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PREFACE

The Alternative Energy Promotion Centre (AEPC) was established in 1996. It has been
executing the national Rural and Renewable Energy Program (NRREP) since July 16,
2012 with single program modality. Support to micro/mini hydropower development under
Community Electrification Sub-Component (CESC) has been one of the major activities of

the programme within the NRREP.

AEPC has been preparing various guidelines, standards and manuals for assisting
prospective micro/mini hydropower projects. Prevailing standards, guidelines and manuals
are the basis for development of micro/mini hydropower projects in Nepal. In the course of
accreditation for Green Climate Fund (GCF), AEPC supported projects needs to be fulfilled
Environment and Social Safeguard (ESS) issues. For fulfilling the ESS, AEPC/CESC
initiated updating existing Guidelines for Detail Feasibility Study of Micro-Hydro Projects.

| would like to express thanks to Global Engineering Associates Pvt. Ltd., Lalitpur and the
CESC, CCU and other colleagues from AEPC for their contributions to the updating of the
guideline. | would like to thank all those who directly and indirectly helped in updating this
guideline.

Ram Prasad Dhital
Executive Director
AEPC
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Detailed feasibility study

Electronic circuit cut-out

Electronic load controller

Energy Sector Assistance Programme
High-density polyethylene

Household

High Rupturing Capacity

Government of Nepal

Horsepower

High rupturing capacity

Induction generator controller

Intermediate Technology Development Group
kilo-volt ampere

kilowatt

litres per second

metre

millimetre
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Nepal Electricity Authority

National Rural and Renewable Energy Programme
Positive temperature coefficient
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Village development committee
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CHAPTER ONE: GENERAL INTRODUCTION
1. Background

These guidelines were prepared to for consultants undertaking detailed feasibility studies
(DFSs), including of technical design, for micro-hydropower projects (MHPs) supported by the
Alternative Energy Promotion Centre (AEPC) of the Government of Nepal (GoN). They cover
both micro- (10-100 kW) and pico- (up to 10 kW) hydropower projects.

It is expected that the use of these guidelines will result in the adoption of a standard approach
to designing and reporting on such studies. Their overall objective is to see good-quality MHPs
with minimal failure rates built. Their specific objectives are as follows:

¢ Rural households will receive reliable and affordable electricity for household lighting
and thus experience an improvement in quality of life.

e Technically sound MHPs will be implemented.

o MHPs will be cost-effective and financially viable so that external support for their
operation and maintenance is not needed.

o Safety issues will be adequately addressed

o MHPs will promote some end-uses based on available local resources and markets.

o Where feasible, multipurpose projects that integrate hydropower with other uses of the
water resources will be promoted.

o Communities will be more aware about gender equality and social inclusion (GESI) and
women and the vulnerable will be empowered.

e Carbon emissions will be rescued.

A DFS report is the report written after the second visit to a prospective MHP site following an
assessment of the information provided by a preliminary feasibility study. Thus, the DFS
should build upon the findings of the preliminary feasibility study. It is the final document, the
one upon which the decision whether or not to implement the proposed MHP is based.

The format for carrying out site work and subsequent analysis is presented in Appendix B. All
information required in the format should be filled in; where this is not possible, comments
should be provided to justify the omission.

A separate Micro-hydro Design Aid spreadsheet programme has been developed and updated
to assist the design engineer in sizing appropriate structures and equipment for a selected
scheme. These are guidelines only and are not intended to replace sound engineering
judgement. They should be used with caution to verify the design parameters based on site-
specific conditions.
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It should be noted that the design engineer/consultant may propose designs different from
those in these guidelines provided that such designs meet these qualifications:
e have a sound technical basis,

e have been proven in the context of Nepal, and

e are more cost-effective than designs based on the guidelines

The six key issues that the study should cover are as follows.
1. Technical viability

Power demand and end-use possibilities
Project costs and finances
Institutional aspects

Policy issues

@ g bk~ oD

Possibilities for the multiple use of water

Each issue is discussed below. Chapter 2 discusses the technical and socio-economic aspects
that should be covered during the site survey while Chapter 3 presents technical design
considerations. The standards and requirements of a detailed feasibility report are discussed
in Chapter 4. References are included in Chapter 5. The format for site surveys, examples of
typical drawings, and cost estimation are presented in appendices B, C and D respectively.

Since it is expected that a multidisciplinary team of experienced technicians (engineers) and
socio-economists/sociologists familiar with micro-hydropower will undertake each study,
underlying technical and socio-economical principles are not discussed in detail.

1.1 Technical Viability

The DFS report should clearly demonstrate the technical viability of the scheme should be
clearly by comparing it with alternative sites and/or alternative technology as far as practicable.
This information should include the design flow and head; the length, type and dimensions of
waterways and structures; and the specifications of equipment, accessories and protection
devices as well as their operation and maintenance requirements. The available flow and head
are not only the factors which should govern the size of the scheme. The technical design
should also meet the demands of the beneficiaries for electricity.

The contractor should be able to quote a price for the implementation of the scheme based on
the DFS report and a reconnaissance visit to the site. Furthermore, he or she should be able
to construct (or supervise the construction of) the structures and install equipment with minor
modifications to suit site conditions. Detailed construction drawings are not essential but the
basis for working drawings should be incorporated in the report. Guidelines and requirements
for technical viability and the standard of the report are discussed in Chapters 3 and 4
respectively.

