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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of

electrotec

hnical standardization.

The procedures used to develop this document and those intended for its further maintenance are
described in the [SO/IEC Directives, Part 1. In particular, the different approval criteria needed for the
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Introduction

Small hydropower (SHP) is increasingly recognized as an important renewable energy solution to
the challenge of electrifying remote rural areas. However, while most countries in Europe, in North
and South America and in China have high degrees of installed capacity, the potential of SHP in many
developing countries remains untapped and is hindered by a number of factors including the lack of
globally agreed good practices or standards for SHP development.

The technical guidelines for the development of small hydropower plants contained in this document
address the current limitations of the regulations applied to technical guidelines for SHP plants by
applying the expertise and best practices that exist across the globe. It is intended for countries to
utilize this document to support thelr current pohcy, technology and ecosystems Countrles that have
limited institutiopats 3 i Z leveloping
SHP plants, thergby attractlng more 1nvestment in SHP prOJects encouraging favourable p9licies and
subsequently assfisting in economic development at a national level. This document wilkbe valuable for
all countries, buf| especially allow for the sharing of experience and best practices between|countries
that have limited|technical know-how.

This document is|the result of a collaborative effort between the United Nations.Industrial Deyelopment
Organization (UNIDO) and the International Network on Small Hydro ‘Power (INSHP). |About 80
international experts and 40 international agencies were involved in. this document’s preparation
and peer review] This document can be used as the principles and basis for the planning, design,
construction and/management of SHP plants up to 30 MW.
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Technical guidelines for the development of small
hydropower plants —

Part 2:
Site selection planning

1 Scope

This doculment specifies the general principles of site selection planning for small hydropower (SHP)
projects, dnd the methodologies, procedures and outcome requirements of SHRplant gite selection.

2 Normative references

The following documents are referred to in the text in such a way that some or al| of their content
constitutgs requirements of this document. For dated references, only the edition ¢ited applies. For
undated references, the latest edition of the referenced document’(including any amernidments) applies.

IWA 33-1,|Technical guidelines for the development of small‘hydropower plants — Part 1:|Vocabulary

3 Terms and definitions
For the purposes of this document, the terms afid definitions given in IWA 33-1 apply.
[SO and IHC maintain terminological datahases for use in standardization at the following addresses:

— ISO Opline browsing platform: avaitable at https://www.iso.org/obp

— IEC Electropedia: available athttp://www.electropedia.org/

4 Planning principles

4.1 Site|selection.shall be carried out in accordance with the laws and regulations of the relevant state/
provinces) country

4.2 Site|selection shall follow the principles of localized planning, subject to overall national integrated
water resources planning and to comprehensive river basin planning with the systematic prospection of
potential sites.

4.3 Site selection shall meet the requirements of the environmental needs of the river and surrounding
areas and also have preliminary plans to mitigate the negative impacts likely to be caused by the SHP
projects to the river and its surrounding environment.

4.4 Site selection shall be determined based on the water resources and topography with the purpose
of sustainable development, utilization, and along with comprehensive consideration of all other factors.

4.5 Site selection shall consider comprehensively the correlation of hydropower resource development
over the entire length of the river, with due attention to the interrelationship of upstream and downstream
cascade development, so that the layout of upstream and downstream sites are properly coordinated.
For multipurpose requirements for water supply, flood control, irrigation, ecology, tourism, navigation

© IS0 2019 - All rights reserved 1
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and community development, the SHP projects shall be planned in accordance with the primary and

secondary develo

pment purposes.

4.6 Site selection shall take into account the long-term electricity demand projection based on the
social and economic development of the area. Where indirect selling of electricity to other region(s) is
foreseen through the power grid, the current status and development plan of the grid shall be considered,
and the growth potential of the external power market shall be evaluated. According to the development
needs of the power market, planning should be carried out accordingly to meet the relevant short-,
medium- and long-term development goals.

4.7 Site selection shall make a justification of the selection of SHP in relation to other possible rural

electrification tec

hnologies.

4.8 Site select

development plams relevant to the area under study.

4.9 Site selecti
including plannir
shall be consister

5 Planning Jcope

5.1 The plannij
national) of the p

5.2 Ifthe SHP q
area (local/state
the administrativ

on shall take into account relevant local, regional and internatiomnal

n shall be coordinated with other relevant development plans pf the area un
lg indicators, terminology, units of quantities and values, implémentation
t and avoid conflicts.

g scope for site selection of SHP development:shall be based on the level (lo
anning organization of the country.

esource development plan is part of the comprehensive planning of the adm
provinces), the scope of the site seléttion planning shall be defined in accord
e divisional plan.

5.3 SHP develo

network and catchments in the river basins:

5.4 Within exc
SHP developmen

6 Planningr

The methods and

ment planning shall be baSed on the detailed and homogeneous definition g

sive economic dévelopment zone and nature reserve areas, site selection p
shall consider(the multipurpose needs.

hethods)and steps

| steps described in Clauses 7 to 16 shall be taken according to the actual

ntegrated

der study,
blans, and

cal/state/

inistrative

ance with

f the river

lanning of

brocess of

site selection plal

hriire of SHP resource development (see Figure 1).
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Segments of river
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section discharge
Calculation of water energy output
in river

Drawing of water energy potential
map for river
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&

turbine
v’ Preliminary selection of number of hydro

=

turbine generator units
v’ Preliminary selection of type of
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Preliminary arrangement of important

