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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 
electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenance are 
described in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the 
different types of ISO documents should be noted. This document was drafted in accordance with the 
editorial rules of the ISO/IEC Directives, Part 2 (see www​.iso​.org/​directives).

Attention is drawn to the possibility that some of the elements of this document may be the subject of 
patent rights. ISO shall not be held responsible for identifying any or all such patent rights. Details of 
any patent rights identified during the development of the document will be in the Introduction and/or 
on the ISO list of patent declarations received (see www​.iso​.org/​patents).

Any trade name used in this document is information given for the convenience of users and does not 
constitute an endorsement.

For an explanation of the voluntary nature of standards, the meaning of ISO specific terms and 
expressions related to conformity assessment, as well as information about ISO's adherence to the 
World Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT), see www​.iso​.org/​
iso/​foreword​.html.

International Workshop Agreement IWA 33 was approved at a workshop hosted by the Standardization 
Administration of China (SAC) and Austrian Standards International (ASI), in association with the 
International Center on Small Hydro Power (ICSHP), held virtually from 19th to 23rd October, 2020.

Any feedback or questions on this document should be directed to the user’s national standards body. A 
complete listing of these bodies can be found at www​.iso​.org/​members​.html.

A list of all parts in the IWA 33 series can be found on the ISO website.
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Introduction

Small hydropower (SHP) is well recognized as an important renewable energy solution to the challenge 
of increasing access to electricity in remote rural areas. However, while most countries in Europe, 
North and South America, China and India 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 best 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 their current policy, technology and legislation. Countries that have 
limited institutional and technical capacities will be able to enhance their knowledge base in developing 
SHP plants on rivers/streams and existing water resource structures outlets such as dams, barrages, 
navigation lock, canal falls, outfalls and flowing water (kinetic flow), including renovating/upgrading 
the old SHP plants, thereby attracting more investment in SHP projects, encouraging favourable policies 
and subsequently assisting in economic development at a national level. This document will be valuable 
for all countries, but also allow for the sharing of experience and best practices between countries. 

This document is the result of a collaborative effort between the United Nations Industrial Development 
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 MWe.
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Technical guidelines for the development of small 
hydropower plants —

Part 3: 
Design principles and requirements

1	 Scope

This document specifies the general principles and basic requirements of design for small hydropower 
(SHP) projects up to 30 MWe, mainly including hydrology, geology, energy calculations, project layout, 
hydraulics, electromechanical equipment selection, construction planning, project cost estimates, 
economic appraisal, social and environmental assessments.

Application of this document is intended to be site specific, with the principles and requirements of 
design applied in accordance with the needs of proposed hydropower plant.

2	 Normative references

The following documents are referred to in the text in such a way that some or all of their content 
constitutes requirements of this document. For dated references, only the edition cited applies. For 
undated references, the latest edition of the referenced document (including any amendments) 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 and definitions given in IWA 33-1 apply.

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

—	 ISO Online browsing platform: available at https://​www​.iso​.org/​obp

—	 IEC Electropedia: available at http://​www​.electropedia​.org/​

4	 Hydrology

4.1	 Basic data

4.1.1	 The basic data include hydrometeorological data, river basin physiographic characteristics data, 
information about the human activities impact, hydrological computation results of the basin and nearby 
areas and the other relevant data. The changes in water resources management that occur upstream of a 
hydropower plant during its long lifespan will alter the runoff regime. Thus, the present and foreseeable 
needs of the population living on both sides of the river shall be taken into account for water supply, 
irrigation, industrial, ecology and recreation purposes.

4.1.2	 The data series upon which hydrological computation is based shall be checked for reliability, 
consistency and representativeness.

4.1.3	 The investigation of historical floods and dry seasons shall be carried out for the regions with 
insufficient or no data; if the conditions permit, observation and survey of water level, flow and sediment 
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shall be carried out, and a long-term water regime monitoring and reporting system may be set up if 
necessary.

4.1.4	 Considering the impacts of climate change on the evolution of river flows is necessary as the SHP 
plants normally are on smaller catchment not having much channel storage becoming more vulnerable 
for changes in flows in terms of discharge, intensity, spatial and temporal distribution variation. These 
shall be studied for the basin from the simulation with hydrological models. The entire hydrograph set 
shall be considered in planning and in fixing the capacity. Results of these specialized study should be 
used for finalising the runoff data.

4.2	 Runoff (discharge)

4.2.1	 According to the design requirement and data availability, all or part of the following design 
runoff results shall be provided:

a)	 historic daily runoff series measured or simulated at the site of the proposed hydropower plant;

b)	 annual mean runoff as well as the annual runoff, runoff in flood season, runoff during dry season 
with the designated frequency (return period) or the design representative years;

c)	 the annual distribution of the runoff in the design representative years.

4.2.2	 According to data availabilities, the design runoff should be calculated by the following method.

a)	 When sufficient measured runoff data are available on the project site, the frequency analysis shall 
be used.

b)	 When there is a runoff gauging station in the downstream/upstream of the project site, in the river 
basin, adjacent basin or nearby basin with similar homogeneous meteorological and hydrological 
conditions, the hydrologic analogy method should be adopted.

c)	 If measured runoff data are not available, the rainfall-runoff relationship or model method may be 
adopted according to the precipitation data and physiographic characteristics of the watershed.

d)	 When the runoff data are not available, it may be estimated by relevant hydrological manual and 
calculated on the basis of comprehensive analysis of regional results, taking into account variations 
in topography, geology, vegetation cover and land use.

4.2.3	 The runoff frequency computation shall meet the following requirements.

a)	 In the n -term consecutive runoff series, the empirical frequency Pmof term m  in descending order, 
shall be computed using Formula (1):

P m
nm =

+
×

1
100% 	 (1)

where

  n is the number of terms of the observation series;

  m is the order in the observation series;

  Pm is the mth empirical frequency.

b)	 The runoff frequency curve usually uses the Pearson curve III, while other types adaptive to the 
local conditions may also be selected according to the geological, meteorological and hydrological 
conditions of the project location.
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4.2.4	 The consecutive runoff series for the frequency analysis and computation should meet the 
following requirements.

a)	 Long time runoff series of up to 20 years or more in principle may be used. However, shorter 
time series of 10 to 20 years may also be used appropriately when limited data are available. 
The measured data shall be used even if the stream has been modified in accordance with the 
requirements of 4.2.

b)	 When the measured runoff data are insufficient, the interpolation shall be adopted to extend the 
runoff series and then the frequency analysis shall be carried out.

c)	 The relevant parameters used for interpolating and/or extending the existing runoff series shall 
be measured within an appropriate period in a continuous or discontinuous way simultaneously. 
The extension amplitude of the relevant line shall not be more than 50 % of the measured variation 
amplitude. The correlation coefficient should be more than 0,8.

