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Foreword

Water resources are one of the key natural resources for economic development of Nepal. The perennial
nature of rivers and steep gradients with favourable geo-physical features provide colossal opportunities for
the development of hydropower projects in the country. Thus, the Government of Nepal (GoN) has prioritized
development of hydropower projects as one of its focus area in the economic development of the nation by
formulating various policies and plans.

In this connection, to harness the hydropower potential and to fulfil the increasing domestic energy demand,
GoN has established various institutional arrangements, formulated several plans and policies to encourage
both the public as well as private sector at the national and international level to be involved in the
hydropower sector. Due to favourable government policies, various governmental, non-governmental,
national and international developers have been developing hydropower projects for almost two decades.

The Department of Electricity Development (DoED) as the nodal government agency has been supporting
the hydropower sector by facilitating both public and private developers in the implementation of hydropower
projects. Along with awarding survey and generation licenses for implementation of hydropower projects,
DoED has also published various guidelines to ensure uniformity and quality standards in the implementation
and smooth operation of hydropower plants.

In the above backdrop, DoED had prepared the GUIDELINES FOR STUDY OF HYDROPOWER
PROJECTS in December 2003. During these years, the Guidelines have been an important base for the
development of feasibility studies that meet quality standards prescribed by DoED and it has also served as
a bankable study. With time, the number and individual capacities of hydropower plants built in the country
have increased and thus the need to update the guidelines incorporating standards for detailed design study
was felt. Therefore, these guidelines have been updated in 2018.

| hope the Guidelines will serve as a useful reference material for project developers including practicing
consultants and project proponents. DoED will use these guidelines as a basis while evaluating hydropower
study reports submitted by consultant and developers at various stages of project development.

Nabin Raj Singh
Director General

Department of Electricity Development
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1. INTRODUCTION

1.1 BACKGROUND

Water resources are important natural resources for the economic development of Nepal. Availability of
abundant water resources along with favourable geophysical features (specifically steep topography)
provides immense opportunities for hydropower production in the country. In a study conducted in early
sixties, the theoretical hydro potential of Nepal was calculated as 83,000 MW. Later, basin master plan
studies revealed that out of the theoretical potential, 40,000 to 45,000 MW would be techno-economically
feasible. Less than 2.5% of total techno-economically feasible potential has been developed so far.
Hydropower plants provide cost efficient and environment friendly power supply to improve energy services
and in the context of Nepal, they also contribute in displacing imported (and expensive) fossil fuels. Hence
the Government of Nepal has given high priority to developing this sector.

Realizing the potential for hydropower development, the Government of Nepal (GoN) has established
various institutional arrangements, formulated several plans and policies to encourage both the public as well
as the private sector to be involved in hydropower development. In this backdrop, GoN had formulated Water
Resources Act, 2049 (1992); Water Resources Regulation, 2050 (1993); Electricity Act, 2049 (1992);
Electricity Regulation, 2050 (1993) and Hydropower Development Policy, 2049 (1992). Similarly, realizing
the need for a government line agency to develop, promote and regulate the hydropower sector, GoN had
established the Department of Electricity Development (former Electricity Development Centre) on 16 July
1993 (1 Shrawan 2050). Previously, GoN had established the Nepal Electricity Authority (NEA) on 16 August
1985. Furthermore, in order to involve the private sector in hydropower development more efficiently and
effectively, GoN developed Hydropower Development Policy, 2058 (2001). Thereafter, GoN formulated
Water Resources Strategy, 2058 (2002) and National Water Plan, 2061 (2005). With these policies and
strategies, GoN has emphasized the need to increase private sector involvement in hydropower
development. It has provided various incentives to attract the private sector in hydropower development.
Moreover, for protection of the environment, GoN published Environment Protection Act, 2053 (1997) and
Environment Protection Rules, 2054 (1997) and National EIA Guidelines, 2050 (1993).

In the course of licensing for a survey of hydropower projects, a desk study/pre-feasibility study report should
be submitted to DoED along with an application and other relevant documents. Pre-feasibility
reports/progress reports need to be submitted during the period of survey work, whereas feasibility/detailed
design study reports and engineering drawings should be submitted to DoED while applying for a generation
license.

The quality, volume and depth of study submitted in the documents for the same category of licenses are not
uniform and differ from one developer to another. Moreover, studies done for various hydropower projects
under the same category of survey license also do not have the same quality. In many cases, for the same
pre-feasibility, feasibility or detailed design level of studies, different developers/parties set up their own
approach and carried out the studies at different depths.

The uncertainty as to which level of study should be considered during preliminary or reconnaissance, pre-
feasibility, feasibility and detailed design study created a need for developing some objective criteria in the
form of standards for different phases of studies as well as for different capacities and nature of hydropower
projects in order to ensure uniformity and availability of required information to enable DoED to issue
licenses. Hence, DoED prepared the GUIDELINES FOR STUDY OF HYDROPOWER PROJECTS in
December 2003. Based on the experiences gained and lessons learnt from the use of these guidelines for a
period of almost 15 years, DoED has recently decided to update this document and entrusted JV of GEOCE
Consultants (P) Ltd., Sanima Hydro & Engineering (P) Ltd. and Beam Consultant (P) Ltd. for updating the
guidelines.

The guidelines thus prepared will be used as the national standard for studies of hydropower projects in
Nepal.

Department of Electricity Development 1
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1.2 OBJECTIVES
The main objectives of these guidelines are:

> To enable DoED to objectively review various hydropower study documents submitted by developers
in the course of approving survey and generation licenses for hydropower projects.

> To develop and prepare the guidelines for each of the following studies: Reconnaissance or
Preliminary or Desk Study, Pre-feasibility Study, Feasibility Study and Detail Design Study of
Hydropower Projects based on their different capacities and scheme of hydropower projects
covering various technical, economic, financial, environmental and other aspects of the hydropower
projects.

Other overall objectives of the guidelines are:

> To ensure that the developer is aware of the minimum criteria are at each level of the studies, such
that survey and/or generation licenses can be obtained on time for the prospective hydropower
projects.

> To provide information on the depth and nature of investigations, analysis and studies required in
each level of the studies based on the type and size of the hydropower project.

»  To provide depth of study prior to connection agreement/Power Purchase Agreement (PPA) (i.e.
depth of feasibility study).

> To standardize the depth of topographical survey, hydrological studies, sedimentation studies,
geological and geotechnical studies, seismological studies and construction materials survey etc.

> To ease out the problems and simplify the process associated in the course of license application
and processing.

> To establish and maintain standard criteria for different phases of the study of hydropower projects
based on their capacity and scheme of hydropower projects.

> To provide an approximate time estimate to conduct a hydropower study for different types of
schemes.

»  To describe the various optimization studies to be carried out for hydropower projects such that the
available water resources in the river basin (and country) are best utilized both technically and
economically.

> To provide guidelines for project evaluation techniques.

> To describe standard methods for verifying and evaluating the projects for the power purchaser,
investor and financing institution.

> To standardize the writing and presentation of hydropower studies based on types and capacities.

> To prepare an effective document for the regulatory bodies to check and update the progress status
as well as provide transparent, smooth and reliable services to the developers.

> To develop an appropriate reporting format to assist the developers during different development
phases of the hydropower projects.

> To minimize the project study period by providing a clear and standard methodology of study at each
stage of project development.

1.3 SCOPE OF WORKS

The guidelines, in general, cover the scope of work in defined formats for different phases of studies and
also provide specific details for each of the phases. The following phases of study are covered in the
guidelines:

1. Reconnaissance/Preliminary or Desk Study
2. Pre-feasibility Study

3. Feasibility Study and

4. Detailed Design Study

The sets of guidelines, prepared for each phase of the study, incorporate the following subclassifications of
hydropower projects:

A. Based on Capacity

>1 MW and <10 MW

>10 MW and <50 MW

>50 MW and < 100MW

>100 MW

PN~
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B. Based on Head

Low head (<50 m)
Medium head (50 to 300 m)
High head (>300 m)

W=

C. Based on Scheme
1. Run-of-River (RoR) type
2. Peaking Run-of-River (PRoR) type
3. Storage type

Classification of projects in section A has been made based on the power producing capacity of projects.
Each of the capacity classes mentioned above in section A shall also include the subsets for each class
mentioned above in sections B and C.

Furthermore, the storage type projects can be classified based upon the storage capacity and height of the
dam. As per the International Commission on Large Dams (ICOLD), any dam higher than 15 m or with a
minimum reservoir capacity of one million cubic meters is considered as a high dam. If funds from
multilateral agencies are sought to develop such high dam projects, then all of the basic criterion stipulated in
the ICOLD guidelines should also have to be followed.

Hydropower projects can also be classified into other forms based on the purpose, use and method of
construction. These classifications include any of the classification mentioned in Section A, B or C and
require additional studies in various phases of hydropower development as follows:

Project with underground structures
Export-oriented project

Captive plants

Cascade type project

5. Inter-basin diversion project

PN~

Besides, the above classifications, the guidelines for multipurpose project and different types of dams have
also been incorporated.

For each type/class of the hydropower projects mentioned above, the guidelines cover the following list of
the studies, based on the project development phases:

Topographical Surveys and Mapping

Hydrological and Sedimentation Studies
Geological/Geotechnical Investigation

Construction Materials Survey

Seismic Study

Selection of Project Configuration and Project Layout
Optimization Study

Project Description and Design

9. Energy Computation and Benefit Assessment

10. Cost Estimation

11. Construction Planning and Schedule

12. Environment Studies and Resettlement Issues

13. Project Evaluation

14. Presentation of Drawings, Maps, Charts and Tables
15. Risk and Disaster Analysis

16. Numerical and Physical Modelling

©No Ok wN =

Formats for Guidelines for Study of Hydropower Projects

Various formats for the “Guidelines for Study of Hydropower Projects, 2018” applicable to different phases of
study, Format A is related to capacity range (A1 is for capacity range > 1 MW <10 MW, A2 for > 10 MW < 50
MW, A3 for > 50 MW < 100 MW and A4 for capacities above 100 MW) have been presented along with
additional requirements for projects as follow:

¢ Project based on head (high, medium and low) type of works as Format B

e Scheme (RoR/PRoR/Storage) type projects as Format C

Department of Electricity Development 3
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¢ Projects with underground structure as Format D
o Export oriented type projects as Format E

o Captive type project as Format F

e Cascade type project as Format G

e Inter-basin diversion type project as Format H

o Typical report format as Format |

¢ Typical salient features format as Format J

Department of Electricity Development
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2. RECONNAISSANCE/DESK STUDY

Hydropower studies often start from a reconnaissance or desk study phase where a quick assessment is
made to determine whether a full feasibility study of the project should be carried out. This is because
feasibility studies of a hydropower project require more time and investments based on the size of the
project. A multi-disciplinary team of experts is required to carry out the feasibility study. Similarly, a number
of investigations and tests (flow measurements, sediment analysis and geophysical tests etc.) have to be
carried out during the course of the study.

The desk study, on the other hand, is done based on available information about the site, although a quick
site visit is also sometimes carried out. If the findings of the desk study indicate the project could be
technically feasible and financially viable, then a full feasibility study (or a pre-feasibility study) can be carried
out. Furthermore, the desk study is also required to obtain a survey license from DoED. Once the survey
license is issued, then the developer can carry out the pre-feasibility or feasibility study of the project.

The reconnaissance or desk study report, for all capacity ranges and types, should include at a minimum, the
following salient features of the project with following information:

1. Project location including boundary points (four corners) of the project area in longitude and latitude.

2. Basic information about the river hydrology such as catchment area, expected mean annual flow,
minimum mean monthly discharge and proposed design discharge.

3. Proposed project components with design parameter
a. Dam/weir location and type, type of intake (side, frontal) weir, side intake, settling basin

Settling basin: length, width and number of chambers.

b. Details about other waterways such as headrace tunnel, headrace canal or pipe, forebay or surge
shaft and penstock pipe.

c. Powerhouse: tentative dimensions of the structures and whether this will be a surface or
underground type of structure

d. Generating units: number of turbine/generator units, type and capacity

4. Transmission line: estimated length to interconnection point in the national electricity grid and voltage
level.

5. Power and energy estimate:

a. Gross head
Installed capacity
Total annual energy
Total dry energy
Total wet energy

®caoooT

If based on the information available, the installed capacity cannot be ascertained, then a feasible range for
the capacity can also be proposed. The proposed layout should be tentatively shown on the available
topographic map. The requested study area coordinates should also be shown in this topographic map.

A brief description of the regional geology, as well as the geology of the project area, should be provided.
This should also include discussions on seismicity in the project site. Based on current market prices or unit
cost of recently built hydropower plants in the vicinity of the project area (or in similar areas), attempts should
be made to estimate the cost of the proposed project. Based on estimates of energy generation and project
cost, the desk study should recommend whether a full feasibility study should be carried out.

The desk study report should also estimate professional requirements (experts) and costs to carry out the full
feasibility study. A proposed work schedule should be attached along with the desk study report.

Department of Electricity Development 5
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Similarly, any environmental study (IEE or EIA) that is required according to the prevailing acts of the
Government of Nepal should be mentioned. If there are water sharing issues in the project area or
downstream requirements, these issues should also be mentioned in the study.
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Installed Capacity > 1 and < 10 MW

3. FORMATS FOR THE STUDY OF HYDROPOWER PROJECTS
A. Hydropower Study Guideline Based on Installed Capacity

A1. Installed Capacity > 1 and <10 MW
Details of Study Requirements
S.N. Study Items
Pre-Feasibility Study Feasibility Study Detailed Design Study
1 TOPOGRAPHICAL SURVEYS AND MAPPING
1. Collect and make use of
available contour maps of the
project area published by the
Department of Survey.
] 2. Enlarge the largest available Collect and review the available maps and images. - ]
1.1 :\xgllliqb;ee;\/laps scale Topo-map of the project Additional maps and updated images recommended in ?Sgﬂg%ﬂ ngﬁseda:;’reu%?rztgd images
9 area to 1:10,000 scale or the pre-feasibility level should be obtained. q ’
larger.
3. Project the maps and images
to match with the national
coordinate system.
Construct a safe foot trail to access the headworks, The topographical survey carried out
waterways and powerhouse of the project. during the feasibility study should be
Establish control points/benchmarks. The benchmarks augmented with additional coverage
shall be a permanent type, generally constructed with required for the detailed design. Where
concrete or prominently marked in rocks/big boulders. the feasibility maps are adequate and to
Determine the coordinates of at least two benchmarks acceptable standards, it will only be
by DGPS, triangulation or any appropriate methods to necessary to update them to reflect the
1. Verify the coordinates of the tie with triangulation points of the national grid changes.
I;?gpose%rqect componen?rs] Zstabl:s?ec:hby tthe Department c:)f Suryey. ot f Additional survey is required, If there are
) omplete the traverse survey by using coordinates o changes in alignment or anv addition or
12 Topographical desk/reconnaissance  study the two known benchmarks. chang ! flg locati yf ron ¢
. ith GPS survey. ) ) ge o© ocation o projec
Survey wi Carry out a detailed topographical survey of headworks, component(s).
2. Carry out fly leveling, or use waterways (strip survey), forebay/surge tank/surge
theodolite/total station to verify shaft, adit portal(s), powerhouse, tailrace and The coordinates of control points

the gross topographic head.

switchyard area and prepare map with 1 m contour
interval.

The point density of detailed survey should be sufficient
to cover all ground features. The survey should cover at
least impounding area upstream of the dams/weir and
adequate area downstream of the tailrace. The survey
should cover at least 20 m in elevation above the
maximum flood mark or full supply level on both banks.

established during the feasibility study
should be verified and revised, if
necessary.

Establish additional benchmarks at the
selected headworks, waterways and
powerhouse that can be used during
project construction.

Department of Electricity Development
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Installed Capacity > 1 and < 10 MW

Details of Study Requirements

S.N. Study Items
Pre-Feasibility Study Feasibility Study Detailed Design Study
7. At least two of the most promising alternatives should | 5. Conduct strip survey of access road(s)
be covered in the topographical survey. alignment with sufficed point density to
8. For inaccessible areas such as steep cliffs, generate produce map in 1:1000 scale. Take
contour and features using aerial images or any other details to indicate all major and minor
suitable methods. crossings.
9. If there is a hydropower project upstream within the | 6. In bridge/siphon crossings, conduct river
backwater reach, carry out river cross section survey up cross section survey covering 500 m
to the tailrace outlet of the upstream hydropower plant. upstream and 500 m downstream from
10. The topographical survey should cover quarry sites; the bridge axis at 20 m intervals or closer
spoil tip areas, camp sites and access roads (strip and mark water levels. Take additional
survey) inside the project area including necessary river details at abutments.
Crossings. 7. For power canal/conduit, the width of
11. River cross section survey should be carried out at strip  survey should be decided
intake and tailrace sites covering at least 500 m considering the topography of the
upstream and downstream. The interval should be 20 to alignment, size of the conduit and access
50 m or closer depending upon the river morphology. and safety requirements.
The survey should be extended beyond high flood 8. Locate and map river boulders larger
marks. The flood marks and existing water levels should ’ thoca P 9
- . ; an 2.0 m.
be indicated in the cross sections. ) o
12. If there are any tributaries/gullies that could affect the | 8- Conduct strip survey of transmission line
project components substantially, tributaries’ cross route in 1:1000 scale. Also, take details
section survey should cover the stretch within the at poles/tower locations.
project area. 10. Conduct cross section survey of critical
13. If there are major river confluences in the vicinity of the slopes and landslide-prone zone in
headworks and/or tailrace, the topographical survey project area i.e. intake, forebay/surge
should cover at least 500 m upstream and downstream tank, adit portal(s), waterway, penstock
from the confluence point in the adjacent river(s) and alignment and powerhouse, if not
the main river. covered during the feasibility study.
14. Conduct walkover survey of transmission route(s) and
construction route(s) using 1:25,000 or 1:50,000 scale
topographic maps in order to verify the suitability of the
route(s). Mark the walkover points with GPS and plot
these in the topographic map.
15. For power canal/conduit, the width of strip survey
should be decided considering the topography of the
alignment, size of the conduit, access and safety
requirements.
Topographic Verify the key features shown | 1. Prepare description cards of all benchmarks showing .
Mapping, in the available topographic the points with a colour photograph and mention the 1. Use the topographic maps prepared
1.3 Plotting, ma . . . during the feasibility study after updating
/ ps including land use nearby references, name of the surveyor, location and when and where necessar
Reporting  and pattern. the coordinates. Y-

Data
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Installed Capacity > 1 and < 10 MW

S.N. Study Items

Details of Study Requirements

Pre-Feasibility Study

Feasibility Study

Detailed Design Study

Presentation

Prepare a map in appropriate
scale showing nearest road-
head, construction power
source, using collected
information and data from the
Department of Survey.

Prepare topographical survey report and maps. If
multiple surveys have been carried out, prepare a single
report and include all findings.

Prepare access road(s) map in 1:1000 scale with 1 m
contour intervals. Show cross sections along bridge/
culverts along the road alignment in appropriate scales.
The general layout may be plotted in smaller scale.

For headworks, waterways, forebay/surge shaft/surge
tank, adit portal(s), powerhouse, tailrace and switchyard
areas, the contour intervals should be 1m and the scale
of map may vary from 1:100 to 1:2000 depending upon
the size of the area.

Prepare transmission route map in a scale of 1:25,000
or 1:50,000 showing key features such as agricultural
land, forest area and settlements.

Prepare and verify the license boundary map showing
project components and verify there is no conflict with
other projects in the vicinity and ensure that backwater
level is also within the license boundary.

2. HYDROLOGICAL AND SEDIMENTATION STUDIES

21 Hydrology

1.

Along with the guidelines
mentioned herein, the
Hydrological Manual for
Infrastructure, Water and
Energy Commission Secretariat
can be followed for hydrologic
analysis.

Collect long term historical
rainfall data and climatological
data pertinent to the study area
(preferably more than 30 years)
where available.

. Collect long term historical flow

data and sediment data of the
river under study. If not
available, collect the data from
other rivers  with  similar
hydrological characteristics in

All the information obtained from pre-feasibility study
shall be reviewed, verified and updated. If gauge
stations have been established previously,
measurements shall be continued.

Data logger can also be added and used for online
monitoring of hydrological data.

Install a cableway at the intake and powerhouse site
wherever necessary for discharge measurement.
Update the flow data and assess accordingly the mean
daily flows and develop an upgraded flow duration
curve.

For ungauged river basin, hydrologic modelling for the
estimate of water availability shall be carried out.
Hydrologic models that consider snow/glacier melt
schemes shall be used for the catchment that has
snow/glacier fed rivers.

Water surface/level profile modelling shall be carried
out.

All the information obtained
feasibility study shall be
verified and updated.
Data collection from
established gauge

from the
reviewed,

previously

stations in

hydropower project shall be continued.

Department of Electricity Development
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Installed Capacity > 1 and < 10 MW

S.N.

Study Items

Details of Study Requirements

Pre-Feasibility Study

Feasibility Study

Detailed Design Study

. For the

. Carry out

the vicinity (preferably for more
than 30 years).

4. Check the consistency of data.

5. Assess mean daily flow (if

available) and develop a flow
duration curve using daily
hydrograph.

ungauged  river,
discharge (including flow
duration curve) shall be
estimated with empirical
methods, rational method and
catchment area ratio method
selecting similar catchment,
wherever  applicable.  Such
discharge data shall be justified
by checking rainfall runoff
coefficient.

. Snow/glacier melt contribution

shall be considered, if the
catchment has snow/glacier fed
rivers.

. Establish a gauging station as

well as colour crest gauges at
straight and stable control
section for instantaneous flood
recordings at the intake and
powerhouse site. A data logger
may also be used for automatic
flow recordings.

discharge
measurements at the intake
site. Develop a rating curve at
headworks and
tailrace/powerhouse area.

10. Carry out three cross section

surveys at headworks site and
three cross section surveys at

10.

11.
12.

13.

14.

15.

Carry out cross section surveys at least 500m/1km
upstream and downstream of the headworks site and
the tailrace site covering the highest flood marks,
preferably at the same locations as of the pre-feasibility
study so that any change in the cross sections can be
observed. If there are changes, check the magnitude of
flood peaks with the previous ones.

Carry out discharge measurements/gauge readings
intensively during the rainy season (June to September)
to cover the peak floods at the intake and powerhouse
sites, if the site is accessible during monsoon; if not,
estimate the flood flows based on flood marks using
appropriate hydrological models. In addition, take a
reasonable number of measurements during the other
months (October to May) at the control profile.

Check these measured data with the previous rating
curve and upgrade these as necessary.

Update and upgrade the diversion floods computed
during the pre-feasibility level study.

Update and upgrade the rating curves.

Update, validate and upgrade the design flow for power
generation.

Carry out the water quality analysis to determine the
corrosive effectiveness (hardness).

Collect the information on GLOF events in the past (if
such events have occurred) and assess the magnitude
of the potential GLOF.

Generate sequence of flow for the case of storage
projects.
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Guidelines for Study of Hydropower Projects, 2018

Installed Capacity > 1 and < 10 MW

S.N.

Study Items

Details of Study Requirements

Pre-Feasibility Study

Feasibility Study

Detailed Design Study

11.

12.

13.

14.

the tailrace site covering the
highest flood marks.

The river high flood data
(instantaneous  high  flood)
obtained from DHM needs to
be analysed for flood
frequency estimation, if
available.

Estimate the design floods for
return periods of 10, 50, 100
and 200 years.

Conduct flood frequency
analysis for the period of
October to May for
ascertaining construction
diversion flood. The frequency
should be 1 in 20 years.

Assess possibility of GLOF in
the catchment area, if any.

2.2

Sediment

Identify in which zone of
sedimentation the catchment
lies (high, medium or low).

Estimate the sediment/bed
load in the river using
empirical methods.

Collect suspended sediment
samples and perform
necessary laboratory analysis
to determine sediment
concentration, particle size
distribution and mineralogical
content.

The sampling should cover at
least one pre-monsoon,
monsoon and post monsoon
periods.

Collect sediment samples daily during the rainy season
(June to September) and at a reasonable frequency
during other months (October to May) to develop a
rating curve for the sediment concentration against the
discharge.

Continue collection of data from the gauging station
established during the pre-feasibility study level and
update the sediment rating curve.

Determine the tentative value for median grain size, d50
of the river bed/banks’ materials.

Analyse the sediment samples to evaluate the volumes
and characteristics of solid material transportation
including suspended sediment concentration, particle
size distribution and mineral content analysis.

Estimate the daily sediment load and assess the annual
load in the river.

Carry out particle size distribution analysis for river bed
materials at gauging station(s), headworks and
powerhouse sites and their immediate vicinity.

Review the findings of feasibility study

and update, if necessary.

In case of substantial changes in the river

morphology such as due to

large

landslides in the upstream catchment,
carry out further suspended sediment

sampling during the rainy season.
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Installed Capacity > 1 and < 10 MW

Details of Study Requirements
S.N. Study Items
Pre-Feasibility Study Feasibility Study Detailed Design Study
Analyse sediment impact due to construction activities
on downstream projects.
3 Geological/Geotechnical Investigation
1. Collect and review available
literature, topographical maps . .
I . y Pog .p I P Review pre-feasibility report.
regional geological maps,
geological sections, structural Collect and reiviewlavgilzlable Iiteraturtla, .toplograr:hical
3.1 Regional maps, available images and gfu%ihr;?%&npi a%?joa?/%:iclzsblgqi?ﬁ:ée%eo ogical Seclions, | 4 Review the findings of feasibility study
. Geology Study aerial photographs. ’ and update as necessary.
. Prepare a report on regional geology and structures.
2. Prepare a brief report on o ) ] )
regional geology with maps Inclgde .EXIStII’.lg regional geological maps with plan and
. . section in available scale.
showing  major  structures
(fault, fold, window and thrust).
1. Conduct a site visit to collect
data for geological mapping,
geomorphology survey and
discontinuity survey.
General ) ) Conduct detailed geological mapping of the project area . .
Geology  and 2. Prepare geological maps with and prepare a geological map with plan and section in 1. Review and update previous reports and
32 Geomorphology plan and section of the project 1:10,000 or larger scale. geological maps, if necessary.
of the Project area in  1:25,000-1:50,000 Prepare a report on general geology and 2. Conduct additional detailed geological
Area scale or on available larger geomorphology of the project area. mapping where necessary.
scale maps.
3. Prepare a report on general
geology and geomorphology of
the project area.
Prepare detailed geology and geomorphology report of 1. Eree\c%ﬁ,sangtﬁgr’eite m(?gr? dir;? reggtratisleodf
1. Describe ggological _.and the project components. mapping, if major components’ locations
ooy I gegmorptholf()'g;cal CO,”E't'or:S Conduct detailed engineering geological mapping of are changed.
eological, and potential geo-risks to . e ) ) _ .
conditons. and major project components major structures such as weir, intake, settling basin, | 2. Rewgw mass vyastlng report and conduct
33 Geomorpholo such as weir, intake, settling waterways, surge tank/forebay, penstock, powerhouse detailed analysis and assessment of risks
' of Majoerrojgc);/t basin, wate,rways, ’ forebay and tailrace in 1:1000 to 10,000 scale. to major structures to consider protective
Components /surge tank/surge shaft/ Review and conduct a risk assessment of landslide mea-s.ures. )
penstock, _ powerhouse, damming inundation and Landslide Dam Outburst Flood | 3. Additional ~ survey and  geological
tailrace and switchyard. (LDOF) risks etc. in the project vicinity covering both mapping in appropriate scale (generally
upstream and downstream reach 1:1000 to 1:10,000) shall be required, if
) there are any modifications in project
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Guidelines for Study of Hydropower Projects, 2018

Installed Capacity > 1 and < 10 MW

Details of Study Requirements

S.N. Study Items
Pre-Feasibility Study Feasibility Study Detailed Design Study
4. Assess landslides and rock fall risks for surface layout and/or location of major project
structures with special consideration for seismic events. components.
5. Refer to Section D — Additional requirements for Detailed chainage-wise geological and
hydropower projects with underground structures. engineering geological description of the
water conveyance.
1. Conduct discontinuity survey to identify and locate
bedding/foliation planes, lithological contacts, major and
minor joints, faults, fold/thrusts, fissures, karst features
and voids.
2. Conduct discontinuity analysis for slope stability, water Review and conduct additional joint
stability and selection of stable orientation. survey and rock mass classification
Discontinuity . . especially for underground structures for
and Rock Mass 3. Collect rock mass properties an(_i classﬁ_y rock mass (Q detailed design.
34 Classification system, RMR, GSI or any other international system). If Conduct detailed sl tabilit vsi
Surve other internationally accepted classifications are to be onduct detalled slope stabllity analysis
y used, this should be correlated to equivalent Q and GSI and rock support design/analysis.
system. Prepare cross section of the measured
T ) discontinuities.
4. Prepare Rock Mass classes distribution (along profile/
cross section) for each underground structure to
determine rock support.
5. Slope stability analysis and rock support analysis.
1. Excavate representative test pits/trenches (not less than
1.5 m *1.5 m where required and prepare log sheets All geotechnical investigations including
with photographs. Collect samples for laboratory exploratory core drillings recommended
analysis to know the nature of soil at intake, settling in the feasibility study should be carried
basin, forebay, anchor blocks and powerhouse sites. out.
) ) N ) Conduct additional geophysical
2. Perform bearing capacity test and permeability tests in investigations, if required.
representatlve tes.t.plts to k.now the bearing capacity of Exploratory core driling could be
soil ar'wd.permeablllt.y of SO.I| at surface structures such necessary to  verify  geophysical
45 | Geotechnical as weir, intake, settling basin, forebay, anchor block and investigation especially in powerhouse,
Investigation powerhouse sites. founded in the soil for high head project.
3. Perform laboratory analysis such as sieve and In case of underground structures,
sedimentation, Atterberg limits, natural moisture exploratory core drillings with in-situ tests
content, plastic limit, friction angle and cohesion, such as Lugeon test, followed by
specific gravity, shear box tests of collected samples for laboratory tests such as point load test of
physical properties; and odometer consolidation/ lump ~ sample, Uniaxial Compressive
swelling test for clay soil, if present. Strength (UCS) test and modulus test of
’ the core sample, and odometer test for
4. Perform geophysical investigation such as seismic

refraction or electrical resistivity or any other

swelling clay should be carried out.
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Guidelines for Study of Hydropower Projects, 2018

Installed Capacity > 1 and < 10 MW

S.N. Study Items

Details of Study Requirements

Pre-Feasibility Study

Feasibility Study

Detailed Design Study

appropriate geophysical methods to find out overburden
thickness and nature of soil strata/bearing capacity at
major project components.

Carry out Multi-channel Analysis of Surface Waves
(MASW) in boulder mixed heterogeneous soil, to
determine the bearing capacity at foundations of major
project components.

Survey and locate test pits/trenches, geophysical profile
lines etc. on maps.

Perform exploratory core drillings at dam/weir, headrace
tunnel, surge tank/forebay, surface powerhouse and
underground caverns but not necessary, if exposed
bedrock is very strong and massive with joint spacing >
1 m without faults. Perform tests on core sample as per
requirement.

Refer to Section D - Additional requirements for
hydropower projects with underground structures.

Geological

36 | Model

Prepare geological model (plan and sections, in
appropriate scale of 1:1,000 to 1:10,000) for major
surface structures such as weir, intake, settling basin,
waterways, forebay, penstock, powerhouse and
tailrace.

Prepare geological model (plan and sections, in
appropriate scale of 1:1,000 to 1:10,000) along
waterway covering at least 50 — 100 m both uphill and
downhill sides from the centre-line and extend in critical
areas showing landslides, debris flow, gully erosion,
steep slope etc. for stability and risks assessment for
design considerations.

Prepare geological model (plan and profiles) of
underground structure in appropriate scale: 1:1,000 to
1:10,000. Prepare additional transverse/cross sections
in low angle dipping beds for tunnel aligned parallel to
the foliation/bedding planes.

Update or prepare new geological
models of each structure by conducting
additional engineering geological
mapping and site investigations where
necessary.

4 Construction Ma

terials Survey

1.

Identify sources and quarry
construction

sites for the
materials such as

sand,

Take reference from pre-feasibility study.

Identify and investigate construction material sources
and quarry sites for the construction materials such as

Collect previous laboratory reports and
results and verify the quality and quantity
of construction materials.
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Installed Capacity > 1 and < 10 MW

S.N.

Study Items

Details of Study Requirements

Pre-Feasibility Study

Feasibility Study

Detailed Design Study

coarse aggregates, boulders,
impervious soils, etc.

Locate the quarry sites in the
available topographic map
(1:25,000 or 1:50,000)
observed during the site visit.

impervious soils, stones, boulders, sand and gravel as
required.

Excavate test pits/trenches (not less than 1.5 m *1.5 m)
and log the nature of soil at borrow locations including
photographs and collect samples for laboratory
analysis.

Perform laboratory tests: gradation and classification,
unconfined compression, absorption and specific
gravity, uniaxial compressive strength, point load, Los
Angeles abrasion test, sulphate soundness, slake
durability test, compaction test, alkali aggregate
reaction, swelling test (if necessary), aggregate
crushing value, mica and clay content.

Estimate available quantities at each borrow area to
meet the requirement of the construction.

Collect rock block/boulders samples from each quarry
site for laboratory tests.

Prepare location map with source areas in appropriate
scale.

Carry out further investigations and
laboratory tests, if required.

Prepare construction materials quarry
site and burrow area location map.

Seismic Study

5.1

Tectonic Setting

Briefly describe the regional
tectonic  (structural) setting
related to the project area
using available literature and
regional maps.

Describe tectonic settings related to the project area
using available literature and regional maps.

5.2

Seismic Zoning

Identify the seismic zone of
the project area based on the
National Building Code (NBC)
105.

Review and update the previous study, if required

Review and update the previous study, if
required.

5.3

Earthquake
Catalogue and
Historical and
Instrumentally
Recorded
Earthquakes

Earthquake catalogue, especially for those historical
and instrumentally recorded earthquakes, should be
tabulated for earthquakes of magnitude 4.0 M and
higher. For every significant earthquake event, the
location, distance, magnitude and intensity should be
shown in a map in a suitable scale.

5.4

Project Specific
Seismic Hazard
Analysis

Empirical laws may be applied to deduce intensity or
acceleration of the ground motion. The Peak Ground
Acceleration (PGA) for Maximum Design Earthquake

Review and update the previous study, if
required.
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Guidelines for Study of Hydropower Projects, 2018

Installed Capacity > 1 and < 10 MW

Details of Study Requirements

S.N. Study Items
Pre-Feasibility Study Feasibility Study Detailed Design Study
(MDE) and Operating Basis Earthquake (OBE) should
be given in reference from other existing nearby
hydropower  project(s) or  national/international
standards or codes.
6 Selection of Project Components and Project Layout

1.

Assess and describe
availability and condition of the
access road(s) leading to the

project site.

Identify and describe new
access road(s)/ropeways/foot
trails/tunnels or any other
ways to be constructed for
development of the project.

Identify the existing
hydropower project(s) located
at upstream and downstream

of the project area and verify
the project’s license boundary

with  existing  hydropower
project.
Conceptual layout of all

possible schemes within the
license boundary should be
identified and studied.

Topographical, geological
conditions of alternative
layouts should be studied in
order to select the location of

project structures: weir,
settling  basin  waterways,
forebay, penstock,
powerhouse, tailrace and
switchyard.

While selecting the
alternatives, socio-

10.

11.

Review the pre-feasibility study report and update the
site accessibility conditions to the project area.

Detailed topographic maps and preliminary geological
maps should be prepared for designing the project
configuration/layout.

Use updated hydrological data/analysis results for the
design of project components. The design discharge
should be based on prevailing practices in the context
of Nepal (e.g. 40-45 percentile flow/flow mentioned in
survey license).

While selecting the alternatives, socio-environmental
variables should be considered and compared.

Select the shortest and most economical access road(s)

alignment with minimum numbers of crossing
structures.
Follow the relevant national and international

guidelines, norms and codes to design the project
components.

For the selection of the location of the diversion weir,
alternative sites for settling basin, water conveyance,
river crossings, forebay/surge tank/surge shaft,
powerhouse, tailrace and switchyard should be studied/
investigated in detail.

Prepare preliminary design and drawings of all
alternatives (at least two covering both banks) and
project structures in appropriate scale.

Conduct an alternative study of transmission line routes
(at least two) and identify the shortest and most
economical route, sub-station and voltage level.

Based on the design and drawings, quantity and cost
estimations should be carried out for each alternative.
Calculate revenue from the project using saleable
energy and prevailing energy prices.

Expert’s consultation is recommended to
verify the project layout and components’
design.

Review the feasibility study incorporating
expert’'s recommendations, if any.

In case of significant changes to the
layout, update the feasibility study.

Verify the updated project
boundary.

Carry out the detailed design of access
roads within the project area, if required.

Carry out the detailed design of all
components such as weir, intake, settling
basin, water ways, forebay/surge
tank/surge shaft, powerhouse, tailrace
and switchyard.

Follow the relevant national and
international  guidelines, norms and
codes to design the project components.

license
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Installed Capacity > 1 and < 10 MW

S.N.

Details of Study Requirements

Study Items

Pre-Feasibility Study

Feasibility Study

Detailed Design Study

10.

environmental variables
should be considered and
compared.

Assess the location and
condition of immediate
upstream and downstream
projects, if any. List out issues
related to the existing
project(s) to be addressed
while finalizing the project
configuration.

The locations and types of the
structures of each scheme
should be verified at site in
terms of accessibility,
topography, geology, river
morphology, construction ease
and technical, economic and
socio-environmental
considerations.

Prepare conceptual layout
(project configuration) of at
least the two most promising
schemes with their major
structures in appropriate scale
using available maps and
conduct the preliminary cost-
benefit analysis.

Recommend area to be
covered by topographical
survey during the feasibility
study phase as well as other
site specific investigation.

12.

13.

14.

Select the most optimum alternative scheme based on
maximum benefit at minimum cost.

Prepare general layout drawings of the best alternative
showing its components: headworks, waterway,
forebay/surge tank/surge shaft, penstock, powerhouse,
tailrace and switchyard using the detailed topographic
map prepared during this stage of the study.
Additionally, show transmission line route and access
roads to all major project components

Expert consultation and verification of project layout and
project structures should be carried out based on the
complexity of the project.

Optimization Stu

Installed capacity should be
tentatively fixed considering
preliminary technical, socio-
environmental and economic
assessment. If due to lack of
data (e.g., hydrology), it is not

1.

General Approach

For selection of parameters to be optimized, identify
their ranges and establish a series of alternatives.
Carry out the conceptual design, drawings and cost
estimate for each alternative.

Re-optimization should be carried out
based on changes in project capacity
and/or design discharge and/or changes
in market price for materials and labour.
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Installed Capacity > 1 and < 10 MW

S.N. Study Items

Details of Study Requirements

Pre-Feasibility Study

Feasibility Study

Detailed Design Study

possible to fix the installed
capacity, a range should be
provided.

The number of generating
units should be determined
considering the reliability of
operation of the plant and
maximum utilization of dry
season river flow. Apart from
that transportation aspects
should also be considered.

5.

6.

Estimation of benefits for each alternative.
Comparison of cost and benefits.
Assumptions

Price of dry and wet energy, peak/off-peak as per the
requirements of the off-taker.
Capacity benefit, if any.

Selected Alternatives

Determine the number of alternatives considering the
range of installed capacities.

Enerqgy Production

For ROR projects, calculate energy production for all
alternatives with following considerations:

- Atleast five options, generally in the range of 65%
to 25% flow exceedance and average daily flows
to be used.

- Dry and wet energy, peak/off-peak energy as per
the requirements of off-taker should be calculated.

Project Layout

Optimize project structures/components individually for
the given installed capacity/discharge.

Size of settling basin to be adjusted as per optimized
discharge.

Water conveyance system including tunnel, penstock
and tailrace to be optimized considering the loss of
revenue due to head loss and investment cost.

Forebay/Surge tank/Surge shaft dimension to be
adjusted.

Powerhouse and unit sizes to be obtained from the
empirical formula, past experiences and/or supplier(s)’
information.

Cost Estimate

Preliminary quantity and cost estimates should be
developed for all the cases under consideration.

Only the major items should be computed in detail,
while minor items may be estimated based on curves
and data of similar structures in other projects.
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S.N.

Study Items

Details of Study Requirements

Pre-Feasibility Study

Feasibility Study

Detailed Design Study

Unit rates should be estimated based on prevailing
market rates in the area, project location and
accessibility. Reference can be taken from under
construction projects with similar features.

Electro-Mechanical and switchyard equipment costs
should be calculated using empirical relations, market
price and/or based on budgetary quotations from the
potential suppliers.

The cost estimates should also consider the cost of
access roads, infrastructure development and
environmental costs.

Technical contingencies should be taken into account
to come up with the implementation cost of the
alternatives.

Financial Analysis

Financial comparison of the different alternatives
should be carried out considering the implementation
and operation cost with accrued benefits due to energy
production for each case.

The financial analysis should be carried out to
determine the basic parameters such as Net Present
Value (NPV), Internal Rate of Return (IRR), and
Benefit Cost Ratio (B/C).

The alternative with maximum B/C ratio and internal
rate of return should be selected to fix optimum
installed capacity.

Number of Units

Minimum possible number of units should be adopted
considering hydrology and transport capacity of
road/bridge conditions.

Project Description and Design

8.1

General Layout
and design:

Civil Structures

1.

General layout of the selected
alternative site of the project
should be described.

Layout should be prepared
using available larger scale
topographic map.

Preliminary hydraulic design
and sizing of the following civil

General layout of the selected alternative of the project
should be described.
Layout should be prepared using the survey maps.
Detailed hydraulic design and sizing of the all civil
structures including the following should be carried out:
Weir, intake and undersluice
Upstream and downstream aprons
Stilling basin

1.

General:

The final project layout recommended in
the feasibility study and the approved
IEE/EIA report should be reviewed and
verified by experts, if necessary.
Component-wise detailed design should
be carried out for the final/updated
project layout.
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S.N.

Study Items

Details of Study Requirements

Pre-Feasibility Study

Feasibility Study

Detailed Design Study

5.

structures should be carried
out:

Weir &intake

Gravel trap

Settling basin

Headrace canal/pipe/tunnel
Forebay or surge tank
Penstock

Powerhouse

Tailrace
Preliminary design of
switchyard and sub-station’s
civil structures should be
carried out.

A brief description of major
project components should be
given.

Typical drawings of major
project components should be
prepared in appropriate scale.

9.

10.

Gravel trap

Settling basin

Headrace canal/pipe/tunnel
Forebay/surge tank/surge shaft
Penstock

Powerhouse

Tailrace

Design of temporary and permanent infrastructures
such as camp facilities, construction power, access
roads (ropeways, bridges, tunnel), drinking water supply
and sewerage etc. should be carried out.

Design of switchyard and sub-station’s civil structures
should be carried out.

Design and location of spoil tips should be carried out.

Design and drawing of temporary river diversion during
construction should be prepared. The diversion channel
should be designed to pass 1:20 years return period dry
season flood.

Necessary flood/debris/landslide protection works
should be designed based on the river morphology,
ground topography, possible debris flow area and the
possibility of rock falls (roling boulders) nearby
powerhouse and switchyard area.

All project components should be described in detail.

Drawings of all project components should be prepared
in appropriate scale.

Headworks

All headworks components should be designed following
“Design Guidelines for Headworks of Hydropower Projects”
published by DoED, Nepal, 2006.

1.

Weir/dam, intake, stilling basin, aprons and floodwalls
should be designed to pass safely the maximum flood
of 1 in 50 years return period. Stability analysis should
be done for 1 in 100 years return period flood.

Intake capacity should be about 130% of the design
discharge in case of conventional gravel trap and
settling basin flushing systems while the plant operates
at full load during flushing.

2.

3.

Project definition report defining all
project information, parameters and
components should be prepared.
Project parameters and design criteria
should be included in a Design Basis
Memorandum (DBM) referring to
relevant national and international
guidelines, norms and codes, and past
experiences.

Detailed hydraulic design and
dimensioning of all
components/structures  carried  out
during the feasibility study should be
reviewed and updated/refined/revised
where necessary.

Infrastructures

Design of road components such as
side drains, cross drainage structures,
retaining walls, gabion and stone
masonry structures should be carried
out.

Plans, profiles and cross sections of
access road including side drains,
retaining structures, cross drainage
structures should be prepared in
appropriate scale.

Design of construction camps,
temporary and permanent housings,
water supply and sewerage system,
bunker houses etc. should be prepared
and presented in the drawings.
Necessary drainage system for surface

runoff ~ management  should be
designed.
Necessary design for construction

power arrangement should be carried
out.

Temporary River Diversion

Detailed hydraulic design and drawings
of cofferdams, diversion channel and
aprons should be carried out.
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Details of Study Requirements

S.N. Study Items

Pre-Feasibility Study

Feasibility Study

Detailed Design Study

3. Clear spacing of the coarse trash rack in intake should
be fixed considering the transport capacity of gravel
flushing conduit.

4. Settling basin should be designed for continuous supply
of required design flow plus flushing discharge. The
trapping efficiency should be 90% or higher for particle
size greater than 0.2 mm depending on available head
and mineral composition of sediments. Adequate
justification should be provided, if smaller than 0.2 mm
particle size is selected to be settled in the settling
basin. It is suggested to divide the settling basin into 2
or more chambers.

5. Sediment handling, controlling and flow regulation
mechanism should be defined in the project description.

6. An automatic/ungated spillway should be provided
downstream of the settling basin at conveyance tank
wherever possible.

7. Sediment/gravel flushing outlet should be located at
shooting flow of the stilling basin/river.

Water Conveyance

All water conveyance system should be designed following
“Design Guidelines for Water Conveyance System of
Hydropower Projects” published by DoED, Nepal, 2006.

1. The power canal /headrace pipe/tunnel including all
hydraulic and cross-drainage structures from intake to
forebay/surge tank/surge shaft should be designed for
110% design discharge or higher.

2. A number of saddle supports and anchor blocks should
be designed and described in the report.

3. Slope stability analysis in critical sections of waterways
including forebay/surge tank/surge shaft should be
carried out.

4. Necessary drainage system for surface runoff
management should be designed.

5. Type and size of water conveyance should be
determined considering the design discharge,
silting/scouring velocity for the selected materials used
(e.g., concrete grade, masonry) applied concrete grade
and topography.

6.

The diversion channel and cofferdams
should be designed to pass 20 years
dry season return period flood.

Main Component Design

Detailed design of all surface and
underground  structures should be
carried out.

The safety of component should be
checked by conducting stability and
structural analysis.

Seismic Design Criteria

Pseudo-static  analysis  procedures
(seismic coefficient method) can be
used in the seismic design and analysis
of structures where appropriate.

The response of a structure to ground
vibrations should be determined
considering soil type, seismic zone,
response reduction factor, importance
factor, fundamental period of vibration
and damping factor (§). These values
can be referred from norms and codes
such as NBC 105.

For structures with minor importance,
the seismic coefficient can be reduced
appropriately.

Both vertical and horizontal seismic
components should be used in the
design.

Foundation Design

The results from the geophysical
investigation shall be used to design the
foundations. In case of missing or
unavailability of data, suitable values
shall be assumed based on the local
geology.

If foundation has to be placed in inferior
soil type, a suitable foundation
treatment method should be specified.
Detailed seepage analysis under the
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Pre-Feasibility Study

Feasibility Study

Detailed Design Study

6.

Corrosion, scratching, pipe diameter and transportation
limitation factors should be considered while fixing the
headrace pipe thickness.

Surge Control Structure and Penstock Pipe

1.

An emergency spillway at the forebay should be
provided. The forebay should have the effective volume
at least equal to the volume of water in the penstock
pipe while filled or to supply design flow for at least 120
seconds, whichever is larger.

For surge tank/surge shaft, various possible scenarios
of transient analysis should be carried out to determine
upsurge and down surge level.

The thickness of the steel pipe should be able to
withstand any variable load conditions encountered
during operation of the plant. While deriving the
effective thickness of the pipe, steel grade, corrosion
factor, welding factor and rolling factor should be
considered.

Anchor blocks to hold penstock pipe should be
designed at bends and also intermediately in long
straight stretches.

Powerhouse and Tailrace

1.

The powerhouse should be dimensioned to
accommodate electro-mechanical equipment and its
ancillaries.

The tailrace conduit should be designed considering
turbine type, minimum power discharge available,
minimum water depth requirement and the possible
effect of river water level at the tailrace outlet.

Switchyard area should be arranged nearby the
powerhouse and civil design of switchyard should be
prepared.

weir/dam foundation and other water
retaining structures should be carried
out. Uplift pressure and under piping
mechanism for cutoff wall, apron and
protection works should be analysed
and proper measures should be
proposed to prevent damage related to
foundation undermining.

The allowable bearing capacity of the
foundation may be increased in extreme
loading conditions as provisioned in the
design codes. Similarly, the allowable
bearing capacity may need to be
reduced when fully water saturation
conditions occur and placing foundation
on steep slopes or adjacent to them.

Stability Analysis of Structures

The following loadings should be

considered for stability analysis of

project components:

- Dead load

- Liveload

- Water pressure

- Weight of water

- Hydro-dynamic load

- Active earth pressure

- Atrest pressure

- Passive earth pressure

- Earthquake load

- In-situ stresses

- Impact load

- Vibration load

- Thermal

- Uplift (buoyancy and seepage)

- Surcharge/overburden loads

- Water hammer

- Wind

- Snow

- Construction and moving surface
loads:

- Additional loads, if any.
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Feasibility Study
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8.

For the purpose of evaluating the
stability and structural analysis, different
load combinations that may occur
during different phases of the project
implementation and operation should be
considered. Individual
components/elements must be
designed for the most unfavourable load
combination. In general, the following
conditions should be considered:

- Construction
- Normal operation
- Special/lemergency/extreme cases

The safety factor depends upon the
codes and loading combination used.

Detailed _Structural _Analysis _and
Design

Appropriate codes (concrete, steel)
should be referred for the detail design.

All possible loading conditions should
be considered.

The durability of the structure should be
ensured in the design.

Material properties and allowable
stresses for concrete, structural steel,
reinforcement, etc. should be specified.

The structures should be analysed
using acceptable methods manually or
by using software.

All structures should be safe against
internal and external forces/stresses
and all kind of climatic conditions.

Reinforcement calculation should be
done considering temperature and
shrinkage effects.

The dynamic analysis should be carried
out for the powerhouse and penstock
and ensure that natural frequency does
not create resonance phenomenon.
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e Ensure that the settlement/deformation
and deflections are within permissible
limits.

9. Water Tightness

e Control of cracking in concrete should
be as per the requirement specified in
IS 456:1978 and 2000 or BS 8007:1987
or BS 8110 Part Il, BS 2007 or
equivalent codes.

e The type and location of joints should
be specified. Contraction/expansion
joints should generally be located in 15
to 25 m spacing. Construction joints
should be provided considering
construction sequence.

e The appropriate type of water stops

should be provided at
expansion/contraction/construction
joints.

10. Detailing and Drawings

e The reinforcement should be detailed
considering the ductility of the structure.
e Reinforcement arrangement should be
shown in drawings in appropriate scale.
Special attention should be given at

joints.

e Prepare construction drawings,
reinforcement drawings and bar bending
schedules.

11. Field Verification of Design/Layout

e The arrangement of all project
components should be verified at the
site by laying setting out points. Any
changes that may occur should be
addressed in the design.

12. Report Preparation

e After finalizing the design, a detailed
design report should be prepared
showing all hydraulic, geotechnical,
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stability and  structural analyses
calculations. Based on the detailed
design report, a draft operation and
maintenance  manual should be
prepared.

8.2

Hydro-
Mechanical
Components

2.

Preliminary selection/
estimation of hydro
mechanical components such
as gates, stoplogs, trashracks
and penstock should be
carried out.

A brief description of hydro-
mechanical components
should be provided in the
report.

The following hydro-mechanical components should be
designed and described:

1.

Gates, stop logs, embedded parts, valves, trash racks,
bell mouths, manholes, expansion joints, saddle/wear
plates, sizing of headrace and penstock pipes, bends,
reducers, branches, steel lining works etc.

The hoisting system for gates and stop-logs.

General

This design is generally carried out by
hydro-mechanical equipment
manufacturers/suppliers, thus  only
preliminary design for preparing Terms
of Reference of tender/contract
documents shall be carried out in
consultation with potential
manufacturers/suppliers.

Design and dimensioning of all
components/structures  carried  out
during the feasibility study should be
reviewed and updated where necessary
and presented in the project definition
report.

Component-wise design should be
carried out for the final/updated project
layout.

Project parameters and design criteria
should be included in a Design Basis
Memorandum (DBM) referring to
relevant national and international
guidelines, norms and codes, and past
experiences.

While designing the hydro mechanical
components, factors such as corrosion,
welding defects, and plate
inaccuracy/defects should be taken into
account.

Individual components/elements must
be designed for the most unfavourable
load combination. In general, loading
conditions which may occur during the
following phases/cases should be
considered:

- Transportation
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2.

- Erection/Construction

- Testing in factory and site

- Normal operation

- Special/lEmergency/Extreme cases
Design of Gates and Stop-Logs

The type of gate/stoplogs with
embedded parts and its hoisting
mechanism should be fixed.

The materials to be used for skin plates,
stiffeners, girders, embedded parts and
other components should be specified.

The gates/stoplogs with embedded
parts shall be designed for the
hydrostatic and hydrodynamic forces
taking into consideration the forces
arising from wave effects, water
hammer, seismic loads, active soil load
(sediment deposit), ice formation,
friction, and thermal effect wherever
applicable.

The internal stress should be ensured to
be within the limit of allowable stress in
normal and extreme operating
conditions.

Sufficient corrosion allowance should be
provided and corrosion prevention
methods, if any, should be mentioned.

Types and material of seals should be
mentioned.

Power-operated gates shall normally be
capable of operation by alternate means
in case of power supply failure.

If meant for regulation, it shall be
capable of being held in partially open
position without major damage to seal
or deterioration due to cavitation and
vibration.

Wherever necessary, model studies
may be carried out for high head
regulating gates.
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The deflection of the gate under various
loading conditions should be within the
permissible limits.

Dogging devices and lifting beams
should be designed for operation of
gates, stop logs etc.

Destructive and non-destructive testing
procedures should be specified.

All the gates shall be checked for the
aeration requirement at its immediate
downstream.

Steel Pipes

The steel plate used for the pipes shall
comply  with National/International
Standards.

The pipes should be designed

considering the following loading

conditions:

- The normal condition includes static
head, surge and water hammer
pressure.

- Special conditions include those
during filing and draining of
penstocks and a maximum surge in
combination with pressure rise during
emergency operations/events and
test pressures.

- The exceptional condition includes
transportation and erection stresses,
pressure rise due to the unforeseen
operation of regulating equipment in
the most adverse manner resulting in
an odd situation of extreme loading,
the stress developed due to
resonance in penstock, seismic
forces etc.

Adequate safety factors should be
provided for safety against hoop stress
due to internal and external pressure
including surge pressure, longitudinal
stress, beam action, temperature
variations.
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4.

5.

Stress should be checked at bends,
branches, transition and stiffeners
Expansion joints should be provided just
below the anchor block whenever
possible.

Special design provision shall be made
to protect the penstock pipes/conduits
against possible rupture due to
denting/negative pressure.

Other Structures

Other HM components such as valves,
trash racks, manholes, saddle plates,
bulk head gates, bell mouths, steel
lining etc. shall be designed to meet
structural and hydraulic requirements.
Report Preparation

After finalizing the design, a report should
be prepared showing all hydraulic, and
structural calculations. Similarly,
operating conditions, hoisting
mechanisms, opening sizes, design
pressures, and dimension of all major
components/elements should be
mentioned. Based on the detailed design
report, a draft operation and maintenance
manual should be prepared.

Electro-
8.3 Mechanical
Equipment

Preliminary design/selection of
the electro-mechanical
equipment should be carried
out based on design discharge
and net head and number of
units (based on hydrology and
transportation).

A brief description of selected
electro-mechanical equipment
should be given describing the
type of turbine and
accessories, generator and
accessories, transformers and
switchgears.

The type and number of generating equipment with
necessary equipment and power evacuation facilities
should be designed and described.

Description of main mechanical equipment including the
followings should be provided:

Hydraulic turbine

Inlet valve

Governor

Lubricating (hydraulic) system
Pressure oil system
Compressed air system
Cooling system

Control system

1.

General

This design is generally carried out by
electro-mechanical equipment
manufacturers/suppliers, thus  only
preliminary design for preparing Terms
of Reference of tender/contract
documents shall be carried out in
consultation with potential
manufacturers/suppliers.

Detailed design and dimensioning of all
components/structures  carried  out
during the feasibility study should be
reviewed and updated/refined/revised
where necessary and presented in the
project definition report.
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3.

P

Description of the main electrical equipment including
the followings should be provided:

Generator

Excitation system

Switchgears

Control panel

Powerhouse earthing

Power transformer

Auxiliary transformer

CT/PT for different voltages

Earthing system for switchyard
Hoisting mechanism/overhead crane

A single line electrical diagram depicting the
interconnection of all electrical equipment should be
prepared.

For the smooth operation of the power station, following
auxiliaries should be provided and described:

Grease lubricating system.

Fire fighting system

Station supply

Lighting arrangement

Heating Ventilation and Air Conditioning (HVAC)

2.

3.

Project parameters and design criteria
should be included in a Design Basis
Memorandum (DBM) referring to
relevant national and international
guidelines, norms and codes, and past
experiences.

Individual components/elements must
be designed for the most unfavourable
load combination (mechanical and
electrical). In general, loading conditions
which may occur during the following
phases/cases should be considered:

- Transportation

- Erection/construction

- Testing in factory and site

- Normal operation

- Special/lemergency/extreme cases
Mechanical Equipment

Appropriate turbines and their
components should be designed.
Suitable inlet valves shall be provided
before each turbine.

Draft tubes, spiral casing, covers, seals
should be designed appropriately

A suitable governor system should be
provided for flow control to the turbine.
Proper auxiliary systems such as heat
exchanger system, lubrication system,
pressure system, compressed air
system, hydraulic system, cooling
system, EOT crane, lighting system, fire
extinguishing system shall be designed.
Control system with local unit and
remote (to control room) controlling
capability should be provided.

Electrical Equipment

Single line diagram and control diagram
for all powerhouse equipment and
interconnection points shall be prepared
following the latest NEA Grid Code and
other relevant standards.
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Generators shall be provided with all of
their accessories including cooling and
fire protection system, the hydraulic
system including generator braking and
heat exchanger system.

Excitation system shall be provided with
an automatic voltage regulator, excitation
transformer and bridge rectifier.

Power transformers to step up
transmission voltage shall be provided
with type of cooling, indoor/outdoor
arrangement and  other  required
accessories.

HV switching equipment with bus bars,
circuit breakers, disconnecting switches,
instrument transformers, etc. shall be
provided.

Control equipment shall be provided
consisting of governor monitoring,
excitation monitoring, emergency
shutting down, valve protection and other
protection, etc.

Station service transformer for redundant
power supply to the plant shall be
provided.

Grounding including lightning protection
shall be provided.

Fire protection and ventilation system
should be designed and described in
detail.

Emergency exit and safety plan should
be described/provided as per available
national/international guidelines.

Diesel Generators shall be provided for
backup power and black start/isolation
mode.

8.4

Power
Evacuation and
Transmission
Line

Assess the possibility of power
evacuation through national
grid/Integrated Nepal Power
System (INPS).

Design and describe the power transmission line and
power evacuation system.

Prepare a single line diagram representing the major
electrical equipment of the powerhouse, switchyard,
and substation.

The transmission line should be designed
following the latest off-takers’/NEA grid
code.
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Carry out preliminary design to
select voltage level, conductor
type and the number of
towers.

A brief description of the
selected power evacuation
system should be presented.

Describe the details of interconnection equipment as
per standards.

Design and describe poles/towers, circuit type, type of
conductor, other components and safety measures.

The route shall be finalized and
described. Voltage level, number of
circuits and length shall be confirmed.

Number and type of towers required shall
be determined with location (coordinates)
and their structure shall be designed.
While designing the foundation of a
transmission  tower, geology and
geotechnical conditions with socio-
environmental assessment should be
verified and additional investigation
should be done, if required.

The size of conductors to be used shall
be determined. The size of conductors
must be selected so that the power loss
doesn’t exceed the permissible limit as
per latest off-taker's/NEA Grid Code.

Sag, tension and loading in conductor
shall be determined.

Auxiliary equipment in the transmission
line such as insulators, clamps, guards,
etc. shall be provided. Equipment to be
installed in interconnection substation
should be designed.

Power transformers shall be required, if
the voltage level of a transmission line
does not match the voltage level of
interconnecting substation including HV
switchgear (Circuit breaker,
disconnecting switch, etc.), instrument
transformers and control and protection
equipment.

Energy Computation and Benefit Assessment

9.1

Energy
Computation

1.

Energy computation should be
carried out considering the
average monthly flow (daily
flow, if available), net head,
design discharge and turbine,

Energy computation should be carried out considering
daily flow, net head, design discharge and turbine,
generator and transformer efficiency. Furthermore,
normal and forced outages should be considered
referring to the off-taker/NEA Grid Code and/or norms

Energy estimated in feasibility study
should be updated/refined, if there are
significant changes.
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generator and transformer and practices. Such energy estimation should be based
efficiency. Furthermore, on fixed installed capacity.
normal and fgrced °“tage$ During energy estimation, environmental and other
should be considered r.eferrmg necessary releases as recommended in EIA/IEE
to the off-taker/NEA Grid Code . . .
. guidelines should be deducted from the available river
and/or norms and practices. If flow
power output cannot be :
ascertained at this stage, then Average daily, monthly energy and annual energy
the range of annual energy should be determined in Nepali and Georgian calendar
generation should be months.
provided. Estimated internal energy consumption within the power
plant should be deducted from the total/monthly energy
to derive saleable energy.
Annual estimated average dry and wet energy should
be determined considering the dry/wet periods defined
by off-taker/NEA. Furthermore, dry energy should be
divided into peak/off-peak energy in case of PRoR and
reservoir type projects.
Average monthly/annual
revenue throughout the
license period should be
calculated considering unit Estimated average monthly/annual revenue throughout
energy prices fixed by the the license period should be calculated considering unit
_ NEA/off taking company/GoN energy prices fixed by the NEA/off taking company/GoN | 1. Revenue estimated in feasibility study
9.2 Benefit for similar sized projects. for similar sized projects. should be updated, if required.

Estimation While calculating the annual While calculating the annual revenue, base rates for | 2. If PPA has been concluded, the revenue
revenue, base rates for dry, dry, wet, peak, off-peak energy prices together with estimates should be verified against the
wet, peak, off-peak energy annual price escalation should be considered. PPA.
prices together with annual
price escalation should be
considered.

10 Cost Estimation
Cost estimate during this All the criteria and assumptions adopted for cost Y .
stage should be based on L i ) i | 1. The criteria and assumptions for
Critert g thumb rules, cost per unit of estimation should be mentioned including the following: feasibility level study should be applied
10.1 A;Isinr:ptionsan installed capacity for similar Consideration of the natural conditions prevailing at the but should be based on detailed design
with inclusion of items not included in the

sized projects, and prevailing
bulk market prices for civil
works, hydro mechanical,

site, construction scale, and levels of construction
technology available in Nepal.

feasibility level study.
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transmission line and
electromechanical equipment.

e To the greatest extent possible, construction equipment
available in Nepal should be considered.

e A brief description of the project with locations of
components should be mentioned.

e Year and month of the cost estimate should be
mentioned.

e The exchange rate applied to the calculation of NPR
and USD adopted at the time of cost estimation should
be mentioned.

e The criteria and assumptions for pre-feasibility level
study should be updated based on feasibility level
design with inclusion of items not included in the pre-
feasibility level study.

o Identifiable Nepalese taxes, customs duties, royalties
etc. for goods, materials and services, interest during
construction etc. whether included in cost estimation or
not, should be mentioned.

e Any source of references to rates or estimation should
be mentioned with used escalation factors, if any.

10.2

Estimation
Methodology

The cost estimate should be
derived based on the criteria
and assumptions discussed
above considering the
remoteness of the site, length
of transmission line
interconnection  point  and
other technical features of the
project including gross head,
design discharge and length of
waterways.

The following methodology should be applied for the
estimation of the cost of each component of the project.

1. For Civil Works:

e The cost estimates should be based on unit rates
developed from the prevailing labour rate, construction
equipment rate and materials taking also into account the
local situation and bill of quantities derived from design
drawings.

e The cost estimate should be done by breaking down
major structures into a number of distinct construction
activities or measurable pay items.

e Due consideration should be given to local labour. The
rates for locally available labour can be obtained either
from District Rates of concerned districts or prevailing
market rates of the project area and can be used after
appropriate adjustments.

e The rates of construction equipment can be taken from
regularly updated cost data, a quotation from the
suppliers/manufacturers.

The methodology for feasibility

level

study should be applied but should be
based on a detailed design with inclusion
of items not included in the feasibility

level study.

Carry out necessary updates such as

revision of rate analysis.
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e The construction materials to be used for construction
work should be divided into;

Materials locally available nearby project area.

- Materials available in the local market.

- Materials to be imported from neighbouring
countries.

- Materials to be imported from overseas.

e The rates of construction materials should be derived as
per their source of supply. While calculating the
construction materials’ rate, sufficient attention should
also be given to the mode of transportation and their
corresponding costs. When access roads for the project
are not built (generally for small hydropower projects) the
cost of air ftransportation for transporting heavy
equipment from the nearest town to the project area
should also be included.

e From labour cost, material cost and equipment cost, the
direct cost per unit of construction activity can be
calculated.

e The estimate should be of contractor's type and,
therefore, should also include all other indirect costs such
as office overheads, contractor's financing cost,
insurance bonds, profit and risk margin.