SHP development plan proposed

hydraulic structures

=
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Analysis of planning for social

and economic development
Prediction of planned annual
load and energy

Load assessment

&

Cost estimation and benefits assessments

Estimation of construction cofts,
Estimation of operation arigh

<<

=

power-generation costs’
Benefits assessments

Evaluation on site for SHP and advice on
interconnection and development sequence

4

On-sit d1 tioati ¥' Preliminary mgastrement of water
n-Site surveys and Investigaions head used by hydtepower project
Revision of installed capacity of power A v Survey of mac_l traffic )
plant on the basis of on-site survey v Survéy ofenv?ronxnental impacts
v Preliminary selection of type of water Y Survey ofSocial and other factors

AN

Onssite hydrological suryey
On-site topographic & geologic and
source of construction matefials
surveys of plannedssite

Survey on social and environmental
baseline and water rights of people

environmental impaCtS v Survey on aquatic a.n.d terrestrial
L ) organisms within affected area
v Survey on water losses & soil erosipn
and vegetation
Analysis of load data v Survey on submerge and

resettlement of affected residents

Assessment of Social and Environrgental

impacts
Preparation of evaluation advices

Technical evaluation
Economic evaluation
Sequential ranking of
development

Preparation of planning report for SHP plant
and its delivery to the agency concerned

Figure 1 — Flow chart of activities for SHP site selection planning

7 Basic data collection and analysis
7.1 Data collection

7.1.1 Adequate basic data shall be collected and analysed. Consideration shall be given to the use
of digital natural resource databases and geomatics technology (remote sensing and Geographical
Information System [GIS]). The authenticity, accuracy, timeliness and applicability of the collected data
shall be tested and confirmed.
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7.1.2 The following basic data shall be included.

a)

b)

f)

g)

h)

7.2 Data anal

7.2.1 Analysis

a) Qualitative a

b)

Hydrometeorological data, including series of measured data, such as precipitation, flow in rivers,
evaporation, water level, sediment and ice. For the locations lacking the measured data, relevant
data on adjacent river basins and hydrological maps issued by the national or regional authority
should be collected.

Data of natural geography of river basin and river characteristics, including the topographic map
of the river basin (scale not less than 1:50 000), road map of administrative area, longitudinal and
cross-sections of river. Data on digital elevation/terrain models are available at 30 m, and better
resolution may also be used. If the hydro-meteorological data of adjacent river basins needs to be
utilized, the topographic maps of adjacent river basins shall also be collected.

i ata including regional geolaogical tectonic seismic zoning mans geglogica
Geological data, g reg g gical, , g maps, g g

and records
Resource inf(

Power systein data, including power source, power demand, annual power supply, load
load curve, p
the area.

Existing facilities data, including as-built design documents of existing hydropowe

irrigation, witer supply, rafting, navigation and other projects within the planning river reach.

Socio-econor
network, grd
the area.

Other data,
protected ar

1y
2)
3)

4)
5)

| reports,

The data
The data

The accy
should b

halysis

bf major geological events such as earthquakes in the planning area.

rmation, including land use, minerals, energy, forestry, tourism, rare animals ¢

ower grid structure, power markets, regulations and power-development p

ss national product, per capita income, and national economic developmer

bas and natural heritage.
ysis

f hydrometeorological data shall include the following.

series shall be'adcurate, reliable and have no data gaps as far as possible.
shall be applicable to the river basins under study.

racy-0f the data shall meet the analysis requirements. The precipitation/ra
e, s far as possible, “daily rainfall”. The measured data of flow shall be as

nd plants.

structure,

anning in

stations,

hic data, including the demography, industrial and agricultural production, road

t plans in

including natural disaster records, legal requirements, archaeology, histpric sites,

nfall data
precise as

“average

daily flow”

Appropriate analytical methods shall be used for quality control.

A reliable long-term daily discharge series specific to every river reach in the network should
be determined, based on distributed hydrologic modelling that is appropriately calibrated.

Quantitative analysis

1y

2)

3)

Frequency analysis: The measured flow data series should be analysed and calculated
according to the probability formula of statistics, and the frequency curve should be drawn

accordin

g to the analytical results.

Correlation analysis: Correlation analysis shall be done when the measured flow data are not

on the lo

cation of the selected site for SHP development.

Average flow duration curve: Based on the data of frequency computation, select the flows
corresponding to the frequency of high flow, median flow and low flow. Then select a similar

© ISO 2019 - All rights reserved
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year from the flow series for annual distribution, if available, and distribute the average daily
flow within the next three years, plotted as an "average flow duration curve ".

7.2.2 Topographic map data analysis shall include the following.

a)

b)

7.2.3 Gqological data analysis shall meet the following requirements.

a)

b)

7.2.4 Pqwer system data analysis shall include the following:

a)

b)

Scope analysis: The topographic map shall include the drainage area of the river basin under study.
If rainfall or flow data of adjacent river basins are utilized, the topographic map shall also provide
the drainage area of the adjacent river basin.

Accuracy analysis: The scale of the topographic map used for the site selection should be no less than
1:50 000. If the scale of the collected topographic map is smaller than the specified requirements,
encryption measures shall be taken to improve the accuracy of contours. Global geometric data of
30 m or better resolution may also be used.

Incorporating the conclusions of the regional geological structural stability-assesyment, major fault
lines &nd the ground motion parameters determined for the project ared.