4.2.5	 The annual distribution in the design representative year may be determined by using the 
homogeneous multiple adjustment method over the controlled annual water flow; when the measured 
runoff data are insufficient, the existing synthesis chart of runoff area may be used with caution.

4.2.6	 The daily mean flow duration curve can be adopted with the following method according to the 
runoff data availabilities.

a)	 When sufficient runoff data are available, the daily mean flow ranking statistics of long series 
or the daily mean flow in the typical high-flow (up to 25 % dependable) year, median-flow (50 % 
dependable) year and low-flow (higher than 75 % dependable) year should be used.

b)	 When the measured runoff data are insufficient, the monthly average flow duration curve may be 
deduced first, and then converted to the daily average flow duration curve through comparative 
analysis of the daily and monthly average flow duration curves of the runoff gauging station or the 
regional synthesis.

4.2.7	 When the low water runoff data are insufficient, the low-flow investigation may be performed, 
especially in the dry season.

4.2.8	 When runoff is significantly affected by human activities, the same may be accounted for.

4.2.9	 The design runoff shall account for the cases of the complex landform with extremely uneven or 
unstable river channels, and special geological conditions such as karst.

4.3	 Flood

4.3.1	 According to the data availability and the engineering design requirements, all or part of the 
following design flood results shall be provided:

a)	 annual maximum peak flow at design frequency;

b)	 staged maximum peak flow at design frequency;

c)	 annual and staged period flood at design frequency;

d)	 annual and staged design flood hydrograph at design frequency.

4.3.2	 When sufficient measured flood data are available, frequency analysis and computation shall 
be carried out to deduce the design flood. The frequency curve shall be based on the most appropriate 
statistical distribution. When the frequency curve is deduced from the empirical frequency points, the 
statistical parameters should be estimated preliminarily by the mathematical expectation equation, and 
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then determined after adjustment with the curve-fitting method. When the curve-fitting method is adopted, 
the relatively reliable big flood events shall be considered on the basis of the fitting point group trend.

4.3.3	 When measured flood data are available, the design flood hydrograph shall be deduced by 
amplifying the typical flood hydrograph, and the large flood which can reflect the flood characteristics 
and is relatively adverse to the flood control of the project shall be selected as the typical flood.

4.3.4	 When the design flood is deduced from the design storm, the regional synthesis results of the 
storm flood charts shall be used for the design of the rainfall pattern, runoff yield and runoff concentration 
parameters and the design flood hydrograph. Comprehensive selection shall be based on the analysis 
and synthesis according to the measured rainstorm flood data of the gauging station. Alternatively, the 
empirical equation of flood peak flow in this region may be used.

4.3.5	 According to the catchment area of the site and the comprehensive analysis results of the 
measured storm flood data from the gauging station, the short-duration peak storm period controlled by 
the same frequency in the design rain pattern shall be reasonably determined.

4.3.6	 When the measured storm flood data are insufficient or the design basin storm flood parameters 
cannot be determined, the relation curve of the “measured and investigated big flood peak flow modular 
(M) - catchment area (F) - recurrence interval (N)” at the gauging stations in the region or the nearby 
areas may be ascertained, and the design flood may be estimated with the regional synthetic method.

4.3.7	 Close attention shall be paid to investigation and review of historical floods and the following 
requirements shall be met:

a)	 reliable or relatively reliable data on major or relatively major historical floods shall be used in 
the frequency analysis and computation, or to verify design flood results determined by regional 
synthesis analysis, or to assist the derivation of the stage-discharge relation curve.

b)	 when data are limited, the design flood may be estimated according to historical flood results.

4.3.8	 The design flood of cascade hydropower plants shall be calculated according to the layout of 
cascade projects, the discharge or diversion modes of the plant and the intervening catchment areas 
between two plants.

4.3.9	 When computing the design flood by construction stages, the design requirements of the 
engineering construction stages shall be considered, and the variation rules and characteristics of flood 
causes shall be basically compiled within the period from the beginning to the end.

4.4	 Stage-discharge relation curve

4.4.1	 The stage-discharge relation curve between the upstream inlet section and the downstream tail 
water section of the hydropower plant shall be drawn up.

4.4.2	 When there are gauging stations near the upstream/downstream areas of the project site, the 
stage-discharge relationship at the design cross-section may be obtained after the water level is corrected 
through water level correlation or investigation and measurements.

4.4.3	 The high-water level extension of the stage-discharge relationship may be calculated by slope 
method and determined by the comprehensive analysis of flood investigation.

4.4.4	 When there is no gauging station in the river reach of the project site, the stage-discharge 
relationship shall be determined with the single-section slope method according to longitudinal profile 
of the river reach and the cross-section profile, and with reference to the average bed slope of the main 
channel/river as well as the water surface slope and its estimated flow during floods and dry season.
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4.5	 Sediment, evaporation, ice regime and others

4.5.1	 With regard to the location of the project on the river carrying significant sediment or carrying 
more sediment during the flood season, all or part of the following sediment computation results shall be 
provided according to the data availability and the engineering design requirements:

a)	 annual average suspended sediment and sediment runoff ratio;

b)	 monthly average suspended sediment at the annual maximum cross-section and the month of 
occurrence;

c)	 annual average suspended sediment size distribution or average and maximum particle diameter;

d)	 results of bed load sediment in the flood season [if conditions permit, the Sediment Rating Curves 
(Discharge vs Sediment Concentration) may also be developed for analysis].

4.5.2	 The suspended sediment may be computed with the following method.

a)	 When there is a sediment gauging station in the basin of the site, the sediment yield modulus of the 
gauging station should be used.

b)	 When there is no sediment gauging station in the basin of the site, the sediment yield modulus 
may be used directly if their climatic conditions and underlying surface conditions are similar, 
otherwise they may be used after being corrected.

c)	 When the above data are not available, the existing regional synthesis diagrams of the sediment 
may be used; the sediment may be measured temporarily if necessary.

4.5.3	 Bed load sediment may be computed with the suspended and bed load ratio.

4.5.4	 For a reservoir-based hydropower plant, it is advisable to calculate the annual average water 
surface evaporation rate and its annual distribution according to the data from the evaporation 
measuring station in the basin or the regional synthesis diagrams of the evaporation rate in basin with 
similar hydrometeorological conditions.

4.5.5	 For the hydrological analysis and computation in cold regions, the following ice regime at the 
plant site shall be provided according to the statistical data of local hydrological and meteorological 
characteristics:

a)	 river condition when freezing and unfreezing; occurrence of shore ice and floating ice and the 
freezing characteristics of the whole river;

b)	 earliest, latest and yearly average icing and melting dates;

c)	 ice thickness, ice clogging, ice wall, ice flakes and floating ice and their potential hazards during the 
freezing period.