¢ A suitable percentage for contractor's expenses should
be allocated. The total percentage should be used as a
bid factor on direct cost. Thus calculated direct cost can
be used to derive unit bid costs which in turn, be used to
determine the total civil works cost.

2. For Electro-Mechanical Equipment

e The cost estimate for generating equipment, transformer
and switchyard equipment should either be based on
quotations obtained from the supplier(s) or in-house
estimate using established current international prices or
price database from similar type and size projects. The
cost should include the cost of control devices/system,
auxiliary etc. transportation and erection.

3. Hydraulic Steel Works

e The cost of hydraulic steel works should be based on a
quotation of the supplier(s) or on market price, if they are
locally available. Transportation and installation cost
should also be added.
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4.

Transmission Line

The cost of the transmission line can be calculated from
per km rates of the transmission line. References of cost
can be taken from current rates used by NEA/off-taker or
constructed project of IPPs for same type/voltage of
transmission lines taking into account different types of
towers required, the conductors and types of terrains
being crossed.

Land Acquisition and Access Road

Due attention should be given to the cost of land
acquisition and construction of access roads.

Cost of land acquisition should be determined
considering detailed risk assessment, future
development of the project area, accessibility and public
demand.

The length and type of access roads to be constructed or
to be improved can be determined from preliminary
design. Cost per km of different types of roads can be
used to determine the cost of the access road.

Camp and Other Facilities

The costs of construction camps and permanent
buildings required for operation and also of construction
power facilities required should be included in cost
estimation. A lump sum amount for this can be allocated
depending upon the size of the project.

Social Development:

The cost of social development should be determined
from reconnaissance field visits. Factors to determine the
social development cost such as population density,
available local resources and existing physical
infrastructure in the project area should be considered.
This cost can be derived as a lump sum taking a
reasonable percentage of the project base cost.

Resettlement/Rehabilitation

Relocation and environment impact mitigation costs shall
be as per existing Environmental Protection Act and
Rules. At this stage, this cost can be derived as a lump
sum taking a reasonable percentage of the project base
cost.
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Community Support Program (CSP)
Include CSP cost as a fixed percentage of the total
project cost as per the latest government policies.
1. The total of all costs indicated
above will constitute the base The total of all costs indicated above will constitute the
cost of the project. To that, the base cost of the project. To that, the following costs are
following costs are to be to be added as a certain percentage of the project cost
added as a certain percentage for obtaining the total capital cost:
of the project cost for obtaining Engineering and Management. . .
the total capital cost: Owner's cost At the detailed design level, due to use of
«  Engineering and Insurance cost more detailed information collected and
Management Contingencies for civil works, hydro-mechanical, minor i |te(;nsl m::lu?ced arr1td. t.des'gn.ﬁ
Base Cost and e Owner's cost electromechanical, transmission line, price and physical (cj:oncre 1zed, rt'evel IO 'unc'e'laln Ielf /I—V:II{/I
10.3 | Total  Project e Insurance cost contingencies etc. are to be updated/added to account ec}r(e?é:/l particu arytln Cg" _l\_/{or S )
Cost 2. Contingencies added to for unforeseen cost increase due to various WOrKS t ec|4_|U|pmen an ¢ twor.tﬁ
account for unforeseen cost uncertainties during project construction. ﬁ?mhgfnen éccue;gge' prgj:g corse duvc\:/:e d
increases due to uncertainties Interest during construction should be calculated based cogntingencies can ge calculated
in site conditions for: on the prevailing interest rates and other parameters
e Civil works required for the calculation.
e Generating equipment The exact percentage allocation for the above cost
and transmission line items should be based on prevailing market conditions
3. Interest during construction, and general practices.
cost/amount.
Local currency will be required for local labour, local
materials, government cost tax, VAT, royalties and
customs duties including land acquisition, resettlement,
Local and mitigation and management programs related to
Foreign adverse socioeconomic environment impacts and bank
10.4 Currency interest.
Breakdown Foreign currency will be required for imported materials
and equipment and foreign experts.
The cost estimation should include a breakdown of local
and foreign currency components
1. The cost estimate derived at In the main volume of the report summary cost estimate
) this stage should include the data broken down into the above mentioned major sub- The presentation should be done as in
Presentation of following: headings and into foreign and local currency should be the feasibility level, but with the inclusion
10.5 ggtsat Estimate e  Civil presented; while the details of cost estimates including of more detailed items based on detailed

Hydro-Mechanical
Electromechanical

rate analysis and the unit rate could be presented in the
Annex volume.

design and other updated information.
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Transmission line
e Engineering and construction
supervision
e  Others such as environment,
owner's management.
1. The costs incurred will spread
over the whole construction
period. Interest during
construction will depend on Cash disbursement schedule should be based on an
how cash will be disbursed updated and realistic project implementation
i i i schedule.
Cash algr"r;% thecgsorr]'n Strlé?stfgrspeenqggi . . . . 1. Cash disbursement schedule should be
106 Disbursement > Yegr;wlsg cash disbursement against each' of the major based on updated project implementation
S schedule should be estimated activities is to be prepared and presented in the report. : :
chedule ; : > . schedule, if required.
with  disbursement schedule Cash disbursement can be presented as a certain
based on experience with percentage of capital cost per annum during the
similar sized projects with construction period.
similar criteria (e.g. access,
geographical conditions,
design parameters).
1 Construction Planning and Schedule
Review the construction schedule prepared during the
pre-feasibility study and update as per the feasibility
study’s findings and other prevailing conditions such as
1. Access, availability of market conditions and available technology.

construction materials, waste
disposal and construction of
camps at the site should be
described.

2. River diversion sequences
during construction should be
tentatively considered.

3. A preliminary construction
schedule should be prepared
for the project showing the
major construction activities.
The total construction period
should be determined.

Plan contract/procurement/construction modality in
coordination with client for pre-construction works, main
civil works, hydro-mechanical, electro-mechanical and
transmission line works.

Prepare a plan for pre-construction activities such as
the construction of camps, the establishment of
telecommunication facilities, construction/upgrading of
the access road(s), arrangement of construction power,
etc.

Prepare a plan for establishing necessary forest
clearance, crusher plants, workshops, fuel depots,
permanent camps for operators and site office(s). The
plan should also take into account time for necessary
government approvals.

Land acquisition and environmental mitigation plan
should be incorporated.

Review the construction planning and
schedule prepared during the feasibility
study and update as necessary
considering anticipated/planned
Required Commercial Operation Date
(RCOD).

Plan and confirm the availability, quality
and quantity of all construction materials.
Special consideration should be given for
materials required for high grade
concrete, high grade steel etc.
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Prepare a plan for temporary diversion of the river
during construction. This may consist of construction of
cofferdam(s) and diversion channel at headworks and
powerhouse/tailrace outlet.
Prepare a plan for construction of headworks,
waterways, forebay/surge-tank/surge-shaft,
powerhouse, tailrace, switchyard and transmission line
including all civil, hydro-mechanical and electro-
mechanical works in consultation with potential
contractors/suppliers and based on past experience of
constructing similar project(s).
Describe anticipated construction methodology for all
major structures.
Update/prepare construction schedule considering
above mentioned plans/factors and the following
aspects:
Seasonal constraints for temporary river diversion
Local culture and national holidays
Climatic conditions
12 Environmental Study
1. Guidelines, Acts, Regulations and
Manuals to be followed during updating
and supplementary environmental study
Guidelines, Acts, Regulations and Manuals to be are as follows:
follc?wed during t.he .enV|ronmentaI study are as follows: 2. National EIA Guideline, 1993
National EIA Guideline, 1993 3. Environment Protection Act, 1997
Environment Protection Act, 1997 4. Environment Protection Regulations,
Reference  for Environment Protection Regulations, 1997 1997
12.1 | Environmental DoED Manuals related to Environmental Study 5. DoED Manuals related to Environmental
Study Working Procedure for Initial Environment Examination StUd¥ -
(IEE) and Environment Impact Assessment (EIA) of | 6. Working Procedure  for Initial
Hydropower and Transmission Line Projects, 2073 Environment  Examination (IEE) and
Hydropower  Environmental Impact Assessment Environment Impact Assessment (EIA). of
Manual, July 2018. Hydropower and Transmission Line
’ Projects, 2073
7. Hydropower Environmental Impact
Assessment Manual, July 2018.
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Prepare Terms of Reference (ToR) for IEE which
includes:
Environmental issues of greater significance.
Baseline environmental data that supports the
Collect baseli data of th relevancy of identified environmental issues.
ollect baseline data of the
: : ; i Approval of ToR for the IEE study from Ministry of
physical, biological and socio £ W R Irriqafi
cuitural environment of project nergy, Water Resources and Irrigation.
Initial affected area to understand Continue the IEE study based on approved ToR. ] ]
Environment the  socio-environmental Collect baseline data of the physical, biological and | ' Uf%dgé?déEiEn)('f there are changes in
12.2 | Examination situation. . socio-cultural environment of project affected area as proJ on).
(IEE) 'A‘.SS?:‘S the impacts of major per approved ToR.
signiicance. Prepare Initial Environmental Examination (IEE) report,
Develop mitigation and o .
which includes:
management programs to
minimize the impacts. Baseline environment data
Impacts of environmental issues identified in ToR
Impact Mitigation and Enhancement Measures
Approve the IEE report from Ministry of Energy, Water
Resources and Irrigation.
Cﬁllgctl S’afe”nel dsta of Permission for conducting EIA from concerned ministry
sical, biological and socio- ; ; ; ; i . .
EuI){uraI enviror?ment of orotot should be obtained, if the project lies within protected | 1. Carryout EMP updates in EIA, if there are
Environment affected area to unde?stémd area (conservation area/national park/wildlife reserves). minor changes in project design and get
Impact the socio-environmental Scoping document and Terms of Reference (ToR) for it approved from Ministry of Forests and
Assessmf%nt situation. EIA should be prepared which should include the Environment.
(Ecl)"ogct i(rllfcluc;[gg Identify the major following: 2. Carryout supplementary EIA, if there are
i?\ sjchedule 2 of environmental issues in Publication of 15 days’ public notice in a national daily major changes in project design and get
. physical, biological, socio- newspaper for the scoping of the EIA study. it approved from Ministry of Forests and
Environment ; . . ; .
Protection economic and cultural Collection of suggestion from the affected local Environment such as:
12.3 Regulations environment. government and other stake holders of the project (i) If there is change in the project area
. Make environmental area. . . L
such as project t b imol (i) If the required forest area is increase
area lies within assessmen y simple Record of environmental issues raised by by 10 %
the checklist ) stakeholders,  concerned  bodies, = Government (i) If the resettlement population is more
conservation ASS?f_SS impacts  of major Authorities, local clubs and subject experts than 100 people pop
area/national significance. Prioritized environmental issues. . . N . .
ark/wildlife Assess  the  level  of Baseli : tal data that s th (iv) If there is significant impact in
Feserves etc.) environmental assessment ?Se'ne ?r)(\jllropfmzna _cata ¢ Ia' supports the environmental and biological
' EIA as per the threshold of re eyancyo iaentitie enwrolnmena ISSues. . biodiversity.
schedule 2 of EPR and its Review of relevant national and International
amendments. legislations.
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[
3.
4.

10.

1.

12.

Describe basic procedures to conduct EIA
Approval of Scoping Report and TOR
Continue the EIA study based on approved ToR

Prepare Environment Impact Assessment (EIA) which
includes:

Environmental Impacts of the Environmental Issues
prioritized in ToR plus additional environmental
impacts identified during EIA.

Mitigation and Enhancement Measures for the
environmental impacts and Environment Management
Plan (including Monitoring and Auditing Plan).

Baseline on Physical, Biological and Socio-economic
and cultural environment domain.

Review of relevant national and International
legislations.

Prepare draft EIA Report
Conduct public hearing in the project area.

Publication of the notice for the public hearing
Muchulka of the public hearing in the project affected
areas.
Collection of the recommendation letter from the
affected local governments.
Finalize EIA report including the recommendations of
concerned rural municipality and concerns of
stakeholders raised during the public hearing.

The final EIA (after incorporating the issues raised in
public hearing) has to be forwarded for approval to
concerned ministry through Department of Electricity
Development (DoED).

A Review Committee meeting will be held at DoED
comprising related government agencies and
independent environment experts.

Based on the recommendation of review committee,
concerned ministry forwards the EIA for Approval.

A review committee meeting is organized to seek
comments/suggestion on the final EIA report.

Further 30 days’ public notice is published in national
daily newspaper to seek additional comments and
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suggestions on the EIA. The draft EIA report along with
the public notice has to be placed in public places/office
such as TU library, district level office, affected local
bodies and concerned government offices.
13. Ministry of Forests and Environment approves the EIA
based on the recommendations of review committee
meeting and response to 30 days’ public notice.
] 1. Conduct sampling survey over project area for verifying
1. Conduct field survey for the datal/information collected during the pre-feasibility , ] ]
gathering the data/information study and collect additional data/information on Review and update the data/information
on the population, household population, household and their socio-economic status taken in previous studies.
lying in the project area and and number of cattle, lying in the project area. Estimate the total resettlement cost
2;';;?2;2}?;?;”1Igbozttattﬁe' 2. Verify through a site visit the potential land area for including ~all requirements ~such as
Resettlement g resettlement identified during pre-feasibility study and opportunity  loss, educational ~ and
12.4 number of cattle lying in the ; : e environmental effects, physiological
. Study . identify the new sites, if any. S d
project affected areas. mental and physical health effect,
2. Identify the potential land area 3. Collect the cost of lands proposed for resettlement. security, social and economic impacts
for resettlement of the | 4. Prepare the resettliement schedule and settlement area. etc.
displaced people from the Resgttlement area shall be.facilitated by all human Update and finalize resettiement
project area through map requirements such as security, health and education schedule and settlement area.
study. facilities, economic resources availability, social and
cultural viability etc.
13 Project Evaluation
1. All significant intangible benefits
should be identified and
quantified in terms of monetary
value to the maximum extent
possible. For example, better
Economic access roads and bridges,
Analysis (at communication facilites and
Ieagt for Z?(f)ll?rc])(ljs tﬁguldm.beit e::g:“S?ﬁg 1. Update the economic analysis based on additional 1. Update.the economic a.naIyS|s based
1341 gﬁéids und;:; regional/natioﬁalj benefite due to information and data available at this stage. gcai?:tﬂg'g??r:is'nsfggr;;at'on and data
governmental these improved infrastructure .
bodies) should be quantified.
2. Employment benefits during
construction phase of the

project should be quantified.
Economic benefits due to
increase in both regular and
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Feasibility Study
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seasonal employment should be
quantified.

Economic cost of the project
should also take into account
opportunity cost (together with
construction costs).

Economic cost should not
include the taxes, duties and
royalties. Similarly, it should
not include interest during
construction.

Economic value of project
should be calculated in terms
of NPV, EIRR and B/C.

13.2

Financial
Analysis

In performing financial
analysis, the Financial Internal
Rate of Return (FIRR) and the
debt servicing parameters are
examined based on financing
conditions. The financial cost
should include, construction
cost, duties, taxes, periodic
replacement cost, insurance
and interest during
construction. The benefits will
comprise the revenue
generation from the sale of
electrical energy. As a result of
the financial analysis, the
financial cash flow showing
operating expenses, debt
service (loan repayment),
royalty and tax payments
should be presented.

NPV and FIRR could be used
as financial indicators.

In performing financial analysis, the Financial Internal
Rate of Return (FIRR) and the loan repayment capacity
are examined based on financing conditions.

The financial cost should include investment cost/base
cost (study, preconstruction, civil, HM, EM, TL), O & M
cost, duties, royalties, taxes, price escalation, periodic
replacement  cost, project environment  and
management cost, insurance and interest during
construction.

To determine the project's life from a financing
perspective, the concession period should be
considered.

The benefits will comprise the revenue generation from
the sales of electrical energy. As a result of the financial
analysis, the financial cash flow showing operating
expenses, debt service (loan repayment), royalty and
tax payments should be presented.

All assumptions including finalizing conditions made for
the analysis should be clearly stated.

NPV and Financial Internal Rate of Return (FIRR)
method should be adopted.

In the detailed financial analysis, Net Present Value
(NPV), Benefit-Cost Ratio (B/C), Project IRR, Return on
Equity (RoE), Equity NPV, Annual Debt Service
Coverage Ratio (ADSR), discounted payback period
and Levelized Cost of Energy (LCOE) etc. should be
calculated.

Review all previous analysis and update
the financial parameters, assumptions
and results based on updated market
conditions and any updates on the
government’'s policy (e.g., tax, royalty
etc.). The financial parameters such as
NPV, IRR, B/C, Equity IRR and NPV,
debt service coverage ratio etc. should

be updated accordingly.
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8. General expected financial parameters are as follows:
e Internal Rate of Return on the project (IRR) - higher
than the discount rate.
o Net Present Value on the project (NPV) - positive.
e  Debt Service Cover Ratio (DSCR)—higher than 1.0.
o Benefit Cost Ratio — higher than 1.0
1. Sensitivity analysis is required to be performed in
general, for the following cases:
e Varied discounted or interest rates based on prevailing
mark.et rates.. . Update the sensitivity analysis carried out
Sensitivity . Varylng capital cost for possible best and worst case in the feasibility study based on current
133 Analysis scenarios. market conditions and new
e Reduction in revenue generation taking into account information/data available at this stage.
hydrological risks.
e Delay in commissioning of the project.
e The cumulative effect of cost and time overruns.
14 Presentation Drawings, Maps, Charts and Tables
1. Prepare location map in appropriate scale Prepare location map in appropriate
1. Prepare location Map in 2' M P howi h .p ‘;p P ] d' hical scale.
appropriate scale. : ap showing pnysiographic regions and geographica Map showing physiographic regions and
i regions should be included. . ; ?
14.1 | General 2. Prepare  maps  showing 3 Proiect | lavout should b ed with th geographical regions should be included.
physiographic  regions and | - i roject general layout should be presented wi e Project general layout presented with
hical regions. icense boundary in topomap in scale 1:25,000 or . : .
geograp g . . license boundary in topomap in scale
1:50,000 as available.
1:25,000.
Control survey benchmarks or traverse
) . stations with their x, y, z coordinates (in a
1. Generally, this level of study is separate table) should be given in
considered to be carried out , general arrangement drawings (with
based on available maps. | 1- Coqtrol survey map showing benchmark§ or trave]s contours) for all components for
Topography/ Survey works, if carried out statlons' and detailed features of the project area in reference and further use during
14.2 | Topographical during this study including appropriate scale should be presented. construction and operation phases of the
Survey verification of head, license | 2. Survey data and d-cards (with photographs) should be project.
boundaries etc. should be included in the appendix. )
documented in  appropriate Updated (if any) survey maps, data and

scales.

d-cards with photographs should be
documented and presented in the
Appendix.
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1. Drainage Basin Map showing the area below 3000
amsl, 3000 to 5000 amsl and above 5000 amsl can be
1. Drainage Basin Map showing prepared.
ggeoa(t)belowl 3002 arr;)sl, 3028(}8 2. Field measurements should be presented in a tabular
amsl and above form with details, location, time and date.
amsl can be prepared. ) . ) )
. 3. Rating curves of headworks site and tailrace site should
2. Field measurement(s) should be presented
be presented in a tabular form P " )
with details, location, time and | 4. Long term series data should be included. Updated hydrology report with
date. 5. Various methods of flow estimation, adopted daily flow recommended/adopted daily flow, FDC at
14.3 Hydrology 3. Adopted monthly (daily, if and flood discharge in different return periods should be headworks and tailrace outlet with tables,
available) flows and flood presented in tabular form. design flgods and diversion flood during
frequency table should be | 6. Flow duration curve should be presented. construction.
prepared. 7. Prepare reference hydrograph and flood frequency
4. Prepare Flow Duration Curve charts.
(FDC). 8. A discharge-sediment relationship should be presented.
5. Prepare Reference . .
Hydrograph and flood 9. Sec"hment sgmple and Iabpratory analysis report should
frequency charts. be included in the Appendix.
10. The result of sediment analysis and laboratory tests
should be summarized in tabular form and charts.
Prepare drawings as follows: 1. Prepare regional geological maps (plan and section in
1. Regional geological maps scale 1:250,000).
(plan and section in scale Prepare drawings as follows:
1:250,000 or in available 2. Geological map of project area (plan, profile & section in
larger scale). scale 1:5,000).
2. Geological Map .Of _Prolect 3. Site specific geological maps (sections with drill whole
Area (plan and section in scale logs, if any)
1:25,000 or 1:50,000 or larger, ’ ’ . . Prepare drawings for updated geology
144 Geology  and if available). 4. Headworks drawings in scale 1:500. and seismicity report
' Seismicity 3. Site specific geological maps | 9. Water conveyance route in scale 1:2000.
as follows: 6. Powerhouse in scale 1:500.
e Headworks in scale 1:500 7. Map showing Seismic Refraction Lines, or Electrical
¢ Water conveyance route in Resistivity (if required) in scale 1:2000 or larger.
scale 1:5000 or larger 8. The result of geological investigation to be presented in
e Powerhouse in scale 1:500 a tabular format.
9. A Map showing Borrow Areas and Test Pits and

4. Map showing Seismic
Refraction Lines, Electrical

Trenches in scale 1:2000 or larger.
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Resistivity, if available in scale | 10. Seismicity Map in scale 1:2,000,000 or 1:1,000,000.
1:5,000. The above mentioned scales are suggestive only. An
Seismicity Map in available | appropriate scale should be used to make the information/
scale. data presented in the drawings/report clear and
readable/understandable.
Location of alternative project
components plans and
alignments should be shown in | 1. Location of alternative project components plans and
appropriate scale. alignments should be presented in appropriate scale.
Alternative Preliminary cost and energy | 2. Cost and energy comparison charts and tables should
14.5 Study comparison charts and tables be prepared.
should be prepared. 3. Financial evaluation charts and tables should be
Financial evaluation charts prepared.
and tables should be
prepared.
o . 1. Optimization study charts and tables should be
14.6 | Optimization Not required. prepared.
) o 1. Following drawings should be prepared: Prepare civil general arrangement
Following drawings in suitable Al i dered i le 1:5000 or | drawings of all components, showing
scale should be prepared: ¢ ternatives considered in scale 1:5000 or arger. benchmarks, setting out points with their
Alternatives considered * SGC(ZTErf_g&g{fgﬂi%i’:mayom of selected project in coordinates and all necessary details.
General  arrangement  of | ,  Headworks (general arrangement, elevations and Reinforcement drawings of all structures
selected project sections) in scale 1:500 o larger ’ with ba(rj bending schedules should be
repared.
Headworks plan (general e Headworks components, weir, undersluice, intake, P p . .
arrangement, elevations gravel trap etc. plan, sections (L-section, cross Preliminary ~ drawings of all hydro-
andsections) sections) and elevations in appropriatescale. mechanical components with necessary
. . . . L . dimensions/schedules should be
. Settling basin (plan and | e Settling basin (plan and L-section in scale 1:500 and
1 Design and . . . . prepared.
4.7 Drawings sections) crosssections in scale 1:200 or larger). Prelimi ) " "
g Headrace water conduit| ® Headrace water conduit system (plan and L-section in Ire |tm|naryh . c:rawmrg];s ical © a
- scale 1:2000, sections in scale 1:100 or larger). electromechanical-mechanica
system (plan and profile) Forebav/ tank (ol d Lsection i e 1:200 components with necessary
Forebay/surge tank (plan, ¢ orebay. stgrge_an (Ip Tﬁ)% —lsec lon in scale 1209, dimensions/schedules should be
sections, profiles) cross sections in scale 1: or larger). prepared.

Penstock (plan, sections,
profiles)
Powerhouse and tailrace

(plan, sections and profiles)
Switchyard layout

e Penstock (plans and L-sections in scale 1:200 or
larger, cross sections in scale 1:100 or larger).

e Powerhouse (general arrangement in scale 1:500, plan
and sections in scale 1:200 or larger).

e Powerhouse —switchyard layout in scale 1:500 or
larger.

Preliminary drawings of all switchyard
components and accessories with
necessary dimensions/schedules should
be prepared.

Preliminary drawings of all transmission
line components and accessories with
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e Single line diagram

e Protection structures (plan in scale 1:200 and sections
in scale 1:100 or larger).

The above mentioned scales are suggestive only. An
appropriate scale should be used to make the
information/data presented in the drawings/report clear and
readable/understandable.  Distorted scales are not
recommended.

necessary dimensions/schedules should
be prepared.

Preliminary drawings of all
interconnection  point's  components
(switchyard/substation) accessories with
necessary dimensions/schedules should
be prepared.

Drawings of Civil Structures

The following civil

drawings should be

prepared:

1.

General arrangement/layout of selected
project in scale 1:5000 or appropriate
scale.

Headworks (general arrangement,
elevations and sections) in scale 1:500 or
larger.

Headworks components, weir,
undersluice, intake, gravel trap etc. plan,
sections (L-section, cross sections) and
elevations in appropriate scale.

Settling basin (plan and L-section in
scale 1:500 and cross sections in scale
1:50 to 1:200 or larger).

Headrace water conduit system (plan
and L-section in scale 1:2000, sections in
scale 1:100 or larger).

Forebay/surge tank (plan and L-section
in scale 1:200, cross sections in scale
1:100 or larger).

Penstock (plans and L-sections in scale
1:200 or larger, cross sections in scale
1:100 or larger).

Powerhouse (general arrangement in
scale 1:500, plan and sections in scale
1:50 to 1:200 or larger).

Powerhouse —switchyard layout in scale
1:500 or larger.

10. Single line diagram.
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11. Protection structures (plan in scale 1:200
and sections in scale 1:100 or larger).

Reinforcement Drawings

1. Reinforcement drawings should be
prepared based on Civil General
Arrangement drawings in scale 1:10 to
1:50 as appropriate.

Drawings of HM Components

1. Gates and accessories parts should be
shown in appropriate scale.

2. Expansion joints, manhole covers,
valves, gates driving system etc. should
be shown in appropriate scale.

3. Other HM components should be
prepared in appropriate scale.

Drawings of E-M Components

1. General layout should be prepared in
scale 1:500 or larger.

2. L-Sections should be prepared in scale
1:500 or larger, cross sections in scale
1:100 to 1:200 or larger.

3. Details should be prepared in scale 1:10
or larger.

Drawings of Transmission Line (TL)
Components
1. A general layout of TL alignment (plan in

scale 1:5000 and profile in scale 1:500 to
1:2000 or larger).

2. Tower/pole in scale 1:100 to 1:200.

3. The support structure in scale 1:100 or
appropriate scale depending on size of
structures.

4. General arrangement of connection
bay/switchyard in scale 1:500 or
appropriate standard scale.

5. Steel structures and equipment
foundation in scale 1:10 to 1:100.
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6. Single line diagram.
The above mentioned scales are indicative
only. An appropriate scale should be used to
make the information/data presented in the
drawings clear and readable/understandable.
Distorted scales are not recommended.
1. Updated daily & monthly energy and
Energy and Prepare monthly energy (daily, . . revenue calculation tables and charts in
14.8 Revenue if data available) and revenue ;r;zzr:n%ag;t?onthly energy and revenue calculation comparative format with proposed or
Calculation calculation tables and charts. ) agreed power and energy table of PPA (if
available) should be prepared.
. , Present a map of INPS (existing and planned) in .
Present alternatives available appropriate scale. 1. Update maps prepared during the
14.9 Power Supply for interconnection points in . L . . feasibility study as necessary
the INPS. Present a map showing transmission line alignment
along with alternatives considered in appropriate scale.
1. Access road map/drawings (plan in scale
Show access road drawings 1:5000, cross sections in scale 1:100 or
plan in suitable scale /best Access road drawings plan should be shown in suitable larger and profile in scale 1:2000 or
14.10 | Access Road available map). scale or drawn based on best available maps. larger) should be prepared.
Show plan for alternative Plan of alternative access (if any) should be shown. 2. Drawings of ropeways and other
access (if any). alternative arrangements as required
should be prepared in appropriate scale.
Construction Prehmmary . construct!on Detailed construction schedule should be prepared in | 1. Detailed construction schedule in
planning and implementation . . .
1411 | Schedule and schedule  showing major standard format showing major project components standard format should be prepared
Planning activities should be prepared. including anticipated critical path. showing major project components.
Prepare items rates for major ltems rate for major works should be presented in | 1. Item rates for major works prepared
works in tabular form. tabular form. during the feasibility study should be
Present project cost derived in Project cost derived should be presented in tabular updated.

14.12 | Cost Estimation tabular forms. form. 2. Detailed project cost/engineer’s estimate
Rate analysis and quantity Pie charts and graphs as necessary should be included. derived should be presented in tabular
estimation tables should be Rate analysis and quantity estimation tables should be form.
attached in the Appendix. attached in the Appendix
Total project cost including ) ) )
financial cost derived in ) ) ) ) ) ) ) 1. Updated total project cost including

abuarform sating s use | 1 [0 prlec ot nduding franci cos derved iy | fnancil cost deied i labular form

14.13 Evaluation and assumptions made while 9 p stating basis used and assumptions

carrying out the financial
evaluation should be included.

while carrying out the financial evaluation should be
presented.

made while carrying out the financial
evaluation should be presented.
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2. Results of financial analyses | 5 Results of financial analyses for the base case and Results of finangial analyses for the base
for the base case and most most likely case should also be presented in tabular case and most likely case should also be
likely case should also be form. presented in tabular form.
presented in tabular form. 3. Sensitivity results covering all possible scenarios Sensitivity results of feasibility study
studied/analysed should be presented in tabular form. should be updated based on market
conditions and new data/information
available at this stage.
Standard formats/styles as suggested in
the feasibility study report section should
be followed while preparing all reports
1. Standard cover page, signature page, summary page, prepared as the outcome of detailed
1 Standard cover page, abbreviations, the body of report and conclusions and design. The following report should be
signature page, summary recommendations are required in standard report. prepared during the detailed design.
page, abbreviations, t_he body | 2. Generally accepted standard table of contents, list of P;(r)lj:g” D(re:n:at;c;r; atR?hp:rti;e I-r:::i c';
of report and conclusions and figures, list of tables, heading’s font, size and style, g | dy prep h 'dgl' gf
recommendations are required h t lett . font and stvl etail design phase as guidelines for
in standard report paragraph arrangement, letter size, font and style, further ~ design/development of the
> Generally acce t.ed standard caption and cross reference, line spacing, etc. should project. In the report, all base line data,
: table 0¥ conthts ist of be used in the report. The suggested report format up to date salient features of the project
figures, list of tables ,heading’s given in the Appendix may be used. and project engineering parameters
font, size and style,‘paragraph 3. Separate volumes of report as necessary including including relevant codes adopted, cost
arrangement, letter size, font investigation data (if any) calculations and drawings _a“‘?' rever.1ue. calculatlor?s financial
14.14 | Report S ’ . indices, project implementation schedule,
and style, caption and cross should be prepared as follows: : i
reference, line spacing, efc etc. should be briefly described.
should bé used in the r’eport: ¢ Mainreport ] When numerical and physical hydraulic
The suggested report format | ° Relevant annexes and appendices. model studies are carried out, separate
given in Appendix, may be | ° Drawings reports should be prepared
used. 4. Periodically updated information in the form of progress rec_ommendlng further design
, report should be provided to owner/client/executives refinements based on the outcomes of
3. The report should include: such studies.

Main report
Relevant

appendices
Engineering drawings

annexes and

agency/regulating authorities with a cover letter as and
when required.

In case of significant change(s) to the layout, design and or
any other project parameters, such change(s) shall be
reported in time to the client and regulating authorities with
necessary supporting documents for timely approval.

Design Basis Memorandum (DBM): This
document is prepared as project’s
customized standards agreed for
adoption in the detailed design of all
components of project related to civil,
hydro-mechanical, electro-mechanical
and transmission line works. All relevant
baseline information and other project
information given in the project definition
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S.N. Study Items

Pre-Feasibility Study

Feasibility Study

Detailed Design Study

report, model study report, relevant
codes and standards to be followed
during detailed design should be
documented in this report. DBM should
be approved by the client before
proceeding the detailed design further.
Necessary amendments to the DBM
should be made on need basis with
timely approval from the client during the
course of detailed design as and when
required.

Detailed Design Report: Main outcomes
of the detailed design are reports,
drawings (general arrangement and
reinforcement), and specifications. The
reports, drawings and specifications
together with design calculation sheets
can be structured in different volumes.
An example of detailed design report
volume is suggested below:

Volume-1: Detailed design main report

Volume-2: Detailed design annexes and
appendices

Volume-3: Detailed design drawings:

- Volume-3A: Detailed design civil
drawings

- Volume-3B: Reinforcement
drawings

Volume-4: Technical specifications

The  abovementioned report and
documents will be the basis for the
preparation of tender documents which
are usually prepared during detailed
design phase of a hydropower project.

In addition to the abovementioned report
it is suggested to prepare a draft
operation and maintenance manual for
the power plant which should be further
refined/updated  during  construction/
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Details of Study Requirements

S.N. Study Items

Pre-Feasibility Study

Feasibility Study

Detailed Design Study

installation of the project. Such a manual
should cover operation and maintenance
guidelines for civil, H-M, E-M and TL
components.

8. Periodically, updated information in the
form of progress reports should be
provided to owner/client/executive
agency/regulating authorities with a cover
letter as and when required.

In case of significant change(s) to the layout,
design and or any other project parameters,
such change(s) should be reported on time to
the client and regulating authorities with
necessary  supporting  documents  for
necessary approval.
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A2. Installed Capacity > 10 and < 50 MW

S.N. Study Items

Details of Study Requirements

Pre-Feasibility Study

Feasibility Study

Detailed Design Study

1 TOPOGRAPHICAL SURVEYS AND MAPPING

Available Maps and | 2.

Collect and make use of
available contour maps of the
project area published by the
Department of Survey.

Enlarge the largest available
scale Topomap of the project
area to 1:10,000 scale or larger.

Project the maps and images to
match  with  the  national
coordinate system.

Collect and review the available maps and
images.

Additional maps and updated images
recommended in the pre-feasibility level should
be obtained.

Satellite images and aerial photographs of the
catchment area should be collected for
additional interpretation and investigation.

If the project is a reservoir type or has a weak
geological area or consists of a glacier lake in
the catchment basin, additional recent satellite
images, aerial photographs of the basin and
the latest published reports should be collected
for further interpretation and investigation.

Additional maps and updated images
should be obtained, if required.

1.1
Images
Topographical
1.2
Survey

Construct a safe foot trail to
access the headworks,
waterways and powerhouse of
the project.

Verify the coordinates of the key
project components proposed in
desk/reconnaissance study with
GPS survey.

Carry out fly levelling, or use
theodolite/total station to verify
the gross topographic head.

Establish control points/benchmarks. The
benchmarks shall be a permanent type,
generally constructed with concrete or
prominently marked in rocks/big boulders.

Determine the coordinates of at least two
benchmarks by DGPS, triangulation or any
other appropriate methods to tie with
triangulation points of the national grid
established by the Department of Survey.

Complete the traverse survey by using
coordinates of the two known benchmarks.

Carry out a detailed topographical survey of
headworks, waterways (strip survey),
forebay/surge tank/surge shaft, adit portal(s),
powerhouse, tailrace and Switchyard area and
prepare map with 1 m contour interval.

The point density of detailed survey should be
sufficient to cover all ground features. The
survey should cover at least the impounding
area upstream of the dams/weir and an
adequate area downstream of the tailrace. The
survey should cover at least 20 m in elevation
above the maximum flood mark or full supply
level on both the banks.

Topographic survey carried out during the
feasibility study should be augmented with
additional coverage required for the
detailed design. Where the feasibility maps
are adequate and up to acceptable
standards, it will only be necessary to
update them to reflect the changes.

An additional survey is required, if there
are changes in alignment or any additions
or changes of location of project
component(s).

The coordinates of control points
established during the feasibility study
should be verified and revised, Iif
necessary.

Establish additional benchmarks at the
selected headworks, waterways and
powerhouse that can be used during
project construction.

Conduct strip survey of access road(s)
alignment with sufficed point density to
produce map in 1:1000 scale. Take details
to indicate all major and minor crossings.
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S.N.

Study Items

Details of Study Requirements

Pre-Feasibility Study

Feasibility Study

Detailed Design Study

10.

1.

12.

13.

14.

At least two most promising alternatives should
be covered in the topographical survey.

For inaccessible areas such as steep Ccliffs,
generate contour and features using
aerial/satellite images or any suitable methods.
The maps generated by this method should be
1:2000 scale or larger.

If there is a hydropower project upstream within
the backwater reach, carry out a river cross
section survey up to the tailrace outlet of the
upstream hydropower plant.

The topographical survey should cover quarry
sites, spoil tip areas, camp sites and access
roads (strip survey) inside the project area
including necessary river crossings.

River cross section survey should be carried
out at intake and tailrace sites covering at least
500 m upstream and downstream. The interval
should be 20 to 50 m or closer depending upon
river morphology. The survey should be
extended beyond high flood marks. The flood
marks and existing water levels should be
indicated in the cross sections.

If there are any tributaries/gullies that could
affect the project components substantially,
tributaries’ cross section survey should cover
the stretch within the project area.

If there are major river confluences in the
vicinity of the headworks and/or tailrace, the
topographical survey should cover at least 500
m upstream and downstream from the
confluence point in the adjacent river(s) and the
main river.

Conduct walkover survey of transmission
route(s) and construction power route(s) using
1:25,000 or 1:50,000 scale topographic maps in
order to verify the suitability of the route(s).
Mark the walkover points with GPS and plot
these in the topographic map.

For power canal/conduit, the width of strip
survey should be decided considering the
topography of the alignment, size of the
conduit, access and safety requirements.

In bridge/siphon crossings, conduct river
cross section survey covering 500 m
upstream and 500 m downstream from the
bridge axis at 20 m intervals or closer and
mark water levels. Take additional details
at abutments.

Conduct strip survey of transmission line
route in 1:1000 scale. Also, take details at
poles/tower locations.

Conduct cross section survey of critical
slopes and landslide-prone zone in project
area i.e. intake, forebay/surge tank, adit
portal(s), waterway, penstock alignment
and powerhouse, if not covered during the
feasibility study.
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Pre-Feasibility Study

Feasibility Study

Detailed Design Study

15.

16.

17.

18.

Survey of dam site area should extend up to an
elevation covering the top of the dam plus head
over crest a during design flood with sufficient
free board.

Reservoir area survey should cover up to an
elevation of FSL with the adequatefree board.

Locate and map river boulders larger than
20m.

For tunneling, 100 m to 400 m wide strip along
the tunnel alignment in a scale of 1:2000 to
1:5000 should be considered. Similarly, conduct
additional detailing for portals and low
overburden area.

Mapping, Plotting,
Reporting and Data
Presentation

1.3

Topographic 2.

Verify the key features shown in
the available topographic maps
including land use pattern.

Prepare a map in appropriate
scale showing the nearest road
head, construction power
source, towns, and
villages/settlements using
collected information and data
from the Department of Survey.

Prepare description cards of all benchmarks
showing the points with a colour photograph
and mention the nearby references, name of
the surveyor, location and the coordinates.

Prepare the topographical survey report and
maps. If multiple surveys have been carried
out, prepare a single report and include all of
the findings.

Prepare access road(s) map in 1:1000 scale
with 1 m contour interval. Show cross sections
along bridge/culverts along the road alignment
in appropriate scales. The general layout may
be plotted in a smaller scale.

For headworks, waterways, forebay/surge
shaft/surge tank, adit portal(s), powerhouse,
tailrace and switchyard areas, the contour
interval should be 1m and the scale of map
may vary from 1:100 to 1:2000 depending upon
the size of the area.

Prepare transmission route map in a scale of
1:25,000 or 1:50,000 showing features such as
agricultural land, forest area and settlements.

Prepare and verify the license boundary map
showing project components and verify there is
no conflict with other projects in the vicinity and
ensure that backwater level is also within the
license boundary.

1.

Use the topographic maps prepared during
the feasibility study after updating when
and where necessary.
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2 HYDROLOGICAL AND SEDIMENTATION STUDIES

S.N. Study Items

1. All the information obtained from pre-feasibility
study shall be reviewed, verified and updated. If
gauge stations have been established

1. Along with the guidelines
mentioned herein, Hydrological
Manual for Infrastructure, Water

and Energy Commission previously, measurements should be
Secretariat can be followed for continued.
hydrologic analysis. 2. Data logger can also be added and used for

2. Collect long term historical online monitoring of hydrological data.
rainfall data and climatological | 3. Install a cableway at the intake and

data pertinent to the study area powerhouse site wherever necessary for
(preferably more than 30 years) discharge measurement.
where available. 4. Update the flow data and assess accordingly
3. Collect long term historical flow the mean daily flows and develop an upgraded
data and sediment data of the flow duration curve. 1. Review the analyses carried out during the
river under study. If not| 5 For ungauged river basin, hydrologic modelling feasibility study and collect gdditional data,
available, collect the data from for the estimate of water availability shall be if any and check the consistency of the
other Tvers with . .S'm”?r carried out. A hydrologic model that considers data.
hydrological  characteristics in snow/glacier melt schemes shall be used for | 2. Review and update daily flow data, mean
the ~vicinity. (preferably ~more the catchment that has snow/glacier fed rivers. monthly ~ flow data, mean monthly
than 30 years) . 6. Water surface/level profile modelling shall be hydrograph and flow duration curve, if
21 Hydrology 4. Check the consistency of data carried out. necessary.
5. Assess mean daily flow (if | 7 Carry out cross section surveys at least 3. Continue flow measurement and collecting
available) and develop a flow 500m/1km upstream and downstream of the gauge data.
duration curve using a daily headworks site and the tailrace site covering | 4. Use the reviewed/updated data for further
hydrograph. the highest flood marks, preferably at the same design. In case of a significant change in
6. For the ungauged  river, locations as of the pre-feasibility study so that project layout, revisit the hydrological
discharge  (including  flow any change in the cross sections can be study.
duration  curve)  shall  be observed. Check the magnitude of flood peaks
estimated with empirical

with the previous ones.

8. Carry out discharge measurements intensively
(or record gauge readings) during the rainy
season (June to September) to cover the peak
floods at the intake and powerhouse site and a
reasonable number during other months
(October to May) at the control profile, if the site

methods, rational method and
catchment area ratio method
selecting similar  catchment,
wherever  applicable.  Such
discharge data shall be justified
by checking rainfall runoff

coefficient. ; : . .
) o is accessible during monsoon. If not, estimate
7. Snow/glacier melt contribution the flood flows based on flood marks using
shall be considered, if the appropriate hydrological models.

catchment has snow/glacier fed

: 9. Check these measured data with the previous
rivers.

rating curve and upgrade these as necessary.
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o y Pre-Feasibility Study Feasibility Study Detailed Design Study
8. Establish a gauging station as | 10. Update and upgrade the diversion floods
well as colour crest gauges at computed during the pre-feasibility level study.
straight and stable control | 11 ypdate and upgrade the rating curve for the
sectlc:jr)s for Tsttintar)etois roog tailrace site.
recordings a e intake an . .
powerhouse site. A data logger 12. ]Edeate, valldatetgnd upgrade the design flow
may also be used for automatic or power generation.
flow recordings. 13. Carry out the water quality analysis to
9. Carry out discharge ?r:a;(ra(;r:égz) the corrosive  effectiveness
measurements at the intake site. ’
Develop a rating curve at | 14. Collect the information on GLOF events in the
headworks and past (if such events have occurred) and assess
ta”race/powerhouse area. the magnitude of the pOtentia| GLOF.
10. Carry out three cross section | 15. Generate a sequence of flow for the case of
surveys at the headworks site storage projects.
and three cross section surveys | 16. Assess the impact of climate change with
at the tailrace site covering the uncertainty analysis on the availability of flow
highest flood marks. based on long term data and other secondary
11. The river high flood data information available.
(instantaneous high flood)
obtained from DHM needs to be
analysed for flood frequency
estimation, if available.
12. Estimate the design floods for
return periods of 10, 50, 100,
200 and 500 years.
13. Conduct flood frequency
analysis for the period of
October to May for ascertaining
construction diversion flood.
14. Assess the possibility of GLOF
in the catchment area.
1. lIdentify in which zone of | 1. Collect sediment samples daily during the rainy
sedimentation the catchment lies season (June to September) and at a Review the findings of the feasibility study
(high, medium or low). reasonable frequency during other months and update, if necessary.
2. Estimate the sediment/bed load (October to May) to develop rating curve for the In case of substantial changes in the river
22 Sediment in the river using empirical sediment concentration against the discharge. morphology such as due to large
methods 2. Determine the tentative value for median grain landslides in the upstream catchment,
3. Collect suspended sediment size, d50 of the river bed/banks’ materials. carry out further suspended sediment
samples and perform necessary | 3. Analyse the sediment samples to evaluate the sampling during the rainy season.
laboratory analysis to determine volumes and characteristics of solid material
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S.N. Study Items

Details of Study Requirements

Pre-Feasibility Study

Feasibility Study

Detailed Design Study

sediment concentration, particle
size distribution and
mineralogical content.

The sampling should cover at
least one pre-monsoon and one
post monsoon period.

transportation including suspended sediment
concentration, particle size distribution and
mineral content analysis.

Estimate the daily sediment load and assess
the annual load in the river.

Carry out particle size distribution analysis for
river bed materials at gauging station(s),
headworks and powerhouse sites and their
immediate vicinity.

Analyse sediment impact due to construction
activities on downstream projects.

3 Geological/Geotechnical Investigation

Regional
Study

31 Geology

1.

Collect and review available
literature, topographic  map,
regional geological maps,
geological sections, structural
maps, available images and
aerial photographs.

Prepare a brief report on
regional geology with a map
showing major structures (fault,
fold, window, nappe and thrust).

Review pre-feasibility report.

Collect and review available literature,
topographic maps, regional geological maps,
geological sections, structural maps and
available images.

Prepare report on regional geology and
structures.

Include existing regional geological maps with
plan and section in available scale.

Review the feasibility report and update if
necessary.

General Geology
3.2 and Geomorphology
of the Project Area

Conduct a site visit to collect
data for geological mapping,
geomorphology  survey and
discontinuity survey.

Prepare geological map with
plan and section of the project
area in 1:25,000 -1:50,000 scale
or on available larger scale
maps. Prepare a report on
general geology and
geomorphology of the project
area.

Conduct detailed geological mapping of the
project area and prepare a geological map
focusing in different rock types, folds, faults,
shear/weak zones, water bearing zone, karst
features with plan and section in 1:10,000 or
larger scale.

Prepare a report on general geology and
geomorphology of the project area.

Review and update previous reports and
geological maps, if necessary.

Conduct additional detailed geological
mapping where necessary.

Geological
Conditions and
3.3 Geomorphology  of
Major Project
Components

Describe geological and
geomorphological conditions and
potential geo-risks of major
project components such as
weir, intake, settling basin,
waterways, forebay  /surge

Conduct detailed engineering geological
mapping of major project components such as
weir, intake, settling basin, waterway, surge
tank/forebay/surge shaft, penstock,
powerhouse and tailrace in appropriate scale of
1:1,000 to 1:10,000.

Review, and update maps and reports of
previous studies. Conduct detailed
mapping, if major components’ locations
are changed.

Review mass wasting report and conduct
detailed analysis and assessment of risks
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tank/surge shaft/penstock,
powerhouse, tailrace and
switchyard.

Conduct and describe

reconnaissance mass wasting
study using available images to
identify  potential landslides,
inundation and LDOF risks in the
project vicinity covering both
upstream and downstream.

Review and conduct a risk assessment of
landslide damming inundation and LDOF risks
etc. in the project vicinity covering both
upstream and downstream reach.

Assess landslides and rock fall risks for surface
structures with especial considering for seismic
events.

Analyse site investigation data and prepare
detailed geological, and geotechnical report of
the project components.

Refer to Section ‘D’ — Additional requirements

for hydropower projects with underground
structures.

to major structures to consider protective
measures.

Additional survey and geological mapping
in appropriate scale (generally 1:1000 to
1:10,000) shall be required for any
modification in the project layout and
location of major project components.

Discontinuity and
3.4 Rock Mass
Classification Survey

Collect joint sets properties and
analyse the collected data in the
preliminary stage for the major
project components based on
the site visit.

Collect rock mass properties and
classify rock mass (Q system,
RMR, GSI or any other
international classification
system) in the preliminary stage
of the major components based
on the site visit.

Conduct discontinuity survey to identify and
locate bedding/foliation planes, lithological
contacts, major and minor joints, faults, thrusts,
shear/weak zones, fissures, karst features and
voids with their properties.

Collect properties of joints such as orientation,
spacing, roughness, apertures, filing and
thickness, weathering and persistence for
wedge failure analysis and selection of cavern
orientation.

Conduct discontinuity analysis for slope stability
of portals and surface components, wedge
failure analysis and selection of stable caverns
orientation.

Collect rock mass properties and classify rock
mass (Q system, RMR, GSI, RMi or any other
international classification system). If other
internationally accepted classifications are to
be used, this should be correlated to equivalent
Q, RMR and GSI system.

Prepare Rock Mass classes distribution (along
profile/cross section) for each underground
structure to determine rock support.

Slope stability analysis and rock support
analysis or design followed by numerical
modelling.

Review and conduct additional joint survey
and rock mass classification especially for
underground  structures for detailed
design.

Conduct analysis for slope stability, tunnel
stability and a section of the stable
orientation.

Undertake data interpretation and
prediction of rock mass quality along the
tunnel alignment on the basis of surface
geological discontinuities mapping and
analysis.
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Geotechnical

35 Investigation

Perform geophysical
investigation such as seismic
refraction or electrical resistivity
or any other appropriate
geophysical methods, if the
project area lies in MCT, MBT,
etc.

Perform combination of geophysical tests such
as Seismic Refraction Tomography (SRT) and
Electrical Resistivity Tomography (2D ERT)
and MASW (for foundation) survey to delineate
bedrock profile, overburden thickness and
nature of soil strata/rock, foundation properties,
rock mass quality, faults/shear zones, water
table at weir/dam, intake, settling basin,
waterway, forebay/surge tank/surge shaft,
powerhouse, anchor blocks (surface penstock
alignment), underground penstock (pressure
shaft), powerhouse and tailrace sites.

Perform exploratory core drillings at dam/weir
(minimum 2 holes), headrace tunnel (minimum
2 holes at inlet portal and outlet portal and
additional holes as required in problematic
areas such as shallow cover, faults/shear
zones decided based on the geophysical
investigation results), surge tank (minimum 1
hole) and surface powerhouse (minimum
2holes ) and underground caverns (1 deep hole
or 2-3 short holes but not necessary, if exposed
bedrock is very strong and massive with joint
spacing > 1 m without faults).

Perform permeability test in soil and Lugeon
test in rock in each drill hole at 3-5 m intervals.

Conduct a detailed survey of joints with
properties, faults, shear zones, rock mass,
weathering conditions, open joints or cracks,
loose mass in both dam abutments.

Collect the sample for laboratory test such as
cohesion and friction angle for soil and strength
test for rock.

Perform necessary laboratory analysis and
tests for soil such as particle size distribution
analysis, Atterberg limits, natural moisture
content, plastic limit, specific gravity, shear box
tests of collected samples for physical
properties and odometer test or X-ray
differentiation test to find out swelling clay type
and swelling pressure.

All geotechnical investigations including
exploratory core drillings recommended in
the feasibility study should be carried out.

Conduct additional geophysical
investigations, if required.

Drilling could be necessary to verify
geophysical investigation especially in
powerhouse founded in the soil for the
high head project.

In case of wunderground structure,
exploratory core drillings with in-situ tests
such as Lugeon test, followed by
Laboratory tests such as point load test of
lump sample, Uniaxial Compressive
Strength test of the core sample, modulus
test and odometer test for swelling clay
should be carried out.

Perform  additional permeability and
Lugeon tests in each drill hole at 3-5m
intervals to know the permeability of the
rock for grouting design for the dam.

Perform additional laboratory tests of rock
samples for caverns: tri-axial compressive
strength test (if available), uniaxial
compressive strength test, point load,
modulus test, Poisson’s ratio, Brazilian
test.

Carry out interpretation and analysis of the
obtained test results and make available
the verified result for design input.

Carry out test pits excavation and
necessary in-situ test required for >132 kV
transmission line tower foundation design.
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Pre-Feasibility Study Feasibility Study Detailed Design Study
7. Laboratory test for rock unit weight, uniaxial
compressive strength, point load test, Brazilian
test, modulus test, Poisson ratio, slake
durability test swelling pressure test for swelling
clay and petrography study.
8. Refer to section ‘D’ —additional requirements for
hydropower  projects  with  underground
structures.

S.N. Study Items

1. Prepare geological model (geological plan and
profiles) of each major project component in
appropriate scale of 1:1,000 to 1:10,000 based
on the results of the investigations for design
requirements showing soil, bedrock profile with
bedding/foliation plane dip angle, rock types,
water bearing zone/table, faults/shear zones,
rock squeezing, joints, rock mass classes
distribution based on rock support classes,
landslides etc. and include rosette/major joints’
stereo net with tunnel/cavern alignment.
Prepare the geological model (plan and
adequate sections) of dam showing soil cover,
bedI'OCk pI’Ofile W|th f0|latI0n/bedd|ng dlp angle, 1. Update or prepare geological mode|s Of
joints, paleo channels, water table, shear/weak each project components by conducting
zones etc. additional engineering geological mapping

3.6 Geological Model 2. Prepare geological model (plan and sections) and site investigations where necessary.
along waterway and surface penstock | 2. Prepare rock contour map for the design of
alignment covering 50 — 100 m both uphill and dam foundation and abutments
downhill sides of the alignment and extend in excavation.

critical areas such as landslides, debris flow,
areas of gully erosion, steep slope etc. for
stability and risks assessment for design
considerations.

3. Prepare geological model (plan and profiles:
additional cross/transverse sections in low
angle dipping beds, if tunnel aligns parallel to
the foliation/bedding planes) of headrace tunnel
showing rock profiles with foliation/bedding dip
angle, joints, rock mass distribution based on
rock support classes, faults/shear zones, water
bearing zones, rock squeezing and other
problematic  zones etc. and include
rosette/major  joints’ stereo  net  with
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tunnel/cavern alignment in minimum 1:10,000
scale.

Prepare geological model (plan and sections) of
underground powerhouse and settling basin
showing the rock profiles with foliation/bedding
dip angle, joints, rock mass classes distribution
based on rock support classes, faults/shear
zones, water bearing zones, rock squeezing or
rock bursting, other problematic zones etc. and
include rosette/major joints’ stereo net with
tunnel/cavern alignment in appropriate scale.

Prepare geological model (plan and sections) of
other underground structures (surge
shaft/tunnel, penstock shaft, tailrace tunnel,
access tunnel, adits) showing the rock profiles
with foliation/bedding dip angle, joints, rock
mass classes distribution based on rock
support classes, faults/shear zones, water
bearing zones, rock squeezing or rock bursting
and other problematic zones etc. and include
rosette/major  joints’ stereo net  with
tunnel/cavern alignment in appropriate scale.

Conduct ground water condition survey based
on natural springs, wells, ponds, deep valleys,
gully crossings, faults, valleys formed by
fault/joint connected to uphill; and ground water
condition identified by site investigations such
as geophysical survey and drilling results.
Conduct drilling and install piezometers in
selected critical areas identified by the field
survey and geophysical investigations.

Identify ground water table and water bearing
zone along each underground structures.

1. Review and update from additional drilling,
geophysical investigations data where
necessary.

S.N. Study Items
3.7 Ground Water
) Condition Survey
Geotechnical
3.8 Instrumentation and
Monitoring

1. The project shall propose the types and
number of geotechnical instruments with a
monitoring program for slope stability and
underground structure movement. Instruments
such as Inclinometers, Extensometers,
Convergence measurement devices (for
tunnels), water level and water pressure
monitoring devices etc. as required during
construction and operation of the project.
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4 Construction Material Survey
Take reference from the pre-feasibility study, if
any.
Identify and investigate construction material
sources and quarry sites for the construction
materials such as impervious soils, stones,
boulders, sand and gravel as required.
1. Identify sources and quarry sites Excavate test pits/trenches (minimum 1.5 m *
' for the construction materials 1.5 m and log the nature of soil at borrow
such as  sand, coarse locations including photographs and collect | 1 cojlect previous laboratory reports and
aggregates, boulders, samples for laboratory analysis. _ results and verify the quality and quantity
impervious soils, etc. Perform laboratory tests: gradation and of construction materials.
2. Locate the quarry sites in the clsss;fli:.atrl]on, nd unconflfped " Fiomprens.s'o.n’l 2. Carry out further investigations and
available  topographic map 2orsnopfels?sive 2trengtsr?eglc;i(r:1t Igagwlilas /-l\Jngl:]Z);Ieas laboratory tests, if required.
(1:25,000 or 1:50,000) observed abrasion test, sulphate soundness, slake | 3- Prepare a detail construction materials
during the Sl_te ,VISIt' o durability test, compaction test, alkali aggregate survey mass showing all the location.
3. Make a preliminary estimation of reaction, swelling test (if necessary), aggregate
available quantity at each borrow crushing value, mica and clay content.
area for the construction. Estimate the available quantity at each borrow
area to meet the requirement of the
construction.
Collect rock block/boulders samples from each
quarry site for laboratory tests.
Prepare location map with source areas for the
materials in appropriate scale.
5 Seismic Study
1 rDe(Ia:t%r(Ijb(taoI?hgrﬁ:o}gg:o:rlgasitst:zg Describe the tectonic setting related to the
5.1 Tectonic Setting available literature and regional pro!ectlarea using available literature and
maps. regional maps.
59 Seismic Zoni 1. Identify the seismic zone of the Review and update the previous study, if | 1. Review the previous studies and update, if
' eismic £oning project based on the NBC 105. required. required.
Earthquake catalogue, especially for those
Ea;trllquake d historical and instrumentally recorded
H_ataqgule ar(wj earthquakes, should be prepared for
5.3 IStorical an earthquakes of magnitude 4.0 M and higher.
Instrumentall
R ded y For every significant earthquake event, the
Ee:t?mr e K location, distance, magnitude and intensity
arthquakes should be shown in a map in a suitable scale.
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Empirical laws may be applied to deduce
intensity or acceleration of the ground motion. ;
. . The Peak Ground Acceleration (PGA) for E:;fwlgomgézm?ﬁsicang Mrgscr? : at:g
Project Specific Maximum Design Earthquake (MDE) and Probabilistic approach PP
5.4 Seismic Hazard Operating Basis Earthquake (OBE) should be , pp. e )
Analysis given in reference from other existing nearby Rew_ew the previous studies and update, if
hydropower project(s) or National/International required.
standards or codes.
6 Selection of Project Components and Project Layout
1. Assess and describe availability Review the pre-feasibility study report and
and condition of the access update the site accessibility conditions to the
road(s) leading to the project site. project area.
2. Identify and describe new Detailed topographic maps and preliminary
access  road(s)/ropeways/foot geological maps should be prepared for
trails/tunnels to be constructed designing the project configuration/layout.
for development of the project. Use updated hydrological data/analysis results Experts’ consultation is recommended to
3. Identify the existing hydropower for the design of project components. The verify the project layout and components’
project (s) located at upstream design discharge should be based on prevailing design.
and downstream of the project practices in the context of Nepal (e.g. 40-45 Review the feasibility study incorporating
area and verify the project's percentile flow/flow mentioned in survey expert's recommendations, if any.
license boundary with existing license). In case of significant changes to the
hydropower project. While selecting the alternatives, socio- layout, update the feasibility study.
4. Conceptual layout of all possible environmental variables should be considered Verify the updated project license
schemes within the. Ilcgqse and compared. boundary.
Zggnsczl?;)i/eds.hould be identified Select the shortest and most economical Carry out detailed design of access roads
5. Topographical geological access rozfad(s) ?llgmt“entt with the minimum within the project area, if required.
conditions of alternative layouts numbers o crossmgsru.c ares: . . Carry out detailed _de.S|gn of 'aII
should be studied in order to Fo!IOV\{ the relevant national and |nternatlonal components such as weir, intake, settling
. . uidelines, norms and codes to design the Basin waterways forebay/surge
select the location of project guic ’ ys, pay/surg
structures: weir, settling basin project components. taqk/surge-shaft, powerhouse, tailrace and
waterways, forebay, penstock, For the selection of location of the diversion switchyard.
powerhouse, tailrace  and weir, alternative sites for the settling basin, Follow the relevant national and
switchyard. water conveyance, river crossings, international guidelines, norms and codes
6. While selecting the alternatives, forebay/surge tapk/surge shaft, powerhogse, to design the project components.
socio-environmental  variables tailrace and switchyard should be studied/
should be considered and investigated in detail
compared. Prepare preliminary design and drawings of all
7 Assess the locaton and alternatlves. (at least two covering poth banks)
condition of immediate upstream and the project structures in appropriate scale.
and downstream projects, if any. Conduct an alternative study of transmission
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List out issues to be addressed line routes (at least two) and identify the
related to the existing project(s) shortest and most economical route, sub-
while finalizing the project station and voltage level.
configuration. 10. Based on the design and drawings, quantity

8. The locations and types of the and cost estimations should be carried out for
structures of each scheme each alternative.
should be verified at the site in | 11 cajculate revenue from the project using
terms of accessibility, saleable energy and prevailing energy prices.
topography, geology, river .
morphology, construction ease 12. Select the best alt(_arnatlv_e_scheme based on
and technical, economic and the maximum benefit at minimum cost.
socio-environmental 13. Prepare general layout drawings of the best
considerations. alternative showing its components:

9. Prepare conceptual layout headworks, waterway, forebay/surge
(project configuration) of at least tapk/surge shaﬁ, penstoc_k, powerhogse,
two of the most promising tailrace a.nd switchyard using thg detailed
schemes with their major topographic map prepared during this stage of
structures in appropriate scale the study. Additionally, show transmission line
using available maps and route and access roads to all major project
conduct a preliminary cost- components.
benefit analysis. 14. Expert consultation and verification of project

10. Recommend area to be covered layout and project structures should be carried
by the topographical survey for out based on the complexity of the project.
feasibility study during feasibility
study phase as well as other site
specific investigations.

7 Optimization study

1. Installed capacity should be 1. General Approach
tentatively fixed considering . -
preliminary  technical,  socio- . For a selec.tlon of parameters to_ be optlmlzed,
environmental and  economic |dent|fy.the|r ranges and establish a series of
assessment based on the alternatives. . .
findings of the up-to-date study | ° Carry (.JUt th? conceptual design, Fkawmgs Re-optimization should be carried out
and on past practices. If due to anq estllmate its cogt for each alternatl\(e. based on changes in project capacity
lack of data (e.g., hydrology), it | ¢  Estimation of benefits for each alternative. and/or design discharge and/or changes in
is not possible to fix the installed | *  Comparison of cost and benefits. market price for material and labour.
capacity, a range should be | 2- Assumptions
provided. e  Price of dry and wet energy, peak/off-peak as

2. The number of generating units per the requirements of the off taker.
should be determined | ¢  Capacity benefit, if any.
considering the reliability of
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operation of the plant and
maximum utilization of dry
season river flow. Apart from
that transportation  aspects
should also be considered.

3.

4.

5.

6.

Selected alternatives

Determine the number of alternatives
considering the range of installed capacities.

Energy Production

For ROR projects calculate energy production
for all alternatives with the following
considerations:

- At least five options, generally in the
range of 65% to 25% flow exceedance
and average monthly flows to be used.

-  Dry and Wet energy, peak/off-peak
energy as per the requirements of off-
taker should be calculated.

Project Layout

Optimize  project  structures/components
individually  for the given installed
capacity/discharge.

Size of settling basin to be adjusted as per
optimized design discharge.

Water conveyance system including tunnel,
penstock and tailrace to be optimized
considering the loss of revenue due to head
loss and investment cost.

Forebay/Surge tank/Surge shaft dimension to
be adjusted.

Powerhouse and unit sizes to be obtained
from the empirical formula, past experiences
and/or supplier(s)’ information.

Cost Estimate

Preliminary quantity and cost estimates should
be developed for all the cases under
consideration.

Only the major items should be computed in
detail, while minor items may be estimated
based on curves and data of similar structures
in other projects.

Unit rates should be estimated based on
prevailing market rates in the area, project
location and accessibility. Reference can be
taken from under construction projects with
similar features.
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7.

8.

Electro-Mechanical and switchyard equipment
costs should be calculated using empirical
relations, market price and/or based on
budgetary quotations from the potential
suppliers.

The cost estimates should also consider the
cost of access roads, infrastructure
development and environmental costs.
Technical contingencies should be taken into
account to come up with the implementation
cost of the alternatives.

Financial Comparison

Financial comparison of the different
alternatives should be carried out considering
the implementation and operation cost with
occurred benefits due to energy production for
each case.

The financial analysis should be carried out to
determine the basic economic parameters
such as Net Present Value (NPV), Internal
Rate of Return (IRR), and Benefit Cost Ratio
(B/C).

The alternative with maximum B/C ratio and
internal rate of return should be selected to fix
optimum installed capacity.

Number of Units

Minimum possible number of units should be
adopted considering hydrology, transport
capacity of road/bridge conditions.

8 Project Description and Design

General Layout and
Design:
Civil Structures

8.1

1.

General layout of the selected
alternative site of the project
should be described.

Layout should be prepared using
the available larger scale
topographic map.

Preliminary hydraulic design and
sizing of the following civil
structures should be carried out:

Weir & Intake

Project Layout

1.