It can|reflect regional topography and geomorphology, stratigraphi¢lithology, gedlogical structure,
hydrdgeological conditions and physical geological phenomena;

Present status of the power grid and analysis of the power grid plan: including power grid structure,
geogrjaphical distribution, voltage levels and the relationship with, and impact ¢n, proposed and
planned SHP development.

Power source and demand (load) status and\planning analysis: including power sojurce and demand
(load] structure, annual maximum power,demand (load), annual minimum powgr demand (load),
annudl demand (load) distribution, annual power supply, power growth rate| power markets,
regulaitions, impact of integration with other renewable energy such as wind and folar.

7.2.5 Other data analysis shall iniclude a comprehensive assessment on the authenticity, timeliness and

relevance jof the data.

8

Computation of river basin or sub-basin hydropower potential

8.1 The|theoretical' water energy potential of the river (reach) shall be expressed in|terms of average
annual oufput (power) (kW) or average annual energy (kWh). The average annual outpyt and the average

annual enprgy'shall be mutually converted by the means of Formula (A.1).

8.2 The theoretical water energy potential of the river (reach) shall be calculated in segments. The
river shall be segmented in accordance with the following criteria.

a)

b)

A larger tributary entry point should be used as a segmentation point for river water energy
computation. Taking the tributary entry point as the interface, the adjacent section upstream is
the lower section of the upper reach, and the adjacent section downstream of the entry point is the
upper section of the lower reach.

The reach with a large change in the longitudinal slope of the riverbed shall be regarded as a
segment.

The reach having particularly advantageous development conditions shall be regarded as a
segment.

© IS0 2019 - All rights reserved 5
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8.3 The annual average flow at each analysis segment of the river shall be calculated, with their area
ratios based on the collected hydrologic data series of the river and the catchment areas of each analysis
segment of the river. If the flow data of the river basin is inadequate or unavailable, the information
should be obtained by the following methods.

If there is rainfall data on this river basin, the appropriate runoff coefficient should be converted
to the runoff in the same period with reference to Formula (A.2) or any other suitable formula or

If there is hydrological flow data on an adjacent river basin, the correlation with the river basin
shall be analysed, and the relevant data after revision may be used for water energy computation.

The hydrological flow parameters of the river basin can be obtained by using the hydrological

ffective chartsissued hy the hyr‘]rn]ngir‘n] orrelevant dnpnrtmpnf

a)
methods.
b)
<)
contours or
d)

On-site measurement method.

8.4 The topogrpphic map with a scale of 1:50 000 or higher should be used to verifyrand calculate the
elevation differerjce between the upper and lower sections of the reach by apprepriate intefpretation.

Use of Digital Eleyation Model (DEM)/Digital Terrain Model (DTM) is encouraged.

8.5 Based on the flow rate of the upper and lower sections of the river redch and the elevation|difference
between the uppg¢r and lower sections, the average annual output N; (KW)of the reach shall be [calculated
by the means of Hormula (A.3). The average annual energy E; (kWhJ)is calculated by Formula (A.1).

8.6 With the ayerage annual output of water energy in each'reach being accumulated, ZN. , and the

average annual gower energy in each reach being accunulated, in , the theoretical water energy

potential of the river (reach) may be obtained.

8.7 According o the above computation results) the theoretical potential of river water energy can be

calculated:

a) The relation
and L values
gradient of r

b) The relation

flow rate Q d

DEM/DTM. I

curve between river elevation Z (m) and river length L (km): Z = f(L). Calcy
and draw the Z = f(£) curve on the rectangular coordinates. The curve shal
ver water surface-(or thalweg) along the river length.

curve between river flow Q (m3/s) and river length L (km): Q = f(L). Accord
alculated in'8.3, the value L is verified and calculated by using a topograph
raw Q £ f(L) curve on rectangular coordinates. This curve reflects the vg

1late the Z
show the

ing to the
lic map or
riation of

d)

river flow algng theriver length.

Accumulatioh“curve of river water energy potential Y N.=f(L); The Y N. (kW) vallie may be

obtained by directly using the computation result in 8.6, the value L is verified and calculated by
using topographic map/DEM/DTM. Draw ZNI. =f(L) curve on rectangular coordinates. The

ordinate value of a certain point on the curve indicates the total potential of water energy from the
upstream starting point (for example, from the river source) to the section.

Curve of unit potential of river: Ny = f(L). That is, the distribution of the energy value N; (kW/km)
of the unit river length of the reach along the river length L (km). This curve reflects the energy
density of the reach. Ny is calculated by the Formula (A.4). The diagram of theoretical water energy
potential is shown in Figure A.1.
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9 Preliminary planning of site

9.1 Planning content and main considerations

9.1.1 Preliminary planning of the SHP development scheme shall include selection of the site,
development type and construction scale of the SHP plant.

9.1.2 The preliminary planning of the hydropower station site shall involve the following

considerations.

a) Thetopographyand geology shall be suitable for planning the relevant structures of the hydropower
station.

b) The hydropower potential should be relatively concentrated, and the hydro emnellgy density of the
river reach be relatively higher.

c) Power evacuation/transmission: the hydropower station is close to the léad areps or close to the
power grid.

d) Accesps and transportation with different options shall be evaluated and available

e) Minimal inundation of farmland, villages or towns, forests and other natural and $ocial resources.

f) Avoiding natural resources, protected areas, heritage areas and cultural heritage sites.

g) The electricity market demand and the additiona] requirements of the power system for utilization
of poyer from the proposed SHP plant.

h) Comprrehensive integration of water supply,irrigation, tourism and navigation.

i) Avoid| conflicts with existing national and local water related existing schemes jand future plans

and rhanage the conflicts between different plans in accordance with the lod
plannfing principles.