Guidelines for Detailed Feasibility Studies of Micro-Hydro Projects 2



1.2 Power Demand and End-Use Possibilities

The demand for power and end-use possibilities should be assessed during the site visit and stated in
the report. The primary use of micro-hydropower in rural areas is household lighting. Thus, in order to
optimise the use of an MHP (and thus increase its financial viability), the installed capacity should be
governed by household demand. Other, non-lighting end-uses should ideally complement the lighting
use. If other end-uses fall during non-lighting hours, the size of the scheme need not be unnecessarily
increased. At any given time, the total capacity of end-uses under operation should be limited to the
installed capacity, which is governed by the demand for lighting. That said, other approaches to sizing
the plant will be entertained if financial viability is demonstrated.

To assess total power requirements, the number of beneficiary households and the average power
demand per household should be determined through discussions with the community. Their
demands should be balanced with the technical aspects of the scheme. The types of end-uses, their
energy demands, and the expected annual operating time given the local resources and market
opportunities available should also be determined. Prospective entrepreneurs willing to install the
various end-uses should be identified in the DFS report.

1.3 Project Costs and Finances

The total implementation cost of the proposed technical design should be determined based on the
prevailing rates for material, equipment, labour and transport in the concerned district. Site-specific
rates should be used if they differ from or there are no district rates and special remarks and suitable
references provided. Annual costs such as salaries for operators and plant maintenance as well as
annual income should also be determined.

Based on discussions with the community members and the prospective developer, the consultant
should suggest how the scheme is to be financed (e.g., loan, community contribution/equity and/or

external support). Finally, the financial viability of the scheme as per the AEPC’s policy requirements

(i.e., positive net present value of equity at a discount rate of 6%) should be demonstrated.

1.4 Institutional Aspects

The commitment of the developer and community to implement the scheme and their ability to own
and manage the plant should be assessed by the consultant. The assessment should include the
general perception of micro-hydropower and electricity of the developer and the community, the need
for operation and maintenance, and financial viability.

Any institutions, such as NGOs or government line agencies, which are active in the project area and
are likely to contribute to the implementation of the scheme, should be contacted and the nature of
their potential assistance documented.

Guidelines for Detailed Feasibility Studies of Micro-Hydro Projects 3



1.5 Policy Issues

The DFS report should also adequately address the AEPC’s policy issues regarding the
eligibility of an MHP for subsidy support. Currently, these include the following:

e There should be no or limited adverse environmental impacts.
e The return on equity and an economic life of 15 years should be positive.
e The subsidies currently mandated by the GoN follow.

Table 1.1: Subsidies as per Renewable Energy Subsidy Policy 2073

Subsidy Distribution Subsidy Amount (Rs.)
(A) Based on capacity Very remote RMs in ‘Ka’ RMs in ‘Kha’ RMs in ‘Ga’
(kW) area (Dolpa, areas areas areas

Mugu, Humla)

>10 — 1000 kW
Distribution (per 35,000 32,000 30,000 28,000
Households)
Generation-Equipment 125,000 95,000 85,000 80,000
per kW
Generation-Civil per kW 80,000 30,000 25,000 20,000

The maximum subsidies per kW for households in 'Very remote' ‘Ka’, ‘Kha’ and ‘Ga’ areas are
Rs. 382,000; Rs. 285,000; Rs. 260,000; and Rs. 240,000 respectively. Five households per kW
will be considered for distribution subsidy.

(B) Based on consumed energy (kWh)

Consumed energy (kWh) 55% 50% 45% ‘ 40%

Subsidy based on consumed energy shall be provided up to 5
years from the date of commissioning.

Up to 10 kW Installed capacity Subsidy Amount (Rs.)
‘Ka’ areas Kha’ areas | ‘Ga’ areas
Distribution (per HHs) Upto 10 kW capacity 11,500 10,500 10,000
Generation (per kW) Upto 10 kW capacity 10,500 60,000 50,000
Upto 5 kW capacity 10,000 85,000 75,000

In case of projects upto 5 kW capacity, the maximum subsidies per kW for households in ‘Ka’,
‘Kha’ and ‘Ga’ areas are Rs. 185,000; Rs. 165,000; and Rs. 150,000 respectively. In case of
projects greater than 5 kW and upto 10 kW capacity, the maximum subsidies per kW for
households in ‘Ka’, ‘Kha’ and ‘Ga’ areas are Rs. 210,000; Rs. 190,000; and Rs. 175,000
respectively. In case of single generation, (electrification of temples, community radio stations,
hospitals and similar institutional and community uses), only the per kW generation subsidy
mentioned in above table is provided.

Source: Renewable Energy Subsidy Policy, 2073

For details, see the Renewable Energy Subsidy Policy of 2073 and Subsidy Delivery
Mechanism of 2073. As policy requirements may change, consultants should contact the
AEPC office regarding the policies applicable at the time the study is conducted.
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1.6 Multi Purpose Projects

Multipurpose MHPs are those that use water for reasons other than power generation, such as
irrigation or drinking water supply. For example, if the headrace or the tailrace of a MHP is also
used for irrigation, that plant can be considered a multipurpose plant. Where the topography is
suitable, using tailrace discharge for irrigation could create an ideal multipurpose project if the
alignment or length of the tailrace is designed suitably to serve a significant command area.
Pumping water for irrigation during off-peak hours is another example of increasing the number
of end-uses and promoting the non-hydropower use of water.