2.

General layout of the selected alternative of the
project should be described.

Layout should be prepared using the survey
maps and geological and geotechnical
information.

Detailed hydraulic design and sizing of the all
civil structures including the following should be
carried out:

Weir, intake and undersluice.

1.

General

The final project layout recommended in
the feasibility study and the approved
IEE/EIA report should be reviewed and
verified by experts, if necessary.
Component-wise detailed design should
be carried out for the final/updated project
layout.

Project definition report defining all
project information, parameters and
components should be prepared.
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5.

Gravel trap

Settling basin

Headrace canal/pipe/tunnel

Forebay or surge tank

Penstock

Powerhouse

Tailrace
Preliminary design of switchyard
and sub-station’s civil structures
should be carried out.

A brief description of major civil
components should be given.
Typical drawings of major project
components should be prepared
in appropriate scale.

8.

9.

Upstream and downstream aprons.
Stilling basin.

Gravel trap.

Settling basin.

Headrace canal/pipe/tunnel.
Forebay/surge tank/surge shaft.

Penstock.

Powerhouse.

Tailrace.

Design of temporary and permanent
infrastructures such as camp facilities,

construction power, access roads (ropeways,
bridges, tunnels), drinking water supply, etc.
should be carried out.

Design of switchyard and sub-station’s civil
structures should be carried out.

Design and location of spoil tips should be
carried out.

Necessary flood/debris/landslide protection
works should be designed based on the river
morphology, ground topography, possible
debris flow area and the possibility of rock falls
(rolling boulders) nearby powerhouse and
switchyard area.

All project components should be described in
detail.

Drawings of all project components should be
prepared in appropriate scale.

Diversion During Construction

1.

A general plan to divert the river in the dry
season in order to carry out the construction
works at weir and intake sites should be
prepared, which may require 2-4 dry seasons.

An upstream cofferdam should be designed in
order to protect the working area at weir site. A
cofferdam should also be provided to prevent

river entering in working area from
downstream.

Design and drawing of temporary river
diversion during construction should be

prepared. The diversion channel should be

2.

3.

Project parameters and design criteria
should be included in a Design Basis
Memorandum (DBM) referring to relevant
national and international guidelines,
norms and codes, and past experiences.
Detailed hydraulic design and
dimensioning of all
components/structures carried out during
the feasibility study should be reviewed

and updated/refined/revised where
necessary.

Infrastructures

Design of road components such as side
drains, cross drainage structures,
retaining walls, gabion and stone

masonry structures should be carried out.
Plans, profiles and cross sections of
access roads including side drains,
retaining structures, cross drainage
structures should be prepared in
appropriate scale.

Design of construction camps, temporary
and permanent housing, water supply
and sewerage system, bunker houses
etc. should be done and presented in
drawings.

Necessary drainage system for surface
runoff management should be designed.

Necessary design for construction power
arrangement should be carried out.

Temporary River Diversion

Detailed hydraulic design and drawings
cofferdams, diversion channel and
aprons should be carried out.

The diversion channel and cofferdams
should be designed to pass construction
flood.

In case of diversion tunnel, detailed rock
support design based on rock mass
classification should be carried out. The
inlet and outlet portals should also be
designed.
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designed to pass 1:20 years return period dry
season flood. If the headworks construction is
to be continued during monsoon season, at
least 1 in 10 years return period flood should
be used.

Headworks

All headworks components should be designed
following “Design Guidelines for Headworks of
Hydropower Projects” published by DoED, Nepal,
2006.

1.

Weir/dam, intake, stilling basin, aprons and
floodwalls should be designed to pass safely
the maximum flood of 1 in 100 years return
period. Stability analysis should be done for 1
in 200 years return period flood.

Weir crest level or spillway crest level should
be determined and fixed considering clearance
required between undersluice invert level and
intake bottom sill-level, the height of intake
opening and submergence requirement for
intake opening in order to avoid/minimize entry
of trash into the intake. Intake capacity should
be about 130% of the design discharge in case
of conventional gravel trap and settling basin
flushing systems while the plant operates at full
load during flushing.

For gated spillway/non-overflow spillway, either
radial or vertical sluice gates should be
designed considering N-1 gates will be
operated during floods.

Carry out preliminary seepage analysis under
the weir/dam foundation and other water
retaining structures.

Sufficient freeboard should be provided for
design flood between the design flood level and
the operating platforms and other necessary
areas/structures.

Under sluice structure of headworks should be
designed to pass safely bed-load and flush
sediment deposited in front of the intake and to
pass a portion of flood discharge. Either vertical
sluice gates or radial gates should be provided

4.

5.

6.

Main Component Design

Detailed design of all surface and
underground structures should be carried
out.

The safety of components should be
checked by conducting stability and
structural analysis.

Seismic Design Criteria

Pseudo-static analysis procedures
(seismic coefficient method) can be used
in the seismic design and analysis of
structures where appropriate.

The response of a structure to ground
vibrations should be determined
considering soil type, seismic zone,
response reduction factor, importance
factor, fundamental period of vibration
and damping factor (§). These values can
be referred from norms and codes such
as the NBC 105.

For structures with minor importance, the
seismic coefficient can be reduced
appropriately.

Both vertical and horizontal seismic
components should be used in the
design.

Foundation Design

The results from the geophysical
investigation shall be used to design the
foundations. In case of missing or
unavailability of data, suitable values
shall be assumed based on the local
geology.

If the foundation has to be placed in an
inferior soil type, a suitable foundation
treatment method should be specified.
Carry out detailed seepage analysis
under the weir/dam foundation and other
water retaining structures. Uplift pressure
and under piping mechanism for cut offs
wall, apron and protection works should
be analysed and proper measures should
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10.

11.

12.

13.

14.

15.

at under sluice with hydraulic or cable-drum
type hoisting system.

A number of gates at undersluice should be
made as per optimization and selected scope
of the alternative study.

A stilling basin should be designed for energy
dissipation before releasing spillway flows back
into the river. Basin cross section, basin length
and depth, apron elevation, side wall, minimum
free board, drainage etc. should be designed
and described.

The clear spacing of the coarse trash rack in
intake should be fixed considering the transport
capacity of gravel flushing conduit.

Gravel trap should be designed to trap greater
than 2-5 mm particles and gravel flushing
system should be designed to flush up to 200
mm particles.

Settling basin should be designed for
continuous supply of required design flow plus
flushing discharge. The trapping efficiency
should be 90% or higher for particle size
greater than 0.2 mm, depending on the
available head and mineral composition of
sediments. Adequate justification should be
provided, if smaller than 0.2 mm particle size is
selected to be settled in the settling basin. It is
suggested to divide the settling basin into 2 or
more chambers.

Sediment handling, controlling and flow
regulation mechanism should be defined in the
project description.

An automatic/ungated spillway should be
provided downstream of the settling basin at
conveyance tank wherever possible.

Sediment/gravel flushing outlets should be
located at shooting flow areas of the stilling
basin/river.

Design of fish ladder should be provided for the
movement of the fish over the structures at the
left or right abutment of the gated weir or dam.

be taken to prevent damage related to
foundation undermining.

e The allowable bearing capacity of the
foundation may be increased in extreme
loading conditions as provisioned in the
design codes. Similarly, the allowable
bearing capacity may need to be reduced
when fully water saturated condition
occurs and placing foundation on steep
slopes or adjacent to them.

7. Stability Analysis of Structures

e The following loadings should be
considered for stability analysis of project
components:
e Dead load
e Live load
o Water pressure

Weight of water

Hydro-dynamic load

Active earth pressure

At rest pressure

Passive earth pressure

Earthquake load

In-situ stresses

Impact load

Vibration load

Thermal
o Uplift (buoyancy and seepage)

e Surcharge/overburden loads

o Water hammer

e Wind

e Snow

e Construction and moving surface
loads:

o Additional loads, if any.

e  For the purpose of evaluating the stability
and structural analysis, different load
combinations may occur during different
phases of the project implementation and
operation  should be  considered.
Individual components/elements must be
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16. Necessary flood protection, ground stabilization

and bio-engineering works should be carried
out, if required.

Water Conveyance
All water conveyance system should be designed
following “Design Guidelines for Water Conveyance
System of Hydropower Projects” published by
DoED, Nepal, 2006; considering the project specific
data and information.

1.

The power canal /headrace pipe/tunnel
including all hydraulic and cross-drainage
structures from intake to forebay/surge
tank/surge shaft should be designed for 110%
design discharge or higher.

The configuration of the power tunnel should
be given, comprising headrace tunnel and
pressure tunnel with lining types finished
diameter and length. Sufficient lateral cover
and optimum overburden should be ensured.
Tunnel support design should be carried out
depending on rock quality.

A rock trap should be provided at the end of the
headrace tunnel, upstream of the surge tank to
trap loose rocks and displaced shotcrete.
Suitable flushing system should be provisioned
at rock trap.

A number of saddle supports and anchor
blocks should be designed and described.

Slope stability analysis in critical sections of
waterways including forebay/surge
tank/surgeshaft should be carried out.

Necessary drainage system for surface runoff
management should be designed.

Type and size of the headrace canal should be
determined by considering the design
discharge, silting/scouring velocity for the
selected materials used (e.g., concrete grade,
masonry) of applied concrete grade and
topography.

Corrosion, scratching, pipe diameter and
transportation limitation factors should be

designed for the most unfavourable load
combination. In general, the following
conditions should be considered:
Construction

e Normal operation
Special/emergency/extreme cases

The safety factor depends upon the codes and
loading combination used.

8. Detailed Structural Analysis and Design

e Appropriate codes (concrete, steel)
should be referred for the detail design.
All possible loading conditions should be
considered.

e The durability of the structure should be
ensured in the design.

e Material properties and allowable
stresses for concrete, structural steel,
reinforcement, etc. should be specified.

e The structure should be analysed using
acceptable methods manually or by using
a software.

e All structures should be safe against
internal and external forces/stresses and
all kind of climatic conditions.

e Reinforcement calculation should be
done also considering temperature and
shrinkage effects.

e The dynamic analysis should be carried
out for powerhouse and penstock and
ensure that natural frequency does not
create resonance phenomenon.

e Ensure that the settlement/deformation
and deflection are within permissible
limits.

9. Water Tightness

e  Control of cracking in concrete should be
as per the requirement specified in IS
456:1978 and 2000 or BS 8007:1987 or
BS 8110 Part Il, BS 2007 or equivalent
codes.

e The type and location of joints should be
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10.

11.

12.

considered while fixing the headrace pipe
thickness.

An emergency spillway at forebay should be
provided. The volume of forebay should be
based on the transient analysis.

The thickness of the steel pipe should be able
to withstand any variable load conditions
encountered during operation of the plant.
While deriving the effective thickness of the
pipe, steel grade, corrosion factor, welding
factor, etc. should be considered.

Anchor blocks to hold penstock pipe should be
designed at bends and also intermediary in
long straight stretches.

Head losses through tunnel/pipe system at the
design discharge should be determined.

Forebay/Surge Tank/Surge Shaft

1.

2.

Description of the forebay/surge tank/shaft type
with its dimensions should be provided.

For surge tank/surge shaft, various possible
scenarios of transient analysis should be
carried out to determine upsurge and down
surge level.

The invert level, upsurge and down surge
levels of the forebay/surge tank/shaft should be
shown in drawings.

Penstock Alignment

1.

Valleys, landslides and rock fall areas and gully
crossings should be minimized, if they cannot
be avoided, during the alignment selection.

The effective thickness of the steel pipe should
be adequate to withstand the dynamic/water
hammer/test pressure loading in addition to
hydrostatic pressure.

Surface type or cut and cover type should be
decided on the basis of the topographic and
environmental considerations.

Necessary protection structures should be
applied as per surface geology and
topography.

e The appropriate type of water stops should

specified. Contraction/Expansion joints
should generally be located in 15 to 25 m
spacing. Construction joints should be
provided considering construction
sequence.

be provided at
expansion/contraction/construction joints.

10. Detailing and Drawings

e The reinforcement should be detailed
considering the ductility of the structure.

o Reinforcement arrangement should be
shown in drawings in an appropriate
scale. Special attention should be given

at joints.

e  Prepare construction drawings,
reinforcement drawings and bar bending
schedules.

11. Field verification of Design/Layout

e The arrangement of all project
components should be verified at the site
by laying setting out points. Any changes
that may occur should be addressed in
the design.

12. Report Preparation

e After finalizing the design, a detailed

design report should be prepared
showing all hydraulic, geotechnical,
stability and structural analyses

calculations. Based on the detailed
design report, a draft operation and
maintenance manual should be prepared.
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Vertical Shaft/Inclined Shaft /Penstock Tunnel
1. If surface penstock is not feasible, either
vertical or inclined shaft should be designed.
Dimensions of the shaft and type and thickness
of the lining should be determined. In addition,
appropriate temporary rock support during
excavation should be designed.

Construction Adits

1. Provision of construction adits should be made
at various locations of tunnel alignment in order
to meet the construction schedule.

2. Tunnel portals should be located at exposed
bed rock and stable ground topography and
should be designed properly.

Powerhouse and Tailrace

1. Powerhouse should be dimensioned to
accommodate electro-mechanical equipment
and its ancillaries.

2. Description of the powerhouse building should
be provided giving details of equipment layout
at generator floor level, turbine floor level,
drainage floor level, and foundation level.
Dimensions of the powerhouse should be
determined by consulting with potential electro-
mechanical equipment supplier.

3. Proper layout of the following equipment and
structures inside the powerhouse should be
made: turbines, generators, powerhouse crane
unit, control panels and excitation system,
control room, battery room, main inlet valve,
provision for runner removal for maintenance,
sump tank, cooling water tank, compressor
room, service bay, water supply and sanitary
system, station service transformer, etc.

4. Fire protection and a ventilation system should
be designed and described in detail.

5. Emergency exits and safety plan should be
described/provided as per national/international
guidelines.

6. The tailrace conduit should be designed
considering turbine type, minimum power
discharge available, minimum water depth

S.N. Study Items
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requirement and possible effect of river water
level at the tailrace outlet.

Necessary flood/debris/landslide protection
works should be carried out based on the river
morphology, ground topography, possible
debris flow area and possibility of rock falls
(rolling boulders) near powerhouse and
switchyard area.

An access tunnel should be provided for
underground construction. A detailed
description of adit/access tunnel should be
provided including size, type, support design
and portal location.

Switchyard

1.

Dimensions  of switchyard should be
determined by consulting with potential electro-
mechanical equipment supplier(s).

Switchyard area should be arranged nearby the
powerhouse and civil design of switchyard
should be prepared.

8.2 Hydro-Mechanical

Components 5

Preliminary design/estimation of
hydro mechanical components
such as gates, stoplogs,
trashracks and penstock should
be carried out.

A brief description of hydro-

mechanical components should
be provided in the report.

Following hydro-mechanical components should be
designed and described:

1.

Gates, stop logs, embedded parts, valves,
trash racks, bell mouths, manholes, expansion
joints, saddle/wear plates, sizing of headrace
and penstock pipes, bends, reducers,
branches, steel lining works etc.

The hoisting system for gates and stop-logs.

General

This design is generally carried out by
hydro-mechanical equipment
manufactures/suppliers, thus only

preliminary design for preparing the Terms
of Reference of tender/contract documents
shall be carried out in consultation with
potential manufacturers/suppliers.

Design and dimensioning of all
components/structures carried out during
the feasibility study should be reviewed
and updated where necessary and
presented in the project definition report.
Component-wise design should be carried
out for the final/updated project layout.
Project parameters and design criteria
should be included in a Design Basis
Memorandum (DBM) referring to relevant
national and international guidelines,
norms and codes, and past experiences.
While designing the hydro mechanical
components, factors such as corrosion,
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Study Items

Details of Study Requirements

Pre-Feasibility Study

Feasibility Study

Detailed Design Study

welding defects, and plate
inaccuracy/defects should be taken in to
account.

Individual components/elements must be
designed for the most unfavourable load
combination. In general, loading conditions
which may occur during the following
phases/cases should be considered:

e Transportation

¢ Erection/construction

e Testing in factory and site

e Normal operation

e Special/lemergency/extreme cases
Design of Gates and Stop-Logs

The type of gate/stoplogs with embedded
parts and its hoisting mechanism should
be fixed.

The materials to be used for skin plates,
stiffeners, girders, embedded parts and
other components should be specified.

The gates/stoplog with embedded parts
shall be designed for the hydrostatic and
hydrodynamic forces taking into
consideration the forces arising from wave
effects, water hammer, seismic loads,
active soil load (sediment deposit), ice
formation, friction, and thermal effect
wherever applicable.

The internal stress should be ensured to
be within limit of allowable stress in normal
and extreme operation conditions.

Sufficient corrosion allowance should be
provided and corrosion  prevention
methods, if any, should be mentioned.

Type and material of seals should be
mentioned.

Power-operated gates shall normally be
capable of operation by alternate means in
case of power supply failure.

Department of Electricity Development

74



Guidelines for Study of Hydropower Projects, 2018

Installed Capacity > 10 and < 50 MW

S.N. Study Items

Details of Study Requirements
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e If meant for regulation, it shall be capable
of being held in partially open position
without major damage to seal or
deterioration due to cavitation and
vibration.

e Wherever necessary, model studies may
be carried out for high head regulating
gates.

e The deflection of the gate under various
loading conditions should be within the
permissible limits.

¢ Dogging devices and lifting beams should
be designed for operation of gates,
stoplogs etc.

e Destructive and non-destructive testing
procedures should be specified.

e All the gates shall be checked for the
aeration requirement at its immediate
downstream.

3. Steel Pipes

The steel plate used for the pipes shall comply
with national/international standards.

The pipes should be designed considering
following loading conditions:

e Normal condition includes static head,
surge and water hammer pressure.

e Special conditions include those
during filing and draining of
penstocks and maximum surge in
combination with pressure rise during
emergency operations/events and
test pressures.

o Exceptional condition includes
transportation and erection stresses,
pressure rise due to unforeseen
operation of regulating equipment in
the most adverse manner resulting in
odd situation of extreme loading,
stress developed due to resonance in
penstock, seismic forces etc.
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Adequate safety factor should be provided
for safety against hoop stress due to
internal and external pressure, including
surge pressure, longitudinal stress, beam
action, temperature variations.

Stress should be checked in bends,
branches, transition and stiffeners.

Expansion joint should be provided just
below the anchor block whenever
possible.

Special design provision shall be made to
protect the penstock pipes/conduits
against  possible  rupture due to
denting/negative pressure.

Other Structures

Other HM components such as valves,
trash racks, manholes, saddle plates, bulk
head gates, bell mouths, steel lining etc.
shall be designed to meet structural and
hydraulic requirements.

Report Preparation

After finalizing the design, a report should
be prepared showing all hydraulic, and
structural calculations. Similarly, operating
conditions, hoisting mechanisms, opening
sizes, design pressures, and dimension of
all major components/elements should be
mentioned. Based on the detail design
report, a draft operation and maintenance
manual should be prepared.

S.N. Study Items
the
83 EIegtro—MechanicaI (based on
Equipment transportation).
- Preliminary

e  Mechanical equipment:

1. Preliminary design/selection of
electro-mechanical
equipment should be carried out
based on design discharge and
net head and number of units

and

of

type and dimension of
turbines should be carried

The type and number of generating equipment,
and power evacuation facilities should be
designed and described.

Description of main mechanical equipment
including the followings should be provided:

Design criteria

Mode of operation

Hydraulic turbine-type and number
Turbine efficiency

Rated speed

General:

This design is generally carried out by
electro-mechanical equipment
manufactures/suppliers, thus only
preliminary design for preparing Terms of
Reference of tender/contract documents
shall be carried out in consultation with
potential manufacturers/suppliers.

Detailed design and dimensioning of all
components/structures carried out during
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out. A brief description of
turbine auxiliaries should
be provided.

Electrical Equipment:

- Parameters of the generators
should be determined. A brief
description of excitation and
electrical auxiliaries should be

provided.
Single line diagram
- An electrical single line

diagram showing the major

electrical  equipment of
powerhouse  should be
prepared.

w

Rated turbine output

Inlet valve

Other turbine specific features
Governor

Lubricating (hydraulic) system
Pressure oil system
Compressed air system
Cooling system

Control system

Overhead crane

Maintenance of turbine

Description of the main electrical equipment
including the followings should be provided:

Generator- type, number

Generator efficiency, rated output, frequency

generated voltage level

Excitation system

Switchgears

Control panel

Switchyard

Powerhouse earthing

Emergency diesel generator

Control and protection system

Power transformer —type, numbers, efficiency

frequency, rated output etc.

Auxiliary transformer

CT/IPT

Hoisting mechanism/overhead crane
A single line electrical diagram depicting the
interconnection of all electrical equipment
should be prepared.

For the smooth operation of the power station,
following auxiliaries should be provided and
described:

Grease lubricating system
Fire fighting system
Station supply

Lighting arrangement
Cooling system

Qil filtering equipment

the feasibility study should be reviewed
and updated/refined/revised where
necessary presented in the project
definition report.

Project parameters and design criteria
should be included in a Design Basis
Memorandum (DBM) referring to relevant
national and international guidelines,
norms and codes, and past experiences.

Individual components/elements must be
designed for the most unfavourable load
combination (mechanical and electrical). In
general, loading conditions which may
occur during the following phases/cases
should be considered:

e Transportation

¢ Erection/construction

e Testing in factory and site

o Normal operation

¢ Special/emergency/extreme cases
Mechanical Equipment

Appropriate turbines and their components
should be designed.

Suitable inlet valves shall be provided
before each turbine.

Draft tube, spiral casing, covers, seals
should be designed appropriately.

Suitable governor system should be
provided for flow control to the turbine.

Proper auxiliary systems such as heat
exchanger system, lubrication system,
pressure system, compressed air system,
hydraulic system, cooling system, EOT
crane, lighting system, fire extinguishing
system shall be designed.

Control system with local unit and remote

(to control room) controlling capability
should be provided.
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Pre-Feasibility Study

Feasibility Study

Detailed Design Study

DC power auxiliaries,
Distribution to outlaying works
Distribution to housing complex
Fire fighting system

Heating, Ventilation and Air Conditioning

(HVAC)
Station supply

Electrical Equipment

Single line diagram and control diagram
for all powerhouse equipment and
interconnection point shall be prepared
following latest NEA Grid Code and other
relevant standards.

Generators shall be provided with all of
their accessories including cooling and fire
protection system, hydraulic system
including generator braking and heat
exchanger system.

Excitation system shall be provided with
automatic voltage regulator, excitation
transformer and bridge rectifier.

Switching equipment with bus bars, circuit
breakers, disconnecting switches,
instrument transformers, etc. shall be
provided.

Power transformers to step up
transmission voltage shall be provided with
type of cooling, indoor/outdoor
arrangement and other required
accessories.

Control equipment shall be provided
consisting of governor  monitoring,
excitation monitoring, emergency shutting
down, valve protection and other
protection, etc.

Station service transformer for redundant
power supply to the plant shall be
provided.

Grounding including lightning protection
shall be provided.

Fire protection and ventilation system
should be designed and described in
detail.

Emergency exits and safety plan should
be described/provided as per
national/international guidelines.

Diesel Generators shall be provided for
backup power and black start/isolation
mode.

Department of Electricity Development

78



Guidelines for Study of Hydropower Projects, 2018

Installed Capacity > 10 and < 50 MW

S.N. Study Items

Details of Study Requirements

Pre-Feasibility Study

Feasibility Study
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Power Evacuation
8.4 and Transmission
Line

Assess the possibility of power
evacuation through national grid
/Integrated Nepal Power System
(INPS).

Carry out preliminary design to
select voltage level, conductor
type and number of towers.

A single line electric diagram
should be prepared representing
the major electrical equipment of
the powerhouse.

A brief description of selected
power evacuation system should
be presented.

Prepare updated single line diagram
representing the major electrical equipment of
the powerhouse, switchyard, and substation.

Finalize the most appropriate transmission line
route, voltage level and length.
Describe the details of
equipment.

Describe and design the total number of towers
and support structures, circuit type, type of
conductor used and other safety measures.

interconnection

The transmission line should be designed
following latest off-taker/NEA grid code.

The route shall be finalized and described.

Voltage level, number of circuits and
length shall be confirmed.

Number and type of towers required shall
be determined with location (co-ordinates)
and their structure shall be designed.
While designing the foundation of the
transmission tower, geology and
geotechnical conditions  with  socio-
environmental assessment should be
verified and additional investigation should
be done, if required.

Conductors’ size to be used shall be
determined. The size of conductors must
be selected so that the power loss doesn’t
exceed the permissible limit as per the
latest off-taker/NEA Grid Code.

Sag, tension and loading in conductor
shall be determined.

Auxiliary equipment in the transmission
line such as insulators, clamps, guards,
etc. shall be provided.

Necessary equipment to be installed in
interconnection substation should be
designed as follows:

e Power transformers shall be required,
if the voltage level of transmission line
does not match voltage level of
interconnecting substation,

e HV switchgear (circuit
disconnecting switch, etc.)

breaker,

e Instrument transformers
e Control and protection equipment.
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9 Energy Computation and Benefit Assessment
Energy Computation
. 1. Energy computation should be based on:
1. Energy computation should be
carried out considering the | ® Adopted hydrology (average flow) for average
average monthly flow (daily flow, annual energy 90% reliable average daily flow
if available), net head, Turbine in the lowest flow month for firm energy.
discharge and plant efficiency. e Assumed design parameters (net head,
2. Average monthly energy and turbine/available river discharge for power,
annual  energy should be consideration of compensation flow, installed
determined. capacity).
3. Total dry energy and wet energy .
is determined separately by | ® Secondary energy is computed as average | 1. Energy estimated in feasibility study
9.1 Energy Computation considering the dry/wet periods annual energy minus firm energy. Secondary should be updated/refined, if there are
fixed by the off-taker/NEA. energy available on monthly basis should also significant changes.
4. Gross monthly and annual be presented.
revenue throughout license | ¢ Deliverable or net energy should be determined
period should be determined considering the outage and local losses about
qonsidering per unit energy price 5% of generated gross energy or losses
fixed by the NEA/off-taker for considered by the similar size project or
smqll/ I_arge. hydropower ~project prescribed by off-taker/NEA.
or similar size of the hydropower
project. e Total (monthly and annual) net dry and wet
energy (day energy, peak energy and off-peak
energy) should be computed separately as per
off-taker’'s/INEA’s requirements.
1. Average monthly/annual
revenue throughout the license
period should be calculated
considering unit energy prices
fixed by the NEA/off-taker | 1, Revenue estimated in pre-feasibility study
o company/GoN for similar sized should be updated based on the updated | 1. Revenue estimated in feasibility study
9.2 Benefit Estimation projects. energy calculated/updated during feasibility should be updated, if required.
2. While calculating the annual study.
revenue, base rates for dry, wet,
peak, off-peak energy prices
together with annual price
escalation should be considered.
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10 Cost Estimation

All the criteria and assumptions
adopted for cost estimation should be
mentioned including following:

1. Consideration of the natural
conditions prevailing at the site,
construction scale, and levels of
construction technology
available in Nepal.

2. A brief description of the project
with location should be
mentioned.

3. Year and month of the cost
estimate should be mentioned.

The criteria and assumptions for the pre-
feasibility level study should be applied but

The criteria and assumptions for feasibility
level study should be applied but should

104 | Criteria and | 4. The exchange rate applied to the should be based on feasibility level design with be based on a detailed level design with
Assumptions calculation of NPR and USD inclusion of items not included in the pre- the inclusion of items not included in the
adopted at the time of cost feasibility level study. feasibility level study.
estimation should be mentioned.
5. Identifiable Nepalese taxes,
customs duties, royalties etc. for
goods, materials and services,
interest during construction etc.
whether  included in cost
estimation or not should be
mentioned.
6. Any source of references to
rates or estimation should be
mentioned with used escalation
factors, if any.
The following methodology should be | The following methodology should be applied for
applied for estimation of the cost of | estimation of the cost of each component of the
each component of the project. project. The methodology for feasibility level study
1.  For Civil Works: should be applied but should be based on
N The cost estimates should be based | 1-  For Civil Works feasibility level design with inclusion of
10.2 'I\E/lse}’:trroa;gggy on unit rates developed from | e The cost estimates should be based on unit gfun(;; not included in the feasibility level

prevailing labour rates, construction
equipment rate and materials taking
also into account the local situation
and unit rates for projects of similar
nature.

rates developed from prevailing labour rate,
construction equipment rate and materials
taking also into account the local situation
and bill of quantities derived from design
drawings.

Carry out necessary updates such as
revision of rate analysis.
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2. For Electro-Mechanical
Equipment

The cost estimate for generating
equipment, transformer and
switchyard equipment should either
be based on budgetary quotations
obtained from supplier(s) or using
established current international
prices/relationships or price database
from similar type and size projects.
The cost should include cost of
control devices/system, auxiliary etc.
transportation and erection.

3. Hydraulic Steel Works:

The cost of hydraulic steel works
should be based on budgetary
quotation of supplier(s) or on market
price, if they are locally available.
Transportation and installation cost
should also be added.

4. Transmission Line:

The cost of transmission line can be
calculated from per km rates of the
transmission line. References of cost
can be taken from current rates used
by Nepal Electricity Authority or
constructed project of IPPs for same
type/voltage of transmission lines
taking into account different types of
towers required, the conductors and
types of terrains being crossed.

5. Others

Other costs expected (e.g., social
and environmental costs,
resettlement costs etc.) should be
estimated based on prevailing market
rates and government policies.
Bench mark prices from similar
nature projects can be adopted to
estimate such costs.

The cost estimate should be done by breaking
down major structures into a number of distinct
construction activities or measurable pay items.

Due consideration should be given to local
labours. The rates for locally available labours
can be obtained either from District Rates of
concerned districts or prevailing market rates of
the project area and can be used after
appropriate adjustments.

The rates of construction equipment can be
taken from regularly updated cost data, a
quotation from the suppliers/manufacturers.

The construction materials to be used for
construction work should be divided into:

e Materials locally available nearby project

area.

o Materials available in local market.

e Materials to be imported from neighbouring

countries.

o Materials to be imported from overseas.
The rates of construction materials should be
derived as per their source of supply. While
calculating the construction materials’ rate,
sufficient attention should also be given to the
mode of transportation and their corresponding
costs should also be included. When access
roads for the project are not built (generally for
small hydropower projects) the cost of air
transportation for transporting heavy equipment
from the nearest town to the project area
should also be included.

From labour cost, material cost and equipment
cost, the direct cost per unit of construction
activity can be calculated.

The estimate should be of contractor's type
and, therefore, should also include all other
indirect costs such as office overheads,
contractor's financing cost, insurance bonds,
and profit and risk margin.

A suitable percentage for contractor's expenses
should be allocated. The total percentage
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should be used as a bid factor on direct cost.
Thus calculated direct cost can be used to
derive unit bid costs which in turn, be used to
determine the total civil works cost.

2. For Electro-Mechanical Equipment

e The cost estimate for generating equipment,
transformer and switchyard equipment should
either be based on budgetary quotations
obtained from supplier(s) or using established
current international prices or a price database
from similar type and size projects. The cost
should include cost of control devices/system,
auxiliary etc. transportation and erection.

3. Hydraulic Steel Works:

e The cost of hydraulic steel works should be
based on a quotation of supplier(s) or on
market price, if they are locally available.
Transportation and installation cost should also
be added.

4. Transmission Line:

S.N. Study Items

e The cost of transmission line can be calculated
from per km rates of the transmission line.
References of cost can be taken from current
rates used by NEA/off-taker or constructed
project of IPPs for same type/voltage of
transmission lines taking into account different
types of towers required, the conductors and
types of terrains being crossed.

5. Land Acquisition and Access Road:

e Due attention should be given to the cost of
land acquisition and construction of access
roads.

e Cost of land acquisition should be determined
considering detailed risk assessment, future
development of project area, accessibility and
public demand.

e The length and type of access roads to be
constructed or to be improved can be
determined from preliminary design. Cost per
km of different types of roads can be used to
determine the cost of the access road.
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Camp and Other Facilities:

The costs of construction camps and
permanent buildings required for operation and
also of construction power facilities required
should be included in cost estimation. A lump
sum amount for this can be allocated
depending upon the size of the project.

Social Development:

The cost of social development should be
determined from reconnaissance field visits.
Factors to determine the social development
cost such as population density, available local
resources and existing physical infrastructure in
the project area should be considered. This
cost can be derived as a lump sum taking a
reasonable percentage of the project base cost.
Resettlement/Rehabilitation

Relocation and environment impact mitigation
costs shall be as per existing Environmental
Protection Act and Rules. This cost can be
derived as a lump sum taking a reasonable
percentage of the project base cost.
Community Support Program (CSP)

Include CSP cost equivalent to 0.75% of total
project cost. This needs to be updated as per
the latest government policies.

Base Cost and Total

103 Project Cost

The total of all costs indicated
above will constitute the base
cost of the project. To that the
following costs are to be added
as a certain percentage of the
project cost for obtaining the
total capital cost:

Engineering and management
Owner's cost

Insurance cost

Contingencies for civil works,
hydro-mechanical,

electromechanical, transmission
line, price  and physical
contingencies etc. are to be
added to account for unforeseen

At feasibility level, due to use of more detailed
information collected and minor items included
and designs concretized, level of uncertainties
will decrease particularly in civil works/HM
works/EM equipment and TL works component.

At detailed design level, due to use of
more detailed information collected and
minor items included and designs
concretized, level of uncertainties will
decrease particularly in civil works/HM
works/EM equipment and TL works
component.
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cost increases due to various
uncertainties  during  project
construction.

3. Interest during construction
should be calculated based on
the prevailing interest rates and
other parameters required for
the calculation.

1. Local currency will be required
for local labour, local materials,
government cost tax, VAT,
royalties and customs duties
including land acquisition,
resettlement, mitigation and
management programs related

. to adverse socioeconomic 1. The breakdown needs to be updated
Local and Foreign 1. The breakdown needs to be updated based on based on the updates during detailed

environment impacts and bank . -
Currency Breakdown interest. the updates during feasibility study. design.

2. Foreign currency will be required
for imported materials and
equipment and foreign experts.

3. Hence, the cost estimation
should include a breakdown of
local and foreign currency
components.

1. In the main volume of the report
summary cost estimate data
broken down into the above

mentioned major sub-headings | 4 The presentation should be done as in the pre- 1. The presentation should be done as in the

S.N. Study Items

10.4

10.5 | Presentation of Cost and into foreign and local feasibility level, but with the inclusion of more geasil?il(ijty. Ievel,bbut dWith tge i.rl'nc(ljus(;on. of
Estimate Data currency should be presented, detailed items and updated information. etailed items based on detailed design
while the details of cost and other updated information.
estimates including rate analysis
and the unit rate could be
presented in the Annex volume.
1. The costs incurred will spread .
over the whole construction | 1- Cash disbursement schedule should be based
. period . inFerest during gghlé%ci?;ed and realistic project implementation 1. The disbursement schedule needs to be
106 Cash Disbursement constru'ctlon vylll depend on how e . . updated based on the revision of adopted
Schedule cash will .be dlspursed during the | 2. Year-W|§e cash .dllsbu.rsement against each of parameters and criteria, if any.
construction period. Hence cash the major activities is to be prepared and
disbursement schedule in presented in the report.

accordance with the schedule of

Department of Electricity Development 85



Guidelines for Study of Hydropower Projects, 2018

Installed Capacity > 10 and < 50 MW

Details of Study Requirements

S.N. Study Items
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construction activities needs to
be prepared spreading over the
project implementation period.

Year-wise disbursement is to be
prepared and presented in the
report.

11 Construction Planning and Schedule

Access, availability of
construction materials, waste
disposal and construction of
camps at site should be
described.

River  diversion  sequences
during construction should be
analysed taking into account
river flows and specifically low
flows.

A preliminary construction
schedule should be prepared for
the project, showing the major
construction activities. The total
construction period should be
determined.

Review the construction schedule prepared
during the pre-feasibility study and update as
per feasibility study findings and other
prevailing conditions such as market conditions
and available technology.

Plan contract/procurement/construction
modality in coordination with client for pre-
construction works, main civil works, hydro-
mechanical, electro-mechanical and
transmission line works.

Prepare a plan for pre-construction activities
such as construction of camps, establishment
of telecommunication facilities,
construction/upgrading of access road(s),
arrangement of construction power, etc.

Prepare a plan for establishing necessary
forest clearance, crusher plants, workshops,
fuel depots, permanent camps for operators’
and site office(s). The plan should also take in
to account time for necessary government
approvals.

Land acquisition and environment mitigation
plan should be incorporated.

Prepare a plan for temporary diversion of the
river during construction. This may consist of
construction of cofferdam(s) and diversion
channel at headworks and powerhouse/tailrace
outlet sites.

Prepare a plan for construction of headworks,
waterways, forebay/surge-tank/surge-shaft,
powerhouse, tailrace, switchyard and
transmission line including all civil, hydro-

Review the construction planning and
schedule prepared during the feasibility
study and update as necessary
considering anticipated/planned Required
Commercial Operation Date (RCOD).

Plan and confirm the availability, quality
and quantity of all construction materials.
Special consideration should be given for
materials required for high grade concrete,
high grade steel, etc.
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. e Pre-Feasibility Study Feasibility Study Detailed Design Study
mechanical and electro-mechanical works in
consultation with potential contractors/suppliers
and based on past experience of constructing
similar project (s).

Describe anticipated construction methodology
for all major structures.
Update/prepare construction schedule
considering the above mentioned plans/factors
and the following aspects:
Seasonal constraints for temporary river
diversion
Local culture and national holidays
Climatic conditions
12 Environmental Study

Reference for

Guidelines, Acts, Regulations and Manuals to
be followed during environmental study are as
follows:

National EIA Guideline, 1993
Environment Protection Act, 1997
Environment Protection Regulations, 1997

Guidelines, Acts, Regulations and Manual
to be followed during updating and
supplementary environmental Study are as
follows:

National EIA Guideline, 1993

Environment Protection Act, 1997
Environment Protection Regulations, 1997

121 | Environmental Study DoED Manuals related to Environmental Study DoED Manuals related to Environmental
Working Procedure for Initial Environment StUdY . )
Examination (IEE) and Environment Impact Working Procedure for Initial Environment
Assessment (EIA) of Hydropower and Examination (IEE) and Environment
Transmission Line Projects, 2073 Impact Assessment (EIA) of Hydropower
. and Transmission Line Projects, 2073
Hydropower Environmental Impact Assessment .
Manual, July 2018. Hydropower Environmental Impact
Assessment Manual, July 2018.
) ) Prepare Terms of Reference (ToR) for IEE
1. Collect baseline data of physical, which includes:
biological and socio-cultural . o
environment of project affected Environmental Issues of greater significance
area to understand the socio- Baseline environmental data that supports the Update IEE (if there are changes in project
42 | Iniial  Environment environmental situation. relevancy of identified environmental issues. design).
) Examination (IEE) 2. Assess impacts of major Approval of ToR for the IEE study from
significance. Ministry of Energy, Water Resources and
3. Develop mitigation and Irrigation.
management programs to

minimize the impacts.

Continue the IEE study based on the approved
ToR.
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Collect baseline data of physical, biological and
socio-cultural environment of project affected
area as per approved ToR.

Prepare Initial Environmental Examination
(IEE) report, which includes:

Baseline environment data

Impacts of environmental issues identified in
ToR

Impact Mitigation and
Measures.

Approve the IEE report from Ministry of
Energy, Water Resources and Irrigation.

Enhancement

Environment Impact
Assessment (EIA) (if
project included in
Environment
Protection

12.3 Regulations such as
within the
area/national

reserves, etc.)

Schedule 2 of | 2.

project area lies | 3.
conservation 4.

park/wildlife 5.

Collect baseline data of physical,
biological and socio-cultural
environment of project affected
area to understand the socio-
environmental situation.

Identify the major environmental
issues in physical, biological,
socio-economic and  cultural
environment.

Make environmental assessment
by simple checklist

Assess impacts of major
significance.

Assess the level of
environmental assessment EIA
as per the threshold of schedule
2 of EPR and its amendments.

Permission for conducting EIA from concerned
ministry should be obtained, if the project lies
within protected area (conservation
area/national park/wildlife reserves).

Scoping document and Terms of Reference
(ToR) for EIA should be prepared which should
include the following:

Publication of 15 days' public notice in a
national daily newspaper for the scoping of
the EIA study.

Collection of suggestion from the affected
local government and other stake holders of
the project area.

Record of environmental issues raised by
stakeholders, concerned bodies, Government
Authorities, local clubs and subject experts
Prioritized environmental issues.

Baseline environmental data that supports the
relevancy of identified environmental issues.
Review of relevant national and International
legislations.

Describe basic procedures to conduct EIA

Approval of Scoping Report and TOR

Continue the EIA study based on approved
ToR

Prepare Environment Impact Assessment (EIA)
which includes:

Environmental Impacts of the Environmental

Carryout EMP update in EIA, if there are
minor changes in project design and get it
approved from Ministry of Forests and
Environment.

Carryout supplementary EIA, if there are
major changes in project design and get it
approved from Ministry of Forests and
Environment such as

(i) If there is change in the project area

(i) If the required forest area is increased
by 10 %

(iii) If the resettlement population is more
than 100 people

(iv) If there is significant impact in
environmental and
biodiversity.

biological
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Details of Study Requirements

Pre-Feasibility Study Feasibility Study Detailed Design Study
Issues prioritized in ToR plus additional
environmental impacts identified during EIA.

e Mitigation and Enhancement Measures for the
environmental impacts and Environment
Management Plan (including Monitoring and
Auditing Plan).

e Baseline on Physical, Biological and Socio-
economic and cultural environment domain.

¢ Review of relevant national and International
legislations.

5. Prepare draft EIA Report
6. Conduct Public Hearing in the project area.

S.N. Study Items

e Publication of the notice for the public hearing
Muchulka of the public hearing in the project
affected areas.

e Collection of the recommendation letter from
the affected local governments.

7. Finalize EIA report including the
recommendations of concerned rural
municipality and concerns of stakeholders
raised during the public hearing.

8. The final EIA (after incorporating the issues
raised in public hearing) has to be forwarded
for approval to the concerned ministry through
Department of Electricity Development (DoED).

9. A review committee meeting will be held at
DoED comprising related government agencies
and independent environment experts.

10. Based on the recommendation of review
committee, concerned ministry forwards the
EIA for approval.

11. A review committee meeting is organized to
seek comments/suggestion on the final EIA
report.

12. Further 30 days' public notice is published in
national daily newspaper to seek additional
comments and suggestions on the EIA. The
draft EIA report along with the public notice has
to be placed in public places/office such as TU
library, district level office, affected local bodies
and concerned government offices.
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Installed Capacity > 10 and < 50 MW

SN Study Items Details of Study Requirements
o Pre-Feasibility Study Feasibility Study Detailed Design Study
13. Ministry of Forests and Environment approves
the EIA based on the recommendations of
review committee meeting and response to 30
days’ public notice.
1. Conduct sampling survey over project area for
verifying the data/information collected during
1. Conduct field survey for the pre-feasibility study and collect additional
gathering the data/information data/information on population, household and | 1. Review and update the data/information
on the population, household their socio-economic status and number of taken in previous studies.
lying in the project area and their cattle, lying in the project area. 2. Estimate the total resettlement cost
socio-economic status. Collect | 2. Verify through site visit the potential land area including all requirements such as
the information about the for resettlement identified during pre-feasibility opportunity  loss,  educational  and
12.4 | Resettlement Study number of cattle lying in the study and identify the new sites, if any. environmental  effects,  physiological,
project affected areas. 3. Collect the cost of lands proposed for mental and physical health effect, security,
2. Identify the potential land area resettlement. social and economic impacts etc.
for resettlement of the displaced | 4 prepare resettlement schedule and settiement | 3. Update and finalize resettlement schedule
people from the project area area. Resettlement area shall be facilitated all and settlement area.
through map study. human requirements such as security, health
and education facilities, economic resources
availability, social and cultural viability etc.
13 Project Evaluation
1. Al significant intangible benefits
should be identified and
quantified in terms of monetary
value to the maximum extent
possible. For example, better
access roads and bridges,
communication facilites and
Economic  Analysis schools could be established
(at least for projects around the project area. The | 1. Update the economic analysis based on | 1. Update the economic analysis based on
13.1 | under taken by regional/national benefits due to additional information and data available at this additional information and data available at
governmental these |mprove'd. infrastructure stage. this stage.
bodies) should be quantified.
2. Employment benefits during
construction phase of the project
should be quantified. Economic
benefits due to increase in both
regular and seasonal
employment should be
quantified.
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S.N. Study Items

Details of Study Requirements

Pre-Feasibility Study

Feasibility Study

Detailed Design Study

Economic cost of the project
should also take into account
opportunity cost (together with
construction costs).

Economic cost should not
include the taxes, duties and
royalties. Similarly, it should not

include interest during
construction.
Economic value of project

should be calculated in terms of
NPV, EIRR and B/C.

13.2 Financial Analysis 2

In performing financial analysis,
the Financial Internal Rate of
Return (FIRR) and the loan
repayable capacity are
examined based on financing
conditions. The financial cost
should include: construction
cost, royalties, duties, taxes,
periodic  replacement  cost,
insurance and interest during
construction.

The benefits will comprise the
revenue generation from the
sales of electrical energy. As a
result of the financial analysis,
the financial cash flow showing
operating expenses, debt
service (loan repayment), royalty
and tax payments should be
presented.

NPV and FIRR could be used as
financial indicators.

In performing financial analysis, the Financial
Internal Rate of Return (FIRR) and the loan
repayment capacity are examined based on
financing conditions.

The financial cost should include investment
cost/base cost (study, preconstruction, civil,
HM, EM, TL), O & M cost, duties, taxes, price
escalation, periodic replacement cost, project
environment and management cost, insurance
and interest during construction.

To determine the project’s life from the
financing perspective, a concession period
should be considered.

The benefits will comprise the revenue
generation from the sale of electrical energy.
As a result of the financial analysis, the
financial cash flow showing operating
expenses, debt service (loan repayment),
royalty and tax payments should be presented.

All assumptions made for the analysis should
be clearly stated.

NPV and Financial Internal Rate of Return
(FIRR) method should be adopted.

In detailed financial analysis, Net present value
(NPV), Cost-Benefit Ratio (B/C), Project IRR,
Return on Equity (RoE), Equity NPV, Annual
Debt Service Coverage Ratio (ADSR),
discounted payback period and Levelized Cost
of Energy (LCoE) etc. should be calculated.

Review all previous analyses and update
the financial parameters, assumptions and
results based on current market conditions
and any updates on government’s policy
tax, royalty etc.). The financial
parameters such as NPV, IRR, B/C, Equity
IRR and NPV, debt service coverage ratio
etc. should be updated accordingly.

(e.g.
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Details of Study Requirements

S.N. Study Items

Pre-Feasibility Study

Feasibility Study

Detailed Design Study

General expected financial parameters are as
follows:

Internal Rate of Return on the project (IRR) -
higher than the discount rate.

Net Present Value on the project (NPV) -
positive.

Debt Service Cover Ratio (DSCR)—higher
than 1.0

Benefit Cost Ratio — higher than 1.0

13.3 | Sensitivity Analysis

Sensitivity analysis is required to be performed
in general, for the following cases:
Varied discounted or interest rates based on
prevailing market rates,
Varying capital cost for best and worst case
scenarios. Reduction in revenue generation
taking into account hydrological risks.
Delay in commissioning of the project.
Cumulative effect of cost and time overruns.

Update the sensitivity analysis carried out
in the feasibility study based on current
market conditions and new
information/data available at this stage.

geographical regions.

14 Presentation Drawings, Maps, Charts and Tables
1. Prepare location map in ;reparer:ocgtlon msp |'n appr;pnate spale. q . Prepare location map in appropriate scale.
appropriate scale. ap showing physiographic regions —an . Map showing physiographic regions and
. geographical regions. . .
14.1 General 2. Prepare maps showing Proiect | t should b ted with geographical regions should be updated.
physiographic regions and roject general layout should be presented wi . Project general layout should be updated in

license boundary in topo map in scale 1:25,000
or 1:50,000 as available.

appropriate scale.

Topography/
14.2 | Topographical
Survey

. Generally, this level of study is

considered to be carried out based
on available maps. Survey works,
if carried out during this study
including verification of head,
license boundaries etc. should be
documented in appropriate scale.

Control survey map showing benchmarks or
traverse stations and detailed features of the
project area in appropriate scale should be
presented.

Survey data and d-cards (with photographs)
should be included in the appendix.

. Control survey benchmarks or traverse

. Updated (if any) survey maps, data and d-

stations with their x, y, z coordinates (in a
separate table) should be given in general
arrangement drawings (with contours) for all
components for reference and further use
during construction and operation phases of
the project.

cards with  photographs should be
documented and presented in the appendix.

14.3 Hydrology

Drainage Basin Map showing
area below 3000 amsl, 3000 to
5000 amsl and above 5000
amslcan be prepared.

Drainage Basin Map showing the area below
3000 amsl, 3000 to 5000 amsl and above 5000
amslcan be included.

Field measurements should be presented in a
tabular form with details, location, time and date.

. Updated

hydrology report with
recommended/adopted daily flow, FDC at
headworks and tailrace outlet with tables,
design floods and diversion flood during
construction.
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SN Study Items Details of Study Requirements
o y Pre-Feasibility Study Feasibility Study Detailed Design Study

2. Field measurement(s) should be | 3. Rating curves of headworks site and tailrace
presented in a tabular form with site should be presented.
details, location, time and date. | 4. | ong term series data should be included.

3. Adopted monthly flows (also | 5 various method of monthly flow estimation,
daily flow, if available) and flood adopted daily flow and flood discharge in
frequency table should be different return periods should be presented in
prepared. tabular form.

4. Prepare flow duration curve. 6. Flow duration curve should be prepared.

5. Prepare reference hydrograph | 7 prepare reference hydrograph and flood
and flood frequency charts. frequency charts.

8. Discharge-sediment relationship should be
developed.

9. Sediment sample and laboratory analysis
report should be included in the appendix.

10. The result of sediment analysis and laboratory
tests should be summarized in tabular form and
charts.

Prepare drawings as follows:

Prepare drawings as follows: 1. Region.al Geological Maps (Plan and Section in

1. Regional Geological Maps (Plan scale 1:250,000).
and Section in scale 1:250,000 | 2. Geological Map of Project Area (plan, profile &
or in available larger scale). section in scale 1:5,000).

2. Geological Map of Project Area | 3. Site specific geological maps (sections with drill
(plan & section in scale 1:25,000 hole logs).
or 1:50,000 or larger, if | 4. Headworks drawings in scale 1:500.
available). _ 5. Water conveyance route in scale 1:2000.

3 fsolltlimslg_ecmc geological maps as | g powerhouse in scale 1:500. 1. Prepare drawings for updated geology and

14.4 | Geology and ' . , 7. Map showing Seismic Refraction Lines, Dril seismicity report.
' Seismicity :|e5%céworks drawings in scale Holes (if any) in scale 1:2000 or larger.
o .| 8. The result of geological investigation in a
Water conveyance route in tabular format
scale 1:5000 or larger. o .
Powerhouse in scale 1:500. 9. !\I_/Iap shhowlng Blorr1o.\/2v0,86easland Test Pits and
4. Map showing Seismic Refraction re.nc.e.s n sca'e e or farger.

Lines, Electrical Resistivity, in 10. Seismicity Map in available scale.
scale 1:5,000. 11. The above mentioned scales are indicative

5. Seismicity map in available only. An ap_propriatg scale should be uged to
scale. make the information/data presented in the

drawings/report clear and readable/
understandable.
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Details of Study Requirements

. e Pre-Feasibility Study Feasibility Study Detailed Design Study
Location of alternative project
components plans and Location of alternative project components,
alignments should be shown in plans and alignments should be presented in
appropriate scale. appropriate scale.
14.5 | Alternative Study Preliminary cost and energy Cost and energy comparison charts and tables
comparison charts and tables should be prepared.
should be prepared. Financial evaluation charts and tables should
Financial evaluation charts and be prepared.
tables should be prepared.
o Optimization study charts and tables should be
14.6 | Optimization prepared.
Following drawings should be prepared in 1. Prepgre civil - general arrangemgnt
suitable scale: drawings of all components, showing
benchmarks, setting out points with their
Alternatives considered in scale 1:5000 or coordinates and all necessary details.
larger. 2. Prepare reinforcement drawings of all
Following drawings in suitable General arrangement/layout of selected structures with bar bending schedules.
scale should be prepared: project in scale 1:5000 or larger. 3. Prepare preliminary drawings of all hydro-
Alternatives considered. Headworks (general arrangement, elevations g?azhnas?(i)cnas!/sgﬁzdpjgznts with necessary
and sections) in scale 1:500 or larger. :
General .arrangement of , , 4. Prepare preliminary drawings of all
selected project. Headworks components, weir, undersluice, electromechanical-mechanical
Headworks plan (general |ntake, gravel trap.etc. plag, Tecthns (I." components with necessary
arrangement, elevations and ZeCtrlgn}iatcerosscsaI;eCtlonS) and elevations in dimensions/schedules.
sections). pprop ' 5. Preliminary drawings of all switchyard
) . . Settling basin (plan and L-section in scale components and accessories  with
D d Settlin basin lan and i - p
14.7 D‘reas\:azgs an sectior?s). (p 1:500 and cross sections in scale 1:200 or necessary dimensions/schedules should

Headrace water conduit system
(plan and profile).

Forebay/surge  tank  (plan,
sections, profiles).

Penstock (plan, sections,
profiles).

Powerhouse and tailrace (plan,
sections and profiles).
Switchyard layout.

larger).

Headrace water conduit system (plan and L-
section in scale 1:2000, Sections in scale
1:100 or larger).

Forebay/surge tank (plan and L-section in
scale 1:200, cross sections in scale 1:100 or
larger).

Penstock (plans and L-sections in scale 1:200
or larger, cross sections in scale 1:100 or
larger).

Powerhouse (general arrangement in scale
1:500, plan and sections in scale 1:200 or
larger).

Powerhouse —switchyard layout in scale 1:500
or larger.

be prepared.

6. Preliminary drawings of all transmission
line components and accessories with
necessary dimensions/schedules should
be prepared.

7. Preliminary drawings of all interconnection
point’s components (switchyard/
substation) accessories with necessary
dimensions/schedules should be prepared.

Drawings of Civil Structures

The following civil drawings should be prepared

1. General arrangement/layout of selected
project in scale 1:5000 or appropriate
scale.
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S.N.

Study Items

Details of Study Requirements

Pre-Feasibility Study

Feasibility Study

Detailed Design Study

e Single line diagram
e  Protection structures (plan in scale 1:200 and
sections in scale 1:100 or larger).

The above mentioned scales are indicative only. An
appropriate scale should be used to make the
information/data presented in the drawings/report
clear and readable/understandable. Distorted
scales are not recommended.

2. Headworks (General Arrangement,
Elevations and Sections) in scale 1:500 or
larger.

3. Headworks components, weir,
undersluice, intake, gravel trap etc. plan,
sections (L-section, cross sections) and
elevations in appropriate scale.

4. Settling basin (plan and L-section in scale
1:500 and cross sections in scale 1:50 to
1:200 or larger).

5. Headrace water conduit system (plan and
L-section in scale 1:2000, sections in scale
1:100 or larger).

6. Forebay/surge tank (plan and L-section in
scale 1:200, cross sections in scale 1:100
or larger).

7. Penstock (plans and L-sections in scale
1:200 or larger, cross sections in scale
1:100 or larger).

8. Powerhouse (general arrangement in
scale 1:500, plan and sections in scale
1:50 to 1:200 or larger).

9. Powerhouse —switchyard layout in scale
1:500 or larger.

10. Single line diagram.

11. Protection structures (plan in scale 1:200
and sections in scale 1:100 or larger).

Reinforcement Drawings

1. Reinforcement drawings should be
prepared based on civii general
arrangement drawings in scale 1:10 to
1:50 as appropriate.

Drawings of HM Components

1. Gates and accessories parts in
appropriate scale.
2. Expansion joints, manhole covers, valves,

gates driving system etc. in appropriate
scale.

3. Other HM components in appropriate
scale.
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S.N. Study Items

Details of Study Requirements

Pre-Feasibility Study

Feasibility Study

Detailed Design Study

Drawings of E-M Components

1. General layout in scale 1:500 or larger.

2. L-Sections in scale 1:500 or larger, cross
sections in scale 1:100 to 1:200 or larger.

3. Details in scale 1:10 or larger.

Drawings of Transmission Line (TL)

Components

1. A general layout of TL alignment (plan in
scale 1:5000 and profile in scale 1:500 to
1:2000 or larger.

2. The tower/pole in scale 1:100 to 1:200.

3. The support structure in scale 1:100 or
appropriate scale depending on size of

structures.
4. General arrangement of connection
bay/switchyard in scale 1:500 or

appropriate standard scale.

5. Steel structure and equipment foundation
in scale 1:10 to 1:100.

6. Single line diagram.

The above mentioned scales are indicative
only. An appropriate scale should be used to
make the information/data presented in the
drawings clear and readable/understandable.
Distorted scales are not recommended.

Energy and Revenue

g Calculation

. Prepare monthly energy (daily, if

data available) and revenue
calculation tables and charts.

Prepare daily & monthly energy and revenue
calculation tables and charts.

1. Updated daily & monthly energy and
revenue calculation tables and charts in
comparative format with the proposed or
agreed upon power and energy table of
PPA (if available) should be prepared.

14.9 Power Supply

. Map of Integrated Nepal Power

System (existing and planned)
should be shown in appropriate
scale.

Present map showing
transmission line requirements in
appropriate scale.

Present alternatives available for
interconnection points in the
INPS.

Present map of Integrated Nepal Power
System (existing and planned) in appropriate
scale.

Present map showing transmission line
alignment along with alternatives considered in
appropriate scale.

1. Update maps prepared during the
feasibility study as necessary.
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S.N. Study Items

Details of Study Requirements

Pre-Feasibility Study

Feasibility Study

Detailed Design Study

14.10 | Access Road

Show access road drawings plan
in suitable scale.

Access road drawings plan should be shown in
suitable scale or drawn, based on best
available map.

Access road map/drawings (plan in scale
1:5000, cross sections in scale 1:100 or
larger and Profile in scale 1:2000 or larger)
should be prepared.

2. (Slfh;)r:v )plan for alternative access Plan of alternative access (if any) should be Drawings of ropeways and other
y shown. alternative arrangements as required
should be prepared in appropriate scale.
. 1. Preliminary construction Detailed construction schedule should be . . .
Construction - . . ; . . Detailed construction schedule in standard
planning and implementation prepared in standard format showing major o
14.11 | Schedule and . . : . . - format should be updated and the critical
. schedule showing major project components including anticipated
Planning e L path should also be shown.
activities should be prepared. critical path should be prepared.
Item rates for major works should be presented
1. Prepare item rates for major in tabular form. . .
works in tabular form ] . . Item rates for major works prepared during
. : ) . Project cost derived should be presented in feasibility study should be updated.
2. Present project cost derived in tabular form . . . , .
N tabular forms. : Detailed project cost/engineer's estimate
14.12 | Cost Estimation abu . ; . o
i . Pie charts and graphs as necessary should be derived during feasibility study should be
3. Rate analysis and quantity

estimation tables should be
attached in the appendix.

included.

Rate analysis and quantity estimation tables
should be attached in the appendix.

updated.

14.13 | Project Evaluation 2

Total project cost including
financial cost derived in tabular
form stating basis used and
assumptions made while
carrying out the financial
evaluation should be included.

Results of financial analyses for
the base case and most likely
case should also be presented in
tabular form.

Total project cost including financial cost
derived in tabular form stating basis used and
assumptions made while carrying out the
financial evaluation should be presented.

Results of financial analyses for the base case
and most likely case should be presented in
tabular form.

Sensitivity  results
scenarios  studied/analysed
presented in tabular form.

covering all possible
should  be

Updated total project cost including
financial cost derived in tabular form
stating basis used and assumptions made
while carrying out the financial evaluation
should be presented.

Results of financial analyses for the base
case and most likely case should be
presented in tabular form.

Sensitivity result of feasibility study should
be updated based on market conditions
and new data/information available at this
stage.

14.14 | Report

Standard cover page, signature

page, summary page,
abbreviations, the body of report
and conclusions and

recommendations are required
in standard report.

Generally accepted standard
table of contents, list of figures,

Standard cover page, signature page,
summary page, abbreviations, the body of
report and conclusions and recommendations
are required in standard report.

Generally accepted standard table of contents,
list of figures, list of tables, heading’s font, size
and style, paragraph arrangement, letter size,

Standards formats/styles as suggested in
the feasibility study report section should
be followed while preparing all reports
prepared as the outcome of detailed
design. The following report should be
prepared during the detailed design.

Project Definition Report: This is generally
prepared at the beginning of the detailed
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S.N. Study Items

Details of Study Requirements

Pre-Feasibility Study

Feasibility Study

Detailed Design Study

list of tables, headings’ font, size
and style, paragraph
arrangement, letter size, font
and style, caption and cross
reference, line spacing, etc.
should be used in the report. A
suggested report format given in
Appendix, may be used.

The report should include:
e  Main report

e Relevant annexes and
appendices

e Drawings

font and style, caption and cross reference, line
spacing, etc. should be used in the report.

Separate volumes of report as necessary
including investigation data, calculations and
drawings should be prepared as follows:

Main report
Relevant annexes and appendices.
Drawings

Periodically, updated information in the form of
progress report should be provided to
owner/client/executives agency/regulating
authorities with a cover letter as and when
required.

In case of significant change(s) to the layout,
design and or any other project parameters,
such change(s) shall be reported in time to the
Client and regulating authorities with necessary
supporting documents for timely approval.

design phase as guidelines for further
design/development of the project. In the
report, all base line data, up to date salient
features of the project and project
engineering parameters including relevant
codes adopted, cost and revenue
calculations, financial indices, project
implementation schedule, etc. should be
briefly described.

When numerical and physical hydraulic
model studies are carried out, separate
reports should be prepared recommending
further design refinements based on the
outcomes of such studies.

Design Basis Memorandum (DBM): This
document is prepared as project’s
customized standards agreed for adoption
in the detailed design of all components of
the project related to civil, hydro-
mechanical, electro-mechanical and
transmission line works. All relevant
baseline information and other project
information given in the Project Definition
Report, Model Study Report, relevant
codes and standards to be followed during
detailed design should be documented in
this report. DBM should be approved by
the client before proceeding the detailed
design further. Necessary amendments to
the DBM should be made on need basis
with timely approval from the client during
the course of detailed design as and when
required.

Detailed Design Report: Main outcomes of
the detailed design are reports, drawings
(general arrangement and reinforcement),
and specifications. The reports, drawings
and specifications together with design
calculation sheets can be structured in
different volumes. An example of detailed
design report volume is suggested below:

Volume-1: Detail Design Main Report
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S.N.

Study Items

Details of Study Requirements

Pre-Feasibility Study

Feasibility Study

Detailed Design Study

Volume-2: Detailed Design Annexes and
appendices

Volume-3: Detail Design Drawings:
Volume-3A:  Detailed Design  Civil
Drawings

Volume-3B: Reinforcement Drawings
Volume-4: Technical Specifications

The abovementioned report and
documents will be basis for preparation of
tender documents which are usually
prepared during detailed design phase of a
hydropower project.

In addition to the abovementioned report it
is suggested to prepare a Draft Operation
and Maintenance Manual for the power
plant  which should be further
refined/updated during
construction/installation of the project.
Such a manual should cover operation and
maintenance guidelines for civil, H-M, E-M
and TL components.

Periodically, updated information in the
form of progress report should be provided
to owner/client/executive
agency/regulating authorities with a cover
letter as and when required.

In case of significant change(s) to the
layout, design and or any other project
parameters, such change(s) should be
reported on time to the client and
regulating authorities with necessary
supporting documents for approval.

15

Risk analysis

151

Hydrological Risk

Hydrological risk can be determined by considering
the following:

1. General

e Calculate daily/monthly  flow variation,
seasonal variation and develop monthly
hydrograph.

e Collect previous drought records and
minimum river flow analysis.

Review and update the previous study
carried out during feasibility study.
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Details of Study Requirements

S.N. Study Items

Pre-Feasibility Study

Feasibility Study

Detailed Design Study

2.

3.

Carry out catchment area analysis.

Collect hydro-meteorological data such as
precipitation, wind velocity, temperature,
relative humidity etc. of the project area.
Estimate upper and lower limit of energy
generation and calculate  daily/monthly
revenue of the project.

Flood Hydrology
Probability and statistical approach should be
adopted in fixing the level of flood risk.

Flood risk analysis should be based on slope
stability and geology of nearby catchments.
Also calculate flood risks caused by LDOF.

GLOFs are major risk factor of many hydro-
projects in Nepal. Therefore, status of existing
glacier lakes in the basin, condition of marine
dam and volume of glacier lakes should be
determined. Similarly, risk analysis should
factor in that nearer projects (to Glacier Lake)
are more vulnerable than those located far
from glacier lakes.

Suspended Sediments

Composition and density of sediments are
another major problem for hydropower
projects. Therefore, sediment transportation
phenomena, type of sediments composition
and impacts of sediment on hydraulic
structures and hydro-mechanical equipment
shall be considered. Reference can be taken
from existing hydropower projects located at
similar topography, catchment basin, nature of
sediments related activities.

15.2 Financial Risk

Financial risk should be carried out considering the
following key points:

1.

Materials price rate escalation and inflation
during the study period and construction
period.

Status of locally available materials and their
utilization.

Construction methodology and technology to
be employed during construction.