9.2 Types of SHP stations and applicable conditions for development

921 D

hm-type hydropewer station

Dam-type| hydropower:'stations may be classified into two types, namely in-str¢

stations o
a) The i
relati
wide;

b)

I dam-toehiydropower stations.

h-stream hydropower station (along river channel) mostly applies to th
vely plain areas with relatively small head (less than 15 m), where the 1

al/state/national

bam hydropower

e river reach in
iver is relatively

i3 1 £ H H A3 L. 1 i 1 stla o A | el
IU 1S5 dIoU UsTU 1IUL 111 lsaLlUll CIIAIITITIS Ul vvadltll Dl.llJ}le vviltil da LTl talll Ul UlJ. J

Figure B.2 for schematic diagrams.

ee Figure B.1 and

The hydropower station at a dam toe applies to a wide range of water heads, ranging from a few
metres to more than 100 metres. See Figure B.3 for a schematic diagram.

9.2.2 Diversion-conduit-type hydropower station

The diversion-conduit-type hydropower station is suitable for river sections where the river channel is
relatively narrow, the slope of the river section is relatively steep, and the geological conditions of the
riverbank slopes are favourable. Applicable heads range from a few metres to a few hundred metres.
See Figure B.4 for a schematic diagram.
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9.2.3 Reservoir-based, run-of-river hydropower station (hybrid)

The commonly known as run-of-river with diversion or storage dam hydropower station is suitable for
river sections where the upstream of the dam site can easily form storage capacity (diurnal, seasonal
or annual), and the downstream of the dam site has a relatively concentrated drop. See Figure B.5 for a
schematic diagram.

9.3 Utilization of several special geographical conditions of rivers

9.3.1 Utilization of natural waterfalls

The natural waterfall has a relatively concentrated drop. The barrage may be built at the appropriate
location on the s is di it into the
turbine generatdr unit in the powerhouse to generate electricity. See Figure B.6 for @\jschematic
diagram. Howevgr, such schemes shall be carefully planned in coordination with the releva
department, inclfiding scheduling of flow for waterfalls and power generation.

9.3.2 Utilizatign of rapids or natural waterfalls

such river
use of the

Rapids or naturg
sections, low-hei

| waterfalls are easily formed in river courses in mountdinous areas. For
bht weirs may be built depending on the actual situatien; and, by rational

terrain, water m
However, for sud

Figure B.7 foras

iy be diverted into the powerhouse through a diversion canal to generate ¢
h hydropower stations, special attention shall be\paid to flood control i
chematic diagram.

9.3.3 Utilizati¢on of river bends

In mountainous 3
A low-height dan
(or tunnel); cut-o
be built on a suita

reas, the river channels are mostly curved, and the curve distance is relatiy
may be built upstream of the curve,to connect the curves by using a diver
ff the curved river channel and obtain the river bend drop, and the power}
ble location on the diversion canal (or tunnel). See Figure B.8 for a schemati

9.3.4 Utilizatign of the fall on an irrigation channel

The waterfall on
diversion-channd
original irrigatio

an irrigation channel may be used to build a hydropower station in the ch
I-type hydropowep stations, the tail water after power generation shall ret
n channel. See Eigure B.2 for a schematic diagram.

9.3.5 Utilizati

n of kinetic energy of flowing waters in a river or canal

lectricity.
ssues. See

rely small.
sion canal
ouse may
c diagram.

annel. For
urn to the

The kinetic energy,of flowing waters in a river or canal may be used to produce electri

ral power.

Because this is ppwered by kinetic energy instead of potential energy, it is known as "velocity” power
generation. See Figure B for a schematic diagram.

9.4 Estimation of the development scale of a hydropower station

9.4.1 The mean annual flow at the planning site may be found by using the curve in the diagram of
theoretical water energy potential Q = f(L).

9.4.2 The usable drop at the planning site may be checked and calculated.

9.4.3 The mean annual output of the hydropower station at the planning site may be calculated by
using Formula (A.5). The minimum ecological flow shall be maintained in accordance with the regulations
of the state/country; if there is no specific regulation in the country, it may be calculated as 10 % of the
mean annual flow.
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9.4.4 The annual energy of hydropower station may be preliminarily determined by the annual
utilization hours:

a) Select the expected annual utilization hours for the hydropower station. The following selection
principles shall be followed.

b)

10 Site surveys and investigations

10.1 Hydrological surveys

1)

2)

3)

4)

A small value is taken if the difference in precipitation between the wet and dry seasons is
obvious; a medium to large value is taken if the difference in flow between the wet and dry
seasons is not obvious.

A small to medium value is taken for the hydropower station operating in a network connected
to the grid; for an isolated power station, a large value is taken.

A medium to large value is taken for a hydropower station without regulation function; a
njedian value is taken for a hydropower station with regulation function.

Installed capacity of the SHP plant shall be based on optimization studies, taking into account
flow duration and the energy market.

After[selecting the desired number of annual utilization hours, the installed ¢apacity shall be

estimpted in accordance with Formula (A.6).

Hydrological surveys shall include surveys of rainfall consistency, field investightion of runoffs,
investigatiions of historical floods, and investigations of historical dry flows. The qurvey content is

generally ps follows.

a)

b)

d)

Survely of rainfall consistency: For areas with short historical data, especially those sites lacking
recorfls, the survey may be carried<put by visiting the site and talking to the regsidents along the
river fo understand qualitatively the rainfall pattern over the years, the distribiition consistency

withih the year and the duration-of rise and fall of the river.