4.6	 Rationality check of the outcomes

4.6.1	 The rationality check of the outcomes shall meet the following requirements.

a)	 The measured data and the analysis and computation results from all the relevant gauging stations 
shall be used.

b)	 The comparative analysis of the results of multiple methods in a single station and the study of the 
surface distribution of the results of multi-stations with the same methods shall be carried out.

c)	 The final results shall follow the principle of “based on one method, compared with multiple 
methods, by analysing comprehensively and selecting rationally”.

﻿

© ISO 2021 – All rights reserved� 5

Full document details: IWA 33-3-2021

http://www.avadocuments.com/doc/iwa-33-3-2021
http://www.avadocuments.com/doc/iwa-33-3-2021


﻿

IWA 33-3:2021(E)

4.6.2	 The rationality check shall include the following main parameters or items:

a)	 annual mean runoff;

b)	 design peak flood and flood volume;

c)	 determination of the peak flood, and the roughness coefficient (n) in the computational equation of 
the slope method;

d)	 shape and characteristics of the flow-duration curve and the stage-discharge relation curve.

4.6.3	 The rationality check of the design annual runoff and the design peak flood results shall meet the 
following requirements.

a)	 The computed results shall be consistent with the results of the regional synthesis contour map, 
the correlation curve or the empirical equation.

b)	 The distribution in the basin, region and along the upstream/downstream segment and the 
mainstream and tributaries shall basically be rational. The result shall basically be adaptive to the 
spatial variation in the precipitation.

c)	 If there is a big difference in the computed results, or unreasonable, or there is a big difference with 
the spatial variation of the precipitation, the causes shall be found out in time and re-analysed/
computed if necessary.

4.6.4	 The rationality check of the flow duration curve and the stage-discharge relation curve shall 
include the following contents:

a)	 the relationship between the flow duration curves as well as the influence of flow variation 
amplitude and base flow on the curve shape;

b)	 the relationship between the cross-section feature and the stage-discharge relation curve.

5	 Engineering geology

5.1	 General provisions

5.1.1	 The engineering geological investigations shall include the following aspects:

a)	 regional geological conditions;

b)	 basic geological conditions and major engineering geological issues of the project area;

c)	 hydro-geological condition and assessment of aggressiveness of water;

d)	 availability, distribution, quantity and quality of natural construction materials.

5.1.2	 The investigation shall be carried out in stages in accordance with planning and design stages.

5.1.3	 The existing topographic and geological data shall be collected. According to the characteristics 
of the project, the complexity of the topographic and geological conditions and the requirements of 
the investigation extent in each stage, a variety of investigation methods shall be applied. Appropriate 
geological mapping, geophysical prospecting, drilling, pit exploration and laboratory tests shall be 
conducted, supplemented by adit exploration and in-situ field test depending on the situation.

5.1.4	 The physical-mechanical parameters of foundation materials can be determined by engineering 
geological analogy and experience-based judgment; laboratory and field tests shall be performed if 
necessary.
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5.2	 Regional geology

5.2.1	 The regional geological investigation shall mainly include five aspects, namely topography, 
geomorphology, geologic structure, regional tectonic stability and seismicity, geophysical phenomenon 
and hydrogeology.

5.2.2	 Under the topographic and geomorphic investigations, the topographic and geomorphic 
characteristics of the region, especially the development situation and scope of the terrace, and the karst 
development characteristics in the karst area shall be studied.

5.2.3	 Under geologic structure investigation, the strength and permeability of the structure, the 
distribution range, formation age and petrographic characteristics of various types of rocks shall be 
studied.

5.2.4	 For the regional structural stability and seismic survey, the available regional geological data 
of the project area shall be studied to determine the geotectonic element of the project area and shall 
propose assessment opinions on the regional structural stability, judge the possibility of the proposed 
hydropower project site being impacted by active fault or seismic activities during expected project life, 
the impact intensity and its probability, and then propose appropriate ground motion parameters for a 
seismic design of the project. Special study shall be carried out on active faults which have influence on 
the project.

5.2.5	 The geophysical conditions shall be assessed from the analysis of the basic geological data such as 
topography and geomorphology and geologic structure; to study its rule of occurrence and development, 
its causes, factors influencing its occurrence and development, its formation condition and mechanism, 
and its development process and stages; and to make correct assessments and formulate reasonable 
control measures.

5.2.6	 The influence of groundwater on the construction of the project shall be assessed and the control 
measures shall be proposed by studying the distribution and formation rules of groundwater as well as 
the physical property and chemical components of groundwater.

5.3	 Engineering geology of the reservoir area

5.3.1	 The engineering geological investigation of the reservoir area shall comprise of the investigation of 
reservoir seepage, reservoir submergence, reservoir bank (slope/rim) stability, reservoir sedimentation 
and reservoir induced seismicity (RIS). In the case of an unstable slope, the hydrogeological conditions 
should also be studied evaluated.

5.3.2	 The reservoir seepage investigation shall evaluate topography and geomorphology, lithology, 
geologic structure and hydrogeological conditions of reservoir seepage, analyse the form of reservoir 
seepage, evaluate the possible amount of reservoir seepage and propose measures to control reservoir 
seepage. The investigation of reservoir seepage shall include:

a)	 whether thin rim, low adjacent valley, permeable layer, fault fracture zone or ancient river course 
existed around the reservoir - the possibility and severity of seepage shall be assessed;

b)	 pattern of karst development in soluble rock zones of the reservoir, location and distribution of 
spring and groundwater area, distribution and permeability condition of relative confining beds, 
replenishment and discharge relationship between groundwater and river, etc., and to assess 
the probability of seepage, seepage routes, seepage amount, seepage features (conduits, solution 
cracks) and their impact on reservoir construction.

5.3.3	 The reservoir submergence investigation shall find out the hydrogeological and engineering 
geological conditions of the area to be submerged, and the distribution and relevant characteristics of 
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the buildings, factories and mines, villages and towns, forest and farmlands, etc. around the reservoir 
area. The range of immersion influence shall be determined and prevention and control measures shall 
be proposed. These investigations shall include:

a)	 structure, thickness and composition of soil stratum at potential submerged areas, and the buried 
depth of underlying bedrock or opposite confining beds;

b)	 permeability of soil stratum, groundwater depth, replenishment and discharge conditions of 
groundwater, rising height of capillary water in soil stratum and critical depth of groundwater 
that causes immersion - the range of possible immersion shall be predicted and the possibility of 
swamping and salinization shall be analysed.

