy g;zneratlor (m/s) (m) (m) (KW)
(ms) wet dry wet dry wet dry
Jan 31 3.130 7.8 3.13 1.38 0.08 0.07 0.15 4.26 0 3167.00 0 3008.65 0 25272.66
Feb 28 2.640 7.8 2.64 1.16 0.06 0.05 0.11 2.55 0 1716.42 0 1630.60 0 13697.02
Mar 31 2.520 7.8 2.52 111 0.05 0.05 0.10 2.22 0 1652.79 0 1570.15 0 13189.23
Apr 15 3.200 7.8 3.2 141 0.08 0.08 0.16 4.55 0 1637.55 0 1555.67 0 13067.65
Apr 15 3.200 7.8 3.2 141 0.08 0.08 0.16 4.55 1637.55 0 1473.79 0.00 7074.22 0.00
May 31 5.480 7.8 5.48 241 0.25 0.23 0.47 22.84 16996.39 0 15296.75 0.00 73424.40 0.00
Jun 30 14.050 7.8 7.8 3.44 0.50 0.46 0.96 65.88 47430.57 0 42687.52 0.00 204900.08 0.00
Jul 31 28.730 7.8 7.8 3.44 0.50 0.46 0.96 65.88 49011.59 0 44110.43 0.00 211730.08 0.00
Aug 31 27.250 7.8 7.8 3.44 0.50 0.46 0.96 65.88 49011.59 0 44110.43 0.00 211730.08 0.00
Sep 30 25.920 7.8 7.8 3.44 0.50 0.46 0.96 65.88 47430.57 0 42687.52 0.00 204900.08 0.00
Oct 31 11.240 7.8 7.8 3.44 0.50 0.46 0.96 65.88 49011.59 0 44110.43 0.00 211730.08 0.00
Nov 30 5.550 7.8 5.55 245 0.25 0.23 0.48 23.73 17086.52 0 15377.86 0.00 73813.75 0.00
Dec (1-15) 15 3.760 7.8 3.76 1.66 0.12 0.11 0.22 7.38 2656.49 0 2390.84 0.00 11476.03 0.00
Dec (15-31) 16 3.760 7.8 3.76 1.66 0.12 0.11 0.22 7.38 0.00 2833.59 0 2691.91 0 22612.04
Total wet seson energy = 252245.59 1210778.809
Total dry seson energy = 10456.9 87838.59
| [Total revenue loss 1298617.40




Diameter 'D' = 1.800 m.
k/d = 0.000025
Fricition factor 'f' = 0.0106 (From Moody Chart)
Energy calcutaton
River flow Design flow Discharge for Velocity Head loss (m)| Inlet+Bent loss| Total head los§ Power loss Energy loss KW-hr Actual energy loss KW-hr Revenue loss in NRs (,000)
Month Days m¥sec m3/sec energy g;zneratior (m/s) (m) (m) (KW)
(m°/s) wet dry wet dry wet dry
Jan 31 3.130 7.8 3.13 1.23 0.06 0.06 0.12 3.29 0 2446.68 0 2324.35 0 19524.54
Feb 28 2.640 7.8 2.64 1.04 0.04 0.04 0.08 197 0 1326.03 0 1259.73 0 10581.71
Mar 31 2.520 7.8 2.52 0.99 0.04 0.04 0.08 1.72 0 1276.87 0 1213.03 0 10189.42
Apr 15 3.200 7.8 3.2 1.26 0.06 0.06 0.12 3.51 0 1265.10 0 1201.84 0 10095.49
Apr 15 3.200 7.8 3.2 1.26 0.06 0.06 0.12 3.51 1265.10 0 1138.59 0.00 5465.23 0.00
May 31 5.480 7.8 5.48 2.15 0.19 0.18 0.36 17.65 13130.66 0 11817.59 0.00 56724.45 0.00
Jun 30 14.050 7.8 7.8 3.07 0.38 0.36 0.74 50.89 36642.76 0 32978.49 0.00 158296.74 0.00
Jul 31 28.730 7.8 7.8 3.07 0.38 0.36 0.74 50.89 37864.19 0 34077.77 0.00 163573.30 0.00
Aug 31 27.250 7.8 7.8 3.07 0.38 0.36 0.74 50.89 37864.19 0 34077.77 0.00 163573.30 0.00
Sep 30 25.920 7.8 7.8 3.07 0.38 0.36 0.74 50.89 36642.76 0 32978.49 0.00 158296.74 0.00
Oct 31 11.240 7.8 7.8 3.07 0.38 0.36 0.74 50.89 37864.19 0 34077.77 0.00 163573.30 0.00
Nov 30 5.550 7.8 5.55 2.18 0.19 0.18 0.37 18.33 13200.29 0 11880.26 0.00 57025.24 0.00
Dec (1-15) 15 3.760 7.8 3.76 1.48 0.09 0.08 0.17 5.70 2052.29 0 1847.06 0.00 8865.88 0.00
Dec (15-31) 16 3.760 7.8 3.76 1.48 0.09 0.08 0.17 5.70 0.00 2189.11 0 2079.65 0 17469.06
Total wet seson energy = 194873.79 935394.1916
Total dry seson energy = 8078.60) 67860.22
| [Total revenue loss 1003254.41