Runoff measurement: An approximate measurement of the flow of the river sectign may be studied
by a portable flowmeter; or a simple float flow measurement method, to conjpare it with the

histotical record in the Same period.

Historical flood/surveys:

1)

2)

3)

4)

Preparation for surveys: It is necessary to make full use of basic data collectdd in the previous
workystich as vertical and horizontal sections of the river, including highest flood levels; the
hjstorical data should be considered in advance to understand the numbefl, magnitude and
timings of the occurrence of historical floods.

Site surveys: Importance shall be attached to selecting a straight river section, focusing on
bridges, ancient monuments, bends, and river meandering, to check the traces of flood marks.

Investigation and visit: Visit the older residents along the river to determine the year and
month of historical floods, the traces/high flood marks left and the flooding process.

Field measurements: The elevation of the flood trace/high flood marks, and the vertical and
horizontal sectional map of the nearby river section, shall be included.

Investigation of the historical dry season: The survey process is similar to the flood survey.
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10.2 Surveys on the planning site

10.2.1 Dam site surveys

The specific location shall be verified on site in line with the dam/diversion structures site selected on
the topographic map. According to the basic principles of dam site selection, the left and right banks
and the surrounding terrain of the dam site, the subsurface strata and rock structure of the dam site
shall be initially evaluated to determine its suitability as the best location for the construction of a

dam/diversion structure.

10.2.2 Plant site surveys

The location of th
the basic require
positional relatig
water head utiliz

10.2.3 Water cd

The topographid
Unfavourable lan
evaluated.

10.2.4 Reservoi

The geological st
paid to whether
faults. Basic asse

10.3 Prelimina

10.3.1 The wat¢
shall be used as 1
elevation instrun

10.3.2 The natuj
the gross head of
structure shall be

10.4 Other con

ments from topographical and geological considerations. At the same timet
nship between the powerhouse and the dam shall be studied to justify'w
htion level in the preliminary plan is met.

nveyance line surveys

al and geological conditions along the water conveyance 'line shall be
dforms such as landslides, collapse and large spans of aqueducts shall be s

I survey

there are buried channels, river deposits; fossil valleys, karst caves, frac
ssment of reservoir rim slope stability\shall be ensured.

ry determination of available'water heads for the hydropower sta

r surface upstream of the.dam site and the surface downstream of the pg
heasuring points, and thematural drop at the planning site shall be measure
ents such as a hand-held GPS instrument, a level gauge or total station.

al drop plus the storage height of planned water retaining structure may be 3
the hydropewer station. The characteristic water level upstream of the water
determined-after the scheme comparison and evaluation in the design stage

struction conditions for investigation

e relative
ether the

surveyed.
becifically

ructure of the bed of the reservoir area shall be investigated and attention shall be

tures and

tion

werhouse
d by using

dopted as
-retaining

10.4.1 Assess the transportation conditions of the planned site and the feasibility of new road
construction or other options such as rope ways.

10.4.2 Verify that the rare animal and plant species near the planning site are consistent with the data.

10.4.3 Visit the historical sites and their distribution according to the records.

10.4.4 Investigate the population density and distribution, land use and ownership near the planning
site and within the reservoir area.

10.4.5 Investigate important buildings and other public facilities in the planning area.

10.4.6 Investigate other relevant plans for the river basin.

10
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10.4.7 Investigate the availability of construction materials.

11 Prep

aration of site construction plan

11.1 Selection of installed capacity

The installed capacity of the SHP plant shall be selected according to the hydrologic data survey and the
measurement of the usable drop at the site.

11.2 Selection of turbine types

priate turbine type shall be initially selected in the turbine type table or

The appr
chart basg

11.3 Number of units

d on the water head and discharge of the hydropower station.

to the revised installed capacity of the power station, the number of unit
the following requirements.

er to facilitate maintenance and management, units with'the same capacity
Hering the reliability requirements of the power supply, two or more units sl

the distribution of runoff is severely unbalanced in wet and dry seasd
ent capacities should be selected.

selecting the capacity of a single unit, the‘¢onvenience of manufacturing, tr
acy of utilization shall be taken into account.

pction of dam type

of dam shall be selected aecording to the topography, geology, hydrology
as well as the preliminary planning results of the selected sites, incly

'y dam: This shotild'be built on a rock foundation, but a gravity weir may
ation.

lam: Thisshould be built on dam sites with narrow river gorges, symmetric
n both.banks, and good geological conditions.

rockAill dam: This is suitable for local dam construction where there are ab

utilization range

s is selected and

shall be selected.
nould be used.

ns, units of two

hnsportation and

hnd construction
ding mainly the

be built on a soft

h] and continuous

undant materials

re.convenient for construction and transportation; it has relatively low

Fequirements for

ation geological conditions.

Sluice dam/barrage: This is applicable to low water head hydropower projects in river channels

or plain areas. It is generally built on a rock foundation or homogeneous soil, or on a non-rock
foundation such as sandy gravel and soft clay. However, construction partially on rock foundation
and partially on non-rock foundation shall be avoided.

Shutter dam/weir: This is applicable to locations where the water depth is less than 5m and the

requirement for riverbed flooding is high. Foundation requirements for a shutter dam are the same
as those for a sluice dam.