Review and update the financial risk analysis
carried out in the feasibility study and
undertake further analysis considering the
following additional key points:

1. Updated materials price rates, tools and
equipment rates, human resource rates
etc. and possibility of future price
escalation.
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Construction  planning, scheduling and | 2. Risks due to contract packages, contractor
estimation of construction period. selections, modes of construction, status
Exchange rate fluctuation -market risk and of infrastructure development etc.
currency fluctuation risks during construction | 3. Land acquisition and price escalation.
period should be considered. 4. Fluctuation trends of foreign currency.
Escalation on bank interest rate. 5. Updated bank interest rate.

Significant technical and non-techmc.all .Iosses 6. Investment risk due to natural events in
created by natural or human made activities. project area, political activities,
Possible revenue variations due to seasonal government policies, rules and planning
and long term fluctuations in river flows. etc.

Sensitivity analysis should be carried taking | 7. Need to address demands for social and
into account changes in the level of risks. ecological development.

Collect information on past geological events in

the project area, such as land slide, rock fall,

debris flow etc.

Collect geological investigation reports and

results, discontinuity survey reports and

drawings, geological model tests, type of rocks,

rock quality, rock bedding, dip direction and dip . .

amount etc. and determine the level of risk | 1- Review and update the risks accessed
factor. during the feasibility study.

Error in geological investigaton and 2. Collect additional geolqgicallin\(estigation

15.3 | Geological Risk interpretation, mapping and survey etc. should reports and results, discontinuity survey
also be considered while setting the geological reports and drawings, geological model
risk factor. study, type of rocks, rock quality, rock

L . . . bedding, dip direction and dip amount etc.

andgct seismic risk analysis conS|d.er|n'g and update the level of risk factor.

seismic design parameters, past seismic

events and their effect in similar topography

and geology as well as national and

international practices.

Develop degree of seismic risk based on the

deterministic as well as probabilistic approach

and other international practices.
Insufficient technical information and order,
poor communication, design modification and
alteration,  construction technology and

154 Design and methodology play a vital role in increasing the

Construction Risk

design and construction risks. Thus, the
following factors should be considered and
clearly examined while determining the design
and construction risks:
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i. Design criteria, assumptions  and
formulations.

ii. Factor of safety taken during the design

iii. Design references and codes referred

iv. Documentation and standard of reports,
clarity and presentation of drawings
(construction drawings, SOP drawings,
reinforcement drawings etc.).

v. Presented notes and instructions in
drawings.

vi. Past experience and performance of
designer/consultant.

vii. Modes of contracts.

viii. Adopted/ anticipated methodology and
technology for construction and past
experiences with similar
projects/technologies.

ix. Contract documents, technical
specifications and quality of tender
drawings and details.

x. Experience and past performance of
contractor.

xi. Available materials, tools, equipment and
human resources.

xii. Quality assurance, field/construction
errors, errors in lab tests, climatic
condition, equipment errors etc.

16 Modelling

1. Result of numerical modelling from the
feasibility study should be updated.

2. Surge effect in tunnel system and back
water effects at upstream of dam can be

1 Hvdrological modelling can be 1. Hydrological and hydraulic modelling shall be estimated using numerical modelling.
16.1 Numerical Modelling ’ dgne to%om ute dail stIow carried out as defined in the Section 2 of Velocity and pressure characteristics can
P y Hydrology and Sedimentation studies. be solved by transient analysis (e.g. using

commercially available software).

3. Sediment simulation should be carried out

to compute the trap efficiency and model
bed changes in a sand trap.
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16.2

Physical Modelling
(depending on
project capacity and
if required)

1.

Selection of Scale

1.

The following philosophy and laws should
be considered during physical modelling:

Laws of hydraulic similitude: relationship
derived from Newton’s second law of
motion.

Law of similarity.

Dimensionless numbers and scaling laws
should be determined by considering
criteria of similarity from a system of
basic differential equation, similarity
through dimension analysis and method
of synthesis.

Geometric, kinematic, dynamic and
mechanical similarities should be analysed
during scaling process.

Froude law and Reynolds law, Weber
number, Euler number, hydraulic model
law etc. should be considered.

Before building a physical model, carry out
appropriate topographical and hydrological
field survey and define suitable similarity
law and type of model.
Additional  considerations such as
maximum discharge, maximum head, floor
area, ceiling height, construction
considerations, instrumentation limitations,
scale effects, laboratory space constraints
and required equipment available in the
market etc. should be analysed for scale
selection.
The model should be designed as large as
practicable, considering cost and benefit.
The linear scale of model (according to
USBR) should be within the following
ranges:

30 to 100 for spillway, weir/dam.

5 to 30 for settling basin, stilling basin,

outlet and inlet valves and gates etc.

3 to 20 for side channel spillway chutes,

drops, canal structures, etc.
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Physical Model Observations
Instrumentations and Interpretations
1.

In addition to the above mentioned scales,
certain minimum dimension must be
maintained for successful studies as
follows:

At least 100 mm across for models of
gates and conduits

At least 100 mm bottom width of canal
structures.

To minimize the relative influence of
viscosity and surface tension, spillway
models should be scaled to provide flow
depths over the crest of at least 75 mm
for the normal operating range.

The position of instruments should be at
the accessible locations for observation,
with enough clearance between
instruments and flow boundaries to
provide accurate measurements.
Therefore, the selected scale must be
such that the magnitude of measured
quantities is well within the range of
available instruments and the sensitivity of
the instruments is sufficient to obtain the
results for different operating conditions.

Small discrepancies in the model can
result in large differences, when
transferring the results to the real structure
scale/prototype. Therefore, the scale factor
and construction techniques should be
fixed as per required accuracy and
precision.

Observation, instrumentations and
interpretations provide the necessary
information to compare design
alternatives, predict prototype
performance, or develop generalized
results applicable to a wide variety of
situations. Therefore, the following simple
instruments, such as point gauges, pitot
tubes, manometers for the measurements
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Design of Models

of static or slowly changing parameters, V
notches and flumes, special ultrasonic or
electronic devices, sediment feeding
equipment etc. are required for
measurement of discharge, water level,
pressure, velocity, etc.

Discharge measurements at intake,
weir/dam, spillway, undersluice, flushing
conduits, settling basin etc. of physical
models shall accurately be carried out with
the standard V notches and flumes and/or
electronic/ultrasonic devices.

Water surface level should be measured at
headworks structures such as the weir,
stilling basin, spillway, intake, settling
basin etc. in different scenarios of the flow.

In case of spillway, intake structures and
bottom outlets, stage-discharge
relationship should be established for
which observation of reservoir surface
water level is of prime importance.
Similarly, the observation of downstream
water level for different discharge should
be carried out in headworks model study.

Velocity is an important parameter for
headworks design such as weir/dam,
intake, gravel trap, settling basin etc. of
RoR/PRoR project. Thus, velocity should
be measured accurately by using classical
or modern instruments. Three dimensional
flow and turbulence velocity should be
measured by using electromagnetic
current meter, hot-wire and hot-film
anemometers, etc.

Static and dynamic characteristics of
positive, negative, differential or absolute
pressures should be determined at stilling
basin, chute surface spillway, immediate
downstream of bottom outlets and gates,
etc.

Before the construction of models, the
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model drawings should be prepared
accurately to prevent errors in the
construction. These drawings should be
able to provide sufficient information for
the model construction.

Carry out clear operating program
schedule.

The evaluation of model study should be
carried out by qualitative and quantitative
tests to meet the design and operation
requirements.

Once the basic parameters are defined,
the first step is to select a model scale.
One or more of the scaling criteria can be
selected for the design of the model as
mentioned above.

The model should cover the enough area
from far upstream to the downstream of
the diversion structure so that the river
behaviour and sediment management can
be well studied. Normally, the diversion
dam/weir, intake structure, spillway, stilling
basin, fish passes, settling basin etc. are
often subjected to free surface flow
followed by Froude law. While bottom-
outlet, gates or diversion tunnel spillway
should be modelled by Reynolds Law.

Following data should be collected and
compiled before the actual design of the
model:

Purpose of design and drawings of
headworks structures including upstream
and downstream apron areas.

Hydrological and hydraulic calculation of
the proposed design.

Structure layouts of relevant components
and their sizes.

Suspended sediment data, bed load
sediment data and their measurements
and past behaviour of the river at
headworks site supported by photographs,
if available.
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Physical Model Preparation

Topographical survey data and topo maps
including the river profiles (minimum three:
along centre/thalweg, and along both
banks depicting the water surface) and
cross sections (at 20 m intervals or closer
covering adequate length upstream of
headworks and also immediate
downstream of headworks). The cross
sections survey should cover at least 20 m
above the maximum flood mark on the
both banks and also 20 m above future
impounding area at upstream of the
headworks along the both banks.

Additionally, the data on the armoured bed
material and boulders that are influencing
the river hydraulics along the selected
stretch is very important especially for
steep gradient Himalayan River.

Moreover, during model design,
emergency spillway, by pass system, ice
problems, oscillations (surge analysis), air
trap and accumulations in tunnel and
model calibrations are major issues in
physical modelling. Because of this,
necessary model modifications, scaling
and transient analysis should be carried
out such that these issues can be studied
in the model.

1.

After detailed design of physical models
and collecting topographical and other
morphological data from field survey, the
model construction works should be
carried out.
For model construction, a well-equipped
workshop and experienced crafts persons
are required and the model should be
prepared with the required accuracy. The
physical model construction may be
divided in two main phases, namely:

Model construction of the river stretch

on which the headworks and or other
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Operation of Model

structures that are planned to be
constructed, covering adequately its
immediate upstream and downstream
areas. Before construction of the river
model, a decision should be made
whether it is necessary to construct a
movable river bed or if a fixed river
model would be enough.
Model construction of headworks and or
other structures being studied.
Boulders, sand or gravel is often placed in
the downstream to aid in the study of the
scour patterns and designs are judged to
some extent by their scouring tendencies.
For settling basin, the trapping efficiency
and flushing pattern together with its
flushing capacity of flushing gallery have to
be visualized in the model study.
Due to difficulty to scale down sand, silt
and other suspended sediments, walnut
shell dust, saw dust or coal powders or
artificial sediments ranging in size from
0.03 to 4 mm can be used in fine sediment
simulation. The mean diameter of natural
silt and fine sand shall be scaled down in
proportion to the density or fall velocity.
For oscillations, transient analysis (one
dimensional study/numerical modelling)
should be carried out before preparation of
physical model.

1.

After construction of the river stretch
model, it should be validated. Validation is
usually done against measured water
levels at the site at different characteristic
sections of the river stretch for at least
three different flows/river discharges.
Before the model validation, the initial
adjustments under pumping system or
constant head tank, water leakage from
model components, accessibility in and
around the model instrumentation should
be verified.
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5.

Diversion Structures

1.

Perform model verification and validation
properly as anticipated from the
mathematical relations and collected field
data and confirm that there are no errors
or other inconsistencies because of
miscalculation and or misrepresentation.
The river model should be further refined
and tested until validation results with
acceptable accuracy are achieved.

After, initial adjustments, verification and
validation of the model, existing situation
tests (of the river) should be carried out
The existing situation tests are usually
carried out for the following flow situations:

Design discharge
Non monsoon flows: Average annual flow
“Minor floods”: Average monsoon flow
“Large floods”: 2, 5, 10 years returned
period floods
“Very large floods” 20, 50, 100 years
return period flood
“Extreme floods”: 200, 500, 1000 years
return period floods or larger, if the model
facilities allow.
Hydraulic performance tests of the main
structures including the following should
be carried out.

Length of un-gated weir/spillway or gated
spillway, dam height, abutment height,
divide wall adjustment, upstream flood wall
optimization, effective flow towards intake,
determination of discharge coefficient at
weir/spillway should be determined and
finalized for design flood.

Discharge capacity, functions and location
of trash passage and fish ladder should be
determined and modified as per
requirement.

For RoR project, un-gated spillway (simple
overflow weir), discharge and bed load
exclusion capacity of undersluice in
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Intake Structures
1.

Stilling Basin
1.

Settling Basin
2.

maximum design flood and partial
blockage and chocking and possibility of
bed load entry at intake etc. should be
observed and modified as required.

Discharge capacity, discharge coefficient,
upstream and downstream water levels
and required modification for different crest
length and intake orifice opening size
should be finalized.

Carry out observation for appropriate
function of the intake structure for handling
floating debris, excluding the bed loads,
abstract enough water during low flow and
safe  operation during floods and
modification should be carried out (if
required). Desired flow pattern upstream
and immediate downstream of intake and
at gravel trap should be achieved.

The size and location of hydraulic jump,
erosion problem at spillway, stilling basin
and flushing sluice etc. should be
determined up to maximum design flood
and necessary modification of sizes and
extension (location) of riprap, downstream
protection blocks should be finalized
according for design flood, if required.

Flow velocity, fall velocity, trap efficiency,
settlement of artificial sediments, flow
pattern at entrance and exit, amount of
turbulence and uniformity of flow in vertical
and horizontal direction should be
monitored.

Discharge capacity of sediment flushing
conduits and pattern of flushing galleries,
bottom shape, size and slope of settling
basin based on sediment flushing
capacity, number of bays, type and size of
settling basin should be finalized.
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Discharge coefficient and capacity of
settling basin outlet and emergency
spillway should be determined and
necessary modifications should be carried
out as required.

In addition, intake/tunnel inlet
modifications and adjustment should be
carried out considering the air
accumulation/trapping problems in tunnel,
bed load and trash accumulation.

For best results of physical modelling,
accuracy of data recording and
observation, documentations and reports
preparation; manual measurements, series
of photographs and video records and
electronic and computerized data
processing and observation should be
carried out carefully.

During the study, model observation, many
modifications, dismantling of some part of
the model and re-construction, regular
monitoring, evaluation and maintenance
and regular measurements, data
collections and instrumentations are
required until satisfactory results are
achieved.

Based on the test results, the best
layout/design  (recommended  design)
should be updated and agreed between
Client and Model Study Consultant for final
testing.

The final documentation study should
include but not limited to the following tests
with necessary measurements/records:

Different flows as agreed and tested
during the existing situation tests
Floating debris transport pattern

Bed load transport/deposition/scouring
pattern
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Final Reporting

1.

Hydraulic performance/conditions
including preparation of rating curves for
weir/spillway, undersluice gates, intake
gates etc.

Proposed operation regime of the
headworks and its different components
(and other structures, if modelled and
tested)

Scenario test for assurance of bed control
in front of intake (by simulating extreme
events like mass wasting).

Necessary additional tests for
covering/recommending different
operational aspects.

Intermittent/progress reporting modality
and deliverables should be agreed
between client and model study
consultant. The final reporting/output of the
model study should cover but not be
limited to the following:

Main Report: The main report should cover
the following topics among others.

Introduction/background of the study, input
data, model study methodology, model
validation, existing situation tests and
results/records, conceptual studies and
recommended final design/layout, final
documentation study and records, tests
and recommendations  for  smooth
operation of project/hydropower plant,
conclusions and recommendations.

Appendices: Other
data/information/records can be
documented as appendices to the main
report which should cover but not limited to
the following:

Drawings: All necessary drawings (plan,
L-sections, X-sections and details of the
recommended layout/design should be
prepared and presented in hard and soft
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copies (in Auto-CAD or similar software).
Furthermore, plans/layout drawings of all
options studied should also be presented
with necessary descriptions/discussions
in the main report mentioned above.

All input parameters: All input parameters
used for the model study should be
documented in terms of figures, tables,
photographs etc.

Evidences and records of model
validation tests

Evidences and records of existing
situation tests

Water depths/water levels, velocities,
sediment deposition pattern
measured/recorded during
documentation study, operation aspect
study and scenario tests in table, figure
formats.

Photographs and videos of all the tests
carried out during the documentation
study, operation aspect study and
scenario tests. Furthermore, photographs
and video taken during validation and
existing situation tests and other major
tests carried out for the conceptual
design finalization should also be
recorded and documented.
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b Pre-Feasibility Study Feasibility Study Detailed Design
1 TOPOGRAPHICAL SURVEYS AND MAPPING

1. Collect and make use of Collect and review the available maps and
available contour maps of the images.
project area published by the Additional maps and updated images
Department of Survey. recommended in the pre-feasibility level should

2. Enlarge the available largest be obtained.
scale Topographlc map of the Satellite images and aerial photographs of Additional maps and updated images

11 Available Maps and project area to 1:10,000 scale or catchment area should be collected for should be obtained. if required
: larger. tional i : i iqati » ITrequired.
Images additional interpretation and investigation.

3. Acquire satellite images of the If the project is a reservoir type or has a weak
project area to generate contour geological area or consists of a glacier lake in
and features. the catchment basin, additional recent satellite

4. Project the maps and images to images, aerial photographs of the basin and the
match with the national latest published reports should be collected for
coordinate system. further interpretation and investigation.

1. Construct a safe foot trail to Establish additional control points/benchmarks, Topographic survey carried out during
access the headworks, if required. fea;ipility study should be.augmented vyith
waterways and powerhouse of Determine the coordinates of at least two 2dd_|t|ona\l/vﬁoveratlge ;equ.'?lqt for detailed
the project. benchmarks by DGPS, triangulation or any ESIgn.t e(';ef e eatSIbI“yt mgpsd are%

2. Verify the coordinates of the key other appropriate methods to tie with adequate a_? 9” acclep:; € stanaar S?
project components proposed in triangulation points of the national grid acc(:jurtact)rl], 'tW' flontyth ehnecessary 0
desk/reconnaissance study. established by the Department of Survey. ZZd?t'e Iem o retiect the ¢ :”geti'

. ) itional survey is required, if there are

3. Carry out fly levelling, or use Complete the ftraverse survey by using changes in aligr¥ment ?)r any addition or
theodolite/total station to verify coordinates of the two known benchmarks. change of  location of  project

. the gr9ss topographic he:.:1d. Carry out detailed topographical survey of component(s).
1.2 Topographical 4. Establish the control points and headworks,  waterways  (strip  survey), The coordinates of control points
Survey new benchmarks either by forebay/surge tank/surge shaft, adit portal(s), established during the feasibility study
conductlng. travgrse survey, powerhouse, tailrace and Switchyard area and should be verified and revised, if
DGPS  triangulation or  any prepare map with 1 m contour interval. necessary.
.Sl.ﬂéatﬂznrgﬁr:iz asshslrl)ptr;;préafteé The point density of detailed survey should be Establish additional benchmarks at the
ermanent tvoe enerall sufficient to cover all ground features. The selected headworks, waterways and
P yp 9 y survey should cover at least the impounding powerhouse that can be used during
constructed with reinforced . ; .
L area upstream of the dams/weir and adequate project construction.
concrete or marking in rocks. . ;
area downstream of the tailrace. The survey Conduct strip survey of access road(s)

5. Generate contour and features of should cover at least 20 m in elevation above alignment with sufficed point density to
the project area using satelite the maximum flood mark or full supply level on produce map in 1:1000 scale. Take details
images in 1:2000 scale or larger. both the banks. to indicate all major and minor crossings.
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10.

11.

12.

13.

14.

At least two of the most promising alternatives
should be covered in the topographical survey.
For inaccessible areas such as steep cliffs,
generate contour and features using
aerial/satellite images or any suitable methods.
The maps generated by this method should be
1:2000 scale or larger.

If there is a hydropower project upstream within
the backwater reach, carry out river cross
section survey up to the tailrace outlet of the
upstream hydropower plant.

The topographical survey should cover quarry
sites, spoil tip areas, camp sites and access
roads (strip survey) inside the project area
including necessary river crossings.

The river cross section survey should be
carried out at intake and tailrace sites covering
at least 500 m upstream and downstream. The
interval should be 20 to 50 m or closer
depending upon river morphology. The survey
should be extended beyond high flood marks.
The flood marks and existing water levels
should be indicated in the cross sections.

If there are any tributaries/gullies that could
affect the project components substantially,
tributaries’ cross section survey should cover
the stretch within the project area.

If there are major river confluences in the
vicinity of the headworks and/or tailrace, the
topographical survey should cover at least 500
m upstream and downstream from the
confluence point in the adjacent river(s) and the
main river.

Conduct walkover survey of transmission
route(s) and construction power route(s) using
1:25,000 or 1:50,000 scale topographic maps in
order to verify suitability of the route(s). Mark
the walkover points with GPS and plot these in
the topographic map.

For a power canal/conduit, the width of strip
survey should be decided considering the
topography of the alignment, size of the
conduit, access and safety requirements.

In bridge/siphon crossings, conduct river
cross section survey covering 500 m
upstream and 500 m downstream from the
bridge axis at 20 m intervals or closer and
mark water levels. Take additional details
at abutments.

Conduct strip survey of transmission line
route in 1:1000 scale. Also, take details at
poles/tower locations.

Conduct cross section survey of critical
slopes and landslide-prone zone in project
area i.e. intake, forebay/surge tank, adit
portal(s), waterway, penstock alignment
and powerhouse, if not covered during
feasibility study.
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15.

16.

17.

18.

Survey of dam site area should extend up to an
elevation covering top of dam plus head over
crest during deign flood with sufficient free
board.

Reservoir area survey should cover up to an
elevation of FSL with adequate free board.

Locate and map river boulders larger than 2.0
m.

For tunnelling, 100 m to 400 m wide strip along
the tunnel alignment in a scale of 1:2000 to
1:5000 should be considered. Similarly,
conduct additional detailing for portals and low
overburden area.

Topographic
Mapping, Plotting,
Reporting and Data
Presentation

1.3

1.

Prepare description card of all
benchmarks showing the point with
a colour photograph and mention
the nearby references, the name of
local surveyor, place name and its
coordinates.

Prepare topographical survey
report and maps. If multiple
surveys have been carried out,
prepare a single report consisting
of all findings.

Prepare contour plan in 1:2,000
scale with 2 m contour interval of
the whole project area. Features
such as a rocky cliff, slide zones,
cultivated land, settlements,
benchmarks etc., must be shown.

Prepare description card of all benchmarks
showing the points with a colour photograph
and mention the nearby references, name of
the surveyor, location and the coordinates.

Prepare topographic survey report and maps. If
multiple surveys have been carried out, prepare
a single report and include all findings.

Prepare access road(s) map in 1:1000 scale
with 1 m contour interval. Show cross sections
along bridge/culverts along the road alignment
in appropriate scales. The general layout may
be plotted in smaller scale.

For headworks, waterways, forebay/surge
shaft/surge tank, adit portal(s), powerhouse,
tailrace and switchyard areas, the contour
intervals should be 1m and the scale of map
may vary from 1:100 to 1:2000 depending upon
the size of the area.

Prepare transmission route map in a scale of
1:25,000 or 1:50,000 showing key features
such as agricultural land, forest area and
settlements.

Prepare and verify the license boundary map
showing project components and verify there is
no conflict with other projects in the vicinity and
ensure that backwater level is also within the
license boundary.

1.

Use the topographic maps prepared
during the feasibility study after updating

when/where necessary.
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2 HYDROLOGICAL AND SEDIMENTATION STUDIES

21 Hydrology 5.

1.

Along with the guidelines
mentioned herein, the
Hydrological Manual for
Infrastructure, Water and Energy
Commission Secretariat can be
followed for hydrologic analysis.

Collect long term historical rainfall
data and climatological data
pertinent to the study area
(preferably more than 30 years)
where available.

Collect long term historical flow
data and sediment data of the
river under study. If not available,
collect the data from other rivers
with similar hydrological
characteristics in the vicinity
(preferably more than 30 years).

Check the consistency of data.

Assess mean daily flow (if
available) and develop a flow
duration curve using daily
hydrograph.

For the ungauged river,
discharge (including flow duration
curve) shall be estimated with
empirical methods, rational
method and catchment area ratio
method selecting similar
catchment, wherever applicable.
Such discharge data shall be
justified by checking rainfall
runoff coefficient.

Snow/glacier melt contribution
shall be considered, if the
catchment has snow/glacier fed
rivers.

Establish a gauging station as
well as colour crest gauges at

All the information obtained from pre-feasibility
study shall be reviewed, verified and updated. If
gauge stations have been established
previously, measurements should be continued.

Data logger can also be added and used for
online monitoring of hydrological data.

Install a cableway at the intake and
powerhouse site wherever necessary for
discharge measurement.

Update the flow data and assess accordingly
the mean daily flows and develop an upgraded
flow duration curve.

For ungauged river basin, hydrologic modelling
for the estimate of water availability shall be
carried out. Hydrologic model that consider
snow/glacier melt schemes shall be used for
the catchment that has snow/glacier fed rivers.

Water surface/level profile modelling shall be
carried out.

Carry out cross section surveys at least 500
m/1 km upstream and downstream of the
headworks site and the tailrace site covering
the highest flood marks, preferably at the same
locations as of the pre-feasibility study so that
any change in the cross sections can be
observed. Check the magnitude of flood peaks
with the previous ones.

Carry out discharge measurements intensively
(or record gauge readings) during the rainy
season (June to September) to cover the peak
floods at the intake and powerhouse site and a
reasonable number during other months
(October to May) at the control profile, if the site
is accessible during monsoon. If not, estimate
the flood flows based on flood marks using
appropriate hydrological models.

All the information obtained from feasibility
study shall be reviewed, verified and
updated.

Data collection from previously
established gauge stations in hydropower
project shall be continued.
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Details of Study Requirements
S.N. Study Items = = : :
Pre-Feasibility Study Feasibility Study Detailed Design
straight and stable control section | 9. Check these measured data with the previous
for instantaneous flood rating curve and upgrade these as necessary.
recordings at the intake and | 19 ypgdate and upgrade the diversion floods
powerhouse site. A data logger computed during the pre-feasibility level study.
may also be used for automatic .
flow recordings 11. Update and upgrade the rating curve for the
o C .t disch tailrace site.
. arry ou ischarge . .
measurements at the intake site. 12. ]E.l?date, rvah(;i]atret.ar:]d upgrade the design flow
Develop a rating curve at or power generation.
headworks and | 13. Carry out the water quality analysis to
tailrace/powerhouse area. determine the corrosive effectiveness
10. Carry out three cross section (hardness).. ) .
survey at headworks site and 14. Collect the information on GLOF events in the
three cross section survey at past (if such events have occurred) and assess
tailrace site covering the highest the magnitude of the potential GLOF.
flood marks. 15. Generate sequence of flow for the case of
11. The river high flood data storage projects.
(instantaneous high flood) | 16. Assess impact of climate change with
obtained from DHM needs to be uncertainty analysis on the availability of flow
analysed for flood frequency based on long term data and other secondary
estimation, if available. information available.
12. Estimate the design floods for
return periods of 10, 50, 100,
200, 500 and 1000 years.
13. Conduct flood frequency analysis
for the period of October to May
for ascertaining construction
diversion flood.
14. Assess possibility of GLOF in the
catchment area.
1. Identify in  which zone of | 1. Collect sediment samples daily during the rainy
Sﬁd':]entzt.'on thei catchment lies season (June to September) and at a Review the findings of feasibility study and
(high, medium or low). Eeoasonable frec;uency during other rr;onths update, if necessary.
2. Estimate the sediment/bed load ctober to May) to develop rating curve for the . . .
. in the river using empirical sediment concentration against the discharge. In case of substantial changes in the river
2.2 Sediment thod 2 Determine the tentati lue f di . morphology such as due to large
methods. : € ermlnef he entative va ui ‘or me.lalm grain landslides in the upstream catchment,
3. Collect suspended sediment size, d50 of | er!ver bed/banks’ materials. carry out further suspended sediment
Samp|es and perform necessary 3. Analyse the sediment Samples to evaluate the Sampling during the rainy season.
laboratory analysis to determine volumes and characteristics of solid material
sediment concentration, particle transportation including suspended sediment
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S.N. Study Items

Details of Study Requirements

Pre-Feasibility Study

Feasibility Study

Detailed Design

size distribution and
mineralogical content.

The sampling should cover at
least one pre-monsoon, and post
monsoon periods.

concentration, particle size distribution and
mineral content analysis.

Estimate the daily sediment load and assess
the annual load in the river.

Carry out particle size distribution analysis for
river bed materials at gauging station(s),
headworks and powerhouse sites and their
immediate vicinity.

Analyse sediment impact due to construction
activities on downstream projects.

For reservoir project, estimate and update the
total sediment vyield based on historical
recorded data after pre-feasibility study or
characteristics  catchment area (rainfall
intensity, wind velocity, rate of rock
fragmentation, land slide events, gully erosion,
heavy construction activities etc.

Plan for mitigations concerning sediment
induced risks.

3 Geological/Geotechnical Investigation

Regional Geology

3.1 Study

1.

Collect and review available
literature, topographic map, regional
geological maps, geological
sections, structural maps, available
images and aerial photographs.

Review pre-feasibility report, if any.

Collect and review available literature,
topographic maps, regional geological maps,
geological sections, structural maps and
available images.

Review the feasibility report and update, if
necessary.

3.2 and Geomorphology
of the Project Area

and section of the project area in
1:10,000 -1:25,000 scale or in
available scaled map.

Prepare a report on general
geology and geomorphology of the
project area.

2.Prepare a brief report on regional Prepare report on regional geology and
geology with map showing major structures.
structures (fault, fold, window and Include existing regional geological maps with
thrust). plan and section in available scale.
1. Conduct a site visit to collect data
for geological mapping, . . .
geomorphology survey and Corjduct detailed geological mapping of the
discontinuity survey. prOJeqt area .and prepare a geological map . .
. . focusing in different rock types, folds, faults, Review and update previous reports and
General  Geology | 2. Prepare geological map with plan shear/weak zones, water bearing zone, karst geological maps, if necessary.

features with plan and section in 1:10,000 or
larger scale.

Prepare a report on general geology and
geomorphology of the project area.

Conduct additional detailed geological
mapping where necessary.
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S.N. Study Items —— —— : i
Pre-Feasibility Study Feasibility Study Detailed Design
Conduct detailed engineering geological
mapping of major project components such as
1. Describe geological and weir, intake, settling basin, waterway, surge Review, and update maps and reports of
geomorphological conditions and tank/forebay, penstock, powerhouse and previous studies. Conduct detailed
potential ~geo-risks of major tailrace in appropriate scale of 1:1,000 to mapping, if major components’ locations
project components such as 1:10,000. are changed.
dam/weir, intake, settling basin, Review and conduct a risk assessment of geo- Review mass wasting report and conduct
waterways, forebay/surge ; o : . . g rep -
Geological, tank/surge shaft/penstock, hazards such_as Iandsl@e dammlng |nunqgt|9n detallgd analysis and assesgment of r|§ks
Conditions and powerhouse tailrace and and !_DOF risks etc. in the project vicinity to major structures to consider protective
3.3 Geomorphology of switchyard. ’ covering both upstream and downstream reach. measures.
Major Project 5 Conduct and describe Assess Iand;lides ahd rock_fall ri§ks for surfage If any maodification in project layout and
Components ' reconnaissance mass wasting structures with special consideration for seismic Ioca.ti.on of major project pomponepts,
study using available images to events. additional survey and geological mapping
identify  potential  landslides, Analyse site investigation data and prepare in appropriate scale (generally 1:1000 to
inundation and LDOF risks in the detailed geological, and geotechnical report of 1:10,000) shall be required.
project vicinity covering both the project components. Carryout detail study to delineate
upstream and downstream. Refer to Section ‘D’ — Additional requirements intraformational fault.
for hydropower projects with underground
structures.
Conduct discontinuity survey to identify and
collect properties of bedding/foliation planes,
lithological contacts, major and minor joints,
faults, shear/weak zones, thrusts, fissures,
folds, karst features and voids with their
1. Collect joint sets properties and properties.
ana!yge the collected data n Collect properties of joints such as orientation,
pre!lmlnary stage for the major spacing, roughness, apertures, filling and Review and conduct additional joint
project components based on the thickness, weatherin d ist f d k lassificati
L , g and persistence for survey and rock mass classification
Discontinuity and site visit. wedge failure analysis and selection of cavern especially for underground structures and
Rock Mass 2. Collect rock mass properties and

34 Classification

Survey

classify rock mass (Q system,
RMR, GSI, RMi and any other
international classification
system) in the preliminary stage
of the major components based
on the site visit.

orientation.

Conduct discontinuity analysis for slope stability
of portals and surface components, wedge
failure analysis and selection of stable caverns
orientation.

Conduct and collect rock mass properties and
classify rock mass (Q system, RMR, GSI, RMi
or any other international classification system).
If other internationally accepted classifications
are to be used, this should be correlated to
equivalent Q, RMR and GSI system.

high dams.

Conduct analysis for slope stability, tunnel
stability and section of the stable
orientation.
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Pre-Feasibility Study

Feasibility Study
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Prepare Rock Mass classes distribution (along
profile/cross section) for each underground
structure to determine rock support.

Slope stability analysis for natural and cut slope

and rock support analysis for underground
structure followed by numerical modelling.

3.5

Geotechnical
Investigation

Perform geophysical
investigation such as seismic
refraction or electrical resistivity
or any other appropriate
geophysical methods. The
geophysical investigation shall be
followed by exploratory core
drillings. Initially exploratory core
drillings shall be carried out (few
holes) at the major structure
locations and geologically critical
areas.

Perform combination of geophysical
investigation such as Seismic Refraction
Tomography (SRT), Micro Tremor Array
Measurement (MAM), Electrical Resistivity
Tomography (2D ERT) and MASW (for
foundation) survey to construct bedrock profile,
overburden thickness and nature of soil/rock
strata, foundation properties, rock mass quality,
faults/shear zones, water table at weir/dam,
intake, settling basin, waterway alignment,
forebay/surge tank/surge shaft, powerhouse,
anchor blocks (surface penstock alignment),
underground penstock (pressure  shaft),
powerhouse and tail race sites.

Perform exploratory core drillings at dam/weir
(minimum 3 holes), headrace tunnel (minimum
one each at portals and additional in
problematic areas such as shallow cover,
faults/shear zones decided based on the
geophysical investigation results), surge tank (1
hole) and surface powerhouse (minimum 2
holes) and underground caverns (1 deep hole
or 2-3 short holes but not necessary, if bedrock
is very strong and massive with joint spacing >
1m without faults).

Perform permeability test in soil and Lugeon
test in rock in each drill hole at 3-5 m intervals.

Conduct detailed survey of joints with
properties, faults, shear zones, rock mass,
weathering conditions, open cracks, loose
mass in both dam abutments.

Collect sample for laboratory test such as
cohesion and friction angle for soil and strength
test for rock.

Perform necessary laboratory analysis and

All geotechnical investigations including
exploratory core drillings recommended in
the feasibility study should be carried out.

Conduct additional
investigations, if required.

geophysical

Additional drilling should be carried out to
verify geophysical investigation especially
in dam and powerhouse, if required.

In case of underground structure,
exploratory core drillings with in-situ tests
such as Lugeon test, necessary
geophysical or other bore hole logging
followed by laboratory tests such as point
load test of Ilump sample, Uniaxial
Compressive Strength test of the core
sample, modulus test and odometer test
for swelling clay should be carried out.

Perform additional permeability and
Lugeon tests in each drill hole at 3-5m
intervals to know the permeability of the
rock for grouting design for dam.

Additional laboratory tests of rock samples
for caverns: Tri-axial test (if available),
uniaxial compressive strength test, point
load, modulus test, Poisson’s ratio,
Brazilian test.

In case of reservoir (peaking or seasonal),
project with underground powerhouse,
exploratory adit (drift) at both sides of dam
abutments and powerhouse site are
recommended. These shall be followed by
various in-situ tests such as
hydrofracturing, rock mass deformation
modulus, and other various tests inside
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tests for soil such as particle size distribution
analysis, Atterberg limits, natural moisture
content, plastic limit, specific gravity, shear box
tests of collected samples for physical
properties and odometer test or X-ray
differentiation test to find out swelling clay type
and swelling pressure.

Laboratory test for rock unit weight, uniaxial
compressive strength, point load test, Brazilian
test, Deformation Modulus test, Passion’s
ration, slake durability test, swelling pressure
test for swelling clay and petrology study.

Refer to Section ‘D’ — Additional requirements
for hydropower projects with underground
structures.

the tunnel and cavern areas as per
geological conditions.

Carry out test pits excavation, standard
penetration tests (SPT) and core drillings
or appropriate geophysical investigation
methods at tower foundations of
transmission line =2 132 kV.

3.6

Geological Model

Prepare preliminary geological
model (plan and sections, in
appropriate scale of 1:5,000 to
1:10,000) for dam.

Prepare geological model (geological plan and
profiles) of each major project component in
appropriate scale of 1:1,000 to 1:10,000 based
on the results of the investigations for design
requirements showing soil, bedrock profile with
bedding/foliation plane dip angle, rock types,
water bearing zone/table, faults/shear zones,
rock squeezing or rock bursting, joints, rock
mass classes distribution based on rock
support classes, landslides etc. and include
rosette/major joints’ stereonet with
tunnel/cavern alignment.

Prepare geological model (plan and adequate
sections) of dam showing soil cover, bedrock
profile, pale channels, water table etc.

Prepare geological model (plan and sections)
along the canal or pipe and surface penstock
alignment covering 50 — 100 m both uphill and
downhill sides of the alignment and extend in
critical areas showing landslides, debris flow,
gully erosion, steep slope etc. for stability and
risks assessment for design considerations.

Prepare geological model (plan and profiles:
Additional cross/transverse sections in low
angle dipping beds, if tunnel aligns parallel to
the foliation/bedding planes) of headrace tunnel

Update or prepare new geological models
of each project components by conducting
additional engineering geological mapping
and site investigations where necessary.

Prepare rock contour map for design of
dam foundation and abutments
excavation.
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showing rock profiles with foliation/bedding dip
angle, joints, rock mass distribution based on
rock support classes, faults/shear zones, water
bearing zones, rock squeezing or rock bursting
and other problematic zones etc. and include
rosette/major joints’ stereonet with
tunnel/cavern alignment in minimum 1:10,000
scale.

Prepare geological model (plan and sections) of
underground powerhouse and settling basin
showing the rock profiles with foliation/bedding
dip angle, joints, rock mass classes distribution
based on rock support classes, faults/shear
zones, water bearing zones, rock squeezing or
rock bursting, other problematic zones etc. and
include rosette/major joints’ stereonet with
tunnel/cavern alignment in appropriate scale.

3.7

Ground Water
Condition Survey

Conduct ground water condition survey based
on natural springs, wells, ponds, deep valleys,
gully crossings, faults, valleys formed by
fault/joint connected to uphill and ground water
condition identified by site investigations such
as geophysical survey and drilling results.
Conduct drilling and install piezometers in
selected critical areas identify by the field
survey and geophysical investigations.

Identify ground water table and water bearing
zone along each underground structures.

Review and update from additional drilling,
geophysical investigations data where
necessary.

3.8

Geo-hazard

Conduct Geo-hazard, and vulnerability
reduction and  disaster  mitigation
measures.

3.9

Geotechnical
Instrumentation and
Monitoring

Project shall propose the types and
number of geotechnical instruments with
monitoring program for slope stability and
underground structure movement.
Instruments such as inclinometers,
extensometers, convergence
measurement devices (for tunnels), water
level and water pressure monitoring
devices etc. as required during
construction and operation of the project.
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4 Construction Material Survey
1. Take reference from pre-feasibility study, if any.
2. Identify and investigate construction material
sources and quarry sites for the construction
materials such as impervious soils, stones,
boulders, sand and gravel as required.
3. Excavate test pits/trenches (minimum 1.5 m *
1. ldentify sources and quarry sites 1.5 m) and log the nature of soil at borrow
for the construction materials locations including photographs and collect
such as sand, coarse samples for laboratory analysis.
aggregates, boulders, impervious | 4. Perform laboratory tests: gradation and ,
soils, etc. classification, unconfined compression, Collect previous laboratory reports and
2. Locate the quarry sites in the absorption and specific gravity, uniaxial r?sults tandt.verlfy ;‘he, cI]uallty and quantity
available  topographic  map compressive strength, point load, Los Angeles ot construction matena's. .
(1:25,000 or 1:50,000) observed abrasion test, sulphate soundness, slake Carry out furt'her |'nvest|gat|ons and
during the site visit. durability test, compact(icf)n test, alka)li aggregate laboratory tests, if required.
. L reaction, swelling test (if necessary), aggregate
8. Malfe prellmlngry estimation of crushing value, mica and clay content.
available quantity at gach borrow 5. Estimate available quantities at each borrow
area for the construction. area to meet the requirement of the
construction.
6. Collect rock block/boulders samples from each
quarry site for laboratory tests.
7. Prepare location map with source areas in
appropriate scale.
5 Seismic Study
1. Describe in brief tectonic setting . . . .
) ) related to the project area using 1. Descrlbe. tectonlg settmg related to the prqect Review and update the previous studied, if
5.1 Tectonic Setting available literature and regional area using available literature and regional required.
maps. maps.
5.2 Seismic Zoning 1. Identify the seismic zone of the | 1. Review and update the previous study, if Review and update the previous studied, if
: project based on the NBC 105. required required.
1. Earthquake catalogue especially for those
Ezgg;sze and historical and instrumentally recorded
Historical and earthquakes, shou'ld be |dent|f|ed for
5.3 Instrumentally earthqugkg§ of magnitude 4.0 M and higher. .For
Recorded every S|gn|f|cant' earthquakg evenlt, the location,
Earthquakes distance, magnitude and intensity should be
shown in a map in a suitable scale.
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Empirical laws may be applied to deduce
intensity or acceleration of the ground motion.
The Peak Ground Acceleration (PGA) for
Maximum Design Earthquake (MDE) and
Operating Basis Earthquake (OBE) should be
given in reference from other existing nearby
hydropower project or National/lnternational
standards or code.

Risk assessment in consideration of ground
movement, dislocation and rock shattering of
fault, ground creep, landslide and rock fall due
to earthquake should be taken into account.

Review/compute OBE and MDE on the
basis of deterministic approach and
probabilistic approach.

Review the previous studies and update, if
required.

S.N. Study Items =
Pre-Feasibility Study
Project Specific
5.4 Seismic Hazard
Analysis
6 Selection of Project Components and Project Layout

1.

Assess and describe availability
and condition of access road(s)
leading to the project site.

Identify and describe new access
road(s)/ropeways/foot
trails/tunnels/others to be
constructed for development of
the project.

Identify the existing hydropower
project(s) located at upstream
and downstream of the project
area and verify the project’'s
license boundary with existing
hydropower project.

Conceptual layout of all possible
schemes within the license
boundary should be identified
and studied.

Topographical, geological
conditions of alternative layouts
should be studied in order to
select the location of project
structures: weir, settling basin
waterways, forebay, penstock,
powerhouse, tailrace and
switchyard.

Review the pre-feasibility study report and
update the site accessibility conditions to the
project area.

Select the shortest and most economical
access road(s) alignment with minimum
numbers of crossing structures.

Detailed topographic maps and preliminary
geological maps should be prepared for
designing the project configuration/layout.

Use updated hydrological data/analysis results
for the design of project components. The
design discharge should be based on prevailing
practices in the context of Nepal (e.g. 40-45

percentile flow/flow mentioned in survey
license).
While selecting the alternatives, socio-

environmental variables should be considered
and compared.

For the selection of location of the diversion
weir, several alternative sites identified during
pre-feasibility study should be investigated in
detail. Simultaneously, the alternative sites for
settling basin, water conveyance, river
crossings, forebay/surge tank/surge shaft,
powerhouse, tailrace and switchyard should
also be investigated in detail.

Expert consultation is recommended to
verify the project layout and components’
design.

Review and update the feasibility study
incorporating expert’'s recommendations, if
any.

In case of significant changes to the
layout, updating the feasibility study is
required.
Verify the
boundary.

Carry out detailed design of access roads
within the project area, if required.

Carry out detail design of all components
such as: weir, intake, settling basin,

updated project license

waterways, forebay/surge tank/surge
shaft, powerhouse, tailrace and
switchyard.

Follow the relevant national and

international guidelines, norm and codes
to design the project components.
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6. While selecting the alternatives, | 7. Prepare preliminary design and drawings of all
socio-environmental variables alternatives (at least two covering both banks)
should be considered and and project structures in appropriate scale.
compared. 8. Conduct alternative study of transmission line
7. Assess location and condition of routes (at least two) and identify the shortest
immediate upstream and and most economical route, sub-station and
downstream projects, if any. List voltage level.
out issues to be addressed | g Based on the design and drawings, quantity
related to the existing project(s) and cost estimations should be carried out for
whllfg fltr_13h2|ng the project each alternative.
contigura |.on. 10. Calculate revenue from the project using
8. The locations and types of the saleable energy and prevailing energy prices.
structures of each schemes 11. Select th t opti It " h
should be verified at site in terms - oelect the most optimum afternative -scheme
of accessibility, topography, based on maximum benefit at minimum cost.
geology, river morphology, | 12. Prepare general layout drawings of the best
construction ease and technical, alternative showing its components:
economical and socio- headworks, waterway, forebay/surge
environmental considerations. tank/surge shaft, penstock, powerhouse,
9. Prepare conceptual layout tailrace and switchyard using the detailed
(project configuration) of at least topographic map prepared during this stage of
two most promising schemes the study. Additionally, show transmission line
with its major structures in route and access roads to all major project
appropriate scale using available components.
maps and conduct preliminary | 13. Expert consultation and verification of project
cost-benefit analysis. layout and project structures should be carried
10. Recommend area to be covered out based on complexity of the project.
by topographical survey during
feasibility study phase as well as
other site specific investigations.
7 Optimization Study
1. Installed capacity should be | 1 General Approach
tentatively fixed considering - L
preliminary technical, socio- . For §elect|9n of parameters to' be optlmlzed,
environmental and financial identify their ranges and establish a series of Re-optimization should be carried out
assessment. If due to alternatives. based on changes in project capacity
insufficient data, it is not| e Carry out the conceptual design, drawings and and/or design discharge and/or changes
possible to fix the installed estimate its cost for each alternative. in market price for materials and labour.
capacity this stage, then a | ,  Egtimation of benefits for each alternative.
range of installed capacity . )
should be proposed. e  Comparison of cost and benefits.
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The number of generating units
should be determined
considering the reliability of
operation of the plant and
maximum utilization of dry
season river flow. Apart from that
transportation aspects should
also be considered.

2.

3.

4.

5.

6.

Assumptions

Price of dry and wet energy, peak/off-peak as
per the requirements of the off-taker.
Capacity benefit, if any.

Selected Alternatives

Determine the number of alternatives
considering the range of installed capacities.

Enerqgy Production

For RoR projects calculate energy production

for all alternatives with following consideration:

- At least five options, generally in the range of
65% to 25% flow exceedance and average
daily flows to be used.

- Dry and Wet energy, peak/off-peak energy
as per the requirements of off-taker should
be calculated.

Project Layout

Optimize project structures/components
individually for the given installed
capacity/discharge.

Size of settling basin to be adjusted as per
optimized design discharge.

Water conveyance system including tunnel,
penstock and tailrace to be optimized
considering the loss of revenue due to head
loss and investment cost.

Forebay/Surge tank/Surge shaft dimension to
be adjusted.

Powerhouse and unit sizes to be obtained
from the empirical formula, past experiences
and/or supplier(s)’ information.

Cost Estimate

Preliminary quantity and cost estimates should
be developed for all the cases under
consideration.

Only the major items should be computed in
detail, while minor items may be estimated
based on curves and data of similar structures
in other projects.
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e Unit rates should be estimated based on
prevailing market rates in the area, project
location and accessibility. Reference can be
taken from under construction projects with
similar features.

e Electro-Mechanical and switchyard equipment
costs should be calculated using empirical
relations, market price and/or based on
budgetary quotation from the potential
suppliers.

e The cost estimates should also consider the
cost of access roads, infrastructure
development and environmental costs.

e Technical contingencies should be taken into
account to come up with implementation cost
of the alternative.

7. FEinancial Comparison

e Financial comparison of the different
alternatives should be carried out considering
the implementation cost and operation cost
with occurred benefits due to energy
production for each case.

e  The economic and financial analysis should be
carried out to determine the basic economic
parameters such as Net Present Value (NPV),
Internal Rate of Return (IRR), and Benefit
Cost Ratio (B/C).

e The alternative with maximum B/C ratio and
internal rate of return should be selected to fix
optimum installed capacity.

8. Number of Units

e  Minimum possible number of units should be
adopted considering hydrology, transport
capacity of road/bridge conditions.

8 Project Description and Design

General Layout and
8.1 Design:
Civil Structures

General Layout
1.

The general layout plan, profile
and sections of the selected
scheme with optimum installed
capacity should be described and
presented in appropriate scale.

Project Layout
1. General layout of the selected alternative of the

project should be described.
2. Layout should be prepared using the survey

maps and geological and geotechnical
information.

General

1. The final project layout recommended in

the feasibility study and the approved
IEE/EIA report should be reviewed and
verified by experts, if necessary.
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River diversion during
construction

Headworks

Headrace tunnel/canal
alignment

Surge tank/shaft or forebay
Penstock alignment and
Powerhouse —tailrace area.

L[]
FOR PRoR
1.

For PROR,
volume
prepared.
The volume of the regulating
poundage should be sufficient to
ensure daily peak generation for
6 hours or as required by the off-
taker.
Following main operating levels
and corresponding storage
volumes should be determined:

Full supply level

Minimum operating level

Live storage

Dead storage

daily poundage
curve  should be

Civil Structures
1.

Detail design of the project
should consider operating criteria
of the project located upstream
and downstream.

Design and description of the
access road, construction road
and alternative ropeway or mode
of transportation.

Conduct design and drawings of
cross-drainage structures along
the access road alignment.

Conduct preliminary design and
layout of site facilities such as
camp and site office facilities,
water supply and sanitary and
communication facilities.

3.

8.

9.

Detailed hydraulic design and sizing of the all
civil structures including the following should be
carried out:

Weir, intake and undersluice
Upstream and downstream aprons
Stilling basin

Gravel trap

Settling basin

Headrace canal/pipe/tunnel
Forebay/surge tank/surge shaft

Penstock

Powerhouse

Tailrace

Design of temporary and permanent
infrastructures such as camp facilities,

construction power, access roads (ropeways,
bridges, tunnel), drinking water supply, etc.
should be carried out.

Design of switchyard and sub-station’s civil
structures should be carried out.

Design and location of spoil tips should be
carried out.

Necessary flood/debris/landslide  protection
works should be designed based on the river
morphology, ground topography, possible
debris flow area and possibility of rock falls
(rolling boulders) nearby powerhouse and
switchyard area.

All project components should be described in
detail.

Drawings of all project components should be
prepared in appropriate scale.

Diversion During Construction

1.

A general plan to divert the river in dry season
in order to carry out the construction works at
weir and intake sites should be prepared, which
may require 2-4 dry seasons.

An upstream cofferdam should be designed in
order to protect the working area at weir site. A
cofferdam should also be provided to prevent
river entering in working area from downstream.

2. Component-wise detailed design should
be carried out for the final/updated project
layout.

3. The findings and recommendations of
numerical and physical hydraulic model
studies should be incorporated in the final
design. Furthermore, information gathered
from test adit(s) should also be
incorporated in the design, if any.

4. Project definition report defining all project
information, parameters and components
should be prepared.

5. Project parameters and design criteria
should be included in a Design Basis
Memorandum (DBM) referring to relevant
national and international guidelines,
norms and codes, and past experiences.

6. Detailed hydraulic design and
dimensioning of all components/structures
carried out during the feasibility study
should be reviewed and
updated/refined/revised where necessary.

Infrastructures

1. Geometric design and design of road
components such as side drains, cross
drainage structures, retaining walls gabion
and stone masonry structures should be
carried out.

2. Plans, profiles and cross sections of
access road including side drains,
retaining structures, cross drainage
structures  should prepared in
appropriate scale.

3. Design of construction camps, temporary
and permanent housings, water supply
and sewerage system, bunker houses etc.
should be prepared and presented in the
drawings.

be
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Design and description of the
following structures for the
selected option of installed
capacity should be provided:

Diversion structures

(cofferdams, diversion channel/
tunnel) should be designed for
the 1:20 years return period of
the dry season,

Weir /dam

Emergency spillway

Under sluice

Stilling basin

Type of intake

Gravel trap

Settling basin

Headrace canal/pipe/tunnel

Forebay or surge tank/shaft

Penstock

Powerhouse

Tailrace and

Switchyard (civil)

Gates and stoplogs

Trash racks

Bulkhead and other necessary
gates and spillway along the

waterway

Anchor blocks and saddle
supports for penstock

Suitable flood protection
structures at headworks and
powerhouse, mass retaining
structures and check dams at
waterway and penstock
alignment, other environment

protection works, etc.

Further geotechnical aspects
should be studied in order to
select the appropriate location of
settling basin, dam and
powerhouse.

Design and drawing of temporary river
diversion during construction should be
prepared. The diversion channel should be
designed to pass 1:20 years return period dry
season flood. If the headworks construction is
to be continued during monsoon season, at
least 1 in 10 years return period flood should be
used.

Headworks

All headworks components should be designed
following “Design Guidelines for Headworks of
Hydropower Projects” published by DoED, Nepal,
2006.

1.

Weir/dam, intake, stilling basin, aprons and
floodwalls should be designed to pass safely
the maximum flood of 1 in 100 years return
period. Stability analysis should be done for 1 in
200 years return period flood.

Weir crest level or spillway crest level should be
determined and fixed considering clearance
required between undersluice invert level and
intake bottom sill level, height of intake opening
and submergence requirement for intake
opening in order to avoid/minimize entry of
trash into the intake, intake capacity should be
about 130% of the design discharge in case of
conventional gravel trap and settling basin
flushing systems while plant operates at full
load during flushing.

For gated spillway/non overflow spillway, either
radial or vertical sluice gates should be
designed considering N-1 criteria gates will be
operated during floods.

Carry out preliminary seepage analysis under
the weir/dam foundation and other water
retaining structures.

Sufficient freeboard should be provided for
design flood between the design flood level and
the operating platforms and other necessary
areas/structures.

4. Necessary drainage system for surface
runoff management should be designed.

5. Necessary design for construction power
arrangement should be carried out.

Temporary River Diversion

1. Detailed hydraulic design and drawings of
upstream and downstream cofferdams,
diversion channel and aprons should be
carried out.

2. The diversion channel and cofferdams
should be designed to pass 10 years
return period flood.

3. In case of diversion tunnel, detailed rock
support design based on rock mass
classification should be carried out. The
inlet and outlet portals should also be
designed.

Main Component Design

1. Detailed design of all surface and
underground structures should be carried
out.

2. The safety of component should be
checked by conducting stability and
structural analysis.

Seismic Design Criteria

1. Pseudo-static analysis procedures
(seismic coefficient method) can be used
in the seismic design and analysis of
structures where appropriate.

2. The response of a structure to ground

vibrations should be determined
considering soil type, seismic zone,
response reduction factor, importance

factor, fundamental period of vibration and
damping factor (§). These values can be
referred from norms and codes such as
the NBC 105.

3. For structures with minor importance, the
seismic coefficient can be reduced
appropriately.
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Pre-Feasibility Study

Feasibility Study

Detailed Design

Stability and structural analysis of | 6. Under sluice structure of headworks should be | 4. Both vertical and horizontal seismic
major hydraulic structure such as designed to pass safely bed-load and flush components should be used in the design.
dam, spillway, flood wall, settling sediment deposited in front of intake and to | Foundation Design
basin, surge tank/forebay pass a portion of flood discharge. Either vertical | 1 The results from the geophysical
powerhouse etc. should be sluice gates or radial gates should be provided investigation shall be used to design the
carried out. at und(.ar.sluice with hydraulic or cable-drum foundations. In case of missing or
type hoisting system. unavailability of data suitable values shall
7. Number of gates at undersluice should be be assumed based on the local geology.
made as per optimization and selected scope of 2. If foundation has to be placed in inferior
alternative study. soil type, suitable foundation treatment
8. A stilling basin should be designed for energy method should be specified.
dissipation before releasing spillway flows back | 3 petajled seepage analysis under the
into the river. Basin cross section, basin length weir/dam foundation and other water
and depth, apron elevation, side wall, minimum retaining structures should be carried out.
free board, drainage etc. should be designed Uplift pressure and under piping
and described. Additional boulder riprap shall mechanism for cutoff wall, apron and
provi_de in downstream of stilling basin, if protection works should be prepared and
required. proper measures should be proposed to
9. Clear spacing of the coarse trash rack in intake prevent damage related to foundation
should be fixed considering the transport undermining.
capacity of gravel flushing conduit. 4. The allowable bearing capacity of the
10. Gravel trap should be designed to trap greater foundation may be increased in extreme
than 2-5 mm particles and gravel flushing loading conditions as provisioned in the
system should be designed to flush up to 200 design codes. Similarly, the allowable
mm particles. bearing capacity may need to be reduced
11. Settling basin should be designed for when full water saturation condition
continuous supply of required design flow plus occurred and placing foundation on steep
flushing discharge. The trapping efficiency slopes or adjacent to them.
should be 90% or higher for particle size | Stability Analysis of Structures
greater than .0.2 mm depe_qding on a\(ailable 1. The following loadings should be
head and .mlr!gral'composmon of Sed.lments.. considered for stability analysis of project
Adequate justification should be provided, if components:
smaller than 0.2 mm particle size is selected to
be settled in the settling basin. It is suggested | ¢ Deadload
to divide the settling basin into 2 or more | ® Liveloads
chambers. e Water pressure
12. Sediment handling, controling and flow | * Weightof water
regulation mechanism should be defined in the | ¢  Hydro-dynamic load
project description. e Active earth pressure
13. An automatic/ungated spillway should be | ® Atrestpressure
provided downstream of the settling basin at | ® Passive earth pressure
conveyance tank wherever possible. e Earthquake load
Department of Electricity Development 131



Guidelines for Study of Hydropower Projects, 2018

Installed Capacity >50 MW and < 100MW

S.N.

Study Items

Details of Study Requirements

Pre-Feasibility Study
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14.

15.

16.

Sediment/gravel flushing outlets should be
located at shooting flow areas of the stilling
basin/river.

Design of fish ladder should be provided for the
movement of the fish over the structures at the
left or right abutment of the gated weir or dam.
Necessary flood protection, ground stabilization
and bio-engineering works should be carried
out, if required.

Waterways Conveyance

All water conveyance system should be designed
following “Design Guidelines for Water Conveyance
System of Hydropower Projects” published by
DoED, Nepal, 2006; considering the project specific
data and information.

1.

The power canal /headrace pipe/tunnel
including all hydraulic and cross-drainage
structures from intake to forebay/surge
tank/surge shaft should be designed for 110%
design discharge or higher.

Configuration of the power tunnel should be
given, comprising headrace tunnel and
pressure tunnel with lining types, finished
diameter and length. Sufficient lateral cover and
optimum overburden should be ensured.
Tunnel support design should be carried out
depending on rock quality.

A rock trap should be provided at the end of the
headrace tunnel, upstream of the surge tank to
trap loose rocks and displaced shotcrete.
Suitable flushing system should be provisioned
at rock trap.

A number of saddle supports and anchor blocks
should be designed and described in the report.
Slope stability analysis in critical sections of
waterways including forebay/surge tank/surge
shaft should be carried out.

Necessary drainage system for surface runoff
management should be designed.

Type and size of headrace canal should be
determined by considering the design

In-situ stresses

Impact load

Vibration load

Thermal

Uplift (buoyancy and seepage)
Surcharge/overburden loads
Water hammer

Wind

Snow

Construction and moving surface loads:
Additional loads, if any.

2. For the purpose of evaluating the stability

and structural analysis, different load

combinations may occur during different

phases of the project implementation and

operation should be considered. Individual

components/elements must be designed

for the most unfavourable load

combination. In general, the following

conditions should be considered:

e Construction
- Normal operation
- Special/lemergency/extreme cases
e The safety factor depends upon the

codes and loading combination used. In

general, following safety factors should

be adopted.

- Sliding- 1.2 for normal case and 1.05
for extreme case

- Overturning: 1.5 for normal case and
1.05 for extreme case

- Flotation: 1.2 for normal case and
1.05 for extreme case

Detail Structural Analysis and Design

1. Appropriate codes (concrete, steel) should
be referred for the detail design. All
possible loading conditions should be
considered.

2. The durability of the structure should be

ensured in the design.
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10.

11.

12.

discharge, silting/scouring velocity for the
selected materials used (e.g., concrete grade,
masonry) of applied concrete grade and
topography.

Corrosion, scratching, pipe diameter and
transportation limitations factors should be
considered while fixing the headrace pipe
thickness.

An emergency spillway at forebay should be
provided. The forebay should have effective
volume at least equal to the volume of water in
the penstock pipe while filled or to supply
design flow for at least 120 seconds, whichever
is larger.

The thickness of the steel pipe should be able
to withstand any variable load conditions
encountered during operation of the plant.
While deriving the effective thickness of pipe,
steel grade, corrosion factor, welding factor and
rolling factor should be considered.

Anchor blocks to hold penstock pipe should be
designed at bends and also intermediary in
long straight stretches.

Head losses through tunnel/pipe system at the
design discharge should be determined.

Forebay/Surge Tank/Surge Shaft

1.

Description of the forebay/surge tank/shaft type
with its dimensions should be provided.

For surge tank/surge shaft, various possible
scenarios of transient analysis should be
carried out to determine upsurge and down
surge level.

The invert level, upsurge and down surge levels

of the forebay/surge tank/shaft should be
shown in drawings.

Penstock Alignment

1.

Valleys, landslides and rock fall areas and gully
crossings should be minimized, if they cannot
be avoided, during the alignment selection.

The effective thickness of the steel pipe should
be adequate to withstand dynamic/water

3. Material properties and allowable stresses
for concrete, structural steel,
reinforcement, etc. should be specified.

4. The structure should be analysed using
acceptable methods manually or by using
software.

5. All structures should be safe against
internal and external forces/stresses and
all kind of climatic conditions.

6. Reinforcement calculation should be done
also  considering temperature and
shrinkage effects.

7. Dynamic analysis should be carried out for
powerhouse and penstock and ensure
that natural frequency does not create
resonance phenomenon.

8. Ensure that the settlement and deflection
are within permissible limits.

Water Tightness

1. Control of cracking in concrete should be
as per the requirement specified in IS
456:1978 and 2000 or BS 8007:1987 or
BS 8110 Part Il, BS 2007 or equivalent
codes.

2. The type and location of joints should be
specified. Contraction/Expansion joints
should generally be located in 15 to 25 m
spacing. Construction joints should be

provided considering construction
sequence.

3. Appropriate type of water stops should be
provided at

expansion/contraction/construction joints.

Detailing and Drawings
1. The reinforcement should be detailed
considering ductility of the structure.

2. Reinforcement arrangement should be
shown in drawings in appropriate scale.
Special attention should be given at joints.
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hammer/test pressure loading in addition to
hydrostatic pressure.

Surface type or cut and cover type should be
decided on the basis of the topographic and
environmental considerations.

Necessary protection structures should be
applied as per surface geology and topography.

Vertical Shaft/inclined Shaft /Penstock Tunnel

1.

If surface penstock is not feasible, either
vertical or inclined shaft should be designed.
Dimensions of the shaft and type and thickness
of the lining should be determined. In addition,
appropriate temporary rock support during
excavation should be designed.

Construction Adits

1.

Provision of construction adits should be made
at various locations of tunnel alignment in order
to meet the construction schedule.

Tunnel portals should be located at exposed
bed rock and stable ground topography and
should be designed properly.

Powerhouse and Tailrace

1.

A powerhouse should be dimensioned to
accommodate electro-mechanical equipment
and its ancillaries.

Description of the powerhouse building should
be provided giving details of equipment layout
at generator floor level, turbine floor level,
drainage floor level, and foundation level. The
dimensions of the powerhouse should be
determined by consulting with potential electro-
mechanical equipment supplier.

Proper layout of the following equipment and
structures inside the powerhouse should be
made: turbines, generators, powerhouse crane
unit, control panels and excitation system,
control room, battery room, main inlet valve,
provision for runner removal for maintenance,
sump tank, cooling water tank, compressor
room, service bay, water supply and sanitary
system, station service transformer, etc.

3.

Prepare construction drawings,
reinforcement drawings and bar bending
schedules.

Field Verification of Design/Layout

1.

The general arrangement of all project
components should be verified at site by
laying setting out points. Any changes that
may occur should be addressed in the
design.

Report Preparation

1.

After finalizing the design, a detailed
design report should be prepared showing
all hydraulic, geotechnical, stability and
structural analyses calculations. Based on
the detailed design report, a draft
operation and maintenance manual
should be prepared.
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4. Fire protection and ventilation system should be
designed and described in detail.

5. Emergency exit and safety plan should be
described/provided as per national/
international guidelines.

6. The tailrace conduit should be designed
considering turbine type, minimum power
discharge available, minimum water depth
requirement and possible effect of river water
level at the tailrace outlet.

7. Necessary flood/debris/landslide  protection
works should be carried out based on the river
morphology, ground topography, possible
debris flow area and possibility of rock falls
(rolling  boulders) near powerhouse and
switchyard area.

8. An access tunnel should be provided for
underground construction. Detail description of
adit/access tunnel should be provided including
size, type, support design and portal location.

Switchyard

1. Dimensions of switchyard should be
determined by consulting with potential electro-
mechanical equipment supplier.

2. Switchyard area should be arranged nearby the
powerhouse and civil design of switchyard
should be prepared.

For PRoR
1. Prepare daily poundage volume curve.

2. The volume required to maintain a minimum of
4 to 6 hours (if terrain permits) of operation of
the plant at full capacity during peak load.

3. The minimum operating level should be fixed
based on the flushing requirements of the
settling structure which will set the minimum
elevation of the intake from the river and further
following levels and corresponding volume
should be determined:

Full supply level
Dead storage
Live storage.
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8.2 Hydro-Mechanical
Components

Preliminary design/estimation of
hydro mechanical components
such as gates, stoplogs,
trashracks and penstock should
be carried out.