Diameter 'D' = 1.900 m.
k/id = 0.000024
Fricition factor 'f' = 0.0106 (From Moody Chart)
Energy calcutaton
River flow Design flow Discharge for Velocity Head loss (m)| Inlet+Bent loss| Total head los§ Power loss Energy loss KW-hr Actual energy loss KW-hr Revenue loss in NRs (,000)
Month Days m¥/sec m3/sec  |energy generatio (m/s) (m) (m) (KW) ot dry ol dry ot dry
Jan 31 3.130 7.8 3.13 1.10 0.05 0.05 0.09 2.58 0 1918.20 0 1822.29 0 15307.27
Feb 28 2.640 7.8 2.64 0.93 0.03 0.03 0.07 1.55 0 1039.61 0 987.63 0 8296.08
Mar 31 2.520 7.8 2.52 0.89 0.03 0.03 0.06 1.35 0 1001.07 0 951.01 0 7988.52
Apr 15 3.200 7.8 3.2 1.13 0.05 0.05 0.10 2.76 0 991.84 0 942.25 0 7914.88
Apr 15 3.200 7.8 3.2 1.13 0.05 0.05 0.10 2.76 991.84 0 892.66 0.00 4284.75 0.00
May 31 5.480 7.8 5.48 1.93 0.14 0.14 0.29 13.84 10294.46 0 9265.02 0.00 44472.07 0.00
Jun 30 14.050 7.8 7.8 2.75 0.29 0.29 0.58 39.90 28728.00 0 25855.20 0.00 124104.94 0.00
Jul 31 28.730 7.8 7.8 2.75 0.29 0.29 0.58 39.90 29685.59 0 26717.04 0.00 128241.77 0.00
Aug 31 27.250 7.8 7.8 2.75 0.29 0.29 0.58 39.90 29685.59 0 26717.04 0.00 128241.77 0.00
Sep 30 25.920 7.8 7.8 2.75 0.29 0.29 0.58 39.90 28728.00 0 25855.20 0.00 124104.94 0.00
Oct 31 11.240 7.8 7.8 2.75 0.29 0.29 0.58 39.90 29685.59 0 26717.04 0.00 128241.77 0.00
Nov 30 5.550 7.8 5.55 1.96 0.14 0.15 0.29 14.37 10349.05 0 9314.14 0.00 44707.89 0.00
Dec (1-15) 15 3.760 7.8 3.76 1.33 0.07 0.07 0.13 4.47 1609.00 0 1448.10 0.00 6950.86 0.00
Dec (15-31) 16 3.760 7.8 3.76 1.33 0.07 0.07 0.13 4.47 0.00 1716.26 0 1630.45 0 13695.78
Total wet seson energy = 152781.41 733350.7654
Total dry seson energy = 6333.63 53202.53
| [Total revenue loss 786553.30