5.3.4	 The reservoir bank stability investigation shall find out the engineering geological conditions 
with potential instability factors for the reservoir banks, such as a landslide and collapse, evaluate their 
influences, ascertain the engineering geological conditions of the soil bank slope and predict the extent 
of bank collapse. The investigation of reservoir bank stability shall include:

a)	 features and structural composition of rock (soil) mass of bank slope, distribution of soft soil 
stratum, incision condition of fracture structure, and attitude, extension and combination 
relationship of various controlling structures that are unfavourable to the stability of bank slope;

b)	 weathering of rocks, unloading status and deformation features of reservoir rock bank, and 
identification of the type, nature, scope and formation conditions of deformation;

c)	 distribution, scale and stability of landslides, slide mass and dangerous rocks at reservoir bank 
near the dam, and assessment of the impact of debris flow close to the dam;

d)	 distribution elevation and stable slope angle of various soil strata at bank areas that tend to 
collapse, stable slope angle of reservoir water wave zone, and prediction of the extent of bank 
collapse.

5.3.5	 The investigation of the reservoir sedimentation shall ascertain the scour and erosion of the 
upstream river and gully of the reservoir, as well as the source, type, quantity and flow of the sediment 
in the reservoir area. The problem of the reservoir sedimentation shall be evaluated and the prevention 
and control measures shall be proposed.

5.4	 Engineering geology of hydraulic structures

5.4.1	 The engineering geological investigation of hydraulic structures shall cover the basic geological 
conditions such as topography, stratum lithology, geological structure, hydrogeology and major 
engineering geological conditions. The assessment of aggressiveness of water in the main hydraulic 
structures area shall be carried out.

5.4.2	 The engineering geological investigation of earth-rock dam site shall include the following.

a)	 Stratigraphic texture, layering thickness and distribution features of the riverbed overburden and 
terrace deposit, and the distribution of the of sludge, fine sand layer, collapsible loess, suspended 
and solitary boulder layers in both the present and the past riverbeds. The bearing capacity, 
deformation, shear resistance, and seismic liquefaction of soil layer and other dam building 
conditions shall be evaluated. Based on these conditions depth at which the foundation shall be laid 
down need to be assessed.

b)	 The permeability coefficient, allowable permeability gradient and physical-mechanical parameters 
of rock (soil) shall be determined, and measures on treatment of unfavourable geological issues 
shall be put forward.

c)	 Distribution, width, filling condition of the fault fracture zone and zones with concentration 
fissures located at anti-seepage structures, and the seepage stability shall be evaluated.
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d)	 Weathering, unloading thickness and properties of rock mass at dam foundation (abutment) shall 
be evaluated.

e)	 Distribution elevation of relative confining beds at dam foundation (or abutment) and depth 
of groundwater table on both banks, and the anti-seepage scope and depth of dam foundation 
(abutment) shall be proposed.

5.4.3	 The engineering geological investigation of concrete/stone masonry dam site shall include:

a)	 topography and geomorphology of the dam site, thickness and permeability feature of overburden, 
and extent and depth of riverbed channel;

b)	 lithologic characteristics and physical-mechanical properties of dam foundation (abutment); 
distribution and properties of weak intercalations;

c)	 weathering and unloading characteristics of rock mass at dam foundation (abutment); positions 
of fault fracture zone, fissure-concentrated zone, fault along the river and low-dip structure 
plane, and properties and extension status of filling materials, and the quality of rock mass on the 
dam foundation shall be categorized, depth of stripping limit to ascertain firm foundation shall 
be worked out, stability of the abutment slopes shall be carried out, the position of usable rock 
surface shall be identified and the physical-mechanical parameters of the rock (soil) mass shall be 
determined;

d)	 distribution, scale, filling conditions and connectivity of Karst cave and passages in the dam 
foundation (abutment) of soluble rock dam site; distribution and flow of Karstic springs, and the 
characteristics of replenishment, runoff and discharge;

e)	 hydrogeological conditions of dam site, permeability and zoning of rock mass of the dam foundation 
(abutment) and the buried depth of any relative impervious layer, and the anti-seepage scope and 
depth for the dam foundation (abutment) shall be proposed;

f)	 assessment of the anti-slide stability, deformation and seepage stability of the dam foundation 
(abutment), and the suggestions on treatment measures for unfavourable engineering geological 
issues shall be proposed;

g)	 investigation of the site of a concrete dam (sluice) built on overburden may refer to the relevant 
requirements for the site of an earth-rock dam.

5.4.4	 The engineering geological investigation of water release structures shall include:

a)	 topography and geomorphology, stratigraphic lithology, geological structure, weathering and 
unloading characteristics of rock mass, groundwater table, and physical-mechanical properties of 
the rock (or soil) mass;

b)	 stability of slopes on both banks and anti-scour characteristics of rock mass in scouring area;

c)	 suggestions on physical-mechanical parameters of rock (or soil) mass and mitigation measures.

5.4.5	 The engineering geological investigation of underground structures, including tunnels, 
underground powerhouse, surge tank (chamber) and embedded pipes, etc., shall include the following.

a)	 Topography and geomorphology, stratigraphic lithology, geological structure, groundwater table, 
thickness of overlaying rock mass, thickness of weathering and unloading zones of rock mass at, 
portals, properties and extension length of structural plane of major faults and weak layers and 
their combination relationship with axes of tunnels or chambers, and the surrounding rocks shall 
be categorized by their engineering geological properties and the physical-mechanical parameters 
of rock (or soil) mass shall be proposed.

b)	 The tunnelling condition and the stability of portals slopes shall be evaluated; the risk assessment 
of poisonous and explosive gases in tunnel sections that pass through coal measures, oil shale and 
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bituminous strata shall be investigated, and radioactive elements shall be tested and studied in 
large scale intrusive rock mass, and the stability of surrounding rock in-situ stresses possibility for 
rock burst in deep tunnel in cave shall be evaluated. The impact of karst caves and underground 
river systems in soluble rock area on the tunnelling condition shall be analysed.

c)	 The stability of rock mass at cave roof, high sidewall and conjunction sections with consideration 
of crustal stress for underground powerhouse and surge tank shall be evaluated according to the 
ground stress, and treatment measures and suggestions shall be put forward.

d)	 The relationship between the dip angle of rock strata and the inclination of buried pipes shall be 
found out when the buried pipes are embedded in the stratified strata, the stability of surrounding 
rocks shall be evaluated.