A brief description of hydro-
mechanical components should
be provided in the report.

Following hydro-mechanical components should be
designed and described:

1.

Gates, stop logs, embedded parts, valves, trash
racks, bell mouths, manholes, expansion joints,
saddle/wear plates, sizing of headrace and
penstock pipes, bends, reducers, branches,
steel lining works, etc.

The hoisting system for gates and stop-logs.

General

1. This design is generally carried out by
hydro-mechanical equipment
manufactures/suppliers, thus only
preliminary design for preparing Terms of
Reference of tender/contract documents
shall be carried out in consultation with
potential manufacturers/suppliers.

2. Component-wise design should be carried
out for the updated project layout.

3. Project parameters and design criteria
should be included in a Design Basis
Memorandum (DBM) referring to relevant
national and international guidelines,
norms and codes, and past experiences.

4. Design and dimensioning of all
components/structures carried out during
the feasibility study should be reviewed
and updated/refined/revised where
necessary.

5. While designing the hydro mechanical
components, factors such as corrosion,

welding defects, and plate
inaccuracy/defects should be taken into
account.

6. Individual components/elements must be
designed for the most unfavourable load

combination. In general, loading
conditions which may occur during the
following  phases/cases should be
considered:

Transportation

Erection/construction

Testing in factory and site
Normal operation
Special/emergency/extreme cases

Design of Gates and Stop-Logs
1. The type of gate/stoplogs and its hoisting
mechanism should be fixed.

2. The materials to be used for skin plates,
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10.

11.

12.

13.

stiffeners, girders, embedded parts and
other components should be specified.
The gates/stoplogs shall be designed for
the hydrostatic and hydrodynamic forces
taking into consideration the forces arising
from wave effects, water hammer, seismic
loads, ice formation, friction, and thermal
effect wherever applicable.

The internal stress should be ensured to
be within limit of allowable stress in
normal and extreme operation conditions.
Sufficient corrosion allowance should be
provided and corrosion prevention
methods, if any, should be mentioned.
Type and material of seals should be
mentioned.

Power-operated gates shall normally be
capable of operation by alternate means
in case of power supply failure.

If meant for regulation, it shall be capable
of being held in partially open position
without major damage to seal or
deterioration due to cavitation and
vibration.

Wherever necessary, model studies may
be carried out for high head regulating
gates.

The deflection of the gate under various
loading conditions should be within
permissible limit.

Dogging devices and lifting beams should
be designed for operation of gates,
stoplogs etc.

Destructive and non-destructive testing
procedure should be specified.

All the gates shall be checked for the
aeration requirement at its immediate
downstream.
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1.

Steel Pipes
The steel plate used for the pipes shall
comply with national/international
standards.

The pipes should be designed considering
following loading conditions:

Normal condition includes static head,
surge and water hammer pressure.

Special conditions include those during
filling and draining of penstocks and
maximum surge in combination with
pressure rise during emergency
operations/events and test pressures.

Exceptional conditions include
transportation and erection stresses,
pressure rise due to unforeseen operation
of regulating equipment in the most
adverse manner resulting in odd situation
of extreme loading, stress developed due
to resonance in penstock, seismic forces
etc.

Adequate safety factors should be
provided for safety against hoop stress
due to internal and external pressure
including surge pressure, longitudinal
stress, beam action, temperature
variations.

Stress should be checked in bends,
bifurcation, transition and stiffeners.

Expansion joint should be provided at
suitable locations.

Special design provision shall be made to
protect the penstock pipes/conduits
against possible rupture due to
denting/negative pressure.

Other Structures

1.

Other HM components such as valves,
trash racks, expansion joints, pipe bends
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and reducers, Wyee bends, manholes,
saddle plates, bulk head gate, bell mouth,
steel lining etc. shall be designed to meet
structural and hydraulic requirements.
Report Preparation
1. After finalizing the design, a report should
be prepared showing all hydraulic and
structural calculations. Similarly, operating
conditions, hoisting mechanisms, opening
sizes, design pressures, and dimension of
all major components/elements should be
mentioned. Based on the detailed design
report, a draft operation and maintenance
manual should be prepared.
1. The type and number of generating equipment, | General
Preliminary design/selection  of and power evacuation facilities should be | 1. This design is generally carried out by
the electro-mechanical designed and described. electro-mechanical equipment
equipment should be carried out | 2. Description of main mechanical equipment manufgctures/sgppliers, thus only
based on design discharge and including the followings should be provided: preliminary design for preparing Terms of
net head and number of units | e Design criteria Reference of_ tender/gontract dogumer?ts
(based on hydrology and | .  Mode of operation shall be carried out in consultation with
transportation). ) i potential manufacturers/suppliers.
e Hydraulic turbine- type and number . . .
e Mechanical equipment: e Turbine efficienc 2. Project parameters and design criteria
- Preliminary selection of type y should be included in a Design Basis
and dimension of turbines | ¢ Rated sped Memorandum (DBM) referring to relevant
should be carried out. A brief | ® Rated turbine output national and international guidelines,
63 Electro-Mechanical description of turbine | o  Inlet valve norms and codes, and past experiences.
. Equipment auxiliaries should be provided. | e  Runner size 3. Detailed design and dimensioning of all
e Electrical equipment: e Draft tube components/structures carried out during
- Parameters of the generators e  Governor the feasibility study should be reviewed
should be determined. A brief S ) and updated/refined/revised where
description of excitation and | ¢ Lubricating (hydraulic) system necessary.
electrical auxiliaries should be | ¢ Pressure oil system 4. Individual components/elements must be
provided. e Compressed air system designed for the most unfavourable load
» Single line diagram: e Cooling system combination (mechanical and electrical).
- An electrical  single line | |~ system In general, loading conditions which may
diagram showing the major Overhead occur during the following phases/cases
electrical equipment  of | *° vernead crane should be considered:
powerhouse should be (] Maintenance of turbine .
L . . . e Transportation
prepared 3. Description of the main electrical equipment

including the followings should be provided:

e  Erection/construction
e Testing in factory and site
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Generator- type, number

Generator efficiency, rated output, frequency,
generated voltage level

Excitation system

Switchgears

Control panel

Switchyard

Powerhouse earthing

Emergency diesel generator

Control and protection system

Power transformer —type, numbers, efficiency,
frequency, rated output etc.

Auxiliary transformer

CT/IPT

Hoisting mechanism/overhead crane

A single line electrical diagram depicting the
interconnection of all electrical equipment
should be prepared.

For the smooth operation of the power station,
following auxiliaries should be provided and
described:

Grease lubricating system.

Fire fighting system

Station supply

Lighting arrangement

Cooling system

QOil filtering equipment

DC power auxiliaries
Distribution to outlaying works
Distribution to housing complex
Fire fighting system

Station supply

Heating, Ventilation, Air Conditioning (HVAC)

e Normal operation
Special/emergency/extreme cases

Mechanical Equipment
1. Appropriate turbines and their

components should be designed.

Suitable inlet valves shall be provided before
each turbine.

Draft tubes, spiral casings, covers, seals, etc.
should be designed appropriately.

A suitable governor system should be provided
for flow control to the turbine.

Proper auxiliary systems such as lubrication
system, pressure system, compressed air
system, cooling system shall be designed.

Control system with  automatic/manual
capability should be provided.

Electrical Equipment

1. Single line diagram and control diagram
for all powerhouse equipment and
interconnection point shall be prepared.

2. Generators shall be provided with all of
their accessories including cooling and fire
protection system.

3. Excitation system shall be provided with
automatic voltage regulation.

4. Power transformers to step up
transmission voltage shall be provided
with all accessories.

5. Switching equipment with bus bars, circuit
breakers, disconnecting switches,
instrument transformers, etc. shall be
provided.

6. Control equipment shall be provided
consisting of governor  monitoring,
excitation monitoring, protection, etc.

7. Auxiliary/station transformer for power
supply to the plant shall be provided.

8. Grounding including lightning protection
shall be provided.
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10.

1.

Fire protection and ventilation system
should be designed and described in
detail.

Emergency exit and safety plan should be
described/provided as per available
national/international guidelines.

Diesel Generators shall be provided for
backup power and black start.

Evacuation
Transmission

Power
8.4 and
Line

Assess the possibility of power
evacuation through national grid/
Integrated Nepal Power System
(INPS).

Carry out preliminary design to
select voltage level, conductor
type and number of towers.

A single line electric diagram
should be prepared representing
the major electrical equipment of
the powerhouse.

A brief description of selected
power evacuation system should
be presented.

Prepare an updated single line diagram
representing the major electrical equipment of
the powerhouse, switchyard, and substation.

Finalize the most appropriate transmission line
route, voltage level and length.

Describe the detail of
equipment.

Describe and design the total number of
towers, tower's foundation and support
structures, circuit type, type of conductor used
and other safety measures.

interconnection

The transmission line should be designed
following latest off-taker/NEA grid code.

The route shall be finalized and described.

Voltage level, number of circuits and
length shall be confirmed.

Number and type of towers required shall
be determined and their structure shall be
designed. While designing the foundation
of transmission tower, geology and
geotechnical conditions should be verified
and additional investigation should be
done, if required.

Conductors’ size to be used shall be
determined. The size of conductors must
be selected so that the power loss doesn’t
exceed the permissible limit as per the
latest off-taker's/NEA Grid Code.

Sag and tension in conductor shall be
determined.

Auxiliary equipment in the transmission
line such as insulators, clamps, guards,
etc. shall be provided.

Necessary equipment to be installed in
interconnection substation should be
designed.

Power transformers shall be required, if
the voltage level of transmission line does
not match voltage level of interconnecting
substation including HV switchgears,
instrument transformers and control and
protection equipment.

Department of Electricity Development

141



Guidelines for Study of Hydropower Projects, 2018

Installed Capacity >50 MW and < 100MW

S.N. Study Items

Details of Study Requirements

Pre-Feasibility Study

Feasibility Study

Detailed Design

9 Energy Computation and Benefit Assessment

9.1 Energy Computation

1.

Energy computation should be
carried out considering the
average monthly (daily flow, if
available) flow, net head, design
discharge and turbine, generator
and transformer efficiency.
Furthermore, normal and forced
outages should be considered
referring to off-taker/NEA Grid
Code and/or norms and practices.

If power output cannot be
ascertained at this stage, then the
range of annual energy
generation should be provided.
During energy estimation,
environmental and other
necessary releases as
recommended in EIA/IEE
guidelines.

Average monthly energy and
annual energy should be
determined in Nepalese and
Gregorian calendar months.

Estimated internal energy
consumption within the power
plant should be deducted from the
total/monthly energy to derive
saleable energy.

Annual estimated average dry
and wet energy should be
determined considering the
dry/wet periods defined by NEA.
Furthermore, dry energy should
be divided into peak/off-peak
energy in case of PRoR and
reservoir type projects.

Energy computation should be carried out
considering daily flow (average monthly flow, if
daily flow is not available), net head, design
discharge and turbine, generator and
transformer efficiency. Furthermore, normal and
forced outages should be considered referring
to off-taker/NEA Grid Code and/or norms and
practices.

Average daily, monthly energy and annual
energy should be determined in Nepali and
Gregorian calendar months.

Estimated internal energy consumption within
the power plant should be deducted from the
total/monthly energy to derive saleable energy.

Annual estimated average dry and wet energy
should be determined considering the dry/wet
months defined by NEA. Furthermore, dry
energy should be divided into peak/off-peak
energy in case of PRoR and reservoir type
projects.

1.

Energy estimated in feasibility study
should be updated/refined, if there are
significant changes.

9.2 Benefit Assessment

Estimated
monthly/annual revenue
throughout the license period
should be calculated considering

average

Revenue estimated in pre-feasibility study
should be updated based on the updated
energy calculated/updated during feasibility
study.

Revenue estimated in feasibility study
should be updated, if required.

If PPA has been concluded, the revenue
estimates should be verified against the PPA.
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unit energy prices fixed by the
NEA/off-taker company/GoN for
similar sized projects.

2. While calculating the annual
revenue, base rates for dry, wet,
peak, off-peak energy prices
together with annual price
escalation should be considered.

10 Cost Estimation

All the criteria and assumptions
adopted for cost estimation should be
mentioned including following:

1. Consideration of the natural
conditions prevailing at the site,
construction scale, and levels of
construction technology available
in Nepal.

2. To the extent possible,
construction equipment available
in Nepal should be used.

3. A brief description of the project
with location should be

mentioned. 1. The criteria and assumptions for pre-feasibility | 1. The criteria and assumptions for feasibility

. 4. Year and month of the cost level study should be applied but should be level study should be applied but should

10.1 Criteria . and estimate should be mentioned based on feasibility level design with inclusion be based on detailed design with inclusion
Assumptions ' of items not included in the pre-feasibility level of items not included in the feasibility level

5. The exchange rate applied to the
calculation of NPR and USD
adopted at the time of cost
estimation should be mentioned.

6. Identifiable  Nepalese taxes,
customs duties, royalties etc. for
goods, materials and services,
interest during construction etc.
whether  included in cost
estimation or not should be
mentioned.

7. Any source of references to rates
or estimation should be
mentioned with used escalation
factors, if any.

study. study.
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The following methodology should be
applied for estimation of the cost of
each component of the project:

For Civil Works:

1. The cost estimates should be
based on unit rates developed
from prevailing labour rate,
construction equipment rate and
materials taking also into account
the local situation and bill of
quantities derived from design
drawings.

2. The cost estimate should be
done by breaking down major
structures into a number of
distinct construction activities or
measurable pay items.

3. Due consideration should be | 4
given to local labour. The rates |
for locally available labours can

S.N. Study Items

1.  The methodology for feasibility level study
should be applied but should be based on
feasibility level design with inclusion of
items not included in the “feasibility level

The methodology for pre-feasibility level study
should be applied but should be based on
be obtained either from District feasibility level design with inclusion of items

not included in the pre-feasibility level study. »
Rates of concerned districts or P y y study”.

prevailing market rates of the 2. Carry out necessary updates such as revision 2. Carry out necessary updates such as
project area and can be used of rate analysis. revision of rate analysis.
after appropriate adjustments.

4. The rates of skilled Ilabour
available around project area or
within Nepal can be obtained
from general inquiries and
references of other projects.

5. The rates for skilled expatriates
can be obtained from the
reference to other projects or
from a publication such as
‘international construction
contractors’.

6. The rates of construction
equipment can be taken from
regularly updated cost data, a
quotation from the suppliers/
manufacturers.

Estimation

10.2 Methodology
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7. The construction materials to be
used for construction work should
be divided into:

e Materials locally  available
nearby project area.

e Materials available in local
market.

e Materials to be imported from
neighbouring countries.

e Materials to be imported from
overseas.

8. The rates of construction
materials should be derived as
per their source of supply. While
calculating  the  construction
materials’ rate, sufficient attention
should also be given to the mode
of transportation and their
corresponding costs should also
be included. When access roads
for the project are not built
(generally for small hydropower
projects) the cost of air
transportation for transporting
heavy equipment from the
nearest town to the project area
should also be included.

9. From labour cost, material cost
and equipment cost, the direct
cost per unit of construction
activity can be calculated.

10. The estimate should be of
contractor's type and, therefore,
should also include all other
indirect costs such as office
overhead, contractor's financing
cost, insurance bonds, profit and
risk margin.

11. A suitable percentage for
contractor's expenses should be
allocated. The total percentage
should be used as a bid factor on

S.N. Study Items
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direct cost. Thus calculated direct
cost can be used to derive unit
bid costs which in turn, be used
to determine the total civil works
cost.

For Electro-Mechanical Equipment

1.

The cost estimate for generating
equipment, transformer and
switchyard equipment should
either be based on quotations
obtained from supplier(s) or in-
house estimate using established
current  international  prices/
relationships or price database
from similar type and size
projects. The cost should include
cost of control devices/system,
auxiliary etc. transportation and
erection.

Hydraulic Steel Works:

1.

The cost of hydraulic steel works
should be based on a quotation
of supplier(s) or on market price,
if they are locally available.
Transportation and installation
cost should also be added.

Transmission Line:

1.

The cost of transmission line can
be calculated from per km rates
of the transmission line.
References of cost can be taken
from current rates used by Nepal

Electricity Authority or
constructed project of IPPs for
same type/voltage of

transmission lines taking into
account different types of towers
required, the conductors and
types of terrain being crossed.
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Land Acquisition and Access
Road:

1. Due attention should be given to
the cost of land acquisition and
construction of access roads.

2. Cost of land acquisition should
be determined considering detail
risk assessment, future
development of project area,
accessibility and public demand.

3. The length and type of access
roads to be constructed or to be
improved can be determined
from preliminary design. Cost per
km of different types of roads can
be used to determine the cost of
the access road.

Camp and Other Facilities:

1. The costs of construction camps
and permanent buildings required
for operation and also of
construction  power facilities
required should be included in
cost estimation. A lump sum
amount for this can be allocated
depending upon the size of the
project.

Social Development:

1. The cost of social development
should be determined from
reconnaissance field visits.
Following factors should be
considered to determine the
social development cost such as
population density, available local
resources and existing physical
infrastructure in the project area.
This cost can be derived as lump

S.N. Study Items

sum taking reasonable
percentage of the project base
cost.
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Resettlement/rehabilitation,
relocation and  environment
impact mitigation costs shall be
as per existing Environmental
Protection Act and Rules. This
cost can be derived as a lump
sum taking a reasonable
percentage of the project base
cost.

Community Support Program

1.

Include CSP cost equivalent to
0.75% of total project cost. This
needs to be updated as per latest
government policies.

Base Cost and Total

103 Project Cost

The total of all costs indicated
above will constitute the base
cost of the project. To that the
following costs are to be added
for obtaining the total capital cost
of the project:

Engineering and management
Owner's cost

Insurance cost

Contingencies for civil works,
hydro-mechanical,
electromechanical, transmission
line, price and physical
contingencies etc. are to be
added to account for unforeseen
cost increase due to various

uncertainties  during  project
construction.
Interest  during  construction

should be calculated based on
the prevailing interest rates and
other parameters required for the
calculation.

At feasibility level, due to use of more detailed
information collected and minor items included
and designs concretized, level of uncertainties
will decrease particularly in civil works/HM
works/EM equipment and TL works component.

At detail design level, due to use of more
detailed information collected and minor
items included and designs concretized,
level of wuncertainties will decrease
particularly in civil works/HM works/EM
equipment and TL works component.

Local and Foreign
10.4 | Currency
Breakdown

Local currency will be required for
local labour, local materials,
government cost tax, VAT,
royalties and customs duties

1.

The breakdown needs to be updated based on

the updates during feasibility study, if any.

The breakdown needs to be updated
based on the updates during detailed
design, if any.
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including land acquisition,
resettlement, mitigation and
management programs related to
adverse socioeconomic
environment impacts and bank
interest.

Foreign currency will be required
for imported materials and
equipment and foreign experts.

Hence, the cost estimation should
include a breakdown of local and
foreign currency components.

Presentation of Cost

105 Estimate Data

The cost estimate derived at this
stage should include the
following:

Civil
Hydro-Mechanical
Electro-Mechanical
Transmission line

Engineering and construction
supervision

Others such as environment,
owner’s management

The presentation should be done as in the pre-
feasibility level, but with the inclusion of more
detailed items based on more detailed design
and other updated information.

The presentation should be done as in the
feasibility level, but with the inclusion of
more detailed items based on more
detailed design and other updated
information.

Cash Disbursement

10.6 Schedule

The costs will incur not at once
but will spread over the whole
construction  period. Interest
during construction will depend
on how cash will be disbursed
during the construction period.
Hence cash disbursement
schedule in accordance with the
schedule of construction activities
needs to be prepared spreading
over the project implementation
period.

Year-wise disbursement is to be
prepared and presented in the
report.

Cash disbursement schedule should be based
on updated and realistic project implementation
schedule.

Year-wise cash disbursement against each of
the major activities is to be prepared and
presented in the report. Cash disbursement
schedule can be presented as certain
percentage of capital cost per annum during the
construction period.

Cash disbursement schedule should be
based on updated project implementation
schedule.
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11 Construction Planning and Schedule

Access, availability of
construction materials, waste
disposal and construction of
camps at site should be
described.

River diversion sequences during
construction should be analysed.
Taking into account river flows
and specifically low flows.

A preliminary construction
schedule should be prepared for
the project, showing the major
construction activities. The total
construction period should be
determined.

Review the construction schedule prepared
during the pre-feasibility study and update as
per feasibility study’s findings and other
prevailing conditions such as market conditions
and available technology.

Plan contract/procurement/construction
modality in coordination with client for pre-
construction works, main civil works, hydro-
mechanical, electro-mechanical and
transmission line works.

Prepare a plan for pre-construction activities
such as construction of camps, establishment
of telecommunication facilities,
construction/upgrading of access road(s),
arrangement of construction power, etc.

Prepare a plan for establishing necessary forest
clearance, crusher plants, workshops, fuel
depots, permanent camps for operators’ and
site office(s). The plan should also take into
account time for necessary government
approvals.

Land acquisition and environment mitigation
plan should be incorporated.

Prepare a plan for temporary diversion of the
river during construction. This may consist of
construction of cofferdam(s) and diversion
channel at headworks and powerhouse/tailrace
outlet sites.

Prepare a plan for construction of headworks,
waterways, forebay/surge-tank/surge-shaft,
powerhouse, tailrace, switchyard and
transmission line including all civil, hydro-
mechanical and electro-mechanical works in
consultation with potential contractor/suppliers
and based on past experience of constructing
similar project(s).

Describe the anticipated construction
methodology for all major structures.

Update/prepare construction schedule

Review the construction planning and
schedule prepared during the feasibility
study and update as necessary
considering anticipated/planned Required
Commercial Operation Date (RCOD).

Plan and confirm the availability, quality
and quantity of all construction materials.
Special consideration should be given for
materials required for high grade concrete,
high grade steel, etc.
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considering above mentioned plans/factors and
the following aspects:

Seasonal constraints for temporary river
diversion

Local culture and national holidays

Climatic conditions

12 Environmental Study

Reference for

Guidelines, Acts, Regulations and Manuals to
be followed during environmental study are as
follows:

National EIA Guideline, 1993

Environment Protection Act, 1997
Environment Protection Regulations, 1997
DoED Manuals related to Environmental Study

Working Procedure for Initial Environment
Examination (IEE) and Environment Impact
Assessment (EIA) of Hydropower and
Transmission Line Projects, 2073

Hydropower Environmental Impact Assessment
Manual, July 2018.

Guidelines, Acts, Regulations  and
Manuals to be followed during updating
and supplementary environmental Study
are as follows:

National EIA Guideline, 1993
Environment Protection Act, 1997
Environment Protection Regulations, 1997

DoED Manuals related to Environmental
Study

Working Procedure for Initial Environment
Examination (IEE) and Environment
Impact Assessment (EIA) of Hydropower
and Transmission Line Projects, 2073

Hydropower Environmental Impact
Assessment Manual, July 2018.

121 Environmental Study
1.
2.

122 Environment Impact
) Assessment (EIA) 3.
4.
5.

Collect baseline data of physical,
biological and  socio-cultural
environment of project affected
area to understand the socio-
environmental situation.

Identify the major environmental
issues in physical, biological,
socio-economic  and cultural
environment.

Make environmental assessment
by simple checklist

Assess impacts of  major
significance.

Assess the level of environmental
assessment (IEE/EIA) as per the

Permission for conducting EIA from concerned
ministry should be obtained, if the project lies
within protected area (conservation
area/national park/wildlife reserves).

Scoping document and Terms of Reference
(ToR) for EIA should be prepared which should
include the following:

Publication of 15 days’ public notice in a
national daily newspaper for the scoping of the
EIA study.

Collection of suggestion from the affected
local government and other stake holders of
the project area.

Record of environmental issues raised by

Carryout EMP update in EIA, if there are

minor changes in project design and get it

approved from Ministry of Forests and

Environment.

Carryout supplementary EIA, if there are

major changes in project design and get it

approved from Ministry of Forests and

Environment such as

(i) If there is change in the project area

(ii) If the required forest area is increased
by 10 %

(iii) If the resettlement population is more
than 100 people

(iv) If there is significant impact in

tShrﬁSzO:d (; S]:chggtge 1d aqd stakeholders, concerned bodies, Government environmental and biological
chedule ° and Its Authorities, local clubs and subject experts. biodiversity.
amendments.
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e  Prioritized environmental issues.

e Baseline environmental data that supports the
relevancy of identified environmental issues.

e Review of relevant national and International
legislations.

e Describe basic procedures to conduct EIA

e Approval of Scoping Report and TOR

3. Continue the EIA study based on approved
ToR

4. Prepare Environment Impact Assessment (EIA)
which includes:

e Environmental Impacts of the Environmental
Issues prioritized in ToR plus additional
environmental impacts identified during EIA.

e Mitigation and Enhancement Measures for the
environmental impacts and Environment
Management Plan (including Monitoring and
Auditing Plan).

e Baseline on Physical, Biological and Socio-
economic and cultural environment domain.

e Review of relevant national and International
legislations.

5. Prepare draft EIA Report
6. Conduct Public Hearing in the project area.
e Publication of the notice for the public hearing

e Muchulka of the public hearing in the project
affected areas.

e Collection of the recommendation letter from
the affected local governments.

7. Finalize EIA report including the
recommendations of concerned rural
municipality and concerns of stakeholders
raised during the public hearing.

8. The final EIA (after incorporating the issues
raised in public hearing) has to be forwarded for
approval to concerned ministry through
Department of Electricity Development (DoED).

9. A review committee meeting will be held at
DoED comprising related government agencies
and independent environment experts.

S.N. Study Items
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10.

11

12.

13.

Based on the recommendation of review
committee, concerned ministry forwards the
EIA for Approval.

A review committee meeting is organized to
seek comments/suggestion on the final EIA
report.

Further 30 days’ public notice is published in
national daily newspaper to seek additional
comments and suggestions on the EIA. The
draft EIA report along with the public notice has
to be placed in public places/office such as TU
library, district level office, affected local bodies
and concerned government offices.

Ministry of Forests and Environment approves
the EIA based on the recommendations of
review committee meeting and response to 30
days’ public notice.

12.3 Resettlement Study

Conduct  field  survey for
gathering the data/information on
the population, household lying in
the project area and their socio-
economic status. Collect the
information about the number of
cattle lying in the project affected
areas.

Identify the potential land area for
resettlement of the displaced
people from the project area
through map study.

Conduct sampling survey over project area for
verifying the data/information collected during
the pre-feasibility study and collect additional
data/information on population, household and
their socio-economic status and number of
cattle, lying in the project area.

Verify through site visit the potential land area
for resettlement identified during pre-feasibility
study and identify the new sites, if any.

Collect the cost of lands proposed for
resettiement.

Prepare resettlement schedule and settlement
area. Resettlement area shall be facilitated for
all human requirements such as security, health
and education facilities, economic resources
availability, social and cultural viability etc.

Review and update the data/information
taken in previous studies.

Estimate the total resettlement cost
including all requirements such as
opportunity  loss, educational and
environmental  effects, physiological,
mental and physical health effect, security,
social and economic impacts etc.

Update and finalize resettlement schedule
and settlement area.

13 Project Evaluation

Economic Analysis

13.1 under taken by
governmental
bodies)

(at least for projects | 1-

The economic analysis should
take into account the cost and
benefits to the region (or entire
nation).

The economic analysis should take into
account the cost and benefits to the region (or
entire nation).

All significant intangible benefits should be
identified and quantified in terms of monetary

Update the economic analysis based on
additional information and data available
at this stage.

Department of Electricity Development

153



Guidelines for Study of Hydropower Projects, 2018

Installed Capacity >50 MW and < 100MW

S.N. Study Items

Details of Study Requirements

Pre-Feasibility Study

Feasibility Study

Detailed Design

All significant intangible benefits
should be identified and
quantified in terms of monetary
value to the maximum extent
possible. For example, better
access roads and bridges,
communication faciliies and
schools could be established
around the project area. The
regional/national benefits due to
these improved infrastructures
should be quantified.

Significant forward linkages in the
economy due to the project
should be quantified. For
example, various electricity
consuming industries could be
established once the project is
built. The economic benefits due
to  establishment of such
industries should be quantified.

Similarly, significant backward
linkages in the economy due to
the project should be quantified.
Cement, aggregates and
reinforcement/steel industries are
some examples of backward
linkages.

Employment  benefits  during
construction phase of the project
should be quantified. Economic
benefits due to increase in both

regular and seasonal
employment should be
quantified.

Economic cost of the project
should also take into account the
opportunity cost.

Economic value of project should

be calculated in terms of NPV,
EIRR and B/C.

value to the maximum extent possible. For
example, better access roads and bridges,
communication facilities and schools could be
established around the project area. The
regional/national benefits due to these
improved infrastructures should be quantified.

Significant forward linkages in the economy due
to the project should be quantified. For
example, various electricity = consuming
industries could be established once the project
is built. The economic benefits due to
establishment of such industries should be
quantified.

Similarly, significant backward linkages in the
economy due to the project should be
quantified. Cement, aggregates and
reinforcement/steel  industries are some
examples of backward linkages.

Employment benefits during construction phase
of the project should be quantified. Economic
benefits due to increase in both regular and
seasonal employment should be quantified.

Economic cost of the project should also take
into account the opportunity cost (together with
construction costs).

Economic cost should not include the taxes,
duties and royalties. Similarly, it should not
include price contingency and interest during
construction.

Economic value of project should be calculated
in terms of NPV, EIRR and B/C.
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1. Financial cost should include ) . ) ) ) )
construction  costs,  periodic In performing financial analysis, the Financial
replacement  cost,  royalties, Internal Ratg of Return (FIRR). and the loan
duties, taxes, VAT, price r_epay.capamty. .should be examined based on
escalation, insurance cost and financing conditions.
interest during construction. The financial cost should include investment
, -~ t/base cost (study, preconstruction, civil,
2. All government’s policies, rules cos : !
and regulation should be HM, EM,_ TL), O &.M cost,. dytles, royalties,
. taxes, price escalation, periodic replacement
reviewed. . .
] ) ) cost, project environment and management
3. The benefits will comprise the cost, insurance and interest  during
revenue generation from the sale construction.
?r: elec;rlcal gnlergy. Als a resul’;hof 3. To determine the project’s life from financing
he  Tinancia analysis,  the perspective, generation license period should
financial cash flow showing be considered
operating expenses, debt service o .
(loan repayment), royalty and tax 4. The bgnepts vr\]nll T:omfpr:se .thle revenue
payments should be presented. generation from the sale of electrical energy. Review all previous analysis and update
4. For reservoir or multipurpose 5. As a result of the f|nan0|al_ analysis, Fhe the financial parameters, assumptions and
. . ) financial cash flow showing operating results based on updated current market
project, additional benefits should . o
be derived from: expenses, debt service (loan repayment), conditons and any updates on
13.2 | Financial Analysis o royalty and tax payments should be presented. government’s policy (e.g., tax, royalty
Flood control benefit 6. For reservoir or multipurpose project, additional etc.). The financial parameters such as
Irrigation benefit benefits should be derived from: NPV, IRR, B/C, Equity IRR and NPV, debt
W | d o Flood trol benefit service coverage ratio etc. should be
ater. supply and sanitation | e 90 .con ro gne|, updated accordingly.
benefits e Irrigation benefit,
Local transportation and | ® Water supply and sanitation benefits,
navigation benefits and o chal traqsportation and navigation benefits,
Other tourism related benefits | © Fish farm"?g )
etc. e  Other tourism related benefits, etc.
. ) e NPV and Financial Internal Rate of Return
5. The analysis should include (FIRR) method should be adopted.
inflation, variation due to foreign | 7. General expected financial parameters are as
currency and revenue follows:
generation, if PPA has been | , |nternal Rate of Return on the project (IRR) -
carried out in local and/or foreign higher than discount rate.
currency. e Net Present Value on the project (NPV) -
6. NPV and FIRR could be adopted positive.
7 Al ired ti f than 1.0.
o r.eqmre gssump ion tor e Benéefit cost ratio — higher than 1.0.
financial analysis should be
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mentioned and analysed.
8. Financial parameters, Net
present value (NPV), Benefit-
Cost Ratio (B/C), Project IRR,
rate of equity (ROE), equity NPV,
annual debt service coverage
ratio, discounted payback period
and Levelized Cost of Energy
(LCOE) etc. should be
determined.
Sensitivity analysis is required to be performed in
general, for the following cases:
1. Varied discounted or interest rates.
1. The sensitivity analysis should | 2. Varying capital cost for possible best and worst " ) )
. ; 1. Update the sensitivity analysis carried out
cover possible cases such as case scenarios. . o
e . : . . . . . . . in the feasibility study based on current

13.3 Sensitivity Analysis increase in project cost, decrease | 3. Reduction in revenue generation taking into market conditions and new

in revenue and exchange risk in account  hydrological risks. Delay in . . . .
; s . information/data available at this stage.
foreign currency. commissioning of the project.
4. Cumulative effect of cost and time overruns.
5. Effect of inflation, foreign currency exchange
fluctuation.
14 Presentation Drawings, Maps, Charts and Tables
1. Prepare locaton map in ; ,Ii’/lreparer:ocalltlon mip |.n apprrc]).prlate SF:aIe. g 1. Prepare location map in appropriate scale.
appropriate scale. | ap showing physiograpnic regions —and |, Map showing physiographic regions and
. geographical regions should be prepared. . .

14.1 General 2. Prepare maps showing 3. Proect ] t should b d with geographical regions should be updated.
physiographic  regions  and | ¥ i roject generat fayout snou'd be prepa1r.e WM | 3. Project general layout should be updated
geographical regions. icense boundary n topo map in scale 1:25,000 in appropriate scale

or 1:50,000 as available. :

1. Control survey benchmarks or traverse

1. Generally, this level of study is stations with their x, y, z coordinates (in a

considered to be carried out | 1. Control survey map showing benchmarks or separate table) should be given in general

based on available maps. Survey traverse stations and detailed features of the arrangement drawings (with contours) for

Topography/ works, if carried out during this project area in appropriate scale should be all components for reference and further

14.2 Topographical study including verification of presented. use during construction and operation
Survey head, license boundaries, etc. | 2. Survey data and d-cards (with photographs) phases of the project.

should be documented in should be included in the appendix. Updated (if any) survey maps, data and d-

appropriate scale.

cards with photographs should be documented
and presented in the appendix.
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1. Drainage Basin Map showing the area below
3000 amsl, 3000 to 5000 amsl and above 5000
amsl can be prepared.
2. Field measurements should be presented in a
tabular form with details, location, time and
date.

1. Drainage Basin Map showing . . )
area below 3000 amsl, 3000 to | 3- Rating curves of headworks Site and Tailrace
5000 amsl and above 5000 amsl Site should be presented.
can be prepared. Long term series data should be included.

2. Field measurement(s) should be Various method of daily/monthly flow ;
presented in a tabular form with o . . Updated  hydrology  report  with
details, location, time and date. estimation, adopted daily/monthly flow (include recommended/adopted daily flow, FDC at

14.3 | Hydrology 3. Adopted  monthl (dai if adopted daily flows, if available) and flood headworks and tailrace outlet with tables,
: P y Y. discharge in different return periods should be design floods and diversion flood during
available) flows and flood . :
frequency table should be presented in tabular form. construction.
prepared. 6. Flow duration curve should be prepared.

4. Prepare flow duration curve. 7. Prepare reference hydrograph and flood

5. Prepare reference hydrograph frequency charts.
and flood frequency charts. 8. Discharge-sediment relationship should be

developed.

9. Sediment sample and laboratory analysis report
should be included in the appendix.

10. Result of sediment analysis and laboratory
tests should be summarized in tabular form and
charts.

Prepare drawings as follows: Prepare drawings as follows:

1. Regional geological maps (plan | 1. Regional geological maps (plan and section in
and section in scale 1:250,000 or scale 1:250,000).
in available larger scale). . . )

X ; 2. Geological map of project area (plan, profile &
2. Geological map of project area tion i le 1:5,000)
(plan & section in scale 1:25,000 sc.ec on |nl éca et s . . ]
14.4 | Geology and or 1:50,000 or larger, if | 3. Site specific geological maps (sections with drill Prepare drawings for updated geology
' Seismicity available). hole logs). and seismicity report.

3. Site specific geological maps as | 4. Headworks drawings in scale 1:500.

follows: ) ) 5. Water conveyance route in scale 1:2000.
Headworks drawings in scale . )
1:500 6. Powerhouse in scale 1:500.
Water conveyance route in 7. Map showing seismic refraction lines, drill holes
scale 1:5000 or |arger in scale 1:2000 or |arger.
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Powerhouse in scale 1:500 8. The result of geological investigation in a
4. Map showing seismic refraction tabular format.
I|ne§i, bIelectrllcal resistivity, in | g9 Map showing borrow areas and test pits and
ave.u a. ? scale. . ] trenches in scale 1:2000 or larger.
5. Seismicity map in available scale. 10. Seismicity map in available scale.
The above mentioned scales are indicative only. An
appropriate scale should be used to make the
information/data presented in the drawings/report
clear and readable/understandable.
1. Location of alternative project
components plans and | 1. Location of alternative project components,
alignments should be shown in plans and alignments should be presented in
appropriate scale. appropriate scale.
14.5 | Alternative Study 2. Preliminary cost and energy | 2. Cost and energy comparison charts and tables.
comparison charts and tables Should be prepared.
should be prepared. 3. Financial evaluation charts and tables should
3. Financial evaluation charts and be prepared.
tables should be prepared.
o 1. Optimization study charts and | 1. Optimization study charts and tables should be
14.6 | Optimization tables should be prepared. prepared.
Following drawings in suitable Following drawings in suitable scale should be Follor\]mn% bdra:vmgrsd in suitable scale
scale should be prepared: prepared: s. 9u € prepare )
Alternatives considered e Alternatives considered in scale 1:5000 or 1. Civil general arrangement drawings of al
General arrangement of larger. components, . shovylng . benchmarks,
selected project. e General arrangement/layout of selected setting out points with their coordinates
. . g and all necessary details.
Headworks  plan  (general project in scale 1:5000 or larger. . .
arrangement, elevations and | Headworks (general arrangement, elevations 2. Reinforcement drawings of all structures
Ze(t;ttl'_ons)' basin (ol g and sections) in scale 1:500 or larger W|th-ba.r bending sc.hedules.
147 | Designand s:ctilcr;r?s) asin  (plan an ¢ Headworks components, weir, undersluice, | 3- Preliminary —drawings of all hydro-
Drawings Headracé water conduit svstem intake, gravel trap etc. plan, sections (L- mechamcal components with necessary
(plan and profile) y section, cross sections) and elevations in dimensions/schedules.
Forebay/surge " tank (Plan, appropriate scale. 4. Preliminary drawings of all
sections, profiles). e Settling basin (plan and L-section in scale electromechanical-mechanical
Penstock  (plan, sections, 1:500 and cross sections in scale 1:200 or components with necessary
profiles). larger). dimensions/schedules.
Powerhouse and tailrace (plan, | ¢ Headrace water conduit system (plan and L- | 5. Preliminary drawings of all switchyard
segtions and profiles). sc.-:ctlon in scale 1:2000, sections in scale components and  accessories  with
Switchyard layout. 1:100 or larger). necessary dimensions/schedules.
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Forebay/surge tank (plan and L-section in
scale 1:200, cross sections in scale 1:100 or
larger).

e Penstock (plans and L-sections in scale 1:200
or larger, cross sections in scale 1:100 or
larger).

e Powerhouse (general arrangement in scale
1:500, plan and sections in scale 1:200 or
larger).

e Powerhouse -switchyard Layout in scale
1:500 or larger.

Single line diagram.

e Protection structures (plan in scale 1:200 and
sections in scale 1:100 or larger).

The above mentioned scales are indicative only. An
appropriate scale should be used to make the
information/data presented in the drawings/report
clear and readable/understandable. Distorted scales
are not recommended.

6. Preliminary drawings of all Transmission
line components and accessories with
necessary dimensions/schedules.

7. Preliminary drawings of all interconnection
point’s components
(switchyard/substation) accessories with
necessary dimensions/schedules.

Drawings of Civil Structures

1. General arrangement/layout of selected
project in scale 1:5000 or appropriate

scale.

2. Headworks (general arrangement,
elevations and sections) in scale 1:500 or
larger.

3. Headworks components, weir,

undersluice, intake, gravel trap etc. plan,
sections (L-section, cross sections) and
elevations in appropriate scale.

4. Settling basin (plan and L-section in scale
1:500 and cross sections in scale 1:50 to
1:200 or larger).

5. Headrace water conduit system (plan and
L-section in scale 1:2000, Sections in
scale 1:100 or larger).

6. Forebay/surge tank (plan and L-section in
scale 1:200, cross sections in scale 1:100
or larger).

7. Penstock (plans and L-sections in scale

1:200 or larger, cross sections in scale
1:100 or larger).

8. Powerhouse (general arrangement in
scale 1:500, plan and sections in scale
1:50 to 1:200 or larger).

9. Powerhouse —switchyard layout in scale
1:500 or larger.

10. Single line diagram.

11. Protection structures (plan in scale 1:200
and sections in scale 1:100 or larger).
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Reinforcement Drawings

1. Reinforcement drawings should be
prepared based on civii general
arrangement drawings in scale 1:10 to
1:50 as appropriate.

Drawings of HM Components

1. Gates and accessories parts in
appropriate scale.

2. Expansion joints, manhole covers, valves,
gates driving system etc. in appropriate
scale.

3. Other HM components in appropriate
scale.

Drawings of E-M Components

1. General layout in scale 1:500 or larger.

2. L-sections in scale 1:500 or larger, cross
sections in scale 1:100 to 1:200 or larger

3. Details in scale 1:10 or larger.

Drawings of TL Components

4. A general layout of TL alignment (plan in
scale 1:5000 and profile in scale 1:500 to
1:2000 or larger.

5. Tower/pole in scale 1:100 to 1:200.

6. The support structure in scale 1:100 or
appropriate scale depending on size of
structures.

7. General arrangement of connection
bay/switchyard in scale 1:500 or
appropriate standard scale.

8. Steel structure and equipment foundation
in scale 1:10 to 1:100.

9. Single line diagram.

The above mentioned scales are indicative
only. An appropriate scale should be used to
make the information/data presented in the
drawings clear and readable/understandable.
Distorted scales are not recommended.
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o Updated daily & monthly energy and
Energy and 1. Prepare monthly energy (daily, if | Prepare daily & monthly energy and revenue revenue calculation tables and charts in
14.8 ) data available) and revenue calculation tables and charts comparative format with proposed or
Revenue Calculation calculation tables and charts. : agreed power and energy table of PPA (if
available) should be prepared.

1. Map of INPS (existing and . Map of INPS (existing and planned) should be
planned) should be shown in shown in appropriate scale.
appropriate scale. . Maps showing transmission line requirements in

149 | p Suppl 2. Map showing transmission line appropriate scale (1:25,000 or 1:50,000) or Update maps prepared during the
: ower supply requirements  in  appropriate larger. feasibility study as necessary.
scale. . Present the map showing transmission line
3. Present alternatives available for alignment along with alternatives considered in
interconnection point in the INPS appropriate scale
Access road map/drawings (plan in scale
1. Show access road drawinas plan 1:5000, cross sections in scale 1:100 or
' in suitable scale gsp . Show the access road drawings plan in suitable larger and profile in scale 1:2000 or larger)
14.10 | Access Road ) . scale. should be prepared.
' 2. Show plan for alternative access, s f . if . f
if any . Show plan for alternative access, if any. Drawmg_s of ropeways and ot.her
’ alternative arrangements in appropriate
scale as required should be prepared.
Construction 1. Prel|m|'nary constrgcnon planning . Detailed con'structlon. schedyle in standard Detailed construction schedule in standard
and implementation schedule format showing major project components o
14.11 | Schedule and ; . . : . o o format should be updated and the critical
! showing major activities should including anticipated critical path should be
Planning path should also be shown.
be prepared. prepared.

1. ltem rates for major works should . Item rates for major works should be presented
be presented in tabular form. in tabular form. Prepare item rates for major works in

2. Project cost derived should be . Project cost derived should be presented in tabular form.

14.12 | Cost Estimation presented in tabular forms. tabular forms. Update detailed project cost/engineer’'s

3. Rate analysis and quantity . Pie charts and graphs as necessary should be estimate.
estimation tables should be prepared.
attached in the appendix. . Rate analysis and quantity estimation tables

should be attached in the appendix.

1. Total project cost including Total project cost including financial cost Updated total project cost including
financial cost derived in tabular derived in tabular form stating basis used and financial cost derived in tabular form
form stating basis used and assumptions made while carrying out the stating basis used and assumptions made

- . assumptions made while carrying financial evaluation should be presented. while carrying out the financial evaluation
14.13 | Project Evaluation out the financial evaluation Results of financial anal fp the b should be presented.
should be included. esufis ot financial analyses for Ine base case Results of financial analyses for the base
) . and most likely case should be presented in .
2. Results of financial analyses for case and most likely case should be
. tabular form. .
the base case and most likely presented in tabular form.
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case should also be presented in
tabular form.

Sensitivity results showing all
possible  scenarios  studied/
analysed should be presented.

Sensitivity results covering all possible
scenarios studied/analysed should be
presented in tabular form.

Sensitivity results of feasibility study
should be updated based on market
conditions and new data/information
available at this stage.

14.14

Report

Standard cover page, signature

page, summary page,
abbreviations, the body of report
and conclusions and

recommendations are required in
standard report.

Generally accepted standard
table of contents, list of figures,
list of tables, headings’ font, size
and style, paragraph
arrangement, letter size, font and
style, caption and  cross
reference, line spacing, etc.
should be used in the report.

The report should include:
Main report
Relevant
appendices
Drawings

annexes and

Standard cover page, signature page, summary
page, abbreviations, the body of report and
conclusions and recommendations are required
in standard report.

Generally accepted standard table of contents,
list of figures, list of tables, heading’s font, size
and style, paragraph arrangement, letter size,
font and style, caption and cross reference, line
spacing, etc. should be used in the report.

Separate volumes of report as necessary
including investigation data and calculations
and drawings should be prepared as follows:

Main report

Relevant annexes and appendices.

Drawings

Periodically, updated information in the form of
progress report should be provided to
owner/client/executives agency/regulating
authorities with a cover letter as and when
required.

In case of significant change(s) to the layout,
design and or any other project parameters,
such change(s) shall be reported in time to the
client and regulating authorities with necessary
supporting documents for timely approval.

Standards formats/styles as suggested in
the feasibility study report section should
be followed while preparing all reports
prepared as the outcome of detailed
design. The following report should be
prepared during the detailed design.
Project Definition Report: This is generally
prepared at the beginning of detail design
phase as guidelines for  further
design/development of the project. In the
report, all base line data, up to date salient
features of the project and project
engineering parameters including relevant
codes adopted, cost and revenue
calculations, financial indices, project
implementation schedule, etc. should be
briefly described.

When numerical and physical hydraulic
model studies are carried out, separate
reports should be prepared recommending
further design refinements based on the
outcomes of such studies.

Design Basis Memorandum (DBM): This
document is prepared as project's
customized standards agreed for adoption
in the detailed design of all components of
the project related to civil, hydro-
mechanical, electro-mechanical and
transmission line works. All relevant
baseline information and other project
information given in the Project Definition
Report, Model Study Report, relevant
codes and standards to be followed during
detailed design should be documented in
this report. DBM should be approved by
the client before proceeding the detailed
design further. Necessary amendments to
the DBM should be made on need basis
with timely approval from the client during
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the course of detailed design when and
where required.

Detailed Design Report: Main outcomes of
the detailed design are reports drawings
(general arrangement and reinforcement),
and specifications. The reports, drawings
and specifications together with design
calculation sheets can be structured in
different volumes. An example of detailed
design report volume is suggested below:
Volume-1: Detail design main report
Volume-2: Detailed design annexes and
appendices

Volume-3: Detail design drawings:
Volume-3A: Detailed design civil drawings
Volume-3B: Reinforcement drawings
Volume-4: Technical specification

The above mentioned report and
documents will be basis for preparation of
tender documents which are usually
prepared during detailed design phase of a
hydropower project.

In addition to the above mentioned report it
is suggested to prepare a Draft Operation
and Maintenance Manual for the power
plant  which should be further
refined/updated during construction/
installation of the project. Such a manual
should cover operation and maintenance
guidelines for civil, H-M, E-M and TL
components.

Periodically updated information in the
form of progress report should be provided
to owner/client/executive agency/regulating
authorities with a cover letter as and when
required.

In case of significant change(s) to the
layout, design and or any other project
parameters, such change(s) should be
reported on time to the client and
authorities with necessary supporting
documents for approval.
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15 Risk Analysis

Hydrological risk can be determined by

considering the following:

1. Calculate daily/monthly flow variation, seasonal
variation and develop monthly hydrograph.

2. Collect previous drought records and minimum
river flow analysis

3. Carry out catchment area analysis

4. Collect hydro-meteorological data such as
precipitation, wind velocity, temperature,
relative humidity, etc. of the project area.

5. Estimate upper and lower limit of energy
generation and calculate daily/monthly revenue
of the project.

Flood Hydrology:
1. Probability and statistical approach should be

adopted in fixing the level of flood risk.

2. Flood risk analysis should be based on slope
stability and geology of nearby catchments.
15.1 Hydrological Risk Also calculate flood risk caused by LDOF.

3. GLOFs are major risk factor of many hydro-
project in Nepal. Therefore, status of existing
glacier lakes in the basin, condition of marine
dam and volume of glacier lakes should be
determined. Similarly, risk analysis should
factor in that the nearest projects (to the glacier
lake) are more vulnerable than those located
far from glacier lakes.

Suspended Sediments:

1. Composition and density of sediments are
another major problem for hydropower projects.
Therefore, sediment transportation phenomena,
type of sediments composition and impacts of
sediment on hydraulic structures and hydro-
mechanical equipment shall be considered.
Reference can be taken from existing
hydropower projects located at a similar
topography, catchment basin, nature of
sediments related activities.

1. Review and update the previous study
carried out during the feasibility study.
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Review and update the financial risk analysis
carried out in the feasibility study and
undertake further analysis considering the
. C . S additional key points:
Flnanglal risk shoulfj be carried out considering the 1. Updated materials price rates, tools and
following key points: .
) ) ) ) ) equipment rates, human resource rates
1. Materials price rate escalation and inflation etc. and possibility of future price
during the study period and construction period. escalation.
2. Status of locally available materials and their | o Risks due to contract packages
utilization. contractor  selections, modes  of
3. Construction methodology and technology to be construction, status of infrastructure
employed during construction. development, etc.
4. Construction  planning, scheduling and | 3. Land acquisition and price escalation.
estimation of construction period. 4. Fluctuation trends of foreign currency.
5. Exchange rate fluctuation - market risk and | 5 ypdated bank interest rate.
15.2 Financial Risk currency fluctuation risks during construction 6. Need to add d ds f ial and
period should be considered. : €ed 1o address demands for social an
ecological development.
6. Escalation on bank interest rate. . . . .
7. Financial risk due to natural calamities,
7. Significant technical and non-technical losses scarcity of construction materials, tools
created by natural or human made activities. and equipment supply and delivery etc.
8. Additional risk related to site security. 8. Project's topography and geographical
9. Insurance and cost recovery. location and accessibility etc.
10. Possible revenue variations due to seasonal | 9- Investment risk due to natural events in
and long term fluctuations in river flows. project  area,  political ~ activities,
L . . . government policies, rules and planning,
11. Sensitivity analysis should be carried out taking etc
into account changes in the level of risks. 3 o
10. National prioritization for hydropower
development, formulation, extension,
importance and electricity demand in the
market etc.
1. Collect information on past geological events in
the project area, such as land slide, rock fall, | 1. Review and update geological risk
debris flow etc. assessed during the feasibility study.
2. Collect geological investigation reports and | 2. Collect additional geological investigation
15.3 | Geological Risk results, discontinuity survey reports and reports and results, discontinuity survey

drawings, geological model study, type of
rocks, rock quality, rock bedding, dip direction
and dip amount, etc. and determine the level of
risk factor.

reports and drawings, geological model
study, type of rocks, rock quality, rock
bedding, dip direction and dip amount, etc.
and update the level of risk factor.
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Error in  geological investigation and
interpretation, mapping and survey etc. should
also be considered while setting the geological
risk factor.

Conduct seismic risk analysis considering
seismic design parameters, past seismic events
and their effect in similar topography as well as
national and international practices.

Develop a degree of seismic risk based on the
deterministic and probabilistic approach as well
as other international practices.

3. Error in geological investigation and
interpretation, mapping and survey etc.
should also be considered while setting
the geological risk factor.

4. Conduct seismic risk analysis considering
seismic design parameters, past seismic
events and their effect in similar
topography as well as national and
international practices.

5. Develop a degree of seismic risk based on

deterministic and probabilistic approach
as well as other international practices.

Design and

154 Construction Risk

Insufficient technical information and order,
poor communication, design modification and
alteration,  construction  technology and
methodology play a vital role in increasing the
design and construction risks. Thus, the
following factors should be considered and
clearly examined while determining the design
and construction risks:

i. Design criteria,
formulations.

ii. Factor of safety taken during the design.

iii. Design references and codes referred to.

iv. Documentation and standard of reports,
clarity and presentation of drawings
(construction drawings, SOP drawings,
reinforcement drawings etc.).

v. Presented notes and instructions in
drawings.

vi. Past experience and performance of
designer/consultant.

vii. Modes of contracts.

viii. Bid amount and security deposits.

ix. Adopted/anticipated methodology and
technology for construction and past
experiences with similar
projects/technologies.

X. Contract documents, technical
specifications and quality of tender
drawings and details.

assumptions  and
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xi. Experience and past performance of
contractor.

xii. Construction delay, workability and
probability related to work progress and
execution of work on time.

xiii. Available materials, tools, equipment and
human resources.

Xiv. Quality assurance, field/construction
errors, errors in lab test, climatic condition,
equipment errors etc.

Risk assessment related to environment
impacts and impact mitigation should include:
1. Reliability of data collection during EIA study.
Additional data collection and verification
should be carried out as necessary.
2. Environmental effects due to construction such
as excavation and disposal (blasting, disposal
of tunnel muck, disposal of explosive, soil spoil
and barrow pits etc.) should be re-examined. . . .
. . o 1. Review and update the environment risk
15.5 Environmental Risk 3.  Water availability downstream of dam. analysis, if required
4. Beneficial utilization of water at downstream ’ '
reach and livelihood adaptations and ecological
balance in upstream and downstream of dam
and reservoir should be assessed.
5. Effect of seasonal flood in downstream of dam
should be evaluated.
6. For PRoR and reservoir projects, loss of
agricultural land, loss of physical/social/natural
asset should be quantified.
16 Modelling

1. Result of numerical modelling from the
feasibility study should be updated.

2. Surge effect in tunnel system and back
water effects at upstream of dam can be

1 Hvdrological modellina can be | 1- Hydrological and hydraulic modelling shall be estimated using numerical modelling.
16.1 | Numerical Modelling - Ty 9 :nd carried out as defined in Section 2, Hydrology Velocities and pressures characteristic
done to compute daily flow. and Sedimentation Studies. can be solved by transient analysis (e.g.

using commercially available software).

3. Sediment simulation should be carried out

to compute the trap efficiency and model
bed changes in a sand trap.
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16.2

Physical Modelling
(depending on
project capacity and
if required)

Selection of Scale

The following philosophy and laws should
be considered during physical modelling:

Laws of hydraulic similitude

Law of similarity

Dimensionless numbers and scaling laws
should be determined by considering
criteria of similarity from a system of
basic differential equation, similarity
through dimension analysis and method
of synthesis.

Geometric, kinematic, dynamic and
mechanical  similarities  should be
analysed during scaling process.

Froude law and Reynolds law, Weber
number, Euler number, hydraulic model
law or similar other standard methods
should be considered.

1.

Before building a physical model, carry out
appropriate topographic and hydrological
field survey and define suitable similarity
law and type of model.

Additional  considerations such as
maximum discharge, maximum head, floor
area, ceiling height, construction
considerations, instrumentation limitations,
scale effects, laboratory space constraints
and required equipment available in the
market etc. should be analysed for scale
selection.

Model should be designed as large as
practicable, considering cost and benefit.

The linear scale of model (according to
USBR) should be within the following
ranges:

30 to 100 for spillway, weir/dam.
5 to 30 for settling basin, stilling basin,
outlet and inlet valves and gates etc.
3 to 20 for side channel spillway chutes,
drops, canal structures, etc.

In addition to above mentioned scales,
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6. The position of instruments should be at

certain  minimum dimension must be
maintained for successful studies as
follows:

e At least 100 mm across for models of
gates and conduits

e At least 100 mm bottom width of canal
structures.

e To minimize the relative influence of
viscosity and surface tension, spillway
models should be scaled to provide flow
depths over the crest of at least 75 mm
for the normal operating range.

the accessible locations for observations,
with enough clearance between
instruments and flow boundaries to
provide accurate measurements.
Therefore, the selected scale must be
such that the magnitude of measured
quantities is well within the range of
available instruments and the sensitivity of
the instruments is sufficient to obtain the
results for different operating conditions.

7. Small discrepancies in the model can
result in large differences, when
transferring the results to the real structure
scale/prototype. Therefore, the scale
factor and construction techniques should
be fixed as per required accuracy and
precision.

Physical Model Observations

Instrumentations and Interpretations

1. Observation, instrumentations and
interpretations provide the necessary
information to compare design
alternatives, predict prototype
performance, or develop generalized
results applicable to a wide variety of
situations. Therefore, simple instruments,
such as point gauges, pitot tubes,
manometers for the measurements of
static or slowly changing parameters, V
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notches and flumes, special ultrasonic or
electronic devices, sediment feeding
equipment, etc. are required for
measurement of discharge, water level,
pressure, velocity etc.

Discharge measurements at intake, weir/
dam, spillway, undersluice, flushing
conduits, settling basin etc. of physical
models shall accurately be carried out with
the standard methods and devices.

Water surface level should be measured
at headworks structures such as the weir,
stilling basin, spillway, intake, settling
basin, etc. in different scenarios of the
flow.

In case of spillway, intake structures and
bottom outlets, stage-discharge
relationship should be established for
which observation of reservoir surface
water level is of prime importance.
Similarly, the observation of downstream
water level for different discharge should
be carried out in headworks model study.
Velocity should be measured accurately
by using classical or modern instruments.
Three dimensional flow and turbulence
velocity should be measured by using
electromagnetic current meter, hot-wire
and hot-film anemometers etc.

Static and dynamic characteristics of
positive, negative, differential or absolute
pressures should be determined at stilling
basin, chute surface spillway, immediate
downstream of bottom outlets and gates
etc.

Design of Models

1.

Before the construction of models, the
model drawings should be prepared
accurately to prevent errors in the
construction. These drawings should be
able to provide sufficient information for
the model construction.
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The evaluation of model study should be
carried out by qualitative and quantitative
tests to meet the design and operation
requirements.

Once the basic parameters are defined,
the first step is to select a model scale.
One or more of the scaling criteria can be
selected for the design of the model as
mentioned above.

The model should cover enough area from
far upstream to the downstream of the
diversion structure so that the river
behaviour and sediment management can
be well studied. Normally, the diversion
dam/weir, intake structure, spillway, stilling
basin, fish passes, settling basin, etc. are
often subjected to free surface flow
followed by Froude law or similar standard
methods. While bottom-outlet, gates or
diversion tunnel spillway should be
modelled by Reynolds Law or similar
standard methods.

The following data should be collected
and compiled before the actual design of
the model:

Hydrological and hydraulic calculation of
the proposed design.

Structure layouts of relevant components
and their sizes.

Suspended sediment data, bed load
sediment data and their measurements
and past behaviour of the river at
headworks site supported by photographs,
if available.

Topographical survey data and topo maps
including the river profiles (minimum three:
along centre/thalweg, and along both
banks depicting the water surface) and
cross sections (at 20 m intervals or closer
covering adequate length upstream of
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headworks and also immediate
downstream of headworks). The cross
sections survey should cover at least 20 m
above the maximum flood mark on the
both banks and also 20 m above future
impounding area at upstream of the
headworks along the both banks.

6. Additionally, the data on the armoured bed

material and boulders that are influencing
the river hydraulics along the selected
stretch are very important especially for
steep gradient Himalayan River.

7. Moreover, during model design,
emergency spillway, by pass system, ice
problems, oscillations (surge analysis), air
trap and accumulations in tunnel and
model calibrations are major issues in
physical modelling. So, necessary model
modifications, scaling and transient
analysis should be carried out such that
these issues can be studied in the model.

Physical Model Preparation

1. The physical model construction may be
divided in two main phases, namely:

e Model construction of the river stretch
on which the headworks and or other
structures that are planned to be
constructed, covering adequately its
immediate upstream and downstream
areas. Before construction of the river
model, decision should be made
whether it is necessary to construct
movable river bed or fixed river model
would be enough.

e Model construction of headworks and or
other structures being studied.

2. Boulders, sand or gravel is often placed in
the downstream to aid in the study of the
scour patterns and designs are judged to
some extent by their scouring tendencies.
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For settling basin, the trapping efficiency
and flushing pattern together with its
flushing capacity of flushing gallery have
to be visualized in the model study.

Due to difficulty to scale down sand, silt
and other suspended sediments, walnut
shell dust, saw dust or coal powders or
artificial sediments ranging in size from
0.03 to 4 mm can be used in fine sediment
simulation. The mean diameter of natural
silt and fine sand shall be scaled down in
proportion to the density or fall velocity.

For oscillations, transient analysis (one
dimensional study/numerical modelling)
should be carried out before preparation
of physical model.

Operation of Model

1.

After construction of the river stretch
model, it should be validated. Validation is
usually done against measured water
levels at the site at different characteristic
sections of the river stretch for at least
three different flows/river discharges.

Before the model validation, the initial
adjustments under pumping system or
constant head tank, water leakage from
model components, accessibility in and
around the model instrumentation should
be verified.

Perform model verification and validation
properly as anticipated from the
mathematical relations and collected field
data and confirm that there are no errors
or other inconsistencies because of
miscalculation and or misrepresentation.
The river model should be further refined
and tested until validation results with
acceptable accuracy are achieved.

After initial adjustments, verification and
validation of the model, existing situation
tests (of the river) should be carried out.
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5.

Diversion Structures
1.

Intake Structures
1.

The existing situation tests are usually
carried out for the following flow situations:

Design discharge

Non monsoon flows: Average annual
flow

“Minor floods”: Average monsoon flow
“Large floods™ 2, 5, 10 years returned
period floods

“Very large floods”™ 20, 50, 100 years
return period flood

“Extreme floods”: 200, 500, 1000 years
return period floods or larger, if the model
facilities allow.

Hydraulic performance tests of the main
structures including the following should
be carried out

Length of un-gated weir/spillway or gated
spillway, dam height, abutment height,
divide wall adjustment, upstream flood
wall optimization, effective flow towards
intake, determination of discharge
coefficient at weir/spillway should be
determined and finalized for design flood.

Discharge capacity, functions and location
of trash passage and fish ladder should be
determined and modified as per
requirement.

For RoR project, un-gated spillway (simple
overflow weir), discharge and bed load
exclusion capacity of undersluice in
maximum design flood and partial
blockage and chocking and possibility of
bed load entry at intake etc. should be
observed and modified as required.

Discharge capacity, discharge coefficient,
upstream and downstream water levels
and required modification for different
crest length and intake orifice opening
size should be finalized.
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Stilling Basin
1.

Settling Basin
1.

Carry out observation for appropriate
function of the intake structure for
handling floating debris, excluding the bed
loads, abstract enough water during low
flow and safe operation during floods and
modification should be carried out (if
required). Desired flow pattern upstream
and immediate downstream of intake and
at gravel trap should be achieved.

The size and location of hydraulic jump,
erosion problem at spillway, stilling basin
and flushing sluice, etc. should be
determined up to maximum design flood
and necessary modification of sizes and
extension (location) of riprap, downstream
protection blocks should be finalized
according for design flood, if required.

Flow velocity, fall velocity, trap efficiency,
settlement of artificial sediments, flow
pattern at entrance and exit, amount of
turbulence and uniformity of flow in
vertical and horizontal direction should be
monitored.

Discharge capacity of sediment flushing
conduits and pattern of flushing galleries,
bottom shape, size and slope of settling
basin based on sediment flushing
capacity, number of bays, type and size of
settling basin should be finalized.

Discharge coefficient and capacity of
settling basin outlet and emergency
spillway should be determined and
necessary modifications should be carried
out as required.

In addition, intake/tunnel inlet
modifications and adjustments should be
carried out considering the air
accumulation/trapping problems in tunnel,
bed load and trash accumulation.
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During the study, model observation,
many modifications, dismantling of some
part of the model and re-construction,
regular monitoring, evaluation and
maintenance and regular measurements,
data collections and instrumentations are
required until satisfactory results are
achieved.

Based on the test results, the best
layout/design  (recommended  design)
should be updated and agreed for final
testing.

The final documentation study should
include but not limited to the following
tests with necessary
measurements/records:

Different flows as agreed and tested
during the existing situation tests

Floating debris transport pattern

Bed load transport/deposition/scouring
pattern

Hydraulic performance/conditions
including preparation of rating curves for
weir/spillway, undersluice gates, intake
gates etc.

Proposed operation regime of the
headworks and its different components
(and other structures, if modelled and
tested).

Scenario test for assurance of bed
control in front of intake (by simulating
extreme events like mass wasting).
Necessary additional tests for
covering/recommending different
operational aspects.

Final Reporting

1.