As discussed in the pre-feasibility study guidelines, the DFS should consider the following
issues in its exploration of the possibility of the multiple use of water resources:

o Apart from meeting the flow requirements for power generation, excess flows should be
available for secondary purposes. For example, if the design flow required for power
generation is less than the 11-month exceedance flow (the river is large and installed
capacity low), excess flow may be available for irrigation. If the command area is along
the headrace alignment, irrigation flow can be made available by sizing the headrace
canal to meet both demands (i.e., power generation and irrigation). If a pipe is used for
the headrace, flow-control structures such as valves will be required at irrigation outlet
points.

e If the command area lies along the tailrace alignment, irrigation flows can be made
available without increasing the conveyance capacity of the headrace. Realignment or
extension of the canal length may be the only additional cost required.

e It may also be possible to accommodate irrigation or other non-hydropower flows with
the same design flows using water management practices like irrigating during off-peak
hours by either reducing the power output or closing the plant.

e The additional costs of and the incremental benefits from the secondary uses should be
demonstrated in the DFS report. For example, the increase in the cost of a headrace
canal which accommodates irrigation flows should be compared to the expected annual
benefits due to increases in crop yields over the life span of the MHP. If the
accumulated benefits at the discount rate current at the time of the study (15 years and
6% at present) exceeds the additional costs, then multipurpose projects can be
justified.

It should be noted that the current AEPC policy encourages multipurpose projects:
“Multipurpose power-irrigation-drinking water projects will be preferential projects for subsidy
funding. Efforts should be made to seek technical and management solutions that encourage
power generation and integrate other uses of the water resources.”
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CHAPTER TWO: SITE SURVEY

2. Survey Requirements

Adequate and accurate survey work is vital to implementing a sustainable MHP. It should
address both the technical and socio-economic issues of the project area.

The basis for the information that is to be compiled during the site visit is presented in
Appendix B. The consultant should also note down other site-specific issues that are essential
for the implementation of the scheme.

2.1 Technical Aspects

The technical survey should be conducted so that the locations of various structures can be
shown in drawings and later constructed on the ground. It should verify the findings of the
preliminary feasibility study and provide more accurate measurements, as is explained below.

2.2 Site Selection

The selection of an appropriate site depends on two factors: stream flow and topography. The
power available from a MHP is a function of both the flow and the head and the head depends
on the topography. An MHP is technically viable only if, together, the head and the flow meet
the demands of the targeted community. Under normal circumstances, the lowest seasonal
flow of the river should be used to calculate the power. While designers have little control over
the flow available, they do have some control over topography: they can choose different
alignments for the intake, headrace and penstock and they can modify the local topography
through excavation, the implementation of soil stability enhancement measures and/or the
construction of structures.

The surveyor should consider the physical advantages of the site point and contemplate the
practical design and construction of alternative layouts. Each layout will require the
construction of different components on different parts of the potential site; these should be
noted. Features that may affect the design of the scheme, such as slope stability and land use
and ownership should also be noted and a sketch map of each potential site plan made.

The DFS should closely examine each of the layouts identified during the preliminary survey
and accurately locate each component in the site plan. The location of the intake is the key
component, so the surveyor should consider it with the utmost attention.

Once all alternatives have been planned in detail, the most suitable layout should be chosen
using, aside from the cost, the following criteria:

e The combination of head and flow must generate the required minimum power output.

o Preference should be given to the layout with simplest design and construction.

o The shorter the alignment of an MHP, the fewer construction materials it requires and
thereby the less money and time it requires to construct. The powerhouse should be as
close as possible to the load centre.
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Technical parameters such as overall slope stability, flood risks, and other site-specific
issues should be considered.

Since slope stability of slopes affects the design of all components of an MHP, it should be
analysed thoroughly, particularly in the following key areas:

Above and below the proposed canal routes

Below the proposed location of the settling basin or forebay
Along the proposed penstock alignment

Above and below the proposed powerhouse location

Unstable slopes can weaken support foundations through landslide or collapse or damage
structures through falling debris. The following features of a slope or rock face indicate slope
stability:

Thick vegetative cover, including trees standing vertically.

Straight, even slope profile

Rock surfaces covered with moss, lichen or a weathered skin

Hard, impermeable rock

Rock with no or few joints

Closed rock joints

Well-packed debris, with fine material packed into voids between coarse material
Well-established trees and shrubs

No active gullies (although a stable gully system may be present)

A thorough investigation of slope will influence the design of the whole scheme, particularly the
location of principal structures and should keep in mind two guidelines:

Never construct on fill, that is, land which has been built-up or filled using excavated
material.

Avoid the location of structures close to landslide zones.

2.3 Flow Measurement and Hydrology

The mean monthly flows reported in the pre-feasibility study should be verified using
either the Medium Irrigation Project (MIP) method and/or the Hydest method,
depending on the catchment area. A site visit should be made between the months of
November and April to measure the river discharge at the intake site. If the mean
monthly flows estimated at this stage are lower than those reported in the preliminary
feasibility study, the design discharge (and thus the installed capacity) should be
lowered accordingly. Note that as called for in the “Flow Verification Guidelines,” the
design discharge should be available at least 11 months a year.
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Table 2.1 Flow-measuring equipment

Equipment Preferred limit (Ips) Acceptable limit (Ips)

Bucket Up to 10 Up to 30

Conductivity meter Up to 500 Up to 1500

Current meter Above 200 As per equipment specification

e Conductivity meter should be calibrated at least once every six months.

e Three sets of consistent measurements (within 10%) should be provided for
discharge.

o The catchment area at the intake location reported in the pre-feasibility study
should be verified based on available topographical maps.

e As for the pre-feasibility study, if the catchment area at the intake exceeds 100 km?,
then flow measurements and mean monthly flow estimation using the MIP method
are not mandatory as flow requirements for MHPs during the low-flow season are
ensured due to the catchment size. In such cases the Hydest method should be
used to estimate monthly available flow.