5.4.6	 The engineering geological investigation of channels shall include:

a)	 topography and geomorphology, stratigraphic lithology, geological structure, and distribution of 
landslide and debris flow;

b)	 segmentation of channels into engineering geological sections according to slope height, properties 
of rock (or soil) mass and strata attitude, etc., and assessment of the channel seepage and stability of 
the channel foundation and assessment of potential slope instability problems during construction 
and operational stages;

c)	 proposal of the corresponding physical-mechanical parameters of rock (or soil) mass and value of 
stable slope, and advices on treatment measures shall be suggested.

5.4.7	 The engineering geological investigation of penstocks and forebay/surge tank shall include:

a)	 topography and geomorphology, thickness of overburden, slope of bedrock surface, geological 
structure, stable conditions of the mountain, physical-mechanical properties of rock (or soil) mass 
at the forebay/surge tank and the penstock anchorage block foundation;

b)	 assessment of the stability of slopes along the penstock and the forebay/surge tank, for the 
anticipated adverse conditions; seismic loading with water forces in slope mass, bearing capacity 
of foundation and differential deformation, under static and dynamic loading, etc., and proposal of 
physical-mechanical parameters of rock (or soil) mass.

5.4.8	 The engineering geological investigation of the sites of powerhouses shall include:

a)	 topography and geomorphology, characteristics of rock (or soil) mass, bearing capacity, and 
deformation properties under static and dynamic loads, permeability and slope stability under 
adverse conditions;

b)	 identification of the distribution and properties of weathering zone, overburden, unloading zone 
and weak intercalation of rock mass for structures on rock foundation, and proposal of the physical-
mechanical parameters of rock mass;

c)	 identification of the thickness, properties, stratified characteristics and permeability of overburden, 
the depth of groundwater, and the distribution, properties and seismic liquefaction condition of 
any clay and fine sand layer for structures on soft foundation, and assessment of deformation and 
permeability stability; and proposal of various physical-mechanical parameters and suggestions 
on treatment measures.

5.5	 Natural construction material

5.5.1	 The investigation of natural construction materials shall be carried out according to the 
requirements at different design stages and the types and quantities of construction materials proposed 
to be used. The investigation shall be performed from the near to the distant, and the qualitative and 
quantitative analyses of the natural construction materials shall be carried out and the safety and 
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environmental impacts of proposed material field shall be considered. The construction material for 
earth-rock dam shall be characterized for its physical, chemical and mechanical properties to be suitable 
for the specific zones within the dam, the rock for concrete aggregate shall be durable and suitable in 
accordance with desired standards.

5.5.2	 When natural aggregate is insufficient or its excavation is not cost-effective, alternative/
processed aggregate sources shall be investigated. In the selection of material sources, the comprehensive 
utilization of the engineering excavation materials shall be fully considered. In case of outsourcing, the 
quality of procured natural construction materials shall be reviewed and their capacity to supply shall be 
evaluated.

5.5.3	 The mining conditions and the environmental geological impact shall be investigated, mainly 
including the distance between borrow (quarry) area and the proposed project area, the existing 
access road, groundwater level and water yield property of the borrow (quarry) area. The damage to 
vegetation after the borrowing of materials as well as the influence on the geological environment, and 
the prediction of its development trend shall be carried out, and suggestions on treatment and repairs 
shall be presented as necessary.

6	 Hydraulic engineering and energy calculation

6.1	 General provisions

6.1.1	 Hydraulic engineering and energy calculation shall adhere to the principles of comprehensive 
utilization of water resources, properly handle the relationship between needs and potentialities, short-
term and long-term perspectives, the mainstream and the branches, upstream and downstream interests, 
as well as the relationship between water resource development and the ecological environment, and 
land acquisition and resettlement. Water resources shall be developed economically and rationally.

6.1.2	 Hydraulic engineering and energy shall be calculated on the basis of the integrated planning 
of river basin and city or river (reach) planning and power planning. According to the comprehensive 
utilization requirements, the development task and the power supply scope of the hydropower plant 
shall be determined, the design dependability and design target year shall be selected, the scale and 
characteristic values of the hydropower plant shall be determined, the operational modes of the reservoir 
and hydropower plant shall be researched and the engineering benefits shall be stated.

6.2	 Computation of runoff regulation

6.2.1	 The computation of runoff regulation shall be based on the regulation performance of the power 
plant, take into account all kinds of water demand and water supply requirements in an extraordinary 
dry year, and calculate the energy indicators.  For water demand, the ecological flow is calculated 
according to relevant national or regional regulations and combined with flow observation data.  The 
calculation methods of ecological flow mainly include the hydrological method, the hydraulics method, 
the combination method, the building block method and the ecological hydraulic method.

6.2.2	 The design dependability of a hydropower plant shall meet the following requirements.

a)	 The design dependability of a hydropower plant may be selected according to the hydropower 
capacity proportion in the power system described in Table 1.

Table 1 — Design dependability of the hydropower plant

Hydropower capacity proportion in the power system (%) Below 25 25~50 Above 50
Design dependability of a hydropower plant (%) 80~85 85~90 90~95
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b)	 The design dependability of a reservoir-based hydropower plant with irrigation as the main or 
other water supply tasks shall be selected according to the requirements of main water use.

6.2.3	 The chronological series method shall be applied in the computation of runoff regulation.

a)	 For non-regulated or daily regulated hydropower plants, the runoff regulation should be calculated 
by adopting a long series of daily average flow or the average daily flow rate of a typical year.

b)	 For the annual regulated reservoir, long series shall be adopted for the calculation in accordance 
with the average monthly (10 day) flow.

6.3	 Hydraulic energy calculation

6.3.1	 The firm output shall be obtained by frequency analysis method according to the output in the 
long-series calculation period. For an annual (quarter) regulated hydropower plant, the water supply 
period is several months (10 days).

6.3.2	 The calculation of the characteristic head shall meet the following requirements.

a)	 Maximum working head is the difference between the normal pool level and the downstream 
tailwater level corresponding to the firm output for power generation.

b)	 Minimum working head is the difference between the dead water level and the downstream 
tailwater level corresponding to the maximum discharge capacity of the hydropower plant or 
maximum tailwater level.

c)	 Average head is the arithmetic average value of the average heads in each calculation period of a 
long series of calculation results.

d)	 Weighted average head is the ratio of the sum of the products of the average head multiplied with 
the average output in each calculation period of a long series of calculation results to the sum of the 
average outputs in each calculation period.

6.3.3	 The hydraulic energy indicator of the daily regulated hydropower plant may be calculated by the 
daily or the hourly time interval. The hydraulic energy indicator of the non-regulated hydropower plant 
shall be calculated by the daily time interval. Both daily and hourly time interval methods shall meet the 
following requirements.

a)	 The daily time interval method.

1)	 According to the daily mean flow series at the water intake over the years, the daily flow-
duration curve or the daily flow-dependability curve shall be drawn.