Intermittent/progress reporting modality
and deliverables should be required. The
final reporting/output of the model study
should cover but not be limited to the
following:

Department of Electricity Development

176



Guidelines for Study of Hydropower Projects, 2018 Installed Capacity >50 MW and < 100MW

Details of Study Requirements
Pre-Feasibility Study Feasibility Study Detailed Design

i. Main Report: The main report should
cover the following topics among others:
Introduction/background of the study,
input data, model study methodology,
model validation, existing situation tests
and results/records, conceptual studies
and recommended final design/layout,
final documentation study and records,
tests and recommendations for smooth
operation of project/hydropower plant,
conclusions and recommendations

i. Appendices: Other
data/information/records can be
documented as appendices to the main
report which should cover but not limited
to the following:

S.N. Study Items

e Drawings: All necessary drawings (plan,
L-sections, X-sections and details of the
recommended layout/design should be
prepared and presented in hard and soft
copies (in Auto-CAD or similar software).
Furthermore, plans/layout drawings of all
options studied should also be presented
with necessary descriptions/discussions
in the main report mentioned above.

e Allinput parameters: All input parameters
used for the model study should be
documented in terms of figures, tables,
photographs etc.

e Evidence and records of model validation
tests

e Evidence and records of existing
situation tests

o Water depths/water levels, velocities,
sediment deposition pattern
measured/recorded during
documentation study, operation aspect
study and scenario tests in table, figure
formats.

e Photographs and videos of all the tests
carried out during the documentation
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study, operation aspect study and
scenario tests. Furthermore, photographs
and video taken during validation and
existing situation tests and other major
tests carried out for the conceptual
design finalization should also be
recorded and documented.
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1 TOPOGRAPHICAL SURVEYS AND MAPPING
1. Collect and review the available maps and
images.
1. Collect and make use of available | 2. Additional maps and updated images
contour maps of the project area recommended in the pre-feasibility level
published by the Department of Survey. should be obtained.
2. Enlarge the available largest scale | 3. Satellite image and aerial photograph of y .
Available  Maps Topo-map of the project area to catchment area should be collected for | 1. Additional maps and updated images
1.1 and Images 1:10,000 scale or larger. additional interpretation and investigation. should be obtained, if required.
3. Acquire satellite image of the project | 4. If the project is a reservoir type or has a
area to generate contour and features. weak geological area or consists of a glacier
. . lake in the catchment basin, additional
4. Project the maps and images to match oo -
with the national coordinate system. recent sat.elllte images, aerial _photographs
of the basin and the latest published reports
should be collected for further interpretation
and investigation.
1. Establish additional control 1. Topographic survey carried out during
1. Construct a safe foot trail to access the points/benchmarks. the feasibility study should be augmented
headworks, waterways and powerhouse | 2. Determine the coordinates of at least two with additional coverage required for
of the project. benchmarks by DGPS, triangulation or any detailed design. Where the feasibility
2. Verify the coordinates of the key project appropriate methods to tie with triangulation maps are adequate to an acceptable
components proposed in points of the national grid established by the standard, it will only be necessary to
desk/reconnaissance study. Department of Survey. update them to reflect any changes.
3. Carry out fly leveling, or wuse |3. Complete the traverse survey by using 2. 'gﬁ::g'g;alin“;ﬁ}’;gﬁ'}i;f%‘:'f:& ';;gﬁirgnager
tggggg;i/i?’ﬂ ::jatlon to verify the gross coordinates of the two known t')enchmarks. change of locaton of project
Topographical . : . 4. Carry out detailed topographical survey of component(s).

12 Survey 4. Establish the control points and new headworks, ~waterways (strip survey), | 3. The coordinates of control points
benchmarks  either by  conducting forebay/surge  tank/surge  shaft,  adit established during the feasibility study
traverse survey, DGPS triangulation or portal(s),  powerhouse, tailrace  and should be verified and revised, if
any suitable methods as appropriate. switchyard area and prepare a map with 1 necessary.

;I;t;)z begguzgrlr; Srl:a:)”ns?rict%zrmar\];/aipr: m contour interval. 4. Establish additional benchmarks at the
reinforced concrete or marking in rocks. 5. The point density of detailed survey should selected headworks, waterways and
be sufficient to cover all ground features. powerhouse that can be used during

5. Generate contour and features of the The survey should cover at least project construction.
?_rgjoeocé sacr:IZ OL;slgnrgefatelllte IMmages in impounding area upstream of the dams/weir | 5. Conduct strip survey of the access
' ger. and adequate area downstream of the road(s) alignment with sufficed point
tailrace. The survey should cover at least 20 density to produce map in 1:1000 scale.
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10.

11.

12.

13.

m in elevation above the maximum flood
mark or full supply level on both the banks.

At least two of the most promising
alternatives should be covered in the
topographical survey.

For inaccessible areas such as steep cliffs,
generate contour and features using
aerial/satellite images or any suitable
methods. The maps generated by this
method should be 1:2000 scale or larger.

If there is a hydropower project upstream
within the backwater reach, carry out river
cross section survey up to the tailrace outlet
of the upstream hydropower plant.

The topographical survey should cover
quarry sites, spoil tip areas, camp sites and
access roads (strip survey) inside the
project area including necessary river
crossings.

River cross section survey should be carried
out at intake and tailrace sites covering at
least 500 m upstream and downstream. The
interval should be 20 to 50 m or closer
depending upon river morphology. The
survey should be extended beyond high
flood marks. The flood marks and existing
water levels should be indicated in the cross
sections.

If there are any tributaries/gullies that could
affect the project components substantially,
tributaries’ cross section survey should
cover the stretch within the project area.

If there are major river confluences in the
vicinity of the headworks and/or tailrace, the
topographical survey should cover at least
500 m upstream and downstream from the
confluence point in the adjacent river(s) and
the main river.

Conduct walkover survey of transmission
route(s) and construction power route(s)
using 1:25,000  or 1:50,000 scale

Take details to indicate all major and
minor crossings.

In bridge/siphon crossings, conduct river
cross section survey covering 500 m
upstream and 500 m downstream from
the bridge axis at 20 m intervals or closer
and mark water levels. Take additional
details at abutments.

Conduct strip survey of transmission line
route in 1:1000 scale. Also, take details
at poles/tower locations.

Conduct cross section survey of critical
slopes and landslide-prone zone in
project area i.e. intake, forebay/surge
tank, adit portal(s), waterway, penstock
alignment and powerhouse, if not
covered during feasibility study.
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14.

15.

16.

17.

18.

topographic maps in order to verify
suitability of the route(s). Mark the walkover
points with GPS and plot these in the
topographic map.

For power canal/conduit, the width of strip
survey should be decided considering the
topography of the alignment, size of the
conduit, access and safety requirements.
Survey of dam site area should extend up to
an elevation covering top of dam plus head
over crest during deign flood with sufficient
free board.

Reservoir area survey should cover up to an
elevation of FSL with adequate free board.
Locate and map river boulders larger than
2m.

For tunnelling, 100 m to 400 m wide strip
along the tunnel alignment in a scale of
1:2000 to 1:5000 should be considered.
Similarly, conduct an additional detailing for
portals and low overburden areas.

1.3

Topographic

Mapping, Plotting,
Reporting and
Data Presentation

Prepare description card of all
benchmarks showing the point with a
colour photograph and mention the
nearby references, the name of local
surveyor, place name and its
coordinates.

Prepare topographical survey report and
maps. If multiple surveys have been
carried out, prepare a single report
consisting all of the findings.

Prepare contour plan in 1:2,000 scale
with 2 m contour interval of the whole
project area. Features such as a rocky
cliff, slide zones, cultivated land,
settlement, benchmarks etc., must be
shown.

Prepare description card of all benchmarks
showing the points with a colour photograph
and mention the nearby references, name
of the surveyor, location and its coordinates.

Prepare topographical survey report and
maps. If multiple surveys have been carried
out, prepare a single report including all of
the findings.

Prepare access road(s) map in 1:1000 scale
with 1 m contour interval. Show the cross
sections along bridge/culverts along the
road alignment in appropriate scales. The
general layout may be plotted in a smaller
scale.

For headworks, waterways, forebay/surge
shaft/surge tank, adit portal(s), powerhouse,
tailrace and switchyard areas, the contour
interval should be 1m and the scale of map
may vary from 1:100 to 1:2000 depending
upon the size of the area.

1.

Use the topographic maps prepared
during the feasibility study after updating
as and when necessary.
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5. Prepare transmission route map in a scale
of 1:25,000 or 1:50,000 showing key
features such as agricultural land, forest
area and settlements.
6. Prepare and verify the license boundary
map showing project components and verify
there is no conflict with other projects in the
vicinity and ensure that backwater level is
also within the license boundary.
2 HYDROLOGICAL AND SEDIMENTATION STUDIES
1. Along with the guidelines mentioned | 1. All information obtained from pre-feasibility
herein’ the Hydro]ogica| Manual for StUdy shall be reVieWed, verified and
Infrastructure, Water and  Energy updated. If gauge stations have been
Commission Secretariat can be followed established  previously, —measurements
for hydrologic analysis. should be continued.
2. Collect long term historical rainfall data | 2. Data logger can also be added and used for
and climatological data pertinent to the online monitoring of hydrological data.
study area (preferably more than 30 | 3. Install a cableway at the intake and
years) where available. powerhouse site wherever necessary for
3. Collect long term historical flow data and discharge measurement.
sediment data of the river under study. If | 4. Update the flow data and assess according
not available, collect the data from other to the mean daily flows and develop an
rivers with similar hydrological upgraded flow duration curve. 1. All the information obtained from
characteristics in the vicinity (preferably | 5. For ungauged river basin, hydrologic feasibility study shall be reviewed,
for more than 30 years). modelling for the estimate of water verified and updated.
21 Hydrology 4. Check the consistency of data. availability shall be carried out. Hydrologic | 2. Data collection from previously
5. Assess mean daily flow (if available) and model that consider snow/glacier melt established gauge stations in hydropower
develop a flow duration curve using daily schemes shall be used for the catchment project shall be continued.
hydrograph. that has snow/glacier fed rivers.
6. For the ungauged river, discharge | 6. Water surface/level profile modelling shall
(including flow duration curve) shall be be carried out.
estimated with empirical methods, | 7. Carry out cross section surveys at least
rational method and catchment area 500m/1km upstream and downstream of the
rato  method  selecting  similar headworks site and the tailrace site
catchment, wherever applicable. Such covering the highest flood marks, preferably
discharge data shall be justified by at the same locations as of the pre-
checking rainfall runoff coefficient. feasibility study so that any change in the
7. Snow/glacier melt contribution shall be cross sections can be observed. Check the
considered, if the catchment has magnitude of flood peaks with the previous
snow/glacier fed rivers. ones.
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8. Establish a gauging station as well as | 8. Carry out discharge measurements
colour crest gauges at straight and intensively (or record gauge readings)
stable control section for instantaneous during the rainy season (June to
flood recordings at the intake and September) to cover the peak floods at the
powerhouse site. A data logger may also intake and powerhouse site and a
be used for automatic flow recordings. reasonable number during other months
9. Carry out discharge measurement at the (October to May) at the control profile, if the
intake site. Develop a rating curve at site is accessible during monsoon. If not,
headworks and tailrace/powerhouse estimate the flood flows based on flood
area. marks using appropriate  hydrological
10. Carry out three cross section surveys at models.
headworks site and three cross section | g Check these measured data with the
surveys at tailrace site covering the previous rating curve and upgrade these as
highest flood marks. necessary.
11. The river high flood data (instantaneous 10. U : :
; . . Update and upgrade the diversion floods
high flood) obtained from DHM needs to computed during the pre-feasibility level
be analysed for flood frequency stud
estimation, if available. udy. )
12. Estimate the design floods for return . :Jﬁdate a.rt1d upgrade the rating curve for the
periods of 10, 50, 100, 200, 500, 1000, allrace site.
10,000 years and PMF. 12. Update, validate and upgrade the design
13. Conduct flood frequency analysis for the flow for power generation.
period of October to May for | 13. Carry out the water quality analysis to
ascertaining construction diversion flood. determine the corrosive effectiveness
14. Assess the possibility of GLOF in the (hardness).
catchment area. 14. Collect the information on GLOF events in
the past (if such events have occurred) and
assess the magnitude of the potential
GLOF.
15. Generate sequence of flow for the case of
storage projects.
16. Assess impact of climate change with
uncertainty analysis on the availability of
flow based on long term data and other
secondary information available.
Review the findings of feasibility study
e . . . 1. Collect sediment samples daily during the and update, if necessary.
1. Identify in which zone of sedimentation . ’
22 | Sediment 4 rainy season (June to September) and at a In case of substantial changes in the river

the catchment lies (high, medium or
low).

reasonable frequency during other months
(October to May) to develop rating curve for

morphology such as due to large
landslides in the upstream catchment,
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2 Estimate the sediment/bed load in the g::ChZ?d;ment concentration against the (S:::;ylirc:utdJlrji:higes;g?ﬁeggggonsedlment
river using empirical methods. ge. piing 9 y )
: 2. Determine the tentative value for median
3. Collect suspended sediment samples ) . . ,
and perform necessary laboratory gra;n_sllze, d50 of the river bed/banks
analysis to determine  sediment materias.
concentration, particle size distribution | 3. Analyse the sediment samples to evaluate
and mineralogical content. the volumes and characteristics of solid
4. The sampling should cover at least one material transportation including suspended
pre-monsoon and post monsoon sediment concentration, particle size
periods. distribution and mineral content analysis.
4. Estimate the daily sediment load and
assess the annual load in the river.
5. Carry out particle size distribution analysis
for river bed materials at gauging station(s),
headworks and powerhouse sites and their
immediate vicinity.
6. Analyse sediment impact due to
construction activities on  downstream
projects.
7. For reservoir project, estimate and update
the total sediment yield based on historical
recorded data after pre-feasibility study or
characteristics catchment area (rainfall
intensity, wind velocity, rate of rock
fragmentation, land slide events, gully
erosion, heavy construction activities etc.).
8. Plan for mitigations concerning sediment
induced risks.
3 Geological/Geotechnical Investigation
1. Collect and review available literature, | 1- Review pre-feasibility report, if any.
topographic maps, regional geological | 2. Collect and review available literature,
maps, geological sections, structural topographic maps, regional geological
] maps, available images and aerial maps, geological sections, structural maps i o
31 Regional Geology photographs. and available images. 1. ?ﬁ‘é‘;{‘;stgre feasibility report and update,
Study 2. Prepare a brief report on regional | 3. Prepare report on regional geology and y:
geology with map showing major structures
structures  (fault, fold, window and | 4 |nclude existing regional geological maps
thrust). with plan and section in available scale.
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3.2

General Geology
and
Geomorphology
of the Project
Area

Conduct a site visit to collect data for
geological mapping, geomorphology
survey and discontinuity survey.

Prepare geological map with plan and
section of the project area in 1:10,000 -
1:25,000 scale or on available larger
scale maps.

Prepare a report on general geology and
geomorphology of the project area.

Conduct detailed geological mapping of the
project area focusing in different rock types,
folds, faults, shear/weak zones, water
bearing zone, karst features and prepare a
geological map with plan and section in
1:10,000 or larger scale.

Prepare a report on general geology and
geomorphology of the project area.

Review and update previous reports and
geological maps, if necessary.

Conduct additional detailed geological
mapping where necessary.

3.3

Geological
Conditions  and
Geomorphology
Major Project
Components

Describe geological and
geomorphological conditions and
potential geo-risks of major project
components such as dam/weir, intake,
settling basin, waterways, forebay/surge
tank/surge shaft/penstock, powerhouse,
tailrace and switchyard.

Conduct and describe reconnaissance
mass wasting study using available
images to identify potential geo-hazards
such as landslides, inundation and
LDOF risks in the project vicinity
covering both upstream and
downstream.

Conduct detailed engineering geological
mapping of major project components such
as weir, intake, settling basin, waterway,
surge tank/forebay, penstock, powerhouse
and tailrace in appropriate scale of 1:1,000
to 1:10,000.

Review and conduct a risk assessment of
geo-hazards such as landslide damming
inundation and LDOF risks etc. in the
project vicinity covering both upstream and
downstream reach.

Assess landslides and rock fall risks for
surface structures with special consideration
for seismic events.

Analyse site investigation data and prepare
detailed geological, and geotechnical report
of the project components.

Refer to Secton D - Additional
requirements for hydropower projects with
underground structures.

Review, and update maps and reports of
previous studies. Conduct detailed
mapping, if major components’ locations
are changed.

Review mass wasting report and conduct
detailed analysis and assessment of risks
to major structures to consider protective
measures.

If any modification in project layout and
location of major project components,
additional survey and geological mapping
in appropriate scale (generally 1:1000 to
1:10,000) shall be required.

Carryout detail study to delineate
intraformational fault.

3.4

Discontinuity and
Rock Mass
Classification
Survey

Collect joint sets properties and analyse
the collected data in preliminary stage
for the major project components based
on the site visit.

Collect rock mass properties and
classify rock mass (Q system, RMR, GSI
and any other internationally accepted
methods) in the preliminary stage of the
major components based on the site
visit.

Conduct discontinuity survey to identify and
locate bedding/foliation planes, lithological
contacts, major and minor joints, faults,
thrusts, shear/weak zones, folds, fissures,
karst features and voids with their
properties.

Collect properties of joints such as
orientation, spacing, roughness, apertures,
filling and thickness, weathering and
persistence for wedge failure analysis and
selection of cavern orientation.

Review and conduct additional joint
survey and rock mass classification
especially for underground structures and
high dams.

Conduct analysis for slope stability,
tunnel stability and section of the stable
orientation.

Department of Electricity Development

185



Guidelines for Study of Hydropower Projects, 2018

Installed Capacity More Than 100 MW

S.N.

Study Items

Details of Study Requirements

Pre-Feasibility Study

Feasibility Study

Detailed Design Study

Conduct discontinuity analysis for slope
stability of portals and surface components,
wedge failure analysis and selection of
stable caverns orientation.

Conduct and collect rock mass properties
and classify rock mass (Q system, RMR,
GSl, RMi or any other international
classification system). If other internationally
accepted classifications are to be used, this
should be correlated to equivalent Q, RMR
and GSI system. Prepare rock mass class
distribution along all tunnels, adits, shafts
and caverns.

Prepare Rock Mass classes distribution
(along profile/cross section) for each
underground structure to determine rock
support.

Slope stability analysis for natural and cut
slope and rock support analysis for
underground  structure  followed by
numerical modelling.

3.5

Geotechnical
Investigations

Perform geophysical investigation such
as seismic refraction or electrical
resistivity or any other appropriate
geophysical methods. The geophysical
investigation shall be followed by
exploratory core drillings. Initially
exploratory core drillings shall be carried
out (few holes) at the major structure
locations and geologically at the critical
areas.

Perform  combination of  geophysical
investigations such as Seismic Refraction
Tomography (SRT), Micro Tremor Array
Measurement (MAM) and  Electrical
Resistivity Tomography (2D ERT) and
MASW (for foundation) survey to construct
bedrock profile, overburden thickness and
nature of soillrock strata, foundation
properties, rock mass quality, faults/shear
zones, water table at weir/dam, intake,
setting  basin, waterway  alignment,
forebay/surge tank/surge shaft, powerhouse,
anchor blocks (surface penstock alignment),
underground penstock (pressure shaft),
powerhouse and tail race sites.

Perform exploratory core drillings at dam/
weir (minimum 6 holes), underground
settling basin (minimum 2 holes), headrace
tunnel (at least on at each portals and in
problematic areas such as shallow cover,

All geotechnical investigations including
exploratory core drillings recommended
in the feasibility study should be carried
out.

Conduct additional
investigations, if required.

geophysical

Additional drilling should be carried out to
verify geophysical investigation
especially in dam and powerhouse, if
required.

In case of underground structure, core
drillings with in-situ tests such as Lugeon
test, necessary geophysical or other bore
hole logging followed by laboratory tests
such as point load test of lump sample,
Uniaxial Compressive Strength test of the
core sample, Modulus test and Odometer
test for swelling clay should be carried
out.
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faults/shear zones decided based on the
geophysical investigation results; minimum
3 holes), surge shaft (minimum 1 hole),
anchor block (minimum 1 hole) and surface
powerhouse (minimum 3 holes) and
underground caverns (minimum 1 deep hole
or 2-3 short holes).

Perform permeability test in soil and Lugeon
test in rock in each drill hole at 3-5 m
intervals. Install piezometers in selected drill
holes (minimum 2 in dam, 3 in tunnel and 1
in Powerhouse area) to monitor ground
water table.

Conduct necessary geophysical analysis
down the hole and other necessary logging
in  representative drill holes where
necessary.

Conduct lineament survey from images for
underground structures.

Conduct detailed survey of joints with
properties, faults, shear zones, rock mass,
weathering conditions, open cracks, loose
mass in both dam abutments

Collect samples for laboratory test such as
cohesion and friction angle for soil and
shear strength tests for rock.

Perform necessary laboratory analysis and
tests for soil such as particle size
distribution analysis, Atterberg limits, natural
moisture content, plastic limit, specific
gravity, shear box tests of collected samples
for physical properties and Odometer test or
X-ray differentiation test to find out swelling
clay type and swelling pressure.

Laboratory test for rock unit weight, uniaxial
compressive strength, point load test,
Brazilian test, deformation modulus test,
Poisson’s ratio, slake durability test,
swelling pressure test for swelling clay and
petrographic study.

10.

Perform additional permeability and
Lugeon tests in each drill hole at 3-5m
intervals to know the permeability of the
rock for grouting design for dam.

Additional laboratory tests of rock
samples for caverns: Tri-axial test (if
available), uniaxial compressive strength
test, point load, modulus test, Poisson’s
ratio, Brazilian test.

For high dam projects, excavate test
adits (optional) in both banks abutment
and perform necessary in-situ test like
dilatometer, flat jake, shear box etc. as
required based on the dam types.
Similarly, for the underground
powerhouse, a test adit tunnel up to the
powerhouse cavern and various in-situ
tests are recommended.

For storage type project, gather reservoir
side slope’s soil information by
geophysical investigations, drillings and
ground water conditions (using
piezometer). Use the acquired
information to conduct slope stability
assessment against rapid drawdown by
numerical modelling.

In underground cavern with high
overburden (greater than 600 m),
measure in-situ stresses by 3D over-
coring or hydro-fracture and also
measure deformation modulus.

Carry out test pits excavation, standard
penetration tests (SPT) and core drillings
or appropriate geophysical investigation
methods at tower foundations of
transmission line 2 132 kV.
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10. Refer to Section ‘D’ - Additional
requirements for hydropower projects with
underground structures.

1. Prepare geological model (geological plan
and profiles) of each major project
component in appropriate scale of 1:1,000
to 1:10,000 based on the results of the
investigations for design requirements
showing soil, bedrock profile with
bedding/foliation plane dip angle, rock
types, water bearing zone/table, faults/shear
zones, rock squeezing, joints, rock mass
classes distribution based on rock support
classes, landslides etc. and include
rosette/major  joints’  stereonet  with
tunnel/cavern alignment.

2. Prepare geological model (plan and
adequate sections) of dam showing soll
cover, bedrock profile with foliation/bedding
dip angle, joints, pale channels, water table,
faults/shear zones etc.

1. Prepare preliminary geological model | 3. Prepare geological model (plan and

3.6 Geological Model (plan and sections, in appropriate scale sections) along waterway and surface

of 1:5,000 to 1:10,000) for dam. penstock alignment covering 50 —100 m

both uphill and downhill sides of the

alignment and extend in critical areas
showing landslides, debris flow, gully
erosion, steep slope etc. for stability and
risks assessment for design considerations.

4. Prepare geological model (plan and profiles:
additional cross/transverse sections in low
angle dipping beds, if tunnel aligns parallel
to the foliation/bedding planes) of headrace
tunnel showing rock profiles  with
foliation/bedding dip angle, joints, rock mass
classes distribution based on rock support
classes, faults/shear zones, water bearing
zones, rock squeezing or rock bursting and
other problematic zones etc. in minimum
1:10,000 scale.

5. Prepare geological model (plan and
sections) of underground powerhouse and

S.N. Study Items

1. Update or prepare new geological
models of each project components by
conducting an additional engineering
geological mapping and site
investigations where necessary.

2. Prepare rock contour map for the design

of dam foundation and abutments
excavation.
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settling basin showing the rock profiles with
foliation/bedding dip angle, joints, rock mass
classes distribution based on rock support
classes, faults/shear zones, water bearing
zones, rock squeezing or rock bursting and
other problematic zones etc. and include
rosette/major  joints’  stereonet  with
tunnel/cavern alignment in appropriate
scale.

Prepare geological model (plan and
sections) of other underground structures
(surge shaft/tunnel, penstock shaft, tailrace
tunnel, access tunnel, adits) showing the
rock profiles with foliation/bedding dip angle,
joints, rock mass classes distribution based
on rock support classes, faults/shear zones,
water bearing zones, rock squeezing or rock
bursting and other problematic zones etc.
and include rosette/major joints’ stereonet
with tunnel/cavern alignment in appropriate
scale.

3.7

Ground Water
Condition Survey

Conduct ground water condition survey
based on natural springs, wells, pond, deep
valleys, gully crossings, faults, valleys
formed by fault/joint connected to uphill and
ground water condition identified by site
investigations such as geophysical surveys
and drilling results.

Conduct drilling and install piezometers in
selected critical areas identified by the field
survey and geophysical investigations.

Identify ground water table and water

bearing zone along each underground
structures.

Review and update from additional
drilling, geophysical investigations data
where necessary.

3.8

Geo-hazard

Conduct geo-hazard, vulnerability
reduction and disaster  mitigation
measures.

3.9

Geotechnical
Instrumentation
and Monitoring

Project shall propose the types and
number of geotechnical instruments with
a monitoring program for slope stability
and underground structure movement.
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Instruments such as inclinometers,
extensometers, convergence
measurement devices (for tunnels), water
level and water pressure monitoring
devices etc. as required during
construction and operation of the project.

Install additional piezometer in drill holes
at dam, tunnel and powerhouse areas, if
required. Continue measuring ground
water table from piezometer installed
during the feasibility study and detailed
design phases.

Construction Material Survey

Identify sources and quarry sites for the
construction materials such as sand,
coarse aggregates, boulders, impervious
soils, etc.

Locate the quarry sites in the available
topographic  maps  (1:25,000 or
1:50,000) observed during the site visit.
Make preliminary estimation of available
quantity at each borrow area for the
construction.

Take reference from the pre-feasibility
study, if any.

Identify and investigate  construction
material sources and quarry sites for the
construction materials such as impervious
soils, stones, boulders, sand and gravel as
required.

Excavate test pits/trenches (minimum 1.5 m
* 1.5 m) and log the nature of soil at borrow
locations including photographs and collect
samples for laboratory analysis.

Perform laboratory tests: gradation and
classification, unconfined compression,
absorption and specific gravity, uniaxial
compressive strength, point load, Los
Angeles abrasion test, sulphate soundness,
slake durability test, compaction test, alkali
aggregate reaction, swelling test (if
necessary), aggregate crushing value, mica
and clay content.

Estimate available quantities at each borrow
area to meet the requirement of the
construction.

Collect rock block/boulders samples from
each quarry site for laboratory tests.
Prepare location map with source areas in
appropriate scale.

Collect previous laboratory reports and
results and verify the quality and quantity
of construction materials.

Carry out further investigations and
laboratory tests, if required.
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5 Seismic Study
1. Describe in brief tectonic settings related Describe tectonic settings related to the Revi . .
. . ; ; . . . . . eview and update the previous study, if
51 Tectonic Setting to the project area using available project area using available literature and required
literature and regional maps. regional maps. ’
L . 1. Identify the seismic zone of the project Review and update the previous study, if Review and update the previous study, if
5.2 Seismic Zoning based on the NBC 105. required. required.
) Interpretation of aerial images and remote
Arial Images and sensing studies should be critically reviewed
5.3 Remote Sensing to define the tectonic features of the project
Interpretation area including the neo-tectonics.
Active and dormant faults occurred in the
project area and surrounding regions need
to be assessed in terms of length of faults,
. . their distance from the project area, return . . .
5.4 Fault and 1. Information on  different  faults period and reoccurrence nature. Review and update the previous study, if
’ Paleoseismicity characteristics should be accumulated. . L required.
Information on paleoseismicity for
earthquakes that occurred in past useful to
support the instrumental and historical
major seismic data should be established.
Earthquake catalogue, especially for those
Ei;:?ggsge and historical and instrumentally  recorded
Historical and 1. Information on regional seismicity should earthquakes, shoulq be identified for
5.5 Instrumentally be discussed and reflected in a map at a earthquakes.of.magnltude 4.0 M and above.
Recorded suitable scale. For every significant earthquake event, the
Earthquakes location, distance, magnitude and intensity
should be shown in a map in a suitable scale.
The greatest earthquake likely to affect the
construction during the life time or the
maximum earthquake anticipated to occur in
a particular period should be addressed.
Att?.nuati?nthlaw_t fo_r tthe gre?t_estt gr{)und Review/compute OBE and MDE on the
5.6 Selsmlp Hazard consideration of the known controlling prob.ablllstlc approach. )
Analysis Review the previous studies and update,

earthquake.

The probability of exceeding different level
of intensity or acceleration of the ground in
the site during a particular period of time
should be expressed. Empirical laws may
be applied as necessary to determine the

if required.
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Peak Ground Acceleration (PGA) for
Maximum Design Earthquake (MDE) and
Operating Basis Earthquake (OBE).
Moreover, carry out Probabilistic and
deterministic seismic hazard analysis to
estimate the Peak Ground Acceleration
(PGA) for Maximum Design Earthquake
(MDE) and Operating Basis Earthquake
(OBE) especially for high dams.

Risk assessment in consideration of ground
movement, dislocation and rock shattering
of fault, ground creep, landslide and rock fall
due to earthquake should be taken into
account.

6 Selection of Project Components and Project Layout

1.

Assess and describe availability and
condition of the access road(s) leading
to the project site. The selected road
alignment shall have minimum numbers
of crossing and protection structures.
Identify and describe new access
road(s)/ropeways/foot
trails/tunnels/others to be constructed for
development of the project.

Identify the existing hydropower
project(s) located at upstream and
downstream of the project area and
verify the project’s license boundary with
existing hydropower project.

Conceptual layout of all possible
schemes within the license boundary
should be identified and studied.
Topographical, geological conditions of
alternative layouts should be studied in
order to select the location of project
structures: weir, settling basin
waterways, forebay, penstock,
powerhouse, tailrace and switchyard.
While selecting the alternatives, socio-
environmental variables should be
considered and compared.

Review the pre-feasibility study report and
update the site accessibility conditions to
the project area.

Select the shortest and most economical
access road(s) alignment with a minimum
number of crossing structures.

Detailed topographic maps and preliminary
geological maps should be prepared for
designing the project configuration/layout.
Use updated hydrological data/analysis
results for the design of project
components. The design discharge should
be based on the prevailing practices in the
context of Nepal (e.g. 40-45 percentile flow/
flow mentioned in survey license).

While selecting the alternatives, socio-
environmental  variables  should be
considered and compared.

Follow the relevant national and
international guidelines, norms and codes
to design the project components.

For the selection of location of the diversion
weir, possible alternative sites identified
during the pre-feasibility study should be
investigated in details. Simultaneously, the
alternative sites for settling basin, water

Expert consultation is recommended to
verify the project layout and components’
design.

Review and update the feasibility study
incorporating expert recommendations, if
any.

In case of significant changes to the
layout, updating the feasibility study, if
required.

Verify the
boundary.

Based on the up-to-date project data,
information and relevant codes, norms
and guidelines, prepare design basis
memorandum (DBM) prior to carrying out
detail design and get approval from the
concerned client.

updated project license

Carry out detailed design of the access
roads within the project area, if required.

Carry out detailed design of all
components such as: weir, intake,
settling basin, waterways, forebay/surge
tank/surge shaft, powerhouse, tailrace
and switchyard.
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7. Assess the location and condition of conveyance, river crossings, forebay/surge
immediate upstream and downstream tank/surge shaft, powerhouse, tailrace and
projects, if any. List out issues related to switchyard should also be investigated in
the existing project(s) to be addressed details.
while finalizing the project configuration. 8. Prepare preliminary design and drawings of
8. The locations and types of the structures all alternatives (at least two covering both
of each scheme should be verified at the banks) and project structures in
site in terms of accessibility, topography, appropriate scale.
geology, river morphology, construction | 9. Conduct alternative study of transmission
ease and technical, economic and socio- line routes (at least two) and identify the
environmental considerations. shortest and most economical route, sub-
9. Prepare conceptual layout (project station and voltage level.
configuration) of at least two of the most | 10. Based on the design and drawings, quantity
promising schemes with its major and cost estimations should be carried out
structures in appropriate scale using for each alternative.
available maps and conduct a | 11. Calculate revenue from the project using
preliminary cost-benefit analysis. saleable energy and prevailing energy
10. Recommend area to be covered by prices. .
study. on maximum benefit at minimum cost.
11. Prepare a preliminary hydraulic design 13. Preparg general Iayout dr_awings of the besF
and the drawings of alternative alternative  showing its components:
schemes. headworks,  waterways, forebay/surge
) tank/surge shaft, penstock, powerhouse,
12. Identify ~the shortest and most tailrace and switchyard using the detailed
economical transmlsspn route. Select topographic map prepared during this stage
the ne:arest substation for power of the study. Additionally, show
evacuation. transmission line route and access roads to
13. Expert consultation and verification of all major project components.
project layout and project structures | 14, Expert consultation and verification of
should be carried out based on project layout and project structures should
topographical, hydrological, geological be carried out based on the complexity of
and maximum energy benefit at the the project.
minimum cost criteria. 15. If the surface topographical conditions are
not favourable, then underground option
should also be studied.
7 Optimization Study
1. Installed capacity should be fixed | 1. Objectives 1. Re-optimization should be carried out
tentatively considering preliminary Optimization of the following project components based on .chan_ges In project capacity
technical,  socio-environmental  and ! : and/or design discharge and/or changes
economic assessment based on the | Should be carried out: in market price for materials and labour.
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findings of an up-to-date study and past | e  The Full Supply Level of dam (FSL).
practices. e The water conveyance system comprising
2. The number of generating units should the low pressure headrace tunnel or the
be determined considering the reliability high pressure tunnel section and the
of operation of the plant and maximum tailrace tunnel/conduit.

utilization of dry season river flow. Apart
from that transportation aspects should
also be considered.

e  Optimum installed capacity of the plant and
the number of units.

e Spillway arrangement for the dam.

e For PRoR, to determine the optimum
levels/effective volume of the poundage for
generating the required peak power.

2. General Approach
The general optimization procedure should be
as follows:

e An economic analysis should be carried
out for the optimization of headworks,
water conveyance, the plant capacity and
the spillway arrangement.

e Conceptual layouts should be developed
for each alternative from which the cost
estimates are to be prepared.

e A comparison between the cost and power
benefits for each alternative should be
done. On that basis the optimum size of
the plant should be determined, which
would maximize the benefits.

Project layout and design
3. Headworks

e For the selected location of spillway, an
optimization exercise should be carried out
to find the most economic arrangement for
the weir/dam/gated spillway.

e  For this purpose, number of spillway gates
should be varied while maintaining the
capacity to pass the design flood at FSL
and finding the corresponding freeboard
required between FSL and the top of core/
structure to pass the PMF.

e Cost comparison between various options
should be carried out.
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e Economic sizing of settling basin should be
studied based on mineral composition and
concentration of sediments.

4. Water Conveyance/Canal/Pipe/Tunnel

e The size/optimal diameter of various
canal/pipe/tunnel sections comprising the
power waterways should be determined for
the range of flows corresponding to the
installed capacities used in the capacity
optimization.

e Analysis of the following types of tunnels
should be carried out:
- Nominally unlined or shotcrete lined

tunnel or shotcrete and concrete lined.

- Concrete lined tunnel.
- Steel lined tunnel.

e Optimize the size, location and type of
surge shaft, surge tank and forebay.

e The optimization should be based on the
following economic and cost parameters:
- Estimated value of energy
- Discount rate
- Capacity benefit
- Unit cost of tunnel excavation
- Unit cost of concrete lining
- Unit cost of steel lining

5. Full Supply Level and Installed Capacity
General

The optimization of the FSL (dam height) and
installed capacity should be based on the
following assumptions:

e Firm flows are defined as those with 90%
probability of exceedance on a monthly
basis.

e Secondary energy is defined as the
difference between the monthly average
energy and the monthly firm energy.

e Dry, wet, peak/off-peak and spill energy (if
any) should be defined and estimated as
per the requirement of the off-taker.

e 100% of the firm power produced by the
plant is utilized.

S.N. Study Items

Department of Electricity Development 195



Guidelines for Study of Hydropower Projects, 2018 Installed Capacity More Than 100 MW

Details of Study Requirements

S.N. Study Items — T, = =
Pre-Feasibility Study Feasibility Study Detailed Design Study

e Major overhaul period (years) of turbines,
generator and other equipment should be
based on manufacturers guidelines
regarding their operating hours as well as
best international practices.

e The plant will be used to supply the
domestic/international market only.

e A compensation flow (10% of lowest
monthly flow or amount of downstream
release recommended by IEE/EIA study)
should be released downstream, which
should be deducted from the available dry
season flows for the computation of the
energy estimates.

6. Range of Options

e  The optimization of FSL and plant capacity
should be carried out simultaneously.

e A capacity range with equal intervals
should be adopted for at least five options,
generally in the range of 65% to 25% of
flow exceedence and average monthly
flows should be used. However, daily flows
are preferable while calculating the energy
benefits.

e The Low Supply Level (LSL) in the
reservoir should be fixed at a certain
levels, so as to provide sufficient volume to
trap sediments and maintain the live
storage throughout the economic life of the
power plant.

e Following assumptions and calculations
with regard to efficiencies and head loss in
the power waterway should be made for
derivation of flows from the installed
capacities and heads:

e Head loss estimations should be based on
detailed hydraulic calculations. Turbine,
generator and transformer efficiencies
should be based on manufacturers’
datasheet and prevailing standard
practices.
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7. Determination of Storage

e The storage capacity of the daily poundage
basin for each installed capacity should be
determined.

e The storage should be sufficient to
produce the daily 6 hours peak energy for
each case for PRoR. The peaking pond
capacity should be decided considering the
requirements of the off-taker.

8. Cost Estimates

o A base case layout should be adopted with
a storage volume close to the optimized
storage found from the pre-feasibility
study.

e The layout should be adjusted for different
dam heights to accommodate the diversion
tunnel and spillway arrangement.

e Quantities should be calculated for each
capacity option in possible details.

e The cost of electro-mechanical equipment
should be derived from in house
experience and/or the data from
manufacturers.

e For the power tunnel, rock mass
classification method should be used to
estimate rock support requirements.

e Calculate quantities of excavation,
shotcrete, rock bolts, concrete lining and
steel ribs.

e  Cost of transmission line should be based
on supply to domestic market only.

e Environmental costs should be taken on a
lump sum basis on the basis of general
practice from past experience.

e Appropriate contingencies should be
applied for all alternative cases.

e Summaries and detailed cost estimates
should be provided.
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9. Estimate of Capacity and Enerqgy
Potential

e The energy outputs should be calculated
using relevant computer programs.

e Monthly, average energy (wet, dry,
peak/off-peak, firm etc.) for each capacity
and reservoir option should be calculated
as required/differentiated by the off-taker.

e Mean operating level for the reservoir
should be computed for each capacity
option.

e The energy output of the plants should be
calculated assuming an annual outage rate
of 5%.

e 100% of the power produced by the plant
should be utilized. For this, an approximate
simulation of reservoir operation assuming
average in flows should be carried out.

e Transmission loss of up to 4% should be
considered.

10. Economic Parameters

Following economic parameters should be
adopted for optimization:

e A discount rate of 10% (variable to actual
situations).

e Cost and benefits should be expressed at
current prices and discounted to first year
of construction.

e An economic project life of 50 years should
be assumed for the evaluation of benefits.

e Economic cost should not include duties
and taxes.

e Energy and capacity benefits should be
evaluated using the prevailing energy
prices from NEA/off-taker.

e Capacity benefit could also be considered

where the off-taker provides a premium for
such installed capacity.
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11. Plant Maintenance

e For the optimization purposes it may be
assumed that for storage projects with
reservoirs acting as a sediment trap, major
maintenance will be required on the guide
vanes and runners at some stage in the life
of the plant. In absence of relevant data or
information regarding plant outages, a
conservatively high value in the range of 5-
8% may be adopted for optimization.

12. Benefit Cost Analysis Procedure

e The net present value (NPV) method
should be used to assess the economic
viability of each of the capacity and FSL
options.

e Sensitivity analysis should be carried out in
different scenarios of cost and energy
variation, for e.g. from 5 to 20% either
simultaneously or individually.

e Compute the project IRR, RoE and B/C
ratio.

e Revenue should be calculated based on
the saleable energy (wet, dry, peak/off-
peak etc.) and prevailing energy prices.

13. Number of Units

e  The number of units should be chosen as
minimum as possible.

e The size of a unit should not exceed 10%
of the total INPS at the time of
commissioning.

e Transportation and maintenance limitations
should be considered for the project site.

e A cost comparison between various
numbers of units should also be carried
out.

14. Power Evacuation Optimization

Economic voltage level shall be chosen
depending on the line length and power to
be evacuated.
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e Power loss in the line should not exceed
as fixed by NEA/off-taker.
e A cost comparison between capital cost
and loss shall be carried out to determine
the optimum conductor and tower size.
e The route shall be as short as possible
considering the technical, social and
environmental conditions.
8 Project Description and Design

General Layout Project Layout General:

1. The general layout plan, profile and 1. tCr-i]enera!I Iatyohut (I)(]; tge(jseleqtk)eddalternatlve of | 1. The final project layout recommended in
sections of the selected scheme with © project should be described. the feasibility study and the approved
optimum installed capacity should be | 2. Layoutshould be prepared using the survey IEE/EIA report should be reviewed and
described and present in appropriate maps and geological and geotechnical verified by experts, if necessary.
scale. |nformat|on. _ . . 2. Component-wise detailed design should

° River diversion during construction 3. Detailed hydraulic design and sizing of the be carried out for the final/updated

e Headworks all civil structures including the following project layout.

e Headrace tunnel/canal alignment shoulld 'be carried out: . 3. The findings and recommendations of

e Surge tank/shaft or forebay »  Weir, intake and undersluice numerical and physical hydraulic model

e Penstock alignment and e Upstream and downstream aprons studies should be incorporated in the

e Powerhouse —tailrace area. e  Stilling basin final design. Furthermore, information

FOR PRoOR e Gravel trap gathered from test adit(s) should also be

1. For PROR, daily poundage volume curve | ¢  Settling basin incorporated in the design, if any.

8.1 General Layout should be prepared. e Headrace canal/pipe/tunnel 4. Prepare project definition report defining
: and Design: 2 The volume of the requlating poundage | ©  Forebay/surge tank/surge shaft all project information, parameters and
Civil Structures ) - 9 9 po 9 e Penstock components.
should be sufficient to ensure daily peak ) ] o
generation for 6 hours or as required by | *® Powerhouse 5. Project parameters and design criteria
the off-taker. e Tailrace should be included in a Design Basis

3 The following main operating levels and 4. Design of temporary and permanent Memorandum (DBM) referring to relevant

) corres ondir? storape volugr;nes should infrastructures such as camp facilities, national and international guidelines,
be detgrmineg' 9 construction power, access roads norms and codes, and past experiences.
. (ropeways, bridges, tunnel), drinking water | 5 Detailed hydraulic design and

o  Full supply level supply, etc. should be carried out. dimensioning of all

*  Minimum operating level 5. Design of switchyard and sub-station’s civil components/structures carried out during

* Live storage structures should be carried out. the feasibility study should be reviewed

* Dead storage 6. Design and location of spoil tips should be and  updated/refined/revised  where

Civil Structures carried out. necessary.

1. Detail design of the project should Infrastructures

consider the operating criteria of projects
located upstream and downstream.

7. Necessary flood/debris/landslide protection
works should be designed based on the
river morphology, ground topography,

1.

Geometric design and design of road
components side drains, cross drainage
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Study Items

Details of Study Requirements

Pre-Feasibility Study

Feasibility Study

Detailed Design Study

Design and description of the access
road, construction road and alternative
ropeway or mode of transportation.

Conduct the design and drawings of
cross drainage structures along the
access road alignment.

Conduct a preliminary design and layout
of site facilities such as camp and site
office facilities, water supply and
sanitary and communication facilities.

Design and description of the following
structures for the selected option of
installed capacity should be provided:

Diversion structures (cofferdams,
diversion channel/tunnel) should be
designed for the 1:20 years return
period of the dry season,

Weir/dam

Emergency spillway

Under sluice

Stilling basin

Type of intake

Gravel trap

Settling basin

Headrace canal/pipe/tunnel

Forebay or surge tank/shaft

Penstock

Powerhouse

Tailrace and

Switchyard (civil)

Gates and stoplogs

Trash racks

Bulkhead and other necessary gates
and spillway along the waterway
Anchor blocks and saddle supports for
penstock

Suitable flood protection structures at
headworks and the powerhouse, mass
retaining structures and check dams at

8.

9.

possible debris flow area and possibility of
rock falls (roling boulders) nearby
powerhouse and switchyard area.

All project components should be described
in details.

Drawings of all project components should
be prepared in appropriate scale.

Diversion During Construction

1.

A general plan to divert the river in dry
season in order to carry out the construction
works at weir and intake sites should be
prepared, which may require 2-4 dry
seasons.

An upstream cofferdam should be designed
in order to protect the working area at weir
site. A cofferdam should also be provided to
prevent river entering in working area from
downstream.

Design and drawing of temporary river
diversion during construction should be
prepared. The diversion channel should be
designed to pass 1:20 years return period
dry season flood. If the headworks
construction is to be continued during
monsoon season, at least 1 in 10 years
return period flood should be used.

Headworks
All headworks components should be designed
following “Design Guidelines for Headworks of

Hydropower Projects”

published by DoED,

Nepal, 2006.

1.

Weir/dam, intake, stilling basin, aprons and
floodwalls should be designed to pass
safely the maximum flood of 1 in 200 years
return period. Stability analysis should be
done for 1 in 500 years return period flood.

Weir crest level or spillway crest level
should be determined and fixed considering
clearance required between undersluice
invert level and intake bottom sill level,
height of intake opening and submergence

4.

5.

Temporary River Diversion

structures, retaining walls such as gabion
and stone masonry structures should be
carried out.

Plans, profiles and cross sections of the

access road including side drain,
retaining structures, cross drainage
structures should be prepared in

appropriate scale.

Design of construction camps, temporary
and permanent housings, water supply
and sewerage system, bunker houses
etc. should be done and presented in
drawings.

Necessary drainage system for surface
runoff management should be designed.

Necessary design for construction power
arrangement should be carried out.

1.

Main component design
1.

Seismic Design Criteria

Detailed hydraulic design and drawings
of upstream and downstream
cofferdams, diversion channel and
aprons should be carried out.

The diversion channel and cofferdams
should be designed to pass 10 years
return period flood.

In case of diversion tunnel, carry out
detailed rock support design based on
rock mass classification. Design the inlet
and outlet portals.

Detailed design of all surface and
underground structures should be carried
out.

The safety of components should be
checked by conducting stability analysis
and structural analysis.

1.

Pseudo-static analysis procedures
(seismic coefficient method) can be used
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S.N.

Study Items

Details of Study Requirements

Pre-Feasibility Study

Feasibility Study

Detailed Design Study

waterway and penstock alignment,
other environment protection works etc.

Further geotechnical aspects should be
studied in order to select the most
appropriate location for settling basin,
dam and powerhouse.

Stability and structural analysis of major
hydraulic structures such as: dam,
spillway, flood wall, settling basin, surge
tank/forebay powerhouse etc. should be
carried out.

requirement for intake opening in order to
avoid/minimize entry of trash into the intake,
intake capacity should be about 130% of the
design discharge in case of conventional
gravel trap and settling basin flushing
systems while plant operates at full load
during flushing.

For gated spillway/non overflow spillway,
either radial or vertical sluice gates should
be designed considering N-1 gates will be
operated during floods.

Carry out preliminary seepage analysis
under the weir/dam foundation and other
water retaining structures.

Sufficient freeboards should be provided for
design flood between the design flood level
and the operating platforms and other
necessary areas/structures.

Under sluice structure of headworks should
be designed to pass safely bed-load and
flush sediment deposited in front of intake
and to pass a portion of flood discharge.
Either vertical sluice gates or radial gates
should be provided at under sluice with
hydraulic or cable-drum type hoisting
system.

Number of gates at undersluice should be
made as per optimization and selected
scope of alternative study.

A stilling basin should be designed for
energy dissipation before releasing spillway
flows back into the river. Basin cross
section, basin length and depth, apron
elevation, side wall, minimum free board,
drainage etc. should be designed and
described. Additional boulder riprap shall be
provided in downstream of stilling basin, if
required.

Clear spacing of the coarse trash rack in
intake should be fixed considering the
transport capacity of gravel flushing conduit.

Foundation Design
1.

in the seismic design and analysis of
structures where appropriate.

The response of a structure to ground
vibrations  should be  determined
considering the soil type, seismic zone,
response reduction factor, importance
factor, fundamental period of vibration
and damping factor (§). These values can
be referred from norms and codes such
as the NBC 105.

For structures with minor importance, the
seismic coefficient can be reduced
appropriately.

Both vertical and horizontal seismic
components should be used in the
design.

The results from the geophysical and
geotechnical investigation shall be used
to design the foundations. In case of
missing or unavailability of data, suitable
values shall be assumed based on the
local geology.

If the foundation has to be placed in an
inferior soil type, a suitable foundation
treatment method should be specified.
Carry out detailed seepage analysis
under the weir/dam foundation and other
water retaining structures. Uplift pressure
and under piping mechanism for cutoff
wall, apron and protection works should
be analysed and proper measures should
be taken to prevent damage related to
foundation undermining.

The allowable bearing capacity of the
foundation may be increased in extreme
loading conditions as provisioned in the
design codes. Similarly, the allowable
bearing capacity may need to be reduced
when fully water saturated condition
occurs and placing foundation on steep
slopes or adjacent to them.
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10. Gravel trap should be designed to trap
greater than 2-5 mm particles and gravel
flushing system should be designed to flush
up to 200 mm particles.

11. Settling basin should be designed for
continuous supply of required design flow
plus flushing discharge. The trapping
efficiency should be 90% or higher for
particle size greater than 0.2 mm
depending on available head and mineral
composition of sediments. It is suggested to
divide the settling basin into 2 or more
chambers. For high head projects, the
settling basin should be designed for
greater than 0.15 mm particles with 90%
trapping efficiency.

12. Sediment handling, controlling and flow
regulation mechanism should be defined in
the project description.

13. An automatic/ungated spillway should be
provided downstream of the settling basin at
conveyance tank wherever possible.

14. Sediment/gravel flushing outlets should be
located at shooting flow areas of the stilling
basin/river.

15. Design of fish ladder should be provided for
the movement of the fish over the structures
at the left or right abutment of the gated weir
or dam.

16. Necessary flood protection, ground
stabilization and bio-engineering works
should be carried out, if required.

Water Conveyance
All water conveyance systems should be

designed following “Design Guidelines for Water

Conveyance System of Hydropower Projects”

published by DoED, Nepal, 2006; considering

the project specific data and information.

1. The power canal /headrace pipe/tunnel
including all hydraulic and cross-drainage
structures from intake to forebay/surge

Stability Analysis of Structures

1. The following loadings should be
considered for stability analysis of project
components.

Dead load

Live loads

Water pressure

Weight of water
Hydro-dynamic load

Active earth pressure

At rest pressure

Passive earth pressure
Earthquake load

In-situ stresses

Impact load

Vibration load

Thermal

Uplift (buoyancy and seepage)
Surcharge/overburden loads
Water hammer

Wind

Snow

Construction and moving surface loads
Additional loads, if any

For the purpose of evaluating the stability
and structural analysis, different load
combinations may occur during different
phases of the project implementation and
operation should be considered.
Individual components/elements must be
designed for the most unfavourable load
combination. In general, the following
conditions should be considered:

N

e Construction
- Normal operation
- Special/lemergency/extreme cases

e The safety factor depends upon the
codes and loading combination used. In
general, the following safety factors
should be adopted:
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10.

tank/surge shaft should be designed for
110% design discharge or higher.

Configuration of the power tunnel should be
given, comprising headrace tunnel and
pressure tunnel with lining types, finished
diameter and length. Sufficient lateral cover
and optimum overburden should be
ensured. Tunnel support design should be
carried out depending on rock quality.

A rock trap should be provided at the end of
the headrace tunnel, upstream of the surge
tank to trap loose rocks and displaced
shotcrete. Suitable flushing system should
be provisioned at rock trap.

A number of saddle supports and anchor
blocks should be designed and described.

Conduct slope stability analysis in critical
sections of waterways including
forebay/surge tank/surge shaft.

Necessary drainage system for surface
runoff management should be designed.

Type and size of headrace canal should be
determined by considering the design
discharge, silting/scouring  velocity of
applied concrete grade and topography.

Corrosion, scratching, pipe diameter and
transportation limitations factors should be
considered while fixing the headrace pipe
thickness.

An emergency spillway at forebay should be
provided. The forebay should have effective
volume to supply design flow for at least
120 seconds.

The thickness of the steel pipe should be
able to withstand any variable load
conditions encountered during operation of
the plant. While deriving the effective
thickness of pipe, steel grade, corrosion
factor, welding factor, etc. should be
considered.

Detail Structural Analysis and Design
1.

Water Tightness
1.

- Sliding- 1.2 for Normal case and
1.05 for extreme case

- Overturning: 1.5 for Normal case
and 1.05 for extreme case

- Flotation: 1.2 for Normal case and
1.05 for extreme case

Appropriate codes (concrete, steel)
should be referred to for the detail
design. All possible loading conditions
should be considered.

The durability of the structure should be
ensured in the design.

Material properties and the allowable
stresses for concrete, structural steel,
reinforcement, etc. should be specified.
The structure should be analysed using
acceptable methods manually or by using
software.

All structures should be safe against
internal and external forces/stresses and
all kind of climatic conditions.
Reinforcement calculation should be
done considering the temperature and
shrinkage effects.

Dynamic analysis should be carried out
for the powerhouse and penstock and
ensure that natural frequency does not
create resonance phenomenon.

Ensure the settlement/deformation and
deflection are within the permissible
limits.

For underground structures, Section D.
Additional requirements for hydropower
projects with underground structures
needs to be referred.

Control of cracking in concrete should be
as per the requirement specified in IS
456:1978 and 2000 or BS 8007:1987 or
BS 8110 Part Il, BS 2007 or equivalent
codes.
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11. Anchor blocks to hold the penstock pipe
should be designed at bends and also
intermediary in long straight stretches.

12. Head losses through tunnel/pipe system at
the design discharge should be determined.

Forebay/Surge Tank/Surge Shaft:

1. Description of the forebay/surge tank/shaft
type with its dimensions should be provided.

2. For surge tank/surge shaft, various possible
scenarios of transient analysis should be
carried out to determine upsurge and down
surge level.

3. The invert level, upsurge and down surge
levels of the forebay/surge tank/shaft should
be shown in drawings.

Penstock alignment

1. Valley, landslide and rock falls area and
gully crossing should be minimized, if
cannot be avoided, during the alignment
selection.

2. The effective thickness of the steel pipe
should be adequate to withstand
dynamic/water hammer/test pressure
loading in addition to hydrostatic pressure.

3. Surface type or cut and cover type should
be decided on the basis of the topographic
and environmental considerations.

4. Necessary protection structures should be
applied as per surface geology and
topography.

Vertical Shaft/Inclined Shaft /Penstock

Tunnel

1. If surface penstock is not feasible, either
vertical or inclined shaft should be
designed. Dimensions of the shaft and type
and thickness of the lining should be
determined. In  addition, appropriate
temporary rock support during excavation
should be designed.

Detailing and Drawings
1.

2.

Field Verification of Design/Layout

The type and location of joints should be
specified. Contraction/expansion joints
should generally be located in 15 to 25 m
spacing. Construction joints should be
provided considering construction
sequence.

Appropriate type of water stops should
be provided at expansion/
contraction/construction joints.

The reinforcement should be detailed
considering ductility of the structure.

Reinforcement arrangement should be
shown in drawings in appropriate scale.
Special attention should be given at
joints.

Prepare construction drawings,
reinforcement drawings and bar bending
schedules.

1.

Report Preparation

The general arrangement of all project
components should be verified at site by
laying setting out points. Any changes
occurred should be addressed in the
design.

1.

After finalizing the design, a detailed
design report should be prepared
showing all hydraulic, geotechnical,
stability and structural analysis
calculations. Based on the detail design
report, a draft operation and maintenance
manual should be prepared.
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Construction Adits

1. Provision of construction adits should be
made at various locations of tunnel
alignment in order to meet the construction
schedule.

2. Tunnel portals should be located at exposed
bed rock and stable ground topography and
should be designed properly.

Powerhouse and Tailrace

1. A powerhouse should be dimensioned to
accommodate electro- mechanical
equipment and its ancillaries.

2. Description of the powerhouse building
should be provided giving details of
equipment layout at generator floor level,
turbine floor level, drainage floor level, and
foundation level. Dimension of powerhouse
should be determined by consulting with
potential  electro-mechanical equipment
supplier.

3. Proper layout of the following equipment
and structures inside the powerhouse
should be made: turbines, generators,
powerhouse crane unit, control panels and
excitation system, control room, battery
room, main inlet valve, provision for runner
removal for maintenance, sump tank,
cooling water tank, compressor room,
service bay, water supply and sanitary
system, station service transformer, etc.

4. Fire protection and a ventilation system
should be designed and described in detail.

5. Emergency exits and safety plan should be
described/provided as per
national/international guidelines.

6. The tailrace conduit should be designed
considering turbine type, minimum power
discharge available, minimum water depth
requirement and possible effect of river
water level at the tailrace outlet.

7. Necessary flood/debris/landslide protection
works should be carried out based on the

S.N. Study Items

Department of Electricity Development 206



Guidelines for Study of Hydropower Projects, 2018

Installed Capacity More Than 100 MW

S.N. Study Items

Details of Study Requirements

Pre-Feasibility Study

Feasibility Study

Detailed Design Study

river morphology, ground topography,
possible debris flow area and possibility of
rock falls (rolling  boulders) near
powerhouse and switchyard area.

8. Access tunnel should be provided for
underground construction. Detail description
of adit/access tunnel should be provided
including size, type, support design and
portal location.

Switchyard

1. The dimension of the switchyard should be
determined by consulting with potential
electro-mechanical equipment supplier.

2. The switchyard area should be arranged
nearby the powerhouse and civil design of
switchyard should be prepared.

For PRoR
1. Prepare daily poundage volume curve.

2. The volume required to maintain a minimum
of 4 to 6 hours (if terrain permits) of
operation of the plant at full capacity during
the peak load.

3. The Minimum Operating Level (MOL)
should be fixed based on the flushing
requirements of the settling structure which
will set the minimum elevation of the intake
from the river and further following levels
and corresponding volume should be
determined:

e  Full supply level
e Dead storage
e Live storage.

Hydro-Mechanical
Components

8.2
2.

Preliminary design/estimation of hydro
mechanical components such as gates,
stoplogs, trashracks and penstock
should be done.

A brief description of hydro-mechanical
components should be given.

Following Hydro-Mechanical components

should be designed and described:

1. Gates, stop logs, embedded parts, valves,
trash racks, bell mouths, manholes,
expansion joints, saddle/wear plates, sizing
of headrace and penstock pipes, bends,
reducers, branches, steel lining works, etc.

2. The hoisting system for gates and stop-logs.

General:
1.

This design is generally carried out by
hydro-mechanical equipment
manufactures/suppliers, thus only
preliminary design for preparing Terms of
Reference of tender/contract documents
shall be carried out in consultation with
potential manufacturers/suppliers.
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2. Design and dimensioning of all
components/structures carried out during
the feasibility study should be reviewed
and updated/refined/revised where
necessary and presented in the project
definition report.

3. Component-wise design should be
carried out for the updated project layout

4. Project parameters and design criteria
should be included in a Design Basis
Memorandum (DBM) referring to relevant
national and international guidelines,
norms and codes, and past experiences.

5. While designing the hydro-mechanical
components, factors such as corrosion,

welding defects, and plate
inaccuracy/defects should be taken into
account.

6. Individual components/elements must be
designed for the most unfavourable load
combination. In  general, loading
conditions which may occur during the
following phases/cases should be
considered:

Transportation
Erection/construction

Testing in factory and site

Normal operation
Special/emergency/extreme cases

Design of Gates and Stop-logs

1. The type of gate/stoplogs with embedded
parts and its hoisting mechanism should
be fixed.

2. The materials to be used for skin plates,
stiffeners, girders, embedded parts and
other components should be specified.

3. The gates/stoplogs with embedded parts
shall be designed for the hydrostatic and
hydrodynamic  forces  taking into
consideration the forces arising from
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10.

11.

12.

13.

Steel Pipes

1.

wave effects, water hammer, seismic
loads, active soil load (sediment deposit),
ice formation, friction, and thermal effect
wherever applicable.

The internal stress should be ensured to
be within the limits of allowable stress in
normal and extreme operating conditions.

Sufficient corrosion allowance should be
provided and corrosion prevention
methods, if any, should be mentioned.

Type and material of seals should be
mentioned.

Power-operated gates shall normally be
capable of operation by alternate means
in case of power supply failure.

If meant for regulation, it shall be capable
of being held in partially open position
without major damage to seal or
deterioration due to cavitation and
vibration.

Wherever necessary, model studies may
be carried out for high head regulating
gates.

The deflection of the gate under various
loading conditions should be within
permissible limit.

Dogging devices and lifting beams
should be designed for operation of
gates, stop logs etc.

Destructive and non-destructive testing
procedure should be specified.

All the gates shall be checked for the
aeration requirement at its immediate
downstream.

The steel plate used for the pipes shall
comply with national/international
standards.
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Other Structures
1.

The pipes should be designed
considering the following loading
conditions:

Normal condition includes the static
head, surge and water hammer pressure.

Special conditions include those during
filling and draining of penstocks and
maximum surge in combination with
pressure  rise during emergency
operations/events and test pressures.

Exceptional conditions include the
transportation and erection stresses,
pressure rise due to unforeseen
operation of regulating equipment in the
most adverse manner resulting in odd
situation of extreme loading, stress
developed due to resonance in penstock,
seismic forces, etc.

Adequate safety factor should be
provided for safety against hoop stress
due to internal and external pressure,
longitudinal stress, beam action,
temperature variations.

Stress should be checked in bends,
branches, transition and stiffeners

Expansion joints should be provided just
below the anchor block whenever
possible.

Special design provision shall be made to
protect the penstock pipes/conduits
against possible rupture due to
denting/negative pressure.

Other HM components such as valves,
trash racks, manholes, saddle plates,
bulk head gate, bell mouth, steel lining
etc. shall be designed to meet structural
and hydraulic requirements.
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Report Preparation

1. After finalizing the design, a report should
be prepared showing all hydraulic, and
structural  calculations  mechanisms.
Similarly, the operating conditions,
hoisting mechanisms, opening sizes,
design pressures, and dimension of all
major components/elements should be
mentioned. Based on the detail design
report, a draft operation and maintenance
manual should be prepared.

1. The type and number of generating | General: .
equipment, and power evacuation facilities | 1. This design is generally carried out by
should be designed and described. electro-mechanical equipment

2. Description of the main mechanical ma?uf'acturzs/syppllelers, t.husT onI);

1. Preliminary design/selection of the equipment including the followings should Ereflmlnary fe?'gr:j o/r pretparlng erms?
electro-mechanical equipment should be be provided: sﬁaﬁrigcia?riecejno&r ?r?nccr)i(;ultgt(i:gr:n\e;vri]tﬁ
carried out based on the design | |, Design criteria the potential manufacturers/ liers.
discharge and net head and number of | | Mode of operation e potential manufacturers/suppliers
units (based on hydrology and ) P i 2. Detailed design and dimensioning of all
transportation). * ?ydbr.aullcftfgr.blne- type and number components/structures carried out during

e Mechanical equi " ¢ lurbine efiiciency the feasibility study should be reviewed

ecPanll_ca. eqmpmle n fon of t al Rated speed and  updated/refined/revised  where
i reliminary sefection of type an e Rated turbine output necessary presented in the project
dlmgn(;slonto;\ tgr_bl;\eds Sh.OltJ.Id bef e Inletvalve definition report.
carried out. A brief description o «  Spiral casing ) ] o
Electro- turbine  auxiliaries should be 3. Project parameters and design criteria
8.3 Mechanical provided. ¢ Nozzles should be included in a Design Basis
Equipment o Electrical equipment: * Runner size Memorandum (DBM) referring to the
' e Draft tube relevant national and international
- Parameters of the generators
should be determined. A brief U Govgrngr . guidelines, norms and codes, and past
description of the excitation and | ° Lubrlcatlng.(hydraullc) system experiences.
electrical auxiliaries should be | ¢  Pressure oil system 4. Individual components/elements must be
provided. * Compressed air system designed for the most unfavourable load

e Single line diagram: e Cooling system combination (mechanical and electrical).

- An electrical single line diagram | ¢  Control system In general, loading conditions which may
showing the major electrical | ¢ Overhead crane occur during the following phases/cases
equipment of powerhouse should | e Maintenance of turbine should be considered:
be prepared. 3. Pescr!ption of the main electrical equipment ¢ Transportation
including the followings should be provided: ¢ Erection/construction
e  Generator- type, number e Testing in factory and site
e Generator efficiency, rated output, ¢ Normal operation
frequency, generated voltage level « Special/lemergency/extreme cases
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Excitation system

Switchgears

Control panel

Switchyard

Powerhouse earthling

Emergency diesel generator

Control and protection system

Power transformer —type, numbers,

efficiency, frequency, rated output, etc.