2.4 Survey Equipment, Marking on Site and Photographs

The equipment recommended for site survey is presented in Table 2.2. Since there can be a
significant time gap between the detailed survey and the construction of the scheme,
permanent markings should be made and photographs should be taken at the locations of key
structures so that the contractor/installer can determine their locations and alignments with
ease. Depending on the ground conditions, either driving wooden pegs into ground with the
exposed end painted or painting nearby boulders or rock outcrops is appropriate. Paints, such
as enamel, that are not easily worn off due to adverse weather conditions should be used.
Guidelines for marking at the site and taking photographs are presented in Table 2.2.

Table 2.2: Equipment and markings for site survey

S.N. Area Survey Equipment Markings and Photographs
1. | Intake site Level machine with GPS and Enamel paints on permanent
tape or theodolite or equipment | boulders and rock outcrops at
with similar accuracy river banks
Photograph of the intake area
2. | Headrace Level machine with GPS and Wooden pegs along the
alignment tape or theodolite or equipment | alignment at 10—20 m intervals
with similar accuracy and along bends

Photograph showing the entire
alignment as well as any site-
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specific features such as
crossings and siphons

3. | Penstock
alignment

Level machine with GPS and
tape or theodolite or equipment
with similar accuracy

Wooden pegs at the anchor
block locations and at 10—-20 m
intervals along the alignment

Photograph showing the
penstock alignment

4. Powerhouse site

Level machine with GPS and
tape or theodolite or equipment
with similar accuracy

Wooden pegs or marking on
boulders

Photograph of the powerhouse

5. | Tailrace

Level machine with GPS and
tape or theodolite or equipment
with similar accuracy

Wooden pegs or marking of
boulders along the alignment at
10-20 m intervals

Photograph of the tailrace
alignment if is not visible in the
powerhouse photograph

6. | Transmission
and/or distribution
lines

Compass and tape or GPS Photograph showing the overall
transmission and/or distribution

lines

Note: For schemes up to 10 kW of installed capacity, the survey from intake to tailrace may be
conducted using an Abney level and a tape, but the use of GPS is recommended in all cases.

2.5 Socio-economic aspects

The socio-economic survey should generally follow the format provided in Appendix B. The
technical findings should be discussed with the developer and the community so that the
alignment and locations of structures are clear to them.

Water right issues and tariff rates should be discussed and entrepreneurs interested in
establishing end-uses should be identified and their requirements discussed. It is important for
the survey team to spend time with the community and to explain the various aspects of the
scheme in order to facilitate community mobilisation during the construction phase.

2.6 Possibility of multipurpose projects

The site survey should explore the possibility of multipurpose projects including aligning the
headrace or tailrace through cultivated land to serve as an irrigation canal and the possibility of
establishing a drinking water supply system using the forebay. If such projects appear
feasible, they should be discussed with community members and the additional costs and
benefits explained.
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2.7 Gender Equity and Social inclusion

GESI been mainstreamed into the AEPC by including it in the development objective, in each
of the immediate objectives, in relevant outputs and activities, and in indicators, targets and
monitoring. The Renewable Energy Subsidy Policy of 2073 provides additional subsidies for
single women, disadvantaged groups, the poor, the conflict-affected and marginalized groups,
so the designer should collect data on all such groups.

2.8 Environment and Social Safeguard Aspect

Environment and social safeguard (ESS) have been mainstreamed in each community-based
project including micro hydropower projects. In the context of accreditation to Green Climate
Fund, each community-based projects needs to be assessed from ESS policy of AEPC.
Relevant data are collected from survey format (Refer Appendix-A) which critically examines
ESS issues and categorises the project based on risk potential risk.

After assessment of potential risk and impact profile, the project should be categorized A, B or
C. Consequently, relevant recommendation should be made for carrying EIA or IEE if the
project falls under category A or B respectively. If the project falls under category C,
Environmental and Social Management Plan (ESMP) should be prepared.
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CHAPTER THREE: TECHNICAL DESIGN

3. Component Design

The technical design of a MHP consists of civil, mechanical and electrical components, all of
which are discussed in this chapter. Sample drawings are also included and more detailed
drawings are presented in Appendix C. The spreadsheet programme Microhydro Design Aid
prepared in conjunction with these guidelines can be used to make and/or check technical
designs.

3.1 Civil Components

Civil structures are used for the waterways of an MHP. Although they are a major part of a
project, they are often accorded little importance, and, as a result, MHPs frequently suffer from
waterway problems. While the design of civil structures cannot be completely standardised as
there are always topographical variations in the sites in which they are built, standard
approaches able to deal with site-specific conditions can be developed. The ideal layout of a
scheme will select appropriate sites for civil structures. Since civil structures are
interdependent, civil design is an iterative process.

Site selection and layout, overall stability issues and the design of civil structures are described
in detail in the “Civil Works Guidelines for Micro-Hydropower in Nepal” prepared by BPC
Hydro-consult and Practical Action and accompanied by a Microhydro Civil Design
spreadsheet programme. For this reason, only the guiding principles are discussed below.

3.1.1 Intake

The first criterion in selecting an intake is to ensure that the site conditions allow for the
required quantity of water to be withdrawn from the river and channelled into the waterways of
the MHP with minimal structural intervention during the low-flow season. The second criterion
is to ensure that excess flow into the intake can be limited during the high-flow season.
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Figure 3.1: Cross-sectional view of the intake area
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If the intake has to be located at a river bend, it must be in a stable area, and it should be at
the outer bend to limit sediment deposition and to ensure flow availability during the dry
season. Rock out-crops or large boulders that offer natural protection to the intake structure
should be taken advantage of.