2)	 According to the head corresponding to various flows and the selected output coefficient, the 
output duration curve or the output-dependability curve shall be calculated and drawn.

3)	 According to the output-dependability curve of the hydropower plant, the relationship curve 
between installed capacity and power generation shall be calculated and drawn, and then in 
combination with the selection of the installed capacity of the hydropower plant, the mean 
annual power generation shall be determined.

b)	 The hourly interval method.

1)	 According to the peak-load operating time in the local daily load diagram, the daily runoff 
regulation shall be calculated within 24 hours.

2)	 When the daily mean flow is greater than the rated flow of the unit, the reservoir regulation 
may not be considered.
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3)	 When the hydropower plant does not generate electricity and the reservoir cannot reach full 
storage during the valley-load period, the hydropower plant will not generate electricity during 
the entire period of valley load and at the beginning of the peak load.

4)	 When the hydropower plant does not generate electricity but the reservoir can reach full 
storage and there is surplus water during the valley-load period, the hydropower plant may 
not generate electricity at the beginning of the valley-load period; the reservoir may firstly 
reach full storage, and then the hydropower plant can generate electricity at full water level in 
accordance with the reservoir inflow in the later stage of the valley-load period.

6.3.4	 The hydraulic energy indicator of the annual regulated hydropower plant may be calculated by 
the equal output regulation and the equal flow discharge regulation.

6.3.5	 The mean value of the long series of runoff data shall be obtained to calculate the mean annual 
power generation.

6.4	 Load forecast and electric power and energy balance

6.4.1	 Following calculations and works shall be based on load forecast:

a)	 power supply scheme selection, power supply mode determination, electric power and energy 
balance and flow distribution calculation;

b)	 power system development, speed determination and phased development plan, preparation of the 
hydropower plant.

6.4.2	 Load forecast shall be mainly based on the existing forecast results which shall be adopted after 
analysis.

a)	 With regard to the critical power plant dominating a larger proportion of the system, the load 
forecast results provided by the relevant institution may be cross checked with multiple methods.

b)	 The selection of the installed capacity of hydropower plants being a smaller proportion of the 
system may be determined by economic evaluation and scheme consideration according to the 
actual situation of the local power demand, while the computation of electric power and energy 
balance is not required.

c)	 The installed capacity of the critical hydropower plant, which accounts for a large proportion of 
the system and is incorporated into the isolated power grid, shall be selected on the basis of the 
balance of the entire power grid.

6.5	 Selection of flood regulation and characteristic flood-control level

6.5.1	 In the calculation of flood regulation, technical and economic consideration shall be made for the 
scale of dedicated discharge structures and limit water level during flood season according to the flood 
control standard of the project and downstream flood control requirements, so as to determine the flood 
season limit level, the flood level.

6.5.2	 The characteristic water level for flood control shall be determined through technical and 
economic consideration in combination with the layout and scale of flood discharge structure.

6.6	 Selection of normal water level and dead storage water level

6.6.1	 The selection of normal water level of the reservoir shall be determined using multi-criteria 
analysis including technical and economic analysis, according to the cascade development plan, 
comprehensive utilization requirement, engineering construction conditions, sediment deposition, 
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reservoir inundation and ecological environment. The reservoir inundation and ecological environment 
shall be regarded as important factors in the comparison of schemes.

6.6.2	 The selection of dead storage water level of the reservoir shall be determined by comprehensive 
analysis according to the comparison of electric power and energy benefit (firm output and power 
generation) in different schemes, consideration of turbine operating limits, consideration of scouring 
and silting of sediment, restrictions of the turbine working conditions on the elevation at the inlet, as 
well as the requirements of other water users on the water level and flow.

6.7	 Selection of installed capacity and type of unit

6.7.1	 The power supply scope of the hydropower plant should be determined by analysing the 
development planning of local power system, the scale of the hydropower plant and its function in the 
power system.

6.7.2	 The installed capacity shall be determined after comprehensive comparison in combination 
with electric power and energy balance by calculating the annual power output, generation benefit and 
corresponding cost of each installation option on the basis of the analysis of the regulation performance 
of the reservoir, the comprehensive utilization requirement, the load and characteristics of the system in 
the design target year, the power supply scope and the power supply structure.

6.7.3	 The rated water head of the turbine shall be determined according to the variation characteristics 
of the head and the weighted average head, and the following requirements shall be met:

a)	 the rated water head may be selected between the ranges from 0,85 to 0,95 of the ratio of rated 
head to weighted average head;

b)	 the rated head should not be higher than the weighted average head during flood season.

6.7.4	 The types of the turbine and the number of units shall be selected after comprehensive analysis 
and comparison according to such factors as power plant output, head variation characteristics, layout 
of the hydropower plant, local geographical altitude, minimum flow of turbine operation, non-cavitation 
conditions, equipment manufacturing capabilities and power system operation requirements, as 
applicable.

6.8	 Selection of dimensions of headrace and volume of daily regulation pool

6.8.1	 The selection of the headrace dimension and the daily regulating pond volume for the diversion 
hydropower plant shall be determined through analysis and comparison according to the topographic 
and geological conditions, ice, sediment deposition, installed capacity of the hydropower plant and the 
daily operation mode, while appropriate space shall be reserved.

6.8.2	 The headrace (channel/tunnel) dimension shall be selected by optimization through scheme 
comparison by calculating the head loss, the electricity benefits and the cost of various options.

6.9	 Analysis of the reservoir sediment deposition and calculation of the backwater

6.9.1	 For hydropower plant having the water with sediment, the impacts of sediment size on the 
erosion of turbine blades and other components passing through the water flow shall be analysed, and 
the allowable sediment concentration through the turbine shall be proposed.

6.9.2	 In the calculation of sediment scouring and silting of the reservoir, various calculation methods 
may be selected according to the sediment characteristics, sediment management option and availability 
of the hydrologic data.
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6.9.3	 In the calculation of reservoir backwater, the natural water surface profile before building 
the reservoir and the water surface profile of backwater in reservoir within the predicted duration of 
sedimentation after building the reservoir shall be derived from the design discharge according to the 
river course conditions, characteristics and operation mode of reservoir.

6.10	 Reservoir operation mode and operational characteristics

6.10.1	 The reservoir operation mode shall be proposed according to the defined parameters and with 
consideration of multi-purpose requirements and the situation of existing cascade reservoirs.

6.10.2	 The operation characteristics over the years shall be proposed according to the reservoir 
operating modes.

7	 Engineering layout and hydraulic structure

7.1	 General provisions

7.1.1	 The flood control standard for a hydropower project shall be determined by comprehensive 
analysis and demonstration in accordance with the requirements of economic, social, political and 
environmental factors on the flood control safety, by coordinating the relationships between the part and 
the whole, between the short term and long term, between the upstream and downstream, between the 
left and right bank, and between the mainstream and its tributaries.