Diameter 'D' = 2.000 m.
k/id = 0.000023
Fricition factor 'f' = 0.0106 (From Moody Chart)
Energy calcutaton
River flow Design flow Discharge for Velocity Head loss (m)| Inlet+Bent loss| Total head los§ Power loss Energy loss KW-hr Actual energy loss KW-hr Revenue loss in NRs (,000)
Month Days m¥/sec m3/sec  |energy generatio (m/s) (m) (m) (KW) ot dry ol dry ot dry
Jan 31 3.130 7.8 3.13 1.00 0.04 0.04 0.07 2.05 0 1523.80 0 1447.61 0 12159.91
Feb 28 2.640 7.8 2.64 0.84 0.03 0.03 0.05 1.23 0 825.85 0 784.56 0 6590.30
Mar 31 2.520 7.8 2.52 0.80 0.02 0.02 0.05 1.07 0 795.24 0 755.47 0 6345.98
Apr 15 3.200 7.8 3.2 1.02 0.04 0.04 0.08 2.19 0 787.91 0 748.51 0 6287.48
Apr 15 3.200 7.8 3.2 1.02 0.04 0.04 0.08 2.19 787.91 0 709.11 0.00 3403.75 0.00
May 31 5.480 7.8 5.48 1.74 0.11 0.12 0.23 10.99 8177.79 0 7360.01 0.00 35328.06 0.00
Jun 30 14.050 7.8 7.8 2.48 0.22 0.24 0.46 31.70 22821.16 0 20539.05 0.00 98587.43 0.00
Jul 31 28.730 7.8 7.8 2.48 0.22 0.24 0.46 31.70 23581.87 0 21223.68 0.00 101873.67 0.00
Aug 31 27.250 7.8 7.8 2.48 0.22 0.24 0.46 31.70 23581.87 0 21223.68 0.00 101873.67 0.00
Sep 30 25.920 7.8 7.8 2.48 0.22 0.24 0.46 31.70 22821.16 0 20539.05 0.00 98587.43 0.00
Oct 31 11.240 7.8 7.8 2.48 0.22 0.24 0.46 31.70 23581.87 0 21223.68 0.00 101873.67 0.00
Nov 30 5.550 7.8 5.55 1.77 0.11 0.12 0.23 11.42 8221.16 0 7399.04 0.00 35515.40 0.00
Dec (1-15) 15 3.760 7.8 3.76 1.20 0.05 0.06 0.11 3.55 1278.17 0 1150.35 0.00 5521.68 0.00
Dec (15-31) 16 3.760 7.8 3.76 1.20 0.05 0.06 0.11 3.55 0.00 1363.38 0 1295.21 0 10879.76
Total wet seson energy = 121367.66 582564.7693
Total dry seson energy = 5031.36 42263.43
| [Total revenue loss 624828.20