Poor design and/or location will limit the output and effectiveness of a micro-hydro project.
Remedial work to correct poor initial design may cost far more than the extra cost of ensuring a
good design in the first place. Further considerations for the design of the intake are as follows:

1.

The intake should be sized to accommodate flows of 10—-20% over the design flow so that
the water levels in the sand trap and forebay are always sufficient. Note that in case of
multipurpose projects that need to accommodate additional flows for secondary uses (e.g.,
irrigation flows), the intake should be sized accordingly.

The intake should be a rectangular orifice if site conditions permit as this type of intake,
when appropriately sized, both allows the design flow into the waterways but also limits
excess flow during floods. The intake orifice should be fully submerged during the dry
season in order to provide the full design flow. The spreadsheet programme will help the
designer check the orifice size for various design flow conditions.

In rivers that do not have significant floods or where the site conditions do not permit the
placing of an orifice (e.g. high flood walls are required), extending the headrace canal is
another option.

A bottom intake may be selected where there is no significant sediment movement along
the river bed, the longitudinal river slope is relatively steep (e.g. at least 1:10), and excess
flow is available for flushing even during the dry season. The spreadsheet programme will
help the designer check the various parameters of the bottom intake.

Regardless of the type of intake chosen, a coarse trash rack should be placed at the intake
mouth to prevent floating logs and boulders from entering the headrace canal. The bars in
the trash rack should be spaced should be such that any gravel that enters the system can
be transported by the headrace to the downstream flushing structure, such as a gravel
trap.

A control/sluice gate should be provided at the intake so that the system can be easily
closed for repair and maintenance as and when required. The control gate placed at the
intake should be protected from damage by floods and boulders. Stop logs can be used in
pico-hydro projects.

A first spillway should be provided as close as possible to the intake so that excess flows
can be diverted away from the system as early as possible.
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3.1.2 Weir

A diversion weir may be required at the intake to divert adequate flow towards the intake
during the low-flow season but it adequate flow is available without it, a weir is not essential.

As a weir receives the direct impact of a flood, it is the most vulnerable civil structure in an
MHP. The first choice of the designer should be a permanent structure, but depending on the
site condition and other circumstances the designer can choose a semi-permanent (gabion
structure, the most commonly used these days) or even a temporary structure.
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Figure 3.2 (A): Cross-sectional view of a gabion weir
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Figure 3.2 (B): Cross-sectional view of stone masonry weir
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The length the weir projects into a river should be kept to a minimum. Unless it is essential to
ensure flow adequacy, the entire river should not be obstructed. Other considerations
regarding the design of a weir are as follows:

1. The height of the weir should be such that the water level rises above the upper edge of the intake
mouth. In the case of an orifice intake, the weir height should be such that the orifice is always

submerged during the dry season.
2. The weir profile should allow the bed load to move and boulders to roll over it.

3. A permanent weir should be designed so it will not overturn, lift or slide during high flows and

floods.

3.1.3 Headrace

Based on the topography and site conditions either an open canal or low-pressure pipes (or
combination of these) should be used as the headrace. The first choice for a headrace is an
open canal as it is generally more cost-effective than other options. Pipes should be used at
crossings, where the ground is unstable and/or steep, and at other locations where open
canals are not possible. Further considerations for the design of the headrace are as follows:
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Figure 3.3: Headrace canal section

1. The flow velocities in both open canals and pipes should be sufficient to carry gravel and
sediments to the gravel trap and the settling basin respectively. Particles should not be
trapped along the headrace alignment. To minimise sediment deposition, the velocity in the
headrace between the settling basin and the forebay, should not be less than 0.3 m/s.
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2. Excessive velocity should also be avoided, as it causes canal walls to erode.

3. Unlined (earthen) canal may be used only along stable headrace alignments with design
flows of less than 30 I/s. For larger flows, lined headrace canals should be used. They
should be constructed with stone masonry with a cement-sand mortar ratio of 1:4 (1:4 c/s
mortar). The insides of the canal should be plastered with the same mortar ratio along with
punning. As a reinforced concrete canal is expensive, it should be used only along a short
stretch of the alignment such as at crossings or where there is limited ground movement.

4. Spillways and escapes should be provided along the headrace canal alignment upstream
of locations where it is likely to be blocked (e.g. where slides and rock falls occur) or if
uphill runoff is likely to augment flow.

5. A minimum freeboard of 300 mm or half of the water depth (d/2) during design flow,
whichever is lower, should be provided for headrace canals.

6. If HDPE or similar quality headrace pipes are used, they should be either buried or covered
to a minimum depth of 1 m for safety reasons and protection against thermal and ultraviolet
degradation.

7. The headrace of a multipurpose project that needs to accommodate additional flows for its
secondary uses should be sized accordingly.

3.1.4 Crossings

Crossings are structures that convey flow over streams and gullies or other unstable terrain
subject to landslide and erosion. Crossings generally occur along canal and penstock
alignments. Depending upon their length and nature, different types of structure are suitable.
Pipe crossings (MS pipe for short distances and HDPE pipe with catenary wire for longer
ones), culverts, causeways, and siphons are some examples of crossing structure. Whatever
the structure is, it should be safe and economic and able to convey the design discharge.

3.1.5 Gravel Trap and Settling Basin

A settling basin is essential for all MHPs since every river carries some sediment and all
sediment is detrimental to turbines. A gravel trap needs to be incorporated only if the river
carries significant gravel during the monsoon season. The following criteria should be
considered in the site selection and design of these structures.

3.1.6 Gravel Trap

1. The structure should be located in a safe place but as close to the intake as possible so
that gravel is not carried for a long distance.