According
shall meef
a) Inord
b) Consi
c) When
differ
d) When
adequ
11.4 Sel
The type
materials
following,
a) Gravi
found
b) Arch
hills d
c) Earth
that 3
found
d)
e)
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11.5 Selection

of spillway structures

Appropriate flood discharge measures and spillways shall be selected according to the dam type and
surrounding topography. The main forms are as follows.

a)

medium and

b)

low sluice flood discharge.

Riverside flood discharge may be classified into spillway and spillway tunnel.

The flood discharge through the dam may be classified into surface spillway flood discharge and

1) Spillway: The spillway shall be placed on a stable foundation and the axis should be straight.
The flow shall maintain a safe distance from other structures and connect to the downstream
river. The spillway is classified as chute spillway or side spillway, according to the relationship

betwee

its axis and the axis of the barrage or dam.

2) Spillway
non-pres

All spillways sha

tunnel: Economic and technical comparisons shall be made to choose a'pre
sure tunnel. The construction diversion tunnel may be used as a spillway t

spillway, topograjphical and geological features.

11.6 Selection

The water intake
of hydropower st]
the dam. The diyj
dam. The water

laden rivers, a se
by terrain condif
appropriate posit

11.7 Selection

The water condy
basin, forebay, p
respect the follov

a) Channel: The

route is prefg

of water intake structures

structures inside or outside of the dam shall be selected according to diffe
ation. The water intake of the hydropower stationat a dam toe may be insta
ersion type of hydropower project shall have.the water intake installed o
ntake outside the dam may be located on<ne side of the riverbanks. For
dimentation basin should be installed adjacent to the water intake. When
ions, or head of sand-flushing water is:not sufficient, it can be moved do
ion along the diversion channel.

of diversion structures

ctor system of the hydropower station includes the channel, tunnel, sedi
enstock, surge chamber, fish passage and tailrace. The selection of each
ying conditions.

channel route sheuld be chosen along the contour line. The shorter and mo
rred.

unnel mayibe classified as a pressure tunnel or a free-flow tunnel. In order
the channel, the tunnel may be excavated if the geological conditions of the
uiréments. The tunnel shall be kept away from geological structures such

ssure or a

l:lnnel.
1l have suitable space for energy dissipating structures, depending on the type of

ent types
led inside
utside the
sediment-
restricted
wn to the

mentation
part shall

e feasible

to reduce
mountain
as faults,

Sedimentation basin: According to the sediment content, sediment particle size and hydropower

station water head, the necessity of installing a sedimentation basin shall be judged. The
sedimentation basin shall be located on a stable foundation and shall be capable of conveniently

Forebay: The forebay shall be located at the end of the non-pressure water diversion system and

before the penstock directs water into the turbine. The pressure forebay shall be kept away from
landslides, downslope fracture development or steep slopes. The forebay shall be located on a solid
foundation with low permeability and in combination with the penstock and powerhouse location.

Penstock: The form, parameters and support methods for the penstock shall be determined by

Surge chamber: In a hydropower station’s pressure diversion system, if there is a possibility of

direct hammer - based on the turbine regulation firm calculation result, a surge chamber shall be

b) Tunnel: The {
the length of]
meet the req
fractures ang Karst caves.
c)
discharging sediment.
d)
e)
subsequent design.
f)
12
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installed in a suitable position of the pressure pipe, prior to the turbine. If geographical conditions
permit, the surge chamber shall be installed near the hydropower station. It shall be installed on
the solid foundation with low water permeability.

g) Fish Passage: Suitable fish passage may be provided in the diversion structure.

11.8 Types of powerhouse

The type of powerhouse shall be selected through economic and technical comparison according to the
topographic and geological conditions, upstream and downstream water level and other factors. The
powerhouse types include surface, underground, semi-underground, overflow and within-dam.

11.9 Location of switchyard

The switchyard shall be close to the powerhouse, as far as possible, in combinationwith the topographic
character]stics. Subsidence prone and low-lying locations shall be avoided.

11.10 Lgcation of tailrace

The tailrgce shall be located with consideration to the smooth discharge of flow and shall avoid the
influence pf water flow at the outlet of spillway structures.

11.11 L3yout of main structures

Under thel premise of satisfying the geological and otherconstruction conditions, the|layout principles
mainly in¢lude the following:

a) the tTographic conditions shall be fully utilized to optimize the quantity of consfruction work;
b) the powerhouse shall be close to the dam{as far as possible;
c) the switchyard shall be close to the powerhouse, as far as possible;

d) consigleration shall be given-terthe convenience of transportation of equipment, especially the
possibility of transportation of'the largest and heaviest equipment;

e) adeqyate considerationshall be given to flood prevention;
f) cultural heritage shall'be avoided;
g) the edse of construction shall be considered;

h) the harmonic and elegant appearance of the overall layout of the main structurs shall be taken
into aceount;

i) facilitation of educational and tourist visits should be accommodated when part of local regulation.

12 Preliminary assessment of social and environmental impacts

12.1 The present status of natural and social environment shall be investigated in and around the
hydropower station site, reservoir area and the areas possibly affected by construction; this shall be used
as the baseline to evaluate the social and environmental impacts of the project.

12.2 The impact on aquatic and terrestrial organisms within the construction and downstream areas
shall be evaluated according to the development type, scale and operation mode of the hydropower
station.