Auxiliary transformer

CT/PT

Hoisting mechanism/overhead crane
A single line electrical diagram depicting the
interconnection of all electrical equipment
should be prepared.

For the smooth operation of the power
station, the following auxiliaries should be
provided and described:

Grease lubricating system

Fire fighting system

Lighting arrangement

Cooling system

Qil filtering equipment

DC power auxiliaries
Distribution to outlaying works
Distribution to housing complex
Fire fighting system

Station supply, etc.

Mechanical Equipment

1.

2.

Electrical Equipment
1.

Appropriate turbines and their
components should be designed.

Suitable inlet valves shall be provided
before each turbine.

Draft tubes, spiral casing, covers, seals
should be designed appropriately.

Suitable governor system should be
provided for flow control to the turbine.

Proper auxiliary systems such as heat
exchanger system, lubrication system,
pressure system, compressed air
system, hydraulic system, cooling
system, EOT crane, lighting system, fire
extinguishing system, etc. shall be
designed.

Control system with local unit and remote
(to control room) controlling capability
should be provided.

Single line diagram and control diagram
for all the powerhouse equipment and
interconnection points shall be prepared
following the latest NEA Grid Code and
other relevant standards.

Generators shall be provided with all of
their accessories including the cooling
and fire protection system, hydraulic
system including generator braking and
heat exchanger system.

Excitation system shall be provided with
automatic voltage regulator, excitation
transformer and bridge rectifier.

Switching equipment with bus bars,
circuit breakers, disconnecting switches,
instrument transformers, etc. shall be
provided.

Power transformers to step up
transmission voltage shall be provided
with type of cooling, indoor/outdoor
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arrangement and  other  required
accessories.

6. LV/MV/HV switching equipment with bus
bars, circuit breakers, disconnecting
switches, instrument transformers, etc.
shall be provided.

7. Control equipment shall be provided
consisting of governor monitoring,
excitation monitoring, emergency
shutting down, valve protection and other
protection, etc.

8. Station service transformer for redundant
power supply to the plant shall be
provided.

9. Grounding including lightning protection
shall be provided.

10. Fire protection and ventilation system
should be designed and described in
detail.

11. Emergency exits and safety plan should
be described/provided as per the
available national/international
guidelines.

12. Diesel generators shall be provided for
backup power and black start/isolation
mode.

1. The transmission line should be designed

Assess the possibilty of power Prepare updated single line diagram following the latest off-taker/NEA grid
. . . representing the major electrical equipment code.
evacuation through national  grid/ of the powerhouse, switchyard, and o
Integrated Nepal Power System (INPS). substation ’ ’ 2. The _route shall be finalized and
Carry out preliminary design to select Finall th' ¢ iate t - described.
Transmission voltage level, conductor type and Iir;rc]aarlozfte \?olrtnaose |:5§rgﬁga;een Iﬁnsmlssmn 3. Voltage level, number of circuits and

8.4 . number of towers. o o . . gth. . length shall be confirmed.

Line A single line electric diagram should be Describe the detail of interconnection 4. Number and type of towers required shall

prepared representing the  major
electrical equipment of the powerhouse.

A brief description of selected power
evacuation system should be presented.

equipment.

Describe and design the total number of
towers, tower's foundation and support
structures, circuit type, type of conductor
used and other safety measures.

be determined with location (co-
ordinates) and their structure shall be
designed. While designing foundation of
transmission  tower, geology and
geotechnical conditions with  socio-
environmental assessment should be
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verified and additional investigation
should be done, if required.

5. Conductors’ size to be used shall be
determined. The size of conductors must
be selected so that the power loss
doesn’t exceed the permissible limits as
per the latest off-taker/NEA Grid Code.

6. Sag, tension and loading in conductor
shall be determined.

7. Auxiliary equipment in the transmission
line such as insulators, clamps, guards,
etc. shall be provided.

8. Equipment to be installed in
interconnection/substation  should be
designed.

9. Power transformers shall be required, if
the voltage level of transmission line
does not match with the voltage level of
interconnecting substation including HV
switchgear (circuit breaker, disconnecting
switch, etc.), instrument transformers and
control and protection equipment.

9 Energy Computation and Benefit Assessment
1. Energy computation should be carried Energy computation should be carried out

out considering the average monthly considering the daily flow, net head, design

flow (daily flow if available), net head, discharge and turbine, generator and

design discharge and turbine, generator transformer efficiency. Furthermore, normal

and transformer efficiency. Furthermore, and forced outages should be considered

normal and forced outages should be referring to NEA Grid Code and/or norms

considered referring to off-taker/NEA and practices.

Grid Code and/or norms and practices. If Energy estimated during the pre-feasibility i i ibili

power cuput cannot be ascataned ot | % SIS 11000 8 ISR |+ Snery gatmated i e ety sy

91 Computation this stage, then the range of annual based on the findings of the feasibility study. P '

energy generation should be provided

During energy estimation, environmental
and other necessary releases as
recommended in EIA/IEE guidelines.

Average monthly energy and annual

energy should be determined in
Nepalese and Gregorian calendar
months.

Average daily, monthly and annual energy
should be determined in Nepali and
Gregorian calendar months.

Estimated internal energy consumption
within the power plant should be deducted
from the total/monthly energy to derive the
net saleable energy.

significant changes.
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4. Estimated internal energy consumption
within the power plant should be
deducted from the total/monthly energy
to derive the net saleable energy.

5. Annual estimated average dry and wet
energy should be determined
considering the dry/wet periods defined
by NEA. Furthermore, dry energy should
be divided into peak/off-peak energy in
case of PRoR and reservoir type
projects.

Annual estimated average dry and wet
energy should be determined considering
the dry/wet months defined by NEA/off-
taker. Furthermore, dry energy should be
divided into peak/off-peak energy in case of
PRoOR and reservoir type projects.

9.2

Benefit
Assessment

1. Estimated average monthly/annual
revenue throughout the license period
should be calculated considering unit
energy prices fixed by the NEA/off-
taking company/GoN for similar sized
projects.

2. While calculating the annual revenue,
base rates for dry, wet, peak, off-peak
energy prices together with annual price
escalation should be considered.

Revenue estimated in the pre-feasibility
study should be updated based on the
updated energy calculation/update during
the feasibility study.

Revenue estimated in the feasibility study
should be updated, if required.

If PPA has been concluded, the revenue
estimate should be verified against the
PPA.

10

Cost Estimation

10.1

Criteria and
Assumptions

All the criteria and assumptions adopted for
cost estimation should be mentioned
including the following:

1. Consideration of the natural conditions
prevailing at the site, construction scale,
and levels of construction technology
available in Nepal.

2. To the maximum extent possible,
construction equipment available in
Nepal should be used.

3. A brief description of the project with
location should be mentioned.

4. Year and month of the cost estimate
should be mentioned.

5. The exchange rate applied to the
calculation of NPR and USD adopted at
the time of cost estimation should be
mentioned.

The criteria and assumptions for the pre-
feasibility level study should be applied but
should be based on the feasibility level
design with inclusion of items not included
in the pre-feasibility level study.

The criteria and assumptions for the
feasibility level study should be applied
but should be based on detail design
level with inclusion of items not included
in the feasibility level study.
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6. Identifiable Nepalese taxes, customs
duties, royalties, etc. for the goods,
materials and services, interest during
construction etc. whether included in
cost estimation or not should be
mentioned.
7. Any source of references to rates or
estimation should be mentioned with
used escalation factors, if any.
The following methodology should be applied | The following methodology should be applied for
for estimation of the cost of each component | estimation of the cost of each component of the
of the project. project.
1.For Civil Works: For Civil Works:
The cost estimates should be based on unit 1. The cost estimates should be based on unit
rates developed from prevailing labour rates, -
tructi . t rat d terial rates developed from prevailing labour rate,
construction equipment rates and materials construction equipment rate and materials
con3|d§arlng the. Io.cal situation and unit rates taking also into account the local situation
for projects of similar nature. and bill of quantities derived from design
2.For Electro-Mechanical Equipment drawings.
The cost estimate for generating equipment, | 2. The cost estimate should be done by
transformer and switchyard equipment breaking down the major structures into a o
should either be based on budgetary number of distinct construction activities or The methodology for the feasibility level
quotations obtained from supplier(s) or using measurable pay items. study should be applied but should be
102 Estimation established current international prices/ | 3. Due consideration should be given to local ,baT’ed. on tfh.? fea3|b|tllt.y Ile\éeldd.es;%n with
: Methodology relationships or price database from similar labour. The rates for locally available labour |fnc u-i'-??? |e|mts 20 included In the pre-
type and size projects. The cost should can be obtained either from district rates of ga5| ||yteve study. dat h
include cost of control devices/system’ concerned districts or preVailing market ar.lr)./ Ouftﬂecefsary IUP ates suc as
auxiliary etc. transportation and erection. rates of the project area and can be used revision ofthe rate analysts.
3. Hydraulic Steel Works: after approprlattla adjustments. .
) 4. The rates of skilled labour available around
The cost of hydraulic steel .works shou!d be project area or within Nepal can be obtained
based on budgetary quotation of supplier(s) from general inquiries and references of
or on market pricg, if thgy are locally other projects.
available. Transportation and installation cost 5. The rates for skilled expatriates can be
should also be added. obtained from the reference to other
4. Transmission Line: projects or from a publication such as
The cost of transmission line can be ‘International Construction Contractors’.
calculated from per km rates of the | 6. The rates of construction equipment can be

transmission line. References of cost can be
taken from current rates used by the Nepal

taken from regularly updated cost data, a
quotation from the suppliers/manufacturers.
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Electricity Authority or constructed project of
IPPs for same type/voltage of transmission
lines taking into account different types of
towers required, the conductors and types of
terrains being crossed.

5. Others

Other costs expected (e.g., social and
environmental costs, resettlement costs etc.)
should be estimated based on prevailing
market rates and the government policies.
Benchmark prices from similar nature
projects can be adopted to estimate such
costs.

10.

11.

The construction materials to be used for
construction work should be divided into:

Materials locally available nearby project
area.

Materials available in local market.

Materials to be imported from neighbouring
countries.

Materials to be imported from overseas.

The rates of construction materials should
be derived as per their source of supply.
While calculating the construction materials’
rate, sufficient attention should also be
given to the mode of transportation and their
corresponding costs. When the access
roads for the project are not built (generally
for small hydropower projects) the cost of
air transportation for transporting heavy
equipment from the nearest town to the
project area should also be included.

From labour cost, material cost and
equipment cost, the direct cost per unit of
construction activity can be calculated.

The estimate should be of contractor's type
and, therefore, should also include all other
indirect costs such as office overheads,
contractor's  financing cost, insurance
bonds, and profit and risk margin.

A suitable percentage for contractor's
expenses should be allocated. The total
percentage should be used as a bid factor
on direct cost. Thus, the calculated direct
cost can be used to derive unit bid cost
which in turn, should be used to determine
the total civil works cost.

For Electro-Mechanical Equipment

1.

The cost estimate for generating equipment,
transformer and switchyard equipment
should either be based on budgetary
quotations obtained from supplier(s) or
using established current international
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prices/relationships or price database from
similar type and size projects. The cost
should include cost of control
devices/system, auxiliary etc. transportation
and erection.

Hydraulic Steel Works:

1. The cost of hydraulic steel works should be
based on a quotation of supplier(s) or on
market price, if they are locally available.
Transportation and installation cost should
also be added.

Transmission Line:

1. The cost of transmission line can be
calculated from per km rates of the
transmission line. References of cost can be
taken from current rates used by the Nepal
Electricity Authority or constructed project of
IPPs for same type/voltage of transmission
lines taking into account different types of
towers required, the conductors and types
of terrain being crossed.

S.N. Study Items

Land Acquisition and Access Road:

1. Due attention should be given to the cost of
land acquisition and construction of access

roads.
2. Cost of land acquisition should be
determined considering detail risk

assessment, future development of project
area, accessibility and public demand.

3. The length and type of access roads to be
constructed or to be improved can be
determined from preliminary design. Cost
per km of different types of roads can be
used to determine the cost of the access
road.

Camp and Other Facilities:

1. The costs of construction camps and
permanent buildings required for operation
and also for construction power facilities
required should be included in the cost
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estimation. A lump sum amount for this can
be allocated depending upon the size of the
project.

Social Development:

1. The cost of social development should be
determined from reconnaissance field visits.
Following factors should be considered to
determine the social development cost such
as population density, available local
resources and existing physical
infrastructure in the project area. This cost
can be derived as a lump sum taking a
reasonable percentage of the project base
cost.

Resettlement/Rehabilitation

1. Relocation and environmental impact
mitigation costs shall be as per the existing
Environmental Protection Act and Rules.
This cost can be derived as a lump sum
taking a reasonable percentage of the
project base cost.

Community Support Program

1. Include CSP cost equivalent to 0.5% of total
project cost. This needs to be updated as
per the latest government policies.

Base Cost and

103 Total Project Cost .

The total of all costs indicated above will
constitute the base cost of the project.
To that the following costs are to be
added as a certain percentage of the
project cost for obtaining the total capital
cost:

Engineering and management
Owner's cost
Insurance cost

Contingencies for civil works, hydro-
mechanical, electromechanical,
transmission line, price and physical
contingencies, etc. are to be added to
account for unforeseen cost increase

1. At feasibility level, due to use of more
detailed information collected and minor
items included and designs concretized,
level of uncertainties will decrease
particularly in civil works/HM works/EM
equipment and TL works component.

At detail design level, due to use of more
detailed information collected and minor
items included and designs concretized,
level of uncertainties will decrease
particularly in civil works/HM works/EM
equipment and TL works component.
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due to various uncertainties during
project construction.

Interest during construction should be
calculated based on the prevailing
interest rates and other parameters
required for the calculation.

10.4

Local and Foreign
Currency
Breakdown

Local currency will be required for local
labour, local materials, government cost
tax, VAT, royalties and customs duties
including land acquisition, resettlement,
mitigation and management programs
related to adverse socioeconomic
environment impacts and bank interest.

Foreign currency will be required for
imported materials and equipment and
foreign experts.

The cost estimation should include a

breakdown of local and foreign currency
components.

The breakdown needs to be updated based
on the updates during the feasibility study, if
any.

The breakdown needs to be updated
based on the updates during the detailed
design, if any.

10.5

Presentation of
Cost Estimate
Data

In the main volume of the report
summary cost estimate data broken
down into above mentioned major sub-
headings and into foreign and local
currency should be presented, while the
details of cost estimates including rate
analysis and the unit rate could be
presented in the Annex volume.

The presentation should be done as in the
pre-feasibility level, but with the inclusion of
more detailed items based on more detailed
design and other updated information.

The presentation should be done as in
the feasibility level, but with the inclusion
of more detailed items based on more
detailed design and other updated
information.

10.6

Cash
Disbursement
Schedule

The costs will incur not at once but will
spread over the whole construction
period. Interest during the construction
will depend on how cash wil be
disbursed during the construction period.
Hence cash disbursement schedule in
accordance with the schedule of
construction activities needs to be
prepared spreading over the project
implementation period.

Year-wise disbursement is to be
prepared and presented in the report.

Cash disbursement schedule should be
based on updated and realistic project
implementation schedule.

Year-wise cash disbursement against each
of the major activities is to be prepared and
presented in the report. For example, cash
disbursement schedule for small size
project could be assumed approximately
40% in 1% year and 60% in 2" year for a
two years construction period.

Disbursement schedule needs to be
updated based on the revision of adopted
parameters and criteria, if any.
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11

Construction Plan

ning and Schedule

1. Access, availability of construction
materials, waste disposal and
construction of camps at site should be
described.

2. River diversion sequences during
construction should be analysed. Taking
into account the river flows and
specifically low flows

3. A preliminary construction schedule
should be prepared for the project,
showing the major construction
activities. The total construction period
should be determined.

Review the construction schedule prepared
during the pre-feasibility study’s findings
and update as per the feasibility study’s
findings and other prevailing conditions
such as market conditions and available
technology.

Plan contract/procurement/construction
modality in coordination with client for pre-
construction works, main civil works, hydro-
mechanical, electro-mechanical and
transmission line works.

Prepare a plan for pre-construction activities
such as construction of camps,
establishment of telecommunication
facilities, construction/upgrading of access
road(s), arrangement of construction power,
etc.

Prepare a plan for establishing necessary
forest clearance, crusher plants, workshops,
fuel depots, permanent camps for operators’
and site office(s). The plan should also take
into account time for necessary government
approvals.

Land acquisition and environmental
mitigation plan should be incorporated.

Prepare a plan for temporary diversion of
the river during construction. This may
consist of construction of cofferdam(s) and
diversion channel at headworks and
powerhouse/tailrace outlet sites.

Prepare a plan for construction of
headworks, waterways, forebay/surge-
tank/surge-shaft, powerhouse, tailrace,
switchyard and transmission line including
all civil, hydro-mechanical and electro-
mechanical works in consultation with
potential contractor/suppliers and based on
past experience of constructing similar
project(s).

Review the construction planning and
schedule prepared during the feasibility
study and update as necessary
considering anticipated/planned Required
Commercial Operation Date (RCOD).

Plan and confirm the availability, quality
and quantity of all construction materials.
Special consideration should be given to
the materials required for high grade
concrete, high grade steel etc.
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8. Describe anticipated construction
methodology for all major structures.
9. Update/prepare  construction  schedule
considering above mentioned plans/factors
and the following aspects:
e Seasonal constraints for temporary river
diversion
e Local culture and national holidays
e  Climatic conditions
12 Environmental Study
Guidelines, Acts, Regulations and
1. Guidelines, Acts, Regulations and Manuals uMadnautﬁ:s to b:ndfollowe:u dlljgrr:]%nt::e
to be followed during the environmental pdating fpp . y
study are as follows: environmental study are as follows:
« National EIA Guidelines, 1993 National EIA Guidelines, 1993
e  Environment Protection Act, 1997 Env!ronment ProtectlorT Act, 1997 ]
e Environment Protection Regulations, 1997 Environment  Protection  Regulations,
Reference for DoED M I ated fo Envi al 1997
12.1 | Environmental * Stod anuals refated fo Environmenta DoED Manuals related to Environmental
Study udy Study
o  Working Procedure for Initial Environment . -
L2 . Working Procedure for Initial
Examination (IEE) and Environment Impact . L
Assessment (EIA) of Hydropower and Env!ronment Examination (IEE) and
Transmission Line Proiects. 2073 Environment Impact Assessment (EIA) of
) ’ Hydropower and Transmission Line
e  Hydropower Environmental Impact Projects, 2073
Assessment Manual, July 2018 .
Hydropower Environmental Impact
Assessment Manual, July 2018
. . 1. Permission for conducting EIA from C:_arryout EMP u_pdate_in EIA’.if there are
1 Qollegt basellne. data  of physmal, concerned ministry should be obtained, if minor changes in p_ro_Ject design and get
biological and socio-cultural environment the project lies within protected area it approved from Ministry of Forests and
of project affected area to understand (conservation  area/national  park/wildlife Environment.
Environment the socio-environmental situation. reserves). Carryout supplementary EIA, if there are
12.2 | Impact 2. Identify the major environmental issues | 2. Scoping document and Terms of Reference major changes in project design and get
Assessment (EIA) in physical, biological, socio-economic (ToR) for EIA should be prepared which it approved from Ministry of Forests and
and cultural environment. should include the following: Environment such as
3. Make environmental assessment by ° Publication of 15 days’ pub||c notice in a (l) If there is Change in the project area
simple checklist. national daily newspaper for the scoping of (ii) If the required forest area is increased
4. Assess impacts of major significance. the EIA study. by 10 %
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5.

Assess the level of environmental
assessment EIA as per the threshold of
schedule 2 of EPR and its amendments.

Collection of suggestion from the affected
local government and other stake holders
of the project area.

(iii) If the resettlement population is more
than 100 people

(iv) If there is significant impact in

Record of environmental issues raised by environmental and biological
stakeholders, concerned bodies, biodiversity.
Government Authorities, local clubs and
subject experts.
Prioritized environmental issues.
Baseline environmental data that supports
the relevancy of identified environmental
issues.
Review of relevant national and
International legislations.
Describe basic procedures to conduct EIA
Approval of Scoping Report and TOR
Continue the EIA study based on approved
ToR.
Prepare Environment Impact Assessment
(EIA) which includes:
Environmental impacts of the
Environmental Issues prioritized in ToR
plus additional environmental impacts
identified during EIA.
Mitigation and Enhancement Measures for
the environmental impacts and
Environment Management Plan (including
Monitoring and Auditing Plan).
Baseline on Physical, Biological and Socio-
economic and cultural environment
domain.
Review of relevant national and
International legislations.
Prepare draft EIA Report
Conduct public hearing in the project area.
Publication of the notice for the public
hearing
Muchulka of the public hearing in the
project affected areas.
Collection of the recommendation letter
from the affected local governments.
Finalize EIA  report including the
recommendations of concerned rural
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municipality and concerns of stakeholders
raised during the public hearing.

8. The final EIA (after incorporating the issues
raised in public hearing) has to be
forwarded for approval to concerned
ministry through Department of Electricity
Development (DoED).

9. A Review Committee meeting will be held at
DoED comprising related government
agencies and independent environment
experts.

10. Based on the recommendation of review
committee, concerned ministry forwards the
EIA for approval.

11. A review committee meeting is organized to
seek comments/suggestion on the final EIA
report.

12. Further 30 days’ public notice is published
in national daily newspaper to seek
additional comments and suggestions on
the EIA. The draft EIA report along with the
public notice has to be placed in public
places/office such as TU library, district
level office, affected local bodies and
concerned government offices.

13. Ministry of Forests and Environment
approves the EIA based on the
recommendations of review committee
meeting and response to 30 days’ public
notice.

1. Conduct samp”ng survey over the project 1. Review and update the data/information
1. Conduct a field survey for gathering the area for verifying the data/information taken in the previous studies.
data/information on the population, collected during the pre-feasibility study and | 2. Estimate the total resettlement cost
household lying in the project area and collect additional data/information on including all requirements such as
their socio-economic status. Collect population, household and their socio- opportunity  loss, educational and
123 Resettlement information about the number of cattle economic status and number of cattle, lying environmental  effects, physiological,
Study lying in the project affected areas. in the project area. mental and physical health effect,
2. ldentify the potential land area for | 2. Verify through a site visit the potential land security, social and economic impacts
resettlement of the displaced people area for resettlement identified during the etc.
from the project area through map study. pre-feasibility study and identify the new | 3. Update and finalize resettlement
sites, if any. schedule and settlement area.

S.N. Study Items
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3. Collect the cost of lands proposed for
resettiement.
4. Prepare the resettlement schedule and
settlement area. Resettlement area shall
facilitate all human requirements such as
security, health and education facilities,
economic resources availability, social and
cultural viability etc.
13 Project Evaluation
1. The economic analysis should take into | 1. The economic analysis should take into
account the cost and benefits to the account the cost and benefits to the region
region (or entire nation) and not just to (or entire nation) and not just to the project
the project developer. developer.
2. Al significant intangible benefits should | 2. All significant intangible benefits should be
be identified and quantified in terms of identified and quantified in terms of
monetary value to the maximum extent monetary value to the maximum extent
possible. For example, better access possible. For example, better access roads
roads and bridges, communication and bridges, communication facilities and
facilities and schools could be schools could be established around the
established around the project area. The project area. The regional/national benefits
regional/national benefits due to these due to these improved infrastructure should
improved infrastructure should be be quantified.
q‘fa”,tff'ed' ) . 3. Significant forward linkages in the economy 1. Update th . Ivsis based
Econormic 3. Significant forward linkages in the due to the project should be quantified. For | ' gd.?e I? }aconotr_nlc ang 3(/13|ts ase_l ;n
13.1 Analysis economy due to the project should_ be example, various electricity consuming at tr:_lonta information and data available
quantified. ~ For ~ example,  various industries could be established once the atthis stage.
electnqty consuming mdystngs CQU|d be project is built. The economic benefits due
established once the project is built. The to establishment of such industries should
economic benefits due to establishment o
. ; o be quantified.
of such industries should be quantified. o o . .
4. Similarly, significant backward linkages 4. Similarly, significant backward linkages in
in the economy due to the project should the economy due to the project should be
be quantified. Cement, aggregates and quantified. ~ Cement, ~aggregates  and
reinforcement/steel industries are some reinforcement/steel industries are some
examples of backward linkages. examples of backward linkages.
5. Employment benefits during construction | 5. Employment benefits during construction
phase of the project should be phase of the project should be quantified.
quantified. Economic benefits due to Economic benefits due to increase in both
increase in both regular and seasonal regular and seasonal employment should
employment should be quantified. be quantified.
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Economic cost of the project should also
take into account the opportunity cost.
Economic value of project should be
calculated in terms of NPV, EIRR and
B/C.

Economic cost of the project should also
take into account the opportunity cost
(together with construction costs).

Economic cost should not include the taxes,
duties and royalties. Similarly, it should not
include price contingency and interest
during construction.

Economic value of project should be
calculated in terms of NPV, EIRR and B/C.

13.2

Financial Analysis

Financial cost should include
construction costs, periodic replacement
cost, royalties, duties, taxes, VAT, price
escalation, insurance cost and interest
during construction.

All government’s policies, rules and
regulations should be reviewed.

The benefits will comprise the revenue
generation from the sale of electrical
energy. As a result of the financial
analysis, the financial cash flow showing
operating expenses, debt service (loan
repayment), royalty and tax payments
should be presented.

For reservoir or multipurpose project,
additional benefits should be derived
from:

Flood control benefit

Irrigation benefit

Water supply and sanitation benefits
Local transportation and navigation
benefits and

Other tourism related benefits, etc.

The analysis should include inflation,
variation due to foreign currency and
revenue generation, if the PPA has been
carried out in local and/or foreign
currency.

NPV and FIRR could be adopted as
financial indicators.

All required assumptions for financial
analysis should be mentioned and
analysed.

In performing financial analysis, the
Financial Internal Rate of Return (FIRR) and
the loan repay capacity should be examined
based on the financing conditions.
The financial cost should include investment
cost/base cost (study, preconstruction, civil,
HM, EM, TL), O & M cost, duties, taxes,
price escalation, periodic replacement cost,
project environment and management cost,
insurance and interest during construction.
To determine the project life, generation
license period or PPA duration can be
considered.
The benefits will comprise the revenue
generation from the sales of energy.
As a result of the financial analysis, the
financial cash flow showing operating
expenses, debt service (loan repayment),
royalty and tax payments are required to be
presented.
The NPV and Financial Internal Rate of
Return (FIRR) method should be adopted.
Generally expected financial parameters are
as follows:

Internal Rate of Return on the project (IRR)
- higher than prevailing interest rate (for
example, of a commercial bank lending
rate to a project of comparable size).

Net Present Value on the project (NPV) -
positive.

Debt Service Cover Ratio (DSCR)—higher
than 1

Benefit Cost Ratio — higher than 1.

Update the financial analysis, if there are
major updates in input parameters as
outcome of the feasibility study and
detailed design.
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8. Financial parameters, Net present value
(NPV), Benefit-Cost Ratio (B/C), Project
IRR, Return on Equity (RoE), NPV,
annual debt service coverage ratio,
discounted  payback period and
Levelized Cost of Energy (LCOE) etc.
should be determined.
Sensitivity analysis is required to be performed
in general, for the following cases:
1. Variance in interest rates based on market
conditions.
e ) 2. Increase in capital cost.
1. The sensitivity analysis should cover 3 Decrease in revenue aeneration due to
Sensitivity possible cases such as increase in : ; 9 ) Update the analysis based on the
13.3 . : : change in hydrology and on the basis of . .
Analysis project cost, decrease in revenue and . ; updates in base case analysis.
. . . further risk analysis.
exchange risk with foreign currency.
4. Delay in commissioning of the project.
5. Commutative effect of cost and time
overruns.
6. Effect of inflation, foreign currency
exchange fluctuation.
14. Presentation Drawings, Maps, Charts and Tables
1. Prepare location map in appropriate scale. Prepare location map in appropriate
1. Prepare location map in appropriate | 2. Map showing physiographic regions and scale.
14.1 G | scale. geographical regions should be prepared. Map showing physiographic regions and
' enera 2. Prepare maps showing physiographic | 3. Project’s general layout should be prepared geographical regions should be updated.
regions and geographical regions. with license boundary in topo map in scale Project's general layout should be
1:25,000 or 1:50,000 as available. updated in appropriate scale.
Control survey benchmarks or traverse
stations with their x, y, z coordinates (in a
) ) separate table) should be given in
1. Generally, this level of study is | 4  control survey map showing benchmarks or general arrangement drawings (with
considered to be carried out based on traverse stations and detailed features of contours) for all components for
Topography/ available maps. Survey works, if carried the project area in appropriate scale should reference and further use during
14.2 | Topographical OLeJ:'f'cadt'l:)rrlwn%f hg:(sj I,Csetlrjlgg bolnr?:jua(i!gg be presented. construction and operation phases of the
verificati , i u i , ;
Survey 2. Survey data and d-cards (with photographs) project.

etc. should be documented in

appropriate scale.

should be included in the appendix.

Updated (if any) survey maps, data and
d-cards with photographs should be
documented and presented in the
appendix.
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1. Drainage Basin Map showing the area
below 3000 amsl, 3000 to 5000 amsl| and
above 5000 amsl can be prepared.
2. Field measurements should be presented in
a tabular form with details, location, time
and date.

1. Drainage Basin Map showing area | 3. Rating curves of headworks site and tailrace
below 3000 amsl, 3000 to 5000 amsl site should be presented.
and above 5000 amsl can be prepared. | 4 | ong term series data should be included.

2. Field measurement(s) should be | 5 various method of monthly flow estimation, Updated ~ hydrology  report  with
presented in tabular form with details, adopted daily/monthly flow (include adopted recommended/adopted daily flow, FDC at
location, time and date. daily flows for 365 days, if available) and headworks and tailrace outlet with tables,

14.3 Hydrology 3. Adopted monthly (also daily, if available) flood discharge in different return periods design flc_)ods and diversion flood during
flows and flood frequency table should should be presented in tabular form. construction
be prepared. ) 6. Flow Duration Curve should be prepared.

4. Prepare Flow Duration Curve. 7. Prepare Reference Hydrograph and flood

5. Prepare Reference Hydrograph and frequency charts.
flood frequency charts. 8. Discharge-sediment relationship should be

developed.
9. Sediment sample and laboratory analysis
report should be included in the appendix.
10. Result of sediment analysis and laboratory
tests should be summarized in tabular form
and charts.

Prepare drawings as follows: Prepare .drawmgs a§ follows: ]

1. Regional Geological Maps (plan and 1 Eegég{;azggglg%gfl Maps (plan and section
section in scale 1:250,000 or in available ’ ’ ’
larger scale). 2. Geological map of project area (plan, profile

. . & section in scale 1:5,000).
2. Geological map of project area (plan & . - ) ] .
section in scale 1:25,000 or 1:50,000 or | 3. Site specific geological maps (sections with
14.4 | Geology and larger, if available). drill hole logs). Prepare drawings for updated geology
: Seismicity 3. Site specific geological maps as follows: | 4. Headworks drawings in scale 1:500. and seismicity report.
Headworks drawings in scale 1:500 5. Water conveyance route in scale 1:2000.
Water conveyance route in scale | 6. Powerhouse in scale 1:500.
1:5000 or larger 7. Map showing Seismic Refraction Lines, drill
» Powerhouse in scale 1:500 holes in scale 1:2000 or larger.
4. Map showing Seismic Refraction Lines, . . T
8. The result of geological investigation in a

Electrical Resistivity, in available scale.

tabular format.
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5. Seismicity map in available scale. 9. Map showing borrow areas and test pits and
trenches in scale 1:2000 or larger.
10. Seismicity map in available scale.
The above mentioned scales are indicative only.
An appropriate scale should be used to make
the information/data  presented in the
drawings/report clear and
readable/understandable.
1. Location of alternative project | 1. Location of alternative project components,
components plans and alignments plans and alignments should be presented
should be shown in appropriate scale. in appropriate scale.
14.5 Alternative Study 2. Preliminary cost and energy comparison | 2. Cost and energy comparison charts and
charts and tables should be prepared. tables should be prepared.
3. Financial evaluation charts and tables | 3. Financial evaluation charts and tables
should be prepared. should be prepared.
o 1. Optimization study charts and tables | 1. Optimization study charts and tables should
14.6 | Optimization should be prepared. be prepared.
The following drawings in a suitable scale | The following drawings in a suitable scale
should be prepared: should be prepared:
The following drawings in a suitable scale 1. glrteg:atlves considered in scale 1:5000 or | ¢ Tender N
should be prepared: ger. « SOPofciviland TL
. . 2. General arrangement/layout of selected e  Construction (civil, reinforcement, HM,
1. Alternatives considered. L ’
project in scale 1:5000 or larger. TL, EM etc.).
2 Sri?:gfl arrangement  of  selected 3. Headworks (general arrangement, | 1. Drawings of Civil Structures:
' elevations and sections) in scale 1:500 or | , General arrangement/layout of selected
3. Headworks plan (general arrangement, larger - . . :
. 4 9 project in scale 1:5000 or appropriate
elevations and sections). . .
i ) ] 4. Headworks components, weir, undersluice, scale.
14.7 | Designand 4. Settling basin (plan and sections). intake, gravel trap etc. plan, sections (L- | e Headworks  (general  arrangement,
' Drawings 5. Headrace water conduit system (plan section, cross sections) and elevations in elevations and sections) in scale 1:1000.

and profile).

6. Forebay/surge
profiles).

7. Penstock (plan, sections, profiles).

8. Powerhouse and tailrace (plan, Sections
and profiles).

9. Switchyard layout.

tank (plan, sections,

appropriate scale.

5. Settling basin (plan and L-section in scale
1:500 and cross sections in scale 1:200 or
larger).

6. Headrace water conduit system (plan and
L-section in scale 1:2000, sections in scale
1:100 or larger).

7. Forebay/surge tank (plan and L-section in
scale 1:200, cross sections in scale 1:100
or larger).

e Headworks components, weir,
undersluice, intake, gravel trap, gravel
flushing etc. plan, sections, L-section,
cross sections and elevations are in
appropriate scale.

e Settling basin (plan in scale 1:1000 and
sections & elevations in scale 1:50 to
1:200).

e Headrace water conduit system (plan in
scale 1:1000, sections in scale 1:100 and
L-section in scale 1:100 V and 1:1000 H).
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8. Penstock (plans and L-sections in scale
1:200 or larger, cross sections in scale
1:100 or larger).

9. Powerhouse (general arrangement in scale
1:500, plan and sections in scale 1:200 or
larger).

10. Powerhouse —switchyard layout in scale
1:500 or larger.

11. Single line diagram.

12. Protection structures (plan in scale 1:200
and sections in scale 1:100 or larger).

The above mentioned scales are indicative only.
An appropriate scale should be used to make
the information/data  presented in the
drawings/report clear and readable/
understandable. Distorted scales are not
recommended.

Forebay/surge tank to tailrace (plan in
scale 1:1000, sections in scale 1:100 and
L-section in scale 1:500 V and 1:1000 H).
Forebay/surge tank (elevations and
Sections in scale 1:200 to 1:50).
Powerhouse (general arrangement in
scale 1:1000, plan and sections in scale
1:200 to 1:50).
Powerhouse —switchyard layout in scale
1:1000.
Protection structures (plan in scale
1:1000 and sections in scales 1:100).
Reinforcement drawings of all structures
with bar bending schedules.

Drawings of HM Components
Gates, penstock pipes, stoplogs and
accessories parts in appropriate scale.
Expansion joints, pipes, bends, manhole
covers, valves, gates driving system etc.
in scale 1:10 or in appropriate scale.
Other HM components in appropriate
scale.

Drawings of EM Components
Preliminary drawings of all
electromechanical components  with
necessary dimensions/schedules.
Preliminary drawings of all switchyard
components and accessories with
necessary dimensions/schedules.
Single line diagram with necessary
details.

Drawings of TL Components

A general layout of TL alignment (plan
in scale 1:5000 and profile in scale
1:500 V and 1:5000 H).

Tower in scale 1:200 to 1:500.

The support structure in scale 1:200 or
appropriate scale depending on size of
structures.

General arrangement of connection
bay/switchyard in scale 1:1000 or
appropriate standard scale.
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e Steel structure  and equipment
foundation in scale 1:10 to 1:100.
e Single line diagram.
The above mentioned scales are indicative
only. An appropriate scale should be used to
make the information/data presented in the
drawings/report clear and
readable/understandable.
1. Updated daily and monthly energy and
Energy and 1. Prepare monthly energy (daily, if data . revenue calculation tables and charts in
14.8 Revenue available) and revenue calculation tables 1. Prepare dlallyl tgndt gl\onthlyé t’—:}ne;trgy and comparative format with proposed or
Calculation and charts. revenue caiculation tables and charts. agreed power and energy table of PPA (if
available) should be prepared.
1. Map of Integrated Nepal Power System 1. Ma_p .Of Integrated N_epal Pow_er System
(existing and planned) should be shown (existing and planned) in appropriate scale.
in appropriate scale. 2. Map showing transmission line
. o . requirements in appropriate scale (1:25,000 | 1. Update maps prepared during the
14.9 | Power Supply 2. m?qziremsehrﬁ\gli:gapprgg:}:glsssclglg line or 1:50,000) or larger. feasibility study as necessary.
3. Present alternatives available for 3. Pljesent map _showing _transmission _Iine
. interconnection points in the INPS alignment along with alternatives
) considered in appropriate scale.
1. Access road map (plan in scale 1:5000,
cross sections in scale 1:200 and profile
1. Show access road drawings plan in | 1. Show access road drawings plan in suitable in scale V1:500 & H 1:5000).
14.10 | Access Road suitable scale. scale. 2. Drawings of protection structures,
2. Show plan for alternative access, if any. | 2. Show plan for alternative access, if any. culverts and bridge in scale 1:200.
3. Construction schedule of the access
road.
Construction 1. Preliminary construction planning and 1. fDeta"fd c%nstructlontﬁchedule' n stand.arci 1. Detailed construction schedule in
14.11 | Schedule and implementation schedule showing the c%rr;np?onenstsovivr:r;?uding eantirc?izja?t:ad F::rr?tjiigl standard format should be updated and
Planning major activities should be prepared. path should be prepared. the critical path should also be shown.
. 1. Item rates for major works should be
1. Item rates for major works should be X
presented in tabulajr form. presented in tabular form.
> Proi derived hould b 2. Project cost derived should be presented in | 1. Prepare item rates for major works in
. : rrgjsee(ﬁted(i:r?st;bula??;fms shou e tabular forms. tabular form.
14.12 | Cost Estimation 3 :ate analysis and quant-ity estimation 3. Pie charts and graphs as necessary should | 2. Update detailed project cost/engineer’s
: be prepared. estimate.
tables should be attached in the prep . . o
appendix. 4. Rate analysis and quantity estimation tables
should be attached in the appendix.
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14.13

Project Evaluation

Total project cost including the financial
cost derived in tabular form stating basis
used and assumptions made while
carrying out the financial evaluation
should be included.

Results of financial and economic
analyses for the base case and most
likely case should also be presented in
tabular form.

Sensitivity results showing all possible
scenarios studied/analysed should be
presented.

Total project cost including the financial cost
derived in tabular form stating basis used
and assumptions made while carrying out
the financial evaluation should be
presented.

Results of financial and economic analyses
for the base case and most likely case
should be presented in tabular form.

Sensitivity results covering all possible
scenarios studied/analysed should be
presented in tabular form.

Updated total project cost including
financial cost derived in tabular form
stating basis used and assumptions
made while carrying out the financial
evaluation should be presented.

14.14

Report

Standard cover page, signature page,
summary page, abbreviations, the body
of report and conclusions and
recommendations are required in
standard report.

Generally accepted standard table of
contents, list of figures, list of tables,
headings’ font, size and style, paragraph
arrangement, letter size, font and style,
caption and cross reference, line
spacing, etc. should be used in the
report.

The report should include:

Main report
Relevant annexes and appendices
Drawings

Standard cover page, signature page,
summary page, abbreviations, the body of
report and conclusions and
recommendations are required in standard
report.

Generally accepted standard table of
contents, list of figures, list of tables,
heading’s font, size and style, paragraph
arrangement, letter size, font and style,
caption and cross reference, line spacing,
etc. should be used in the report.

Separate volumes of report as necessary
including investigation data and calculations
and drawings should be prepared as
follows:

Main report

Relevant annexes and appendices

Drawings
Periodically updated information in the form
of progress report should be provided to
owner/client/executives  agency/regulating
authorities with a cover letter as and when
required.

In case of significant change(s) to the
layout, design and or any other project
parameters, such change(s) shall be
reported in time to the client and regulating
authorities  with  necessary supporting
documents for timely approval.

Standards formats/styles as suggested in
the feasibility study report section should
be followed while preparing all reports
prepared as the outcome of detailed
design. The following report should be
prepared during the detailed design.

Project Definition Report: This is
generally prepared at the beginning of
detail design phase as guidelines for
further  design/development of the
project. In the report, all base line data,
up-to-date salient features of the project
and project engineering parameters
including relevant codes adopted, cost
and revenue calculations, financial
indices, project implementation schedule,
etc. should be briefly described.

When numerical and physical hydraulic
model studies are carried out, separate
reports should be prepared
recommending further design
refinements based on the outcomes of
such studies.

Design Basis Memorandum (DBM): This
document is prepared as project's
customized standards agreed for
adoption in the detailed design of all
components of the project related to civil,
hydro-mechanical, electro-mechanical
and transmission line works. All relevant
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baseline information and other project
information given in the Project Definition
Report, Model Study Report, relevant
codes and standards to be followed
during detailed design should be
documented in this report. DBM should
be approved by the client before
proceeding the detailed design further.
Necessary amendments to the DBM
should be made on need basis with
timely approval from the client during the
course of detailed design when and
where required.

Detailed Design Report: Main outcomes
of the detailed design are reports
drawings (general arrangement and
reinforcement), and specifications. The
reports, drawings and specifications
together with design calculation sheets
can be structured in different volumes.
An example of detailed design report
volume is suggested below:

Volume-1: Detail Design Main Report

Volume-2: Detailed Design Annexes

and appendices

Volume-3: Detail Design Drawings:

- Volume-3A: Detailed Design Civil
Drawings

- Volume-3B: Reinforcement
Drawings

Volume-4: Technical Specification

The above mentioned report and

documents will be basis for preparation

of the tender documents which are

usually prepared during detailed design

phase of a hydropower project.

In addition to the above mentioned
report, it is suggested to prepare a draft
Operation and Maintenance Manual for
the power plant which should be further
refined/updated during the
construction/installation of the project.
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Such a manual should cover operation
and maintenance guidelines for civil, H-
M, E-M and TL components.
Periodically update information in the
form of progress report should be
provided to owner/client/executive
agency/regulating authorities with a cover
letter as and when required.
In case of significant change(s) to the
layout, design and or any other project
parameters, such change(s) should be
reported on time to the client and
authorities with necessary supporting
documents for approval.

15 Risk Analysis

Hydrological risk can be determined by Review and update the previous study

considering the followings: carried out during the feasibility study.

1. Calculate daily and monthly flow variation, GLOFs, LDOF and high flood (PMF) are
seasonal variation and develop monthly major factors to be considered in risk
hydrograph. analysis.

2. Collect previous drought records and Change in the hydrological parameters
minimum river flow analysis. due to climate change and global

3. Carry out catchment area analysis. yvarming shou!d be carried out and the

4. Collect hydro-meteorological data such as impacts of climate change should be
precipitation, wind velocity, temperature, listed and adaptation techniques should
relative humidity etc. of the project area. be recomme.nded. ' .

151 | Hydrological Risk 5. Estimate upper and lower limits of energy For reservoir type projects, sediments

generation and calculate monthly revenue
of the project.

Flood Hydrology:

1.

Probability and statistical approach should
be adopted in fixing the level of flood risk.

Flood risk analysis should be based on
slope stability and geology of nearby
catchments. Also calculate flood risk caused
by LDOF.

GLOFs are major risk factor of many hydro-
project in Nepal. Therefore, status of
existing glacier lakes in the basin, condition

transportation and deposition problem is
directly related to project life, project
optimization and reservoir operation and
planning. Thus, sediments related risk
should be carried out considering
topography and geology of project's
basin. This should also include changes
due to future development in the basin
such as infrastructures development
road, bridge, agricultural activities, rate of
soil erosion and rock fragmentation,
existing vegetation and rate of
deforestation in the basin etc.
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of marine dam and volume of glacier lakes
should be determined. Similarly, risk
analysis should factor in that; the nearest
projects (to the glacier lake) are more
vulnerable than those located far from
glacier lakes.
4. Suspended sediments: Composition and
density of sediments are another major
problem for hydropower projects. Therefore,
sediment transportation phenomena, type of
sediments composition and impacts of
sediment on hydraulic structures and hydro-
mechanical equipment shall be considered.
Reference can be taken from existing
hydropower projects located at similar
topography, catchment basin, nature of
sediments related activities.
Financial risk should be carried out 1. Review and update the financial risk
considering the following key points: analysis carried out in the feasibility study
d dertak furth lysi
1. Materials price rate escalation and inflation 22nsiderli1: (teheaa?jditionual kzr oistr;a ysis
during the study period and construction 9 yp ’
period. 2. Updated materials price rates, tools and
2. Status of locally available materials and equipment rates, human resource rates
their utilization. etc. and possibility of future price
3. Construction methodology and technology es.calatlon.
to be employed during construction. 3. Risks due to contract packages,
4. Construction planning, scheduling and contracto.r selections, .modes of
estimation of construction period. construction, status of infrastructure
153 Financial Risk 5. Exchange rate fluctuation -market risk and developme.n.t.etc. . ]
currency fluctuation risks during | 4. Land acquisition and price escalation.
construction period should be considered. 5. Fluctuation trends of foreign currency.
6. Escalation on bank interest rate. 6. Updated bank interest rate.
7. Significant technical and non-technical | 7 Need to address demands for social and
gncst?\;eitsiegreated by natural or human made ecological development.
L . . 8. Financial risk due to natural calamities,
8. Additional risk related to site security. scarcity of construction materials, tools
9. Insurance and cost recovery. and equipment supply and delivery etc.
10. Possible revenue variations due to seasonal | 9. Project’s topography and geographical

and long term fluctuations in river flows.

location and accessibility etc.
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11. Sensitivity analysis should be carried out | 10. Investment risk due to natural events in
taking into account changes in the level of project area, political activities,
risks. government policies, rules and planning
etc.

11. National prioritization for hydropower
development, formulation, extension,
importance and electricity demand in the
market etc.

1. Collect .|nformat|o.n on past geological 1. Review and update geological risks
events in the project area, such as land assessed during the feasibility stud
slide, rock fall, debris flow etc. - 9 i y y .

2. Collect geological investigation reports and 2. Collect additional geolpglcallln\(estlgatlon

; S reports and result, discontinuity survey
result, discontinuity survey reports and . .
. . reports and drawings, geological model
drawings, geological model study, type of ;
. ; ) tests, type of rocks, rock quality, rock
rocks, rock quality, rock bedding, dip . R .
L : . bedding, dip direction and dip amount
direction and dip amount etc. and determine .
. etc. and update the level of risk factor.
the level of risk factor.
. . . _— 3. Error in geological investigation and
3. Error in geological investigation and . . .
. . . . ) interpretation, mapping and survey etc.
15.4 | Geological Risk interpretation, mapping and survey etc. should also be considered while setting
should also be considered while setting the ) .
. . the geological risk factor.
geological risk factor.
L . . 4. Conduct seismic risk analysis
4. Conduct seismic risk analysis considering g T .
o . N considering seismic design parameters,
seismic design parameters, past seismic e : .
: T past seismic events and their effect in
events and their effect in similar topography ., .
. . - similar topography as well as national
as well as national and international . . .
. and international practices.
practices.
o 5. Develop degree of seismic risk based on
5. Develop degree of seismic risk based on I R
S e deterministic and probabilistic approach
the deterministic and probabilistic approach . : .
. : . as well as other international practices.
as well as other international practices.

1. Insufficient technical information and
order, poor communication, design
modification and alteration, construction
technology and methodology play a vital

. role in increasing the design and
455 | Designand construction risks. Thus, the following

Construction Risk

factors should be considered and clearly
examined while determining the design
and construction risks:

Design criteria,
formulations.

assumptions  and
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S.N.

Study Items

Details of Study Requirements

Pre-Feasibility Study

Feasibility Study

Detailed Design Study

Factor of safety taken during the design.
Design references and codes referred to.

Documentation and standard of reports,
clarity and presentation of drawings
(construction drawings, SOP drawings,
reinforcement drawings etc.).

Presented notes and instructions in
drawings.

Past experience and performance of
designer/consultant.

Modes of contracts.
Bid amount and security deposits.

Adopted methodology and technology for
construction and past experiences with
similar projects/technologies.

Contract documents, technical
specifications and quality of tender
drawings and details.

Experience and past performance of
contractor.

Construction delay, workability and
probability related to work progress and
execution of work on time.

Available materials, tools, equipment and
human resources.

Quality assurance, field/construction
errors, errors in lab test, climatic
condition, equipment errors etc.

15.6

Environmental
Risk

Risk assessment related to environment
impacts and impact mitigation should include:

1.

Reliability of data collection during EIA
study. Additional data collection and
verification should be carried out as
necessary.

Environmental effects due to construction
such as excavation and disposal (blasting,
disposal of tunnel muck, disposal of
explosive, soil spoil and barrow pits etc.)
should be re-examined.

Review and update the environment risk
analysis, if required.
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Installed Capacity More Than 100 MW

Details of Study Requirements

S.N. Study Items — T, = =
Pre-Feasibility Study Feasibility Study Detailed Design Study
Water availability downstream of dam.
Beneficial utilization of water at downstream
reach and livelihood adaptations and
ecological balance in upstream and
downstream of dam and reservoir should be
assessed.
Effect of seasonal flood in downstream of
dam should be evaluated.
For PRoR and reservoir projects, loss of
agricultural land, loss physical/social/natural
asset should be quantified.
16 Modelling
Result of numerical modelling from the
feasibility study should be updated.
Surge effect in tunnel system and back
water effects at upstream of dam can be
Numerical 1. Hydrological modelling can be done to Hydrological and hydraulic modelling shall estimated using numerical modelling.
16.1 Modellin compute daily flow. be carried out as defined in Section 2 Velocities and pressures characteristic
9 Hydrology and Sedimentation studies. can be solved by transient analysis (e.g.
using commercially available software).
Sediment simulation should be carried
out to compute the trap efficiency and
model bed changes in a sand trap.
The following philosophy and laws should
be considered during physical modelling:
Laws of hydraulic similitude.
Law of similarity.
Dimensionless numbers and scaling
laws should be determined by
considering criteria of similarity from a
Phvsical system of basic differential equation,
16.2 Mosés;ﬁﬁ]g similarity through dimension analysis

and method of synthesis.

Geometric, kinematic, dynamic and
mechanical  similarities should be
analysed during scaling process.

Froude Law and Reynolds Law, Weber
number, Euler number, hydraulic model
law or similar other standard methods
should be considered.
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Installed Capacity More Than 100 MW

S.N.

Study Items

Details of Study Requirements

Pre-Feasibility Study

Feasibility Study

Detailed Design Study

Selection of Scale
1.

Before building a physical model, carry
out appropriate  topographic  and
hydrological field survey and define
suitable similarity law and type of model.

Additional  considerations such as
maximum discharge, maximum head,
floor area, ceiling height, construction
considerations, instrumentation
limitations, scale effects, laboratory
space constraints and required
equipment available in the market etc.
should be analysed for scale selection.

Model should be designed as large as
practicable, considering cost and benefit.

The linear scale of model (according to
USBR) should be within the following
ranges:

30 to 100 for spillway, weir/dam.

5 to 30 for settling basin, stilling basin,

outlet and inlet valves and gates etc.

3 to 20 for side channel spillway chutes,

drops, canal structures, etc.

In addition to above mentioned scales,
certain minimum dimension must be
maintained for successful studies as
follows:

At least 100 mm across for models of
gates and conduits.

At least 100 mm bottom width of canal
structures.

To minimize the relative influence of
viscosity and surface tension, spillway
models should be scaled to provide flow
depths over the crest of at least 75 mm
for the normal operating range.

The position of instruments should be at
the accessible locations for observations,
with  enough clearance  between
instruments and flow boundaries to
provide accurate measurements.
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Installed Capacity More Than 100 MW

S.N.

Study Items

Details of Study Requirements

Pre-Feasibility Study

Feasibility Study

Detailed Design Study

Physical Model Observations

Therefore, the selected scale must be
such that the magnitude of measured
quantities is well within the range of
available instruments and the sensitivity
of the instruments is sufficient to obtain
the results for different operating
conditions.

Small discrepancies in the model can
result in large differences, when
transferring the results to the real
structure scale/prototype. Therefore, the
scale factor and construction techniques
should be fixed as per required accuracy
and precision.

Instrumentations and Interpretations

1.

Observation, instrumentations and
interpretations provide the necessary
information to compare design
alternatives, predict prototype
performance, or develop generalized
results applicable to a wide variety of
situations. Therefore, simple instruments,
such as point gauges, pitot tubes,
manometers for the measurements of
static or slowly changing parameters, V
notches and flumes, special ultrasonic or
electronic devices, sediment feeding
equipment etc. are required for
measurement of discharge, water level,
pressure, velocity etc.

Discharge measurements at intake,
weir/dam, spillway, undersluice, flushing
conduits, settling basin etc. of physical
models shall accurately be carried out
with the standard methods and devices.

Water surface level should be measured
at headworks structures such as the weir,
stilling basin, spillway, intake, settling
basin etc. in different scenarios of the
flow.
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S.N.

Study Items

Details of Study Requirements

Pre-Feasibility Study

Feasibility Study

Detailed Design Study

Design of Models

In case of spillway, intake structures and
bottom outlets, stage-discharge
relationship should be established for
which observation of reservoir surface
water level is of prime importance.
Similarly, the observation of downstream
water level for different discharge should
be carried out in headworks model study.

Velocity should be measured accurately
by using classical or modern instruments.
Three dimensional flow and turbulence
velocity should be measured by using
electromagnetic current meter, hot-wire
and hot-film anemometers, etc.

Static and dynamic characteristics of
positive, negative, differential or absolute
pressures should be determined at
stilling basin, chute surface spillway,
immediate downstream of bottom outlets
and gates etc.

1.

Before the construction of models, the
model drawings should be prepared
accurately to prevent errors in the
construction. These drawings should be
able to provide sufficient information for
the model construction.

The evaluation of model study should be
carried out by qualitative and quantitative
tests to meet the design and operation
requirements.

Once the basic parameters are defined,
the first step is to select a model scale.
One or more of the scaling criteria can be
selected for the design of the model as
mentioned above.

The model should cover the enough area
from far upstream to the downstream of
the diversion structure so that the river
behaviour and sediment management
can be well studied. Normally, the
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S.N. Study Items

Details of Study Requirements

Pre-Feasibility Study

Feasibility Study

Detailed Design Study

diversion dam/weir, intake structure,
spillway, stiling basin, fish passes,
settling basin etc. are often subjected to
free surface flow followed by Froude law
or similar standard methods. While
bottom-outlet, gates or diversion tunnel
spillway should be modelled by Reynolds
Law or similar standard methods.

Following data should be collected and
compiled before the actual design of the
model:

Hydrological and hydraulic calculation of
the proposed design.

Structure layouts of relevant components
and their sizes.

Suspended sediment data, bed load
sediment data and their measurements
and past behaviour of the river at
headworks site supported by
photographs, if available.

Topographical survey data and topo
maps including the river profiles
(minimum three: along centre/thalweg,
and along both banks depicting the water
surface) and cross sections (at 20 m
intervals or closer covering adequate
length upstream of headworks and also
immediate downstream of headworks).
The cross sections survey should cover
at least 20 m above the maximum flood
mark on the both banks and also 20 m
above future impounding area at
upstream of the headworks along the
both banks.

Additionally, the data on the armoured
bed material and boulders that are
influencing the river hydraulics along the
selected stretch is very important
especially for steep gradient Himalayan
River.

Moreover, during model design,
emergency spillway, by pass system, ice
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S.N.

Study Items

Details of Study Requirements

Pre-Feasibility Study

Feasibility Study

Detailed Design Study

problems, oscillations (surge analysis),
air trap and accumulations in tunnel and
model calibrations are major issues in
physical modelling. So, necessary model
modifications, scaling and transient
analysis should be carried out such that
these issues can be studied in the model.

Physical Model Preparation
1. The physical model construction may be
divided in two main phases, namely:

e Model construction of the river stretch
on which the headworks and or other
structures that are planned to be
constructed, covering adequately its
immediate upstream and downstream
areas. Before construction of the river
model, decision should be made
whether it is necessary to construct
movable river bed or fixed river model
would be enough.

e Model construction of headworks and
or other structures being studied.

2. Boulders, sand or gravel is often placed
in the downstream to aid in the study of
the scour patterns and designs are
judged to some extent by their scouring
tendencies.

3. For settling basin, the trapping efficiency
and flushing pattern together with its
flushing capacity of flushing gallery have
to be visualized in the model study.

4. Due to difficulty to scale down sand, silt
and other suspended sediments, walnut
shell dust, saw dust or coal powders or
artificial sediments ranging in size from
0.03 to 4 mm can be used in fine
sediment simulation. The mean diameter
of natural silt and fine sand shall be
scaled down in proportion to the density
or fall velocity.
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S.N.

Study Items

Details of Study Requirements

Pre-Feasibility Study

Feasibility Study

Detailed Design Study

Operation of Model

For oscillations, transient analysis (one
dimensional study/numerical modelling)
should be carried out before preparation
of physical model.

1.

After construction of the river stretch
model, it should be validated. Validation
is usually done against measured water
levels at the site at different characteristic
sections of the river stretch for at least
three different flows/river discharges.

Before the model validation, the initial
adjustments under pumping system or
constant head tank, water leakage from
model components, accessibility in and
around the model instrumentation should
be verified.

Perform model verification and validation
properly as anticipated from the
mathematical relations and collected field
data and confirm that there are no errors
or other inconsistencies because of
miscalculation and or misrepresentation.
The river model should be further refined
and tested until validation results within
acceptable accuracy are achieved.

After, initial adjustments, verification and
validation of the model, existing situation
tests (of the river) should be carried out
the existing situation tests are usually
carried out for the following flow
situations:

Design discharge.

Non monsoon flows: Average annual
flow.

“Minor floods”: Average monsoon flow.

“Large floods™: 2, 5, 10 years returned
period floods.

“Very large floods”: 20, 50, 100 years
return period flood.
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S.N.

Study Items

Details of Study Requirements

Pre-Feasibility Study

Feasibility Study

Detailed Design Study

o “Extreme floods”: 200, 500, 1000 years
return period floods or larger, if the
model facilities allow.

5. Hydraulic performance tests of the main
structures including the following should
be carried out.

Diversion Structures

1. Length of un-gated weir/spillway or gated
spillway, dam height, abutment height,
divide wall adjustment, upstream flood
wall optimization, effective flow towards
intake, determination of discharge
coefficient at weir/spillway should be
determined and finalized for design flood.

2. Discharge capacity, functions and
location of trash passage and fish ladder
should be determined and modified as
per requirement.

3. For RoR project, un-gated spillway
(simple overflow weir), discharge and
bed load exclusion capacity of
undersluice in maximum design flood and
partial blockage and chocking and
possibility of bed load entry at intake etc.
should be observed and modified as
required.

Intake Structures

1. Discharge capacity, discharge coefficient,
upstream and downstream water levels
and required modification for different
crest length and intake orifice opening
size should be finalized.

2. Carry out observation for appropriate
function of the intake structure for
handling floating debris, excluding the
bed loads, abstract enough water during
low flow and safe operation during floods
and modification should be carried out (if
required). Desired flow pattern upstream
and immediate downstream of intake and
at gravel trap should be achieved.
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S.N. Study Items

Details of Study Requirements

Pre-Feasibility Study

Feasibility Study

Detailed Design Study

Stilling Basin
1.

Settling Basin
1.

The size and location of hydraulic jump,
erosion problem at spillway, stilling basin
and flushing sluice etc. should be
determined up to maximum design flood
and necessary modification of sizes and
extension (location) of riprap,
downstream protection blocks should be
finalized according for design flood, if
required.

Flow velocity, fall velocity, trap efficiency,
settlement of artificial sediments, flow
pattern at entrance and exit, amount of
turbulence and uniformity of flow in
vertical and horizontal direction should be
monitored.

Discharge capacity of sediment flushing
conduits and pattern of flushing galleries,
bottom shape, size and slope of settling
basin based on sediment flushing
capacity, number of bays, type and size
of settling basin should be finalized.

Discharge coefficient and capacity of
settling basin outlet and emergency
spillway should be determined and
necessary modifications should be
carried out as required.

In addition, intake/tunnel inlet
modifications and adjustment should be
carried out considering the air
accumulation/trapping problems in
tunnel, bed load and trash accumulation.

During the study, model observation,
many modifications, dismantling of some
part of the model and re-construction,
regular monitoring, evaluation and
maintenance and regular measurements,
data collections and instrumentations are
required until satisfactory results are
achieved.
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S.N.

Study Items

Details of Study Requirements

Pre-Feasibility Study

Feasibility Study

Detailed Design Study

Final Reporting
1.

Based on the test results, the best
layout/design  (recommended design)
should be updated and agreed for final
testing.

The final documentation study should
include but not limited to the following
tests with necessary
measurements/records:

Different flows as agreed and tested
during the existing situation tests.
Floating debris transport pattern.

Bed load transport/deposition/scouring
pattern.

Hydraulic performance/conditions
including preparation of rating curves for
weir/spillway, undersluice gates, intake
gates etc.

Proposed operation regime of the
headworks and its different components
(and other structures, if modelled and
tested).

Scenario test for assurance of bed
control in front of intake (by simulating
extreme events like mass wasting).
Necessary additional tests for
covering/recommending different
operational aspects.

Intermittent/progress reporting modality
and deliverables should be required. The
final reporting/output of the model study
should cover but not be limited to the
following:

Main Report: The main report should
cover the following topics among others:
introduction/background of the study,
input data, model study methodology,
model validation, existing situation tests
and results/records, conceptual studies
and recommended final design/layout,
final documentation study and records,
tests and recommendations for smooth
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Details of Study Requirements
Pre-Feasibility Study Feasibility Study Detailed Design Study

operation of project/hydropower plant,
conclusions and recommendations.

3. Appendices: Other
data/information/records can be
documented as appendices to the main
report which should cover but not limited
to the following:

S.N. Study Items

e Drawings: All necessary drawings (plan,
L-sections, X-sections and details of the
recommended layout/design should be
prepared and presented in hard and soft
copies (in Auto-CAD or similar
software). Furthermore, plans/layout
drawings of all options studied should
also be presented with necessary
descriptions/discussions in the main
report mentioned above.

e All input parameters: All input
parameters used for the model study
should be documented in terms of
figures, tables, photographs etc.

e Evidence and records of model
validation tests.

e Evidence and records of existing
situation tests.

o Water depths/water levels, velocities,
sediment deposition pattern
measured/recorded during
documentation study, operation aspect
study and scenario tests in table, figure
formats.

e Photographs and videos of all the tests
carried out during the documentation
study, operation aspect study and
scenario tests. Furthermore,
photographs and video taken during
validation and existing situation tests
and other major tests carried out for the
conceptual design finalization should
also be recorded and documented.
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B. Hydropower Study Guideline Based on Head

Additional requirements for the hydropower project (all categories of project capacity) in addition to Basic Format A:

B1.

High Head (Head > 300 m)

S.N.

Study Items

Details of Study Requirements

Pre-Feasibility Study

Feasibility Study

Detailed Design Study

Hydrological and Sediment Studies

1.1

Sediment

Carry out suspended sediment sampling
and laboratory analyses (concentration,
particles size distribution and mineralogical
content) covering at least one pre-monsoon
(April-May), monsoon (June-September)
and post monsoon (October-November)
periods.

Selection of
Project
Components
and Project
Layout

Ropeways can be efficient mode of
transportation in  difficult  topography.
Ropeways can be considered as an option
during the study of alternative access
routes.

Optimization
Study

Alternative study for settling basin (e.g.
other sediment removal mechanism)
should be carried out considering the
required trapping efficiency based on
particle size to be settled.

Alternative study for settling basin should be
carried out considering the required trapping
efficiency based on particle size to be
settled.

Cost and revenue analysis should be
carried out for all alternative conveyance
systems, tunnel and steel pipe.

In general, 95% trapping efficiency and
0.15 mm particle size should be settled
can be assumed for the design of settling
basin.

Project Description and Design

4.1

General Layout
and Civil
Structures

For difficult topography, water conveyance
systems should be optimized.

Headrace pipe can be considered for low
discharge and favourable topography (e.g.
gently sloping terrain).

The lower stretch of penstock and
powerhouse should be founded on a sound
rock. Alternatively, the foundation should be
well treated to achieve required bearing
capacity.