2. Since the size of the gravel trap should be sufficient to settle any gravel that enters into the
intake, the spacing of the bars of the coarse trash rack should be considered while sizing it.
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Figure 3.4: Plan and cross-section of a gravel trap

3. The longitudinal bed slope of a gravel trap should not be less than 1:30 for lateral intakes
and 1:20 for streambed intakes. The bed of the gravel trap should have a trough-like shape
in order to facilitate sediment flushing. A sill at the end of the gravel trap should be used to
prevent sand from being washed into the headrace canal/pipe.

4. A flushing arrangement should be provided to flush out gravel deposited in the gravel trap.

5. A spillway should be incorporated and sized to spill either the design flow or the flood flow
that enters the system, depending on whether there are other spillways upstream.

6. The overflow and flushing exits should lead back to the river without undermining the
foundations of the headrace or the gravel trap or causing ground erosion.

The gravel trap should have walls of RCC or 1:4 c/s mortar masonry and an RCC base slab in
order to reduce the problem of partial settlement. The water-retaining surfaces of the gravel
trap should be plastered to 12 mm thickness using 1:4 ¢/s mortar with punning.
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3.1.7 Settling Basin

1. The settling basin should be located as close to the gravel trap as possible. Where there is
adequate space, it should be combined with the gravel trap to minimise costs.
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Figure 3.5: Plan and section of a settling basin

2. A net head of less than 10 m should have a settling basin sized to settle particles 0.3-0.5
mm in diameter. For a 10-100 m net head, 90% of particles 0.3 mm or greater should
settle in the basin. For heads in excess of 100 m, 90% of particles up to 0.2 mm should
settle.

3. The inlet zone of the settling basin should be expanded gradually as it meets the settling
zone so that flow in the settling basin is evenly distributed. An expansion ratio of 1:5 is
recommended or a weir may be incorporated. The contraction towards the outlet zone may
be shorter, i.e., a 1:2 ratio.

4. The straight length-to-width (aspect) ratio of the settling zone should be 1:4-10. A
longitudinal divide wall may be incorporated to improve the aspect ratio.

5. The storage volume of the basin should be adequate to flush high sediment loads twice a day (a

12-hour sediment storage capacity).

6. Flushing arrangement should be provided to flush the sediment deposited in the basin. The
flushing arrangement should be such that when the flushing gate or cone is fully opened, the water

level in the basin should decrease even with the incoming design flow (i.e. rapid draw-down).
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7. If flood or excess flows can reach the settling basin, such as may be the case when the sand trap is

combined with the gravel trap, a spillway should be incorporated and sized adequately.

8. The overflow and flushing exits should be led back to the river without undermining the

foundations of the headrace and the settling basin or causing ground erosion.

The sand trap should have walls of RCC or 1:4 ¢/s mortar masonry and an RCC base slab in order to
reduce the problem of partial settlement. The water-retaining surfaces of the sand trap should be
plastered to 12 mm thickness using 1:4 c¢/s mortar with punning.

3.1.8 Forebay
The forebay is a basin at the end of the headrace which allows for the transition from open-
channel to pressure-flow conditions. The following criteria should be considered in its design:

1. For a short headrace alignment up to 100 m where there is no sediment inflow from
outside, the forebay and settling basin can be combined. For long headrace alignment, the
forebay should be sized to allow for the secondary settlement of particles.

2. The penstock should be placed so there is adequate submergence depth to convey the
design flow without causing a vortex (air entrainment).

3. As far as practicable, the size of the forebay should be such that the active volume above
the penstock pipe is adequate to store 15 seconds of design flow without spilling.

4. A 300 mm freeboard should be provided.
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Figure 3.6: Plan and section of a forebay
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. A drain pipe should be incorporated so that the forebay tank can be fully emptied for

maintenance work, especially if it is not possible to do so from the penstock pipe.

Flushing arrangement should be provided to flush the sediment deposited in the basin. The
flushing arrangement should be such that when the flushing gate or cone is fully opened,
the water level in the basin should decrease even with the incoming design flow (i.e. rapid
draw-down).

. A spillway should be incorporated and sized to spill the design flow (or flood flow if the

system conveys flood flows to this point) without undermining structures or causing ground
erosion along its route. This is essential since when the turbine is suddenly shut down and
flow through the penstock is stopped, the flow will spill over from the forebay.

. Afine trash rack should be provided at the entrance of the penstock. The trash rack should

be laid at a vertical-horizontal slope of 3:1 slope for optimum hydraulic efficiency and ease
of operation. The velocity through the trash rack should be 0.6—1.0 m/s.

The forebay should have walls of RCC or 1:4 c/s mortar masonry and an RCC base slab in
order to reduce the problem of partial settlement. The water-retaining surfaces of the forebay
should be plastered to 12 mm thickness using 1:4 c/s mortar with punning.

In case of multipurpose projects that need to accommodate additional flows for secondary
uses till the forebay, this structure should be sized accordingly. However, if possible, additional
flows for secondary uses should be diverted upstream of the forebay or settling basin so that
the size of these structures need not be increased.

3.1.9 Support Piers

Support piers are short columns that
support the exposed lengths of
penstock pipes so that they do not
sag due their own weight and that of
the water they transport. The piers
should allow movement parallel to
the penstock alignment to
accommodate thermal expansion
and contraction but restrict vertical
and sideways movement of the pipe.
The following criteria should be
considered in the design of these
structures:
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Figure 3.7: Support pier
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1. Support piers should be designed to prevent overturning, sliding and sinking.