Diameter 'D' = 2.100 m.
k/d = 0.000021
Fricition factor 'f' = 0.0106 (From Moody Chart)
Energy calcutaton
River flow Design flow Discharge for Velocity Head loss (m)| Inlet+Bent loss| Total head los§ Power loss Energy loss KW-hr Actual energy loss KW-hr Revenue loss in NRs
Month Days m¥sec m3/sec  |energy g;\neratlor (m/s) (m) (m) (KW) ol ary ol ary et ary
Jan 31 3.130 7.8 3.13 0.90 0.03 0.03 0.06 1.65 0 122491 0 1163.66 0 9774.76
Feb 28 2.640 7.8 2.64 0.76 0.02 0.02 0.04 0.99 0 663.86 0 630.67 0 5297.62
Mar 31 2.520 7.8 2.52 0.73 0.02 0.02 0.04 0.86 0 639.25 0 607.29 0 5101.23
Apr 15 3.200 7.8 3.2 0.92 0.03 0.03 0.06 1.76 0 633.36 0 601.69 0 5054.20
Apr 15 3.200 7.8 3.2 0.92 0.03 0.03 0.06 1.76 633.36 0 570.02 0.00 2736.11 0.00
May 31 5.480 7.8 5.48 1.58 0.09 0.10 0.18 8.84 6573.73 0 5916.35 0.00 28398.50 0.00
Jun 30 14.050 7.8 7.8 2.25 0.17 0.20 0.37 25.48 18344.82 0 16510.34 0.00 79249.61 0.00
Jul 31 28.730 7.8 7.8 2.25 0.17 0.20 0.37 25.48 18956.31 0 17060.68 0.00 81891.27 0.00
Aug 31 27.250 7.8 7.8 2.25 0.17 0.20 0.37 25.48 18956.31 0 17060.68 0.00 81891.27 0.00
Sep 30 25.920 7.8 7.8 2.25 0.17 0.20 0.37 25.48 18344.82 0 16510.34 0.00 79249.61 0.00
Oct 31 11.240 7.8 7.8 2.25 0.17 0.20 0.37 25.48 18956.31 0 17060.68 0.00 81891.27 0.00
Nov 30 5.550 7.8 5.55 1.60 0.09 0.10 0.19 9.18 6608.59 0 5947.73 0.00 28549.09 0.00
Dec (1-15) 15 3.760 7.8 3.76 1.09 0.04 0.05 0.09 2.85 1027.46 0 924.71 0.00 4438.61 0.00
Dec (15-31) 16 3.760 7.8 3.76 1.09 0.04 0.05 0.09 2.85 0.00 1095.95 0 1041.16 0 8745.70
Total wet seson energy = 97561.53 468295.3303
Total dry seson energy = 4044.47| 33973.51
| [Total revenue loss 502268.84




Present worth factor = 11%

HEWA KHOLA SMALL HYFROPOWER PROJECT

Return peroid (yrs) =

COST OPTIMIZATION

50

S.No Dameter (m)| Cost NRs. RevenuelossNRs. | Annual cost Nrs | Total cost NRs.
1 15 4,710,998.43 - 518,209.83 518,209.83
2 1.6 5,025,064.99 - 552,757.15 552,757.15
3 1.7 5,339,131.55 - 587,304.47 587,304.47
4 1.8 5,653,198.11 - 621,851.79 621,851.79
5 1.9 5,967,264.67 - 656,399.11 656,399.11
6 2.0 6,281,331.24 - 690,946.44 690,946.44
7 2.1 6,595,397.80 - 725,493.76 725,493.76
Optimum diameter = 1970 mm

Thickness=88 mm

Cost

2500000
2300000
2100000
1900000
1700000
1500000
1300000
1100000

900000

700000

500000

== Revenue loss
== Annual cost

Total cost




ENERGY CALCULATION SHEET

Net Head (m): 55.630 Dry energy rate: NRs. 8.40/KWh
Design flow at (40%) Qg (m3/sec): 7.8 Wet energy rate: NRs. 4.80/KWh
Overall effency : 0.9
Dry season outage % : 5
Wet season outage % : 10
River flow Design flow Discharge for Dischar ge after Power available (MW) Power after outage(M W)
Month Days m/sec m3fsec energ)zr?::?;anon rlpar(lr;ag/rsease Ener gy available KW-h Annual Income (NRs) Remarks
Wet season Dry season Wet season Dry season Wet season Dry season Wet season Dry season
Jan 31 3.130 7.8 3.13 2.817 - 1383.59003 - 1314.410528 - 98738.51887 - 829403.5585
Feb 28 2.640 7.8 2.64 2.376 - 1166.989674 - 1108.64019 - 70243.44243 - 590044.9164
Mar 31 2.520 7.8 2.52 2.268 - 1113.944688 - 1058.247454 - 64002.80601 - 537623.5705
Apr 15 3.200 7.8 3.2 2.88 - 1414532938 - 1343.806291 - 103204.3231 - 866916.3143
Apr 15 3.200 7.8 3.2 2.88 1414532938 - 1273.079644 - 458308.6718 - 2199881.625 -
May 31 5.480 7.8 5.48 4.932 2422.387656 - 2180.14889 - 1622030.774 - 7785747.716 -
Jun 30 14.050 7.8 7.8 7.02 3447.924035 - 3103.131632 - 2234254.775 - 10724422.92 -
Jul 31 28.730 7.8 7.8 7.02 3447.924035 - 3103.131632 - 2308729.934 - 11081903.68 -
Aug 31 27.250 7.8 7.8 7.02 3447.924035 - 3103.131632 - 2308729.934 - 11081903.68 -
Sep 30 25.920 7.8 7.8 7.02 3447.924035 - 3103.131632 - 2234254.775 - 10724422.92 -
Oct 31 11.240 7.8 7.8 7.02 3447.924035 - 3103.131632 - 2308729.934 - 11081903.68 -
Nov 30 5.550 7.8 5.55 4.995 2453.330564 - 2207.997507 - 1589758.205 - 7630839.385 -
Dec (1-15) 15 3.760 7.8 3.76 3.384 1662.076202 - 1495.868582 - 538512.6893 - 2584860.909 -
Dec (15-31) | 16 3.760 7.8 3.76 3.384 - 1662.076202 - 1578.972392 - 142486.4686 1196886.336
Total 15603309.69 478675.56 74895886.53| 4020874.696
Grand total 16081985.25 78,916,761.22
Annual Incomein US$ 1,052,223.48