7.1.2	 The flood control standard shall be expressed with the recurrence interval (year) of flood 
prevention.  Local/national regulations and can apply regarding protection objectives.

7.1.3	 The flood control standards of temporary water retaining and releasing structures used during 
the construction period of a hydropower plant shall be determined according to the type of structure:

a)	 when the earth-rock structure is used, the design may be performed on the basis of 5 to 10 years 
return flood;

b)	 when the concrete or stone masonry structure is used, the design may be performed on the basis of 
3 to 5 years return flood.

7.1.4	 The elevation of the dam crest (or the top of the wave wall) of the water retaining structure in 
the hydropower plant shall be determined according to the static water level under flood conditions, plus 
corresponding wave run-up, wind banked-up height and freeboard. The elevation of the dam crest of the 
retaining structure shall not be lower than the normal reservoir water level and the maximum flood level.

7.1.5	 The freeboard of hydraulic structures may be determined in accordance with the type of structure 
and the flood control standard.

7.1.6	 Seismic measures shall be adopted for structures in project areas where the ground motion peak 
acceleration is greater than or equal to 0,1g (g = 9,81 m/s2).

7.1.7	 The following data should be collected for design of hydraulic structures.

a)	 Topographic data: including the regional topographic map in the scale of 1: 10 000 to 1: 50 000, the 
topographic map of project components in the scale of 1: 200 to 1: 1 000 and project layout in the 
scale of 1: 2 000 to 1: 5 000.

b)	 Geological data: the geological survey of project area, including the overburden distribution, 
lithology, structure, groundwater level and over burden depth of relative confining bed; 
characteristics of rock stratum, geological structure, hydrogeology, slope stability, karst, landslide 
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and harmful gases along the water diversion system; the crustal stress and the rock burst situation 
in the region with high crustal stress.

c)	 Hydrological and meteorological data: all hydrological characteristics of the river in the project 
area such as runoff, flood, corresponding water level and sediment load; meteorological factors of 
the project area, including sunlight, rainfall, snowfall, wind, air temperature, humidity and water 
temperature.

d)	 Results of hydraulic energy calculation: including the characteristic water level of the reservoir 
(normal reservoir level, flood level, minimum draw down level for power generation), the 
characteristic parameters of the flood discharging structures (orifice size, control elevation, 
dispatching mode), etc.

e)	 Construction material data: including the distribution of construction material in and around 
the project area, including the quality, quantity, physical and mechanical properties of natural 
construction material (rock blocks, sandy gravel, clay, etc.), as well as the characteristic parameters, 
transportation distance and cost of material such as cement and structural steel, etc.

f)	 Sediment data: the content, particles, hardness, unit weight and movement of bed load and 
suspended load in heavily sediment laden river. The deposition morphology and elevation of the 
sediment in the reservoir area also shall be collected for the water intake.

g)	 Pollution data: for the river channel with heavy trash, the source, variety, quantity and drifting 
pattern of the trash shall be collected.

h)	 Ice data: for the river in a frost region, the icing period, floating ice features and floating ice 
quantity; the size of the ice blocks/flakes and the thickness of the ice layer; the operating data for 
the hydropower plant intake in winter under similar conditions shall be collected.

7.2	 General engineering layout

7.2.1	 Hydropower plants may be classified as dam-toe, riverbed, diversion and hybrid hydropower 
plants according to the developing mode:

a)	 dam-toe mode, in which the powerhouse is located at the dam toe;

b)	 riverbed mode, in which the powerhouse locates at the riverbed, functioning as a part of water 
retaining structures;

c)	 diversion mode, in which the water head are created by diversion structures such as canals and/or 
tunnels;

d)	 hybrid mode, in which the water heads are created by a dam plus a canal and/or tunnel.

7.2.2	 The layout of hydropower project may be performed under the following principles.

a)	 The requirements of flood control, power generation, navigation, fishery, forestry, road 
transportation, and environment shall be comprehensively considered.

b)	 The structures of project shall be compactly laid out to meet the functional requirements, strength 
and stability, so as to ensure them to work normally under any working conditions. The total 
construction cost and annual operating cost of the project shall be reduced for convenient operation 
and management.

c)	 The structure may be used for multiple purposes, or a temporary structure and permanent 
structure may be combined in the layout.

d)	 The construction diversion method, the construction method of main structures and the construction 
schedule shall be considered for the convenient construction and short construction period.

e)	 The aesthetic of the project layout shall be integrated with the surrounding environment.
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7.2.3	 The dam site selection shall meet the following requirements:

a)	 convenient for construction diversion;

b)	 the terrain near the dam site relatively wide and open;

c)	 the project layout easy to manage;

d)	 consideration of external traffic conditions.

7.2.4	 The dam site comparison and selection shall meet the following requirements.

a)	 It is preferable to select the dam site with less submergence, less land acquisition and less 
rehabilitation/resettlement.

b)	 The impact on the environment shall be considered for dam site selection, and sensitive objects 
should be minimum.

c)	 The representative dam axis, dam type and project layout of each dam site shall be determined by 
comparison, and the dam site shall be selected and determined by comprehensive technical and 
economic consideration.

7.2.5	 The sluice should be located on a straight and relatively stable reach, and the leakage, stability and 
deformation conditions of the sluice foundation and sluice shoulders on both sides shall be considered.

7.2.6	 With regard to the sluice on a heavily sediment laden river, sediment flushing sluice (desilting 
sluice) or flood-discharging and sediment flushing sluice shall be set at the adjacent position of the intake 
sluice or the water intake of other intake structures, and the sediment deposition problem at the intake 
sluice or other intake structures shall be properly resolved.

7.2.7	 The layout of the water diversion tunnel shall take into account factors such as topography, 
geology, hydraulics, construction, operation, structures along the route, the general layout of the project 
and the influence on the surrounding environment.

7.2.8	 The intake of the riverbed powerhouse shall avoid the deposition and erosion of sediment, the 
blockage from floating trash and ice. When the powerhouse is adjacent to the spillway, a long enough 
divide wall shall be constructed between them; the powerhouse, switchyard and substation shall be kept 
at a certain distance safe from the jet of flood discharge.

7.2.9	 To design fish pass, the characteristics of the river and the habits of fish to be fully studied 
and understood, and determine the reasonable arrangement of fish pass by studying the hydraulic 
parameters such as velocity distribution and flow in the fish pass under different water flow conditions 
in the stream, so as to fully functioning of fish pass, protect fish resources and maintain the biodiversity 
of the river.