2. A minimum foundation depth of 300 mm should be provided. Similarly, a minimum ground
clearance of 300 mm should be provided in order to reduce the corrosive effect due to soil
contact.

3. Friction against the pipe and piers, which causes pipe wear, should be mitigated by, for
example, placing a metal plate on top of the support pier and then a durable HDPE sheet
on the plate.

4. The spacing of the support piers will depend on the pipe diameter, thickness, and quality of
steel (see Table A1-1 in Appendix A).

5. A base plate designed at 120° of the penstock diameter should be installed at the support
piers. HDPE sheeting should be placed between the penstock pipe and base plate.

6. For a steep penstock alignment (i.e. a 1:2 horizontal-vertical ratio), a C-clamp should be
incorporated to control the vertical and sideway movements of the penstock pipe and for
ease of installation. These clamps should not be tightened to the penstock since this action
restrains pipe movement due to temperature effects.

Support piers should generally be constructed of stone masonry with1:6 c/s mortar. Other
types of piers such as steel structures may be considered if they can be justified technically
(e.g. to accommodate ground movement) or their cost-effectiveness can be demonstrated.

3.1.10 Anchor blocks

Anchor blocks are rigid structures that encase the penstock pipe and restrain its movement in
all directions. These should be located at all vertical and horizontal bends along the penstock
alignment. An anchor block should also be provided immediately upstream of the powerhouse
in order to minimize forces on turbine housing. Furthermore, anchor blocks should be placed at
sections where the exposed straight pipe length exceeds 30 m. The following additional criteria
should be considered in the design of these structures:
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Figure 3.8: Anchor block
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1. The foundation should be adequate to accommodate the bearing pressure due to the block
and associated forces.

2. Anchor blocks should be designed to prevent overturning and sliding.

3. A minimum foundation depth of 300 mm should be provided. Similarly, a minimum ground
clearance of 300 mm should be provided in order to reduce the corrosive effect of soil
contact.

4. For installed capacities larger than 20 kW or a gross head higher than 60 m, detailed
calculations accounting for the surge head should be included in the design of individual
blocks. The “Civil Works Guidelines” should be referred to for a detailed design and rules of
thumb for the sizing of anchor blocks.

5. Where site conditions allow, the first anchor block should be combined with the forebay.

3.1.11 Powerhouse

The main purpose of the powerhouse building is to protect electro-mechanical equipment from
adverse weather, allow for easy access for operations, and prevent mishandling of the
equipment by unauthorised persons. The following factors should be considered in the design
and sizing of the powerhouse:

1. The structure should be waterproof so that rainfall cannot damage equipment.
2. Adequate lighting and ventilation should be provided.

3. It should be spacious enough to easily access all equipment. If agro-processing units are to
be installed in the powerhouse, the space should accommodate not just them but also a
number of consumers and their grain.

4. An operator’s room should be provided in the powerhouse.
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3.1.12 Machine Foundation

The machine foundation of an MHP is a gravity structure designed to transfer hydraulic forces
from the penstock, torque from rotating machines and gravity loads from the generator, the
turbines and the foundation itself.

1. The machine foundation should be stable enough to prevent overturning, sliding and
sinking/bearing. It should be of the standard dimensions recommended by suppliers.

2. The critical plane of a machine foundation depends on the turbine axis and coupling types.
The turbine axis (shaft) is perpendicular to the incoming flow for cross-flow, pelton and
spiral Francis turbines and parallel to the incoming flow for open-flume Francis and other
axial-flow turbines. The coupling type (direct or belt drive) also impacts the stability of the
critical plane. The stability of both the turbine axis and the coupling type should be

analysed.
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Figure 3.10: Machine foundation
Where,

A = atleast 400 mm B= width of turbine  C= length/breadth of generator base frame
E = at least 400 mm F= water level at tailrace at design discharge + min. 500 mm
F = Minimum distance of rod from outer wall (250 mm)

e A minimum of six anchor bars 20 mm in diameter and 700 mm long are to be used to
fix the base frame to the machine foundation

e TOR steel bars 10 mm in diameter are to be used for reinforcement

e The maximum spacing should be 150 mm in the turbine pit and 200 mm for other faces.
The lap length shall be at least 400 mm.

e The minimum reinforcement cover shall be 50 mm thick.

e The concrete shall be a 1:1.5:3 mix.
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Figure 3.11: Sectional view of foundation bolt
For details about design process, refer to the “Civil Works Guidelines.”

3.1.13 Tailrace

Based on the topography of the site, either an open canal or a pipe should be used for the
tailrace. The design considerations for the tailrace are similar to those for the headrace
although the ground profile can be steeper. The tailrace should be able to divert flows from the
turbines to the river (or nearby gully) without undermining the powerhouse foundation, the hill
slope or the riverbank.

3.1.14 Stop Logs

Stop logs made of hardwood (e.g. sal) can be used as a control gate at intake for pico-hydro
projects with design flows less than 50 I/s. The following criteria should be considered:

1. The minimum thickness of stop logs should be 50 mm.

2. The width of the stop-log groove should be equal to the plank thickness plus an extra 20
mm for clearance.

3. The minimum depth of the groove should be 80 mm.
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3.2 Mechanical equipments

The trash rack, penstock pipe, turbine and power transmission systems are the major
mechanical components of an MHP. The selection of mechanical components of appropriate
type, size and material has significant effects on the power generation and durability of the
scheme. Replacing poorly performing mechanical components is very costly so they should be
selected carefully. This section gives some basic guidelines on their selection.