CASH FLOW OF THE PROJECT

Descriptions of the works Years Outgoing Income Cumulative
(,000) (,000) (,000)

Land purchase, contract

award, mobilization etc. 0 -100,000.00 -100.00 0.00 -100,000.00 -100.00

Access road, Establishment

of offices, insurance etc 1 -183,000.00 -183.00 0.00 -283,000.00 -283.00

Civil works,

hydromechanical cost etc. 2 -3,398,876.59 -3,398.88 0.00 -3,681,876.59 -3,681.88

Electromechanical works

(Water to wire), transmission

line, project development

cost, engineering and

management cost,

contengency, VAT 3 -4,195,175.81 -4,195.18 0.00 -7,877,052.39 -7,877.05

Operation and maintenance cq 4 -236,311.57 -236.31 1,052,223.48 1,052.22 -7,061,140.49 -7,061.14
5 -236,311.57 -236.31 1,052,223.48 1,052.22 -6,245,228.58 -6,245.23
6 -236,311.57 -236.31 1,052,223.48 1,052.22 -5,429,316.67 -5,429.32
7 -236,311.57 -236.31 1,052,223.48 1,052.22 -4,613,404.76 -4,613.40
8 -236,311.57 -236.31 1,052,223.48 1,052.22 -3,797,492.85 -3,797.49
9 -236,311.57 -236.31 1,052,223.48 1,052.22 -2,981,580.95 -2,981.58
10 -236,311.57 -236.31 1,052,223.48 1,052.22 -2,165,669.04 -2,165.67
11 -236,311.57 -236.31 1,052,223.48 1,052.22 -1,349,757.13 -1,349.76
12 -236,311.57 -236.31 1,052,223.48 1,052.22 -533,845.22 -533.85

Turbine maintenance 13 -436,311.57 -436.31 1,052,223.48 1,052.22 82,066.69 82.07
14 -236,311.57 -236.31 1,052,223.48 1,052.22 897,978.60 897.98
15 -236,311.57 -236.31 1,052,223.48 1,052.22 1,713,890.50 1,713.89
16 -236,311.57 -236.31 1,052,223.48 1,052.22 2,529,802.41 2,529.80
17 -236,311.57 -236.31 1,052,223.48 1,052.22 3,345,714.32 3,345.71
18 -236,311.57 -236.31 1,052,223.48 1,052.22 4,161,626.23 4,161.63
19 -236,311.57 -236.31 1,052,223.48 1,052.22 4,977,538.14 4,977.54
20 -436,311.57 -436.31 1,052,223.48 1,052.22 5,593,450.04 5,593.45
21 -236,311.57 -236.31 1,052,223.48 1,052.22 6,409,361.95 6,409.36
22 -236,311.57 -236.31 1,052,223.48 1,052.22 7,225,273.86 7,225.27
23 -236,311.57 -236.31 1,052,223.48 1,052.22 8,041,185.77 8,041.19
24 -236,311.57 -236.31 1,052,223.48 1,052.22 8,857,097.68 8,857.10