© IS0 2019 - All rights reserved 13


https://iecnorm.com/api/?name=9cb297cc5c7f58a87ab5bb2276089e1b

IWA 33-2:2019(E)

12.3 The extent of permanent impact on the vegetation surrounding the project after the restoration
measures are taken shall be evaluated, based on the area required for the hydropower station including
the construction phase.

12.4 The degree of inundation of forests, crops, farmland and woodland in the reservoir area shall be
estimated.

12.5 The number of relocations of houses and the population of resettlement shall be estimated.

12.6 Based on the survey results, preliminary assessment opinions (public hearing) on the
environmental impact of the project shall be made according to the environmental assessment criteria of
the country.

13 Assessment of power demand

13.1 According fo the current status of power demand and the socio-economic-development plan, the
forecast of load ip short, medium and long term shall be carried out for the direct power supply area,
including the load profile, types of loads like domestic, commercial, industrial,\iistitutional, seasonal and
annual variationg.

13.2 The development trend of the electricity market shall be evaluated according to the curgent status
of the load and thle national economic development plan.

14 Cost estimation and benefits assessments

14.1 The cost egtimation methods include the subsifem estimation method and comprehejnsive cost
computation method, which shall meet the following requirements.

a) Sub-item estimation method: First, the project quantities of different components of the
hydropower ftation are estimated according to the proposed scheme, then the unit price gnalysis is
conducted adcording to the local price/index, after which the project cost is estimated acfording to
the project gphantities and unit price: The cost of electromechanical equipment may be estimated by
sets. After the subproject costsare summarized, the total cost of hydropower station compstruction
will be obtained.

b) Comprehens]ve cost camputation method: The total construction cost of the hydropowei station is
the product df the comprehensive unit price (cost per kilowatt) of the same kind of local hyydropower
station and the installed capacity of the hydropower station.

c) Parametric and €mpirical cost studies may be used for cost estimation.

14.2 Estimate the static total cost of the project. Analyze and calculate economic indexes of the
hydropower station, such as cost per kilowatt and cost per kilowatt-hour.

14.3 The annual power generation and operation cost of the hydropower station may be calculated
according to the statistical index of the country, that is, the ratio of the power generation and operation
cost of the hydropower station to the construction cost.

14.4 Benefits from the schemes from the SHP plant shall be assessed based on the utilization of
electricity, area development and socio-economic benefits.
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15 Evaluation of planning site and development sequence recommendations

15.1 The technical evaluation of the planning site shall be carried out from the aspects of hydro energy
utilization, construction difficulty and comprehensive utilization.

15.2 Apreliminary economic evaluation of the planning site shall be carried out based on the preliminary

estimated

cost by means of the static or dynamic method.

15.3 A social benefit evaluation shall be carried out based on the contribution that the hydropower
station may provide to the society after its completion.

15.4 Sug;
developm

a) meeti
devel

b) meeti
c) aligni

d) coord

16 Preparation of site selection planning repeort

The site s

a) the rgsults of site selection planning for SHR.development, including natural cond

basin
evalu

b) the aythenticity, timeliness and applicability of hydrological data and other mater

c) the cqmpilation, analysis, interpolation and citation of data;

d) the pl
e) the c
engin

exten|

nt conditions of the planning site and the following factors:

ng the current electricity needs of the region, as well as the needs of Socio-e
bpment;

ng the local power requirements of the power system;
ng with investment capacity and construction technology-level;

inating with the overall planning and development plaw’for the river basin.

blection planning report shall contain the following:

status of hydropower resources iitthe river basin, results of site selectioi
htion of the site and development sequence;

anning principles;planning methods and technical stages;

nstruction conditions of each planning site shall be explained, including
pering geological condition, water conservancy and hydro energy, rese

ce conditions and

ronomic and load

itions of the river
), comprehensive

ials;

y river sediment,
rvoir inundation

L, construgtion plan and engineering layout, social and environmental imjpact assessment,
load gssessment, cost and benefit estimation, economic and technical evaluation;

HP projects;

f) along|with the summarized planning results, a comprehensive evaluation of the S

g) the site selection planning report in accordance with the outline in Annex C, with relevant charts
attached.
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Computation of theoretical potential of river water energy,
estimation formula for installed capacity on a planned site

Annex A
(informative)

A.1 Conversion formula of mean annual output of water energy and mean annual

power of water-energy

N= E
8760

(n

where

. of hours in a year)

N is the pdwer output (capacity), in kW;

E isthew

A.2 Conversi

hter energy (electricity), in kWh.

pn formula for rainfall and runoff depth (applicable for

microcatchment;) also known as the rational method

X=a-y

where

X isthera

infall, in mm;

y  isthe runoff depth, in mm;

a  is the runoff coefficient.

A.3 Computation forniula for theoretical water potential of reach

< IF-

1

_|.
N, =9,81QL—
2
where
N

. is the power output (capacity) of reach i, in kW;

Q, isthe mean annual flow at the upper section of the reach i, in m3/s;

Q, isthe mean annual flow at the lower section of the reach i, in m3/s;

H

16

. is the difference between elevations of the upper and lower sections of the reach 7, in m.

(A1)

(A.2)

(A.3)
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A.4 Formula for water energy density per unit length of river reach

N
Ny= (A4)

i

L

where
N4 is the water energy density in unit length of reach i, in kW / km;
N;

L.

1

is the water output (power) of reach i, in kW;

is the length of reach i, in km.