3.2.1 Trashrack

Trashracks are placed at an intake to prevent logs, boulders and other large waterborne
objects from enter the waterways and at the forebay to prevent leaves, twigs and branches
from entering the penstock. The following factors should be considered in designing and sizing
a trashrack:

1. The trashrack should be fabricated from MS bars or plates. The coarse trashrack for an
intake should be robust enough to withstand impacts from logs and boulders during the
monsoon seasons.

2. The bars of the trashrack should be placed vertically (not horizontally) to facilitate raking.

3. Bars should be spaced as follows:

Intake: 50-150 mm, depending on the capacity of the initial headrace to carry gravel up to the
gravel trap.

Forebay: Half the nozzle diameter for a pelton turbine and half the distance between the
runner blades for a cross-flow turbine.

4. The velocity through the fine trashrack should be 0.6—-1.0 m/s. For the coarse trashrack,
the velocity is governed by the type of intake structure (e.g., concrete, stone masonry, etc.)
and not the spacing between the bars, which does not cause significant flow obstruction.

5. Each section of the trashrack should be limited to 60 kg for transportability. If the total
weight exceeds 60 kg, the trash rack should be fabricated in two or more sections.

3.2.2 Penstock Pipe

The penstock pipe conveys water under pressure from the forebay to the turbine. MS and
HDPE pipes are widely used as penstocks in Nepal. The penstock alignment should be
chosen so that a significant head can be gained in a short distance so that it is still possible to
lay the penstock and build support and anchor blocks on the ground. The number of bends on
the alignment should be kept to a minimum so that the number of anchor blocks and the head

Guidelines for Detailed Feasibility Studies of Micro-Hydro Projects 24



loss can both be minimized. For and exposed (i.e., aboveground) penstock alignment, a
clearance of 300 mm between the pipe and the ground should be provided in order to facilitate
maintenance and minimize corrosive effects.

The selection of the diameter should be based on the following considerations:

1. Select the initial diameter based on the following empirical equation:

D=41xQ%®

Where,
D = Internal diameter of pipe in mm

Q = Design flow in I/s
Note that this equation gives a conservative diameter for pipe lengths less than 100 m.

2. Then check for head loss in the pipe. The total head loss should be limited to 5-10% of the
gross head. For HDPE pipes, the nearest available larger diameter should be chosen.

3. Various iterations should be performed so that the head loss is limited to 5-10% and the

diameter is neither over- nor under-sized.

The thickness of the penstock pipe depends on the pipe material, the fabrication method used
and the type of turbine installed. For a detailed description of the selection of pipe thickness,
the “Civil Works Guidelines” should be referred to.

Table 3.2: Standard length and diameter of penstock pipes

SN Inside Type of Pipe Available Size

Diameter (mm)

1 OD- 2*thickness |Ready-made Outer diameter: 114, 140, 165, 193 & 219 mm
Thickness: See table in Appendix A
Length: 6 m
2 175 Size: 1220 mm x 2240 mm
3 200 Sheet-rolled
2 Thickness: 3, 3.5, 4, & 4.5 mm
Note:

e Sheet-rolled pipe may also be used for making pipe smaller than 175 mm in diameter.

o The diameter of a sheet-rolled pipe should be a multiple of 25 mm.

e To facilitate manual transportation each section of penstock pipe shall be 3 m for ready-
made and 2.4 m for sheet-rolled pipe.

Guidelines for Detailed Feasibility Studies of Micro-Hydro Projects 25



Table 3.3: Standard flange dimensions

S.N. Penstock Diameter (mm) Thickness (mm) Width (mm)
1 Up to 400 10 50
2 More than 400 16 60-65

e For bend pipes, the
bend angle should be 9-

12°# from the centre of ~

the bend DO for e e

e Flat gaskets 6 mm thick
. . 'O' Ring
or ‘O rings 10 mm in
diameter should be used /
in between flanges ‘; Penstock Plpe

Figure 3.12: Flange connection of penstock pipe

Note that if HDPE pipes are used as penstock pipes, they should be buried to a minimum
depth of 1 m. If MS pipes are used, they should also be buried to a minimum depth of 1 m but
only after corrosion-protection measures such as painting them with high-quality bituminous
paints are taken. Since the risk of leakage is high, flange-connected penstocks should not be
placed underground.

3.2.3 Expansion Joints

The exposed sections of penstock pipes are subject to temperature changes (heating and
cooling causes the pipes to expand and contract, thereby creating stress as the penstock
pipes are rigidly fixed at both ends by the anchor blocks. Expansion joints are essential for
accommodating such pipe movement. One joint should be located downstream of the forebay
as well as downstream of every anchor block along exposed sections. Joints are not needed
for buried sections as temperature differences are not significant.
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Figure 3.13: Sectional view of expansion joint

For flange-connected penstocks, if the distance between the last anchor block and the
machine foundation is less than 10 m, there is no need for an expansion joint because the
changes in pipe size can be accommodated by the gaskets between the flanges. However, a
joint can be installed if installing it facilitates the installation of the turbine. Alternatively, a
mechanical coupling can be used between the anchor block and turbine to facilitate turbine
maintenance. The expansion joint or mechanical coupling between the last anchor block and
the machine foundation should be placed outside the powerhouse.

3.2.4 Valves

Valves are used to stop or regulate the flow of water in penstock pipes and nozzles. Because
they are costly and may fail, the fewest possible number should be installed. The following
factors should be considered while locating and selecting valves:

1. Emptying the flow in the penstock without letting in air causes negative pressure inside and
a pipe may even collapse. Such a condition can occur if a gate is placed at the entrance of
the penstock and it is closed suddenly or if the trashrack becomes blocked very quickly,
thereby obstructing flow into the pipe. To introduce ai