Turbine exchange 25 -2,236,311.57 -2,236.31 1,052,223.48 1,052.22 7,673,009.59 7,673.01
26 -236,311.57 -236.31 1,052,223.48 1,052.22 8,488,921.49 8,488.92
27 -236,311.57 -236.31 1,052,223.48 1,052.22 9,304,833.40 9,304.83
28 -236,311.57 -236.31 1,052,223.48 1,052.22 10,120,745.31 10,120.75
29 -236,311.57 -236.31 1,052,223.48 1,052.22 10,936,657.22 10,936.66
30 -236,311.57 -236.31 1,052,223.48 1,052.22 11,752,569.13 11,752.57
31 -236,311.57 -236.31 1,052,223.48 1,052.22 12,568,481.03 12,568.48
32 -236,311.57 -236.31 1,052,223.48 1,052.22 13,384,392.94 13,384.39
33 -236,311.57 -236.31 1,052,223.48 1,052.22 14,200,304.85 14,200.30
34 -236,311.57 -236.31 1,052,223.48 1,052.22 15,016,216.76 15,016.22
35 -236,311.57 -236.31 1,052,223.48 1,052.22 15,832,128.67 15,832.13
36 -236,311.57 -236.31 1,052,223.48 1,052.22 16,648,040.58 16,648.04
37 -236,311.57 -236.31 1,052,223.48 1,052.22 17,463,952.48 17,463.95
38 -236,311.57 -236.31 1,052,223.48 1,052.22 18,279,864.39 18,279.86
39 -236,311.57 -236.31 1,052,223.48 1,052.22 19,095,776.30 19,095.78
40 -236,311.57 -236.31 1,052,223.48 1,052.22 19,911,688.21 19,911.69
41 -236,311.57 -236.31 1,052,223.48 1,052.22 20,727,600.12 20,727.60
42 -236,311.57 -236.31 1,052,223.48 1,052.22 21,543,512.02 21,543.51
43 -236,311.57 -236.31 1,052,223.48 1,052.22 22,359,423.93 22,359.42
44 -236,311.57 -236.31 1,052,223.48 1,052.22 23,175,335.84 23,175.34
45 -236,311.57 -236.31 1,052,223.48 1,052.22 23,991,247.75 23,991.25
46 -236,311.57 -236.31 1,052,223.48 1,052.22 24,807,159.66 24,807.16
47 -236,311.57 -236.31 1,052,223.48 1,052.22 25,623,071.57 25,623.07
48 -236,311.57 -236.31 1,052,223.48 1,052.22 26,438,983.47 26,438.98
49 -236,311.57 -236.31 1,052,223.48 1,052.22 27,254,895.38 27,254.90
50 0.00 0.00 0.00 27,254,895.38 27,254.90




COST OF THE PROJECT IN THOUSANDS US$
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CONSTRUCTION SCHEDULE (BAR CHART)

HEWA KHOLA-B SMALL HY DROPOWER PROJECT

SN

Activities
Time in months

FIRST YEAR

SECOND YEAR

THIRD YEAR

Feb

Mar

Apr

May [Jun|Jul [Aug

Sep

Oct

Nov

Dec

Feb

Mar

Apr

May [Jun|Jul [Aug

Sep

Oct

Nov

Dec

Feb

Mar

Apr

May [Jun|Jul [Aug

Oct

Nov

Dec

Invitation of bids

Evaluation of bids and agreement

Construction of access road

Transportation of construction materials

Earthwork in excavation

Construction of diversion structures

Construction of intake, settling basin and forebay

Canal construction

OO |N[O|(O|B[WIN|F-

Construction of cross drainage structures

Construction of penstock pipe

Construction of powerhouse

Construction of transmission lines

Hydromechanical works

Mechanical works

Electrification

Commercial date of operation
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LONGITUDIONAL PROFILE OF PENSTOCK
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Thickness : Bmm
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