A.5 Forymula for mean annual output of SHP planning site

Nj =9, 81QHN; N, (A.5)

where

N; ¥ the mean annual output (power) of the planned hydropower station, in kWj
Q ip the mean annual flow of planning site, in m3/s;
H  ip the usable water head at the planning site, inim;

n, ip the coefficient of water intake at the planning site (0,9 is taken, while the r¢maining 10 %
df the mean annual flow is considered as:normal ecological flow.);

n, ip the overall efficiency coefficient ofdhe units (0,75 to 0,85 is taken).

A.6 Estimation formula for installed capacity of SHP station
N

P=8 ’60# (A.6)
1

P ip the installed capacity of the planned hydropower station, in kW;

N. if thémean annual output of planned power (power), in KW;

isThe annual operational hours oI planned hydropower station, 1n .
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A.7 Diagram of theoretical potential of river water energy

Key
1 river sourde
2 river mouth

I to VIII river reach

Figure A.1 — Diagram of theoretical potential of river watér energy
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Annex B
(informative)

Schematic diagram of development types and special terrain
utilization of SHP stations

B.1 Schematic diagram of development types of SHP stations

Figure B.1 — In-stream,hydropower station
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Figure B.2 — Hydropower station canal fall
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dam

Figure B.3 — Dam-toe hydropower station
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20

Figure B.4 — Diversion-type hydropower station
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Key

1 dam 6  surge shaft
2 waterfnlet 7  penstock

3  spillway 8 powerhouse
4 reservpir 9 tailrace

5 pressyre tunnel 10 riverbed

Figure B.5 — Reservoir based run-of-river hydropower station

B.2 Schematic diagram of the utilization of several special geographical
conditigns in the river channel

Key
1 dam
2 penstack

3  powerhouse

Figure B.6 — Utilization of natural waterfalls
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water inlet
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masonry arch dam
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Figure B.7 — Utilization of torrent rapids or natural-waterfall

5 powerhouse
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Figure B.8 — Utilization of river bend
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Figure B.9 — Utilization of kinetic energy of flowing waters in a river o

I canal
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Annex C
(informative)

Outline of a site selection planning report

C.1 Outline

24
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adminisfrative management.

The statyis of hydropower resources within the plaihed river basin, including total hydropower
resources, resource distribution, resource characteristics and exploitable capacity.

Summarly of planning results, including total capacity of resource development, number of
hydropoper stations, site distribution.afid technical and economic indicators.

Figures gdnd tables:
— Schegmatic diagram of the location of the planned hydropower station (see Figur¢ C.1);

— Schgmatic diagram_df the location and longitudinal section of the planned hydropower
station (see Figure €.2);

— Sumjmary table~of engineering characteristics of the planned hydropower sthtion (see
Table C.1).

Data collection and compilation; including the type of data, source of data, collection methods,
filing and so on.

Basic evaluation of data; including the integrity, timeliness, authenticity and applicability of
the data.

Technical analysis of data; including the data series supplement, consistency analysis, results
evaluation and application value.

Chapter III: Planning principles and methods

1y

2)

Description of planning principles, including planning basis, planning objectives, environmental
control.

Description of planning methods, including planning procedures, main technical methods,
quality control of results.

© ISO 2019 - All rights reserved


https://iecnorm.com/api/?name=9cb297cc5c7f58a87ab5bb2276089e1b

	Foreword
	Introduction
	1 Scope
	2 Normative references
	3 Terms and definitions
	4 Planning principles
	5 Planning scope
	6 Planning methods and steps
	7 Basic data collection and analysis
	7.1 Data collection
	7.2 Data analysis
	8 Computation of river basin or sub-basin hydropower potential
	9 Preliminary planning of site
	9.1 Planning content and main considerations
	9.2 Types of SHP stations and applicable conditions for development
	9.2.1 Dam-type hydropower station
	9.2.2 Diversion-conduit-type hydropower station
	9.2.3 Reservoir-based, run-of-river hydropower station (hybrid)
	9.3 Utilization of several special geographical conditions of rivers
	9.3.1 Utilization of natural waterfalls
	9.3.2 Utilization of rapids or natural waterfalls
	9.3.3 Utilization of river bends
	9.3.4 Utilization of the fall on an irrigation channel
	9.3.5 Utilization of kinetic energy of flowing waters in a river or canal
	9.4 Estimation of the development scale of a hydropower station
	10 Site surveys and investigations
	10.1 Hydrological surveys
	10.2 Surveys on the planning site
	10.2.1 Dam site surveys
	10.2.2 Plant site surveys
	10.2.3 Water conveyance line surveys
	10.2.4 Reservoir survey
	10.3 Preliminary determination of available water heads for the hydropower station
	10.4 Other construction conditions for investigation
	11 Preparation of site construction plan
	11.1 Selection of installed capacity
	11.2 Selection of turbine types
	11.3 Number of units
	11.4 Selection of dam type
	11.5 Selection of spillway structures
	11.6 Selection of water intake structures
	11.7 Selection of diversion structures
	11.8 Types of powerhouse
	11.9 Location of switchyard
	11.10 Location of tailrace
	11.11 Layout of main structures
	12 Preliminary assessment of social and environmental impacts
	13 Assessment of power demand
	14 Cost estimation and benefits assessments
	15 Evaluation of planning site and development sequence recommendations
	16 Preparation of site selection planning report
	Annex A (informative)  Computation of theoretical potential of river water energy, estimation formula for installed capacity on a planned site
	Annex B (informative)  Schematic diagram of development types and special terrain utilization of SHP stations
	Annex C (informative)  Outline of a site selection planning report
	Annex D (informative)  Workshop contributors