7.2.10	 The layout of the powerhouse shall meet the following requirements.

a)	 The inlet and outlet channels shall be as short as possible; the water flow shall be smooth; the head 
loss shall be small and the water outlet shall not be deposited or impacted by the ice.

b)	 The tailrace shall be sufficiently deep and wide; the plane curvature shall not be extensive, and the 
depth shall vary gradually and the tailrace shall be smoothly connected to the natural river flow or 
channel.

c)	 The water flow or energy dissipation facilities at the outlets of the discharging structures shall be 
laid to avoid raising the tail water level of the hydropower plant as much as possible.
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7.3	 Water retaining structure

7.3.1	 The type of water retaining structures shall be determined by technical and economic 
consideration on the basis of the hydrological condition, the topographical and geological conditions, 
dam height, construction materials, operating conditions, construction methods, construction duration, 
construction quantities and investment.

7.3.2	 The crest of water retaining structures shall be kept higher than the maximum flood level, the 
wave wall shall be arranged on the upstream side of the dam crest. The crest elevation of the wave wall 
shall be kept higher than the crest elevation of the wave. The crest elevation of the wave wall within the 
normal reservoir level and the maximum flood level shall be calculated respectively, and the higher one 
shall be selected as the design crest elevation of the wave wall.

7.3.3	 The crest width of non-overflow dams shall be determined in accordance with the profile design 
and operation management requirement, and shall not be less than 3 m. The reinforced concrete wave 
walls connected with the dam body shall be of a height of 1,2 m on the upstream side of the dam crest. 
Handrails shall be set on the downstream side of the dam crest. When the mobile hoist is used on the 
dam crest, the dam crest width shall meet the requirement of installing the portal crane tracks.

7.3.4	 The weir surface curve of the overflow dam section shall meet the following requirements.

a)	 The power curve may be used if an open overflow is arranged.

b)	 The parabola of orifice overflow may be adopted if the breast wall is arranged and used for water 
retaining.

c)	 Other weir surface curves may also be applied based on study and testing.

7.3.5	 The joints of the concrete dam body shall be determined by comprehensive comparison in 
accordance with the geological and topographical conditions, the dam body layout, section size of the 
dam body, and the temperature stress and construction conditions. The interval between transverse 
joints should be 15 m to 20 m and the interval between longitudinal joints should be 15 m to 30 m.

7.3.6	 The slope of the concrete faced rockfill dam shall meet the following requirements.

a)	 When the construction of dam is from hard rockfill material of good quality, the gradient of the 
upstream and downstream dam slopes may be 1: 1,3 to 1: 1,4.

b)	 When the dam construction materials are natural sandy gravel aggregates, the gradient of the 
upstream and downstream dam slopes may be 1: 1,5 to 1: 1,6.

c)	 When the dam construction materials are soft rock materials and the dam is built on the soft 
foundation, the gradient of the dam slope shall be determined by stability calculation.

7.3.7	 The concrete faced rockfill dam body shall be zoned according to the aggregate sources as well as 
the requirements of the strength, permeability, compressibility, construction convenience, and economic 
rationality. The dam body may be zoned, from upstream to downstream, into the cushion layer area, 
transitional area, main rockfill area and downstream rockfill area. The special cushion layer area shall 
be arranged below the peripheral joints. The water permeability of the dam materials in different areas 
should be increased from upstream to downstream according to the hydraulic transition requirement.

7.3.8	 The thickness of the face slab of the rockfill dam shall be such that the hydraulic gradient for the 
face slab shall not be greater than 200. The vertical joints of the face slab may be 12 m to 18 m.

7.3.9	 The toe slab of rockfill dam should be placed on the fresh bedrock which is hard, erosion resistant, 
groutable, and moderate to weak weathering rocks. The width of the toe slab may be determined 
in accordance with the permissible hydraulic gradient of the bedrock beneath the toe slab and the 
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foundation treatment measures; its minimum width should be 3 m. The thickness of the toe slab may be 
less than the thickness of the connected face slab but shall not be less than 0,3 m.

7.3.10	 The concrete of face slab and toe slab of rockfill dam shall have relatively high durability, anti-
seepage, crack resistance and construction workability. Concrete strength grade shall not be lower than 
C25, the anti-seepage grade shall not be lower than W8 and the frost resistance grade shall meet the 
requirement of freeze thawing.

7.3.11	 The rolled earth-rock dam may adopt the types of the earth and rockfill dam with earth-based 
anti-seepage body, earth and rockfill dam with artificial anti-seepage body and overflow earth and 
rockfill dam. The soil and rock materials for filling the dam body shall have the physical and mechanical 
properties adaptive to their intended use and have relatively good long-term stability.

7.3.12	 The static stability of the earth and rockfill dam shall be calculated with the Swedish circle 
method for the homogeneous dam, the core wall dam and the thick inclined earth dam; the sliding wedge 
method may be used for the thin inclined earth dam, the thin core wall dam and the dam body with soft 
soil interlining in the dam foundation. In the steady seepage period, the effective stress shall be used for 
calculation.

7.3.13	 For the earth and rockfill dam, the total settlement of the dam body and dam foundation as well 
as the settlement during the construction period shall be calculated.

7.3.14	 The dam foundation shall have sufficient integrity and durability. The dam foundation treatment 
design shall meet the requirements of anti-slip stability, reduce uneven settlement and prevent the 
deterioration of the rock property under the long-term action of water.

7.3.15	 Dam foundation excavation shall meet the following requirements.

a)	 The foundation surface of a gravity dam should be excavated into big steps with obtuse angle; the 
height difference of the steps shall be in harmony with the dimension of the concrete placement 
blocks and the position of the joints, and the thickness of the dam body concrete at the dam toe; the 
height difference should not exceed 5 m.

b)	 The arch dam foundation should be excavated into radial surface.

c)	 The excavation face of the toe slab foundation of a concrete faced rockfill dam shall be smooth and 
shall be kept away from steep ridges and adverse slopes.

7.3.16	 The design of slope treatment and reinforcement shall take the factors such as topographical and 
geological conditions, construction technology level and degree of difficulty into consideration, and the 
selection shall be made after technical and economic consideration.

7.3.17	 A complete surface interception and drainage system should be set up in the slope treatment 
and reinforcement. If the slope stability is closely related to the rock or soil mass saturation and the 
ground water rise caused by the surface water infiltration, anti-seepage measures should be provided 
both within the slope and near the slope area.

7.3.18	 Slope treatment and reinforcement shall take environmental protection into account and be in 
harmony with surrounding buildings and the environment.

7.3.19	 With regard to a medium dam with a dam height of more than 30 m, the temperature control 
design shall be performed, and temperature control standards and crack-prevention measures shall be 
proposed.
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