Surface/underground surge tank could be
more favourable compared to forebay.
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Details of Study Requirements

S.N. Study Items — — = =
Pre-Feasibility Study Feasibility Study Detailed Design Study
H Selection of the suitable type of hydro-
ydro- . mechanical components considering | 1. High tensile strength steel should be
4.2 Mechanical operation in high head should be considered for penstock.
Components mentioned.
Both Pelton and Francis turbine should be
considered for power generation.
Pelton turbines can be considered for high
Electro- 1. For high head projects, Pelton turbine head and medium to low discharge | 1. For high head projects, Pelton turbine
4.3 I\E/IeSih?]:];atﬂ should be considered. conditions. should be considered.
auip Francis turbines can be considered for high
head and high to medium discharge
conditions.
B2. Medium Head (50 m> Head > 300 m)
Details of Study Requirements
S.N. Study Items — — - =
Pre-Feasibility Study Feasibility Study Detailed Design Study
1 Hydrological and Sediment Studies
Carry out suspended sediment sampling
and laboratory analyses (concentration,
i particles size distribution and mineralogical
1.1 | Sediment content) covering at least one pre-monsoon
(Apri-May) and one monsoon (June-
September) period.
Alternative study for settling basin has to be
1. Alternatllve study for 'settlllng basin ha§ to ca.rrlled out considering the !'eqwre.d trapping 1. In general, 95% trapping efficiency and
be carried out considering the required efficiency based on particle size to be . .
Optimization trapoi ffici based icle si ttled 0.15 mm particle size to be settled can be
2 pping efficiency based on particle size settled. d for the desi f settling basi
Study to be settled ) assumed for the design of settling basin.
: Cost and revenue analysis should be
carried out for both alternative conveyance
systems; tunnel and steel pipe.
3 Project Description and Design
The surface/underground surge tank is
General Layout more favourable as compared to forebay.
3.1 and Civil However, forebay is also favourable based

Structures

on space availability, topography and if the
location for spillway is available.
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Selection of the suitable type of hydro-
Hydro- - mechanical ~ components  considering
3.2 | Mechanical operation in medium head conditions should
Components be mentioned.
Both Francis and Pelton turbines should be
considered for power generation.
Pelton turbine can be considered favourable
Electro- for medium head and low discharge
3.3 Mechanical conditions
Equipment '
autp Francis turbines can be considered for
medium head and high to medium
discharge conditions.
B3. Low Head (Head < 50 m)
SN Study ltems Details of Study Requirements
o . Pre-Feasibility Study Feasibility Study Detailed Design Study
1 Hydrological and Sediment Studies
Carry out suspended sediment sampling
and laboratory analyses (concentration,
1.1 Sediment particles size distribution and mineralogical
content) covering at least one monsoon
(June-September) period.
L In general, 90% trapping efficiency and 0.2
2 Optimization mm particle size to be settled can be
Study assumed for settling basin design.
3 Project Description and Design
Selection of the suitable type of hydro-
Hydro- - mechanical ~ components  considering
3.1 | Mechanical operation in low head conditions should be
Components mentioned.
For a low head project, both Francis and
Kaplan/propeller  turbine should be
Electro- considered for power generation.
3.2 Mechanical Francis turbines can be considered for low
Equipment head and medium discharge conditions.

Kaplan turbines can be considered for low
head and high discharge conditions.
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C. Additional Requirements for Hydropower Projects Based on Scheme Type

C1. Hydropower Study Guideline for PRoR Projects

Additional requirements for the hydropower project (all categories of project capacity) in addition to Basic Format A

Details of Study Requirements
S.N. Study items
v Pre-feasibility Study Feasibility Study Detailed Design Study
Carry out additional investigations for peaking ponds. If
peaking is considered upstream of the dam, conduct
1 Geology additional studies in a similar way as shown in Format
D (reservoir project).
Identify a suitable location
. . to construct peaking
Selection of Project pond/reservoir either | Verify the poundage volume based on topography and | 1. Update the findings of the feasibility
2 Components and upstream or immediate | minimum and maximum operating levels. study, if required.
Project Layout downstream of weir along
the waterway.
Fix the reservoir volume based on peak/off-peak energy
3 Optimization Study and prevailing relevant energy price/rates for PRoR
type project by conducting an optimization study.
4 Project Description Add and describe all additional components including
and Design the peaking pond/reservoir.
) The sizing of EM equipment must be done considering
4.1 Electro-Mechanical daily flow variation when the plan is run in peaking
Equipment mode/base load mode.
Energy Computation Estimate annual average dry energy, wet energy, dry
5 and Benefit peak and dry off-peak energy and calculate benefit
Assessment using respective prevailing energy rates.
51 Benefit Assessment Carry out additional benefits, if any.
. . Carry out financial analyses with and without peaking
6 Project Evaluation facilities and compare.
If the project cannot be operated during peak energy
" , generation time for some period (or needs to be
6.1 Sensitivity Analysis operated as RoR project only) the financial impacts due
to such a case need to be analysed.
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C2. Additional Requirements for Storage Type Hydropower Projects

(All categories of project)

Details of Study Requirements

Feasibility Study

Detailed Design Study

Verification and update of the delineation of the
reservoir area done in the pre-feasibility stage
should be carried out.

Use the latest satellite images and aerial
photographs for further interpretation and
investigation.

Review and update the previous studies.

S.N. Study Items —
Pre-Feasibility Study
1 TOPOGRAPHICAL SURVEYS AND MAPPING
. 1. Tentative delineation of reservoir
1.2 Reservoir area should be presented based on
Mapping its purpose and utility.
2 HYDROLOGICAL AND SEDIMENTATION STUDIES

1. Continue the sediment samplings
and discharge measurements at
the intake site.

2. Collect the sediment data pertinent
to the study river from the
secondary sources.

3. Collect the datal/information on
reservoir sedimentation of the
projects within the country and in
the neighbouring countries.

Reservoir 4. Estimate the sediment Vyield
21 Sedimentation including bed load.
Study 5. Develop a sediment rating curve at
the dam axis.

6. Based on empirical area reduction
method, predict the distribution of
deposited sediment and their effect
on reservoir area-capacity
relationship to find out the dead
storage volume and live storage
volume of the reservoir at
appropriate intervals of years till the
reservoir is full.

Review the studies carried out during the pre-
feasibility level study.

Continue the sediment samplings and
discharge measurements at the intake site.

Update the database including all newly
collected data.

Upgrade the sediment rating curve.

Upgrade the prediction of the distribution of
deposited sediment and their effect on reservoir
area-capacity relationship and accordingly the
dead storage volume and live storage volume
of the reservoir at appropriate intervals of years
till the reservoir is full.

Conduct numerical modelling on dynamics of
sedimentation.

Review and update the previous studies.

Continue the sediment sampling and
discharge measurement at proposed
dam axis and develop the updated
sediment rating curve and sediment-
discharge relationship.

Upgrade the distribution of deposited
sediment and their effect on reservoir
area-capacity relationship and dead
storage volume and live storage volume
of the reservoir at appropriate intervals
of years till the reservoir is full.

Analyse possibility of the sediment
exclusion/trapping before entering the
main reservoir and extension of
reservoir life such as:

Construction of auxiliary dam before
entering the main reservoir.

Erosion control, gully protection, bio-
engineering etc.

Sediment bypass systems.
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S.N. Study Items

Details of Study Requirements

Pre-Feasibility Study

Feasibility Study

Detailed Design Study

3 Geological/Geotechnical Investigation

Geotechnical

3.1 Investigations

Perform geophysical investigation
such as seismic refraction or
electrical resistivity or any other
appropriate geophysical methods.
Survey for overburden thickness
and nature of soil strata/bearing
capacity at different dam sites.

Prepare preliminary  geological
model (plan and sections, in
appropriate scale of 1:5,000 to
1:10,000) for the dam.

Perform combination of seismic refraction
(SRT), Micro Tremor Array Measurement
(MAM) and Electrical resistivity (2D ERT) and
MASW (foundation) survey to construct
bedrock profile, overburden thickness and
nature of soil/rock strata, foundation properties,
rock mass quality, faults/shear zones, water
table at dam and major components.

Perform core drillings at the dam (minimum 6
holes).

Perform permeability test in soil and Lugeon
test in rock in each drill hole at 3-5 m intervals.
Install piezometers in selected drill holes
(minimum 4 in dam) to monitor ground water
table.

Conduct necessary geophysical borehole and
other necessary logging in representative drill
holes where necessary.

Conduct a detailed survey of joints with
properties, faults, shear zones, rock mass,
weathering conditions, open cracks, loose
mass in both dam abutments.

Prepare rock contour map of the dam for soil
and loose rock excavation and design.

Collect samples for laboratory test such as
cohesion and friction angle for soil and
mechanical strength tests for rock.

Perform necessary laboratory analysis and
tests for soil such as Particle Size Distribution
analysis, Atterberg limits, natural moisture
content, plastic limit, specific gravity, shear box
tests of collected samples for physical
properties and odometer test or X-ray
diffraction test to find out swelling clay type and
swelling pressure.

Laboratory test for rock unit weight, uniaxial
compressive strength, point load test, Brazilian
test, modulus test, Poisson’s ratio, Slake

1. All geotechnical investigations including
exploratory core drillings recommended
in the feasibility study should be carried
out.

2. Conduct additional geophysical
investigations in the dam, if required.

3. Additional drilling should be carried out
to verify geophysical investigation,
especially in dam and powerhouse, if
required.

4. Perform additional permeability and
Lugeon tests in each drill hole at 3-5m
intervals to know the permeability of the
rock for grouting design for the dam.
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S.N. Study Items

Details of Study Requirements

Pre-Feasibility Study

Feasibility Study

Detailed Design Study

10.

1.

12.

13.

durability test, swelling pressure test for

swelling clay and petrology study.

Prepare the geological model (plan and
adequate sections) of dam showing soil cover,
bedrock profile with foliation/bedding, dip angle,
joints, pale channels, water table, faults/shear
zones etc.

Conduct a risk assessment of geo-hazards
such as landslide damming inundation and
LDOF risks etc. in the project vicinity covering
both upstream and downstream.

Carry out a risk assessment and determine
GLOF probability, if any, upstream of project
area.

Assess landslides and rock fall risks especially
for dam during seismic events.

Reservoir
Stability
Geological
Investigations and
Analysis

Slope

3.2

Conduct preliminary mapping and
identify thick soil deposits potential
for landslides and possible rock
slides area during the rapid draw
down and prepare a map in
1:10,000 to 1:25,000 scale showing
potential sliding area.

Conduct and describe
reconnaissance mass  wasting
study using available images to
identify potential geo-hazards such
as landslides, inundation and LDOF
risks in the project vicinity covering
both upstream and downstream.

Review pre-feasibility report.

Conduct engineering geological mapping of
reservoir area and record all soil deposits
potential for landslide, rock outcrops, rock mass
conditions, weathering condition and
discontinuity properties, landslides, deposits
etc. and prepare the map in appropriate scale
of 1:1,000 to 10,000.

Identify and separate rock and soil, old & new
rock slide and soil slide, debris flow, alluvial fan,
land use pattern, classify slopes.

Identify and mark all possible steep slopes
which are prone to landslide due to rapid draw
down.

Prepare slope stability hazard map and classify
critical slopes.

Carry out site investigations in selected critical
slopes by 2D ERT, SRT and drilling to construct
a ground model and permeability tests, ground
water table, installation of Piezometer for
ground water monitoring, test pits for sample
collection.

Laboratory test for soil properties: cohesion,
friction angle, grading, unit weight, drained or

1. Review and update the previous studies
report.

2. Conduct additional site investigations
and reservoir slope stability where
required. Conduct slope stability
analysis by software in rapid draw down
condition.

3. Proposed mitigation measures where
required.

4. Prepare a
stability.

5. If reservoir area is large, carry out air-
borne geophysical investigation such as
Electro-Magnetic (EM) survey.

report of reservoir slope
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Details of Study Requirements

Investigations

and prepare plan for additional drilling and
tests.

S.N. Study Items —— —— . :
Pre-Feasibility Study Feasibility Study Detailed Design Study
un-drained condition, and rock shear strength
parameters.
b. Conduct slope stability analysis by software in
rapid draw down condition.
c. Proposed mitigation measures where require.
d. Prepare report of reservoir slope stability.
For high dam projects, excavate minimum 2
test adits in both banks abutment and perform
in-situ test like dilatometer, flat Jake, shear box
etc. if necessary based on the dam types to
confirm the feasibility of dam abutment.
2. Conduct geological mapping of adits and record
all types of rocks, shear/weak zones, joints,
\(/‘?I?goasrz:ilgeathermg grades eftc. in the plan | ¢ Reyiew and update previous the study.
, ) 3 C. duct 'd' inuit h 2. Perform additional tests such as
3.3 T_est Adit and in- ’ bo(;]d'uc/f |§ ti |sco|n inul yl.thSl:rV?y | suct ?S seepage analysis, infiltration capacity
situ Tests edding/toliation - pianes, lithological - contacts, and standard permeability test etc.
major and minor joints, faults, thrusts and folds )
with their characteristic properties such as | 3- Prepare an analytical report.
orientation, spacing, thickness, aperture,
roughness, filling, persistence, weathering,
water.
4. Conduct a discontinuity analysis by computer
software or other methods for abutment
stability.
5. Prepare an analytical report.
1. Review and update the grout curtain
design, grouting plan, additional tests in
a different location of dam and reservoir
area, drilling and logging,
permeability/Lugeon tests etc. as
) 1. Collect Lugeon values and pattern from dam mentioned in the feasibility study. .
Grout Curtain drilling holes and prepare grout curtain design | 2. Prepare methodology for grout curtain
3.4 Pattern and works.

3. Perform additional driling  where
necessary and carry out Lugeon test in
dam body area to develop a grout curtain
design.

4. Prepare a plan for additional drilling
during construction.
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Details of Study Requirements

S.N. Study Items — — = -
Pre-Feasibility Study Feasibility Study Detailed Design Study
1. Collect and interpret data for any
additional requirements of study or
change in design.

1. The project shall propose different types and | 2. Data collection of ground water table
number of geotechnical instruments with a from piezometer installed during the
monitoring program for slope stability and feasibility study shall be interpreted and
underground structure movement. Instruments incorporated.
such as inclinometers, exterjsometers, 3. The project shall propose different types

Geotechnical convergence ~measurement devices  (for and number of geotechnical instruments

3.5 Instrumentation tunnels), water level and water pressure with a monitoring program for slope
and Monitoring monltorlng devices etc. as reqwred.. These stability and underground structure
instruments are proposed for construction and movement.  Instruments  such  as

operation phase of the project. inclinometers, extensometers,

2. Provisions of piezometer in drill holes at dam, convergence measurement devices (for
tunnel and powerhouse areas should be made, tunnels), water level and water pressure
if required. monitoring devices etc. as required.

These instruments are proposed for
construction and operation phase of the
project.

4 Seismic Study

1. Perform and obtain project site specific seismic
hazard analysis based on the national building
code, Indian seismic code and other national
and international codes.

2. Carry out probabilistic and deterministic seismic
hazard analysis to estimate the Peak Ground
Acceleration (PGA) for maximum design
earthquake (MDE) and Operating Basis
Earthquake (OBE) especially for the high dam | 1. Review and update the design and

L and major structures of the project. seismic analysis carried out in the
41 Seismicity

3. Conduct assessment of reservoir water induced
seismicity.

4. Installation of a micro-seismic network will be
necessary for the large category high storage
dam type project.

5. Seismic risk should be specified in term of
value and kinematic of co-seismic displacement
and the return period in case of earthquake due
to cross cutting of the active fault in the
structural components of the dam.

feasibility study.
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S.N. Study Items

Details of Study Requirements

Pre-Feasibility Study

Feasibility Study

Detailed Design Study

5 Selection of Project Components and Project Layout

e.
Selection of Dam
5.1 Type, Safety and
) Cost
Consideration
f.
g.

Dams for storage hydropower
projects, generally, fall in large
category both in terms of height
(>15 m) and volume as classified
by the International Commission on
Large Dams due to the reason that:

Sufficient volume is required not
only for sediment accumulation
but also for regulation of flood
flows.

Head of water is to be created for
power generation.
The basic principle underlying the
location and design of the dam is
economy and safety. For safety, a
dam must be relatively impervious,
in both foundations and dam itself
and stable under all conditions.

All possible alternatives appropriate
for the given site conditions need to
be analysed in order to arrive at a
particular type of dam.

Stability (geologic and tectonic
consideration) and cost
effectiveness should be the criteria
for choice. Flood handling facilities
(spillway, diversion and outlet
facilities) also need to be taken into
account for the choice of dam type.
The recommendation of dam type
and height needs to be supported
by relevant analysis.

More detailed analysis of the recommended
type of dam, particularly in terms of stability
should be carried out. Such analysis should be
carried out for other possible types of the dam
as well from safety and cost point of view, if the
difference found at the pre-feasibility level study
for different types of dams is marginal.

Dam height optimization in consideration with
spillway is to be carried out.

Reservoir routing for selected alternative is to
be presented.

For embankment dam (earth fill/rock fill dam),
seepage analysis, upstream/downstream slope
stability analysis, stability against overtopping,
sliding, overturning, uplift, bearing capacity
should be carried out.

For concrete gravity dam, stability analysis
under piping, uplift, overturning, sliding etc.
should be carried out.

Sufficient factor of safety for serviceability of
dam shall be considered as per international
practices.

Auxiliary spillway (emergency either gated or
free overflow spillway) has to be designed
depending on type of dam, if required.

Dam break analysis and disaster analysis and
mitigation planning should be required while
designing the large dam defined by
international commission of large dam.

1. Review and update the previous studies.

2. Dam height optimization in consideration
with  spillway  capacity, reservoir
capacity, reservoir life, geology of dam
and reservoir area, beneficial utilization
of water and other benefit sharing is to
be carried out.

3. Reservoir routing for selected type of
dam, and dam height is to be required.

4. Dam break analysis, transient analysis,
physical and comprehensive numerical
modelling considering all possible
scenarios should be carried out.

5. Stability analysis has to be carried out
considering the following loads and their
combination:

e Dead load

e Live load

e Silt and sediments load

e Wind load

e Wave load

e Earth pressure and uplift load

e Upstream and downstream hydrostatic
load etc.

6. Arrange inspection galleries and
drainage systems in dam.

7. Sufficient factor of safety and freeboard
for serviceability of dam shall follow as
per guidelines of the International
Commission of Large Dam.

8. Emergency spillway either gated or free
overflow depending on type of dam,
spillway profile type, stilling basin etc.
has to be designed considering the type
of dam, geology of foundation etc.
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Details of Study Requirements
S.N. Study Items — — = -
Pre-Feasibility Study Feasibility Study Detailed Design Study
6 Optimization Study
1. Assess the dam height required to | 1. Perform optimization on the basis of objective,
impound the required volume of constraints and decision variable deduced in
o water. Deduce the objective, the pre-feasibility study. The financial 1. Review and update the optimization on
Optimization ~ of constraints and enumerate decision constraint, technical capability constraint, socio- | ' . pdate P ,
6.1 Dam Height and . . . : . : the basis of additional constraint and
o variables required for the economic constraints, environmental constraint, decision variables. if required
Position optimization of dam height and geo-hazard constraints, the hydrological 1rreq :
position as per the purpose of the constraint should be considered against the
dam. purpose/objective.
7 Project Design and Description
1. Collect the evaporation data from
the secondary sources for the
catchment and assess the average
monthly evaporation from the
catchment. 1. Review the study conducted in the pre-
2. The creation of reservoir produces feasibility level study.
net losses from the open water | o Collect additional data from the stations
surface, which will be high in established during the pre-feasibility level study
comparison to the  natural and other stations.
evapotranspiration of the area prior | 3 Collect the required data for the estimation of
to the creation of the reservoir. So reservoir loss such as: . .
due attention should be given in the i 1. Review and update the previous results
, reservoir evaporation losses *  Airtemperature and methodology of reservoir loss
71 Reservoir Loss P ) e Daily minimum, average and maximum estimation.
3. Analyse the existing network of the sunshine hours.
evaporation stations. Determine | « Relative humidity
and establish at least the minimum e Solar radiation
requirement of the pan evaporation | «  Wind velocity
station in the reservoir area to | o |nfiltration capacity of reservoir capacity etc.
record daily evaporation. 4. Update the database and upgrade the average
4. Start collection of the data. monthly  evaporation, seepage and
5. Update the average monthly evapotranspiration data.
evaporation.
6. Estimate evapotranspiration by
reservoir.
7. Analyse the reservoir seepage.
Reservoir 1. Reservoir operation simulation | 1. Review and update the previous study. The ] .
7.2 . studies should be carried out for time interval used for any study should not | 1. Review and update the previous study.
Operation Study . o " . .
assessing the energy availability at exceed one month. Feasibility estimate of firm
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Details of Study Requirements
S.N. Study Items — — = -

Pre-Feasibility Study Feasibility Study Detailed Design Study
different FSL and MOL for energy during critical periods of the year should
optimization study and finding out be based even on daily time interval.
effective reservoir operation pattern | 2 The yearly-use method, where it is intended
for a selected alternative. In a practically to empty the reservoir at the end of
storage project, particularly, the each water (hydrologic) year, is to be applied
dam type storage hydropower for simplicity of operation study. During
project where a large variation in reservoir operation study, operation mode and
available head occurs, estimation energy outputs of the existing storage plant(s)
of energy output using flow- of the system needs to be taken into account.
duration curve would not be
appropriate. Therefore, the
sequential stream flow routing
method should be used to obtain
more accurate energy output
conclusions. This method is based
on the continuity equation, i.e.,
change in reservoir storage at any
time interval is dictated by reservoir
inflow, reservoir outflow and losses
(evaporation, diversion, leakage,
etc.). Accuracy depends on the
chosen time interval.

2. The constant energy mode of
operation for the proposed power
station should be preferred for
simulation.

1. Storage hydropower projects are | 1. Re-regulating dam needs to be designed
designed also for peak operation in incorporating hydropower plant(s), if possible. If
addition to flow regulation purpose. the dam is located on the main river course, it
The storage projects functioning as should also take into account the flood
peak power supply plants discharge that will be spilled from the spillway
particularly in dry season, changes of main dam.
the daily water flow regime at | 2. Additional geological study, hydraulic and 1. Review and update the previous studies.

73 Re-regulation downstream in an unacceptable stability analysis should be carried out.
) Study manner ranging from a minimum of Optimization of re-regulating reservoir is to be
compensation flow requirement to a carried out considering the seasonal variation
maximum corresponding to all of water demand, beneficial utilization of water,
installed turbines operated in full downstream water requirements for
capacity. Smoothening of such multipurpose activities, environmental
daily variation in flows is to be consideration etc.
carried out to maintain natural | 3. Select the type and height of dam considering
revering environment and not to the geology of dam foundation, topography,
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S.N. Study Items

Details of Study Requirements

Pre-Feasibility Study

Feasibility Study

Detailed Design Study

adversely impact the downstream
uses by construction of a re-
regulating reservoir, in which even
a base load power plant could be
accommodated depending upon
site condition. Study of such re-
regulating facilites needs to be
considered as a part of the storage
project except in the case where
the storage project is designed as a
base load plant. The volume of re-
regulating facilities to be created
depends on the extent of daily
peaking role of the project.

water requirements, materials availability, dam
safety and cost consideration.

8 Energy Computation and Benefit Assessment

Consideration  of
8.1 Flow Regulation
) Benefits other
than Hydropower

Preliminary assessment of flow
regulation benefits in terms of flood
control, irrigation and augmented
water supply in dry season should
be carried out. The study could be
based on the map study and
preliminary field visit.

Assessment of downstream benefits both from
flood control, irrigation and dry season
augmented water supply should be done based
on necessary mapping and field survey.

Assessment of economic analysis and financial
viability of the project due to benefits sharing
such as flood control, irrigation, water supply
and sanitary etc.

1. Conduct additional economic analysis, if
required.

9 Environment Study
Conduct samplings for water quality analysis
from each of the main steam of the rivers in-
flowing into the reservoir in the following
periods:
1. The water quality analysis of the Winter
rivers in-flowing into the reservoir Summer
should be focused to cover these i
Reservoir  Water aspects Rainy season . 1. Review and update the water quality of
9.1 Qualit pects. Before plantation of the main crop main stream.
y 2. Collect samplings for water quality

analysis from each of the main
steam of the rivers.

During flowering season and

After harvesting of the crop etc.
Carry out studies for assessing the possible
consequences in reservoir water quality.
Following tests such as BOD, COD, DO,
temperature, organic matter, chemical/pesticide
composition etc. should be carried out.
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S.N. Study Items —— —— . :
Pre-Feasibility Study Feasibility Study Detailed Design Study
1. Review the datal/information on resources
1. Conduct field survey for gathering losses collected during the pre-feasibility level
the data/information on assets and study.
infrastructures lying in the reservoir | 2 Conduct sampling survey and verifying the | 1. Review and update the data/information
Study of submergence area. data/information collected during the pre- collected during the previous studies.
9.2 Resources Lost 2. Verify the loss of land estimated feasipility §tudy and colleqt additional | 2. Estimate the total losses such as natural
: due to during the reconnaissance level data/information on assets and infrastructures asset, physical/social/financial asset in
Submergence study and categorize it for different lying in the reservoir submergence area. term of money at current price level.
land uses. 3. Confirm the loss of land and its categorization
3. Estimate the cost of lost resources in different uses estimated at the pre-feasibility
at current price level. study.
4. Update the cost of the lost resources.
1. Conduct sampling survey over reservoir and
project area for verifying the data/information
1. Conduct field survey for gathering the collected during the pre-feasibility study and
data/information on the population, collect additional data/information on | 1. Review and update the data/information
household lying in the reservoir population, household and their socio-economic taken in previous studies.
submergence area and project area status and number of cattle, lying in the | 5 Egtimate the total resettiement cost
and their socio-economic status. reservoir submergence area. including all requirements such as
Resett ¢ Collect the information about the | 5 verify through site visit the potential land area opportunity  loss, educational and
9.3 Stesde emen number of cattle lying in the reservoir for resettlement identified during pre-feasibility environmental  effects, physiological,
udy s?fbn;e:jgence area and project study and identify the new sites, if any. mental and physical health effect,
a ec.e areas. - 3. Collect the cost of lands proposed for S(tacunty, social and economic impacts
2. Iden:gy thet p?ttintlzl_ Ia}nd Cz’area fc|>r resettlement. €tc.
resettlement of the displaced people 3. Update and finalize resettlement
: 4. Prepare resettlement schedule and settiement
IL??U;;T”:Z;GST&;SUbmergence area area. Resettlement area shall be facilitated all schedule and settlement area.
’ human requirements such as security, health
and education facilities, economic resources
availability, social and cultural viability etc.
10 Project Evaluation
1. Conduct multipurpose utilization and benefit
assessment such as; flood control, drought
mitigation, irrigation and fish farming,
, 1. Prepare a framework for the community water supply, local transportation . . .
10.1 Economic  and assessment of economic and and recreation etc. these benefit as mentioned | Sae|'\;;§§/oaurldatljf%iitiiiltirt]eIg\r/z\lnous studies
Financial Analysis financial analysis. above considered while caring out the y '
economic viability and sustainable development
of national economic system.
2. Project life for economic analysis shall consider
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S.N. Study Items

Details of Study Requirements

Pre-Feasibility Study

Feasibility Study

Detailed Design Study

until decommissioning the project or not less
than 50 years. However, project life for financial
analysis can be used up to project’s valid
license or PPA period. In general, for large
project life for financial analysis is 30 to 40
years.

3. All financial and economical parameters and
indicators shall determine and upgrade/or
modification can be done considering the
financial and economic viability.

11 Risk/Disaster Analysis

1.

A preliminary level of flood
inundation mapping, hazard
mapping, dam break analysis,
identification of socio-
environmental impacts both

downstream and upstream should
be performed.

Conduct the following works for disaster/risk

analysis and mitigation:

1. Hazard mapping and identification.
2.  Flood plain mapping.

3. Extension of flood zone.
4

Planning and design of additional flood by-pass
channel.

Protection and improvement of flood zone.
Training, preparedness and mitigation planning.

7. Estimation and valuation of assets such as
physical asset, natural asset, human and social
asset etc. in current/updated price rates.

8. Insurance of all asset, if possible.

9. Emergency rescue and health related training,
awareness plan etc.

10. Resettlement plan.
11. Installation of early warning system.

o o

12. Geological mapping along reservoir and
reservoir affected area.
13. Installation of hydrological gauge and

meteorological stations.
14. Set up of dam instrumentation and monitoring
systems.
Social Risk Analysis: Challenges for resettlement
and rehabilitation shall be considered as:
e Social security
e Economic loss

1. Review and update the disaster analysis
and mitigation plan carried out in the
feasibility study and further analysis
should be carried out, if required.
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S.N.

Study Items

Details of Study Requirements

Pre-Feasibility Study

Feasibility Study

Detailed Design Study

Additional expenses to enhance the public
economy, health facilities, securities,
infrastructure development such as road,
bridge, security post, school and college,
health-posts and hospitals etc.

Environmental Risk: Carry out risk analysis

considering the following key points:

Upstream/downstream ecological balance and
maintenance

Implementation  of environment impact
mitigation planning

National and international environment rules
and regulations, policies etc.
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D.Additional Requirements for Hydropower Projects with Underground Structures

(All categories of project)

Details of Study Requirements

appropriate scale of 1:1,000 to 1:10,000 based
on the results of the investigations for design

S.N. Study Items = — = =
Pre-Feasibility Study ‘ Feasibility Study Detailed Design Study
1 Additional geological and geotechnical investigation with respect of different underground structural components
1. Conduct detailed geological mapping of the
project area focusing in different rock types,
joints, folds, faults, shear/weak zones, water
) bearing zone, karst features, soil cover and
Detailed prepare a geological map with plan and section _ _
Geological ~ and in appropriate 1:1,000 to 1:10,000 scale. Review and update the maps with
1.1 Engineering . . . . additional investigations where
Geological 2. Condgct detalleq engineering .geol_oglcal necessary.
Mapping mapping of the project area focusing in soil/rock
types, soil cover, rock outcrop, landslides, other
mass wasting events and prepare the map with
plan and section in appropriate 1:1,000 to
1:10,000 scale.
1. Conduqt a d!sgontingity survey suqh as mgjor Review and update the joint survey
and minor Jomt§, including bedding/foliation analysis and results.
planes, lithological contacts, faults, and . . o
shear/weak zones with properties at each Conduct addltlonal discontinuity survey
underground components. at each major underground components
. . . . where necessary.
2. Collect properties of joints such as orientation, . .
Discontinuity spacing, roughness, apertures, filling and Conduct ~an  additional  detailed
1.2 Survey thickness, weathering and persistence for discontinuity survey at settling basin and
wedge failure analysis, the orientation of powerhouse caverns.
tunnels and selection of cavern orientation. Conduct additional detailed analysis of
3. Conduct discontinuity analysis by computer joints for large tunnels and caverns to
software for slope stability of portals, wedge identify wedge failures and define the
failure analysis and selection of stable caverns stable orientation of caverns and
orientation and prepare analytical results. prepare analytical results.
Site )
Investigations, 1. Prepare site investigations, geology and Review and update the report.
1.3 Geology and geotechnical report. Carry out site investigations and
Geotechnical laboratory testing, if required
Report
1. Prepare geological model (geological plan and Review and update geological models
14 Geological Model profiles) of each major project component in (plan and sections) of all underground

structures showing rock mass
distribution, faults/shear zones, water
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S.N.

Study Iltems

Details of Study Requirements

Pre-Feasibility Study

Feasibility Study

Detailed Design Study

requirements showing soil, bedrock profile with
bedding/foliation plane dip angle, rock types,
water bearing zone/table, faults/shear zones,
rock squeezing or rock bursting, joints, rock
mass classes distribution based on rock
support classes, landslides etc. and include
rosette/major joints’ stereonet with
tunnel/cavern alignment.

Prepare geological model (plan and profiles:
Additional cross/transverse sections in low
angle dipping beds, if tunnel aligns parallel to
the foliation/bedding planes) of headrace tunnel
showing rock profiles with foliation/bedding dip
angle, joints, rock mass classes distribution
based on rock support classes, faults/shear
zones, water bearing zones, rock squeezing or
rock bursting and other problematic zones etc.
in minimum 1:10,000 scale.

Prepare geological model (plan and sections) of
underground powerhouse and settling basin
showing the rock profiles with foliation/bedding
dip angle, joints, rock mass classes distribution
based on rock support classes, faults/shear
zones, water bearing zones, rock squeezing or
rock bursting and other problematic zones etc.
and include rosette/major joints’ stereonet with
tunnel/cavern alignment in appropriate scale.

Prepare geological model (plan and sections) of
other underground structures (surge
shaft/tank/tunnel, penstock, tailrace tunnel,
access tunnel, adits) showing the rock profiles
with foliation/bedding dip angle, joints, rock
mass classes distribution based on rock
support classes, faults/shear zones, water
bearing zones, rock squeezing or rock bursting
and other problematic zones etc. and include
rosette/major joints’ stereonet with
tunnel/cavern alignment in appropriate scale.

bearing zones, rock squeezing or rock
bursting and other problematic zones
etc. in appropriate scale: 1:1,000 to
1:10,000 for design by conducting
additional engineering geological
mapping and site investigations where
necessary.

1.5

Rock Mass
Classification
Survey

Conduct a rock mass classification survey
along each underground structure in
accordance with Q system, RMR, RMi and GSI

1.

Review and update adequacy of the
previous studies.
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Details of Study Requirements

Pre-Feasibility Study

Feasibility Study

Detailed Design Study

Classification = methods or any other
international classification system.

Prepare rock mass classes distribution (along
profile/cross section) for each underground
structure to determine rock support.

Review and conduct additional rock
mass classification survey where
necessary.

Update and prepare rock mass classes
distribution (along profile/cross section)
for each underground structure to
determine rock support.

Excavate test adits as required
especially for high overburden (greater
than 600 m) to find out geotechnical and
mechanical properties of rock mass and
type of support required during
construction and to carry out in-situ
tests.

Conduct geological mapping of adit and
record all necessary information such as
rock types, joints with properties,
shear/weak zones with properties,
ground water condition, folds,
weathering grades and rock mass
condition with stability and prepare
tunnel map in 1:100 scale.

Collect properties of joints such as
orientation, spacing, roughness,
apertures, filling and thickness,
weathering and persistence for wedge
failure analysis and selection of cavern
orientation.

Conduct a discontinuity analysis by
computer software or other methods to
define major orientations and prepare
analytical results in graphical format.

Carry out regular observations and
instrumentations at the tests.

S.N. Study Iltems
1.6 Test Adit

Rock Mechanics
1.7

Tests

Conduct rock samples tests in the lab: UCS,
Point load, triaxial tests, unit weight, Poisson
ratio, modulus, slake durability, swelling
pressure test, if swelling clay and petrographic
study.

Prepare lab test report.

Conduct in-situ tests such as in-situ
stresses by 3D over-coring or hydro-
fracture and deformation modulus by
dilatometer or flat Jack tests.

Conduct additional rock samples tests
such as UCS, point load, Poisson ratio,
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S.N.

Study Iltems

Details of Study Requirements

Pre-Feasibility Study

Feasibility Study

Detailed Design Study

unit weight, swelling pressure test etc.
for numerical modelling.

Carry out close monitoring in
underground structures.

Prepare test reports.

1.8

Tunnel Alignment
Selection Design

N

10.

The following criteria will be considered for
selection of HRT alignment:

Shortest alignment length.

Check vertical and side cover for risk of
squeezing, bursting and rock slide in future.
The minimum vertical cover = 50 m fresh rock +
weathering zone + soil cover and 0.6 x internal
water head as a thumb rule for the safety of
hydro fracturing. Concrete or steel lining shall
consider if the rock cover is not sufficient and
risk of hydro-fracturing.

Maximum vertical cover for stress induced geo-
risks less than 10 x UCS of rock as a thumb
rule.

Minimum fresh rock cover (except overburden +
weathering zone) for hydro-fracturing safety
should be 0.6 x internal water head.

For unlined low pressure tunnel minimum side
rock cover (fresh rock + weathering zone + soil
cover) cover should be 0.6 x internal water
head with either injection grouting or concrete
lining to prevent leakage.

For unlined high pressure tunnel minimum rock
cover should be 0.6 x internal water head as
thumb rule and side rock cover should be twice
of vertical rock cover with thickly foliated
(>0.5m) to massive rock mass without steep
persistence joints parallel to the valley slope for
hydro-fracturing safety, in-situ stress
measurement test will be compulsory to
validate the unlined pressure tunnel.

Align perpendicular to the shear/weak zones
and faults to minimize geo-risks as much as
possible.

Try to avoid landslides, soils, low cover section,
shear/fault zones.

Review and update based on the
additional investigations and tests
results.
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S.N.

Study Iltems

Details of Study Requirements

Pre-Feasibility Study

Feasibility Study

Detailed Design Study

1.9

Cavern Design

The following five principal steps shall be
considered for the design of settling basin and
underground caverns:

Selection of suitable rocks such as strong and
widely foliated/bedded (>0.2m) quartzite,
gneiss, limestone, granite, metallic slate,
dolomite, amphibolite and sandstone free from
shear/weak zones and faults.

Selection of a site such as topography and rock
cover with the optimum rock stability conditions,

Selection of suitable orientation of the cavern
length axis with respect to joint sets in
shallow/intermediate depth and in-situ stresses
orientation in high overburden to give a
minimum of stability problems for wedge failure
and stress induced risks.

Selection of the cavern shape such as
curvature in the crown/wall and high/short wall
in accordance with the mechanical properties,
the joining of the rock mass and the in-situ
stress conditions.

Selection of appropriate dimension such as

span and length of caverns which give an
optimum economic result.

Review and update design of caverns
based on the additional site
investigations and in-situ tests results in
test adit.

Rock Support
Design

Collect all necessary data such as rock mass
condition (Q, RMR and GSI values), ground
water condition, overburden condition,
shear/weak zones along the underground
structures for the design of rock support.

Predict expected geo-risks such as over break,
wedge failure, rock squeezing, rock burst, water
ingress, flowing ground condition and design
treatment and excavation method.

Carry out rock support design based on the Q
rock support chart and other internationally
accepted methods.

Classify rock support types in different classes
based on the rock mass quality and tunnel size.
Validate the estimated rock support design in
different rock support classes by 2D numerical
modelling.

Review and update adequacy of rock
support design.

Review and conduct 2D numerical
modelling of large size tunnels and
caverns for the design of rock support
and construction sequence based on the
tests result of in-situ stresses and rock
mechanics tests.

Conduct 3D numerical modelling for
caverns (optional).

Plan for monitoring of underground
structures.
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S.N.

Study Iltems

Details of Study Requirements

Pre-Feasibility Study

Feasibility Study

Detailed Design Study

Conduct 2D numerical modelling of large size
tunnels and caverns for the design of rock
support and construction sequence.

Carry out wedge failure analysis of caverns by
computer software and identify possible
wedges and define rock support.

Rock Squeezing
Prediction and
Rock Support
Design

Collect stress (overburden), the strength of
rock/shear zone, shear zone/fault and weak
rocks containing a considerable amount of non-
swelling clay and micaceous minerals, the
orientation of discontinuities, and pore water
pressure for prediction of rock squeezing.

Predict the intensity of squeezing by empirical
prediction methods.

Carry out 2D numerical modelling of rock
support design in rock squeezing.

The following rock support design techniques
shall be considered based on the degree of
squeezing:

Over excavation: 10-20% over excavation
depends on squeezing intensity.

Shape of the tunnel: The circular shape is the
best for extreme squeezing (>15%).
Pre-reinforcement: Fore poling, fibre glass
reinforcement, spilling etc.

Excavation methods: Heading benching, side
drift, multi drift, full face depending on the size
of the tunnel.

Shotcrete with compressional slots.

Yielded steel sets: Sliding joints.

Yielded rock bolts: Longer bolt with yielding
ends.

1. Review and update adequacy of rock
support design.

2. Review and conduct 2D numerical
modelling for design of rock support and
construction sequence based on the
tests result of in-situ stresses and rock
mechanics tests.

3. Conduct 3D numerical modelling for
caverns (optional).

4. Plan for monitoring of underground
structures.

Hydraulic
Transient Analysis
(for long water
way)

In order to ensure that the plant can operate
stably, a study on the transient behaviour of the
water conveyance system should be carried out
by computer simulation. This study is essential
for medium and large projects.

The transient state parameters, basically, the
closure and opening time for the turbine wicket
gates should be determined.

1. Review and update the previous studies,
if required.
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S.N.

Study Iltems

Details of Study Requirements

Pre-Feasibility Study

Feasibility Study

Detailed Design Study

Calculations should be carried out to estimate
the over pressure and excess speed for
different closure times during a plant shut down
from full load condition.

The analysis should be carried out for both load
rejection and load acceptance. Maximum
upsurge and maximum down surge for both the
cases should be determined.

Settling Basin
Cavern

Access Facilities

1.

Settling basin access tunnel and inspection
galleries should be designed, the invert level of
the portal should be above the maximum water
level estimated for 1:100 year flood depending
on project capacity.

A separate construction adit should be provided
to facilitate the construction of settling basin
cavern.

Headpond/forebay, emergency spillway and
separate spillway tunnel should be designed.
However, depending on project capacity, the
flushing tunnel can be used in term of spillway
and access tunnel.

Gates and flow regulation structures should be
arranged at the head pond.

Review and update the previous studies
and designs. If any modification is
required, updated designs and drawings
should be prepared as per the new
requirements.

Surge Shaft/Surge
Tunnel

Sufficient rock cover and ventilation/access
tunnel should be considered while designing
the surge shaft.

Carry out hydraulic transient analysis and
determine the invert level, upsurge and down
surge level, cross section area etc. of surge
shaft.

Review and update the previous study
and design. If any modification is
required, updated design and drawings
should be prepared as per the new
requirements.

Powerhouse
Carven

Access Facilities

1.

Main access tunnel to the powerhouse and
transformer gallery should be designed, the
invert level of the portal should be above the
maximum water level estimated for 1:100 year
flood, length and gradient of the tunnel should
be determined.

Branch off the main access tunnel should be
provided to facilitate the connection of the steel

Review and update the previous studies
and design. If any modification is
required, updated design and drawings
should be prepared as per the new
requirements.
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Details of Study Requirements

S.N. Study Items s e - -
Pre-Feasibility Study Feasibility Study Detailed Design Study

lined penstock and the steel tunnel manifold.
The bud and curves of these access tunnel
should be sufficient to transport the steel liner
cans.

3. A separate construction adit should be provided
to facilitate the excavation of the powerhouse
and transformer gallery.

Design of Powerhouse Cavern

Support design of the cavern should be carried out
on the basis of detail geological and geotechnical
information.

Bus Duct Tunnels

Bus duct tunnels should be provided connecting the
powerhouse to the transformer gallery.
Transformer Gallery

The transformer gallery should have sufficient space
for accommodation of all the transformers and
switchgear. It must have vehicular access.

A spare transformer bay should be provided to
facilitate transformer replacement/repair.

1. Conduct ground water condition survey based
on natural springs, wells, pond, deep valleys,
gully crossings, faults, valleys formed by
fault/joint connected to uphill and ground water
condition identified by site investigations such

as geophysical survey and drilling results. 1. Review and update from additional
drilling, geophysical investigations data
where necessary.

6 Ground Water - . ’ .

Condition Survey 2. Conduct drilling and install piezometers in
selected critical areas identified by the field
survey and geophysical investigations.

3. Construct ground water table and identify water
bearing zone along each underground
structures.
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E. Additional Requirements for Export Oriented Hydropower Projects

S. N. Study items

Details of Study Requirements

Pre-feasibility Study

Feasibility Study

Detailed Design Study

1 | Power Market

Calculate the energy planned for
export: daily, seasonal.

Carry out the status of power
requirement at the intended
country of export.

Study the market rates for sale of electrical
energy at present condition, trend/variation of
the rates in past years.

Check the past energy demand and forecast
future demand.

Study the development of energy supply to the
targeted area that can affect the energy rates in
the future.

Expand the power market study
including additional details such as
proposed substation, where the power
will be evacuated, and expected
conditions of PPA or spot market rates.

Licenses, Permits
and Taxes

Check the applicable taxes in
Nepal and in the country of
export for such projects.

Check, if permits and licenses
(e.g., export license in Nepal and
import license in country of
export) are required.

Include required application formats for taxes,
permits and licenses in the appendices.

Estimate the cost of licenses, permits and
taxes.

3 | Transmission Line

Check the existence of grid
availability in the targeted market.

Check the voltage, power, grid
stability and evacuating capacity.

Check the power loss and voltage regulation up
to nearest substation.

List the interconnection requirements at the
evacuation point.

Design additional interconnection
facilities required at the interconnection
point.

Economic and
4 | Financial
Evaluation

Review of market rates at
targeted areas/countries.
Note all required parameters,

criteria to be considered for
export-oriented projects.

Carry out the financial analysis to check
whether the project is feasible.
Check the economic viability due to export

including the opportunity cost of such exported
power.

Include billing mechanism for revenue to
be earned due to the export of power
and energy.
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F. Additional Requirements for Captive Type Hydropower Projects

Details of Study Requirements

S. N. Study items
Pre-feasibility/Feasibility Study Detailed Design Study
Study the purpose of the project, energy requirement and whether the
overall costs justify establishing the captive plant.
Check the variation in energy requirement during a day, season and Provide a further detailed description on how the captive
Energy Demand

throughout a year.
Analyse the supply and demand curve.

Check, if the surplus energy is available for connection to the gird.

plant will serve the specific industry.

Transmission Line

Check the existing grid capacity for evacuation of the excess energy.

Check the voltage, power evacuating capacity.

Provide details on the transmission line connecting the
captive plant with the intended industry that will utilize the
power/energy (e.g. power wheeling, dedicated feeder etc.).

Financial
Evaluation

Check whether the project is financially viable as off-grid mode/
connection to grid.

Carry out both financial and economic viability study taking
into account both the captive plant and the industry as a
single project.
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G. Hydropower Study Guideline for Cascade Projects

Additional requirements for the hydropower project (all categories of project capacity) in addition to Basic Format A

Details of Study Requirements
S.N. | Study items
o Pre-feasibility Study Feasibility Study Detailed Design Study
1 Hydrology and Sediment Studies
1. Use design flow and mean monthly
flows of the upstream project. Carry out
preliminary hydrological analysis for Take reference of the study carried out in the
deriving flood flows and other upstream project(s). If there is any tapping of
1.1 Hydrology hydrological parameters as mentioned in additional flow, carry out hydrology study in a
Format A. If there is any tapping of similar method as mentioned in Format A.
additional flow, carry out hydrology
study as mentioned in Format A.
1. Use sediment relatfed |nformat|on/Qata of Take reference of the study carried out in the
the upstream project. If there is any ; - .
. . " upstream project(s). If there is any tapping of
1.2 Sediment tapping of additional flow, carry out s . ;
X . - additional flow, carryout sediment study in a
sediment study in a similar method as o ; .
. ) similar method as mentioned in Format A.
mentioned in Format A.
1.  Add a bypass structure in the upstream
project(s) to allow uninterrupted supply
; i to the downstream project(s indi . ibili
Selection of Project . . project(s) . Update findings of the pre-feasibility study | Update the findings of the
2 Components and 2. Identify suitable structures to divert the incorporating  topographic,  geology  and hili ; ;
. ) - . . feasibility study, if required.
Project Layout tail water from the upstream project to hydrology data/information.
the water conveyance system of
downstream project.
A combined optimization model should be
developed considering both upstream and
downstream projects. In case of an already
3 Optimization Study constructed upstream project, optimization
study should be carried out considering
possible consequences related to planned and
forced shutdowns of the upstream project.
4 Project Description and Design
Bypass valve at powerhouse/waterway of the
4.1 G_er_weral Layout and upstream project, if any, should be designed
Civil Structures with suitable energy dissipater.
Energy Computation Carry out energy and benefit estimation as in
5 and Benefit Format A by considering the net annual
Assessment average energy of the upstream project and
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Details of Study Requirements

S. N. | Study items
g Pre-feasibility Study Feasibility Study Detailed Design Study

also additional energy due to the additional
taping of river flow available between the
upstream/main  project's headworks and
headworks of the cascade project.

1. The benefit arising from common headworks,
access roads, transmission line, should be
considered.

2. The effect of the shutdown of an upstream
project due to the closure of headworks (e.g.
during major maintenance, forced shutdowns),
the chain effect on revenue loss in the
downstream project should be considered.

6 Benefit Assessment

1. The construction schedule should be made
Construction such that, the upstream project is completed
Schedule prior to completion of the downstream project
(if constructed around the same time).

1. The cumulative effect of longer dewater river

8 Environment Study stretch should be considered.

1. The effect of outages arising due to planned
9 Sensitivity Analysis and forced shutdowns of the upstream project
should be checked/considered.
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H. Hydropower Study Guideline for Inter-Basin Diversion

Additional requirements for the hydropower project (all categories of project capacity) in addition to Basic Format A

Details of Study Requirements

S.N. | Study it
udy ftems Pre-feasibility Study Feasibility Study 2EENEC| EES M S

1 Hydrology & Sediment Study

1.  Hydrology study should be carried out for both
the supplying basin and receiving basin.

2. Effect on flow hydrology in the downstream
side of supplying basin should be studied
along with environmental impacts in both
basins due to change in flow regime.

1.1 Hydrology

1. Sediment study on each basin should be
carried out.

2. Effect of sediment load (concentration and
minerals) should be considered.

1.2 Sediment

1. Geology study of both the basins should be

2 Geology carried out similar to Format A.
3 Project Description and Design
1. The design should be done considering the
3.1 Civil Design minimum impact on the ecosystem of both
basins.
4 Energy Computation and Benefit Assessment

1. Additional indirect benefits/losses that may
occur in the receiving basin due to change in
water use pattern should be monetized and
added in the benefit estimations.

41 Benefit Assessment

1. The effect due to change in water quality
5 Environment Studies (temperature, BOD, DO), if any, in the
receiving basin should be assessed.

1. The risk due to change in hydrology in both
6 Risk Assessment basins and their cumulative effects should be
considered.
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. Typical Report Format

1. Typical Table of Contents for Pre-feasibility Study Report

Chapter 1. Background

Chapter 2. Introduction

Chapter 3. Survey license for further studies
Chapter 4. Location

Chapter 5. Available map

Chapter 6. Hydrological data

Chapter 7. Geology

Chapter 8. Project description

Chapter 9. Power and energy output

Chapter 10. The scope of work for further study
Chapter 11. Professional personnel requirements
Chapter 12. Cost estimate

Chapter 13. Work schedule

Chapter 14. Conclusion and recommendations
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I2. Typical Table of Contents for Feasibility Study Report

Volume I: Main Project Report

i
ii.
iii.
iv.

V.
vi.
Vii.
viii.

Cover Page

Sign and approval page
Table of contents

List of figures

List of tables

List of equations

List of abbreviations
Executive summary
Salient features

Chapter 1: Introduction

Chapter 2: Review of previous studies

Chapter 3: Topographical survey and mapping
Chapter 4: Hydrology and sedimentology

Chapter 5: Geology and geotechnical study

Chapter 6: Alternative study and project optimization
Chapter 7: Numerical and physical modelling (optional)
Chapter 8: Project design and descriptions

Chapter 9: Power and energy study

Chapter 10: Environmental study

Chapter 11: Transmission and power evacuation system

Chapter 12: Risk analysis and disaster management/mitigation planning (compulsory only for more
than 100 MW and reservoir projects)

Chapter 13: Cost estimation and BOQ preparation
Chapter 14: Construction schedule and planning
Chapter 15: Financial analysis and project evaluation
Chapter 16: Conclusions and recommendations

Volume lI: Drawings

Nogohkrwbh=

Cover page

Sign and approval page

List of drawings and details

Project location map

The general layout of project components

Geological drawings

Infrastructure development drawings (access road, construction power, camp facilities etc.)
Civil drawings

Hydro-Mechanical drawings

Electrical and transmission line drawings

Volume lll: Appendices

Part I: Topographical survey and mapping

Part Il: Hydrology and sedimentology studies

Part lll: Geological mapping and geotechnical investigations and construction materials survey
Part IV: Alternative study and optimization

Part V: Numerical and Physical modelling

Part VI: Project design and calculations

Part VII: Energy estimation and revenue calculations

Part VIII: Quantity calculation, rate analysis, cost calculation and BoQ

Part IX: Financial analysis and project evaluation
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I3. Typical Table of Contents for Detailed Design Study Report

Volume 1: General Design

Chapter 1
1.1
1.2
1.3
1.4

Chapter 2
2.1
2.2
23
24
25

Chapter 3

Chapter 4
Chapter 5

Chapter 6

Introduction

Purpose and scope

Project overview

Project’s salient features
Organization of the report

General design data and information
Survey, mapping and controls

Geology and geotechnical conditions

Engineering geological condition of major project components

Climate

Hydrology

Codes, standards and material properties

3.1 Civil engineering codes and standards

3.2 Hydro-Mechanical design codes and standards
3.3 Electromechanical design codes and standards
Design rationale of project components

Construction statements

51 Construction materials

5.2 Construction methods for project components

Conclusion

Volume 2: Hydraulic Design

Chapter 1.
Chapter 2.

Chapter 3.
Chapter 4.
Chapter 5.
Chapter 6.

Introduction

General design data and information

2.1 Hydrology

2.2 Hydraulic parameters

Codes, standards and material properties
Hydraulic design of project components
Power and energy

Conclusion

Volume 3: Structural Design

Chapter 1.

Chapter 2.
2.1
22
23

Chapter 3.
3.1

Introduction

Standards and codes

Codes and Standards

System of units

Loading and design of sections
Details of analysis and design

Material properties
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3.2

3.3

3.4
Chapter 4.
Chapter 5.

Loading criteria

Stability analysis criteria

Structural analysis and reinforcement calculations criteria
Design of project components design

Conclusion

Volume 4: Hydro-Mechanical Design

Chapter 1.
Chapter 2.
2.1
2.2
23
Chapter 3.
3.1
3.2
3.3
3.4
3.5
Chapter 4.
4.1
4.2
43
Chapter 5.
5.1
5.2
5.3
5.4
5.5

Chapter 6.
Chapter7.

Introduction

Standard and codes

Codes used

System of units

Standard for design and testing
Design requirements
Classification and types of gates
Material specifications

Design criteria

Design loads

Allowable stresses

Design of Gates and Stoplogs
Gates

Stoplogs

Design of trash racks

Design of steel penstock/pressure shaft, appurtenances & transitions
Selection criteria

Loading of penstock

Stresses in penstock shell

Minimum thickness of penstock

Appurtenances
551 Bends
5.5.1 Bifurcation

Design of steel lining

Conclusion

Volume 5: Electro-Mechanical and Transmission Line Design

Chapter 1.
Chapter 2.
Chapter 3.
Chapter 4.
4.1
4.2
Chapter 5
5.1

Introduction

General design data and information
Codes, standards and material properties
Specific electromechanical design
Dimensioning of main equipment
Number of units

Selection and design of turbine

Trial speed
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5.2
5.3
5.4
55
5.6
5.7
5.8
Chapter 6
6.1
6.2
6.3
6.4
6.5
6.6
6.7
6.8
6.9
6.10
Chapter 7.
Chapter 8.

Actual speed of the turbine
Shaft size

Stator frame diameter

Air gap diameter

Weight of generator rotor
Weight of runner

Layout of powerhouse
Auxiliaries

Governors

Oil system

Compressed air system

Heating, ventilating and ac system

Fire protection system

Water supply system

Dewatering and drainage system

Engine generator set
Maintenance shop

Control system

Switchyard and transmission line

Conclusion
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14. Typical Table of Contents for Geology/Geotechnical Report

Chapter 1 Regional Geology
1.1 Division of Nepal Himalaya in brief
1.2 Stratigraphy:
1.2.1  Rock groups, formations, units
1.2.2 Rock types and properties
1.2.3 Age
1.3 Structures:
1.3.1  Regional thrusts (MCT, MBT, and HFT)
1.3.2 Major faults and types
1.3.3 Folds, unconformity
1.3.4  Windows, Klippe etc.
1.3.5 Orientation: strike/dip
Chapter 2 Project Geology
2.1 Rock types
2.2 Soil types
2.3 Geological Structures
2.3.1 Faults and shear/weak zones
2.3.2 Joints
23.3 Folds
Chapter 3 Site Investigations
3.1 Site investigations program
3.1.1  Geological/Engineering geological mapping
3.1.2 Geophysical survey
3.1.3  Core drilling
3.14 Test pit
3.1.5 Test adit
3.1.6 In-situ tests
3.2 Laboratory Tests
3.2.1  Summary of results
3.3 Result and discussion
Chapter 4 Engineering Geological Study
4.1 Dam
4.1.1 Site investigations
4.1.2 Geology and geological model
4.1.3 Foundation conditions and bearing capacity
4.1.4 Foundation excavation and treatment
4.1.5 Seepage and grouting
4.1.6 Mass wasting risks
4.2 Weir
4.2.1 Geology and geological model
4.2.2 Foundation and bearing capacity
4.2.3 Foundation treatment, if necessary
4.2.4 Seepage and control
4.2.5 Mass wasting risks

4.3 Settling Basin

4.3.1

Surface

Geology and geological model

Foundation and bearing capacity

Slope stability cut slope and surrounding area
Risks
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4.3.2 Underground
Geology and geological model
Settling basin alignment and design
Rock support design
Ground water table

4.4 Waterways

441 Tunnel
Geology
Faults, shear zones and weak zones
Joint systems
Geological model
Tunnel alignment and design
Rock mass classifications
Ground water table and water leakage
Rock support design
Numerical Modelling (necessary for tunnel span greater than 5m)
Rock squeezing analysis (necessary for severe squeezing)
Adit Portal and Adits
442 Pipe/Canal

Geology and geotechnical
Alignment and stability
Slope stability analysis
Geo-risks and mitigation design

4.5 Forebay/Surge shaft/surge tank
Geology and geological model
Site selection and design
Rock mass classifications
Ground water table and water leakage

Rock support design
4.6 Penstock
4.6.1 Surface

Geology and geotechnical
Alignment design and rock cover
Rock support design
4.6.2 Underground
Geology and geotechnical
Geological model
Pressure Shaft/Penstock alignment and design
Rock mass classifications
Ground water table and water leakage

Rock support design
4.7 Powerhouse
471 Surface

Geology and geotechnical

Geological model

Foundation and bearing capacity

Slope stability of cut slope and surrounding area
Mass wasting risks
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Chapter 5
Chapter 6
Chapter 7
Chapter 8
Chapter 9

Chapter 10
Chapter 11

4.7.2 Underground
Geology and geotechnical
Geological model

Powerhouse orientation and design

Rock mass classifications

Ground water table and water leakage

Rock support design
Numerical Modelling
Rock squeezing analysis
4.8 Tailrace
4.8.1 Surface
Geology and geotechnical
Geological model

Foundation and bearing capacity
Slope stability of cut slope and surrounding area

Mass wasting risks

4.8.2 Underground

Geology
Geological model
Alignment and design
Rock mass classifications
Rock support design
Rock squeezing analysis

4.9 Spoil tips area

Reservoir Slope Stability

Rock Support Design

Anticipated Geological Problems

Mass Wasting Study

Construction Materials

9.1 Location, sources and quantity

9.2 Quarry

9.3 Lab test and quality

Conclusions

Recommendations
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J. Typical Salient Features Format

1 GENERAL
a. Name of the Project

b. Name of the River
c. Type of Scheme

d. Project Location
e

License boundary coordinates Latitude, Longitude (degree, minutes,
seconds)

—h

Nearest settlement

g. Access road name

2 ORAGNIZATION
a. Developer

b. Consultant
3 HYDROLOGY
a. Catchment area at intake site (sg. km)
b. Catchment area at powerhouse site (sq. km)
c. Design discharge (X% exceedance)
d. Average annual discharge (m3/s)
e. Minimum monthly discharge (m3/s)
f.  Maximum monthly discharge (m%s)
g. Minimum environmental release (m3/s)
h. Flood discharge for headworks design (N years)
i. Flood discharge for powerhouse/tailrace design (N years)
j.  Construction flood discharge for headworks (N years)
k.  Construction flood discharge for powerhouse/tailrace (N years)
4 SEDIMENT STUDY
a. Average annual sediment load (metric ton)
b. Maximum sediment load (kg/m°)
c. Design suspended sediment load (ppm)
d. Estimated annual sediment yield (metric ton)
5 GEOLOGY
a. Regional Geology
b. Major rock types in headworks

c. Major rock type in waterways
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d. Maijor rock type in powerhouse

6 STRUCTURES
a. Dam/Weir

b. CrestLevel (m amsl)

c. Type

d. Length (m)

e. Lowest River Bed Level at Weir Axis (m amsl)
f.  Foundation type

g. Provision of stilling basin

h. Water level in stilling basin for design flood (m amsl)
i.  For storage/peaking type projects

j-  Maximum operating level (m amsl)

k.  Minimum operating level (m amsl)

I.  Total capacity of the reservoir (cubic m)

m. Live storage volume (cubic m)

n. Dead storage volume (cubic m)

0. Regulation method

p. Inundation area (sq. m)

g. Back water length (m)

r.  Peaking duration (hours, days, months)
7 DIVERSION DURING CONSTURCTION

a. Construction flood (m®/s)

b. Diversion type

3]

Length (m)

d. Section details

7a INTAKE
a. Intake type
b. Number of orifice

Size (B xH, m)

Top sill level (m amsl)
Invert sill level (m amsl)

- oo o

Gate type
g. Hoisting system

h. Trashrack dimension and opening (Lx B, m)
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i.  Clear opening of trash rack (mm)

j.  Trash rack cleaning mechanism
7b  UNDERSLUICE

a. Number of Bays
b. Dimension (L x B, m)
c. Undersluice Invert level (m amsl)

d. Gate type
7c GRAVEL TRAP AND GRAVEL FLUSHING

a. Type

b. Settling Criteria

¢. Number of Basin

d. Gravel Trap Size (L x B x H, m)

e. Size of Flushing Canal (L x B x H, m)

7d  APPROACH CULVERT/CANAL
a. Type

b. Number

c. Culvert/Canal Size (B x H, m)
d. Length (m)

e. Bed slope (1V:x H)

f.  Support type (if underground)
7e SETTLING BASIN

a. Type

b. Settling Criteria

c. Size of particle to settle (mm)

d. Settling design temperature (°C)
e. Settling efficiency (mm)

f.  Number of Bays

g. Inlet Transition Length (m)

h. Settling Basin Size (L x B, m)

i.  Flushing System

j.  Size of Flushing Channel (B x H)
k. Longitudinal Slope (1V:x H)

I.  Support type (if underground)

7f  WATER CONVEYANCE
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a.

79 SURGE SHAFT/SURGE TANK/IFOREBAY

Type

Material

Length (m)
Dimension/Diameter (m)
Thickness (mm)

Inlet invert level (m amsl)

Outlet invert level (m amsl)

Support type (if underground)

a.

b.

Type
Diameter/Dimension (m)

Upsurge level (m amsl)

Down surge level (m amsl)

Invert level (m amsl)

7h PENSTOCK

a.

b.

h.

Material

Length (m)

Internal diameter (m)
Thickness (mm)

Maximum surge pressure (m)
Number of anchor block
Number of saddle support
Saddle spacing

Support type (if underground)

7i  POWERHOUSE

a.

b.

C.

Type
Plan Dimensions (L x B x H, m)
Machine floor level (m amsl)

Minimum foundation level (m amsl)

Overhead hoisting type

Overhead hoisting capacity (metric tons)

Foundation type

Guidelines for Study of Hydropower Projects

289



Guidelines for Study of Hydropower Projects, 2018

Typical Salient Features

h. Support type (if underground)

7j TAILRACE
a. Type
b. Numbers
c. Size (BxH,m)
d. Length (m)
e. Outlet water level at river
f.  Minimum tail water level (m amsl)
g. Normal tail water level (m amsl)
h. Invert level of tailrace at outlet (m amsl)
i.  Support type (if underground)

8 TURBINE
a. Type
b.  Number of Unit
c. Maximum head (m)
d. Minimum head (m)
e. Rated Net Head (m)
f.  Rated Capacity per Unit (kilowatts)
g. Discharge per Unit (m%/s)
h. Turbine Axis Elevation (m amsl)

Turbine efficiency (%)

9 GENERATOR

a.

b.

j.

Type of Generators

Centre line elevation (m amsl)
Number of Unit

Rated Output (kVA)
Generation Voltage (kV)
Frequency (Hz)

Power Factor

Excitation System

Speed (rpm)

Generator efficiency (%)

10 TRANSFORMER
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Type

Number of phase
Number of Units
Frequency (Hz.)
Vector Group
Voltage Ratio

Transformer Efficiency

11 SWITCHYARD

a.

Dimensions

12 TRANSMISSION LINE

a.
b.
c.

d.

e.

Transmission voltage (kV)
Length (km)
Connection point (location)

Number of poles/towers

Power and Energy

13 FIRM POWER (90 percentile flow)

a.
b.

C.

Installed Capacity (kilowatts)
Gross Head (m)

Dry Season Energy (GWh)
Wet Season Energy (GWh)
Annual peak energy (GWh)
Annual off-Peak energy (GWh)

Total Annual Energy

14 LAND REQUIREMENT

a.
b. Private land requirement (sq. m)

C.

Government land requirement (sq. m)

Temporary land requirement (sg. m)

15 FINANCIAL PARAMETER

a.

b.

13

Total investment

Base year

Total project duration after construction (years)

Loan repayment period

Debt, equity ratio
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f.

Project Benefit/Cost (B/C) Ratio

Project Internal Rate of Return (IRR)
Financial Internal Rate of Return (FIRR)
Economic Internal Rate of Return (EIRR)
Net Present Value (NPV)

Cost per kilowatt hour (NPR)

Cost per kilowatt (NPR)
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